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Abstract

Effects of environmental factors on reproductive behavior of Gut Weed, Ulva intestinalis
Linnaeus: conditions of reproductive type in the thalli from different sources, induction of
reproductive formation, stimulation on spore release and type of optimal materials on spore
adhesion were conducted for basic information to propagate the algae. The study on reproductive
type from different sources was done in mature thalli collected from 4 sources: earthen pond,
cement tank, Pattani bay and the laboratory. Type of reproductive cell was checked under
microscope and some environmental factors were investigated. It was found that the type of
reproductive formation relates to the character and source of the thalli. The mixed reproductive
type between gametangia and zoosporangia was related to the width of thalli while the single type
of the reproductive cell showed inversed relation to alkalinity and light intensity but related to
thallus length.

Induction of reproductive cells formation by using 5 factors by individual running: fragment
length 5 levels of 0.5, 1.0, 1.5, 2.0 and 3.0 cm; desiccation time of 0, 1, 2 and 3 hrs; salinity in 5
levels of 10, 15, 20, 25 and 30 ppt; temperature in 3 levels at 25, 30 and 35 °C; and the addition of
calcium from calcium chloride 4 levels of 0, 6, 12 and 18 mg L>1. The result found that the
fragment of the thallus in the range of 0.5-3.0 cm showed the formation of zoosporangium 100+0
% at 4 days. The desiccation of 0 hr showed highest zoosporangium formation of 97+3 % within 4
days and showed significant different (p<0.05) with those of the others. At a salinity range of 10-30
ppt, the fragment showed a 100+0% zoosporangium formation in 4 days. Under 25°C, the fragment
form the zoosporangium of 100+0 % on day 4" and showed a significant difference if those with
the other temperatures. The addition of CaCl, 6 mg L provided 1000 % of zoosporangium
formation within 4 days and showed no significant difference between those at 18 and 12 mg L

Stimulation on zoospore release in the zoosporangium thalli were used 3 factors: the
salinity in 5 levels at 5, 10, 15, 20 and 25 ppt; light intensity for the fragment 3 hrs before in 4
levels at 0, 80, 100 and 150 pmol mfzsfl; and desiccation period in 4 levels at 0, 1, 2 and 3 hrs. The
results showed that at 25 ppt showed maximum number of spore release of 12.16+0.37x10° spores
per ¢ FW and the salinity in the range of 5-25 ppt showed no significant difference of the spores
(p>0.05). Under 0 pmol m’ sfl, the fragment provided the highest spores 9.91+1.01x10° spores per
g FW and showed significant differences of those with the other desiccation time.

The adhesion of spores on three different materials: PE rope, Honeycomb plastic sheet, and
nylon nets. The materials hung on set on a 30x50 cm’ of the frame and put in 150 L plastic tanks
under outdoor conditions. The concentration of swimming spores in the water was 3.3 x10° spores

per mL. The number of spore was checked every day at different heights of the frame at 10 cm



interval on the top, middle, and bottom. The results found that the adhesion of spores on 3 types
of material from the first day and showed the highest number of spores on day 9", The number of
spores showed non significantly affect (p>0.05) among the 3 types of materials. The rope provided
the highest number of spores with 1.4+1.7x10° spores per square meter and the next was the nets
and plastic with 1.1+0.0X10° and 0.8+0.5X10° spores per square, respectively. At top of the frame

found the number of spores attach to those of both other levels.

The cultivation of the gut weed in cement tank of 2 tons with the initial of 2.9 +0.3 cm long
with a density of 25000, 37500, 50000 plants/mz. After 3 weeks of cultivation, at 50000 plants/m2
provided the highest yield of 14,398+14,713 % by weight and 123+77% by length. The specific
growth rate by weight equals. 23.7+0.1 ¢ day_1 and the provided the specific growth rate until
harvest by weight of 49.8 ¢ % day_1 and by the length of 20.8 cm % day%. Those showed a
significant difference with the density of 37500 plants per m’. For the cultivation in the pond under
different attachment materials of spore: PE rope, Honeycomb plastic sheet, and nylon nets were
conducted with an initial weight of 3+0 ¢ m” and the initial seedling length of 2.9+0.4 cm. After 6
weeks of cultivation, the biomass on PE rope, Honeycomb plastic sheet, and nylon nets showed
the increased weight of 91+15, 67+16 and 34+2 ¢ m” and increased weight of 13.2+1.0, 10.5+1.1,
6.2+1.4 cm, respectively. Percentage of increased weights of those were 1,360+238, 974+257 and
438+31 and percentage of increased length of 955+25, 863+85 and 491+76 ¢ m—z, respectively. The
growth rate of weights were 8.5+0.4, 7.8+0.6 and 6.2+0.1 %dayf1 and the growth rates of length
were 5.8+3.0, -7.1+0.8 and -9.0+0.3 %dayfl, respectively.

The research concluded that the wide and the length of the thallus showed positively
correlated to mixed reproduction and gametangial reproduction, respectively. The water alkalinity
and light intensity showed a negative relationship with the sexual reproduction of zoosporangia.
The induction of zoospore formation should be cut the thalli to 0.5-3.0 cm at 10-30 ppt salinity,
not dry of thalli, set under 25 °C and adding CaCl, 6-18 mg L. For the stimulation of the zoospore
release should set the mature thalli under salinity in the range of 5-25 ppt, light intensity of 0-150
umol m s and should not dry the thalli. However, any material can be used for spore adhesion,
including PE ropes, honeycomb plastic sheets, and nylon nets as the substrate of spore for 1 week.
Culture in cement tank from germling cluster with the density of 50,000 plants m’ provided 1 160
g FW m-2 or 95 ¢ DW m”. For cultivation in the pond should use the initial of 20,000-25,000 plants
m2a and could obtain 125 ¢ FW m yield or 8.7 g DW m .
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D

waewBeledy amerdafdidlonsyiuniiniuenuinenaenis 150 wuRuns wsedlanuniig
lafe 2 wufins vielinnsvgeeenanduilidiswazaiunsaasydulald (Lewmanomont and

) | Lo |
Ogawa, 1995) anwazvesawsuldlnaanIng 1

UATUIT U
awmseluana Ulva spp. ﬁﬁﬁwwawmu%mﬁﬁ
Division Chlorophyta
Class Ulvophyceae
Order Ulvales
Family Ulvaceae
Genus Ulva

Species Ulva intestinalis
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B o, o o . .
AN 1. dnwuziinluvesamisie Ulva intestinalis

2 AAINEILAZNISUNINSZINY

2.1 fneingnassamigldln

a a

ameldln W AUlAMINEIINVIANTBIINNITEEY aNUII8ILNEAUADURY LWennTaiandu

o

o

a |

& Ao a = - ] Y %A v a 4 o o A
LAEANUNUNUENTOUNTY UILIULMAIUINTBY UNNUUUT BIUIUTBUUNDUNY LUaDNMY AIBUBLALIUAN

3

TUaudaunmndseRuiaingn aunuevIeianea (Stewart, 1991) awnsaeglaluiiia 13yegla
Tt ATiPNULANA waznuRan1sUasULUaIANUALLATLYI9NINe BazaN1ITWINAUNTUN IR INaATW
< a | ' a a & o a @ Ao o
AanuAanasiaenamseldlnauisaigivlalaluniiaud 0 psu wiawindu 0 ppt Tuaindide
Uszanay 5 Ju. (Kamer and Fong, 2000) awsngldlnfinnnunumusenisiddeundasanuadlanuin ung
gilavusglavionselagarsnuaulianseninndauazunay Jslinnswdsuwlasenuhunasnial (3581
a Yy A a a a a ! & a A
99, 2547) laslamzauygliiinnsineimsgrsininasyiulned 19y wasdusiuun
(Villares and Carballeira, 2003) wulanaennst d2995%30LN898298U9 (Reine and Trono Jr, 2001)
wananila el Enteromorpha prolifera (Muell. ) J. Agardh §3iin19n529719987190 11992719 ULUR
FEMINaTU-as Yeaumayns (Lin et al., 2008)

2.2 msuwsnszaeamseldla Ulva spp.

(% '

amsgvilatdunsnsyateegiilan nuduvuiulaaunsevuieuiiu dnaziinlulwniinses

1
o

aunsnsasgedlatuinndaufud wasnusenisasuuuasmnuanlaluginiie wazusnain

LA AlATNTRNES Feau1sanudeanIshawisvnziiacla laudsundindiseduiiasinan
wananfifanulutadeslan amsesialyveutuluniiisnne1misas (Lobbon and Harrison, 2000) lng

@3y Ulva intestinalis @3n5ata3qAvlalad 1A3AL 15 uag 25 psu Waznsiasaiulnanasuin



WloAUANAINTT 5 38gendn 25 psu (Martins et al. 1999) wazillesanaunsanusonisivisunla
Aaay Fanulaamuusnainuil Tuitunseniiudslneduanies awieazordusiuduaaddinvia
U AuURUNITUIAY USnuntasdunidlaenamiesidainunusaussindie amsgasdanigiu

Hunsournsdaslaueinmasyningfivian aunsalduurasiiaiundniou nmiuvasavdafniuunson
Autivsfinaus Inewadazvengeeniflefiudaluaitviliihdanuauduazaunsaofeludndoumnd

9 Y
a

28 °C wsoganin lnganunsaasaivlatutiilvanaen egslsinuamaeldlnisnsinisasyivieg
aeldianniziaann viessausedilisregsiudidudiuauniniindu Ulva spp. lndu wumuusion
eils WeolanauseluanuinidisdnTunulnfamsieiinisuassalesedesinii lnefalesagly

gnfniuinguaziasaiulasdely

3 Fanenvesemingldla
3.1 2s¥invesamingldla
aweldlndniintunaeaialieiloiu uwilies@indu 199573nvesamseldliduwuugg
Wed wuvadu Aeszesunilalndaduiussezalelsiid szezundlalvdezasraunds dnue1 6-7
lupseu gUe1 wazguly Svwinaendu uasligeiuuas 1w Vawndemaguazundnmadeniisusi
= 9 1A = Y = a [ = = a g I~
willouiu udeuniinpeuginaiuazinginssuduwuuniuas Woelalelnnaziatondu svezavelslnmds
dletlasvezduiugazaiiadugloaowsuion sUsiadeundiouniinuan 4 1 wazdvualngnimwnis

[
a =

(9-10 um) wazilefinnsUaesgloales awasguluszazunilalng udduniinmaiuazinadislinouy
Y P A a ] ~ aa N g A ] ¢l v
nafuaginguUINNIIiEend Wiluallda (parthenogenesis) BailowniAuazUdegaUasiivuin 4 iy
l:! 1 g: U dld 1 a a 1 l:! aa 1 U U A
FeaUosinantuazinzAundain1zmnee wazazlasaiulasely @993siinvesainsieldla asnng 2

(Ohno 1997)



Eﬁ@% \ & ?{X .’( wniilnlnla

alalslna P~

qlagilas

flaslausiden

pu| aa | Y
AN 2 199533mvesauseldln (FawUasain Ohno, 1997)

o o | a |
3.2 Uadendinasonisiadquivlnvesamsie Ulva spp.

Uaduavanmwindenimuzausenisdesanigldln wu gamall aauhu wes waza1se1ms
inadonsaseyulavesaneldln InsaziinsdAnwluFestiadosneg wu

Martins et.al. (1999) $184MU31 @318 Ulva intestinalis  annweilaluseina l3iulalalud
AULALANER A 3 psu (1 psu Uszanad 1 ppt) waza nsnemeliianauaumnImsemiiy 1 psu waz

] a a va a a 3 | & = o X ] ] a
amngsyivlalaananiinnuiy 15 wag 20 psu  8813lsAnIUNSANYIATIINUIIEIMI8ENI3
a a 1 & a J I

WIAUlaluYAANTIgINdn AB 20-30 psu

#3300 (2551) levinnsAnwinisiasadulanvesamsieldln Ulva (Enteromorpha) clathrata
(Roth) Greville 1830 TutmgiafimuLAy 9 sE6U Ao 0, 5, 10, 15, 20, 25, 30, 35 Waz 40 psu ALEINU
sEAvay 3 91 WNe N Akarlegasvesiaania : F/2 undndusznitludmanainnauysuinsuy 40 dns

! 1 1 a a a Y Idl L2 < dl b4 a

wudameldla Insasaivlalafegiseduninubu 15, 25 uag 15 psu lngszesiaiinanangagn
Tunsiiuiiendunan 10, 25 waz 15 Tu Suminedvaaadu 95.82+6.82 niu dasimsasiulaaie
finndu 3.72£0.45 nfusedu wavdnsmsasaivlndunisianduioeay 26.78+0.80 Aot

Kamer wag Fong (2000) lauramsialdln Ulva intestinalis annatnnsesuniielilutnfiaiig
W 25 psu 1Wunan 24 alus Inglilionnns wasanduihamsieldlidnluidesinaudu 0, 5, 15 uag
25 psu waglionns 1, 5, 11 wag 23 Tu 1Wunan 24 $2lus nouilagnauNLaeaNAIALLAN 25 psu Vi

I dy 1 [y 1 1 idoy o W %7’ <@ [ Y @ a

Wwulinnni 24 Ju wunamseldlandulaiuinauey 0 wag 5 psu vilidndanas 1IaTININVDS



ihainufasdonanas wasiiudnsdinveniminugs : drodnan wazannisidlulasiou eanlesa
Mntuaziimsavauvesenladeluhflanauduas 1 Yu wazdsmansenudenudutoniian daums
ynaaeuinszRuaaniy wuimatinmessameldlaiuudeiinuivesnsdudan iy
satieudushinarilinaigivisvesamasldlianas wavamseldlnamsonusionstalud o
osu_ ueldlutiaanisiauasnulduszana 1 waz 5 u

¥UAA1 war Amy (2549)  lavianisAnwraisermisaenisiasaiulaessamsieldla Ulva
intestinalis Linnaeus Tutaidssfnaidn suslutiadusioutendinniafiuier Tagldtuauan
futesen guihanveini dhanluveidsssunn 4 15 9anduthainse U, intestinalis  snveneviugly
Jennaaai 3 Uo wazdamnadinimuasamsenn 10 fu ff?aLwifiamla'aaqﬂﬁaLLasLé‘stwuﬂizﬁ"qaméw
MUAIINUDNAADY NAINNNTANYINUTT USunas NH 5N, NO4-N, waz PO, —P Tuﬁwﬁwammiw%@@um
LAzIATIN VeI U intestinalis  \dleUSunas NH N Wisdu wiaTaninvesamsieifinty
Usunaansdunsdluautazlulasiausin ldianuduiusiunisiasyfivle vesamsie U. intestinalis uil
WoaneSarulufuiinasensasaiivlaves U, intestinalis 18T muesamsie U. intestinalis % 3
UaVAad UAMULANAINIUNNEDR (p<0.05)

Pellizzari way Oliveira  (2007) lévin1sfinyn 1995930 3Tauin1s wazdade Adnadenis
W3y AUlRveIaINIIY Gayralia spp. %aLﬂuawwé’laﬁa@u Class Ulvophyceae uway Order Ulvales
Wity Ulva  91ndregafiivluniameuldvesus@a lnenuinawsie Gayralia spp  @11sn
wiyAuleldfigamad 16-30 °C wazanunsawadyAulaldffigangumgll 20.0-21.5 °C Tagldszezinainis
A9 30 u

4 mswzidesamse Ulva spp.

Tuﬂismmﬁﬁu%qﬁmiwazémamiw Ulva intestinalis Wwag Ulva prolifera 1ag3an155m5u
ftug 1 2 38 fle nssINTd wazanmawzidss Fausnviileae theauwue 1.2 x 18.0 1.”. aueen 1.5
a1, lUdnavesnsssumi Tuuinndiiamine Ulva Sueg Tussinaindu Tufeususiou “founaiau
Sosuavelsludassgloataiiiivian Aidu deudeseaninagiistuinmetueiu Juheruiifales
imglufuvaseyuiatinameil dedly 2-3 Uad Aasfiufudeusenaen danismamiglulsameyin
IilaeiAviuiugiazenn LTl uag 193aiududn unsedulivdosated lnsunada niedu
aeaniisan Milufifiesrognile udhdaiunedaluldludsiiimesaiiiiunsnissey avssarudenlu
6-12 . Fvhmaifuatesiaglduasde avesarietineseguinailasunadunm 30 unit dnldddid
adosvuuduldnsuy dluldlud ddesuwwin 12 x 18.0 1.” auem 1.5 gu. lemsantimeiadil
adosoglutaty niuddndslitn avofisanme Udesiislinaetu Tiavefeenfudusdeu Fauemly
oyuaiunuait Tnsdoueunanstu oyualy 2-3 dUasi ausenfudugeu Fedndssludundados
TnensynAnduvdn Jeoruiifadesliedluuuniduihas Tferuflsuts Ussana 4 wu daehas udems
Tviuds ededluiiingn Wuaes emmniifiath 30-50 wufiues e 3-4 ey uamzuwnadadie
Idun Tnsnandn 16 300-500 n3uthwiinusis defiu vide 1§ 60-220 n¥inimiinusis de ns.a. 1Aesldd



:’/ <@ [ 5 = A a (% <@ 1 = i 1 A a a ! < ¥
ay 3-4 59 nsnuldlanadiensein3esdng nisiiumislieas laainsiendamunIng d1un1siiueie
= o o v v I3 a ay vo v Y A a Y v 9 v g Y g
1A3893NTAETIATIAGY nanAnnlainliuussu Inen15dne undn mnuan v3e aulviwis dmiuldidu

91115 M viwen U viuglsed1s (Ohno and Critchley, 1997)

WeANTIUNTEANIEYRsaUesavmIe Ulva intestinalis paneadsiu Ulva prolifera tnesgloauasil
NsganIziues wan1sinN1sIeNkUUNGNNaY (germling cluster) (Hiraoka and Oka, 2008) w1 Ulva
prolifera  agdinsduiugliisaasuvufanuuandeina uazuuuliandaine uddiulngluamsie Ulva
prolifera IassanUanaunadadunuuliendeowmna lagloaleseanun (Lin et al. 2008)

dmsulszmalneladnisiiamsieldla Ulva  intestinalis  udeasauiufanainn (@a1du
danndaulvne, 2550) wazledinisduasuliassiusgransvane wssannuinlutesndavsie ldlndu
° ANov ¢ a ada & < & a & o | o & v v
uNIzddnluazddPinvnndnduluomssssurifegegauanysal vinlildiaudndudedli
omnslussezusnveInIsdsalieamsasuanUsinaaazruall 9199su1uds 50-60 U agldidvun
ANEIUTELIN 10 Wwudes 3usuldermsiuag 2 Jo 1dseuiu 5-6 Weuegslidfidanilsaseuin

A o v [ Y 1A (v = Id 1 [ [ ) & j 2
Weduneaglavuin 20-30 drreflansy Fudufsvuialng ililasiangs Wunwimisvesnisides
dunIdnilnafdouilnatardaninden (@nnuanenITUNTIIEUIR, 2550) ag Useys uazAny
(2549) 189131 Tuvenfawseldln Ulva intestinalis W3yivlnUseunas 30% vesiiuive Weldesgn

1% o

fanadasluides Naazdnssyiulalaglidediomsauniramsgldlnluvenualy Fdldiaan

9 9

Uszanad 50 Fu videannuudasulvienms Temstlanunsandnninaistdvuinlveuasinunuei

5. auransemsvesamseldln Ulva intestinalis

ANANATDMNIV0EMIWLELA Ulva intestinalis Useneusielusiusesas 19.5 ludusosay
0.3 aslulawmsafiazarethiosay 58.1 eslulawsniliazanenh 6.8 uaziifosas 15.2 vosmiin
wis Taeflussmiidrdn Tumhovesdindndu sofesntu dwdnuis Ao waaidou 910 woavada 800
wan 35 laden 570 Tnuvades 3,500 (Aguilera - Morales et al. 2005; FAO, 1987)



aal
n15ANWN

1 aMawnziugavaeldla

1.1 msfinwgduuunisasiugasduiuguesamsieldlnnnsssund lnenisiuduiugaivsneld
lA9n 4 uvas lawa 81itaell Ueiu UeBiuud wa1winianuagen duaivisigunasas 30 fdu - 1
AIIIARURNAEAEUBN ald @ dnuaizin uag unada avavdeunsainagliafuwadduiuglindes
qanssad Tuvaziiudiegaiinisasivasuguantiuisusznisvesaniizwinden laun audunas
gungfienna gumnfitn arundu few lunsy weawn Tiesgimanudiiusvesanisuandeutuns
aadduiug 1neld gosnuag PAST fregumafvamseldlinnuvasiunnseiuds amil 3

4 U 1 1 1 U ldl 1 U 1 = L2 y =
29 3 fregeauiegldlnannunasiuiuannieiu: 3nUediuua (a waz b) uaz Anyeslanl c wag
b

1.2 nsfnwan1iznisnsgauliaiaeaaduiiug ihduiundsluasavaddunug leethameeld
lawndeianuazeameindanuaussiufedfulusssueid nsteamsie 0.5 nsu dhunszhusie
TBN1IFUAEURUVVIINGTTNYA nTawseidlesyiuladuiiiinunngaassusiaiatkazgnianilufa
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fuisunamoute manseduseisineg liud mstsauuaziivluiia 12 $lus mafiugamgil (35 °0)
sdrnnszdu thawieldldesdeduanuiunivg ladwu dedifgamgd 2025 °C (Hiraoka and
Oka, 2008) Ay3vdeUNITASIwaRAUNUGLANdoanssad nn 1-2 Ju Wuan 24 dUav

13 msfnwiismsaevidenszdulivdesates lasthduiugiisinisadrawadduiugud ain 4o 1.2
wnszaulivaesales Ing3gnislawn nisanauau (10 ppt) ﬂﬂﬂﬁ%’ULLmqqﬁ 200 prnol m” s WJuwaan
3 dalus MsRansewnsin waznnsimarsalutudn 2-3 Sadlums (Hiraoka and Oka, 2008) Tulalusl
anafaun 500 Haddnsdsdlvndefiamdelioinia wadidmzialmaififianuifusingy nadsdy
osuftRnisigumnd 25 °C Tuas 80 pmol m” s Taeviinismaaesedieay 3 41 ndntu T
amine aRdeunsUdssalasiindesganssal wag 1539 auvu ki Tuwsaswarandyniu lnenisdy
Huwadduiusiiudosdedlad Hemacytometer aunseiaiinisudesaueasanas amil 4

a

o v 1Y 1 I3 ] | v v & = v v &
AN 4 msnsgiunisasianasUaesalasvesamsigldla: nsdevieuiug (@) nsHawiavieuus (b) s
Weailenseduvieuiiug (o) uag dugeuanaes (d)
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1.4 MsAnwIsanaUasainteasuuelunar Wen tnunseiuliamsisUdesalaseanunluds

a a Y = @ Yada o aa vy a1 1% ) 2 v g
WArERN YA 200 AT nasanuuILAvavesliisUndeliavesiviln wazlnvedvinasdosdntiey g
13 30 w#i Fednimeiadananiiuidenaalumluveviedimatafindwd sy vuia 1 fu A8umsa 500
dns Wenlvillavas 10,000,000 wad sefiadans Iianniz 3 4ia Lo wHunaain 89u vu1emI 2-3
%y wag Wonlndensaununsoudmasy Juludndesniiales Tuszseziainie du laun vinisdu
108199 TULINTIVAD VAUV IMUULAENITINIEYRsEUes 71 1, 6, 12 war 24 F3lus vmmaaes

9g19az 3 91 uaUesinzfind Jeenerueen alasdufimdenililiiAanisinzduendunguiou
(germling cluster) (Hiraoka and Oka, 2008) n13AN¥IN1SNIEAUNTAS A UaREaURs VR M8l
o <

AINNN 5

A 6 1 1 o ! %’ o o U
M 5 msaunzvesaletamieldlivuiansnee : wavesaleslui @) dweaes (b) Taneuluds
a4 (0) wae Jan3ana (d)
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2 madssamgldl

2.1 maisdluvediand THuevnn 1x1x2 ws thfuseurua 2 [WuRuns 99NNTHEBILUY
free floating fiMNuMWILLL 25,000 37,500 wag 50,000 fusiens.u ldluveiinisliennianasaian way
fnsifuansenns (MGM) daiazads sewiumadesiimaasudedmnddani dnwinsiaiaiule
vosamine Tnewfuifeamsermuaduindaiminan yng 1 §Unsi uazthnduluidewie dunadnume
Auvada arwanysaiuaznTIgnIaasadduiug uardufuludiu vear 30 unada mennina
g1 3msAnwnsesyivinvesamelulefiuudss amil 6

mﬂﬁ?uﬁﬂmﬁﬂmzumé’mﬂﬂmﬁﬁyLﬁuimﬁagm

u = 100N (N /Nt
e u = SoUazv0IwnNIINTLOSYAUlAT LN
N, = dhudnistesudes
N; = hwiinuanAngave
t = sveznaTlunIsaes

2.2 Mefnwzuunmsisduteiu lnenseSesefuauin nta 3 was em12ins Tng
yhmsynaennisign Yaesidnveluraaidu teevihnside fusunivmallaBnisuszas e
Ingenansuannalulad araaousduthuazamniilute lasléan 3 Uuuufe iWon oau uazusy
wanadnlunisdeadesliaunizuda dudsihminreudsniduiusandsdutotu lnemsthusuwanain
97U Wenflavesanmyudavug 0- 3 Tadlmsthedu Weon uazusunanadnyndniulifiin Wy 4 wdes
andedluteiuda 6 Ve wasnguduseuianmaimenauiuesunguiou (germling clusten) agdasy
andsdlneudesadlulutefudiuau 6 ve lnelifiaramuiuiu vesiugouintuvie 10,000 fu fons ..
Tunmsdsdudedu llidnmmudenh Arvmassyiulavemmneluleiulasduivanhetoas
30 wiada 1nTrieugthameTundaiminmnduns dunednuusdunada ANENY DAY
psgnIsaaeadduiug i 7

2.3 msfinwanmiaadonlunsidss insnnaianunmiiusUssnsfifeadostunig
Windulnvesansie laun aamgl AnuA Uhinaoentiauftazansth luinsn uagvoamn Tutsamine
Savineuasamine uazsewinmadesamenndunin

2.4 msfnUSamandn taedssuay 2 ieu Tnevhmaifufeanse idsiminan wae
wshegneannluteiu uas Uodund 1hlueufigumgli 60°C iiemdndiuvesintngn sevmdnus

2.5 NMSANYINTAMULATNANB UL

FIUNNTATNULATNANBULNLNSAES 3 wuv THud Tutefu warludeBiuud

2.6 Temwimanuuandseamaaiyivlsluedu uarluvediuud lnerfudeyanuemae
30 /1 wazduinaneedy 3 a1 thdeyanldluinseina Tnelilusunsy SPSS wuu One-way ANOVA
waziUSeuifisunsuansswesreaedug Tne3sues Kukey HSDa msagunanisiny Weusiony uas
WIS
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d al 1 A 2 1 dy dy 4 1 dy 1 U 6 1
AN 6 Nsiaea e ldlnlulaTiuus: Uades (Asd a) duseu (b) n1staesluus 1 dUat () @msie
1lA Tuveeny 1 dUansi (d)
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d v ¢ ! ! L% ¥ v & ! 1 § YV %
amn 7 mawgiugamvseldlivuiagne: duiug () mswmnzadesluve (b) nsdealesmeianginig
(o) Taninnzodu (d) Tamniznanainiails (e) Yagunizeu (f)
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NANISANYN

1.1 msfnwguuuumsaiaeasduiuguasamineldliainsssuni

msfnuUuuNsaiueadd uiugvesamvseldli 910 4 unas Inenisiuduiugamsieldla
910 4 uvad lowa 891Uaed Ushiu UoBiuud uar  wesUfuRnig nuindnvazwanvetamseldlng
sUSwanemdsuEosnegndliifussdou suaveswadieunsanawadduiusiisuiamanemasudy
HIuAudnans 71 um veuwandeaslswanad d1luwadnu InTuees 2.0+0.6 wad amsigldliain
wesUfiRn1siinsasedugloalesiiiesedanes ludugloaussil 133 nslnnatad udaslnsln warad
Hunm 3x1x4+1 pm Jd@e99U Lﬁaﬁmsﬂéaa@aaﬂa%ﬁﬁumﬂ A+1x5+1 pm dusuduveagadduiug
wuuiine FaTendn woluawseildannvofiusazvediumd Insundnfiogneluiiwadvuinidnningle
avos 3 i dawawieldldansndannifinisesavadduiusitauuuundnuazuuugloavasluvioustus

= U o A
LPYINU ANNINA 8

B AL

# ; . Afn e
3 ?‘J l’: \ - »J'/t&

pu | ) N W ¢ ' ' fa AV 1 v N w & N w & o
MW 8 dnuaizwadauiudvesamseldln (@) wadiindsliaswwadduiug (b) wadduiusuuuduy
loaes (o) wadduiuguuuwniln (d) wadduiusuuuunilauasyloales
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futiugamsneldlanvediuudd unundvunaluladnisuszas anginermansuazimalulad
uingduasuatuaiund nui unadadivwadudn sosuinainh f8leageu vuiuginimwes
Huvasanas duitusilegluiddendudnuaevine dnsafavadduiusuuuondomaviowuundn
Yoway 100 Tasamsefinrmeniade 13.7:4.2 lwufuns auniiaade 1.9+0.1 fadwns @139 1)
n31dpUAMAMLINUT SeRugaugiTlutag 32+1°C lussduauida 2040 ppt Uliaumeaiinaglugas
0.129+0.001 mel " Usailumsn 0.0053+0.0001 mg L Aranuiduuas 1,142+211 pmol m s

amefifuantefuuinasminedoanaiuaiuns wadaivinuiniddenseuiundes
(Al 5b) dnuaugviinsedivuianing 2.1£0.6 fadluAs ANNENUTEIIY 9.742.0. lwURMAT WUa Wl
nsadaadduiusuuuuniavioms Usinaluesn-lulasiau 0.0007+0.0006 mel " Weala-veane3a
0.03+0.00 Mgl AAIudILES 1,1374217 pmol m ™ s (519l 1)

amsefiiusvsmanuinuneiianid s18nad unadadvuin 2.0+0.2 Tadiuns 612
13.1+ 2.9 Wwufwns (397l 5) wedadddedadendy winseadredld numsduidiouainves (nwd
50) finsadawadduiusuuuunia uasuuunauszing uniouazgloaUss pH vesthegsenine 80 +

+

0.0 damtan way Hardness %aﬂﬁwayﬂuma 13147 , 2,308 + 155 mgl Usunadluimsn 0.0002 +
0.0001 meL oawn 0.05 + 0.01 mel " AAUEILAS 9674160 pmol m™s (A3l 1)
ameiiiuanves fiRnisishnmaesydulad fmsvudoudes nunsadagaduuugle
aUa3 100 Wosidud 1d3e7 vuinunasa 1.9 + 0.0 JadwAs AN 9.5 + 0.7 WwuRluns pH suamfwaguj
TN 8.12 é’amlaﬁmamfwagﬂmm 130 + 4 mel Hardness 2,957 + 78 mgl  USunaluwmsm
0.0001 + 0.0000 Mol Weann 0.0034 + 0.0007 mel ' AAILULET 60+1 umol m ~ s (@15797 1)



d o | ! wva 9(; d‘ ! 1
A1sNT 1 dnvazvesavsgldln weznuaudRveshMiuaInuawe
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Parameters Source of thalli
Tank Pond Bay Laboratory
The alga
Length (cm) 13.7+4.2 9.7+2.0 13.1+4.9 9.5+0.7
Width (cm) 1.940.1 2.1+0.6 2.0+0.8 1.9+0.0
Gamete type gamete gamete gamete, mixed  zoospore
Thallus habit floating on floating on Attach on floating
water surface  water surface bottom
Color green bright green green dark green
The water
Alkalinity (mg/l) 132+7 127+2 13147 1304
Phosphate- 0.129+0.001 0.033+0.001 0.056+0.019 0.003+0.001
phosphorous (mg/l)
Nitrate-nitrogen (mg/) 0.0053+£0.0001  0.0008+0.0007  0.0002+0.0002  0.0001+0.0001
Hardness (mg/l) 2586+50 2068+137 2308+155 2957+78
pH 7.8+0.2 8.3+0.0 8.0+0.0 8.1+0.0
Salinity (ppt) 200 200 22+0 25+0
Water temperature (°C)  32+1 35+1 33+1 25+1
Light intensity (umolm  1,142+211 1,137+217 967+160 1,010+1

2 -1

s)

e ANUERUNIINIEIY + 8NaakANA (n=3)

PINMIMAIAUEUTUSHUINTaTarvRIANWUTUTINTRIRIAUSENBUT 1, 2 Uay 3 Wiy 37.33,
16.407 waz 13.174 Fanudn nsassaaduiusuuunauisaaswuulusufeiuduiusigauiniuany
nsvenadd drunisasiugadduiuguuuiing wiewniln duiuduuunnduiuamaulunawazias

1 o v a U o A
WATELRUS U IUINAY ANNENIVDIUNANE NN 9
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gamete
‘-:{ 2.4 | Iengtr.l
™ c
® 9]
. amete
é - mixed §_ 16 _|9pmete g 4gamete
5 - -0 4 amete
<3 £ light gr:l'meteH ’ zoosopre
£ | width ixed 2 mixdgp?¥ P
5 2 «Mixe O gamete o 0.8 _| hardness
© gametg 1.5+ ‘gameteqoospore gamete temperaturgamet éﬂ(glin(iity
. eMiXel
egamete game ixed
amete @ en T T T T
g Zgamete 14 9%amete gamete * ., | o8 2 3 4 s
gamete sphate gamete $ametd®, 0Spory
*tempera@&froosrlr Component 1 gamete3 z006pBre, Component 1
Brate #amete zoospore
amete o phosphate
armpetes; ; ; nes% . . gamete .
3 2 - ty 4 5°% - nitrate
gamete® : .erlnrrléeigzoosopre “oospore gamete
2.4
200sp012 % ¢ -1-dhmete gamete
zoospore °,
« s zoospore Zoospore
gamete L 82 1 ¢
2-llight gamete
4
a b.
2.59 .
. mixed
™ o width
o h B
c pixed
Q . gametgl.5 [ ‘Gamete
5] zoospore gamete gamete
I3 gametes. gpmete  °7 1o tg
£ gametg o tiafe ¢
o b
38 2

gamete z70Qsopre
zoospore’, 1 \alkatinity
zoospore* gargete gamete
y . sgamete

z00spore gargete A
light

gamete

C

4 ! U [ ! a 3 v 6 b
NN 9 ﬂ']ﬂ'ﬂllﬁllW‘lJﬁ?J’eNﬂ'ﬂiJLLUiﬂiUUizﬂ’J’]Q“UU@IL‘daﬁ?’lUWUﬁqLLaSﬁﬂ"IWLD@a@M

1.2 msfinwanmzmsnseduliasragaddunug
nsfinwanmewndenrensaiwadduiugimededasiieg

1) wnavieuiudsenisainasadduiug

msfnuadeiisinaronisaiaeadduiuguesansisldla U. intestinalis lénaasstiadusu
yupieuitusieiunuin Tufudl 2 vesnsnszduliiairawadduiug fviouiusen 3 cm anunsanszdu
Tasawadduiugliiduasiviinaiosas 98-4 sosawnAefianugaviousiug 0.5, 1.0, 1.5 uay 2 cm
ansansuliasseadduiiugla Sovas 86+10, 80+14, 69+29 uar osay 61+15 MUAIAU anfianny
g1vieuug 0.5 1.0 wag 2.0 lwuRlung annsaaiaadduiuglifesarios sesawunfeiinnugnyieu
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g 1.5 uay 3.0 Wwufluns aunseasiuwadauiudldsesay 98 uaz Jeway 97 mudnau luiui 4 ves

n1snsesu Mlvieuiugannsaaiinwadauiuglasasas 100 Twiun 6 vaan1snseiu lngwaddunugh
v @y iy o o

asaludugloatesviaonun (9199 2 AMA 10)

A ¥ ¥ [ =) v [ 1 |d' 1 v 6 1 d' a ° ¥
M13999 2 Sesazvasnisasiuwadauiudvesamseldlnfivuinvieuiugangg Naamai 25+2 °C ALY
-2 -1 td a aa i
was 60 pmol m™ s 1aeslurinauin 250 addns SruzIaduas: 4 12:12 9. (n=30)

Time of stimulation Fragment length (cm)

(days) 0.5 1.0 1.5 2.0 3.0

2 86+10 80+14" 69+29" 61£15" 98+4°

4 100+0° 1000° 99+1° 100 + 0° 98+4°

6 100+0° 1000° 100+0° 100 + 0° 100 + 0°

Reproductive type Zoospor- Z00spor- Zoospor- Z0o0spor- Z00spor-
angium angium angium angium angium

! PN Ao o o w ! (Y a ! (% ! A v o
WHULAR: AnaagluLLILaUNIfENYs a ,b NMAUANAU UAMULANANAUBY WNUULEIALY (p<0.05)

oyl B NEE NEE

%\gi 80 - r TE %Eii %Eii E M 0.5 cm

',*3 60 - :: ; \::: \::: g mM1.0cm

: . NIEE N N/ ERE  sisem

= 1 E §:': §:': — 02.0cm
0 NIESE N NHENS
 NEE NIEE NEE -

2 4 6

Time of culture (days)

a

A %4 ¥ o 1 Id‘ 1 dl 1%
2N 10 ﬁﬁ]ﬂa%ﬂ']’ﬁai’]ﬂLeliaégUW‘Llﬁstaﬂa’M'i’]EJvLﬁlﬂVlﬂ'J’liJEJ'l'J@’N"'] NYURHU 25+2 °C AMULVULEAS 60

Y

2 1 : >
umol m” s sagliandluas: da 12:12 1@esluvinauia 250 ml

a il [ ¥

v d o
2)  nnseuiiszivgumglished

v
[ !

v val & ! . . . v Y% a oA
nsnsgulviiinswanduiugvesamseldln Ulva  intestinalis  saetadeimuaaumginuii 9
seAuaamadl 25 °C anunsaasnsaveswuuglealesiafovar 61 luiun 2 veanInseAuLazaINTAaTIe
Inseeay 100 Twiui 4 veansnsedu seswmunfensyiugamgll 30 °C aiaganauiuglasesas 70 U
Fui 14 veansnsgauueniuamgliiinisaiaeaduavagluign diiseduamugi 35 °C amselad
o N u et & PN S o s a a'
nsasseadduiussaluaneilibesenisadiuead (113199 3 nmin 11)
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A v 6 v 6 1 1 gj ~ [ 1 ~ <@ 1%
1979 3 miai'mL%aaauwuq%aammwEJ”Léﬂ,ﬂmmmniwmmqq NAMULAN 25 ppt AINULWULEY 60
2 -1 & Ao P
pumol m™ s taaslurinaun 250 ml Szezianind wasdla : 12:12 91 .(n=30)

Time of stimulation Temperature (°C)
(days) 25 30 35
2 61 + 16° 10 + 15° 0+0
4 100 = 07 12 + 18° 0+0
6 100 = 07 64+ 21° 0+0°
8 100 = 07 72 +13° 0+0
10 100 = 07 74 + 10° 0+0°
12 100 + 0° 84+ 17" 0+0°
14 100 + 0° 87 + 15° 0+0°
Reproductive type Z00spor- Z00spor- Z00spor-
angium angium angium

R © LandAaie + Andeuuunnsguy

o o

1 d' Ql'd v o W 1 U a 1 [ 1 a o
AnadylulLILIUNTRI9NYS a, b AAUA1eIU dauuenasiusgsiitedfay (p<0.05)

140 -
120
25°C
= 30°C

100

80 -~

60 I 35°C

40 -

Maturation (%)
LHHHHH

Time of culture (days)

u| Y Y ¢ v ¢ ' | al Y d v
AWM 11 Sepasnisaiaueadduiuguasamsieldlnnszausieg innnuy 25 ppt AUduLER 60
2 -1 Ao &
pmolm™ s szagiadiuas: da 12:12 wwesluvinauin 250 ml

3) Hedusumstumenisaiaeadduriug

msnsgsilviinsaiamadduiugvesamseldla Ulva intestinalis fetladosunsiisuranuin
nsiawtsanasanszuliinisaiudugloated lnofimsilauisinat 2 dluswagnishaifauds anansn
nszduliinisaieadesldfosar 66 uaz 42 mudiu luiudl 2 veansnszdu msilaursinan 2 dalus
wagliflauisaninsnaravadldfosas 94 war 71 awdiu luiuil 4 veanisnszdu nsieuiediiaa 2
Faluauarbifwisanusaaaeadldfosay 100 uay 88 mudiu Tutuil 6 vesnisnszsu Taefinaslaiis
wisanansnairamadldfesay 100 Tutuil 10 vesnsnszdu (M31efl 4 Al 12)
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d b4 (L= v 6 ! ! g.}/ d‘ % d! ! Qll a ° v
MW 4 NMsasragadauiugresameldlinmuniseaunisiemie Ngamgil 25 °C Audunas 60
2 -1 & | A
pumolm™s™ LA 25 ppt deslurinuuin 250 ml szegailiadin : 12:12 (n=30)

Time of stimulation Dessication (hrs)
(days) 0 1 2 3
2 97 + 3° 78 + 11° 46 + 5° 0+0
4 100 + 0 100 + 0 100 + 0° 0+0°
6 100 + 0 100 + 0 100 + 0 0+0°
8 100 + 0 100 + 0 100 + 0° 0+0°
10 100 + 0 100 + 0 100 + 0 0+0°
Reproductive type Z00spor- Z00spor- Z00spor- Z00spor-
angium angium angium angium
VaNER © LansALade = AndeauunsgIu (n=30
120 -
100 -
80
LS &0 hr
s 60
= B1 hrs
§ 40 2 hrs
[0}
Z 20 |3 hrs

Time of cultivation

a 1% 1% & o ] | = v A a
AN 12 Sevavmsasiaganauiuguesamegldlniisveziiainisiaunasingg Meumgi 252 °C Ay
v 2 -1 H [
LAY 25 ppt ANILLES 60 umol m ™ s Syegafiiuas: dn 12:12 v, wesluvinvuin 250 ml

L4

4) Yadedumnafudemsaineaaduiug
msenwiadeiifinadonsimuvadduiudvesamseldla U. intestinalis Linnaeus lémaaes
Hadoiumnandy nuin anaduansanszduliaiasaduuugloauss (zoosporangium) Inediszsu
AIULAL 15, 20, 25 waz 30 ppt @sruwadduiudlasosas 100 Tufud a GUENﬂﬁﬂizéjuLLazﬁszéfmmm
WA 10 ppt @nnsaaawadlaiosas 18 lutuil 2 vesnisnsydu lasamsoairavadlddesay 100 Tu

o v d d
TN 6 YBININTEAU (15190 5 ANA 13)
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d Lo [Z=) v 6 1 ld' U 1 a" a 13
19199 5 miamL%aaauwuqmaﬂmm’]EJ"LéTlmnizmmmLﬁumm NYUNNN 25+2 °C AIULVULEAS 60
2 1 X Ao =
umol m” s aaslurinvunn 250 ml sseznanduas: dn 12:12 au. (1=30)

Time of stimulation Salinity (ppt)
(days) 10 15 20 25 30
2 18+5 61+ 11 77+9 80+3 88+5
4 81 x5 100+ 0 100+ 0 100+ 0 100+ 0
6 100+ 0 100+ 0 100+ 0 100+ 0 100+ 0
Reproductive type Z0o0spor- Z00Sspor- Z00Sspor- Z00spor- Z00spor-
angium angium angium angium angium
100 e ey
3 H > ::h
- | u > 4
3 80 + H v & B 10 ppt
F S\ $:
g 0 1 H + RN po| RIS pot
: HINSSI =\ 3
5 4 4 H . AN 4 20 ppt
: N\ N\ 3
T u b - q
20~ HH * = H b4 25 ppt
* H bl &
0 - * T - * T & 1 |d 30 ppt

Time of culture (days)

a

o o % s o & ] 1Al o & q' o 19
2NN 13 3@8@3fﬂ355’]\‘1L%aaaUWUﬁ:ﬂ@QaqwiqEJbLfglLﬂVﬁg@Uﬂ’J’]@JLV"I@J@']\?5] NDUNRAU 25+£2 °C AMULVULLAS

q Y

-2 -1 aa P &
60 umol m s STESLIANULANUA : 12:12.9. Laaﬂusummmm 250 ml

5) Yadedunisiduansazatsvesunadelonsu densainuvaddunug

navesladedunisifinlsunaueadeunaslss wuin MsfinlSnaueadeunaslsdauise
mﬁmﬂﬂﬁa%mé’u%ﬂaaﬂa% (zoosporangium) tnefinisifiuuSinameaideyn 6 me/l dunsaasisead
duitusldunniignfe¥esas 100:0 sosasnAe mafiudTnameaiden 18, 12 waz 0 me/L aduwad
duiuglasesas 9746, 965 way 88+3 MINARU Tufudt 2 vesmauienth wazausaairsaUaslasos
av 1000 Tuiuil 4 veansnilenh @31efl 6 wazawil 14)
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d ¥ (=) v 6 ! 1A [y a 2 = (Y ! d' a
M13VN 6 MsasagadauiudvesameldlnnssdumaiindSunuuaadeuleosuseaudig q Ngumad

v 2 -1 & a aa Aa a
25+2 °C AU VULLEY 60 pmol m S Laﬂﬂium'ﬂ@%uqﬂ 250 URAART T2UTLIDNNULALUA 12:12 .
(n=30)

Time of stimulation CaCl, concentration (mg/L)
(days) 0 6 12 18
a b b b
2 88+3 100+0 96+5 97+6
4 1000 10020 10020 100+0°
Reproductive type Z00Sspor- Z00Sspor- Z00spor- Z00spor-
angium angium angium angium

VUG ANRREAIEAIIUARINARDUNINTTIU
1 a saa o = (% o ra 1 aad o N &
ﬂ’]LQaSﬁlua@NﬂV}ﬂJaﬂUiLﬁNQUﬂUﬂqﬂ‘U lelllﬂ'J’]llLL@ﬂ@?QWWQﬁﬂWWi%@‘Uﬁ?’]@JLGU@lIu 95
Wosliud (p>0.05)

105 +

100 -

95 - K0 mg/L

=6 mg/L
90 -

Maturation (%)

@12 mg/L

B 18 mg/L

I
W

80 2 .

Time of culture (days)

a

5| 9] Y . o ¢ ] A a A Y =
AN 14 iaﬂagﬂflﬁaﬁq\‘iLsﬁﬁaﬂUwuq maﬂaqﬁﬁqﬂlé‘ﬂ,ﬂ NLBANFAIIASAYUDY CaCl2 NITAUNN 9 V]'E]qﬂlﬁﬂll

Y

¥ 2 -1 o P X A aa
2522 °C AMAUILEs 60 pmol m ™ s Syezhanduasin 12:12 sy, wesluvinauin 250 Jadans
SYYLIANLAYY 4 TU

wan1sldtadesnaglunsnszfulviamsgldliaiasadduiug

nnmslatadesneg Tunisnsgdunuing msdinvunavieuiug 0.5-3.0 wuRling (emmgdl 25°C
LA 60 pmolm” s AuAN 25 ppt seevnaniuasiin=12:1 ansansedulamseldliadedy
wadduiuglatesay 100 Tunan 4-6 Yu wiluneaswiely Ieidenldfvueviousiug 3 wuwns
ilesanannsavdesateslmifigauazanniign dauenmgiinuiniionmgll 25-climumanzandiviy
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aiaaduiugiInndnf 20 wag 30 °C dunsisauiuiund 1 9alue ilvanseldasisduales
& ] ) v | Y A @ <
wenntamsiediaindugleavesiineuanlugisniihe 10-30 ppt Twian 4-6 Ju @1599 7)

d £%4 U 1 ¥ v | U 124 6
M990 7 waveansiiladesineg lunsusedulviameldliasasaday

[y

NUSTIANIZLINADUA)

Factor of Levels Maturation (%)  Duration  Type of Embient conditions
stimulation (days) reproductive cell
Frangment 0.5 100 4 Zoosporangium 25°C, salinity 25ppt 60
length (cm) 1 100 4 Zoosporangium umol m’s’
1.5 100 6 Zoosporangium Light:Dark=12:12,
2 100 6 Zoosporangium
3% 100 6 Zoosporangium
Temperature 25% 100 il Zoosporangium 3 cm long, 60 pmol m” s,
O 30 87 14 Zoosporangium salinity 25ppt,
35 0 14 Zoosporangium Light:Dark=12:12
Dessicatoin 0* 100 4 Zoosporangium 3 cm long, 25°C , 60 pmol
(hrs) 1 100 4 Zoosporangium m’ 5-1, salinity
2 100 4 Zoosporangium 25ppt,Light:Dark=12:12
0 8 Zoosporangium
Salinity (ppt) 10 100 6 Zoosporangium 3 cm long, 25°C, 60 pmol
15 100 4 Zoosporangium m’ s, Light:Dark=12:12
20 100 4 Zoosporangium
25 100 4 Zoosporangium
30% 100 4 Zoosporangium
Enrichment 0 100 a4 Zoosporangium 3 cm long, 25°C, 60 pmol
concentration 6 100 a4 Zoosporangium m’s, Light:Dark=12:12
of CaCl, (meg/L) 12 100 4 Zoosporangium
18 100 4 Zoosporangium

1.3 mansgiulvivaesigadduiugaetadesingg
1) Yedesumnufusenisudesivasauiug
Tufun 2 veensnsgfuinsziumuAn 5 ppt awnsalassyloalasis 4.50:0.12 Auadessansy
H Y A [y [ N a s
Uminan sesasnAeszauAIAN 15, 25, 20 uay 10 ppt InefiusunaeUes 3.39:0.04, 2.29:0.06,

2.21:0.11 4A% 0.39+0.01 Aualasraniuuningn suaau FeludiauunnaeegeditedAyisas
(p<0.05) dwiun 4 vosn1snseiuNszauAUAL 25 ppt In1sUdesaUasunnninseiumnuAudy

aa

a

9.87+0.50 alasonminGn SesasReisERUAINLLEL 10, 15, 5 way 20 ppt AUSuuales
6.95:0.33, 2.52+0.04, 2.29+0.28 WAy 1.34+0.02 Aruatodsansutivieinan mudidu waglifinnuuansng
agnefifudAyneada (p<0.05) WeRinnsanUSunaauessan nuidissiuaudy 25 ppt fusunaaUes
mﬂﬁqmﬁ 12.16+5.36 Sruavosiondinimingn sesmundedissiuanund 10, 5, 15 uay 20 ppt Wu
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USinauauas 7.34+4.63, 6.79+1.56, 5.92+0.61 WAz 3.55+0.61 Awalassaniuuiuningn auaau geludiaim
U 1 a v o L aa = U & 4 4
LANKNBENUULEIAEYNI9EDR (p<0.05) 51898LB8ANTUABLAUDININITIN 8 NTNN 15

d 1 [ L= v 6 1 ! 6 6 1 U Qé’ LY QAI % 1
A13N7 8 nsUdesmaaduiuguesavIeldln (x 10 + SD aessensuumiingn) Aszaumuy A1ag
A a 1y 2 -1 & & o &

NYPUNU 25 °C ANUULEY 60 umol m s Laaﬂummwwmm FLYLLIANNULAEL: 4R 12:12

Time of stimulation Salinity (ppt)
(days) 5 10 15 20 25
2 4.50+0.12"  0.39+0.01° 3.39+0.04° 2.21+0.11° 2.29+0.06°
q 2.29+0.28°  6.95+0.33" 2.52+0.04° 1.34+0.02° 9.87+0.54"
6 - - - - -
Total+SD 6.79+1.56"  7.30+4.63° 5.92+0.61° 3.55+0.61° 12.16+5.36"

VUGN ANARLANEAINAIALAGEUNINTFIY (n=10)

o

AadylulueuNIAI9NYI a,b AAUAISAL Sanuuanstsiueslited1Aey (P<0.05)

10 - a
) 5 ppt
E 6 - EJ 10 ppt
o a
i 4 - = 15 ppt
@ a4 4 20 ppt
=) 2 -
(=3 =
= % ui [T 25 ppt
(=}
S 0 — T ]
z.

2 4 6

Time of stimulation (days)

a

4 o (L= v ¢ ' 1 & 1 [y g Y N Ly < 1 a
AWM 15 Iuwasduiuresanseldli (aUesdensudmiingn) AssAuauay e Noamadl
25+2 °C AaAY 25 ppt esluaumnzides syeviansuneas wasin 12 : 12 .

2) Yadedrumslinasiensudesaves

msnsgsilvidesauedietiadeiumnuidunas wuinluiudl 2 veamsnsedudiseiuaudy
was 0 pmol m” s videlaifinisluasiinsUdesauedinniiands 9.87:027 &uaveidentiniminan
sosaanfefiseiunisliuas 150, 80 waz 100 pmol m” s @wnsaldosaues 5054029, 4.26+0.11 kA
3.55:0.16 druavasiensinimdngn audiu Flaifirnuuanssegrafideddmeann (p<0.05) e
firsansnualeiimualuszozina 8 Yu wuinfilifuas 0 pmol m” s vhilsinnsUdesauesuniian
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10.10+5.63 drualasAenSutmiingn sosasunAofisiunsiiuas 150, 80 WAz 100umol m s 73
SrutuaUes 7.0242.52, 6794189 LAY 3794198 Aruadesendutmiingn auddudslufiruunndisedis
fiodduneann (p<0.05) Teasdunnisudesatass asedl 9 amdl 16

el 9 Sunueadduiugaan (x 10° = SD aleirensututngn) Audesannisliuasunviouiusrou
Aeefisziunnuiduuasine 7 gl 25 °C ANLAL 25 ppt AILdULEY 60 umol m? s duduau
WEiAes szpznanl wasiln 12 12 .

Time of stimulation Illumination for fragment (umol m~ s
(days) 0 80 100 150
2 9.87+0.27° 0.26+0.11° 3.55+0.16° 5.05+0.29"
q 0.23+0.01° 1.97+0.13° 0.23+0.00" 0.00+0.00"
6 0.00+0.00" 0.47+0.01° 0.00+0.00" 2.36+0.17"
8 0.00+0.00" 0.07+0.00" 0.00+0.00" 0.00+0.00"
Total+SD 10.10+5.63" 6.79+1.89" 3.79+1.98" 7.4242.52°

VUGG ﬂ'ﬁLaﬁamimmﬂm@Lﬂﬁaummgm (n=10)
1 d' Qlldo.l Y o 1 [ a 1 [ | a v o w
AnadgluLueunifmenes a,b MAUANAY danuuanasiuee9toe 8y (p<0.05)

12 -
g - -
E 10 % 0 umol E m-2 S-1
< (& 80 umol E m-2 S-1
= 8
o0
5 [ 100 umol E m-2 S-1
S 6
g 4 150 umol E m-2 S-1
= 4
S a
“ 9

a a
O T a m N N T a a aa 1
2 4 6 8

Time of stimulation (days)

4 ] [2 v 6 ! ! 6 1 U 9°J C% i Y ¥ (% U
MW 16 uandviugvesameldli (aUesrensuuimiingn) Mseaunisliuasseausigg 24 .
wivieuLgNouAEIIZAUAIY Naamall 25+2 °C AUWAN 25 ppt Eedluumsides sseznailuasie
12: 12 4.

3) msnsrfulildesimadduiugietadusunisiaus
nsnsshilvidesimadduiugsetiadesunisilauis wui amsefildfaisannsansedulitinnsudes
aleiie 9.87 +5.41 Suaved/niutmiings sveznan 2 Tureniansedu Juil 4 wagTuil 6 veansnsedu
anunsnUdenld 0.39:0.76 uay 0.15:033 Euades/niutmiings susiy sesasnfio auseiviinsis
uisfing 2 au. fimsddesates 094+ 1.00 Suaved/nfimininanluiuil 2 vesmsnsedunasiinnsUdes
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auasluiuil 4 9117 063081 Sualad/nSumilngs wagaInseNvinNIRILiAneT 4 uag 6 Tilag
YaMsnsyAuitiillosanilugadamsewisdmaliamseid@auazaegluiian Weiiaisaunisva oy

alasvimuanuin msldiawisdinmsuaseadssuinninnisiauradunal 2 $alusdis 10.42+5.54 arualod/
nfudmidnaaldszoziianlunisvasy 6 du lunisUassalesiiauuanaiseg1sidediAgnisaia
(p<0.05) @mseNin1TRaAe 2 FalasiinsuaeaUassiu 1.57+0.48 auaves/nsuuvingn lusseziia

% 1 3 4 4
4 Ju TunsUaseauas M15199 10 waznwi 17)

4 o (3 v 6 ! ! 6 6 1 (% gc; tY i =

191N 10 muaumaaﬁuwuqmamwmwEﬂ,éﬂﬂiw x 10" + SD a@Uesnansuinvundn 7155881381015/
v o = a v 2 -1 & &

NN 91 BEUNAA 25 °C ﬂ'ﬂ’]lllﬁll 25 ppt ANMULYNLEY 60 pumol m s L@89lUUINIZLABY SEEELIAN

SULAEY Wasdln 12:12

Time of stimulation

Desiccation (hrs)

(days) 0 4 6
2 9.87 +5.41° 0.94+ 1.00° 0.00+0.00" 0.00+0.00"
4 0.39+0.76° 0.63+0.81° 0.00+0.00° 0.00+0.00°
6 0.15+0.33" 0.00+0.00" 0.00+0.00° 0.00+0.00°
8 0.00+0.00° 0.00+0.00" 0.00+0.00" 0.00+0.00°
Total=SD 10.42+5.50° 1.57+0.48" 0.00+0.00" 0.00+0.00°

VWS : ARRYA1EANUARIALATEUNINTEIU (n=10)

ALRAY I UMILBUNTRIONYST a,b AMAUANNIY TANUWANANeIUBE19TE
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d1msy (p < 0.05)

o

Hj 0hr
B 2 hrs
34 hrs
B 6 hrs

Time of stimulation (days)

A o =) L% 1 U 1 o 9(‘)’ o dl 1 dl U d! 1 dl
AT 17 Iuuwadduiugvesaveldln (@Uasseniuuiniingn) Nsvesiiaidiee Nseaunisiam1ei

a v -2 -1 ¥ ¥ o
Q&WIQN 25 °C ﬂ'ﬂ']illﬁl] 25 ppt ATHLYULLES 60 pmol m s LﬁﬂﬁiuﬁlﬁuLW’lzLaaﬁ FEYTLIANTULLAN LhaiN:

i 12112



navestadunseiuliamineldlivaesisadduiug

nnmslatademslumsnszquliamseldlivaesgloatosnuing Weanududsuly Tura
5-20 ppt ¥linisUasealesUsmaniesninfianSoudsufuiissfuanuiunaaiy Ao 25 ppt Wi
12.16+5.36 &aveidensubmiingn iumsdnvuaviouitus 0.5-3.0 wufues (oaungll 25°C uas
60 pmol m” s speznaiifuasiin=12:1) dwdunmsnssuisuanoudes ashliinisudesivad

duuganadnn 3.79+1.98-7.42+2.52 auavessieniuiminan ninisldliuadlifinsiiaay

v 6 1 Y] g U d! v d
10.10+5.63 @1udUasaanIUUINUNER LLaZNITNILIAN (15190 11)
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A ¥ % I kL 14 1 1 1 (L= v 6 a (L= v ea
M13°990 11 wavenslatadasingg Tunisussdulianseldlivaseswadduius wasylnvossadduiusy

A5 NNANIITUIAADUANE

Factor of Levels  No. of spore x10°  Dauration (Days) Embiant condotion
stimulation per g FW
Salinity (ppt) 5 6.79+1.56" 4 25+2°C , 60 pmol m*s
10 7.34+4.63° 4 Light:Dark=12:12, 3 cm
15 5.92+0.61" q
20 3.55+0.61" q
25 12.1625.36" q
Ilumination for 0 10.10+5.63° 4 25+2°C, 60 urmol m” s,
fragment (umol m’ 80 6.79+1.89" 6 Light:Dark=12:12, , 25 ppt 3 cm
) 100 3.79+1.98" 4
150 7.42+2.52° 6
Desiccation (hrs) 0 10.42+5.54° 6 2542 °C 60 umol m s,
2 1.570.48" il Light:Dark=12:12, 25 ppt , 3 cm
4 0.000.00" 8 No desiccation
6 o,ooio,oob 8 Kept in dakl 3 hrs before

1 4 ! ~
B : AEUDITIM + ANTBLUNIIATEIU (N=10)

1.4 uaveanginssunisatnizvasavssamengldla

HAYBINGANTTUNITAUNIZYDEUDFIINNITYINNITNAGRY 14 Fu USunaadasiui Tddnadasiuds
WAERNAMALNUTINTUY 150 Ans Nanenatads davesiwegluuimifissdunnnunuiigy 33 a1u
WU auesisunneTandioniid wanafndane uazetuludeu Awsiulsnveinmeasmaaadaennnia

N a ¢ a &£ % o o A & U A A ¢ a X o A

fUsuaadeiiugunseauduluiun 6 vesnsides uasynianiusunuaUssiiuduaswnluiun 9 veen1s
dea Twiui 10 yndagnuiSinualesinietosnan Inamssiuusunualesluiibewesium 1 wagnuid
alosnanoanuilunguassnuiai diuiuil 11-14 vaansveass nudnsinizvesalesiantos lu

v A o I a{' = 8 5 1 a v A @ = a
IUN 9 ﬁ']‘lﬁi']ﬁilﬂ'ﬂilﬁu’]LLuu@JWﬂW?jﬂﬂ\‘i 3.6 X 10 dUa38@N9199URALUAT JUN 13 ‘W‘U'J'nﬁﬂ‘ﬂ']ﬂlﬂf@ﬂil

| 3 ~ P 8 s a = a
ﬂ?qﬂﬁquLuuaUaiﬂqﬂﬂﬁjﬂ 09 2.7 x 108+ 1.2 x 10 dUa5/AN95 19U UALUAT FDIRIUIADDIULLALNAEFNY
| s 7 s a 7 s a o w
AMUNUILUUYDIEUBIDY 9.7X 10 d@UaT/M51U9UALNAT ey 4.7 X 10 dUas/M151u9UAllnInIuaInuy
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KA NMTTAARURAR RS aNaTeTinzdeniianauandnses1alited @y (p < 0.05) fuadesfinie
oAz WeRsansduiiaUedineintanden narafnuazerumnui adosinizuinuinid
AruuAneasadfeseiitfdday (p<0.05) fuuiananaiuazienh IIuadauRugUesaIneld
1A U. intestinalis fimaingYaguandiaiud asedl 12 awil 18-19

avpsameldlailiifandoine azimefuiisduazinmeiues dnaunnlutdndidsediu
wgdnssumainzuuian lastidssaslalung 9-10 Yu ndmniiadesuriuaes daadesiinegiues
finsiadyldifunguiiou viedeauss (Germling cluster) fanwil 20
ATl 12 Srunumadduiug (x10°:SE aled/maasufinmg) vosamseldla U. intestinalis iy ag
uanenafuluszepnaaes 14 Su (n=3)

Days Matterial for spore attachment
Polyethylene rope Honeycomb plastic sheet Nylon net

Upper Middle Lower Upper Middle Lower Upper Middle Lower
1 8.56+4.34 12.81+5.70 4.46+1.13 2.05+1.04 2.48+0.91 3.76+1.50 5.11+1.80 18.83+7.16 5.88+1.37
2 4.21+2.72 7.16+4.77 3.06+1.20 10.49+0.25 31.20£21.94  7.42+0.99 13.55+3.81 5.47+1.82 6.30+1.61
3 6.09+1.17 7.50+1.65 5.45+2.63 9.32+2.81 10.09+2.58 7.77+£0.58 9.66+3.88 5.55+0.21 6.83+1.83
a4 13.03+1.01 11.77+1.90 15.25+6.35 14.05+2.58 11.40+£1.37 8.69+1.57 16.30+1.55 10.97+2.16 14.72+2.28
5  9.25+2.62 13.63+2.81 8.27+1.37 6.51+4.09 15.12+2.13 6.12+1.34 8.94+1.97 10.88+2.99 2.28+2.16
6  20.71+7.96 14.34+4.97 15.21+2.03 17.60+9.44 18.88+5.17 9.01+£1.38 17.91+£1.66 28.72+4.37 13.00+1.63
7 62.09+41.83 48.64+20.63 36.81+8.21 56.97+15.16  28.92+4.84 19.09+2.80 50.00+10.21 27.63+£1.99 33.21+2.24
8  76.39+0.23 84.07+19.74  37.25+0.88 56.67+21.37  44.90+12.94  49.00+21.21 52.67+5.32 24.94+5.23 27.08+7.78
9 141.78+1.49 56.17+16.70  47.53+9.24 89.86+45.49  53.12+12.16  27.71+1.66 166.86+78.96  67.91+24.29 59.80+14.84

10 10.79+3.55 1.87+0.62 2.40+0.71 9.11+1.80 2.09+0.41 1.29+0.33 6.88+2.07 556+1.93 3.05+0.62
11 96.86+22.13 14.19+5.40 22.51+6.48 58.80+22.31  12.94+1.55 13.83+3.05 47.41+15.31 49.44+12.22  40.33+3.54
12 149.48+69.35 19.16+7.56 34.56+£21.79  33.20+£12.61 8.27+2.17 16.57+4.55 58.00+22.39 34.55+4.15 61.02+21.18
13 136.47+38.27 28.76+10.20  20.17+2.58 23.44+14.67 8.10+1.48 15.58+2.96 46.22+24.10 27.63+6.42 23.67+5.17

14 85.82+37.66 11.70+£1.76 17.13+4.37 4.74+0.20 6.77+2.16 3.73+0.71 30.08+14.19 13.08+3.52 14.05+3.40

VUGLR (ARRYEAIAIUAIALATEULINTTIY
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Al 20 quﬂisumsaqLmumwwamﬂaammwlé’lﬂlmL‘Uusaaaﬂas ED) ﬂamﬂauaﬂas (Germling

cluster): (a), ngunaualassvey 1-2 wad (b), ngunaualaissey 10-20 was (o), NquNaUAUSaUIUIA 3
4. (d)

1.5 nmasdgivlavesanseldliluveduusifmmumuiutiusingg

Mnmsnaasadssamisldla Tudeduud Adealngldduiug Suduaun 29:03 luay
NUILLU 25000, 37500 UAz50000 Fusions.y. vie thninBudu Wiy 3, 6 way 9 ndu Wlededl 3
dUant wuan umuumwmumﬂmaﬂ Lmﬂu 882. 52+430 65, 1,293.28+13.85 way 1,304.86+444.38 n3u
fans.y. mUsIU wardauefiaty wihiu wisdesay 9.3+6.0, 11.6+4.5 uaz 4.9+2.2 audsu g
Andunsiiiuvesimtn Sevay 29,317+14,255, 21,455+362 war 14,398+14,713 aud1du wazidunns
ivesruedesay 5524473, 362472 way 123277 Auddu ﬁé’mqmam’%m@ﬂm‘hwaimafmﬁﬂ
WINAU 27.1+1.5, 25.6+0.5 Wag 23.7+0.1 uag donsin1siasyiuladinizlaganueniiniu17.5+1.5,
24.2+4.7 hag 11.0+5.0 amwLnmﬁauﬁLgmama"ﬂsﬂzﬂfﬂuﬂa%muﬁﬁmwwmLL‘Liusi'Nﬂ 31882LDYARI
M9l 13 Al 21-22

anmuandeyluvafes meammmuﬂuumaaqmmwalé‘lﬂmmmwumuumaGﬂ,mm 25000,
37500188 50000 fusions.al. LRABWITU 29.00+3.37, 27.00+0.00°C, war 32.00+0.69 °C AIALTBIN
Ao laewihiy 16.00+0.19, 18.00+3.54 wag 21.00+0.69 ppt AeaEa-woawssa AU 0.76+0.22,



0.3¢+ 0.01 4@z 0.04+0.01 7 Arlumsn-lulasiay WwasWinGU 0.4820.37, 0.3620.23 uaz 1.65+0.44 mel’
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wazdAANULNLAIRaRRSEuLIaINSaea e ldln luYae 472.85+259.03-960.30+63.03 pmol m”

d a a 1 It 1 = o‘n" 1 1
A15199 13 nsiasiulavesans g lalnluueBUUANAMURUILUUAT9)

Growth items Density Time of culture (weeks)
(ind.m-2) 0 1 2 3
Weight (g FW /mrz) 25,000 3.000.00+ 24527+97.79  735.27+404.31 882.52+430.65
37,500 6.00+£0.00 492.31+67.68  1019.54+231.37  1,293.28+13.85
50,000 9.00+0.00 505.85+166.07 874.84+290.84 1,304.86+444.38
Length (cm) 25,000 2.9+0.3 10.5+3.4 18.0+£5.8 9.3+6.0
37,500 2.9+0.3 12.0+4.0 15.8+3.5 11.4+4.5
50,000 2.9+0.3 10.0+£2.6 16.5+4.1 4.9+2.2
Percentage increase 25,000 0+0 8,076+3,160 24,409+13,377 29,317+14,255
of weight 37,500 0+0 8,105+2,156 16,892+7,612 21,455+362
50,000 0+0 5,521+5,436 9,620+9,595 14,398+14,713
Percentage increase 25,000 0+0 258+256 515+341 552+473
of length 37,500 0+0 310+£126 439+386 342+72
50,000 0+0 241+34 464+196 12377
Specific growth rate 25,000 - 62.9+6.0 39.3£1.3 27.1+1.5
(% day ) by weight 37,500 - 63.0+2.0 36.7+2.3 25.6+0.5
50,000 - 57.6+5.4 32.7+2.8 23.7+0.1
Specific growth rate 25,000 - 13.9+15.5 19.6+5.0 17.5+1.5
(% day ") by Length 37500 - 24.4+8.4 21.710.0 24.2+4.7
50,000 - 24.6+11.4 21.1+2.3 11.0+£5.0

NUBWR : uaRARRY + AdeuuInTgIu
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4 a’i’ 1 I A s 1 dy .Y |e|I a ] . !
i 22 msiaeseueldlaluvediuud: Yaldaes (a), uwadaldlaiaigluve (b), wnaaaldln (o) way
nawanldln (d)

J 1 1 =
1.6 msdesamgldlnluvedu
1) masgivlnvesamsgldlnluveaulaalddanginissng
nnsneaatassanselaln Tuledu MasdaeldAunus LSUAUTUIN 3:0 NSURDAS.Y.

]
a

yi3e iz Wiy 2.9:0.4 ndu iflededly 6 dUni e Tandeniia wanafindsils waveruludeu
WU ﬁﬁgmﬁ'mﬁmﬂﬁumnﬁqm 91415, 67+16 way 34+2 ASUADAT.L. wagilaueiiudy iy
13.241.0, 10.5+1.1, 6.2+ 1.4 WwuAas Inednsifiuvesimiin Yosay 1,360+238, 9744257

uay 438:31muddu Ineludaddl 3 awmsefiAssuueu hiadnfutuinniian 12532, 30£1 uas
1444 wansdunsifinvesninuenisenay 955:25, 86385 wag 49176 mud1du ISasinsasaivle
Sunnzsotu Inetmintesas 8.540.4, 7.8+0.6 uay 6.2+0.1ua% 11.0+5.0 uag RPRRRPTOEHITN
Sumzsetu Insrnuendosasviniu 5.8+3.0, -7.1+0.8 war -9.0+0.3 (ANS197 14 ANl 23-24)



v d A’ ) 1 a VYo 1
2) anmwndeuiidesamineldliluvefuilagliagianysing
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28+0 — 32+2 °C anuiAnlugag 2020 — 27+ 1ppt Avlean-weanesa vesinasnsyeviiaIN1siaes
0.27+ 0.08 -0.31+0.09 Hadn5u/ans Alulasn 0.23+0.08-0.31+0.19 Jadn3u/ans AAUTNLEINADNA
seeznaIMsaesauselaln 1ae 884+439 pmol m” s

d a a ! i a i Y = !
M131990 14 nsasaiulavesaveldlnluvefunldTanganizsUssnnengeg

Growth items Density(ind.m'z) Time of culture (weeks)
0 1 2 3 4 5 6
Weight (g Polyethylene rope 3+0 1942 48+5 125+32 76+9 7727 91+15
FW/m-2) Honeycomb 3+0 9+3 17+6 30+1 62+15 57+33 67+16
plastic sheet
Nylon net 3+0 4+0 7+1 14+4 31+1 35+1 34+2
Length (cm)  Polyethylene rope 2.9+0.4 5.6£1.6 13.2+4.1 18.5+4.0 16.7+1.3 17.4+0.8 13.2+1.0
Honeycomb 2.9+0.4 3.8+0.3 6.1+1.3 13.9+4.2 18.3+1.2 17.3+2.8 10.5+1.1
plastic sheet
Nylon net 2.9+0.4 5.5+2.4 8.7+1.0 10.9+0.1 14.6+2.6 11.8+2.8 6.2+1.4
Percentage Polyethylene rope 0.0+0.0 650+71 1,800+184 4,895+1,294 2,920+£354 2965+1,096 1,360+238
increase of Honeycomb 0.0+0.0 240+127 590+255 1,065+21 2,370+608 2,170+1,329  974+257
weight plastic sheet
Nylon net 0.0+0.0 a45+7 195+35 475+163 1,135+21 1,280+85 438+31
Percentage  Polyethylene rope 0.0+0.0 16087 494+202 982+222 1,126+120 1,076+49 955+25
increase of Honeycomb 0.0+0.0 74+11 168+73 586+150 993+41 1,143+175 863+85
length plastic sheet
Nylon net 0.0+£0.0 137+113 326+74 572+7 754+156 801+151 491+76
Specific Polyethylene rope - 28.8+1.3 21.0+0.7 24.9+1.2 12.2+0.4 9.7£1.0 8.5+0.4
grOWthjate Honeycomb - 17.0455 135427 15.3+0.1 11.4+0.9 8.7+18 7.840.6
(% day ) by plastic sheet
weight Nylon net - 53+07  7.7+0.9 6.5+1.4 9.0+0.1 7.5£0.2 6.2+0.1
Specific Polyethylene rope - 13.6+3.4 11.4+2.2 9.2£1.0 6.6£0.3 1.2+2.7 5.8+3.0
growth 1ate o eycomb - 79+09  6.0+15 7.8+15 6902  269+23 7108
(% day ) by plastic sheet
Length Nylon net - 117457  85%08 6.8+0.0 6.1+0.6 21.2¢34  -9.0+03
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A dy 1 1 a 1 dy L% 1 =) aa L% 1 a U dg”
AN 24 Nsiaeeanseldlnluuefu: Usides (a), wnadaldnuudianiia (b) wnadalanuunaannsaig
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nMsFsuiieuitnsdsamisluveduuduas ey

mﬂmiLgaﬂuﬁa%muﬁmi’fﬁuﬁuﬁmﬂsdaﬁuéau (Germling cluster) fiaumiuiiu 50,0006/
n3.4. fanungay Tnefaldanelunsuanduiug Wud Agunsal arses i ussou duseun
Waesw 2.2 viw/as, dethludeduvenudunan 2 §Uai likandn 1,160 n¥u uw. an sio sy
199 95 AN UL, WAY/AT.H. Wuamselonsinisasgiivladuniziosas 45-50 feiu alganglunis
asuIaanseldla laun Arianvinue Agunsal Aanswadl Al A1use de fs.a. Windu 54.4 U

mnmisidesludefuiilifuiusonfuseuuufonvioiu finrumuiuiu 20,000-25,000 Fu/ms.
u. fenuwminnzan leedalginglunisudnduiug laun Arianden Argunsal a1siadl I wsanu
dhdsel 59w 4.6 U e A4, dlelddedluvenuduna 4 &at Ieuandn 90 n3u wu. da/ms.u.
30 6 NN UL, WAY AT, NUNE@mTelonsnsiasgAuladunzioas 25 dotu alranglunsndn
waamseldln loun arFagyimean Agunsal Awse sia as.u. Wiy 29.4 v/es.a. mMsUSeuiiey
318N1361199) yasmsidssamieldliluveduuduayoiu fmsiedl 15

a = = ! & ] I 1 a L3 1 a
19199 15 ﬂ?ﬁLUiEJ‘UL‘V]EJ‘UiWEJﬂ'ﬁWN"']SU’eNﬂ’ﬁLaEJ\‘iﬁ’]Mi']EJléﬂaﬂﬁLuU?J‘mﬂJumLL@S‘UEJ@‘L!

ltem Cement tank Earthen pond
Seedling preparation
Type of seedling Germling cluster Germling on the rope
Duration of nursing 4 weeks 4 weeks
Cost per m’ 2.2 Bath 4.6 Bath
Mass Production
No. of initial seedling 50,000 plants per m’ 20,000-25,000 plants per m’
Duration of cultivation 2 weeks a4 weeks
SGR 45-50 % day ' 25 % day
Production 1,160 g FW m~ 125 g FW m”
Ratio of FW:DW 12.2:1.0 14.3:1.0

Cost per m’ 54.4 Bath 29.4 Bath
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ayduarinnsalng

4

JUwuuMTAURUGUaYAITINIEALG

naingiesameldls Snisfuiugansssued 7 2 suuuy 1 Ao wuundeuasuu gle
ado$ Fsfimannilademsanmuinden uazsmesluuvani femsduiusiuugloaves Sanuduriug
WeuInfuanuninavesnada dunsaiineadduiusuuuiiiong vsounils duiuswuunnuiuAAy
Husauazuas Faduiusludauindu anuenvesuwnada egelsfinnu aenpdesfiusenuues Rapaport
et al. (2010) wunsauRuguuUeAna wazwuullendulneAresamsng U. intestinalis USinvn Baltic
{1 Riddarskaret Ussinaatnuiituogfusnunsveaunadaauiefitnanonisduiug sauisanig
windeuldun 519013 AMULAL was warguvnd (Ganesan et al,, 2010) duamiefiFesly
Yo iRns nunsaamadduiuduuugleaUasusouuuliondoma delmnuduiusiainiuuia
ATunTedng wazaudaluundai

msthamisumieniliahaeadduiusnud dadoduvuiavieuiug lnsunadavuin 3
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Ulva intestinalis Linnacus (Chlorophyta) “luﬁ’mﬂﬁﬁ'ﬁms

Induction of Zoosporangial Formation of Gut Weed,
Ulva intestinalis Linnaeus (Chlorophyta) in Laboratory
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D130 YU, JTWNT 1INTIE tas ITFI‘IIFJ l‘ﬂﬂ?)\‘ii;?l‘l.li1mﬂ

Arinee Muna!, Rapeeporn Ruangchuay'” and Chokchai Lueangthuvapranit*

undnsia: mswilemhnsaiasadduiugluawseldln Uva intestinalis Tuasfinng deludaya
éﬂﬂ?ﬁlﬂumﬂﬂﬂﬁuﬂﬁamamLﬁm ldiladenszsu 3 fladt Ysenaudag 1) auinanueeyiewiug 5 ssdu fe
0.5, 1.0, 1.5, 2.0 LAY 3.0 4. 2) Hrun)i 3 s¥AL Aa 25, 30 UAT 35°C way 3) MaANATsLARTaN anAselsd
455U 8 0, 6, 12 uag 18 uN/a. ARALLGTANA A Suglaaded nudrdl$usulnalnnanad 1343 Swiad
Tneinonneaviawiug 0.5-3.0 9. llfnadanisaivduglantef Tnoaieldfauas 98+4-10040 lunan 4 du
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afaadduiuglanielu 2 Ju
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ABSTRACT: Induction of zoosporangial formation in Ulva intestinalis [by using the environmental factor] in laboratory
condition was aimed to obtain the beneficial information for the continuous culture. Three factors including: 1) fragment
length, 0.5,1.0, 1.5,2.0 and 3.0 cm; 2) temperature 25, 30 and 35°C; and 3) calcium chloride (CaClz) 0, 6,12 and
18 mg/L. The results found only zoosporangia. Each cell contained of sporangial protoplasts 1343 individuals. The
fragment length, 0.5-3.0 cm long, were not significantly different on sporangia formation (p>0.05). Every fragment
lengths were induced zoosporangia 98+4-100+0% 1n 4 days. At 25°C the fragments were produced sporangia 100+0
% within 4 days and showed significantly affect with those of the remained temperatures. The enriched of CaCl, at
6 and 18 mg/L inducted 100+0% zoosporangia in 2 days and which similar to 12 mg/L. CaCl, Inconclusion cutting
of the thallus length into 0.5-3.0 cm and cultured at 25°C were induced zoosporangia in 4 days while adding 6-18
mg/L CaCl, induced zoosporangia within 2 days.

Keywords: Gut weed, Ulva intestinalis, zoosporangia
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wasaunugnaiaihuuylaiendeame fe dugle
alef (zoosporangium) neludinsutiasinvesing
Tnwanas (protoplast) Ha1uau 13£3 Su/Gas
aurnaed Insinnanasdnneluctias Hidunn
Aueinan 741 pm (Figure 1)

2. {ladesne ) NARARANTHSLTARRUNUE
wvasdmeldla Uva intestinalis
2.1 HATENIWIAYI AUNUGHBNITATITAs

o g

<
Auug
RINNETANE WL YBLR LA mENANE
0.5-3.0 9. imzaFaasuuLauiug wuu sugle
alaf laduanfenas 98+4-100£0 Tufui 4 98ans
wilgnthlasfiynaunavesianiug nufetazae
' o fd' £ 3 o ) 1
vieuugnaisugleataslidanuuansiamig

. ‘ . o X
a0 (p>0.05) aeinalsAinuludui 2 raennades wy

D

IMANMNENUDVIOUILG 3 T, WUIUVBUALG
fiafaagauiuguIniign Aafasas 003 Aald
ﬂjmﬂmmﬁﬂuﬁuﬁ 3 9. (Table 1)

2.2 Nﬂmﬁ‘mﬁmﬁﬂﬁqﬂfqmuqﬁ?zﬁmmnﬁm
MpensaiEadaLRLg

anmaAnsm luii 4 ﬁ’qmﬁqﬂ 25 iy
Augaasamiel&lnansnsoaidugleadlesls
Yetiaz 10020 IpellAanuuAnANIMNNanaA (p<0.05)
fufigrumgit 30°C FeaFusuglaayadlfiitnedes
Az 1248 mmxﬁ’qmuqfl 35°C lawuneaiigssning
‘é’ng‘[ﬂaﬂﬂfLLa:ﬁﬂuﬁuifﬂﬂﬂiuiuﬁ 6 (Table 1)
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Figure 1 Characteristics of Ulva intestinalis: A. Immature thalli, scale bar= 2 mm; B. Surface cells, scale bar=

20 pm; C. Formation of reproductive cell at the end of fragment (arrow point), scale bar= 2 mm; D. Formation

of reproductive cell at the inner part of fragment (arrow point), scale bar= 2 mm and D. Zoosporangia, scale

pbar= 20 ym

Table 1 Stimulating factors on percentage reproductive formation (n=90) in Ulva intestinalis

Factors

Level

Percentage of the formation Type of Repro- Incubated conditions

(meantsd) at 2™ and 4" day  ductive cell

ord 4
1. Fragment 0.5 86+10° 100+0°  zoosporangia Temperature 25°C, lightinten-
length (cm) 1.0 80+14° 100#0°  zoosporangia Sity 60 pmol m* s”, light:dark
15 69+10° 09+1°  zoosporangia 12:12 hrs and salinity 25 ppt
2.0 B61+15% 100+0°  zoosporangia
3.0 90+3° 08+4°  zoosporangia
2. Temperature 25 61+16° 100+£0°  zoosporangia Fragment 3 cm, light intensity
(°C) 30 10+7° 1248°  zoosporangia 60 pmol m? s, light:dark
35 0+0° 0+0* - 12:12hrs and salinity 25 ppt
3. Enrichment 0 88+3° 10040  zoosporangia Fragment 3 cm, temperature
concentration of 6 100+0° 100+0°  zoosporangia 25°C, light intensity 60 pmol
CaCl_(mg/L) 12 96+5° 100+0°  zoosporangia m*s”, light:dark 12:12 hrs and
18 97+6° 100+0* zoosporangia salinity 25 ppt

Different alphabets in colomn of each factor show significant (p<0.05)

"The selected condition for the next experiment
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2.3 HATRIMANNAITUANTLHAN CaCl,
ARNNTRSNTARAUNUE

nguaas CaCl gnsansesldaiugas
duiufuuuduglasuas Tnefinnediuansueaiden
6 un./a. awnsnaiedugleades Tdunuands
figara¥anaz10040 Tuiufl 2 soensmnABNIsIAL
ANTUAREEN 18 WA 12 Nn./a. fNnsnaiedugle
alef 1i%enaz 07+6 uaz 9645 il 2 Wuu
Tnesziunisdiu CaCl_ 6, 12 WAz 18 {N./A. WU
iniffenazaruduglandad i 2 luansnaiu
N NATR (p>0.05) wsitlAruuansnaanilalfFx
A9 CaCI2 (Table 1)

- L4
A9

Warunadsrasauingldli U. intestinalis
= S = e 9w
fpanenaleds 9.243.8 9N, Nwllaainliilnig
aFaaadauiug nasaunadaldidauwindnas 1
vauugen 0.5-3.0 1. amnsaaieduglaaed

urtnag 43 U 1 ; (2558),

ca’ " ihunsdilsznenilulaseairauaznainedl
drAyaauaaang Junumlunisafreuilamad
uaziladfunaad (Volotovski, 2011) Feflamnarniu
sieftaizinaalsfiasynaia Inadlanuddnlums
WLUERE WRENITUNTILE (WITiNA, 2552) franis
dladnadiuans CaCl, ashutiudes wlsiamie
uietnsTnnanasldidadu inldaming U. intesti-
nalis 514 duglaalas nelunan 2 Ju yaid a1n
nsldiladesnes Tunnanszeu U. intestinalis #3514
ﬁuﬂﬂﬂﬂ‘ﬂﬂﬁﬂ%ﬂﬁﬂ’]ﬂiumm 2.4 fueszaziam
aanAKaafLsELaY Dan et al. (2002) WAt
%udqummmm"m E. prolifera Hasin Lﬂu%umugﬂ
nan #ueAunan 4.2 u. Aisziuaauiu 5-52
psu (=5-52 ppt) MinlfdnsAusng ldnnnd Fen
8% 70 Te9AuAALMNAlIAAT 45 Fu kazaIN
nsnszuliluamdednisaiaesdduiugies
ﬂﬁﬂﬁmm%’qﬁ wfiesduglanlad denonadas
fUg189712849 Lin et al. (2008) wuqn E. prolifera
TudaalJiiansnuairusadaurufineaani

hAeufasas 100 meluiudl 4 9nenismilent
Traadapdsiuauialunguieeiu feanig
E97UT89 Lin et al. (2008) 34N&997 N36A
@98l Enteromorpha prolifera hEudnanungn
il e aaadAuiugle ethalsfianadlasin
awielAlidududaumnadnas Suualiiin i
ainua s RAULf AT daunsuiien
ﬁﬂﬁqﬂaquﬁﬁu WUAnR 25°C Hanmvanzan
funawiieatiiWinsaiieduglaaded Sl
luinuenAeaiu Mantri et al. (2011)718971497
TlaaeifaNTENaN9 §ruugil 25 °C waTANAN 15
psu (=15ppt) hugnazwiieninfimunsaudmin
aving Ulva fasciata WWai1aglagdes (zoospore)
wiAluAeiiuaming U, intestinalis p3aiia
BN 27+5°C Ltﬁiﬂﬂnﬁuamﬂqﬁﬁﬂﬁmuém
afduglaadef IAleandinisangnmnd daung
inang CaCl_13u10u 6-18 un./a. Iﬁ'lm?c]m'i‘im
mldinsaiwdugleales 1MF8au Wasan

suuduglealed Gadunis@uriugnliddne
ansnaasglanled (zoospore) Naziasayilusiv
TuallAlaemse wildn lungdananysolainisnaing
aadauiug aasuuuldluviawmeais fe duead
- o -l . o
Auviuguuufma (gametangium) was uglasiesd
L
(Reine and Trono, 2001) e luN1SANIATITINL
v
. " 4
i dugleatedivinny a1ailieanIananin
T o ar ' v
wandanildwieatinfananaldmunzausenis
o s = -
afndumadduiuguuuiing viisanaddumez
newiugldanysainfan

a5

nnsnszduliamseldln U. intestinalis #5714
aadaLiug TuieelJumnag mosAnviauiuglil
YUIRALEN 0.5-3 T4, Lgmﬁ?zﬁu‘qmunﬂﬁ 25 84/
aiFa Aoudiuugs 60 pmol m? s szEizinand
Fuasiln wiiu 12:12 dalua isziupaandu

50



KHON KAEN AGR. J. 43 SUPPL. 1: (2015).

25 ppt gR9a11113 MGM n livieniugauieldln
m']q@mi@aﬂ@ﬂmmﬂwwummﬂ‘lumm 44U
Lm”mﬂ‘wumi CaCI atnates 6 mg/L ﬂﬂum
Lamwwmﬂﬂi”mu“lumm@ufﬂmﬂ@ﬂmmmumﬂ“lu
24u

o -
LAN@1TANNEY

a3nnad g, 513 ufrgaain, Tian ingan, 88 A
427704, UA VIR, 61TA UTiadg, It e nesising,
waz Uszys wadinil. 2550, Nammmumﬂléﬂﬂ Ulva
intestinalis Linnaeus) Fadn AT mu’Luu'aLamqmmm
(Penaeus monodon Fabricius). hitp://tdc.thailis.or.th/
tdc/basic.php. Fuile 28 e 2557,

WINNA aﬁﬂﬁw. 2552, ﬁﬁhﬁuﬂ:mﬂﬁiﬂn’lﬂﬁmmwﬁ
ﬁﬂﬁmv, http//www.agri.ubu.ac..th/~ponpimon/
1202320, Auiile 2 woRn Y 2567,

#j97 PensANs, 2549, auseAnen (Phycology). NPT
FoAven auzAveEnan s uuAnende i Telo.
Adey, W. H. and R. Purgason. 1998. Animal Feedstock
Comprising Harvested Algal Turf and a Method of
Preparing. United States Patent No. US

1998/5715774, Feb 10, 1998.

Algaebase. 2014. Ulva Linnaeus, 1753: 1163, http://mww.
algaebase.org/search/genus/detall, Accessed Aug.
25,2014,

Briand, X. 1995. Utilization of algae extract for the prepa-
ration of pharmaceutical, cosmetic. United States
Patent No. US 5508033/1996, Feb 14, 1996.

Briand, X., C. Stephanie, B. Dumas, T .M. Esquerre-Tuga-
yeand, S. Salamagne. 2005. Use of Ulvans as Elici-
tors of Mechanisms for Nitrogen Absorption and
Protein. United States Patent No. US 2005/0127695
A1, Mar 30, 2005.

55

Critchley, A.T. and M. Ohno, 1998. SEAWEED RESOURC-
ES OF THE WORLD. Japan International Cooperation
Agency, Yokosuka, Japan.

Dan, A., M. Hiraoka., M. Ohno. and T. Critchley. 2002.
Observations on the effect of salinity and photon
effluent rate on the induction of sporulation and rhi-
zoid formation in the green alga Enteromorpha
prolifera (Muller) J.Agardh (Chlorophyta, Ulvales).
Journal of Fisheries science. 68:1182-1188

Hasebe, K. and K. Yamada. 2004. Hair treatment compo-
sition and hair cosmetic for damaged hair. United
States Patent No. US2004/0165636 A1, Mar 3, 2004.

Kamer, K. and P. Fong. 2000. A fluctuating salinity regime
mitigates the negative effects of reduced salinity on
the estuarine microalga, Enteromorpha intestinalis.
J. Exp. Mar. Biol. Ecol. 254:53-69.

Lin, A, C. Shen, J. Wang, and B. Yan. 2008. Reproduction
Diversity of Enteromorpha prolifera. J. Integr. Plant
Biol. 50:622-629.

Mantri, V.A., R.P. Singh, A.J. Bijo, P. Kumari, C. R. K.
Reddy, and B. Jha. 2011. Differential response of
varying salinity and temperature on zoospore induc-
tion, regeneration and daily growth rate in Ulva fas-
ciata (Chlorophyta, Ulvales). J. Appl. Phycal. 23:243-
250.

Reine, P.V. and Trono, G.C. 2001. PLANT RESOURCES
OF ROUTH-EAST ASIA. Backhuys Publishers,
Leiden.

Steel, R. G. D. and J.H. Torrid, 1980. PRINCIPLE AND
PROCEDURES OF STATISTICS, 2™ ed. Mc Grawhill,
New York

Volotovski, I. D. 2011. Role of calcium ions in photo signal-

ing processes in a plant cell. Biophys. J. 56:778-788.

51



52
Manuscript W5au AUy SCOPUS %38 ISI

Reproductive Phenomena of Gut Weed Ulva intestinalis Linnaeus (Ulvales, Chlophyta) in
Manipulated Environmental Conditions

Rapeeporn Ruangchuayl, Arinee Muna 1, Anong Chirapart2, and Masahiro Notoya3

1Faculty of Science and Technology, Prince of Songkla University, Pattani, 94000 Thailand
2Faculty of Fisheries, Kasetsart University, Bangkok, 10900 Thailand

3 Notoya Research Institute of Applied Phycology, Mukojima, Sumida-ku, 15-21-4Tokyo-131
8505, Japan

*Correspondence: rrapee@bunga.pn.psu.ac.th

Key words: Gut Weed, Ulva intestinalis, Ulvales, Ulvaceae, Enteromorpha intestinalis

Abstract

Effects of environmental conditions on reproductive development in gut weed Ulva
intestinalis Linnaeuswere examined experimentally, for the cultivation of this alga. Thirteen
mature thalli of the alga were collected from different sources, bay, pond, tank culture and in vitro
culture, to examine the types of reproductive cells. Explants of the alga from in vitro were
incubated in manipulated conditions; salinity, light intensity, and temperature experiments were
run as single factor designs separately. Thirty fragments (3 cm long) of immature thalli were
divided to cultures in three petri dishes, with 10 explants in each. Only asexual reproduction was
found in thalli from the tank and in vitro cultures, while sexual and mixed reproduction were found
in thalli from the bay and pond. The optimal conditions for maturation in laboratory culture were
salinity 25 ppt, light intensity 40- 80 pumol/m2/s1, 30 °C temperature, and 60- 120 minutes of
desiccation: the explants were 100% mature within 2-6 days. Maximal spore release was obtained
at salinity 25 ppt, 80 pmol/m2/s light intensity, 25°C, and no desiccation: 60-160 million spores/g
fresh weight were obtained within 10 days. Light intensity and desiccation affected strongly the
early development of zoosprorangium, while light intensity affected strongly early spore release.

Introduction
Ulva spp. algae are utilized in many Asian countries, including Japan, Korea, India,

and Indonesia, due to their high content of minerals and vitamins. For example, Ulva prolifera is
commercially marketed for consumption both in Japan and Korea, Ulva pertusa is similarly
consumed in Japan, and Ulva compressa is used as a snack ingredient in India [1] In addition to
Ulva spp. being a food source, also its extracts are used in cosmetics and pharmaceutical industries
due to their anti-biotic, anti-bacterial, anti-fungal, and anti-tumorigenic properties [2].

Ulva (Enteromorpha) intestinalis Linnaeus is a green alga in the division Chlorophyta, also
known by the common name “gut weed”, and is worldwide spread. In general, the alga grows as a
tube form of 1-2 mm length (though it can reach up to 2 cm), with irregularly arranged cells in a
single layer in thickness direction. The surface blade of the alga is smooth at young stages and
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becomes wrinkled with age, changing from dark green to light green or yellowish green in color.
Branching occurs near the holdfast, which is small and narrow (1 mm) [3] .

The life cycle of Ulva consists of two phases: haploid and diploid. The haploid plants
produce biflagellated gametes, which may or may not fuse, whereas the sporophyte plants produce
quadriflagellated zoospores that develop into gametophytes. Although cultivation of the genus
using parthinogenic thalli has been reported [4]), a new method using germling clusters has been
presented by Hiraoka and Oka [5] for the production of a free-floating form in tank cultivation.

In Thailand, U. intestinalis is called Sarai Sai Kai. The alga has been used as fish feed and
in bio-filters for aquaculture, especially in earthen-pond co-cultures with shrimp. However, the
cultivation systems experience fluctuations in algal population due to variable environmental
conditions of shrimp ponds. To implement a controllable and sustainable system it is necessary to
control the generation of algal mass by manipulation of its reproduction and growth; thus, we
employed laboratory conditions to observe the reproductive behavior and spore release of this
species, varying factors that can be manipulated in ordinary culture conditions.

Materials and Methods

1. Sources of Thalli

Mature thalli of Ulva intestinalis were collected from 4 different the following sources:
shrimp ponds, Pattani Bay (on the rim of South China Sea in Thailand), tanks made from cement,
and in vitro cultures (at Fishery and Technology Division, Prince of Songkla University, Pattani
Province). Some environmental parameters were recorded. The samples were immediately
transported to the laboratory. Thirty matured plants of each place were investigated for the type
thalli from each source were sampled, their lengths and widths measured, and their reproductive
statuses were checked the type (zoosporangia, gametnagia or mixed reproductive cells between the
both) under microscope.

2. Preparation of thalli for reproductive experiments

Immature plants from vitro were cut in 3 cm pieces and examined under microscope; thirty
explants were then used as samples for the ensuing experiments (on effects of salinity,
temperature, light intensity and desiccation) on the formation of reproductive cells. Each
manipulated factor was examined singly, in the succession listed above, with three replications.

Effect of salinity

The explants were separated for incubation under different salinity levels, at 10, 20, 30, or 40 ppt.
The seawater used was enriched with modified Guillard’s medium (MGM), and culturing was
carried out in 500-ml flasks at 25°C under 50 umol/m2/s, and a 12:12-hr light:dark cycle. The
maturation status of the explants was observed every two days by light microscopy.

Effect of temperature
The explants were transferred to cultures at different temperatures, 20, 25, or 30 °C, in
incubators using the empirically determined optimal salinity level and optimal light intensity; the
medium was enriched with MGM. The cultures were incubated under 50 umol/m2/s with a 12:12-
hr light:dark cycle. Microscopy observations were similar to previous.
Effect of light intensity
The immature explants were transferred to cultures at different light intensity levels, 40, 80,
or 120 umol/m2/s. The empirically determined optimal salinity level of the seawater (30 ppt) was
used in the medium, enriched with modified Gillard’s medium (MGM), in 500-ml flasks. The
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cultures were incubated at 25°C under a 12:12-hr light:dark cycle. The formation of reproductive
cells was monitored by microscopy, as above.
Effect of desiccation

For the desiccation, the samples were transferred to cultures at different times, 30, 60, 90 or
120 min. The empirically determined optimal salinity and temperature were used for the medium
enriched with MGM, in 500-ml flasks. The cultures were incubated at 25°C under a 12:12-hr
light:dark cycle. Microscopy of reproductive cells was similar to previous.

3. Preparation of thalli for reproductive release

Zoosporangial thalli of U. intestinalis from the experiment above were cut in 3 cm pieces
and examined under microscope; samples weighing one gram were used in the ensuing
experiments: to determine the effects of salinity, temperature, light intensity, and desiccation on
the release of zoospores. Number of zoospores was estimated based on random sampling, and
counting them in samples with a Haemacytomer chamber under microscope. Each manipulated
factor was again examined in succession (as listed above) with three replications.

4. Data analysis

The data are reported as mean + SD. The data on spore release were analyzed by one-way
ANOVA to test for differences between the treatments. Tukey’s test was performed at an o = 0.05
significance level.

Results

Characteristics of U. intestinalis Thalli from different sources

The thalli from different sources varied in width and color. The thalli from the bay and
pond were wider than thalli from tank and in vitro cultures. Those from bay and pond were habited
on the water surface and entangled with weeds, those from tank were attached as weeds on the
sides of the tank, while thalli from in vitro were also attached to each other. Color also varied from
bright green to grass green; thalli from the bay were darker green than the others. (Fig. 1)

Reproductive characteristics of U. intestinalis from different sources

Asexual reproduction was dominant in cultured thalli (100% in laboratory, and 89.3% in
tank), while sexual reproduction was found in 78.7% of thalli from the bay. Both reproductive
types were mixed in 72.7% of the thalli from an earthen pond. The fractions of thalli with the
different reproductive types are shown in Figure 3.

Surface cells of U. intestinalis from each source were similar: the cells were dense with
105-125 cell/mm2 (Fig. 2 a), while the reproductive cells had a slightly different 56-108 cell/mm2
density (Fig. 2 b, c and d). Thallus length and thallus width among the different sources showed
significant effects (p>0.05) of environment factors: salinity, light intensity, water temperature and
nitrate-nitrogen also showed significant effects (p>0.05) (Table 1)

Effect of culture conditions on reproductive cell formation by U. intestinalis

The thalli fragments formed only zoosporangia. At 25 ppt salinity level (with other factor
levels 60 pmol/m2/s, 25°C, 0 minutes), 100% maturation of explants took place within 12 days. At
light intensities 40, 60 and 80 pmol/m2/s (other factor levels 25 ppt, 25°C, 0 minutes), 100 %
maturation occurred within 2 days. At 30 °C temperature (other factor levels 25 ppt, 80
pumol/m2/s, 0 minutes), 100 % maturation was reached within 4 days. At 60, 90 and 120 minutes of
desiccation (other factor levels 25 ppt, 80 pmol/m2/s, 25 °C), the explants matured within two days
(Table 1).

Effect of culture conditions on reproductive release of U. intestinalis
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As for the stimulation of spore release, the maximum of 19.05+4.39 million spores/ g fresh
weight was found at 25 ppt salinity (other factor levels 60 pmol/m2/s1, 25°C, 0 minute for
dissication) within six days. At 25°C (25 ppt, 80 umol/m2/s, 0 minute for desiccation), the
maximum of 55.62+95.33 million spores/g fresh weight occurred within 6 days. Under 80
pumol/m2/s light intensity (25 ppt, 25°C, 0 minute for dessication) the maximum of 167.72+110.29
million spores/g fresh weight was reached within 10 days. At desiccation of 0 min (25 ppt, 80
pmol/m2/s, 25 °C) the highest spore release of 400 million spores/g fresh weight took 10 days.
Stimulation of zoosporangia formation in Ulva intestinalis should be done at 25 ppt, 80
pmol/m2/s, 30 ° C, and 60, 90, or 120 minutes of desiccation, while stimulation on spore release
should be done at 25 ppt, 25 °C, 80 umol/m2/s1, and no desiccation. (Table 1)

Reproductive behavior of U. intestinalis in laboratory

Only asexual reproduction of U. intestinalis was found. The vegetative cells were of 8-20
pm size (Fig. 2 a). The zoosporangia formed at the tip of the thallus in an area of 1-3 mm and
were 8-18 um in diameter, and there were 13-20 zoosporangia per cell (Fig. 2 b). The zoospores
were released approximately one week after their formation. The cells of the tips were emptied
retaining only the cell walls (Fig. 2 c); these decayed and the thalli became shorter. The zoospores
moved apparently aimlessly for 12-18 hrs, and then clustered and attached together (Fig. 2 d).

Discussion

We expand on the earlier observation of Prud’homme and Trono [3] that a mature thallus
has wrinkled surface, while young thalli are smooth. The present study found both wrinkled and
smooth mature thalli, and thalli from tank and in vitro were mostly smooth when mature, while
thalli from pond and bay were mostly wrinkled. The observations on reproductive release of U.
intestinalis also partly agree with Eriksson and Johanssan [6] in that reproductive cells occur at the
tip; this was the case in samples from tank and in vitro. However, the present study also found
reproductive cells on the thallus surface of samples from the pond and the bay, extending also
those prior observations. Possibly thalli from the tank and an in vitro tend to circulate while thalli
from the other sources tend to float.

The salinity levels seemed to affect reproductive formation of U. intestinalis, while
temperature, light intensity and desiccation did not. The early maturation of zoosporangia of these
algae that occurred within 2-4 days was earlier than for Ulva fenestrata [7] and Enteromorpha
(Ulva) prolifera [8]), whose sporulation could induced in 5 days by manipulating temperature. The
sporulation in Ulva fenestrata from culture normally forms with both sporangia and gametangia
[9], and the maturation of Enteromorpha (Ulva) prolifera has been reported with mainly asexual
reproduction [8]. Lin et al. [10] has reported reproductive diversity of U. prolifera with sexual,
asexual and vegetative reproduction; but in our study we found only asexual reproduction of U.
intestinalis in laboratory.

Although U. intestinalis (Enteromorpha intestinalis) is a euryhaline and has showed alive
in freshwater within 1-5 days [11] in this study salinity affected release of reproductive cells,
possibly due to osmotic effects. The optimal salinity for reproductive cell formation and release
should be in the range 20-30 ppt. At a low salinity of 15 ppt less spores were released than in other
conditions, due to low salinity limiting growth [12]. Temperature range covered in the present
study was narrow, but the optimum temperature for spore release should be in the range 25-30°C.
The salinity levels and desiccations were more affected to early zoosprorangial maturation than
temperature and light intensity. Although, the result disagreed with Fu et al. [9] conclude that
sporulation of Ulva fenestrata.could induced in by manipulating temperature. However,
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desiccation for 0-30 minutes induced spore release. This discrepancy with prior observations may
be due to different species, or adaptations to different environmental conditions. Stimulation on
zoosporangia formation in U. intestinalis should be done at 25 ppt, 80 pmol/m2/s, 30°C, and 60,
90, or 120 minutes of desiccation; while stimulation of spore release should be done at 25 ppt,
25°C 80 pmol/m2/s, and 30 min. of desiccation.

Sporification of Enteromorpha (Ulva) prolifera took place in 5 days and [9] and in 8 days
in Enteromorpha (Ulva) prolifera [7], but U. intestinalis in the present study matured earlier than
this and could form sporangia within 2 days. This might be due to species difference. Thus, the
main influencing factors on reproductive cell formation and release were salinity and desiccation,
for U. intestinalis. The behavior of released spores was similar to Ulva prolifera, in that after
release they attach to each other and form clusters [5]. We found zoosporangia on the explant
surface in all culture conditions, which is in agreement with Millner et al. [13], who report that
stimulation of reproductive release in U. intestinalis can be achieved by cutting the thalli into small
pieces.

The current study is the first to report on the number of spores in Ulva spp. Generally,
formation of gametes or spores attains a periodicity of 10, 15, or more days and under unfavorable
conditions, one or more reproduction cycles are omitted [7]. In the present study the maturation
could be obtained within 2-10 days with the maximum number of 167.72+110.29 million spores/g
fresh weight at 25 ppt, 25°C 80 umol/m2/s1, and no desiccation. The fragments should be left for
10 days and then the released spores should be collected to continue cultivation.

In the present study only zoosporangia were found in mature U. intestinalis and they were
produced continuously by the sporulation cycle. At high salinity, especially at 40 ppt, early
reproduction caused shorter thallus lengths than in the other conditions. Thus, in conditions
promoting early zoosprangium one has lower biomass, and the optimal conditions to obtain
zoospore may be different from optimal conditions for biomass production. The complete asexual
life cycle of U. intestinalis was similar to Gayralia spp described by Pellizzari and Oliveira [14].
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