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Microalgae stock cryopreservation for hatchery
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Abstract

This study had two experiments. The first experiment was to investigate the
effect of algal species and cryoprotectant on the viability of cryopreservation. Three
microalgae including Chlorella sp., Chaetoceros sp. and Tetraselmis sp. were cultured
with 30 ppt Guillard's medium. The microalgal cell was collected, and 5% of two
cryoprotectants consisting of dimethyl sulfoxide (DMSO), and glycerol was added. Then,
the temperature of the sample was reduced and freeze at 20 degree Celsius for three
days. The microalgae were thawed and washed the cells when due to storage time. The
recovery microalgae were cultured and calculated the viability of the cell.

The result showed the interaction between algal species and cryoprotectant.
Chlorella preserved with DMSO was the highest viability rate. Chlorella was the greatest
viability rate and the next was Tetraselmis and Chaetoceros when preserved microalgae
with glycerol. When considering as species of microalgae, Chlorella preserved with DMSO
had significantly higher viability rate (p<0.05) than those preserved with glycerol.
Tetraselmis preserved with glycerol had significantly greater viability rate (p<0.05) than
those preserved with DMSO. The viability rate of Chaetoceros was not significantly
different when preserved in both solutions.

The second experiment examined the concentration of cryoprotectant on
viability rate of cryopreservation. The cryoprotectant type in each microalga that had the
highest viability rate was select. DMSO was used for Chlorella and glycerol was adopted
for Tetraselmis and Chaetoceros. Two levels of cryoprotectant, 5 and 10 percent had
applied. The experiment operation, data collection, and data analysis followed by the
first experiment.

The result illustrated that Chlorella and Tetraselmis that preserved with 5
percent DMSO and glycerol, respectively, had significantly larger viability rate (P<0.05)
than those preserved with 10 percent cryoprotectants. Chaetoceros preserved with 5
and 10 percent glycerol were not significantly different (p>0.05).

The third experiment was to conduct in effects of the concentration of dimethyl
sulfoxide (DMSO) and storage duration on the viability of microalgae by cryopreservation.
Chlorella sp. and Chaetoceros sp. were cultured with Guillard’s medium at 30 ppt.
Microalgal cells had been collected and added 5 and 10% dimethyl sulfoxide. The
temperature of the cells was cooled down to -20 °C and storage durations were 3, 30,
60, and 90 days. The microalgae had been thawed and washed. The recovery microalgae

were cultured and calculated the viability of the cell.



Results illustrated that Chlorella preserved with 5% DMSO at 3 and 30 days had
significantly higher viability (p<0.05) than those preserved with 5% DMSO at 60 and 90
days. At 10% DMSO, Chlorella preserved at three days had the greatest viability and
significantly different viability (p<0.05) with the other. The viability of Chlorella declined
when the storage duration increased. Chlorella preserved with 5% DMSO had significant
higher viability (p<0.05) than those preserved with 10% DMSO at 3 and 30 days.
Chaetoceros preserved in both concentration of DMSO had lower viability than 1% at all
storage duration. The consequence of this study demonstrated Chlorella could

cryopreserve with 5% DMSO at 30 days.

Key words: concentration, cryoprotectant, chlorella, cryopreservation
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wadamelasumudome  Tnenalnvesarstesfumsiiandntuds  sxduiusiulassadng

yaedvesanstu  laevhluanstiosfumaieuiniudeifosfostinglelnsasueueyluluana

My InnIWTeWInAuaLmY anstlestumainndniudedivanenduanansontsnauuesans

Jostunmainudniudsldannmsangaifonuds  vieamsfindouwadmunmuautfenudunse

Juwva naluans3sig (reducing agent) waganunsanuslaannvuialuanavedans (@uyse,

2553)

1. miﬂszﬂawﬁmimaqaL?]Imﬁi’wwaﬂﬂﬁm (acidic monomers) WU glutamte, asparagine,

malate WLae aspartate

2. miﬂizﬂawﬁmhLaqaﬁmﬁi”]wamﬂuﬂmq (neutral monomers) WU glycerol, glucose,

lactose, sucrose, raffinose, sorbitol, xylitol, inosital kag DL-threonine

3. mi‘disﬂa‘u%ﬁﬂiuLaqaﬁmﬁﬂmm‘ua (basic monomers) U lysine Wag arginine

4. ansusznoudnnindwesiazayius wu albummin, gelatin, mucin, peptone, dextrin,

pectin, dextran, polyvinylpyrrolidone, carboxymethylcellulose e phecol

5. @15UTNOUSTINTIA (natural substances) 1M MUY Lazdsy

6. @5UsENOUTININGAIG (reducting agents) 11 ascorbate, cysteine, hydroxylamine wag

semicarbazide

asdastumsiinadniudeiitenlilunmsifivinuiwadansne
anstlostunisiandniudeidedldlunsiiusnemadaminelann nNawesoa
(slycerol), dimethyl sulfoxide (DMSO) wag methanol (Hubalek, 2003)
1. ndwasea (glycerol)
nAwoseaiiveymaaiin 1,23 Propanetriol #38l38n8nog191naeTu (glycerine) na
WDTDANAIIUMNINUANGTTUYP Lwiﬁ@mamﬁ’aLL@ﬂﬁiwanWﬂfwmwa nAweseaaunsaaiasuity
wazlusfuandnilusures esther  Tasndweseauiavsignslaseaina CH OH-CHOH-CH OH
dnvazmeuenduveanadla LA lifindu favwdu feavasuman (melting point)

)=

gaunil 17.18 easrwalya dgapien (boiling point) 7igaumigil 290 esmwaides



AMIANTUNIZIIAY 1.261 wazlnaluanawindu 92.09 ndweseaduaisussian trihydric

alcohol  enlassasdinylensenda  (-OH) ilvanunsoazanglaluiiuay  alcohol

wa a

AanUANdAes  Nawesea o

® niweseakiaunsagneendladladedinuaadigs (high stability)

o Lifnnsiasuulamnmenmvesd sa uaznau WegniAudunaiuny

® aunsafinaniie supercool luaznusiaan1iznsnIsulonuda uaznisazay

o fmnudulesn waghisvmefigumaiung Juasitlififivieszuunsdoseims fmils

uaziiloideseu
® lLidwansznusiedaandon
audufivesndweseareutnain witiussoludnineass wuihnsganundiesea

dlu enareliiAnnisszmeiesszuumadumela videvlifmiaderuguiuld nssnumig
Auanden nuindwesenanansodesamevstaninldie Suansenusedaiiilusedus Tal
nelmiaransenusioszuuilng miniinislduagnisinnisegraumangay
2. dimethyl sulfoxide (DMSO) Hgmsniaadifie (CH,),SO dnvaznnenmluvesvas Lidd
aansnaaedudloldiuanuieurtonamnlvsl vilhAsatufiy Teavasumadiigamgil 18.5
psrniwaldua Tqaifenfignmgil 189 esmwaloa nnuaeduimiziniu 1.1 uasibnalinana
Wiy 78.1 dfimsfuiaanslussezemvieldfuase Uinafmidonadeliinenisdniaud
Awilsld dnaseduuazidon vilinisvihauunnses vanaladenuns
3. methanol ¥Sewiiaweaneged dgnslaseainfe CHO dnwaznumeniuveavadla
laifid finduannzs fqavaeuvaniigaumail -97.8 esrnwaldea fqaifonfigamnil 64.6 a3m
waled dauawdmisinnu 079 uagiimnaluanawiiiu 32 wininsdudaansusevse
Junanunuezyiiiovilsdnay  methanol aunsagaduruiwidslafinaviliszuudszam
dunansgnan Thliindswe ueu Beudsve aduldendeu Viavies windnisduilaans
Usinannmniineinsleduasidedinle methanol fsfinansznusienisusiiy lngeinisee
suussnntudofinisdudaasianat 12 s 18 Halug
4. ethylene glycol fdemuniiin 1,2-Ethanediol gaslassasiaaiife CH.O, dnuyaenid
monwuvesenvadla adetdu ldfindy  Jeeveonwefigamgd 13 eswnwadea
WiionTigamgdll 197.6 esmwadua Tanudsdumzvindy 1.1 wasfnaluanawintu 62.07
mnfinsdufaansdussoznaununseldsuason 7 ovnelgymuuswonu ln 1Andunsese
avanarmsnlunssd
5. propylene  glycol fidomaaiiin 1,2 -Propanediol gnslasaasmaaiiag
CH,CHOHCH,OH &nwaigmameniduveaamin Wifd Lifinau fgemasuivadfigumad
59 psmuwallua fgaienfigumall 188.2 sarmniwalea farwanedimzviidy 1.04 uasd

waluanamiiu 76.09 anslasnsagaduingsinelaainnisganulevesans wienisiu



Tzovenis et al. (2004) ¥nmsiiusnwwadamnsiemensutudanudn methanol lvikg
Arensiiushwauseviin Chlorella stigmatophora wag Dunaliella tertiolecta @i DMSO
Weliamsne  Chlorella minutissima, Chlorella stigmatophora S8ARNYAINNTUTUTS
awmseld vauzdl Dunaliella tertiolecta fisasnissonlsmluaisazas 8% propylene glycol
d1u Nannochloropsis oculata ASAUSNYwAa b glycerol (Gwo et al., 2005)

ameruadnildiduomsdmiudn i isseuudazeie RGN PR G R
Tunsnusienisiusneiwaamedsnmsuaudslivindy  (Canavate  and  lubinn,  1995)
Chaetoceros gracilis, Tetraselmis chuii, Nannochloris atomus Wag Nannochloropsis
caditana Aeuthanusonisutuds Tuvaisil Rhodomonas baltica wag Isochrysis ealbana 'l
ADEVIUNUABNITUTUD

naiusnumadieismsutulidmsanmszmsineiosdn fiwidludafdiasugia
wardnithasnuluszeyfodoudosiomamnsuunadn i amsevunadn uazunasiney
&1 Tullhgtunuasnsidosmslamseundn endnewnsdmiudniirfodou vioun
avimeudnilifimafvinvameiusamiees  Feweduuimsnnmihsnuswnsiigtes
demnmafuinnaeiusamisrnadndeBnsivinumaeiuguuumneiedusms
uf videomnsmaaeddailidslunisianisdeutiegs Heuaniud wsu wdwu ased
wazaluNsIANTg

nsann1sEMsdanssiuinaeiusa e avthedindnenmlunisuanlsiiy

6

yhfienvu Pwannszau uazsuussnadliiumhsnuresigunaidesliuinmsdnmansiug
awhelviiuenty  waginunsnsiinveuuing  wumndlumsaanisenisdanismaiiuinu
aeiudamielaevhluie msBasveznalunsaiydulavesaniie vilviamsiedinsaty
Fiulafidnas ieanszernailums subculture lunsdlfifimafusnuaneiudienindody
onsuiwieanaman viovhliamengansasyiulalaeiiamielineg wazidedesns
Tawsmadnfiamhenduayhmameadedned  Sawmidunmagamsaiaivie
vosamsglunmsiiusnmaneiugamselawn  maiushwaenugamsesieIsnsuuls
(Rhodes et al, 2006) msiAnnsUuouvesdedidingy 9 loun TUsledh useuuafisy
(Tanniou et al.,, 2012) i’]aaﬁuﬂagmé’mgmmaqLsziaa‘mwﬁ'wﬁﬂmﬂﬁsmuﬂauﬁaﬁmnﬁu%’nm
wadluszeznauu Lasaunsasnuanvasmaiugnssuvesaevuadntiduszesia
817U (Tanniou et al, 2012) WAz INNI5ANYIVOY Guermazi et al. (2010) WUIAITHULTS

v

avemumaiiansangamginasiuiinaseUsinaunsaluiunegluwadamsng

[

ngUsTaeAlATINIsITY

1. feimuwadan1sinuinwaeiuganseaunanaeisn1sutands
2. DAY INATITNAVDIANNINURDDNTITOAVDIEINIBVUIALANTIAUS N WA
ATUBLD S



3. WaANwINaTeIvTALasAMNTLTUYDIA DI UNISRANEN UL W O N I1TaAUD4
AT VUIALENTLAUS N AaA8IT NS UD S
4. WaFnwINaTEezna luNSAUSNEIEINIEVUILE NS 16 99PN I1TOAVBIANUT Y

YPUIALENTIAUS N ILARAIEIT N1 TU T

Uszlevinaininazlasu

1. N51UMALA 1azIsN1sIUNISAUSNTRIREINS18TUIALENAIEIT N TU LT
2. UTdakarANULTUYesaITazateteatunsiara NN zaulunisAy

Shenaneiugamsievunadnydaiig o
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A1SNAA9N 1 NSANYINAVDITTNAINI18vUIALEN YTRa1TT et UNSARNAN LT adnTINTS

SOAUDUYARANMINLVUIPLANTILAUS N ILARAILAT NI TUL LT

NM9IBNLLUUNIINARDY

! Aa . v a o = ¥ oo a
DBNLUUNTINANDILUUFUAGDANN 3*2  Factorial ﬂﬁ]ﬁ]ﬂmﬂ’]ﬂﬂiﬁﬂw’ﬂ@uﬂ BUNUDY

awevhnsidsunlassiinanusgauindn 2 sda lun aasisaan (Chlorella sp.) Alawe

50@ (Chaetoceros sp.) Wazwnsaaiia (Tetraselmis sp.) Wasuwlasviiavosanslosiunisia

uanUde 2 alia laun slycerol waz dimethyl sulfoxide (DMSO) ¥innsmaaes 10 41 da%yn

ERLNIBEL RILRR R

gnsamsnidlunisiinm

nsnaaedldemismaaesgns Guillard’s medium (@aa, 2540) Usenauasiadingl

dausznaudi 1
NaNO,
Na,HPO,.H,O
FeCl,
Na,EDTA
Thiamine
Cyanocobalamin
Biotin

Wutnawaulausuins 1,000 ml

daudsznaudi 2
CuSO,.5H,0
ZnsSO,
Na,MoO, 2H,0
MnCL,.4H,0
CoCl,.6H,0

a

Wudnauaulausunes 1,000 ml

a v

42.074 g
30¢
1.45¢
50¢
0.2¢
0.001 mg
0.05 mg

1.96
4.40
1.26
36.0
2.0
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daudsznaudi 3 g
Na,Si0, 9H,0 16.50
Aathnduauldusunmg 1,000 ml

YUpdruUsenaui 1 wag 3 Usuns 2 ml wazdruusenaui 2 Usunes 1 ml widludn
NzlaEuN1TEeGe 1 80 Yinniswaue mssiuBiudsTunautinumeass

nsvhAnuazeIngUnsaiuaztimza

3o mIngUTLy uargUnsniUsznaumameidissamiteshnidndliazen uag
ushidafenisileinge (autoclave) flgamndl 121 ssrmwaidea usadulotn 15 Usudsonias
i w15 nit wasthmeellunsmnaeshns@osensiseinide

nWIEBE MY

yhnasngdesavsnaesant Alwesed wananTIwaa  fsevnadsa vt
gnsnaa1sn (Guillard's medium, F/2) anufy 30 ppt FnsiitemsiaesEvIeUiing
150 ml asluraagUeameuin 250 mlifsdoamans 5 m waulidriu dilundiuutudes
a sy Wwasaiamneviaenlivigosisawud Anudulas 3500 lux seegaaInIslikas 24:0

(LD period)  ldemasaeanar  dudnuwadamseyniuimedaladduidaden
(Haemacytometer)
N1339UTINYBRENIY

dlonaewsaan Alawesed wavwarwalawsaiulniaszey late log phase VN3t
SnuwadamsgnewinMwinds  vihmsTuTuwealagiheaosaal  AlAwesed  wag
wasneada U3u1ms 5 ml vinisthumdesdl 3000 rpm w5 undl iugadanvsefiiiunistiy
wilesluniaon cryo tube Vnsiinansarans glycerol waz DMSO avududu 5 wWesidus
Usuas 1 ml vhniswauavsenasasazalsuwudabidniu dilanaamaglinnngaumgiivesds
0 °C Tunan 30 it nduthamseluddududeiioungs -20 °C iuna 3 fu donsunand
fvuathamsefiiunsuiiwdanazarelaofiugamgionn -20 °C fegauvnivies Tunan 15
Wi MntunsEaadaelaensiitemsassamsiglunaen cryo tube Wiy
wawhnnstuswdesd 3000 rpm uw 5 Wi F1uau 10 af Whamsefiiiunsdraradiuides
Frepnsiasauegasinansa TuraagUeamuTines 250 ml vinstumadamenniudie
ATIVADUNITIONTINVDIANNINY LazANSNTINITTOATINUDIYAAAINTY
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nsAATIEVideya

MlATgRtayarinisniaaeudvsnavewinamsnevwinin wasyinastesiunis
Aandnmiudetesnsimssonvessadansieseiainsziauud sy (analysis of
variance) waziU3eufieupuuAnITERI A RAESITINTIenveavsIededs Duncan’s
new multiple range test fissfupnudoiy 95 Wedidus (Crawley, 2012)

A1SNAA9N 2 NSANEIANUTLTUANTUR UNNSAANENULT9R DS NTIN1TTOAVDITARAI S8

& A& o Y aa &
YUMLANNLNUINWILAANIYITNTILLYLEUI

N159BNLUUNITNAADY

2ONKUUNSVIAABILULANRAEA YNVaaedfiuamseawIadnis 3 ¥ia laun Aaeisa
a1 (Chlorella sp.) Alaweted (Chaetoceros sp.) wagenswaila (Tetraselmis sp.) Uady
AnsEnelann AnutNTuYetaIstastunsAnNantude vinnisidenvtinalstaetunisiie
NANULGlAAINAITNISNeaRI 1 Awnzautuamewsazeie Yinn1sasunlasninuigy
o o a = 5 & o Y s & & o Y
FuvasasUoaiunsinuantnga 2 seau laun 5 uaz 10 Wesdud vin1maass 10 91 30
ERLNIBEL RILRREH

gnsamsnidlunisiinm
mimaaﬂsﬁmmimamqm Guillard’s medium (8an1, 2540) S188LLDEARINITNARD

=)
—

n15vinANEzaIngUNTalLazUINLe

a ‘:1'
LAUBDUNITNAADIN 1

ASLNIZLAYEINIY

WAL OUNITNAADITN 1

N33V UYAREINRIY
Wonaolsaan AlaweTed wazmaTIwalansgulaieseey late log phase vin1siu
PuuwaR@ MW iMSIduds  msnunuwealagtiinasisaan  Aleesed LAy
waswalausuing 5 ml vnstused 3000 rom wiu 5 il inuwadamenaunsiu
whedlunasn cryo tube Ynsiivasazanetestiumsifiandniuldsiuvinauiuamsisunay
A av vy a [ § < I3 a2 o |
BalFInNN1TMAae 1 ANdNTY 5 tag 10 Wesdud Usuias 1 mlyinsuauanielag

[ Y Y v o a a v =2 ° = ] o
asazauuud ALY uﬂﬂamqmmmmﬂqmmwmm 0 °C Tunar 30 Wil Nt
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awsgluinguiudeiionmgll 20 °C Wunan 3 fu Weasunanditmuathamsefiumsus
wWanazanslaeifiugamgfinn 20 °C fegamgiivies Tunan 15 wifl Mnduiniséraead
amselnemsiinomsiassansglunasn cryo tube weanlidhAuudwinnstusied 3000
rom w5 undt 1w 10 ads thaweinuniséasadluideseemsidissaminegasia
adn lunnguraUinns 250 ml shnsduwadamsienniuiionsaaaeunmssendinues
49518 LarANSNIINNTIONTINYDITARAMTNY

QUERIGERRVERHT

mﬁLﬂﬁﬂzﬁsﬁagaﬁwmﬁmmaauaw%wamaammL%’msﬁusuaamiﬂaqﬁ’uﬂmﬁmwﬁﬂﬁwufﬁq
HO9NITIN1TTBATDITARAMINEUAREYTIAAILTTIATIEIAULUTUTIU (analysis of variance)
uaziUSsufisunsuaneasEiedesnsInssenvesanseseds Duncan’s new
multiple range test fissfupudoiu 95 Wedidus (Crawley, 2012)

ANSNNAIN 3 NISANWINAVDITLHLNANAUS N Y IWARADINTINITTOAVDITARAINI1BVUIALENT
WAUAaA8IS NS

N1599NKUUNITNAABY

pONLUUNMIMARBILULANRADR smsAnwlnsamdeildlunsududs 2 vle loun
Aaalsaan (Chlorella sp.) warAlawased (Chaetoceros sp.) Yadefidnwildun Anududuves
asazansududslawiiadanenlas (dimethyl sulfoxide, DMSO) 2 sediufie 5 uag 10 Waswud
wazsyeznanNUShwmasa oLl 4 seau leun ushwiwad AABLTAALAZ ALALY
9904 11U 3, 30, 60 Waw 90 Tu Yn1INAaes 10 61 SayaneaniuazdilaenITdy

gnsamsnidlunisiinm
nsnaaedldemnmaaesgns Guillard’s medium (@A, 2540) S18aLLBEARINITNARDY

=)
—

n15vinANNEzaIngunsalLazuInga

a4 Ql'
LAUDUNITNAADIN 1

NISWIZLAESEIWIY
INISINEENEMINEARDITART LALALAWRTEd FIgRNSIANEMIY  ansiaalse
(Guillard's medium, F/2) ansify 30 ppt ¥nsifteinsiaesasnedsanns 150 ml adly

VIgUTHNIWIR 250 ml Widea nsie 5 ml waulidndu dalunsivutubesamsie
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wasadnesevaenlivigeaisawus ANl 3500 lux seaganisiviieas 24:0 (L/D period)

Tomenasanan dudnnuwadanseyniudmealaddudadon (Haemacytometer)

NN33IUTINYAAENINY

dloraewsaa waslawesea Windulnisszey late log phase vhnsiusuauwad
amsenewinsusuds  inmsnusumealagthraosaa  wazAlawesed Uues 5 ml
vinstuslesdl 3000 rom wiw 5 Wi ivwadaneTiunstuwiedurasn cyo tube
WnsiiNansazaty DMSO Anuady 5 way 10 wWesidud Usuins 1 ml yniswavavwsie
wazansazaneududaliidniu viluangamafiaingungiiviesds 0 °C Tunan 30 urit it
awseludduiudeigamgll 20 °C Wuna 3, 30, 60 waz 90 fu ileAsunanditmuemi
avsieaasisaauazAlawesoafinunsutuanazaslaeifivgamgionn -20 °C fagauvnd
woe lunan 15 Wit 9ntainnsdramadamselaenisifitensiassevineglunasn cryo
tube nawlidriuudinstumied 3000 rom wiw 5 wift S1wau 10 Sy thamseiinoy
nsdawadluiFesiisevnadissamisgnsfiaanin TuriagUeamuiines 250 ml vhmsdy
wadavi1enn fuilensindeunssentinvesamine LagAndnnissenTinveswadanine

n3AATIEVIdeya
mylnszideya vihnsnsnaeudvsnavesanududuvesarsdosiunisfiandnuiuly
LATITELIANISINUSNYITAAUBIE NI NEAABITAAT  LasAlweTed  ABONITIN1IIONTDITAR
! ! a 1 aada (3 . . ) =
ANMI8LRALIUANILITIATIZNANULUIUIIU (Analysis of variance) wagtUsauguAINNLAN
ANTENINANRAYTNTINITTOATOIEINIIEAIET5 Duncan’s new multiple range test 7szAvy
AMUTRIU 95 WasiHus (Crawley, 2012)
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UNN 3

NAN1598

15NN 1 NSANYINATDITLAANUIIBIUIALEN BRAA1TTeITUNISIARNANTUTIRasnIINTS
S0AVDITBARANNINLVUIALANTIAUSNWAAAIEITNITUBUD S

NNTIATEIUTFUNUS (interaction) sewinwiinamsie wasyinvesaisUesiunis

U s

Wananuudeiugnsnssenvesavssnenamsuands wudrdiujduiudseninssdnaivsie

[
o w [ K'Y

waryiavesanslesiunsiandniiutsedndideddy  (p<0.05)  Fulumsinseideyaas
mslaszvideyawenmuseiuluusiaz Jady

Y | a e Y [ a I
NIITOAVDIANITNYTENUNTUTUTIMBEITAZA1  DMSO  UAAIAININS  3-1 WU
1 a o [ 6 @ & 1 YY)
amsgAaIsaaIlensITenaaniniy  71.37+10.31 Wesdud  uasuaneaiudninsenves
ausAlaeTed wawnswala eg1lituddey (p<0.05) TuvaziamieAlawesod way
WwnTwalialions1seniniu 0.18+0.12 wag 0.18+0.12 Wesdud amasu
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80-

Viability rate (%)
3 3

o
b=

b

b

Chaetoceros Chlorella Tetraselmis

AN 3-1 TRTI50AVDIEMTIY 3 FUATNIUNISHAUS N ILARAIEAITazaNY DMSO

Snssonvosamieiitiunsutuiwneasazanendwesea  wanIn i 32 wun
amseraasaanlidnssendEainiy  39.41+9.17  Wesdud  uazuanseiudassenves
amselawesed uaseaswala eg1afitudAn (p<0.05) Twrneflamiamnswaiialsns
5OMFRIAINWINAY 20.28+15.54 WasHud 11nnIsnIIn1sIenUesaus1eflntasadas ety

[

a1y (p<0.05) BMTINTT0ATBIENILALALBIOAYINAY 0.5520.75 LUasidun
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50-

40-

30-

)
b

Viability rate (%)

Chaetoceros Chlorella Tetraselmis

AN 3-2 TRTITAVDIAMINY 3 FUANNIUNSIAUS N IwAdAIYA1TazaN8NAIwaToa

WaRiansunIeuiieusnsisenuetaIningnasisaa NN uNISIsudseansazans

DMSO Laznawasoa NU118nsIN1TIenUeIaIndIeNiIunsutLdsiigansazats DMSO winfu

71371031 wWeddud  gandidnsenvesamsieaaelsaaiiunsutudiieasazany

nAwasea (39.41+9.17 wWasdud) egelifedday (p<0.05) Fnwd 3-3



18

80-
60-
S b
o _b
©
240-
E
<
>
20-
0-
DMSO Glycerol

Cryoprotectant

A9 3-3 BRS150ATBIAABLSAANTIHILASIAUSAYIWaaRI8 DMSO Kkay Glycerol

T913159AV0IE NI ALATRANHIUNTUTLTIAI8ESAaZaIy DMSO wazndwesea i

99159AWINAU 0.18+0.12 waz 0.55+0.75 Wasiud 8n150nv0IaNI8ALADTOATHIUNTUY

o w

@ Y 5 a 1 ! 1 a o (Y a
LL?NW]EJﬁ’]iﬁZﬁ’]EJVNﬁBQ‘UU@VLNLLG]ﬂG]’N’e]EJ’NﬂJUEJﬁ']ﬂQJJ (p>0.05) LEANANNINN 3-4
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a

1.0-
9
2
©
2
E
<
S 0.5

a
0.0-
DMSO Glycerol

Cryoprotectant

AN 3-4 BRS150AVRIALARTRATINIUNSIAUS N waaRI8 DMSO way Glycerol

dansenvesamemnswalafiiunsutudsneansazats DMSO wagnalwesen
Winfu 20.28+15.50 uay 0.18+0.12 1Wosiud muaddu uansisnind 3-5 Welasevia
LANANSTIARALSATITEAYRIANINITEVIIYANARINUTIENTINNITONYRIANMI B TINIUANS
wiudsheansazanendlweseaginindninsenvesamsenasisaaiiunmsutudswheasazane

o w

DMSO sgnsililudfigy (p<0.05)
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_a_
30-
3
2 20-
£
E
3
=
10~
b
0.
DMSO Glyéerol

Cryoprotectant

AN 3-5 BRTI50AVBUANTITANENHIUASINUS Y ImadE DMSO wag Glycerol

N15NAABSTN 2 NISANYIANUITLTUANTTRI UNSIAAKNANUILT DTN IINTT0NVOIaRANNTE
YPUIALENTIAUS N ILARAIEIT N TUL LT

NNHAMIMARRS 1 WUMSATINITERvesRaBITamliuinwIsadssansazane
DMSO  fignsmssengenineadiiiuinumeamsazanendiwesea lutasiidlawesoa uay
waswwalia wuhmsiiuinuieadsmeasazaendivesea ninssenganinwadiiiuinm
favansazans DMSO  daulumsnasesii 2 Fwhmsdennafuinvieadaaoisaande
asazaty DMSO  wagnsiiusnuwadalniesed uasnnsealiarieansasaiendwesea 1

° & o ¢ v Y] a o 8 & aa 1Y s & &
Vl']ﬂ']iLﬂUﬁﬂ'l‘ﬂL"'Uaa@"]ﬂaqiagaqﬂ{j@ﬂﬂUﬂ’]iLﬂWNaﬂuqLL?NV]N@'J']@JLGUQJGUU 518y 10 wUaswus

NAN1SNAARIAUS N IRARAMINUAADITAALTLTY  fgaisazatedastumsiinuEnin
< A v v - Y ! a |
U9 DMSO ATANUNTY 5 wag 10 Wasifud nuindns1senvataninegnanlsaaINuIuNIsu
wiaseansazany DMSO ffanududy 5 way 10 wWasbud wirdu  71.37+10.31 way
58.24+8.38 LWoSIHUF MUSIAU LAAIFINING 3-6 LTIDIATIZTNAULANAIIVDIAIAALTHTITON

VBIENIYTENINYANARDY WUIBNTINITTONVBIANTIEAADLTAATINTUNTWTWT e
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ATazateANuNTY 5 Wesidus fgqu'w”mﬁammmmﬁsma@Liaa’lﬁshumimit,v‘fmﬁ’w

asazangaududu 10 Wesidus egdidudAty (p<0.05)

a
80-
_b
60-
2
o
©
240
z
e
S
20-
0.
5 10

DMSO concentration (%)

= o a & @ ¢y N Y v
AINN 3-6 BNIVITOAVDIAADLIAANVINIUNITINUINWIEAANIYANTAaLA1Y DMSO NANUINIU 5

way 10 wosidus

99115500V IA NI ALARTOALUT I8 AN TaraNe oI uNISARNEN LT IN AR

o w

9598 NUAMUDUTY 5 kA 10 Wasiud Wiy 0.55+0.75 wag 0.55+0.33 LUasidud anudiau

]

WEAIRININT 3-7  BRTINISIOAUBSEINTIENIERITTAUAMNINTULANAIeE1lifiTadAey

(p>0.05)
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1.0- a

Viability rate (%)

0.0-

5 10
Glycerol concentration (%)
AN 3-7 9RTITOAVDIALALIDTOATENUNISAUSNWadAIUaSaTaIuNAWeTea NANULNTY

5 uay 10 Wosigus

951N1550AVRIENI LIRS AN AUYLD foansazanetostunsiiananiiug
nAwesea Mnududy 5 waz 10 Wesdus wuidnsosvesamsamasIwaliantIunTu
Wsseansazars DMSO #iflaududu 5 war 10 Weodud whiu  20.28+15.54 uay
7.71+10.20 Wosud mudeu uansdannd 3-8 Wedesziauunnsaesiadssnssen
VOSBRI TIATIATEIYAMARes NUTSRTINTToAYRsA M IEARDIARTIHIUNTUTUTS

[ |

MeasarasA Nty 5 Wasiiud gandndnsnsonveamsnewmnswaliantinunsutudig

o w

asazansaulndu 10 Wesidun egditedAty (p<0.05)
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_a

30-
9
[1b]
4—'20.
4 b
> _o
E
©
S

10-

0.

5 10

Glycerol concentration (%)

NN 3-8 BRIITONVBNARTITATIANHIUNITAUS N IWadAIUaNsaTauNAweTea NANULTY

5 uay 10 Wosigus

N159N980H 3 NMSANYINATEITTUZA AU B AR ADSNIINITToN VD ITaaa I EIUINLENT
AUAAMEATNSUYL
HANSNARBIEANNIIBARBISAAINUINTE YDA AU I WadkaTANNITLT U BIENTaTaN
Jostuniandniudduffiniusseninety  (p<005)  Iwhmseneidoyausniiase
foyaluuarszduvasisaastiads
dlethwadamseinsurunurLd ez aneLasyinsINEEss WUIERIINSTenYes
AaoisaaTiutudsmelawiiadarenlesiissdududu 5% fsnsnissenaiisudl 3, 30, 60 waz 90
Tu WU 71.37+10.31, 65.57+24.30, 24.99+13.61 Way 15.65+18.09 1UoSIWUA ANAINU &U
Aaaaautuielawfiadanenlusfissdududy 10% fnsmssendifuil 3, 30, 60 uaz
90 u Wi 58.24+8.38, 21.25+17.94, 15.47+8.06 ua 8.22+9.32 1Woswus mudsu (nwd
3.9) fevhnsiieuiisuAadesnsinssenvesrasisaansadanu sssudutulawiia

1 Y

Wonled 5% Aaslsaaududeainan 3 war 30 Ju H9nsIn1ssenwnnstsasngliilded
=1

e D 3
2

Y

(p>0.05) uarfidnsnNssenaendt Aaeaa LTl 60 waz 90 Fu egredivduddty

o

(0<0.05) Turauzinaesaanfiutudsmelawiadanenlsansyaududu 10% wiudadunai 3 Ju

o w

3 1N19500GIEALANANAINSNTINITTENTBIRABLTAAIWTUTT 1A UBE it Aty
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a o

(0<0.05) maplsAaIUAUdsiaY 30 waz 60 Tu  fsmsinissenunnarsesisldivedfny

a o ' OQJ

(p>0.05) uaz Paolsaa fiudulesingl 60 way 90 Ju fonsnisseaunnsvegalifitedn
(p>0.05) Wuu

e Concentration
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<= 10%
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©
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(9]
t
o

0 25 50 75
Day

Ql' [ A& o ¢ Y [ a o [
AN 3-9 Qﬁliﬂﬂﬁiiﬂﬂﬂﬂﬂﬂa@lﬁaaq‘wLﬂ‘Uiﬂ‘U"lL‘*Uﬁﬁﬁ')ﬂﬁ’]iﬁ%ﬁ’]EJLL%LL“UQI@L&W]@‘H@WEJﬂl%@I 5
ey 10%

v

G]’]BﬂHSVIG]’NﬂuUULﬁUﬂi’]WLLﬁ@Q’J’W@Jﬂ’J’WLLG}ﬂG}’NB?J’N DEGY “zg 3 UANRRNY 95

Wasiwus

WLUSsUEUSRNIINIITOAUDIAABITAA LI NANLTZAUAMUTLT U TazAN8LTLT 3 LA
witadananleslazriaiamiusnuwas (N 2) nuInIsusneIwadAassaaIiing, 3
waz 30 Ju (NMNA 3-10a, b) FMIIN1TTOAVDIPABLTAANTUYLT I lRadananlsaNsE UL

4U 5% ﬁé’miwmssaﬂaaﬂdwaméwﬁl,lfzh,vﬁaé’wimLmﬁa%’amﬂiﬁﬁﬁszé’wﬁmﬁu 10% 8g19318

[

é Y (p<O 05) muﬁaaﬁammwu UIN L’Ja’] 60 waz 90 Tu maaqmmLsumwuaﬂmwaszjamﬂ

[y [

lag fonsnssenunnsineenglifivodidey (p>0.05) Fawansfaninig 3-10c wag d
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40-
a a T
o d
80- (a) (b) (©) (d)
30-
b ?5_
30-
S S S So0-
b} D b} [H]
® © 50 ®20- ©
z z o | € z
4 ) el !
o « S S
= = = =
10-
25 10-
0- 0- 0-
5 10 5 10 5 10 5 10
Concentration (%) Cancentration (%) Concentration (%) Concentration (%)

(%
(Y%

d‘ (Y] el' I3 [ % [ a v I
AN 3-10 9RIINITOAVBIAABLTAANTINUS N Y WadRIuaIsaraeut Ll lawiatananlanna
@095¥eu a1 (@) 3 T4 (b) 30 Tu (0) 60 U way (d) 90 Tu

a o

FENBINANAUUULYRINT AT NN RIRULEATIIdANLLANA1SO T Ty d Agy T

SEAUANURDLY 95 LUaswus

dnsushsnissenalaweseaivinisutudenslawiadanenlsdnuindisnsnissens
A 1 Weswud Sasnssenvesilaweseariududsmelaufiadarenlesiissdududy 5% §
Snsnsseaiiiuil 3, 30, 60 way 90 Ju WU 0.19+0.12, 0.28+0.25, 0.04+0.08 wae
0.28+0.18 Waswus mudeu dudlnweseaiugudwnelawfiadanonlssfisssududy 10%
fSasnssenditufl 3, 30, 60 waz 90 Yu WU 0.22+0.15, 0.110.20, 0.19+0.15 waw
0.09+0.13 Woswud mudidu (nwil 3-11) dewSeudisuaadesnsnmssenvesdlawesed
eEdAnuIn fissrududulaufiadanonles 5% Alawosoaiududefinar 3, 30 uaz 90 Fu §
gnsIN1ssenunnsessliided Aty (p>0.05) wilignsn1ssengend ARBITAAT Ut aiian
60 Ju egrdifuddny (p<0.05) drulawesoafiutudwnelauiadanenledfissiududu 10%

o w

] a [ 1 a v 1 1 a v
’ﬁ’WﬁWEJ‘V]LL‘ULL?JW!WU’NL’]a']llaﬁli']ﬂ’ﬁﬁaﬂLLC‘]ﬂG]N@EJ’NhJQJHEJﬁ?ﬂEQ (p>0.05)
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= Concentration
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AIONBINANAUUUEUNTIMLERTINTAMNLANAN BN TEdAYNTEAUANTOTY 95
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Weasiun

dowSeuileudnsnnissenvesflaweseauwenanuseAuautuduresansazaeutuds
lowfiatanenlefuazdrsnarmnuinwead (nuil 3-12) wuinsnusnyiwadalaweseayn

[y Y v

%9087 amenuudseslawiadanenlesnsssuuty 5 way 10% N9ATINIIIOALANAIN

o

pg19liliidudAey (p>0.05)
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unN 4

aAUTELazaTUNANTSAY

A1SNNA9N 1 NISANINATDIVLAFINIIEVUINLEN Bina 1T UNSIARANENLNLTIadRIINIS
SOAUDUYARANMINLVUIPLANTILAUS N ILARAILIT N TU LT

INMIAATIIUGAURUS (interaction) senInwiinansiey wazyllavesasUesiunig
Wandnihudaiusnsnissenvosamsisnenainisududs wuhiufjduiussewiniinainsey
wazvlinvesansUesiumsiinndniiudesnsitodidey  (p<0.05) WEAIINBRTITOATVOIATNIY
wiazvdamngiusdnastesiunisiiananiiudaunnanetu

Pneanseaes  WeaSsuiisuriinnistesiumsiiananiiudatuawsionasisaan
averaeisaanidnssengulloinuinyadmeansdosiunsifandniulvivaeswiln e
amgrassaaliiusnvwasmeasUesiumaiiananiudsieaisazats DMSO §i9ns
mssengulaiSauiisuiunsfuinymadieasaraiendwesea  LaMIINANIIEAADLTAR
wnnglunsiiushuimadaigasazats DMSO d@ennasaiun1sane1ved Tzovenis et al. (2004)
518918 5aEaN8 DMSO anunsanusnwiwaamassaals @1sazate DMSO Wuanstlesiu
nsiinndniudananunsaunsnulovuwadld a1sazats DMSO  aziibionsinisiinunds
Ws0oRIINTUTaiwes  cytoplasm  d1as Ieedloansavars DMSO  FudnluTuwadazyinly

= < I3 ° o § v f X
adonudevasveavainigluwadaniias  vihliwaaisnsinisseng@u  (McLellan, 1989
Steponkus, et al,, 1992; Hubalek, 2003; Tanniou et al,, 2012) waza1sazaiy DMSO N
v & o Y a < a 1 3 1 PN [y a = 96/ & al 1
WlUluwaayinliiinanuluivaswaganing Tuvagnastosiunisifauaniiudsily
WINTRULEDUWAT WU polyvinylpyrrolidone (PVP) waw polyethylene glycol (PEG) il
Aanuduiwrewadiosnin upilszansnmlunistesiuwadanuaniiudeaziiniieme
(Tzovenis et al., 2004; Tanniou et al., 2012)

A @ W '3 | N 1% a [y

WellnsiAusnw a1 niealaweed Awasazaty DMSO Lazndlwesoa 9nIIng
FOARMNNN LaRIINsEsazate DMSO wazndweseadslimunganlunisinusnwiwaaainie
Tawesed Tuvaziavwsiowasugalaniinisiiusnewaameansazals DMSO d6n51n15500
Aaud1ar diuamemnsiwalanyinnsfusnyimadaeaisazatendivesea 1onsIn1ssen
Aoudegs uandliiiuinlaeansazarendwesealinnumanzanlunisiushviwadamsnewmn s

a ! a [y = a | [ 3 ] . .
wadd  WulReIiunIsAnwIues a1t (2552)  wulnisiiushewadaiusie  Spirulina
platensis sgasazanenawesea inlvamsie S. platensis gns15engeiian Tuvaieil Tayler

and Fletcher (1999) $1897U7MBLUTBUWIBUUTLEANSANNSUDINUAREN VS IUSEWNINGENT
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Jostunadandniuiedafiunsnduhuberumadivssnoudeasazans DMSO nAwesen
LazlMUeA Wuiansazanendlveseaiiussansamaniian
viipvesavieiutulsdnaiesninsssoniilesnlasaadorueadussaning
wiazailauandeiy  nseeulansdosiunsutudeihudndwadlaunndeiu wazauulaus
voudevuimadvosamieusazsiaunnieiuieilisnnnsseavessmieuiazslownnng
fudlevihnsiiusnuiwadsnenisusuds (Hubalek, 2003)
naannsAnwedsiuandiifiviansarats DMSO Samumsngandmiuniafuing
wadamsIAaeisaaT  Tuvriiansaraendwesea  wsnzaudwiudmiumaiuinvisad

ANNTYGAT AN

A1SNNA9N 2 NISANWIAUITNTUAITTINUNISAANENUNLT 99 TRIINSTEAUD IR AN

YPUIALENTIAUS N ILARAIEIT N TUT T

d‘l o = o [ < [ 3 [l S

Wevhnsidenansazats DMSO  @msSuMSIAUSAwIWasa1s18nastsaan  wagiaen
ansaranuNaweseadInTuNMSIiUSNIWwadaneAlnwesed  wasenswala  waviinig

a ) Y v ) a ~ o & A ) ¢ & &

WAsLLUASEAUANUILTUYBIESUBINUNSNANENUIWTNSEAU 5 way 10 Wasiius

ansngnansaaAuS N IwadmgANLLTuresastoatunsiinnantudedn 5
Wesiud fgnsinissengeniramseiinuinwwadmeansdosiunisifandniiudafiszau 10
Wesfud amseflaweseaiiusnuwwedsivansazaeniweseaiedadsyiu 1ons1n155en
Taumneneiy Turagianiewaswalaniuinewadmeasaralendiweseanseauaugy
T 5 Wesdud fdwnsimssenganinamseniusnewadmeastesiunisiiandnuiude
5EAU 10 Wesldud aennassiunsinuies udan (2552) Ainuinansne Spirulina platensis
fignsnssendvign Wewiusnwmadmeniweseafinnududy 5% leeddnsinissendsdn
Wi 30.63% aenitmaiusnywaamendweseanaududu 10 wag 15% uag Tanniou et
al. (2012) Wuinawsne Haslea ostrearia Awdudasnenawesearinnududu 5% 1dnsin1ssen
ganaveiiwiudwinendwesea 10% eiiuAudutuvendiweseauinTugnsinissen
YRIENNIIBITANAT (UIHLAN, 2552; Tanniou et al., 2012) FIANULUTUATUBINUNSHARNANLN
wsmngaudmsunsiiusnvmadansely asianududusglugag 5-10% (Taylor and
Fletcher, 1999) eududuvasanslestunisiiondnuiudengaiuaziiiinnuduiiviowad
AUTIBNINVUANTEAUANLALTY (Joseph et al,, 2000; Tanniou et al,, 2012) &sdinavinli
Y} ° v Y v 2 ¢ o v & a i
gn31N1358Randas Nsldansavaty DMSO Aanudndugslumsudulagadiiiliniuduiise
WAGAMIIIEEUUANNTEAUALILTY (Joseph et al.,, 2000; Tanniou et al., 2012) 8301981490
Ao g v ] & = A ad o ¢ al ) Y v P
M aIs1879PaIsaa) AMLDTad LavmnsIwald MNUSNEIUaaNIEAUANNNTY 10% 1

F019150AAININAMIETAAUT NS ULARNTEHUANUTUTU 5%
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nsldanstiestumsiiandntiudesing q inasesnsnissonvesamielngnss osn
miﬂaﬁumitﬁmmﬁﬂfwLL%aﬁauﬁlmyjsamﬁaﬂﬁmaiaa liAneuduivdoaviefiiiluug
(Hubalek, 2003) mﬂ%miﬁaaﬁ’mmﬁmmﬁﬂﬁﬂLLﬂqﬁisﬁummL%’J’m’fuqmamﬂuﬂwiatfnaé
ameavgelunuszsumIdLiy Joseph et al. (2000) wuhnsutwadamse Chiorella
marina fpansazanendweseaiisefuanudiudiy 0-40% axiliisadisnmssengsandnm
nssenvRIAMTITanAILANUE LT uTesEsasanAweseaT NIy wadamsefinngly
sy waduuuLtudseainannsiiiuduressiuanstasiumsiiaadniud du
ARSI liAnnsdsunlatssueealudnluseninanisudsivessadavse
(McLellan, 1989) iwﬁamiaﬂmmﬁumL?j@ﬁuLszjaéamimswdﬂwmLma’smsﬂuwaémmﬁal,vﬁq
i nsuisiveswesnanmelumadamsng vinlrusunnsveaainelumadifiuty naniiud
‘1'7iLﬁﬂ%%ﬂﬁ]ﬁﬂﬁ@@ﬁyLﬁziaa‘?mmmL‘i‘]um@ﬂﬁé'mﬁamaﬂaméwﬁﬂm (Steponkus, et al., 1992;
Day and Brand, 2005)

ANSNNABIN 3 NISANWINAVDITLHLNANAUS N Y IWARADINTINITTOAVBIIARAINI1BVUIALENT

[ (34 aa [
ENULYARNIYITNTTLEYLLUS

nsfnwinuidenafuinvisadamiedemautuds  awsuiazeinisngm
N5OALANANAY AABLTAANNINTINNTIONEININALNLRTEd tAUENITINTTIBAYDIAABLIAAINBNT
nssongeie 65.57% dadusziuiianansathluldldlunsifvinuaeiusamane Tuvuzials
wosealisnsINITeaAfies  0.28%  wansliiiuinsldasavanelamiadanonludimnya
dwsunsiiusnnaneiiugamsieaaosan uioralimanzaudwiuiiusnnaenugalaweses
aaoisaaniutuiaeasazaglauiadarenled 5 uay 10% fnsnsseaunnaaiiiluzag 30
fusnvosmaifiuinviad  mendeiuil 30 veamafuinwiwadnuigniinissenves
praaautuiaeasaranslamfiadaenlsdiaesseivauduiuisnmnissenlunnss
fiu @enndeafiunans@nwves Tzovenis et al. (2004) fissinlaudiadanenledaunsoiiv
Swumadraeisaald  vlavesamheiuiuddinadesnnssenidesinlasaadovinead
vosameudazyiauanaeiy  nissenlanstesiunisududeihudndwadlaunnsneiy  uaz
anuLduswendevuwaduesaiousazelownniety  yhlisnsnssenvesamiousias
yiaumnsnsfuilevinsifiunwiadsenisuruds (Hubalek, 2003)

asavanelaudiatanenlediumsarasuindeifeldlunssnvisadamievnndn
wanewda (Rhodes et al, 2006) lawfiadanenlediduasivesiumtudsfiamnsounsndude
umadls lawfiadanenledazshlisanmainiudaviesnsnnaudsianes cytoplasm 41as
Tnglowiadavenludfudnlulumadasyilvigadonudweweivainelumadandias ¥l
L%ﬁéﬁﬁ@iﬂﬂﬁiﬁ@ﬂg&%u (McLellan, 1989; Steponkus, et al.,, 1992; Tanniou et al., 2012) wa¥

TadadanenlsangudrlUlumadvinliiaanuduivrowadaivse TuvuzNaistesiunisus
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LL‘%QﬁleLmiﬂ%a\lmu@iaﬁ:mmaé WU polyvinylpyrrolidone (PVP) wagz polyethylene glycol
(PEG) azilmnuidufiusemwadtosnin (Tzovenis et al., 2004; Tanniou et al., 2012) N5kl
witadarenledrnududugdunisududaad ﬁﬂﬁmmﬂuﬂwiaLezjaéa’lm'wgﬁum'mwﬁu
ANINTU (Joseph et al,, 2000; Tanniou et al., 2012) %aawmi‘]ummaﬁﬁﬂﬁﬂaaLiamﬁlﬁu
Shewadfiszduanuduty 10% fenssonsniamsefiiusnumasisesuaududy 5%
Tuvaisfinsfnwives 11imn (2552) way Tanniou et al. (2012) wulinsududeangne
Spirulina platensis way Haslea ostrearia fglaufiadanonlusiisedumnududu 10% T
nssengenimsutudsamedelawfiadanenldfissiuanudadu 5 waz 15% Tuvaed
Chow and Chow (1997) s1esuinamsie Chlorella vulgaris Tutudadeansavanslawfiada
Wonlesiiensnissenliiuasundaslurrsiifimsfusneiwaduiu 6 Weu
mMsfiusnwmadasalussssnauIUNUISsINNIToRanaIILSEEE AT
Tunsaneil seeznanlunsiusnuieadaasisaai 3 uag 30 Ju 9MIINNTTONVRIANINLDE
Turas 21.25-71.37% luwaigiidinsifivsnumadamsefiuiutufissesna 60 wag 90 u
é’mwmiiamﬁummwiwﬁﬂmﬂ@&gjluﬁziaq 8.22-24.99% msiUSNwwadIUIUTWIITSRsIANS
SonTeTAdAMI BT donrdpetuTIBILYEY Indan (2552) fisteauinaivdie S. platensis
mmmﬁﬁﬂmmaéﬁqmmﬁ 80 °C 1AW 3 1oy 9M5IN5IAYBIEINIIEILANAINNNTLEY
naMsfudnviradamse vy
nsanwpdailslussaunnudislunsfivinnwadilnwesealuansavanslawiiada

wanlussansseiuanududy figaungl -20 °C Faupnsrsansieauues Rhodes et al. (2006)
fszaumudSalunsiivinmamsenaresdaiidlunsnsaedniinldun Chaetoceros
calcitrans, Chaetoceros muelleri, Nitzschia ovalis, Isochrysis galbana wa¥ Pavlova lutheri
puasavanglawfiatananlan ﬁqm‘wgﬁ 196 °C wamsfnwfiuanarsiuoainananinly
nsfnwmaeiladeunndeiy Wy Shnisanguugineuianeluududs Snsnisazaneth

& A o ] & = A al & o 3
LYW UIATININEUINIZ LA YN 3'33JQQQ€NVQ3JWGLSEIUﬂq5LﬂU3ﬂ‘H']Ls(jaa

dyunan1Innay

1. a1sazvats DMSO wingaudmsunistiiluansdeatunisududslunisiiusnnaneiiug
aveaasisaan usldunzadlunisifiusnwaneiugavseflaweses Lasinnswada

2. dsavanendwesea wingdmsunisiiusnwviwadamsewmnsigala

3. aududuiivangadlunisiifuinuaeiugamine asldmstesiunmaiondniuded
FEAUAMUINTY 5 LUasiTus

4. Mmanusnwwasamelilenssenainniuliiiu 30 Ju manuinywadavsneaunse
Auldun 90 Fu nmafumvieaderuutuhlisasnnssenvesamssanas
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RIS
1. avsiinsfnwisseznanfunzanlunsiiuinwaenugavsnelngdsnsuguds

1
3

2. mytnsAnuiadenunzanluaviesidadundssiauddgluniswiziaesdn il

AALasUsElevIvaINANEAN15IY
nsfnwiisjatiuiauimedanafuinwaeiusamhesensuruddigungd 20
osmwailua TagvinsAnuiiedeifnasensifiuinwaneius Uszneuse wiavesamsn
yinvesanstiostuniaifondniuds mmduduresanstlesiunsiandninds uazszernail
THumaAvsnvaeiugamse  FwansAnwannsatuussgndldlumsnuidnisinng

Beeanselalnenss

wuwamnensinan1sAdgluTdusEle waz/vm3aaundasan
naaIfeandutoyausznevdmiunsiauimedianisiiusnwiaeiugainsed

a ~ =~ v 8 o Y3 ] I3 Y
Qﬂﬂﬂﬁll -20 DALY d LW@IWﬁ"I@JWiﬂLﬂUﬁﬂ‘UWﬁqEJWUﬁqﬁ’]Wi’]E’JGUur]WLaﬂ‘l@I
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Nawan (Output)

UNAUIENANUN LN NS

¥a lnyadnana, uediad Ancle, suliye Asaydande, afun Sund waz Weyauna nyadiana.
(2560). NavOIPIUTLTUVRING WD TDALAY TEETIATIUNTAUSN BHETRIINNTTOAT0S
amine Chlorella sp. Inedududs. ununwes 45 atuiiey 1: 859-864.

¥a Inyadfana, uediad aasle, svliye Asaydennda way Wy wyadiana. (2560). wa
vosmnududuvedlawfiatananlyd uarssarnainisiusnywadnesnsn1ssonved
AMIBVNAGNGIETIUIND. 237-244 U, MITUTEIUTVINITTINTILUAZUNAITNDULIN
95 A% 8, 27-28 {uAY 2560, AMEINGIANENS, UINGIREYTN, YAU3.
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wruineEr 45 sliRune 1 (2560). KHON KAEN AGR. . 45 SUPRL. 1@ (2N7).

HaUBININIVNTH VB INAIBD TP ANEZSZEZIA I UMSINUS NEIAD
8M31INISIOAVIEHI® Chlorella sp. Jag I Buyla

Effects of glycerol concentration and storage durationon the viability
of cryopreservation Chlorella sp.

¥a Tnyadiona”, uzddad gazla’, swilyy ASgdooudn’ g Fuwa’
uaz 1yeina nyaifona’
Chalee Paibulkichakul", Maliwan Kutake', Rachanimuk Hiransuchalert!,
Sasila Chemplee' and Benjamas Paibulkichakul'

uMARES: SRR rrLszaaf afnsuaresrdiuTe N e raauas Tz AT LN TSN
nﬂﬂﬁﬂmﬂamamﬁwmﬂ Chiorella sp. TneifiEududa Tﬁﬂmmnm..Lgmmuﬂﬂ#ﬂﬂumn 30 ppt FapETMNT
qm Guillard medium STMAALITLUISARLALFNE =asas 2 s2FL 71 5 LAY 10% u‘1'L1Jam-qmuquumm‘Lﬂ
u-ﬂqumq:t -20°C Fhuaen 3, 30, 60 uax 90 Fu Slaaruivusmaiuimnmadamieiinsasans S109a8
iz FamsAmansannIsenaaTvE KansAMe A AT e TR AR e
andidiu 5% ddnrinrrengs AT AL T Rd A e namesea ity 10% st Ay (P<0.05) 7l
Al 3 uaE 30 TRIMIPATY ERFLIEEREATL 60 LAE 90 Tu SRIINITERTBIEM R MR
nameramirasrLd SR msea uans s s Ay (P>0.05) daussaziaat lumaiuineiaad
swrEmLmsiuinEEad 3 u ERsn T Agag ALANFNIINTEESIAIM s madBueth il sty
(P<D.05) Finnsziumaddasnimesen susRTnIsTaATBUTRETIL 30, 60 usx 90 Tu SeRsINIsTan
areAMETAL arhailednAty (P<0.05) mamsAneuamlihunanansoniuinenaneniug Chiorella =p. Tng
Aaududefgnumnd -20 °C Mendasasduiu 5% lHum: 30 u

AdAty: Amaudidurssssaseautuds, srasfiuinen, Asasan, mariuineaaiugfmanmududs

ABSTRACT: This study was aimed to investigate the effects of glycerol concentration and storage duration on the
viability of crvopreservation Clidoreffa sp. The microal gae were cultured with Guillard medium at 30 ppt. Microal gal
cells were collected and added with 5 and 10% glycerol. The temperature of the cells was cooled down to -20°C
and stored the cell for 3, 30, 60 and 90 days. The microalgae were thawed and washed the cells when due to storage
time. The recovery microalgae were cultured and calculated the viability of the cell. Results showed that microal gae
cultured with 5% glvcerol had significantly higher viability (P<0.05) than the other which cultured on 105 glyeerol
at 3 and 30 days of the experiment. The viabality of mcroalgae cultured in both concentrations of glycerol was not
significantly different (P=0.05) at 60 and 90 days of the expenment. At both glyeerol concentration, the viability at
3 days of cell storage was sigmficantly greater (P=00.03) than the other period of cell storage. The viabilities of cell
storage at 30, 60 and 90 days decreased, respectively with significantly difference (P<0.03). The consequence of this
study demonstrated that the seed of Clilorefla sp. could maintain with 5% glveerol for 30 days.

Keywords: concentration of cryoprotectant, storage duration, chlorella, cryopreservation
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b o x . -
FUlPTeIARRITRSTILNTZIEEY VLU =B nw
j = - |l il
AN ZIRE IR AR mﬂnui’ﬂmmaﬁuﬁﬁﬁmq:
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Aedlildnnrud e s i Tinty deafums
wReuusvnaiugnas (Genetic driff) anstld
] - - J - j d -3 - i
frelumaiuinesids uasiiEafiiuine i
gsnthanaeneiufiud il (Gwo et al,
2005)
o , X
msfivinsatefugainedaunswnziies
- j e ol ] J i
WaEemudsUnalAq dsedreuttwan Mdae
WRZUTHTUIAN ArnAuiiEaeiugauiienig
o Ja. - - o -
weanllenlulaqiiu Rananduineaafug
avieviiased aviefanisududs (cryopers-
ervation) Mg nanllunaududaluge -20 e -196
*C (Mazur, 1984; Day etal., 1997; Day and Brand,
2005; Rhodes et al., 2006) N aivinsaneiug
BN el
farntudqauanAt 14998 Liu wezatlunas
puaawieldunn ussmnfiuinmamiedan
i = -J 3 J -3
nruguisfgnuuni -20 *C ddeRnaunroiu
5 a | ¥
frwauielddangidiu 20 °c daduiiinasans
dufneisadltitszausnudidalivaulssnis
lur sllprednuie aneiug anmedusssy
1 rzezlunmnsioEuin drennnsTorule
X ; v
Il siReamdng pH tFunninlusad
Huanelnussdnassneuretad AetNwLn
witmessadluntududs slauazpoudutunes
AVTUEUTY ERINITRAYIUNNH ﬁ;muqﬁﬁﬂﬁu

WHLLMsRT 45 BT 11 (2560).

fmeed szuzna lunaniuinmiead dnmms
tﬁluﬁmuqﬁ uaze sl umRe s emdems
utufq (Hubalek, 2003) nAasaaitiuarrududs
aflawientn 1S lunnsus uf s {Tanniou et
al., 2012) laan nnaaseaa 0ty dgnnelu
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F8 ﬁﬂ'iﬁ*.*ﬁﬁéﬁﬁﬂﬂnﬂﬁmqq%u (MeLellan,
1989; Steponkus, et al., 1992; Tanniou et al.,
2012) Faiuntfidunfaidainmsfneusuad
arududuresndsersaLasizas et lumaiu
e RedReIn1TIeaTaIR 1IN Chiorells sp. fatl
Fusudumadavinefiguuni 20 °c

AEmsAnE

fladeitinun T seduprududiufosn:
avtedAtTRzaT LUt udaniiteses (Glyceral) 7
7L 5 was 10 wefilud uszrsazna sy
Srenmad WRnLwasreesaan 4 foanan T
3, 30, 60 WAz 90 4uU ImmAses 10 dn LTE T
wﬁﬂmumﬂgﬂi‘ﬁum?ﬁu

M SRR AR {Chiorelia
sp.) ﬁ-'aummﬂ.ﬁma’miﬂﬂqmﬁﬂm'}’m {Guillard
medium) AIUAN 30 ppt u‘.'mmﬂ#ﬁ"érmﬁu'imﬁq
sztiz late log phase NN TS WAILIBRAATUTE
reuntrududsfanalafmiudlagan (Haemacy-
tometer) maahawieTEn Chiorells sp.
M luiffyms 5 SeRART murMTags MR
msthasfiosd 3,000 seuna? 1w s Wil Wiuisad
armdnefeunasTusiadunass cryo tube
MmnFsanrazareilduduiimupanududud
s Fuans 1 dasant Mnsuanldawing
wazarrazaautuiwmandiu diluangamgll
angrumgiitiesdie 0 °C Tuinan 30 wit s
awitlddrdududaignagdl 20 °C muneni
Aus Searuearfitnsdiguiefediunig
ufudanazaelaningnamniain 20 °c i
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FRINITIRALBIRMIILATLAE Duncan's new
multiple range test Aredumnnfaiu o5
wlafifud (Cody and Smith, 1997)
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uAmaA2 Figure 1 awiefuduisdaenfisesead
szduamaduty 5% Denmnasesiag 3, 30,
60 Waz 00 U Winfiu 39.41£9.17, 14.79+£9.95,
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0.0040.05 wlafions mudsy deviimanfay
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tunrifuineeadscanisududanu 3 Ju i
frmranggaLAnAsInIEALTn e e
srpisnaavethatiidn Al (P<0.05) Aauanywie
Faassrududuiinumanfuinesaddoons
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TWludnAty (P<0.05) Tuanusiavineiiaasaing
duduitdrunindiuinemsdfaenmududanu
60 uas 90 44 Hdpinnrraaunnseate Ll
&nAry (P=0.05)

Glycenol concentration
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o + I -]
0 - L5
0 25 50 75

Day

Figure 1 Viability rate of Chlorela sp. preserved with 5 and 10% of glycerol. The different letter of over the point

on the same [ine indicated significantly difference at 95% confident level.
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Finmsduineuesdnudn lumafiuineed 3
W&z 30 7 (Figure 2a, 2b) grminefiusudadonng
waraamuidudu 5% Sémnrnirranganda
awieiuduiafan nfvesearudndn 10%
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WriaLmseT 45 SR 1 0 (25600,

atineiitiddny (P<0.05) Tusnusiamwefiududa
faenfraseardndudu 5% w60 uas 90 Fu
(Figure 2¢, 2d) dfRsnisraauAnANaINa ML
Fuduadrundisesasanududi 10% adaslil
wad Aty (P=0.05)

50- (a)a 50- (b} 3 (¢) 3 (d)
40- 40-
& & &% &%
2% 2% ® o
i = d i =
= £ = &
3% b | 8% L 3
= = 51 =11
10+ 10
b
0- - ﬁ a- 0- = ﬁ
5 10 5 10 5 10 5 10
Glycerol Glycerol Glycerol Glycerol
concentration (%) concentration (%) concentration (%) concentration (%)

Figure 2 \iability rate of Chlorella sp. preserved with 5 and 10% ghyceral at {a) 3 days, (b) 30 days, {c) 60 days
and (d) 90 days. The different letter over the bar in each fime indicated significantly difference at 95% confident

level.
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CEHIG EIL G TREREEES RO | uﬁaﬁqa%m sVl
AR ARV AR



KHOM KAEN AGR. .45 SUPPL 1 (2017).

i3 (Joseph et al., 2000; Tanniou et al., 2012)
Failuainldidnmesenanftag

myldarazaruutudiinge uasedne
mysaseesamiielaunn essnansazareud
quﬁw'LumNm%mﬁwamﬂ ATl AT
seausefillut (Hubalek, 2003) N1l
aaranefasiua s dutugirnudufisse
CEEL Tt r,ﬁﬁummzﬁumﬁmi’uﬁu Joseph
el al. (2000) wodinasugadanudne Chiorella
marina fntnfrassairsiuranadidiu 0-40% sz
ilfmadildnsnirangegainiiniranyey
awieaassmuaduduresniisesas iy
s iadamieTmelunrsusnnduinead
LULUA LT dana AR NN RN UTR T LAY
arrazanautuislumadanudna M ldinanng
wlfeuutlsaussiueaaluinlurswinemsudeda
Tmada e (McLellan, 1989) saudanisdn
m*‘ummzﬁﬁﬁumaﬁ'ﬁwiwmd-‘uwmmmmﬂm
sadaIeLEwn mMiwdvnremeavaanisly
wadamieinldhBuerreansanielumsdiiia
Gt uﬁnﬁﬂuﬁ'qﬁl.ﬁm%umﬁﬁﬂ'LﬁLﬁﬁqumﬁﬁﬁﬂﬁ
hﬂﬁﬁmmﬂﬁnmﬂLﬂumuﬂﬁmufwmu (Ste-
ponkus, etal., 1992; Day and Brand, 2005)

lunsfneil sesnanlumafuineued
&Uie Chiorelia sp. § 3 WAz 30 Fu SreimTan
weda eyl 39.41-14.79% nmnfiufne
wagamiteTunALTrasae 60 uas 90
ﬁnﬂmfmmmmuiwﬁﬂmﬂﬂg“lu-ﬁfm 1.32-
0.09% PN ERET L RS
seqadEmILmAs sesadasiumenuted i
il (2652) ﬁwu*hmm-:mﬁui’nmvmﬁmuﬁu
S. platensis Aty -80 °C 1Au 3 ey S
Funafuineesdiundudamnrreases
adaTMIEa SR a

863
g

nnfuineisadviainuiateiugamiie
Chiorella sp. Taunaududsiigraundl 20 °C pas
Wumaddundmasaafseiunnududy 5
wafifud aunsoiuimesadlauiu 30 4

Arau A

qm’i-ﬁ‘ﬂﬁlHm]uﬁﬁumumﬁ#m’mqu
drzuuGusmalaan@ugavyuisuis (s
dssiniusiuiug Ursdraunlszuan wa. 2559
wFinenfuyIng Hudndnaunnsn i

LTS Gl mmﬁﬂ’rgm-'u 40/2569

o=
ENATEIEY

aniien Tuesra. 2552, mndiufres e Spiruling piat-
ensis fpfamsut@enud. eansidumelulatme
tirsug 3 104114,

Cody, F.P. and Smith, J.K. 1997 Applied statistics and
the SAS proagramming languadge. New Jersay: Simon
and Schuster / A Viacem Company.

Day, J.G., and J.J. Brand. 2005. Cryopresenation meth-
ods for maintaining microakgal cultures. In Andersen,
R.A. {Ed.), Algal culluring techniques. California:
Elzavier Academic Press.

Day, J.G., M.M. Watanabe, G_.J. Morris, BA_Fleck, and R.
Mark. 1997. Long-term viability of preserved eukary-
otic: algae. J. Appl. Phyeol. 9: 121-127.

Guermazl, W., A Sellami-Kammoun, J. Elloumi, Z. Drira_ L.
Alaya, R. Marangoni, H. Ayadi, and 5. Maalej. 2010.
Microalgal cryo-presarvation using dimethyl sulfoo-
ide {MBﬂSD,'I coupled with two freezing protocols:
Influence on the fatty acid profle. Journal of Thermal
Biology. 35: 175-181.

Gwo, J-C., Chiu, J-¥_, Chou, C.-C. and H.-Y. Cheng.
2008. Cryopresarvation of a marine MicroAge,
MNannochloropsis ovalate (Eustigmatophyceas).
Cryobiology. 50: 336-343.

Hubalek, 7_2003. Protectanis used in the cryopresensation
of microorganisms. Cryobiology. 46: 205-229,

38



864

Joseph, |, A Panigrahi, and P_K. Chandra. 2000. Taolar-
ance of three manne microalgas o cryoprotectants
dimethyl sulfoxice, methanol and glycerol. Indian
Jourral of Marine Sciences, 29: 243247

Mazur, P. 1984, Freezing of lving cells: mechanisms and
implications. Am. J. Phiyasiol. 247 125-142.

MeLeblan, MR 1988, Cryopreservation of diatoms. Diatom
Res. 4: 301-318.

Rhodes, L., J. Smith, R. Tervit, R. Roberts, J. Adamson,
5. Adams, and M. Decker. 2006. Cryopreservation
of economically valuable marine micro-algae in the
classes Bacillarophyceae, Chiorophyceas, Cyano=
phyceae, Dinophyceas, Haptophycese, Prasinophy-
cese, and Rhodophycese. Cryobiology. 520 152-156.

39

WrLLMRT 45 SRR 1 (25600,

Steponkus, P.L., R. Langis, and 5. Fujikawa. 1952.
Cryopreservation of plant tissuuses by vitriication. In
Steponkus, P.L. (Ed ), Advances in low lemperature
bialagy, Vol. 1. JAl Press, London.

Tannlow, A, V. Turpin, and T. Lebeau. 2012 Compartson
of cryopresarvation methods for the long tenm stor-
age of the marine diatom Haslea ostrearla (siman-
sen). Cryobiology. 65: 45-50.

Taytor, R., and R.L. Fletcher. 19595, Cryopresenvation of
eukaryotic algae a review of methodotogies. Applied
Phyocology. 10: 481-501.

Tzovenis, |, G. Trantaphyllidis, X. Naihong, E. Chatziniko-
laou, K. Papadopoulou, . Xour, and T. Tafag, 2004.
Cryopreservation of manne microalgas and potential
toxicity of cryoprotectants to the prdmary steps of the
aquaculiural food chain. Aguaculiure. 230 457473



40

unfagauassieviuduiiay

2 inmsuUszyuizims (Proceedings)

The 8" National Conference on Algae and Plankton

“Algae and Plankton : Research and Development for Sustainable Uses"”

Central Laboratory Building, Faculty of Science, Burapha University, Thailand.
March 27-28, 2017

“AHSIBUAUWAVNCIDU:
IplAWULNWIMISBUS: B UEvEU" e

¢

o : pzdinemand anzmalulainmzie wasanduinmmanimmsia aingasyIm J



41

Aqb-04
wonoan  nididuvadlmafadawonled unsszosannafuineiged
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[fects of concentration of dimethyl sulfoxide and storage duration
on the viability of microalgae by cryopreservation
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unhntlo

nfowindailitinguisasdidofiowmnsnsnamdstumnilaa fadenonled (Me.SO) uns
st isadeiadns nsesamdsnnmdndariBuuds dimswosdumaoisen
weilnanson Anaund 30 ppt fauemasgms Guilard's medium uaausmweduasdilaia
dontonled 2 sudu A 5 wew 109 il amgamgiudanduusilgomgil 20 °C W 3, 30, 60 wa
a0 Tu dlemsurtnandiulosmadamdmimsaen Samadudailioveion vansdnon
B PR AR EE L L L HALE B

wan e ean iliuTnedu 3 was 30 T dan Me,sO i 50 i
pssaaganinaeisamiiiudnynsndui 60 way 90 Yu aursiidodafy (p<0.05) Hsxi Me,s0
dadu 1000 movsnmiiudneeadun 3 Ju d8mmsesgagausesinndraasenilifiulng
wadtluthaamiusd ilfeddiy (0<0,05) dnsnissenvesmasianiszanaadlocalumadiuinm
wodumd anoaniliiulwisaddon Meso it 59 fdnnssengaaaaunaitifuin
wadian Me,SO i 109% 3l 3 woy 30 adsihiudady (0<0.05) Rlmmasoaiiuiniaddon
Wess0 viaanasei luyndasaemilifiuTmwoditdnanissondtind 19 seniafnuniduansliibuiy
awronsdiudneiadeoosealadulawfedaronludn by 59%

ey : leoadedonanted, naawaanng, Alawosen, nafudnwmeiuddoonisuud

Abstract

The purpose of this study was to Investigate effects of the concentration of dimethyl
sulfoxide (Me,50) and storage duration on the viability of microalgae by cryopreservation.
Chiorella sp. and Chaetoceros sp, were cultured with Guillard”s medium at 30 ppt, Microalgal
colls had been collected and added § and 10% dimethyl sulloxide. The temperature of the
cells was cooled down to -20 °C and storage durations were 3, 30, 60, and 90 days. The
microalgae had been thawed and washed. The recovery microalgae were cultured and
Calculated the viability of the cell,

Results llustrated that Chlorella preserved with 5% Me;SO at 3 and 30 days had
senificantly higher viability (p<0.05) than those preserved with 5% Me,50 at 60 and 90 days. At
10% Me,SO, Chiorella preserved at three days had the sreatest viability and significantly
different viability (p<0.05) with the other, The viability of Chlorella declined when the storage
uration Increased, Chiorella preserved with 5% Me:SO had significant higher viabillty (p<0.05)
than those preserved with 10% MesSO at 3 and 30 days. Chaetoceros preserved in both
foncentration of Me;SO had Lower viability than 19 at all storage duration. The consequence
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wh (Introduction) y ST -
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Tzovenis et al. (2004) ‘Hi'I:EH’i'J..l‘l"ﬂﬂLuﬁﬁiﬂﬂEiH'L‘EIﬁ‘!i‘!"'!“l.l'l'itll‘.rﬂU‘iﬂE'I!.‘Uﬁﬁ.Hamfamiir Stinasia
mm‘ﬁu-?iu.-tiu-ﬁ4ﬁuaaiaﬁ'ﬂ51n'1ﬁnmﬁmmn'linﬂaiﬁauﬁmpm advDIA I TBURRLTlALRNANAY My

Joyliarstesfunsudufwrudngieadliunnaieii Wz LT TIDUTVEASARTEIA i bus

solinLAnANai ﬁﬂﬁé‘nﬂm:mmaaams‘wuﬁawﬁﬁunnﬁ’lﬂﬁmﬁﬂﬁﬂﬂ"'?l-ﬁﬁﬂ‘ﬂ‘ﬂ-’ﬂﬂﬁﬁiﬂﬂ'ﬁui

w1 (Hubalek, 2003)

m-rﬂ=mulnLﬂﬁﬂiﬂﬁﬂﬂhﬂﬁtﬁﬁﬁzmnwﬁu-‘aqﬁﬁﬂﬂﬂumﬁnmwﬁﬁa'rwhu'uuman
wamia (Rhodes et al., 2006) lawiiagan an'l.‘uﬁl.ﬂuﬂ'm"llﬁnﬁuuﬁuﬁaﬁ'mmmum niulﬁﬂ".ﬁ-lh‘ﬂ?ﬁ
1 I fiadananladesiilidannaimhudviesnnaudiane cytoplasm was Insloudia
saverleddui i lusedaniliqrionuiame wmmelusadanias yilieaslsnsnssen
393 (McLellan, 1989; Steponkus, et al, 1992; Tanniou et L, 2012) uaglmufiadananiedity
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& 1mu polyvinylpyrrolidone (PVP) ua polyethylene glycol (PEG) elinnuduiivriewadlon
7171 {Tzovenis et al, 2008: Tanniou et al, 2012) mslélaudiadavanladedudugdunmsusuds
wadvhlironuiuisrewsdamigeunussiurnidudiu Uoseph et al,, 2000; Tanniou et al,
2012) Feoraduamaivilinassaaifiivinuueadfisefuanudniu 10% ddns1sonind
ameiduinsgaditsefuaududy 5% luwusfintsfnwives uniian (2552) way Tanniou et
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5 uax 15% luwuedl Chow and Chow (1997) s18a i@ wsae Chiorello vulpars ududadan
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nsfnwnil szesaaTuinaAuineadnasisaail 3 uay 30 Su nTINTTERTEIE M R luTR
21.25-71.37% lwsusidrdnsfuinsieadamieiumdufizzesam 60 uas 90 Tu Srsinissen
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fas AsmAdBIfUTIB9LYes wllm (2552) Asreauiamse . platensis asaifusnyeadi
qaamgdl -80 °C 1w 3 fieu dasinsmemassvissanamassssuaTn AU v ada e
MU

rfnwadiiliviraummdnislumsfuinsesdamesealumsasaslowiasanen
lusishsaorszdumntudy 'ﬂw -20°C %wnﬂ-hmnﬁmmmmm et al. (2006) fuszay
rrsddslumadvinnamienmosiaililumansdsdaiildul choetoceros calcitrans,
Chaetoceros mueller, Nitzschia ovalis, lsochrysis galbana ua Paviova lutheri fasansassgln
uhnfimtoniek ?ﬂmﬂﬂﬂ -196 °C kamsAinvfumnsnstusnaiinvnaninlunsAny mesline
WANAIAMU 19U BRTINTTaR AT Sy & e . v 5 1
s mﬁﬂNWﬂﬂmmw_ .Ill' fﬁ' lusuds hwm{-‘m Lk

ffUnan1333u (Conclusions)
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a
b
c

AANUIN N
1. HANTIATIENTVRYANWATANITNARDIN 1
> exl.fac <- ex1[,c(1,2,7)]
>
> aov.ea2.exl <- ea2(exl.fac, design=1)
> aov.ea2.exl
$ Analysis of variance’
df type III SS mean square F value p>F
factor_1 2 34426.5098 17213.2549 238.9421 <0.001
factor_2 1 220.8769 220.8769 3.0661 0.0856
factor_1:factor_2 2 6907.8125 3453.9063 47.9446 <0.001
Residuals 54  3890.1304 72.0395 - -
$ Adjusted means (factor 1)°
factor_1 adjusted.mean standard.error tukey snk duncan t scott_knott
1 Chlorella 55.3905 1.8979 a a aa
2 Tetraselmis 10.2360 1.8979 b b b b
3 Chaetoceros 0.3665 1.8979 c c cc
$ Multiple comparison test (factor 1)°
pair contrast p(tukey) p(snk) p(duncan) p(t)
1 Chlorella - Tetraselmis 45.1545 0.0000 0e+00 0e+00 0e+00
2 Chlorella - Chaetoceros 55.0240 0.0000 0e+00 Oe+00 0e+00
3 Tetraselmis - Chaetoceros 9.8695 0.0016 5e-04 5e-04 5e-04
$ Adjusted means (factor 2)°
factor_2 adjusted.mean standard.error tukey snk duncan t scott_knott
1 DMSO 23.9163 1.5496 a a aa a
2 Glycerol 20.0790 1.5496 a a aa a
$ Multiple comparison test (factor 2)°

N &+ &+ =

w

H OO

wWN @ &+

wWN

pair contrast p(tukey) p(snk) p(duncan) p(t)
DMSO - Glycerol 3.8373 0.0856 0.0856 0.0856 0.0856

"Multiple comparison test (factor 1 in levels of factor 2) $ factor_1
pair contrast p(tukey) p(snk)

Chlorella.Glycerol - Tetraselmis.Glycerol 19.124 0] 0]
Chlorella.Glycerol - Chaetoceros.Glycerol  38.863 0 0

Tetraselmis.Glycerol - Chaetoceros.Glycerol 19.739 0] 0

a
b
b

scott_knott
a
b
c

in DMSO"

"Adjusted means (factor 1 in levels of factor 2)°
"Adjusted means (factor 1 in levels of factor 2) $ factor_1 in DMSO"
treatment adjusted.mean standard.error tukey snk duncan t scott_knott
Chlorella.DMSO 71.373 2.684 a a aa
Chaetoceros.DMSO 0.188 2.684 b b bb
Tetraselmis.DMSO 0.188 2.684 b b b b
"Adjusted means (factor 1 in levels of factor 2) $ factor_1 in Glycerol®
treatment adjusted.mean standard.error tukey snk duncan t
Chlorella.Glycerol 39.408 2.684 a a a a
Tetraselmis.Glycerol 20.284 2.684 b b b b
Chaetoceros.Glycerol 0.545 2.684 c c cc
"Multiple comparison test (factor 1 in levels of factor 2)°
"Multiple comparison test (factor 1 in levels of factor 2) $ factor_1
pair contrast p(tukey) p(snk) p(duncan) p(t)
Chlorella.DMSO - Chaetoceros.DMSO 71.185 0] ¢] (0] 0]
Chlorella.DMSO - Tetraselmis.DMSO 71.185 0] 0 0 0
Chaetoceros.DMSO - Tetraselmis.DMSO 0.000 1 1 1 1

in Glycerol®
p(duncan) p(t)

(0] 0]
(0] 0]
(0] 0]
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"Adjusted means (factor 2 in levels
"Adjusted means (factor 2 in levels

treatment adjusted.mean
Chaetoceros.Glycerol 0.545
Chaetoceros.DMSO 0.188

"Adjusted means (factor 2 in levels

treatment adjusted.mean st
Chlorella.DMSO 71.373
Chlorella.Glycerol 39.408

"Adjusted means (factor 2 in levels

treatment adjusted.mean
Tetraselmis.Glycerol 20.284
Tetraselmis.DMSO 0.188

"Multiple comparison test (factor 2
"Multiple comparison test (factor 2

Chaetoceros.Glycerol - Chaetoceros.

"Multiple comparison test (factor 2
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of factor 1)°
of factor 1) $ factor_2 in Chaetoceros’
standard.error tukey snk duncan t scott_knott

2.684 a a aa a
2.684 a a aa a
of factor 1) $ factor_2 in Chlorella’

andard.error tukey snk duncan t scott_knott

2.684 a a aa a
2.684 b b b b b
of factor 1) $ factor_2 in Tetraselmis"

standard.error tukey snk duncan t scott_knott

2.684 a a aa a
2.684 b b b b b
in levels of factor 1)°
in levels of factor 1) $ factor_2 in Chaetoceros’
pair contrast p(tukey) p(snk) p(duncan) p(t)

DMSO 0.357 0.9254 0.9254 0.9254 0.9254

in levels of factor 1) $ factor_2 in Chlorella’

pair contrast p(tukey) p(snk) p(duncan) p(t)
Chlorella.DMSO - Chlorella.Glycerol  31.965 0 0 0 0

"Multiple comparison test (factor 2 in levels of factor 1) $ factor_2 in Tetraselmis"
pair contrast p(tukey) p(snk) p(duncan) p(t)
Tetraselmis.Glycerol - Tetraselmis.DMSO 20.096 0] 0 0] 0]

$ Residual analysis"

values
p.value Shapiro-Wilk test 0.0002
p.value Bartlett test (factor_1) 0.0000
p.value Bartlett test (factor_2) 0.0035
p.value Bartlett test (treatments) 0.0000
coefficient of variation (%) 38.5800
first value most discrepant 4.0000
second value most discrepant 53.0000
third value most discrepant 7.0000

> tapply(ex1$psurv, exl$algae, mean)

Chaetoceros Chlorella Tetraselmis
0.3665 55.3905 10.2360

> tapply(ex1$psurv, exl$algae, sd)

Chaetoceros Chlorella Tetraselmis

0.5539549 18.9477507 14.8530725
>
> tapply(ex1$psurv, exi$cryoagent, mean)
DMSO Glycerol
23.91633 20.07900
> tapply(ex1$psurv, exl$cryoagent,
DMSO Glycerol
34.61039 19.01538

sd)

exl.dmso <- exl[exl$cryoagent=="DMSO",c(1,7)]
aov.exl.dmso <- eal(exl.dmso, design=1)
aov.exl.dmso
"Analysis of variance’

df type I SS mean square

>
>
>
>
$

F value p>F

treatments 2 33782.0282 16891.0141 476.8156 <0.001
Residuals 27 956.4649 35.4246 - -
$Means
treatment mean standard.error tukey snk duncan t scott_knott



1 Chlorella 71.373 1.8821 a a a a
2 Chaetoceros 0.188 1.8821 b b b b
3 Tetraselmis 0.188 1.8821 b b b b

$ Multiple comparison test’

O oo

pair contrast p(tukey) p(snk) p(duncan) p(t)

1 Chlorella - Chaetoceros 71.185 0 0]
2 Chlorella - Tetraselmis 71.185 0 0]
3 Chaetoceros - Tetraselmis 0.000 1 1

$ Residual analysis"

values
p.value Shapiro-Wilk test 0.00
p.value Bartlett test 0.00

coefficient of variation (%) 24.89
first value most discrepant 23.00
second value most discrepant 26.00
third value most discrepant 30.00

> tapply(exl.dmso$psurv, exl.dmso$algae, mean)
Chaetoceros Chlorella Tetraselmis
0.188 71.373 0.188
> tapply(exl.dmso$psurv, exl.dmso$algae, sd)
Chaetoceros Chlorella Tetraselmis
0.1233604 10.3074461 0.1233604

exl.glycerol <- exl[ex1$cryoagent=="Glycerol",c(1,7)]
aov.exl.glycerol <- eal(exl.glycerol, design=1)
aov.exl.glycerol
"Analysis of variance’

df type I SS mean square F value p>F
treatments 2 7552.294 3776.1471 34.7538 <0.001
Residuals 27 2933.665 108.6543 - -

¥V V\VyV

$Means

treatment mean standard.error tukey snk duncan t
1 Chlorella 39.408 3.2963 a a aa
2 Tetraselmis 20.284 3.2963 b b b b
3 Chaetoceros 0.545 3.2963 c c ccC

$ Multiple comparison test’

0 (0]
0 0
1 1

scott_knott

a
b
c

pair contrast p(tukey) p(snk) p(duncan) p(t)

1 Chlorella - Tetraselmis 19.124 1e-03 3e-04
2 Chlorella - Chaetoceros 38.863 0e+00 0e+00
3 Tetraselmis - Chaetoceros 19.739 7e-04 2e-04
$ Residual analysis’

values
p.value Shapiro-Wilk test 0.4431
p.value Bartlett test 0.0000

coefficient of variation (%) 51.9100
first value most discrepant 4.0000
second value most discrepant 7.0000
third value most discrepant 2.0000

> tapply(exl.glycerol$psurv, exl.glycerol$algae, mean)
Chaetoceros Chlorella Tetraselmis
0.545 39.408 20.284

> tapply(exl.glycerol$psurv, exl.glycerol$algae, sd)
Chaetoceros Chlorella Tetraselmis

0.7495369 9.1671561 15.5359026
>
> exl.chlo <- exl[exl1$algae=="Chlorella",c(2,7)]
> var.test(exl.chlo[ex1.chlo$cryoagent=="DMS0", 2],
exl.chlo[ex1.chlo$cryoagent=="Glycerol", 2])

3e-04 3e-04
Oe+00 0e+00
2e-04 2e-04
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F test to compare two variances

data: exl.chlo[exl.chlo$cryoagent == "DMS0", 2] and exl.chlo[ex1l.chlo$cryoagent ==
"Glycerol", 2]
F = 1.2642, num df = 9, denom df = 9, p-value = 0.7326
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
0.3140218 5.0898623
sample estimates:
ratio of variances
1.26425

> ttest.chlo <- t.test(exl.chlo[exl.chlo$cryoagent=="DMSO", 2],
exl.chlo[ex1l.chlo$cryoagent=="Glycerol", 2], var.equal=TRUE)
> ttest.chlo

Two Sample t-test

data: exl.chlo[exl.chlo$cryoagent == "DMSO", 2] and exl.chlo[exl.chlo$cryoagent ==
"Glycerol", 2]
t = 7.3279, df = 18, p-value = 8.355e-07
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
22.80054 41.12946
sample estimates:
mean of x mean of y
71.373 39.408

> tapply(exl.chlo$psurv, exl.chlo$cryoagent, mean)
DMSO Glycerol
71.373  39.408
> tapply(ex1l.chlo$psurv, exl.chlo$cryoagent, sd)
DMSO Glycerol
10.307446 9.167156
>
> exl.tetra <- exl[exl$algae=="Tetraselmis",c(2,7)]
> var.test(exl.tetra[exl.tetra$cryoagent=="DMS0", 2],
exl.tetra[exl.tetra$cryoagent=="Glycerol",2])

F test to compare two variances

data: exl.tetra[exl.tetra$cryoagent == "DMSO", 2] and exl.tetra[exl.tetra$cryoagent ==
"Glycerol", 2]
F = 6.3049e-05, num df = 9, denom df = 9, p-value < 2.2e-16
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
1.566048e-05 2.538349e-04
sample estimates:
ratio of variances
6.304901e-05

> ttest.tetra <- t.test(exl.tetra[exl.tetra$cryoagent=="DMSO0", 2],
exl.tetra[exl.tetra$cryoagent=="Glycerol", 2], var.equal=FALSE)
> ttest.tetra

Welch Two Sample t-test

data: exl.tetra[exl.tetra$cryoagent == "DMS0", 2] and exl.tetra[exl.tetra$cryoagent ==
"Glycerol", 2]
t = -4.0903, df = 9.0011, p-value = 0.002715
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
-31.209852 -8.982148
sample estimates:
mean of x mean of y
0.188 20.284
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> tapply(ex1.tetra$psurv, exl.tetra$cryoagent, mean)
DMSO Glycerol
0.188 20.284
> tapply(exl.tetra$psurv, exl.tetra$cryoagent, sd)
DMSO Glycerol
0.1233604 15.5359026
>
> exl.chaeto <- exl[ex1$algae=="Chaetoceros",c(2,7)]
> var.test(exl.chaeto[exl.chaeto$cryoagent=="DMSO", 2],
exl.chaeto[ex1l.chaeto$cryoagent=="Glycerol", 2])

F test to compare two variances

data: exl.chaeto[exl.chaeto$cryoagent == "DMSO", 2] and exl.chaeto[ex1l.chaeto$cryoagent
== "Glycerol", 2]
F = 0.027087, num df = 9, denom df = 9, p-value = 9.641e-06
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
0.006728094 0.109053184
sample estimates:
ratio of variances
0.02708727

> ttest.chaeto <- t.test(exl.chaeto[ex1l.chaeto$cryoagent=="DMSO", 2],
exl.chaeto[exl.chaeto$cryoagent=="Glycerol", 2], var.equal=FALSE)
> ttest.chaeto

Welch Two Sample t-test

data: exl.chaeto[exl.chaeto$cryoagent == "DMS0", 2] and exl.chaeto[exl.chaeto$cryoagent
== "Glycerol", 2]
t = -1.4862, df = 9.4872, p-value = 0.1697
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
-0.8961755 0.1821755
sample estimates:
mean of x mean of y
0.188 0.545

> tapply(exl.chaeto$psurv, exl.chaeto$cryoagent, mean)
DMSO Glycerol
0.188 0.545
> tapply(ex1l.chaeto$psurv, exl.chaeto$cryoagent, sd)
DMSO Glycerol
0.1233604 0.7495369
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> ex2.chlo$conc <- as.factor(ex2.chlo$conc)
> var.test(ex2.chlo[ex2.chlo$conc=="5",2],
ex2.chlo[ex2.chlo$conc=="10",2])

F test to compare two variances

data: ex2.chlo[ex2.chlo$conc == "5", 2] and ex2.chlo[ex2.chlo$conc ==
"10", 2]
F = 1.5115, num df = 9, denom df = 9, p-value = 0.5481
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
0.3754417 6.0853945
sample estimates:
ratio of variances
1.511526

> t.test(ex2.chlo[ex2.chlo$conc=="5", 2],
ex2.chlo[ex2.chlo$conc=="10",2], var.equal = TRUE)

Two Sample t-test

data: ex2.chlo[ex2.chlo$conc == "5", 2] and ex2.chlo[ex2.chlo$conc ==
"10", 2]
t = 3.125, df = 18, p-value = 0.00585
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:

4.302819 21.957181
sample estimates:
mean of x mean of y

71.373 58.243

> tapply(ex2.chlo$psurv, ex2.chlo$conc, mean)

5 10
71.373 58.243
> tapply(ex2.chlo$psurv, ex2.chlo$conc, sd)

5 10

10.307446 8.383846
> ex2.chaeto <- ex2[ex2$algae=="Chaetoceros", c(4,7)]
> ex2.chaeto$conc <- as.factor(ex2.chaeto$conc)
> var.test(ex2.chaeto[ex2.chaeto$conc=="5", 2],
ex2.chaeto[ex2.chaeto$conc=="10",2])

F test to compare two variances

data: ex2.chaeto[ex2.chaeto$conc == "5", 2] and
ex2.chaeto[ex2.chaeto$conc == "10", 2]
F = 5.0399, num df = 9, denom df = 9, p-value = 0.02442
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
1.251833 20.290489
sample estimates:
ratio of variances
5.03987
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> t.test(ex2.chaeto[ex2.chaeto$conc=="5", 2],
ex2.chaeto[ex2.chaeto$conc=="10",2], var.equal = FALSE)

Welch Two Sample t-test

data: ex2.chaeto[ex2.chaeto$conc == "5", 2] and
ex2.chaeto[ex2.chaeto$conc == "10", 2]
t = -4.2787e-16, df = 12.436, p-value = 1
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
-0.5631579 0.5631579
sample estimates:
mean of x mean of y

0.545 0.545
> tapply(ex2.chaeto$psurv, ex2.chaeto$conc, mean)
5 10
0.545 0.545
> tapply(ex2.chaeto$psurv, ex2.chaeto$conc, sd)
5 10

0.7495369 0.3338746

> ex2.tetra <- ex2[ex2%$algae=="Tetraselmis", c(4,7)]
> ex2.tetra$conc <- as.factor(ex2.tetra$conc)

> var.test(ex2.tetra[ex2.tetra$conc=="5", 2],
ex2.tetra[ex2.tetra$conc=="10",2])

F test to compare two variances

data: ex2.tetra[ex2.tetra$conc == "5", 2] and ex2.tetra[ex2.tetra$conc
e "10", 2]
F = 2.3217, num df = 9, denom df = 9, p-value = 0.2255
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
0.5766784 9.3471657
sample estimates:
ratio of variances
2.321704

> t.test(ex2.tetra[ex2.tetra$conc=="5",2],
ex2.tetra[ex2.tetra$conc=="10",2], var.equal = TRUE)

Two Sample t-test

data: ex2.tetra[ex2.tetra$conc == "5", 2] and ex2.tetra[ex2.tetra%conc
- "10", 2]
t = 2.1402, df = 18, p-value = 0.04628
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:
0.2310795 24.9229205
sample estimates:
mean of x mean of y
20.284 7.707

> tapply(ex2.tetra$psurv, ex2.tetra$conc, mean)
5 10
20.284 7.707



> tapply(ex2.tetra$psurv, ex2.tetra$conc,
5 10
15.53590 10.19608

sd)
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meso <- read.csv("/home/chalee/Desktop/Temp/meso.csv", header=T)
meso$Conc <- as.factor(meso$Conc)
meso$Time <- as.factor(meso$Time)

chlo <- meso[meso$Algae=="Chlorella", ]
chlo$Conc <- as.factor(chlo$Conc)
chlo$Time <- as.factor(chlo$Time)

chaeto <- meso[meso$Algae=="Chaetoceros", ]
chaeto$Conc <- as.factor(chaeto$Conc)
chaeto$Time <- as.factor(chaeto$Time)

## All conc - chlo
shapiro.test(chlo[chlo$Conc=="5",5])

VVVVVVVVYVYVYVYVYVYV

Shapiro-Wilk normality test

data: chlo[chlo$Conc == "5", 5]
W = 0.94965, p-value = 0.07376

> shapiro.test(chlo[chlo$Conc=="10",5])
Shapiro-Wilk normality test

data: chlo[chlo$Conc == "10", 5]
W = 0.87845, p-value = 0.0004782

> var.test(chlo[chlo$Conc=="5",5], chlo[chlo$Conc=="10",5])
F test to compare two variances

data: chlo[chlo$Conc == "5", 5] and chlo[chlo$Conc == "10", 5]
F = 1.7524, num df = 39, denom df = 39, p-value = 0.08373
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
0.9268642 3.3133709
sample estimates:
ratio of variances
1.75244

> t.test(chlo[chlo$Conc=="5",5], chlo[chlo$Conc=="10",5], var.equal =

TRUE)
Two Sample t-test

data: chlo[chlo$Conc == "5", 5] and chlo[chlo$Conc == "10", 5]
t = 3.1478, df = 78, p-value = 0.002331
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:
6.835889 30.362111
sample estimates:
mean of x mean of y
44.,39425 25.79525

> tapply(chlo$Surv, chlo$Conc, mean)
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5 10

44.,39425 25.79525

> tapply(chlo$Surv, chlo$Conc, sd)
5 10

29.81789 22.52451

>

> ## All conc - chaeto
> shapiro.test(chaeto[chaeto$Conc=="5",5])
Shapiro-Wilk normality test

data: chaeto[chaeto$Conc == "5", 5]
W = 0.81687, p-value = 1.552e-05

> shapiro.test(chaeto[chaeto$Conc=="10",5])
Shapiro-Wilk normality test

data: chaeto[chaeto$Conc == "10", 5]
W = 0.80592, p-value = 9.02e-06

> var.test(chaeto[chaeto$Conc=="5",5], chaeto[chaeto$Conc=="10",5])

F test to compare two variances
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data: chaeto[chaeto$Conc == "5", 5] and chaeto[chaeto$Conc == "10", 5]

F = 1.4197, num df = 39, denom df = 39, p-value = 0.2782
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
0.7508558 2.6841729
sample estimates:
ratio of variances

1.419657

> t.test(chaeto[chaeto$Conc=="5",5], chaeto[chaeto$Conc=="10",5],
var.equal = TRUE)

Two Sample t-test

data: chaeto[chaeto$Conc == "5", 5] and chaeto[chaeto$Conc == "10", 5]

t = 1.071, df = 78, p-value = 0.2875
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:
-0.03671489 0.12221489
sample estimates:
mean of x mean of y
0.19700 0.15425

> tapply(chaeto$Surv, chaeto$Conc, mean)
5 10
.19700 0.15425
tapply(chaeto$Surv, chaeto$Conc, sd)
5 10
.1933669 0.1622895

vV ©

### Chlorella
## Conc at 3 Time
chlo.c5d3 <- chlo[chlo$Conc=="5" & chlo$Time=="3",5]

V V.V Vo



> chlo.c10d3 <- chlo[chlo$Conc=="10"&
> var.test(chlo.c5d3, chlo.c10d3)

F test to compare two variances

data: chlo.c5d3 and chlo.c10d3
F = 1.5115, num df = 9, denom df = 9,
alternative hypothesis: true ratio of
95 percent confidence interval:
0.3754417 6.0853945
sample estimates:
ratio of variances

1.511526

chlo$Time=="3",5]

p-value = 0.5481
variances is not equal to 1

> t.test(chlo.c5d3, chlo.c10d3, var.equal = TRUE)

Two Sample t-test

data: chlo.c5d3 and chlo.c10d3
t = 3.125, df = 18, p-value = 0.00585

alternative hypothesis: true difference in means is not equal to 0

95 percent confidence interval:
4,302819 21.957181
sample estimates:
mean of x mean of y
71.373 58.243

> mean(chlo.c5d3)
[1] 71.373

> sd(chlo.c5d3)
[1] 10.30745

> mean(chlo.c10d3)
[1] 58.243

> sd(chlo.c10d3)
[1] 8.383846

## Conc at 30 Time
chlo.c5d30 <- chlo[chlo$Conc=="5" &

V V V V

var.test(chlo.c5d30, chlo.c10d30)
F test to compare two variances

data: chlo.c5d30 and chlo.c10d30

chlo$Time=="30", 5]

chlo.c10d30 <- chlo[chlo$Conc=="10"& chlo$Time=="30",5]

F = 1.835, num df = 9, denom df = 9, p-value = 0.3793

alternative hypothesis: true ratio of
95 percent confidence interval:
0.4557865 7.3876745
sample estimates:
ratio of variances

1.834994

> t.test(chlo.c5d30, chlo.c10d30, var.

Two Sample t-test

data: chlo.c5d30 and chlo.c10d30

variances is not equal to 1

equal = TRUE)

t = 4.6403, df = 18, p-value = 0.0002034

63



alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
24.25367 64.38633
sample estimates:
mean of x mean of y
65.57 21.25

> mean(chlo.c5d30)
[1] 65.57

> sd(chlo.c5d30)
[1] 24.2996

> mean(chlo.c10d30)
[1] 21.25

> sd(chlo.c10d30)
[1] 17.93833

>

> ## Conc at 60 Time

> chlo.c5d60 <- chlo[chlo$Conc=="5" & chlo$Time=="60",5]
> chlo.c10d60 <- chlo[chlo$Conc=="10"& chlo$Time=="60",5]
> var.test(chlo.c5d60, chlo.c10d60)

F test to compare two variances

data: chlo.c5d60 and chlo.c10d60
F = 2.8496, num df = 9, denom df = 9, p-value = 0.1347
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
0.7077899 11.4723032
sample estimates:
ratio of variances
2.849558

> t.test(chlo.c5d60, chlo.c10d60, var.equal = TRUE)
Two Sample t-test

data: chlo.c5d60 and chlo.c10d60
t = 1.9034, df = 18, p-value = 0.07311
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
-0.9880155 20.0260155
sample estimates:
mean of x mean of y
24,989 15.470

> mean(chlo.c5d60)
[1] 24.989

> sd(chlo.c5d60)
[1] 13.6067

> mean(chlo.c10d60)
[1] 15.47

> sd(chlo.c10d60)
[1] 8.060538

>
> ## Conc at 90 Time

> chlo.c5d90 <- chlo[chlo$Conc=="5" & chlo$Time=="90",5]
> chlo.c10d90 <- chlo[chlo$Conc=="10"& chlo$Time=="90",5]
> var.test(chlo.c5d90, chlo.c10d90)
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F test to compare two variances

data: chlo.c5d90 and chlo.c10d90
F = 3.7634, num df = 9, denom df = 9, p-value = 0.06135
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
0.9347758 15.1514345
sample estimates:
ratio of variances
3.763402

> t.test(chlo.c5d90, chlo.c10d90, var.equal = TRUE)
Two Sample t-test

data: chlo.c5d90 and chlo.c10d90
t = 1.1541, df = 18, p-value = 0.2636
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:

-6.093641 20.947641
sample estimates:
mean of x mean of y

15.645 8.218

> mean(chlo.c5d90)
[1] 15.645

> sd(chlo.c5d90)
[1] 18.08919

> mean(chlo.c10d90)
[1] 8.218

> sd(chlo.c10d90)
[1] 9.324568

> ## Time for preserved
> chlo.Time.aov <- aov(chlo$Surv~chlo$Time)
> summary(chlo.Time.aov)
Df Sum Sq Mean Sq F value Pr(>F)
chlo$Time 3 34191 11397 31.86 1.93e-13 ***

Residuals 76 27190 358
Signif. codes: 0 ‘***’ @.001 ‘**’ 0.01 ‘*' ©0.05 ‘." 0.1/ " 1
> tapply(chlo$Surv, chlo$Time, mean)

3 30 60 90

64.8080 43.4100 20.2295 11.9315
> tapply(chlo$Surv, chlo$Time, sd)
3 30 60 90
11.35730 30.80636 11.92981 14.51551
> library(agricolae)
> chlo.Time.dunc <- duncan.test(chlo.Time.aov, "chlo$Time", group = T)
> print(chlo.Time.dunc)
$statistics
Mean CV MSerror
35.09475 53.89565 357.76

$parameters
Df ntr alpha test name.t
76 4 0.05 Duncan chlo$Time



$Duncan
Table CriticalRange
2 2.816650 11.91280
3 2.963624 12.53441
4 3.060917 12.94591
$means
chlo$Surv std r Min Max

3 64.8080 11.35730 20 46.66 90.47
30 43.4100 30.80636 20 1.73 99.88
60 20.2295 11.92981 20 5.94 44.43
90 11.9315 14.51551 20 0.62 50.87

$comparison
NULL

$groups

trt  means
1 3 64.8080
30 43.4100
60 20.2295
90 11.9315

A OWN
O 0T =

chlo.c5 <- chlo[chlo$Conc=="5", ]
chlo.c10 <- chlo[chlo$Conc=="10", ]

chlo.c5.aov <- aov(chlo.c5%Surv~chlo.c5%$Time)
summary(chlo.c5.aov)

Df Sum Sq Mean Sq F value Pr(>F)
chlo.c5%Time 3 23793 7931 26.24 3.57e-09 ***

VVVVVYV

Residuals 36 10882 302
Signif. codes: 0 ‘***’ @0.001 ‘**’ 0.01 ‘*" ©.05 ‘." 0.1 ‘ " 1
> tapply(chlo.c5%Surv, chlo.c5%$Time, mean)

3 30 60 90

71.373 65.570 24.989 15.645

> tapply(chlo.c5%Surv, chlo.c5%$Time, sd)
3 30 60 90

10.30745 24.29960 13.60670 18.08919

> chlo.c5.dunc <- duncan.test(chlo.c5.aov, "chlo.c5%$Time", group = T)

> print(chlo.c5.dunc)
$statistics
Mean CV MSerror
44.,39425 39.16246 302.2688

$parameters
Df ntr alpha test name.t
36 4 0.05 Duncan chlo.c5%$Time

$Duncan

Table CriticalRange
2 2.868158 15.76884
3 3.015218 16.57736
4 3.111132 17.10469

$means
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chlo.c5%Surv std r Min Max
3 71.373 10.30745 10 56.44 90.47
30 65.570 24.29960 10 24.38 99.88
60 24.989 13.60670 10 5.94 44.43
90 15.645 18.08919 10 0.87 50.87
$comparison
NULL
$groups

trt means M
1 3 71.373 a
2 30 65.570 a
3 60 24.989 b
4 90 15.645 b

>
> chlo.c10.aov <- aov(chlo.c10$Surv~chlo.c10$Time)
> summary(chlo.c10.aov)
Df Sum Sq Mean Sq F value Pr(>F)
chlo.c10$Time 3 14891 4964 36.5 5.17e-11 ***

Residuals 36 4896 136
Signif. codes: @ ‘***’ @.001 ‘**’" 0.01 ‘*" 0.05 ‘. 0.1 ‘" 1
> tapply(chlo.c10%$Surv, chlo.c10$Time, mean)

3 30 60 90

58.243 21.250 15.470 8.218
> tapply(chlo.c10$Surv, chlo.c10$Time, sd)
3 30 60 90
8.383846 17.938326 8.060538 9.324568
> chlo.c10.dunc <- duncan.test(chlo.c10.aov, "chlo.c10$Time", group = T)
> print(chlo.c10.dunc)
$statistics
Mean CV MSerror
25.79525 45.20918 135.9981

$parameters

Df ntr alpha test name.t

36 4 0.05 Duncan chlo.c10$Time
$Duncan

Table CriticalRange

2 2.868158 10.57717
3 3.015218 11.11950
4 3.111132 11.47321
$means

chlo.c10$Surv std r Min Max
3 58.243 8.383846 10 46.66 75.87
30 21.250 17.938326 10 1.73 55.57
60 15.470 8.060538 10 6.19 30.94
90 8.218 9.324568 10 0.62 24.75
$comparison
NULL
$groups

trt means M
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1 3 58.243 a
2 30 21.250 b
3 60 15.470 bc
4 90 8.218 c

chaeto.c5 <- chaeto[chaeto$Conc=="5", ]
chaeto.c10 <- chaeto[chaeto$Conc=="10", ]

chaeto.c5.aov <- aov(chaeto.c5%$Surv~chaeto.c5%Time)
summary(chaeto.c5.aov)
Df Sum Sq Mean Sq F value Pr(>F)

chaeto.c5%Time 3 0.3948 0.13159 4.454 0.00924 **
Residuals 36 1.0635 0.02954
Signif. codes: @ ‘***’ @.001 ‘**’' 0.01 ‘*’ 0.05 ‘. 0.1 ‘" 1
> tapply(chaeto.c5%Surv, chaeto.c5$Time, mean)

3 30 60 920
0.188 0.280 0.038 0.282
> tapply(chaeto.c5%Surv, chaeto.c5%$Time, sd)

3 30 60 90

0.12336036 0.25276251 0.08011103 0.18066544
> chaeto.c5.dunc <- duncan.test(chaeto.c5.aov, '"chaeto.c5%Time", group =

VVVYVYVYVYV

T)
> print(chaeto.c5.dunc)
$statistics

Mean cv MSerror

0.197 87.24633 0.02954111

$parameters

Df ntr alpha test name.t

36 4 0.05 Duncan chaeto.c5%Time
$Duncan

Table CriticalRange

2 2.868158 0.1558894
3 3.015218 0.1638823
4 3.111132 0.1690954
$means

chaeto.c5%Surv std r Min Max
3 0.188 0.12336036 10 0.00 0.37
30 0.280 0.25276251 10 0.00 0.75
60 0.038 0.08011103 10 0.00 0.19
90 0.282 0.18066544 10 0.19 0.75
$comparison
NULL
$groups

trt means M
1 90 0.282 a
2 30 0.280 a
3 3 0.188 ab
4 60 0.038 b

\



> chaeto.cl10.aov <- aov(chaeto.c10$Surv~chaeto.c10$Time)
> summary(chaeto.c10.aov)
Df Sum Sq Mean Sq F value Pr(>F)
chaeto.c10$Time 3 0.1135 0.03784 1.491 0.233
Residuals 36 0.9137 0.02538
> tapply(chaeto.c10%Surv, chaeto.c10$Time, mean)
3 30 60 90
.224 0.112 0.187 0.094
tapply(chaeto.c10$Surv, chaeto.cl10$Time, sd)
3 30 60 90
0.1453884 0.2003220 0.1510739 0.1320101
> chaeto.c10.dunc <- duncan.test(chaeto.cl10.aov, '"chaeto.c10$Time",
group = T)
> print(chaeto.c10.dunc)
$statistics
Mean cv MSerror
0.15425 103.2794 0.02537917

vV ©

$parameters
Df ntr alpha test name.t
36 4 0.05 Duncan chaeto.c10$Time

$Duncan

Table CriticalRange
2 2.868158 0.1444913
3 3.015218 0.1518999
4 3.111132 0.1567318

$means

chaeto.c10$Surv std r Min Max
3 0.224 0.1453884 10 0 0.37
30 0.112 0.2003220 10 0.56
60 0.187 0.1510739 10 0.37
90 0.094 0.1320101 10 0.37

[ocNoNo]

$comparison
NULL

$groups

trt means
1 3 0.224
60 0.187
30 0.112
90 0.094

A wWN
Lo L=

### Chaetoceros

## Conc at 3 Time

chaeto.c5d3 <- chaeto[chaeto$Conc=="5" & chaeto$Time=="3",5]
chaeto.c10d3 <- chaeto[chaeto$Conc=="10"& chaeto$Time=="3",5]
var.test(chaeto.c5d3, chaeto.c10d3)

V VV VYV

F test to compare two variances

data: chaeto.c5d3 and chaeto.c10d3

F = 0.71993, num df = 9, denom df = 9, p-value = 0.6324
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:

0.1788211 2.8984449
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sample estimates:
ratio of variances
0.7199327

> t.test(chaeto.c5d3, chaeto.c10d3, var.equal = TRUE)
Two Sample t-test

data: chaeto.c5d3 and chaeto.c10d3
t = -0.59706, df = 18, p-value = 0.5579
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
-0.16267629 0.09067629
sample estimates:
mean of x mean of y
0.188 0.224

> mean(chaeto.c5d3)
[1] ©.188

> sd(chaeto.c5d3)
[1] 0.1233604

> mean(chaeto.c10d3)
[1] 0.224

> sd(chaeto.c10d3)
[1] ©.1453884

>

> ## Conc at 30 Time

> chaeto.c5d30 <- chaeto[chaeto$Conc=="5" & chaeto$Time=="30",5]
> chaeto.c10d30 <- chaeto[chaeto$Conc=="10"& chaeto$Time=="30",5]
> var.test(chaeto.c5d30, chaeto.c10d30)

F test to compare two variances

data: chaeto.c5d30 and chaeto.c10d30
F = 1.5921, num df = 9, denom df = 9, p-value = 0.4993
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
0.3954532 6.4097537
sample estimates:
ratio of variances
1.592092

> t.test(chaeto.c5d30, chaeto.c10d30, var.equal = TRUE)
Two Sample t-test

data: chaeto.c5d30 and chaeto.c10d30
t =1.6472, df = 18, p-value = 0.1169
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
-0.04627116 0.38227116
sample estimates:
mean of x mean of y
0.280 0.112

> mean(chaeto.c5d30)
[1] 0.28
> sd(chaeto.c5d30)
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[1] 0.2527625

> mean(chaeto.c10d30)
[1] ©.112

> sd(chaeto.c10d30)
[1] 0.200322

>

> ## Conc at 60 Time

> chaeto.c5d60 <- chaeto[chaeto$Conc=="5" & chaeto$Time=="60",5]
> chaeto.c10d60 <- chaeto[chaeto$Conc=="10"& chaeto$Time=="60",5]
> var.test(chaeto.c5d60, chaeto.c10d60)

F test to compare two variances

data: chaeto.c5d60 and chaeto.c10d60
F = 0.28119, num df = 9, denom df = 9, p-value = 0.07255
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
0.06984454 1.13208423
sample estimates:
ratio of variances
0.2811937

> t.test(chaeto.c5d60, chaeto.c10d60, var.equal = TRUE)
Two Sample t-test

data: chaeto.c5d60 and chaeto.c10d60
t = -2.7554, df = 18, p-value = 0.01302
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
-0.26260747 -0.03539253
sample estimates:
mean of x mean of y
0.038 0.187

> mean(chaeto.c5d60)
[1] ©.038

> sd(chaeto.c5d60)
[1] ©.6080111603

> mean(chaeto.c10d60)
[1] ©.187

> sd(chaeto.c10d60)
[1] 0.1510739

>

> ## Conc at 90 Time

> chaeto.c5d90 <- chaeto[chaeto$Conc=="5" & chaeto$Time=="90",5]
> chaeto.c10d90 <- chaeto[chaeto$Conc=="10"& chaeto$Time=="90",5]
> var.test(chaeto.c5d90, chaeto.c10d90)

F test to compare two variances

data: chaeto.c5d90 and chaeto.c10d90

F =1.873, num df = 9, denom df = 9, p-value = 0.3636

alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:

0.4652246 7.5406532

sample estimates:

ratio of variances
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1.872992
> t.test(chaeto.c5d90, chaeto.c10d90, var.equal = TRUE)
Two Sample t-test

data: chaeto.c5d90 and chaeto.c10d90
t = 2.657, df = 18, p-value = 0.01605
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
0.03934337 0.33665663
sample estimates:
mean of x mean of y
0.282 0.094

> mean(chaeto.c5d90)
[1] 0.282

> sd(chaeto.c5d90)
[1] 0.1806654

> mean(chaeto.c10d90)
[1] 0.094

> sd(chaeto.c10d90)
[1] 0.1320101

> ## Time for preserved
> chaeto.Time.aov <- aov(chaeto$Surv~chaeto$Time)
> summary(chaeto.Time.aov)
Df Sum Sq Mean Sq F value Pr(>F)
chaeto$Time 3 0.1095 0.03650 1.15 0.335
Residuals 76 2.4125 0.03174
> tapply(chaeto$Surv, chaeto$Time, mean)
3 30 60 90
0.2060 0.1960 0.1125 0.1880
tapply(chaeto$Surv, chaeto$Time, sd)
3 30 60 90
0.1325221 0.2381154 0.1403332 0.1817054
> # library(agricolae)
>
>

\%

chaeto.Time.dunc <- duncan.test(chaeto.Time.aov, '"chaeto$Time", group

T)
print(chaeto.Time.dunc)
$statistics
Mean cv MSerror

0.175625 101.4464 0.03174283

$parameters
Df ntr alpha test name.t
76 4 0.05 Duncan chaeto$Time

$Duncan

Table CriticalRange
2 2.816650 0.1122124
3 2.963624 0.1180676
4 3.060917 0.1219437

$means

chaeto$Surv std r Min Max
3 0.2060 0.1325221 20 0 0.37
30 0.1960 0.2381154 20 0 0.75



60 0.1125 0.1403332 20 0 0.37
90 0.1880 0.1817054 20 0 0.75

$comparison
NULL

$groups

trt means
3 0.2060
30 0.1960
90 0.1880
60 0.1125

A OWNBR
LoD

### Time

T3 <- meso[meso$Time=="3", ]
T30 <- meso[meso$Time=="30", ]
T60 <- meso[meso$Time=="60", ]
T90 <- meso[meso$Time=="90", ]

### Chlorella

## Time 3

chlo.t3.concs <- chlo[chlo$Conc=="5" & chlo$Time=="3",5]
chlo.t3.concl0® <- chlo[chlo$Conc=="10" & chlo$Time=="3",5]
var.test(chlo.t3.conc5, chlo.t3.concl0)

VVVVVVVYVYVYVYVYV

F test to compare two variances

data: chlo.t3.conc5 and chlo.t3.conc10
F = 1.5115, num df = 9, denom df = 9, p-value = 0.5481
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
0.3754417 6.0853945
sample estimates:
ratio of variances
1.511526

> t.test(chlo.t3.conc5, chlo.t3.concl@, var.equal = TRUE)
Two Sample t-test

data: chlo.t3.conc5 and chlo.t3.concl0
t = 3.125, df = 18, p-value = 0.00585
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:

4.,302819 21.957181
sample estimates:
mean of x mean of y

71.373 58.243

> mean(chlo.t3.conc10)
[1] 58.243

> sd(chlo.t3.conc10)
[1] 8.383846

> mean(chlo.t3.conch)
[1] 71.373

> sd(chlo.t3.concl0)
[1] 8.383846
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>

> ## Time 30

> chlo.t30.conc5 <- chlo[chlo$Conc=="5" & chlo$Time=="30",5]

> chlo.t30.conc1@ <- chlo[chlo$Conc=="10" & chlo$Time=="30",5]
> var.test(chlo.t30.conc5, chlo.t30.conc10)

F test to compare two variances

data: chlo.t30.conc5 and chlo.t30.concl0
F = 1.835, num df = 9, denom df = 9, p-value = 0.3793
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
0.4557865 7.3876745
sample estimates:
ratio of variances
1.834994

> t.test(chlo.t30.conc5, chlo.t30.concl10, var.equal = TRUE)
Two Sample t-test

data: chlo.t30.conc5 and chlo.t30.conc10
t = 4.6403, df = 18, p-value = 0.0002034
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
24.25367 64.38633
sample estimates:
mean of x mean of y
65.57 21.25

> mean(chlo.t30.conc10)
[1] 21.25

> sd(chlo.t30.conc10)
[1] 17.93833

> mean(chlo.t30.conch)
[1] 65.57

> sd(chlo.t30.conc10)
[1] 17.93833

> ## Time 60

> chlo.t60.conc5 <- chlo[chlo$Conc=="5" & chlo$Time=="60",5]

> chlo.t60.conc10® <- chlo[chlo$Conc=="10" & chlo$Time=="60",5]
> var.test(chlo.t60.conc5, chlo.t60.conc10)

F test to compare two variances

data: chlo.t60.conc5 and chlo.t60.concl0
F = 2.8496, num df = 9, denom df = 9, p-value = 0.1347
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
0.7077899 11.4723032
sample estimates:
ratio of variances
2.849558

> t.test(chlo.t60.conc5, chlo.t60.concl®, var.equal = TRUE)

Two Sample t-test
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data: chlo.t60.conc5 and chlo.t60.concl0
t = 1.9034, df = 18, p-value = 0.07311
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
-0.9880155 20.0260155
sample estimates:
mean of x mean of y
24.989 15.470

> mean(chlo.t60.concl0)
[1] 15.47

> sd(chlo.t60.conc10)
[1] 8.060538

> mean(chlo.t60.conc5)
[1] 24.989

> sd(chlo.t60.conc10)
[1] 8.060538

>

> ## Time 90

> chlo.t90.conc5 <- chlo[chlo$Conc=="5" & chlo$Time=="90",5]

> chlo.t90.concl1@ <- chlo[chlo$Conc=="10" & chlo$Time=="90",5]
> var.test(chlo.t90.conc5, chlo.t90.conc10)

F test to compare two variances

data: chlo.t90.conc5 and chlo.t90.concl10
F = 3.7634, num df = 9, denom df = 9, p-value = 0.06135
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
0.9347758 15.1514345
sample estimates:
ratio of variances
3.763402

> t.test(chlo.t90.conc5, chlo.t90.concl10, var.equal = TRUE)
Two Sample t-test

data: chlo.t90.conc5 and chlo.t90.conc10
t = 1.1541, df = 18, p-value = 0.2636
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:

-6.093641 20.947641
sample estimates:
mean of x mean of y

15.645 8.218

> mean(chlo.t90.conc10)
[1] 8.218

> sd(chlo.t90.concl0)
[1] 9.324568

> mean(chlo.t90.conc5)
[1] 15.645

> sd(chlo.t90.concl0)
[1] 9.324568

>

> ### Chaeto
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## Time 3

chaeto.t3.conc5 <- chaeto[chaeto$Conc=="5" & chaeto$Time=="3",5]
chaeto.t3.concl® <- chaeto[chaeto$Conc=="10" & chaeto$Time=="3",5]
var.test(chaeto.t3.conc5, chaeto.t3.concl0)

V V V V

F test to compare two variances

data: chaeto.t3.conc5 and chaeto.t3.concl0
F = 0.71993, num df = 9, denom df = 9, p-value = 0.6324
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
0.1788211 2.8984449
sample estimates:
ratio of variances
0.7199327

> t.test(chaeto.t3.conc5, chaeto.t3.conc10, var.equal = TRUE)
Two Sample t-test

data: chaeto.t3.conc5 and chaeto.t3.concl0
t = -0.59706, df = 18, p-value = 0.5579
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
-0.16267629 0.09067629
sample estimates:
mean of x mean of y
0.188 0.224

> mean(chaeto.t3.concl0)
[1] ©.224

> sd(chaeto.t3.conc10)
[1] ©.1453884

> mean(chaeto.t3.conch)
[1] ©.188

> sd(chaeto.t3.conc10)
[1] 0.1453884

## Time 30

chaeto.t30.conc5 <- chaeto[chaeto$Conc=="5" & chaeto$Time=="30",5]
chaeto.t30.concl® <- chaeto[chaeto$Conc=="10" & chaeto$Time=="30",5]
var.test(chaeto.t30.conc5, chaeto.t30.conc10)

V V V V

F test to compare two variances

data: chaeto.t30.conc5 and chaeto.t30.concl0
F = 1.5921, num df = 9, denom df = 9, p-value = 0.4993
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
0.3954532 6.4097537
sample estimates:
ratio of variances
1.592092

> t.test(chaeto.t30.conc5, chaeto.t30.concl10, var.equal = TRUE)

Two Sample t-test



data: chaeto.t30.conc5 and chaeto.t30.concl0
t = 1.6472, df = 18, p-value = 0.1169
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
-0.04627116 0.38227116
sample estimates:
mean of x mean of y
0.280 0.112

> mean(chaeto.t30.concl0)
[1] ©.112

> sd(chaeto.t30.concl0)
[1] 0.200322

> mean(chaeto.t30.conc5)
[1] 0.28

> sd(chaeto.t30.conc10)
[1] 0.200322

>

> ## Time 60

> chaeto.t60.conc5 <- chaeto[chaeto$Conc=="5" & chaeto$Time=="60",5]

> chaeto.t60.concl® <- chaeto[chaeto$Conc=="10" & chaeto$Time=="60",5]
> var.test(chaeto.t60.conc5, chaeto.t60.conc10)

F test to compare two variances

data: chaeto.t60.conc5 and chaeto.t60.concl0
F = 0.28119, num df = 9, denom df = 9, p-value = 0.07255
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
0.06984454 1.13208423
sample estimates:
ratio of variances
0.2811937

> t.test(chaeto.t60.conc5, chaeto.t60.concl@, var.equal = TRUE)
Two Sample t-test

data: chaeto.t60.conc5 and chaeto.t60.concl0
t = -2.7554, df = 18, p-value = 0.01302
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
-0.26260747 -0.03539253
sample estimates:
mean of x mean of y
0.038 0.187

> mean(chaeto.t60.concl0)
[1] ©.187

> sd(chaeto.t60.conc10)
[1] 0.1510739

> mean(chaeto.t60.conch)
[1] 0.038

> sd(chaeto.t60.conc10)
[1] 0.1510739

>

> ## Time 90

> chaeto.t90.conc5 <- chaeto[chaeto$Conc=="5" & chaeto$Time=="90",5]

7
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> chaeto.t90.concl0® <- chaeto[chaeto$Conc=="10" & chaeto$Time=="90",5]
> var.test(chaeto.t90.conc5, chaeto.t90.conc10)

F test to compare two variances

data: chaeto.t90.conc5 and chaeto.t90.concl10
F =1.873, num df = 9, denom df = 9, p-value = 0.3636
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:
0.4652246 7.5406532
sample estimates:
ratio of variances
1.872992

> t.test(chaeto.t90.conc5, chaeto.t90.concl10, var.equal = TRUE)
Two Sample t-test

data: chaeto.t90.conc5 and chaeto.t90.conc10
t = 2.657, df = 18, p-value = 0.01605
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
0.03934337 0.33665663
sample estimates:
mean of x mean of y
0.282 0.094

> mean(chaeto.t90.concl0)
[1] ©.094

> sd(chaeto.t90.conc10)
[1] ©.13201061

> mean(chaeto.t90.conch5)
[1] ©.282

> sd(chaeto.t90.conc10)
[1] ©.13201061
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