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Abstract
The monitoring of blooming and hydrocarbon quantities of algal oil producing
Botryococcus braunii Kiitzing and other algal species in some

water resources of northern areas

Tippawan Prasertsin and Yuwadee Peerapornpisal. Department of biology, Faculty of
science,Chiang Mai University.

Monitoring of Botryococcus braunii Kiitzing, and other phytoplankton blooming and
the water quality based on physical and chemical parameters were carried out in two reservoirs;
Mae Hia 2 and Mae Hia 3, in Mae Hia Agricutural Research Station and Training Center,
Amphoe Mueang, Chiang Mai Province throughout September 2008- August 2009, It was
found that B. braunii in Mae Hia 2 reservoir had higher growth than Mae Hia 3 reservoir.
There was significant seasonal change of B. braunii population in Mae Hia 2 reservoir. The
highest cell count was found in the rainy season throughout May - June. The positive
correlation was found between B. brqunii abundance and phosphate, conductivity, alkalinity, DO
and pH and negatively correlated to BOD, nitrate nitrogen and ammonia nitrogen.

The study on the diversity of B. braunii and other phytoplankton showed seven
divisions, 49 genera and 99 species in Mae Hia 2 reservoir and seven divisions, 51 genera and
90 species in Mae Hia 2 reservoir. The most diverse division was Chlorophyta followed by
Bacillariophyta, Cyanophyta, Euglenophyta, Chrysophyta, Pyrrhophyta and Cryptophyta,
respectively.

The water quality as assessed by some physical, chemical and biological parameters was
found to be clean to moderate and moderate water quality which equal to oligotrophic-
mesotrophic status and mesotrophic status.

Isolation of green microalgae Botryococcus braunii Kiitzing was performed from 2 water
resources in Mae Hia Agricutural Research Station and Training Center in 2 media: modified
Chu 13 medium and CA medium. It was found that CA medium was the best media for isolation.

B. braunii from water resource of Mae Hia 2 which grew faster than Mae Hia 3 was selected for



detailed study. Growth at room temperature was higher than 25 °C. The alga was grew better in
CA medium than modified Chu 13 medium. The effect of pH on growth of the alga was studied
using CA medium at the pH 7.2, 8.0 and 8.5 growth at pH 7.2 was higher than others. Cultivation

of B. braunii with CA medium pH 7.2 at room temperature contained hydrocarbon 21.48 %.
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Executive Summary
The monitoring of blooming and hydrocarbon quantities of algal oil producing
Botryococcus braunii Kiitzing and other algal species in some

water resources of northern areas

Microalgae are potential organism for biofuel production because they can accumulate
large amount of fatty acid or hydrocarbon in cell especially green algae: Botryococcus braunii. If
these algae can be cultivated for biofuel production, they will be an important economic
organism. However, we are lack some basic knowledge for strains isolated in Thailand, for
example, nutrient requirement and cultivation condition. Although some parameters can be
studied under laboratory condition, the study of water quality will provide an important basic data
for planning of cultivation condition and media selection.

From our previous investigation, we found two ponds in Amphur Muang Chiangmai in
which Botryococcus braunii Kiitzing was dominant species.Occasionally, the scum of this alga
was noticed in the first pond. In another pond in the same area with similar physical factor
Botryococcus braunii was not a dominant specie. This project is aimed to monitor the blooming
of these potential algac. The water quality based on physical, chemical and biological
parameters will also studied to identify growth related factors.These data will be used for
cultivation in laboratory and large scale cultivation industry in the future. Axenic culture will be
carried out. Cultivated condition in laboratory and analysis of hydrocarbon contents will also
be determined for each algae. The results will provide important basic data for planning of large
scale industrial cultivation in the future.

Isolation of green microalgae Botryococcus braunii Kiitzing was performed from 2 water
resources in Mae Hia Agricutural Research Station and Training Center in 2 media: modified
Chu 13 medium and CA medium. It was found that CA medium was the best media for isolation.
B. braunii from water resource of Mae Hia 2 which grew faster than Mae Hia 3 was selected for

detailed study. Growth at room temperature was higher than 25 °C. The alga was grew better in



CA medium than modified Chu 13 medium. The effect of pH on growth of the alga was studied
using CA medium at the pH 7.2, 8.0 and 8.5 growth at pH 7.2 was higher than others. Cultivation

of B. braunii with CA medium pH 7.2 at room temperature contained hydrocarbon 21.48 %.
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(1969) waz John er al. (2002) $aldeglunquamiredie:
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Division Chlorophyta

Class Chlorophyceae
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Genus Botryococcus
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mau‘fmﬁﬂuﬁa (Sawayama et al., 1995) ﬁﬂ‘%ﬁ(ﬁiﬁ’ﬂiﬂﬂﬁﬂﬂ 1aun Botryococcus braunii

Kiitzing, Botryococcus protuberans W. West & G.S. West Q% Botryococcus terribilis



o dda o 4 & o an
Komarek Tagenowugnienfnuiduinniiqafio B. braunii ¥eemnsaduunmuriiaves
laTasmsuouiingald 3 race (Mw 1) Ao
Race A Wa# C,;- C,;, n-alkadienes
Race B Wan C,,-C,;, botryococcenes (ta¥methyl squalenes
Race L Waa triterpenoid N30 lycopadiene
Metzger and Largeau (2005) noanupordumsadielalasmiveu uazdilann
t 4
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Hi = # X x
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Casadevall, 1991)

MINITNBVBIT NI B. braunii
[ ¥ " v b 4
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aavesiile LA Wolf et al. (1985)
iy nz@any Okada (1995)
1aniu sney Chiang et al. (2004)

Ay NIAAIN Dayananda et al. (2007)
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§mu annuilunsags Wy (2552)
wazmmsih fhgana
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¥o15 a-1hunang, thunae Asnarl (2546)

2099 thunan AIUAILAUNANY (25529), Pekkoh (2008)
aszuia thunang NINAILAUVONY (2552), Pekkoh (2008)
(WY31y3 thuna ATUAIURUNANY (25524)
tsgodsdus  thunaw Pekkoh (2008)

e unan Pekkoh (2008)
vEan A-1hunans Ariyadej (2004)
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soznmfuaanindy 14 $2luwazfuasediedeiilos wudyeiiliumodudoiies

amheisanmaniyiylagenhyafilfuaaiiugie uazdmaa Eps wanh Tauideidus

a3 20 Fu WM oRaa EPS 9y 5.3 gl dmiuyeiiifuaedisdonios dauge
Aduaaduseiidwigy 3.4 g1’ |

Zhang and Kojima (1998) Fmnmavesnnudunas luazwloudesududeviia

TnTail Taowaaoudosa i B. brauni e sdunsed modified Chu 13 sefuaNUdy

LY 4

14 v
uae 3 uaz 10 Aladnd wdsnminhmanaasslduas 10 Aladnd wudhlugailduas 3

9 =

3 * ] ¥ 1]
Aladnd TnTailSuduivinalvguazdnasdionariuly daulugeilduadlugedudu

A 9 oa

<3 Qo .3 4 ¥
10 Aladnd TaladiGuduiivinadnuas Ingiudonawingly

Kojima and Zhang (1999) ANHIHAYBIA NUUAIADNITIIS YUBIA M 1WUUTIATOY

¥
=

= & y o
Fosudy TaenAasudesaNIIo B. braunii race B 1u9IM158UA512H modified Chu 13
a - v [ 3 o o ar o
seduaMudues 3 uaz 10 Aladnd ndsnmiuihmsmaaesliuas 10 ladnd Tavhns
-4 [] [
uatiaas Taoldamsw 185 uuaa 5-100 % vesnunsuuaslunasanaans wusgai Ifues
a v 4 A £ ] o o~ = o =t
10 Aladnd uazienanssldamswiuuas 100 % awmswiimseig@ylagaga laoll

:‘ o d ' = o :‘ Y
dinwadints 7 kem’ unzamionanlalasasueugada 50 % venimingds

Yarles

fusgiisuiludermsionnwiia oo luameiinmegiuuy isu lugdnsaes
iTu Sandiud Hudu udamswdnlngl¥egluzivesaseiiunid 18un dama dalvv
unzdalrd (Famn, 2542)

msnageunaves ludalriviuasda lny domsiSyues B. braunii Tawidoaluems
#3124 modified Chu 13 Aandudu 2 11 pH 5.5 gamgidl 25 °C Audunae 25 mWiem’
anududuvesluda v hitinadenmsiniy iazFamARIAAT NS oxidation ves'lu
Fali galfifhuumdsvesdaedifomsiniey udludaiisaiiuRudonamududuiiu 1
mW/em’ Insaadreveslalasmiveufinaanin B. brauni lifinadfenlfounmasvesdamod
g IS udeasy lude iluemsfmsdsundaliidanudiufudoond

(Yang et al., 2004)
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anunAguaziedunieg filinaneganmwin
¥ ] [ d
Tastsn@ihlusssumasiidnyas iuandrsdueoen lil Tastiasivetueglninnn

H
S o W

[ s 3 @ o :’ 3 o 3 3 o
Yesmnaduvuiuurasiimvesniniu (Inesd, 2539) dniuguamimiednyasidiny
:' ] 4 :’ e ar : o
vouimlaeu Tumudldir Giasuazaae, 2533) msasredaguamiiilasnalul 3 me
b LY 4 ) 4
Azuiy Ao NINEAIN 1AH uazdINIw
o ﬂ 1 4 9 i t;ly o @ 1
amsaslvianemenmezilumsmiveyaiiesdu laglslszamdudanioueniu
v 9
mIRsen 1wy dnuazanyla nau so lumadenunanis 1na (nsuounis, 2537) dau
1 v I3
maduall iy amudlunsaais pH) YSinsesndnufiazaiotii (DO) Usumoandiounyg
auniddesmslumstesamearssunisiitluaisetunsd @ob) amativindh ananilu
] 1 o 1) L4 ~ A .
a9 Wludu wagmedmdnm sy Sina Tadesuuuaiite wismsthddiFiaoug iy
4 ¥
dusyiieSganmii (g, 2549)
as - 4 A o ya °y ¥ 1 a o
Hesenedrumenmitiunldfnsengunimii 18un qemgil (temperature) il
v
o ol o= =y ¥ o A - 1] A
anudnglumsanymsiinainoumanii iesninguugiiinadenssuiumdieg u
» v 9 ¥
unanimalwFinenin il uazFinn uenantidelinadonMurnuuuYe il HazMs
°y o -3 = Y 1 y
gawvosmquazufalnh e Agaungliqaiiy dsmmesndiouiiazarniiissanas uaz
b
gagilveananirdsdinansznudemsniayaula MsAUNUTUATNIINILIIEAIVDY
a e P o 1 1 ey oo Ag (- a o
Falid3a (Aoudng, 2538) lunAazuvaaihiguugiinvuegiuiiamagiimansuavggnio
a o Py o o dar
AWBITUIAR (TUNU, 2544) angiianuduRuifuauduvewas dight) Taonse &
§ F 4 v
Psinanruduvswaanndioumadesias i lninsinsuasundamdsnunaaiiy
Q o =y : 3 =y s J ar o’/’
wisnwdou dwavmiigangiitigeliu Glasuozaug, 2533) uaafuiuiiuiledody
‘3’ Ao w ar Y ¥ o A A ] 9/
wugwiddglunszuumsdunsigddlsuasvesamie lsnilshiinanennuiiuuag
fio ggMma (season) lavggnassiinai idnuazannadeun/douuasly luggiouss
=t [ 3 9 A. ] 1 o" ar 9 = o 9
fingausananaiu i lduashanasguuaninnn lumuassiudwggrudeshiimeniontd
< 9 J J v a Tt - o d
Winamaados uenaniimaug (rbidity Havinasuyuase hihwediumsetunis

L 4
¥y o~

A a ad i oa '3 A saa o J £
HIDTTBUNTUIFU AL DYNIAVOIAITVOLUA AIUFIAUANT UNNNADU FIBYUNAUITUI

2

° ' ' 2 & v 2 A a
Na“’liﬁllﬁﬂﬂﬂ\"‘”uaﬂiuu‘"aﬂu'\aﬁaﬂ (Wetzel, 2001) GBQ!lﬂﬁQﬁ'\N']ﬂu%zﬁﬂ]ﬁQuaz

U

3
Qo -

wisilsullmuggaialasiisrgegalugedunasdrlugnggiounazaguuin (uduiay
s, 2545)
y F 4 v
fisemaniififinadogauamitldud anudlunsadis e Humilduaasnim

[ 4 14
o Py - =K ' ] & 1 ]
uduveslalasouluii ihlusssumAezling pH aglugae 49 Fedmmnneglinnnanin 7
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& 3 at g o o o o v g &
iiesnnluihiilSinasesumn lumsveauazmfvemailussfilsznoungdio Fam
1 v ¥ v
pH $refimingaududaiidialuhiimegszndn 6-8 (Tunu, 2544) wensniinsueunily
¥ 9
@2534) s muanasminasgiuvesgunining Inalusuunih dr1pH veniniseg
L} -4 y é L] o ¥ ¥ 1
11924 6.5-8.5 Jufitionduiwudedosdl pH 13161091 5.6 Precott (1970) 1RANNYBINNAS
v 1 4 L A} ]
weniilu 2 dnyuzaanmyes pH Aeuvaniwey iuuvaniilia pH d1nd 7 uag
14 ¥ oy 14 .
unaaiingzdn Auunaniili pH 7198 a1 pH veuhliduniuguinssua1gues
o Aaa J v S w v A y A daa H Yo o '
Fa5iF3aluiit &1 pH veuhTosnit s wiewinndro Feliddaluinglasuduasie A1 pH
QF o ~y XY é L] v : Y
fnez ldsumsRosanaiugdumaanniluaig aikatinity)  Farinnundudeveaiiil
£ 3' P [y -~ - +. -~
mineds anuansavenineziullsaeunielalasnudosu () nieanumusnves
v 1 b4
iiiszaziiunsasu pH 1funars anuiludnsvenhmwsssusdiiaunglngquinn
penilsznouvesdeny 3 wiia fis leasen'lsd (OB) msuema (o™ lumsvena (HCOY)
o ar o 1 o o o 1 -y ¥ 3 Ai o 9 ~
@@oudng, 2538) anuuaniinnudifgdessvuinavemani dissnnimdhidiy
¥ ] v ¥
fiirefsrenrunuanuiiunsadisussmdshiinfoualatetrsmduasiifuanimh
Tiinmuiiuna1919figa (Goldman and Home, 1983) Taoia llszwumaniluais
» 1 i v
fanuaegluga9 10200 mgl" Gfumn, 2544) asfiazarweglnh Wuilefoiitinadequnm
¥ b d
W1 s wsantaaziuanuuIndesyeaaisivaiil ldniantsdadinisiiind
] > )
(Conductivity)  tiinssinmisTasinisti idduilunisfanuauisovessiisenld
[] 1 ¥
aszua M namudusmannsouaasdalsnadesunazatelutit (Greenberg ef al.,
' ° 4 o H ~ 4 v
1992) s Ithezinnniedestusunnududuiuavesarsifidssyhazaivegiy
v 14 . ¥
viazgungll (ns3dins, 2525) Anirdismsih IdfhgeuaachiidSuaasiazanirld
v YR ° :’ [] 9 = o r 1 : 1
azaseguin ulimani ifhveshliaunsovenlvinswdsriavesmsiogluvi udes
; A 4 V- @ o ; '
annsovenl@hiimafuiunioanatesdosufiazawagluiild ndnfe Srimat
A 3 o 3 °y P 13 v v 9 od v 3‘
MAuRvIuAnaashas luduiudy uadrinmaih Idfhasasnuaasiasluiaaas
¥ ] ¥
(Greenberg ef al., 1992) 2339 (2525) pannhluunaniisssusaniguamideiamsi
b
Megszni19150-300  psem’ SrfidimisilWfigend 300 ps.em’ waasumanim
i 4 ) o ] v
vafiy luunduhsssunanarisiiduminnnadenmiidiufiugufe IWansi i
3
garuiuudieg hifinstudloufian
4 : o & 'd Q Qo
Wunaeensoufiazmelunii (dissolved oxygen:D0) iHudniledonilenifinnuda
A4
4 ; v 32 s s - 4 a b
Feuonlimswiumduiniudianummnzaudemssissdiavesdsiizialuiwndes

¥ 9 k2 v
fedla d1iia1 Do luunaniniuwnuaasumraainiuianuming sy T un1IA15 I
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4 aan J y oa 4 & a s 4

yoedaiisin i (nsudaasuguamdunadow, 2543) Taena lulsendisuszazarwlunim
< ' o e % g § a ' LY are J

finsndounetissad 18animhniianie luadnah iggd, 2533) wennnuany

o] ol : 1 o =) e L=y ¥
Wuduvesesndinudusgiugungll aamduussemauazaududuvesdesudng lu

+
=%

1 4 (2 [ L d
1dnda0 (Wetzel, 2001) aﬁ'ﬂqmﬂgﬁﬁ1aam§muwazamﬂ1"&¢¥mn§u Tuvazgaungiigs

Q ¥4

Aada

¥ E 4

pendnuszaratsidiosas GVasuazawe, 2533) Taom ldunasih lusssumaniiguam
1 4 . [] . 1 Ed

11adindim DO a3z 5-7 met" uazd DO M 3 mel” wifluduasivdedaliFialu
(Tunn, 2544) negmsazawidiesasvessendnuiluaungdidgidianmuaansaly

{ o = A' : a, & 4
msnwzrendusslfuIgnivenimssumasnilszmsuils (megiiduaanz, 2539) Ysues
sendioudigauniddeanslunsdesamsmidunidlviiluarsefiunid (viochemical
oxygen demand: BOD) 1 BOD ifusinnudesmseendisuvesgdunianelflunsdes

k4 y
aawmsdunidififumseiunidluimisldmsdunidiiuemismelanziifionma
v b d »

(acrobic condition) (nFuBWTY, 2537) Tauialumauwashiinstudiouvesarsdunid
Qs d o ' P I a Al e
uundidefez1deendinulumsdesaarsasdunismaniu dnfusadinsdunidluinnn

2 - 2 o L2
Fumla eondieuluiifvegauuaitoldllinminiu s Bop  awnseléifunast
y o ¥ 1 4
nasguhruagummwimanzihhusiidnaseld fis §11 BoD winnd1 10 mgl” dom
¥y ¥ ¥ y ¥ y ¥
dnfudhainde uaznnnszswiggainlssnugaamassudmua i imeneudes
14 b4
aguithdnassdedia Bob Tifiu 20 mel” lunndnhssundaisiiai Bop hifiu 6
mg.l" (NsuOUIY, 2520)
& 9 34 o da - 3 4
Pna 813 (nutrients) Hozmoeghnhasiiuileioilinadessuuiinamaii
vy Tunmsdseaoululasou uaztFnareane’a Tasmsemisfiezndteudy
& o i = y \
usnfie msdsznevlulaseudsiianudifgdeszuviing dessnndludiuilszneuves
a o a At o 1 1 ) @ da 1 : '
mssunidnasiiafiinnudidgdennuiusgvesiivuasdaifegluduswiiy
LY - A Qs °y 4
pandlsznovvesTilsay lutiuineriiauazduq (nsueuidis, 2537) Tulasuluiii 4
a o
guuuufe TuTaseudunid (organic nitrogen) wouTanflaTuTastou (ammonia nitrogen) Tu
o o A v
@35 1u1A519% (nitrate  nitrogen) u'lasyt TuTasiou (nitrite  nitrogen) (udunaguing,
v
2545) n3UAUIY (2534) nandunaamnaguvesgan i Iaavessuun 133 Y5
. 1 4
Tumsniiny liaasiu 10 met” uadnirdi huasn luTasnuRoadndoouas hifi TuTaswuy
a ad - > ¥ da a4 et o w_ 1
suntuazuenTuiiome Safhnimiguama dlussnluTasnuduglifianudidyde
o ! : cy L o
anuanugsivewmani mazAmhuazamsweuah lussm I l$lunsainumsain

¥
Qr r ¥ o hord L A
o151 suiumstszneylulasioudde 1diuiluiledosia (limiting factor) BE19Mils
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vonnuauysaivesunani Gladnual, 2542) TaorlsnaluumanisssundrennlSina
TuasnTuTasiouhifiv 10 mgl’ Snnudutuvesumsmlulaswuunnt 20 mgl” 9g
ti‘lué’umwﬁiaﬁwiﬁymgﬂﬁ"muu (TUNU, 2544) URASAUZNIITUMSFUIAROUUN TS
2537) AmuaSana s luTeswuluundsiddu iy s mgl”" uenenmslszneu
TuTasiouuds weuluiiatulnseu mmsaazmtnfflﬁﬁuazﬁﬂ%zgmﬂ?{ami‘lu"lu'lmﬁ
Tulasouuaz Tuasn Tulasiouluiiqe ausnisunsdunadouusni 2537) fmua
UswaeyTudioTuTasioudmuald ity 0.5 mel” ed1elsamusinnuuey Tuis
TulaswusglusssumaluSumiidesndi 1 fiadnfudedas Ssd1uSmamoyluie
"luTmmu‘luﬁaqaﬂzsﬁﬂﬁyﬁuéaﬁ%ﬁﬁﬁmﬁaa@mﬁ (Goldman and Home, 1983)

vearle3a (phosphorus) 1lumsilszneuSnyianilsiiianudwouazsufiuets
mﬂ‘lunﬁwuaumsmsmuaﬁo’ﬁniuéaﬁfi‘f"mﬁmqﬁaﬁ‘ludauﬁnﬁmi’n’mﬁvﬂmﬂﬁuugﬂwﬁwm
dludauilsznenves DNA waz RNA Tudeisin (@aa1, 2542) wi‘lumqwumwmﬂmnm
it luszuuiing umuminmiwguuoguaumn"luﬁﬁmnmwﬂ'lﬁ'mi‘lui‘]wﬂmnma
Saswanaan1aFanm Wemaliihii 3 wiinde 807 IsocinanSo soluble  reactive
phosphorus In@neaa uazWeamadunidnSonouausremma ﬂamﬂﬂmmummgiu
;ﬂawmﬂumsaeg'lugﬂmmwwmﬂm wazdunlziuluumdaisss i ldnarena
W hRseneimsthudon mulwfgmaam%'mmémwgﬂ‘lugﬂ polyphosphate 1445214
tisihinfimsdunemaietesiunsanaznouves CaCO, (g3, 2541) lumaunyas
tinidiesmonveamalugivesesi Tsnomma o smandydulavesiy doruanagn
WemraduAufezgnazdriasgunaniti derfinamearesalitnnsei ieh
uazmm’mm?tynﬁniﬁ'lﬁ'atiNi'mﬁaﬂﬂﬂquﬁn{m?mﬁﬂﬂimgmsafgimﬂmif'u
(eutrophication) #11oBndauazawasldioslssnoudumsuseldeondmuvedeiissa
smzmﬂ%’aaﬂe‘imu“lumidaaamaéeﬁ%i‘mﬁﬂwmﬁﬂﬁ'&ﬁﬂmawmaanc‘“mu“luuwdu%
uaznﬁﬂﬂmﬁnﬁwmt‘fﬂuﬁ'qﬂ 5w ITuSUY0S soluble  reactive phosphorus
(orthophosphate) #1859 0.005 mgl’ ﬂm11mmmm’lmﬂﬁgimﬂmwﬁ' uaz laoysndAunas
ﬁ‘mwaa%mﬁmuﬁ 0.05-0.1 mgl ﬂsamnmmm’ni‘lmmaaﬁ*mmammﬂaaimﬂm
Fu'lR GuFuuazsiuing | 2545)

aaelsHad 1o (chlorophyll  a) uNWaInABUNY nnyiaiinaslsWad 0 13y
dmdsznoy lumsfamdmnaelsiad 1o RannsamnnuduiusuealSuaunasinou

2 a S . 9/ d A a = o =t <5
Wy luFveaaadinm (standing crop) 14 unmasnmeuRyusriiaiinaslsiag 1 wagy
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a o a ot ~ @
Jlusenisznsasy Ysumnaaslsnad 1o szulsiumsdaaninuiadouuaziledy
¥ : z ' — T ey _at )
Meduasents luunaainiue uamslsziiun1uIngININ (biomass) 91n3TMIUsziiu
' o Y vy Ve A - A )
ananlsdad o sz lvna lunsouiudnin TunsdindmigadonuniiBounnlnssaineg
. q¥a A 4 : o
urIuveInanlsAaa uazirldine pheaophytin Fagaduuasldinnueadudeiy
o 1 o de 9 g A 3 o i v
aasls¥aa (e uanansnseRaansaazne Iddunastaeuis luvazudideegluss
gANaYIel mﬂimmﬂaﬂiiﬁaa ) umﬂw'mmﬂmﬂumza1qua~1ﬂiqﬂﬁ1wmﬂqu
unasdaoufiatanaa ﬂf,utm*ummmmnnmmmuwmﬂmuwmwmﬂmmqmﬂwnum
afunur, 2544) naelsWad o vﬂu3aﬁ%ﬁq‘luﬁ%ﬁumsﬁamswﬁuaa daulusyma
o 3 o - o 1A 4 VR
ﬂﬂaaaﬂﬂmms'm'nmwaaﬂﬂﬂuwmmzﬁmmmﬂuﬁnz'lmmaaisﬁaa 10 g 3IUANY
P g} ﬂ s = ) 4{ 9) 3 : U o a
iz aunezldidudunudsziliunisnaaiiissauusaunasd ao19 lsnanlTun
~ 4 13‘ O
anslsWad (o luwadusunassaeufissziinsdoumlaslithdufvalldduos
anuaden (aula, 2532) YSimaaeslsilad e finuluunwasnaeuisiiylsuis 0.5-1.5
: s v s s P E '4 g 2 o 3 =<
mgl' vl minuNg uawui‘luiQﬂmqunu1ﬂ'nqa“luwammuwmﬂmumf A9liuT

uﬂni‘ﬁﬂﬁﬂiiﬁﬁﬁ 113] uﬂumaﬂmmimmzﬂwmummaaNammuﬂmm (ﬂﬂﬁ] 2542)

miWamaihdyihisquamh

Tuszusiinamaia mm’mﬂuéqﬁ%ﬁﬂﬁﬁmmﬂLﬁﬂuﬁiﬁmmﬁwﬁ'fgmmf‘immm{lu
gwaﬂmmﬂu“luswuunﬂwmﬂm“lw'.;ﬂ«nmmﬁ Taouewnsdmiudiosuveaual gn
fa amJamuni“mﬂam‘lmﬁnmaﬁa uanmnunwwn'mamm‘lum'sLﬂaauuﬂmwmam
ummﬁluwawmmuiuﬂgﬂsmmmﬂwwum ”lﬂwawamfluaaﬂmw"lﬂnumummium
Hanua mﬂ%’mwiwmwmmmﬁanﬂmmwmuummmm"lﬁamamm"au iflosnin
amhosasviaansansyluanmadouiiimnuandeiu N‘Imﬂumummmwm
1840 (qaﬁ 2548; Hegewald 1978) umsﬂmmummamnmammmmmsn‘ummsh
mnswanmmwuwqmm1nwansv‘nnmﬂmuwummammﬂmgyﬂ (Whitton et~ aL,
1991) ﬂ'sﬂmmmnms“larmmw‘lumﬁﬂsumuammwumwmawtmm i’mnnﬂmmwm
madmonm wasnfiszilvnslssivauysaiuas Indfsananniiugis (Almeida e al,

1999 8131w iiesn, 2549)
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mSuiifevesumsd1sae B, braunii Kiitzing

a3 B, braunii wilda Wik lu v hnsen uasiudy Felusraitund uas
3211 vadn (Metzger et al., 1988) amseyfiananui Tamhuiusiadeady Taowy
e lutszmaanigonm (ol er al, 1985) uazdannhulszmalusena Tuade
Wi ume 11eileloaes Tusenln Rattlud Inounsdudeld (Metzger et al., 1988) Haumashi
wua*m'5'1ﬂﬂfﬁﬂf‘:ﬁwi‘mmuﬂﬂdNﬁm‘?ﬂuﬁmaﬂnzmmm;ﬁzqmﬂgﬁ 351359484 B.
braunii %ua:_jﬁmzﬁumsmﬂ15TﬂammzﬂamﬂmIﬂuﬁ’nj?umﬂamﬂmqw‘iﬂﬁwumw%w
AT uazwuhemswsiiationnsoniy18ad pi 7.5 uazfinnududig Wake
and Hillen, 1979) mﬂmﬁﬁnmmm?tyﬁlmmws'wafﬁ‘ﬂf‘:’luﬂszmﬂﬂeﬂmsﬁﬂwuimmngﬁ
fimnzausonsnsgyvesamesiiaife 23°C uagamnsowey I8 Tigungigede 33 °c
(Qin, 2005) uf)ﬂmﬂﬁyﬁawuﬂmm's'msﬁﬂi{mmsnm?iy"lﬁ'ﬁluqmmwﬁlnjmﬂmwuﬁa
Aoutnalud wu?fﬂummauéuuaz‘luww%’au (Komarek and Marvan, 1992) 143l 2004 Chiang
et al. WIMSANININTYY0E1959A5 219090 M50 B. braunii lunzaau Liyu veeszms
'lﬁﬂ’?u‘W‘UﬁTHf’lﬂﬂfﬁﬂﬁwgﬂﬂé‘ﬁ‘luﬂmﬂ1‘w1§1ﬁﬁﬂ1i61‘"15’513 uazlull 2004 Ariyadej er
al. 18msAnmsiSaetesniwesamee B. braui Tusrafiuinnsars Samsavear
veatlszmaIne wuduiledSinaarsems smstiindh sazamMuiludrageiiing
msm?ﬂgatimmfs‘wmmﬁs'wﬁfﬁﬂf‘:qamu'lﬂﬁw asu1ul 2008 Papa er al. sm13fnm
M55 QYRL 1N INEBIAMI0 B. braunii s138efimsAnTefomenonsuazmauniives
i3 audan iy Sannuinftuasdosis qmﬂgﬁﬁg pH uaglfinueendisuiiazaroti
NN Paoay vealszmaNAUTud FmsAnuianue 4 dudIBe1e Tasimsdny
g@nzdzﬁaquymﬂnﬁnﬁauﬁuuwu‘ﬂ f1.¢1. 2006 smzwnmm?tymmﬁms'mﬂfﬁﬂf:ﬁmm
uandeiulundazidon TaodounqumauiinmmmuunivvesInlaiidodnsesiiqauazlu
WounsaginufinrmniuvenSinalalatldeaasnniiqa uasfmuiudeRansndy
ob1sndwosrmiwailadl dewaldifing unasroudafiisiaanasdas ueniiniiss
wuinﬁamw§1U$ﬁﬁ1{s%§fgu1ﬂqfhwa‘lﬁ'ﬂ‘s‘nmaan%wuﬁazam’luﬁ"mﬁmﬁau anvae
mmﬂm5'msﬁm‘iﬁaﬁmsw?igaﬂuv’lwznmnﬁuLi‘lu?fﬂﬁuuazaﬂaifuﬂﬂﬂquﬁmﬁwﬁﬁ i
umdmmtjﬁuﬁau‘fﬂﬂ”ﬂavm (Metzger et al., 1988; Qin, 2005) T3l 2552 fiugy immsdnw
mummnﬂawuazmsnszmaﬁﬂuuuaﬁ'wmammﬁwauﬁﬁmmﬁnﬁuﬁ'ﬁ'uqmmmfﬂu
srafuiumiesdiudnlud wniad gy ﬁ"‘auﬁaﬁaunsngmn 2551-UgUIBY 2552 WU

3 .. a ey 1 - 4 ] e’ dlyd @ = A o
MW B. braunii mnglﬂmmmﬂu“lumauﬂsn;]mu 2551 FINUNVUIUUINYUSNIRNYADL



18

[y
manuiunsagaazamsihidihigunn uennnlidelinenuiavsie B. braunii iy
1 =Y A A o Y - v e a 4 3
mmw‘nuﬂﬂummmmuwui‘luwmam111amﬂﬂiﬂummuﬁawam"laimmsuau"lﬂ
[ - o 1 ¥ = ;dq v o
(Ranga Rao et al., 2007) uape1e lsHmuAlsnuams wriaiiinydsdawazunaen
o d = 1 o t < .
ABUTAAILUNYUA TTUINNITVTYBUNTIAUID (blooming) (Chiang et al., 2004; Wu et al.,
2006)



U 3

J (Y]
gunsaiuaz T3y

1. gunsnt

1.1 gunssitiudisdiamnauy
111 vinTndiosmuiudiosaiina 500 aas
1.1.2 978 DO
1.1.3 479 BOD
1.1.4 I %1 YUIA 100 UaddAT
1.1.5 maroumastaeuiandd 10 lulnsaas
1.1.6 §ati 11 10 s

12 gnssfmszqunmhmanenmuasadnnmn
1.2.1 m?mmufnﬂmmwfmmamn
12.2 e Tufimed s v Sagungfivh iazern e

o = ¢ (& o 4 :’ {J
123 mantinerginseif I lums s diSinueendoufiozae 18un

uuamiadama (manganese sulphate)

'ﬂwnmvlﬁﬁ 1oTo’la m"lméf (alkaline iodide azide)

]

AIAYaN3A (sulfuric acid)

9
vt

Ton@oa'ls Todfamia (sodium thiosulphate) 0.025 N wiouaga lawsn
1.2.4 1389 multimeter Ju 340/SET 158 WTW dwmiuia simsiir i uazen p
1.3 gunsalludesfiians
1.3.1 yagalnssiinsziansems |
- spectrophotometer S:uDR 2010 ¥99U58N Hach
- mantidmiuaiandadSnelunsn lulasiou venTudioluTasou uag
soluble reactive phosphorus (SRP)

o o ¥ '
132 yaginssiinsizdmamnuiiuae
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3 (X< ) o
- a1sniinld 18un Wuenndu (phenophthalene) WTA08315U (methy! orange)
uaznsaday3a (sulfuric acid) 0.025 N
Y o t 4
- galamsn 18un Tusa vaagilsuy nnes uaznszuena
A A e d 1 1
13.3 1950310NT1ZHAINNINYY
- spectrophotometer S; UDR 2010 ¥93UTHN Hach
- f917% YUIA 25 dadans
) 4 o
13.4 yaginseiamsizininae 1sWad o gilnsal

= 4
195oLeaNsann 90 %

water bath

¥

automatic micropipette

NIZAHNIBY (GF/C)

nszawogilition

Tnsauam
- spectrophotometer UV-160A

o ¥ " [ - A
1.3.5 ﬁZﬂQﬂﬂimﬁﬂH'lﬁ’lﬂﬁ']ﬂ B. braunii HAZUNAINADUNYOUS

]

9 ¢ a8 )
ﬂﬂﬂﬂﬂﬁﬂiiﬁuﬁuﬂﬂ"ﬂﬂ"fwllﬂ

+

¢ o 4
ndesgansseniytiaaudilszney

a'las uaznszanlaalas

1 4

11e1gnea

13.6 yagUnsainz@sIa I B. Braunii

- wratee3 tila (pasture pipette)

- o'ladnqu

- 920/ 19 A 10 mi

- Sudirmsendeunaeaifimigosis maud

- ﬁi’l’ﬂﬁi 810 (autoclave)

- qﬂmﬂfuazsﬂ?mﬁa“ﬁumsmm‘ﬁyﬂemws'w

- 93a31suvnIa 250 ml

- Lﬂ?mﬂ ulaTasn Tmﬁmﬂ%{ (spectrophotometer) ?'lﬁl'ﬂ Thermo Spectronic iu G-20
1.37 gunselitldadauazdineiquamlelasmiven

- 9729 universal bottle
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- HODA centrifuge YHIA 50 mi
- §usuda -80 °C &0 SANYO 34 MDF-392
- IATBINYUINTILA (centrifuge) TD SANYO 1 HARRIER 18/30
- 11589321 1UAU 18 (rotary evaporator)
- 195833 ¥AT101005 (freeze dryer)
A =y o .
- 1n5094 TanlinAo3 (sonicator)

9/ Qs
- AAANIU

a4 &
2. aIMiTlasNYe
- Modified Chu 13 (AANUIN N)

- CA medium (NARUIN N)

3. Ml

- hexane

4. MINUAILBENS

namsdssuiRimasAndmus srafui 2 s1idon fecrutu ey
2 (MH 2) uaz srafuniunidios 3 (M 3) a;j'lueimﬁuﬁwm?nmﬁn1ﬁ3§’ﬂuazqutﬁﬂamn
MEnEAs itdez Saniadeaint Taslundazerufudiedie 3 ga Taoudazymiudeds
udetudnaslnndnh 30 mwudnns ﬁiwaz(ﬁammudasQmﬁnﬁaaénﬁaﬁ

qmﬁuﬁ’aadnﬁ 1-3 urafminiiies 2 (MH2) Auausifios suneisd 99uia
Foalmi yaifiail 18°45 457" N 98”56 502" E (aw 2) fiamugennssdusimeimlszana:
300 was fusrufuiwnadn Tovuuazaundondeuseusinlaveziinislailosarh
Au'lflszd v‘iflﬁi{m?nm’fmiem’fmjumznauﬁu uaziinsnigetsiasvesmnie
B. braunii v3rataisluggdou (rm 3)

qmﬁué‘fmsha?;‘m Tusrufmiunidias 3 (MH3) druaminies sunaiiies savda
Foalnai yaRdiafi 18°45' 448" N 98°56 359°E fiamuganinszdmimeimlszanas 300 was
sﬂufimﬁuﬂywumLﬁﬂﬂﬂ‘lﬂé’ﬁvémﬁmfmﬂsﬁUz 2 Tivaouuduideaiu ihle Tassuile

Unaquassduliuazndghgalasmmznieh (1w 4)
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1 3 oy ] X '
mn 2 Srafmiuifios 2 anii3tounzguilneusunsinyas wiiey
[ o [] 4 o 1
daniaFoalni uaaagaNuAI0e1 3 90
¥
n. S nnitios 2

Y ' -] °y v g o v :‘
. mwnihdavessaunuinnities 2 uaAIgAINUAIBEINT 3 90

<2

3

b d v
. yaudedinigan 1

Y ' : {
. AN uAIDE 1A 2

o

L d v
1. yaudedaninah 3
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a ¥ < ' v =] : ]
HMN3 NTTYDINIIALIIVOIANIY B. braunii ‘1ua1~11numumﬁﬂz 2

5. Amngunmimemuswsazafiialsems qafudaedhy Wail

3.1 Saqungiveniunzerne Taoldimed lufime?

3.2 Sammstih Inith Taold multimeter {1 340/SET 135 wrw

3.3 3 pH vouth 10019 multimeter U 340i/SET 154N WTW

3.4 JalSinaeendiouitazawlinh (dissolved oxygen: DO) #1325 iodometric 4111
azide modification method (Greenberg et al., 1992) (NMAKWIN 1)

3.5 nﬁ‘uﬁ’m61413’1sﬁe"?uﬂiwﬁqmmmfﬂuﬁmﬂﬁﬁﬁms Taoftudetaihluusas
yaiitudedinlszana 500 Sadans ldvia Indensay o Vigumgiivssane 5-10 sam

I
oy

6. Imnzviguaminludenlfifns &l

4.1 Jannuilua 10118»!1?1 Tavl¥ phenolphthalein methyl orange indicator method
(Greenberg et al., 1992) (MANUIN )

42 Salfinmeendnuiigdunidaesms ¥ lunmseesaawassunidlidumsod
unse (biochemical Oxygen demand: BOD) @135 iodometric 1411 azide modification method
(Greenberg et al., 1992) (MANWIN )

43 i’ﬂﬁmﬂmjmnmtfﬂno‘li’f' spectrophotometer 31 DR 2010 ¥89135N Hach

44 FalfinamrsemisTaoldiniesile gunsel uazmsiafianizdu
spectrophotometer {1 DR 2010 ¥94U35" Hach HeduiiuIinsan Greenberg ef al. (1992) 1}

a o &
JWATIPYAAIY (MAKUIN )
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- TuwmsnluTaseu 10675 cadmium reduction

A 4 rafiniuniifies 3 amiidouazgquirneusumsinyas i
Toniadoalni uaasyaiiudiedie 3 ga
A, Srfuniuaidios 3
v. mmmhdavessrafiniuniies 3 uﬁﬂwmﬁuﬁmdwfw 399
a. yaiftudethaigadi 4

3 o 1 :' o
. ANUAIBYNUIIPAN 5

Lo

2

b4 v
. yainudednigaii 6
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- uon Tantion TluTasiou 1ae33 nesslerization
- Soluble reactive phosphorus 1A87% ascorbic acid
'Y a 4 [ ac
45 Jalsumaaelsvad e Tavanadoesiuea MuIsues ISO 10260 (1975)
danlaslas grfuazninasel (2538) uazasanialaslfinies spectrophotometer UV-160A

(MAKNUIN N)

7. madsziiugamwii

sA o

v
msdsziiuguamih lagAnnnmsitimes Nd Mgy Ae A1 DO A1 BOD Ammsii Wi
YTnaasems 3 wila Ao lwasnlulasiou wenTwdleluTasiau Soluble  reactive
e v ) o
phosphorus tazAae lsWad @ Tasld AARL-PC score #11l58gn@1nenn Wetzel (2001) waz
Lorraine and Vollenweider (1981) Tnsvesljiianisamsinlszynd maindiine ane
v
Inomnans unInodusoalna (Peerapornpisal et al., 2003) wsziuauninig uay
v v
Uszdivquamibmuanasguihidauvestszmainelaslfnasgiuninamznssunis

z?mnﬂﬁ'amzﬁwﬁ (2537) (MANUIN V)

o ' . ¢ S
8. MIANYIIY B. braunii KAZUNINABUNYYEABYY
< v 7 v oy . &
8.1 NV B. braunii UAZUNAINADUNTYHADUY) TAINTONIIWIUAMINIBUNASR

aouiifinamd 10 Tulaswas Ausnainh duumasiaeufisiinsedldldundsn uaasn
ﬁ'wﬁ’wmﬂaaﬂszmm 0.7 findansdedaetiai 100 faddas WelFlumsineiosiia Tay
1misde uazionmsfiferdosldun Presscott (1970), Huber-Pestalozzi (1983), Croasdale ef
al. (1994), Komérek and Anagnostidis (1999), John e al.(2002) tiludu

8.2 ANYY B. braunii unzuwassaouRywiiaoug TaoAnynISunae s e B, braunii
swdsinnriiaazdSinavesnastaouisriaouludeduifiulude 8.1 §rundes
yanssenixiiaaudilszney Tasmsifudnnunenua (whole count) MnilSanaiiets 0.02

Y v
uaaans M1 3 41 urusiuiulalatideiil 1 aas

9. MUANEHIY
o o ' Gw I U act
idredrahwuenmniz Inlallvesa 3o Boryococcus  braunii 42933
. ; ; o 4 < {
micromanipulative Tag1dmimvesdilaifalarsauiivinadn gaor Ialafideansidndes

¢ ¢ s dd o & 2.
yanssminvuaudlszneu A lalafidroihnduniaindoudmaie asslasldmianesdl
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¥ N
1w (Stein, 1973) Bintiumsasluviadidrvuia 10 ml MU3535991115 2 ¥ila A modified Chu
13 (Largeau et al., 1980) pH 6.7 uag CA (Watanabe et al., 2000) pH 7.2 UTu195 2 ml ¥ilaag
¥ ¥ ¥
50 vaadeuvanit i hhivvusumeidos gungi 25 °c Wummaeanat et 2 ey
@ o 4‘:: - Q d{ Y o =y o 1 A e 9
unmmumawnmmszy ‘n'lﬂ'lﬁlwﬂlﬁfﬂiﬁ‘ljiq‘nﬁiﬂﬂﬂ'ﬁ streak plate mmmmmﬂiiyum

awasluviaemisman

s »
9.1 MINILVOAINUA NI B. braunii
<1 df n’: £y ' . P o v a
ISEFOANAUT M8 TUBIMIT CA medium (CA) Y51195 100 ml v TihinTigamgd
25 °C dinun 120 seuwand Wuaseasanat dhunal 14 4 drwamsivaslunaras
v ¥
Y11A 250 ml 89198801115 CA WilitSnas 200 ml @esluaninzdy fural 30 Su e

9 ]
TSduiusesudu

=5 e 41: ¥ o5 ¥
9.2 nsanuiledeunatszmisiitinademsiIguesame
9.2.1 HavBIgUNRL
o Y ' 2 ‘ o a
MNP0 B, braunii Fauen ldvnerafviusiifios 2 uazinsoyld
7 3 ¥y 9
smdafigailiensndisems ca Taoldoms ca Ysunms 200 mi 19idedsdu 10 % v
o v 4 = S @ [ 4 = ' A <
iThhiungamgii 25 °c nsufeufumstivfigamgiives wéfinwda 120 seunndt 18
¥
nasansana Hudiedielaeitasaie haq 3 Ju Annnswiyiviavesamswlasia
1 ) »
AU (OD) NANNE1INTY 680 nm nnhuTasaduiwesansielaonissiuln
(MARWIN ¥) AMwoaINseIgdume uazasamifnalelasmsueudiomms ey
L‘l‘hq'iz & early stationary phase
b d } 4 v i d
9.2.2 NAYBIDMSREUTRIMINT AUFMTUMTINSIIBIA NG 10 B, braunii
b d 1]
MASIWIALIA NI B. braunii 148115 modified Chu 13 #1i} pH 6.7 nfSouifioy
@ et ¢ A ad A4 que a Y} )
AUBIMI CA Vi pH 7.2 Uniigaingiitvineauniye Iddasimsniggeganinde 9.2.1 e
o q ] 9 g o ¥ sy Ay ar
hamnss 120 sewani Wuasaneana iudetisTasitilasaie yoq 5 Su Anwinis
] ) b
w3y Tnvesmmiie Tngiannaugu (OD) innue1IAAU680 nm wihminraduves
dmswlaemssnam ManuIn v)  fuladanmseiyiiune uazadamdSuia
‘laiﬁsm{uaunﬁﬂmw%wnﬁtyﬁhzjizﬂz early stationary phase

9.2.3 HAYDIANNIEIUATA-AT
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S INZIAO9TNI10 B. braunii WeW15 CA 1511@3 200 ml 11l pH UANANY 1D
72,80, az8.5 1ideaadu 10 % viv ﬂn*‘v’iqmﬂqﬁﬁmn13ﬁuﬁz%fﬂiﬁ'é'ﬂﬂmm?agqqqainﬂ
$09.2.1 wiiinuda 120 sevANT Wuaeaasanm udethelaeituasade yaq 5 fu
AnwnseTaiiu TavesamsoTasSamanusju (OD) finnuenindu 680 nm ¥imin
aduiavesmniwlasmsfiiuie (MANUIN ¥) MUINBAIMINTYS U uazaian

Ysnalalasmivewiioamsonigdigszos early stationary phase

9.3 myana lslasmsveuna g B. braunii (Aau1)asnin oAIA, 2547; Dayananda
et al., 2005)
ﬁwmm'mﬁﬁmm?tﬂmhq early stationary phase wsEmoieendloniog rotary
evaporator L1aZ R IRIBIAG S freeze dryer Fuimiinamouazihamountad 1dnasa
lalasmiveudivmsazaoenmniiuna s 1AidIon3es sonicator Tasldaaud 10 kiz
anvhniThl centrifuge ANI1133 6000 rpm (T 10 11 111 supernatant Tulszmeludee
afusumsarmeenaszmenua 1 hleuudsiigungd 55 ° suhwiianed thmindt 14

3 Y J g
Li‘lumﬁun'laimmimummm

10.  IANTHMANUTUNUTITHINEMINY B, braunii LAZUNEINABUNY S HABUNY
AUMMNMIMUMBNIN AN Haz¥IMNUYszms
b4
MINSANYISINUYOIAN MY B. braunii 1aZAUMWITININIEAIN (AT LASFININ
1 o :‘ = Ao vt o Y- | ')
1atlsgms lusduihuSnaaniiidouazquidnousumsinuas wides Simiadoeln
Tae1493% Randomize complete block design /a2 Complete randomize design HIAUUANA
p gn p gn
y i & @
YBIAUNAUAY Turkey (HSD) comparison of mean 728 11)511n31 SPSS 10U 13
o o J o 1 :’ v =]
AnnnudunussenielSinuamsie B. braunii wazganmihluuaazgany
Y 1 A o e, g
#10019305191 1A81935 Principal Components Analysis (PCA) Tag1411lsunsy MVSP a5

@ o A = o
U 3.1 uaZaANTUNUS (correlation) A28 11l51NT1 SPSS 1105%U13

11. asninldlumsdniumsiseuazsiusdeya
' =1 c’ L) a e 1 3 v o ]
11.1 srdmhuinuamiidteuasineusumsinuas wities s iadoaln
a wea a o U (4 a A a a
112 Woalliianisiseansrwlszynd n1adndiine auzinormand

UMINaNFI Iy
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12. sz lUMsANHNOY
E d ¥
Wudiedmazgunmindouas 2 a1 szunuReuiunioy 2551 — G 2552

4
591 25 A59



uni 4

a
Han13lad

7= o v (4 @
FINATARMIUATITABUNITIVTYVDINTINIY B. braunii !Lﬁ%llﬂﬁﬂﬂﬁﬂﬂﬁ‘lﬁ‘ﬂ’ﬂﬂiu

e o Qs

1 4
grumuhvsnuanilsuazquidneusumsyas wifise faniaeeln soufy
=S

¥
msAngganmimedmmenw il uasFanmvualszmsseniaou fugiou 2551

oy = (Y d’.‘
famaw 2552 snguamsninuiasil

v .e d a o
1. MW B. braunii wazuyasnaeunsn bl

1.1 W3nse e B. braunii

LML WA I B, braumii wuih luudazyaifiudledianazggmaiinnm

N o 3 [~ : b et a2 g ' .. ° P
uANANAY (p< 0.05) Tasorununinaiiiey 2 WUTUAMIY B, braunii A1GA 7B 300
colony.I" fiyafiudIed1s 1 uaz 3 vesggiuludeudueiou 2552 uazlSinaamso B,
braunii QEARD 40,500 colony.1' igaufiud1t1e 2 vesngru hudsunguMAl 2552 uazens
¥ ]
@uvhuiidios 3 TwuySune B. braunii NyARURIB619 4 vesggrumlu@eungainiou
{ g v =]
2551 Az UNIIAN 2552 NyARURIBE1e 5 ¥BIganuludeuuNIIAN 2552 HasyANY
F10679 6 vosggrunluAsugaInu wASNIEY 2551 waz unT IR 2552 uazllTumamey
4 4 v

B. braunii §4%@afin 2,700 colony.’ fyaiudlsdie 5 vesggnu hudeuuniiny 2552
(AN 5, NANUIN A)

1.2 madtefuaziaduununanaeunNrNIMIn

U . o A A v o °y =1

NMITANYIAINIIY B, braunii LASUNAINABUNTDUYBID VN VHNUIRES 2
ST UERURUNEY 2551 B9 AINIAY 2552 WUTIHIIE B. braunii HATUNAPABURYDUS
> aa e A o A o A o ' '
NINUA 7 AITU 49 3 99 aFHS (13193 UATAIN 6)  (IBIAULIAINAGUYDL Bold and

any aso A [4 4 1 ..

Wynne (1978) 18 7 &34y AFufinuaildduinfiqaldun Division Chlorophyta 52 % 3930331
fieDivision Bacillariophyta 16% Division Cyanophyta 14% Division Euglenophyta 11%
Division Chrysophyta 4% Division Pyrrhophyta 2% uag Division Cryptophyta 1% RGBT

(AW 7) HASWUNEMIIG B. braunii Tizvzmaesguand iy luginmang (nw 8)
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(9-7 BLBGLYIUILE) € ZRUINTILAMUINGRLN (€1 PLAGLYIUILY) T ZRUIHLILUINLGN] Buzy sunpiq sna0000d40g TBLIE(L S ML
[ 3

npubl eLnubl npbl
a negbl Moty M

!
we

| _ 4 i S I

g Wy ey IR WM TeM Ze'm A W IEE WU WY g Ut JER T 16T ZAM IAM we e wmu 18y

»

(Lrnegey) rmunvig g mungf
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NANSANIA NS B. braunii uazuwmﬁmauﬁ%ﬁuqmmémﬁmféymmﬁﬂz 3 (MH
3) sTMNUABURULIOY 2551 B9 AIMIAY 2552 WU N3G B. braunii UAZLWASAABUATOU
Wavun 7 @35 51 90 90 aTEF (s1e 3 waznm 9) iosantanunguves Bold and
Wynne (1978) 187 ﬁ%s?u ﬁ%i?uﬁwuaﬂ%ﬁmnﬁqaﬁa Division Chlorophyta 50% 5890431718
Division Bacillariophyta 18% Division Cyanophyta 15% Division Euglenophyta 11% Division
Chrysophyta 3% Division Pyrrhophyta 2% 18 Division Cryptophyté 1% AR (NN 10)

=Y 2 d v 3 °y v ' o : 1
m‘m3‘ﬁumsazﬂsumvumuwmnmﬂu‘ﬁﬁumamuummﬁﬂz 2 uazmqmnummﬁﬂz 3

secqiaRnuley  ***yiainuthunan  **siannuiies *xianwutlosun

inasinewviin withez 2 waiiee 3
Division Cyanophyta

Anabaena sp. * **
Chroococcus sp. ** -
Cylindrospermopsis phillipinensis (Taylor) Komarek ** *x
Seenayya & Subba et Raju

Cylindrospermopsis sp. * %
Coelomoron pusillum (Van Goor) Komarek ** *x
Merismopedia punctata Komarek * **
Merismopedia sp ** *
Microcystis aeruginosa Kiitzing R *k
Microcystis sp. wok *ok
Oscillatoria sp. * *%
Planktolyngbya sp.1 *k *
Planktolyngbya sp.2 * **
Pseudanabaena mucicola Naumann&Huber-Pestalozzi ** *hk
Pseudanabaena sp. - ok
Spirulina sp. ) * -

Division Chlorophyta

Actinastrum hantzchii Lagerh * -
Actinastrum sp. * -
Ankistrodesmus  sp. ** *x

Botryococcus braunii Kiitzing rRE b
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AIN 3 (aB)

unaadaeuRy vy wires 2 e 3
Chlorella sp. * *
Closterium pavulum Nageli var. cornutum (Playfair) Krieger * -
Closterium cf. praelongum var. brevius (Nordstedt) Krieger ** -
Closterium . - *
Coelastrum microsporum Nageli Braun - *
Coelastrum reticulatum (Dangeard) Sen * -
Coenocystis sp. * o
Cosmarium askeasyi Schmidle ** *
Cosmarium klebsii Guiwinski - *
Cosmarium monilifoeme (Turpin) Ralfs * *
Cosmarium granatum Brébisson ex Ralfs * i
Cosmarium sp.2 ** *
Crucigenia irregularis Wille * *
Dictyosphaerium tetrachotomum Printz - *
Dictyosphaerium sp. ** **
Elakatothix viridis sensu Skuja * *
Golenkinia sp. * -
Kirchneriella Iunaris (Kirchner) Mobius * *
Micrasterias sp. * -
Monoraphidium contortum (Thuret) Komirkova-Legnerova * -
Monoraphidium tortile (West et West) Komirkové-Legnerova Rt -
Monoraphidium sp. ** *x
Mougeotia sp. ** i
Qocystis sp. * *hx
Pandorina morum (MOller) Bory de Saint_Vincent * *
Pandorina sp. * -
Pediastrum biradiatum var. longecornutum Gutwinski ¥ *
Pediastrum duplex var. gracillimum West * -
Pediastrum obtusum Lucks ** *
Pediastrum ovatum (Ehrenberg) A. Braun - *
Pediastrum simplex var. simplex Meyen ** -

Pediastrum sp. *x *%
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A3 3 (A9)

unasdnenitsiny wirey 2 ity 3
Scenedesmus acuminatus var. tetradesmoides Smith * *
Scenedesmus hysthix Lagerheim * *
Scenedesmus opoliensis var. mononensis Chodet * -
Scenedesmus perforatus Lemmermann var. perforatus Komarek . * -
Scenedesmus protuberans Fritsch et Rich * -
Scenedesmus quadricauda var .bicaudatus Hansgrig ** *
Scenedesmus sp. 1 * *
Scenedesmus sp. 2 * *
Selenastrum sp. * *
Staurastum ensiferum Turner * *
Staurastum excavatum West & West - *
Staurastrum gutwinskii Ralfs - *
Staurastum longbrachiatum (Borge) Gutwinski * *
Staurastum longipes (Nordstedt) Teiling - *
Staurastrum manfeldtii Delponte * *
Staurastrum submabmanfeidtii West & West o *
Staurastum tetracerum (Kiitzing) Ralfs * *
Staurastrum sp. 1 b *
Staurastrum sp. 2 * *
Staurastrum sp. 3 * *
Tetraedron incus Smith * *
Tetraedron sp. * *
Division Euglenophyta
Euglena spirogyra var. abrupte-acuminata 1.emmermann * *
Euglena texta (Dujardin) Hiibner var.texta Starmach ** i
Euglena sp.1 * -
Euglena sp.2 ' ** et
Phacus lismorensis Playf. ** *
Phacus longicauda (Ehrenberg) Dujardin b i
Phacus ranula Pochmann o i
Trachelomonas armata (Ehrenberg) Stein - i

Trachelomonas cebea vat. spinosa Balech * *
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AN 3 (AD)

unasineuiviiny witfoy 2 wiifloy 3
Trachelomonas pulcherrima Playfair *x **
Trachelomonas sp.1 ** *
Trachelomonas sp.2 * *
Division Chrysophyta
Dinobyon sertularia Ehrenberg * *
Isthmochloron gracile Chodat ** *x
Centritractus belanophorus Lemmermann *x *x
Mallomonas sp. *k *
Division Bacillariophyta
Achnanthes lanceolata (Breb.) Grunow * -
Achnanthes sp. * -
Aulacoseira granulata (Ehrenberg) Simonsen * *
Aulacaseira sp. ** **
Cymbella sp. * *
Encyonema sp. * -
Eunotia sp. * *
Fragilaria sp. 1 * *
Fragilaria sp. 2 *x **
Meloseira varians Agardh *x **
Meloseira sp. ** **
Navicula sp.1 * -
Navicula sp.2 *xk ok
Nitzschia sp. ** **
Pinnularia mesolepta (Ehrenberg) *k *k
Pinnularia sp. - *ohk
Stauroneis sp. bl *ak
Surirella sp. - *
Division Cryptophyta * -
Cryptomonas sp. * *
Division Pyrrhophyta
Peridinium inconspicuum Lemmermann rrE whx
*% *

Ceratium sp.
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scale barl0 pm

am 6 unastaeuivriawufiny lusadfiuaidios 2
f. Microcystis aeruginosa Kiitzing 4. Botryococcus braunii Kiitzing
. Ankisthodesmus sp.3. Cosmarium granatum Brébisson ex Ralfs
V. Pediastrum simplex var. simplex Meyen . Staurastrum tetracerum (Kiitzing) Ralfs
¥.Closterium cf. praelongum var. brevius (Nordstedt) Krieger
%. Phacus lismorensis Playf.a\. Isthmochloro gracile Chodet

§Y. Peridinium inconspicuum Lemmermann ). Ceratium sp.
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1. Cylindrospermopsis raciborskii (Woloszynska) Seenayya & Subba et Raju
V. Botryococcus braunii Kiitzing f1. Coelastrum sp. 3. Pediastrum sp.
. Staurastrum octoverucosum Scott&GriSnblad var simplicius Gronblad
9. Euglena spirogyra var. abrupte-acuminata Lemmermann
%. Trachelomonas armata (Ehrenberg) Stein . Centritractus belanophorus
Lemmermann 8. Pinnularia mesolepta (Ehrenberg) ®. Isthmochloron gracile
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18% g @D Chioroohvta |
@ D.Chlorophyta

@ D.Cyanophyta

8 D.Euglenophyta

- @ D.Pyrrhophyta
50% | @ D.Chrysophyta
[ D.Bacillariophyta
15% B D.Cryptophyta

dd do s o 4 A v aaw A 1 3 :’ v
MN10 L‘IJﬂil‘]ﬂmmu'J'uﬂﬂ“]fﬂ‘llﬂﬂl&WﬁQﬂﬂﬂHW]ﬂtﬁﬁZﬂ’Jﬁfﬂﬂﬂﬂluﬂ']ﬂlﬂﬂ‘u“lﬂ!ﬂﬂz 3

2. qamimemun I sazafiviadszasvesnrazgaifiudaetiaazqgeia

mnm'sﬁﬂmqmmmfmwﬁ'mmumw uazind 1alsznts Ty vanua 6 ganfty
vt iluszoznm Aaddeufumou 2551 81 fama 2552 Taohimaifudedrafouns
2 a1 asounquitauggma (Maruan #) Tasmsdnsizianuuandeszning srafiui
naifufesazggnIa (M319 4, 5) Tauld3T Randomize complete block design Uaz
Complete randomize design A28 T1/51n33 SPSS efiu 13 fimndesiu 0.05 % miniledy
Tafinnuuanasedialitivdngy ‘i?w'hmsir"ﬂﬂq'uﬁ'mthq‘?;ﬁﬂ'nmmmiNé"w Turkey (HSD)
comparison of mean (NANUIN ) wisiimesianuuandeiuIEnINggmasyiingg
Sins1zianuanA1sEnInggmavenaz1ie 1agld Tukey (HSD) comparison of mean
(MANUIN 9)

ﬂunzféuamnnamsms’}mswﬁqmmm‘iymwﬁmmumw wazndl vedszms Tae
¥ Talsunsuneada

2.1 qmuqﬁvoaﬁ wuhluudazgadiudetis hifinmuanafuuaiinnuuandis
fuluunazggma (p< 0.05) Tassrafuiuniifivs 2 ﬁqmﬂgﬁmfw%qaﬁﬂ 22.5°C figaifty
#061a 3 vesggrunludeuunsiay 2552 gaungilemegagade 34°C fiqaifudand 2
voengiouluRoungumnu 2552 wazsrafuiuniiios 3 ﬁqmnqﬁfw‘hqaﬁa 225 °C iign
fudie613 4 vesggrunludeunnsiny 2552 gumgithgeqafie 34°C fiyaifiudines 4

voggiu luReungumAN 2552 (A 11)
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4
v v d o
A1519 4 HAYD3 Randomize complete block design 3T NINDWNUUT

wisiined frdeiiu
senesafnh SEHINIM Combination Interaction

gangiena 122 000 .000 183
qquﬁ€1 425 .000 000 997
mmai v .000 .000 .000 .000
DO 000 .000 000 .000
BOD 000 .000 000 .000
pH .000 000 000 .000
manniluaie .000 000 000 .000
APNUYU 000 000 .000 .000
Homnia .000 .000 .000 .000
Tumin 118 004 025 909
weu Taily 885 .000 000 327
naelsfad 1o 431 000 000 250
B. braunii .000 .000 .000 .000
@1319 5 NV Randomize complete block design 32121969

wiaiines fanndeiiu

senhesrafivh fgn1a Combination interaction

gUNNUBINA 552 .000 000 852
qmwgﬁmfn 433 .000 000 846
sl .000 .000 .000 .000
DO 000 553 001 943
BOD .000 .000 .000 081
pH 010 022 005 231
mamniluais .000 385 .000 273
AN .000 038 .000 093
Homwa .000 010 .000 083
Tuein 278 004 025 918
wouTluile 663 022 090 403
nalafad 1o 592 028 128 618
B. braunii .000 013 .000 .007
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22 gamgiiveserma nuhluusazganudiedie hifinnuuandeduuaiinnu
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MARuAI061e 1 veaggrunludeusunny 2551 guuglionnagagaio 35.9°C Higany
o g8 = o
f10619 2 vesggieoulwidowmwiou 2552 wazsrunuiiwaiiies 3 igunglioimadigane
225 °C HigaRudlot1a 4 vesgguunludeuiunaw 2552 gunglioimagegaie 34.7 C
fiyanudang1e 6 vesggiouluoummieu 2552 (M 12)
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' I ] -1 oy ] - ° { 4 o 1
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vosggrnun lu@sutuanny 2551 a1 pH gegafie 8.5 NgaNuAI0619 2 vegarunaludeu
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uNTINY 2552 wazshaudmiumiiios 3 fish pH Migafe 6.00 NyAiudIodie 6 veggrulu
iWeufutiou 2551 M pH gegane 8.35 figaudinde 5 vesggrnunluReuunsiau 2552
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v 1 v 3 g o 1 e 1 Y Ty vet 3
2.4 manuiluae nuh ez g ualedlinuuanaeiuua lilinnuendi
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o Y v 1 o :, v i

as CaCO, NyanuaI9t1e 1 vesgaduludeunsnginy 2552 wazerufminaifes 3 Lm
aruiludrsdrgafio 41 mel” as CaCO, Wigmnudisd1e 6 vesggnunludoungainiou

1 ' - 4 d o '
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' -] cy " = v o -~ o d o i -~
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o d ' T { o i o
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5. MIAAUBNTINIIY Botryococcus braunii
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anoana1 Nuhemns CA mnsaldusnaminlAdiige uazdawudia pH veseMIiiNG
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et 1 A ° '
Taanemsngia pH dnd
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M3 7 MIAALINAINIIY B. braunii INUAAIUING 2 WA

undah SnouvIReIMIRNN 93081 B. braunii
Chu 13 CA
MH2 1 1 4
MH2 2 2 7
MH2 3 1 4
MH3 4 - 2
MH3 5 - 1
MH3 6 1 2
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05 1501M13 CA 15 pH 7.2 S0 imsmzians B. braunii nRoudiouluemsdsudons 2
mﬁﬂﬁqmngﬁﬁ'm WINMSIAMSTYNNG 3 Su (1N 27) WU AWM B, brawnii s
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MN 27 MINTYVBININIY B. braunii 1UB M3 modified Chu 13 (pH 6.7)

uaz CA (pH 7.2) Nigaungiiies

6.3 annilunsa-ae
ﬂ! dw T e cid [ + 1
(IR0 B. braunii 1491115 CA NIN5UTUAT pH 19119 7.2, 8.0 uazs.5 lay
Ed v
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A da & ) 2 A A A4 A&
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v v
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AN 28 MINTYVOIAINIY B. braunii 1u8IM15 CA N3l pH 7.2, 8.0 1z 8.5NqaIngines
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a < ¢ g i ¢
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m3dmnzhimad i (Greenberg et al.1992)
1. W IanzvitSinasendnufiazawhnh (dissolved oxygen, DO) I35 azide
modification method

1.1 919999 BOD daeniidndng 2-3 nde

12 Auniwesiedievin  Bop fszfunindnlszing 30 om Tause Ta T 1Y
vlma1mmm::’flﬂdwm“lﬁﬁﬁmmzagﬂmfw

1.3 1ANE1302078 MnSO, 1 ml UAZA1502a0 alkali - iodide azide reagent 1 ml Yarh
UATINEIVIAIUS UANATNDY

1.4 1% conc. H,80, 1 ml Yarwuer s

1.5 Sumsazawi 18 USinas 10 mi 11y fask Tamsvidae Na,$,0, 0.02 N au'ld
Aindosnnen udadmingle 3 wen wirldid vy uda lamsnde lew 188G usanme'ly
151195 Na 8,0, 7119 wdnilusnoumugas

DO (mgl") = AxNx8x1000/(B,(B,-2)

Bl
A =Unnasvesmsnzmenasgm e Is Todamafi g lums loasm (ml)
N = anududuvesasazmemnasyw Tmdon s Tesamia ()
B= ﬂ?mmwmﬁyﬁmdm‘éuﬁu (ml)

9 3
B~ snasvenhdieden I luns lawmsn ()

2. Wiansifinaesendouiiguniddesmslumsdesaainmsdunid (biochemical
oxygen demand, BOD) iﬂﬂ%ﬁﬂﬁ azide modification method
2.1 41 BOD wilavand1 faniwaeds 23 ade
22 iWniwaes1sdaonan BoD @ R IfumMs IS zilSinaeendioui
azmwluh
23 1hwan BOD #ifuthdesende 114 20 ¢ dunm s 5
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2.5 MUIUMNGAT

- A o g 4
BOD (mg.!") = a1 DO luduusn - DO Jun s

3. 5% mnziamuiuswenilag3s phenolphthalein methyl orange indicator
3.1 muhdie61e 100 ml. Ty flask 118 250 mi.
3.2 tAY phenolphthalein indicator 3 vioa adlu flask e ¥
3.3 1AY methyl orange indicator 3 vt@ a3y flask e lidduy
34 lamsndan 0.02 N 1,50, wldyagAaiiudduuas walSuas 180,714
3.5 fuIuMugas

total alkalinity (mg.l" as CaCO, ) = AxNx50x1000

B
A = Jsnpsvesmsazaoumsgrunsadonianldluns lawmsa (mi)
N=anududuvessnsazaionnsgiunsa 1,80, (N)

v
B=1/5u1w59091116298819 (ml)

4. JmsemBainamsens Taslfindesile qunsal nazesniléwmedv
spectrophotometer Y84 Hach company g"u DR 2010 Mu35veq (Greenberg et al. 1992)
41 nnelSnamenlusiaylyinsey (ammonium- nitrogen)
4.1.1 nspnihdint1daenszaNges GE/IC udamnthetinlSinms 25 ml
16 flask ¥1IA 150 mi 1aEAIN deionized 1SuIAs 25 m1 a1y flask 150 mi 8n flask
4.12 Han3es spectrophotometer DR/2010 M IMIASDailor s uADY SELF
~ TEST 30995U0R3 Method 1¥iN@ 380 READ/ENTER inFesileszuaninnueninay
425 nm wypl3uauennduldlg 425 nm mmiune READENTER indesilossians
mg.I'N NH,Ness
4.1.3 1d mineral stabilizer 14 flask 19286 ANTBIE 3 Hom RTTARIRG
NNt polyvinyl alcohol dispersing agent 3 ¥oa twe I e snlinauiu
4.1.4 1@y Nessler reagent 1 ml 991y flask ﬁﬁﬂm wildasnfinaunu
4.1.5 nA SHIFT TIMER loasu 1 wiit ndesileszdudivadon
4.1.6 St flask i deionized a3l cuvette Tdasl TugosTauaa Tarh
18 nA ZERO 1n304l092110As Wait Uz 0.00 mg.I" NH,Ness
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4.1.7 Waou cuvette (hni1daethe na READ/ENTER 1n3eailoudns WAIT uae
venSiameu Tuilonu Taswou FuntesiioficunsataSinamey Tudion18lus2s 0.00-
2.5mgl’ NH,-N

42 5 anzvfSmahuasnlulaseu (pitrate-nitrogen)

42.1 nyeni P88 GF/C udmanihdase1aliinas 25 ml 1dly flask 150
ml 2 flask 1u flask usnld NitraVer 5 Nitrate Reagent Powder Pillow 8 flask lufeaidy
m5la9

4.2.2 e spectrophotometer DR/2010 nisnnnsesfiorusuaoy SELF-TEST
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Wmpnliuanueaduldld 500 om 9NUNAREAD/ENTERIAS0e09z1aRe mgl’ N
NO,-N
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ifeaflelWaiin na ZERO indesiloudas WAIT uay 000 mgl' NNO, - H WWildou
cuvette 14 Nitra Ver 5 Nitrate Reagent Power Pillow 19111 na READ/ENTER n30silo
uaas WAIT uazvontlSualwasnlulaswu 1814939 0.00-30.0 mgl” NO,-N

4.3 3§eamﬂzﬁﬂ?mm Soluble reactive phosphorus (SRP)

43.1 foumyiinned SPR ot Aunfewdites19%ae 10% Helnsesh
#0618 GF/C udamaidiognalfinas 25 ml 160y flask Tao flask usnld Phosver 3
Phosphate Reagent Power Pillow 9 flask wilaie113noufioy Lideudnaislag

432 dla spectrophotometer DR/2010 ﬂﬁ'ainﬂvhuifuﬁau SELF-TEST u#12
inFsilonans Method InA 890 READ/ENTER iilown3esiiouaninnnuerinay 890 nm 14
wyutfuliunnueanduldld 890 nm 917funA READ/ENTER in3eiioszuans mgl’
PO,” PV #30o mgl PPV

433 §u1§11’d flask 13 ﬂﬁlﬁu PhosVer 3 Phosphate Reagent Power Pillow 831y
cuvette A SHIFT TIMER 1821961 cuvette iionsy 2 il indesiioszdudvuiion

434 Warunieald cuverte 711 IRANMI A9 asluvesTauas Dardunesie
17aiin na ZERO 1n3eeiionans WAIT uaz 0.00 mgt’ PO,” PV #3e mgl" P PV ildou
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cuvette 111 PhosVer 3 Phosphate Reagent Power Pillow 1911 na READ/ENTER 1n504ii0
¥ ¥
uans WAIT uazvenlTunaees Iseaa miesiletiannsoialsuaeed Isneama’ld

¥290.00-0.25 mg.l' PO,”

m3dnnzvinaslidlad 18 (1SO, 1975 siamlaslas gaduazainasal, 2538)
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doads (Lorraine and Vollenweider, 1981)

Variable Oligotrophic  esotrophic Eutrophic =~ Hypereutrophic
(Annual Mean
Values)
Total ; 8.0 26.7 84.4
phosphorus X+1sd. 4.85-13.3 14.5-49 38-189
mgm- X+2sd 29221 7.9-90.8 16.8-424
Range 3.0-17.7 10.9-95.6 16.2-386 750-1200
N 21 19(21) 71(72) 2
Total nitrogen ; 661 753 1875
mg.m'3 X+1s.d 371-1180 485-1170 861-4081
X+2sd 208-2103 313-1816 385-8913
Range 307-1630 361-1387 393-6100 100-150
N 11 8 37(38) 2
Chlorophyll a ; 4.2 16.1 42.6
mg.m° X1s.d. 2.6-7.6 8.9-29 16.9-107
X+2sd 1.5-13 4.9-52.5 6.7-270
Range 1.3-10.6 4.9-19.5 9.5-275
N 16 12 46
Secchi Depth ; 9.9 4.2 245
m. X*1s.4d. 5.9-16.5 2.7-74 1.5-4.0
X+2s.d. 3.6-27.5 14-13 0.9-6.7
Range 5.4-28.3 1.5-8.1 0.8-7.0 0.4-0.5
N 13 20 70(72) 2
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1152ALANC (Wetzel, 2001)

General Lake Trophy Water Characteristics Dominant Algae Other Commonly
Occuring Algae
Oligotrophic Slightly acidic; very salinity Demids Staurodesmus, Sphaeracystis,Gloeocystis,
Staurastrum ' Rhizosolenia, Tabellaria
Oligotrophic Neutral to slightly alkaline; Diatoms, especially, Some Asterionella spp.,
Nutrient-poor lakes Cymbella and Tabellaria some Melosira spp.,
Dinobryon
Otigotrophic Neutral to slightly aikaline; Chrysophycean algae, Other Chrysophycean, e.g.
Nutrient-poor lakes or more especially Dinobryon, some Synura, Uroglena : diatom
Productive lakes at seasons of ~ Mallomonas Tabellaria
Nutrient reduction
Otligotrophic Neutral to slight alkaline; Chlorococcal Oocystis or Oligotrophic diatoms
Nutrient-poor lakes Chrysophycean Botryococcus
Oligotrophic Neutral to slight alkaline; Dinoflagellates,especially Small chrysophytes
Generally nutrient-poor; some Peridinium and cryptophytes and diatoms
common in shallow Arctic Ceratium spp.
lakes
Mesotrophic or Eutrophic Neutral to slightly alkaline; Dinoflagellates, some Glenodinium and many

Eutrophic

Eutrophic

annual dominants or in
eutrophic lakes at certain
seasons

Usually alkaline lakes with

nutrient enrichment

Usually alkaline; nutrient
enriched; common I warmer
periods of temperature lakes
or perennially in enriched
trophic lakes

Peridinium and Ceratium

Spp.

Diatoms much of year,
especially Asterionella spp.,
Fragillaria crotonensis,
Synedra, Stephanodiscus and

Melosira granulata

Blue-green algae, especially
Anacystis(=Microcystis),
Aphanizomenon, Anabaena

other algae

Many other algae,
especially green and blue-
green during warmer
periods of year; desmids of
dissolved orgaic matter is
fairly high

Other blue-green;
euglenophytes if
organically enriched or
polluted
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msdszidiugammiluszupiinmhiilaglédduazumuedang  AARL-PC score

(AARL = Applied Algal Research Laboratory, PC = Physical and chemical)
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A5 38 3;6151::%3111tmfwhaizninqmﬁué’mduha‘l‘ff' Complete randomized design

¥
AN 38.1 Qaungiih

Sum of

Squares df Mean Square F Sig.
Between Groups 10.846 5 2.169 227 .950
Within Groups 1376.369 144 9.558
Total 1387.215 149

Tukey HSD
site N Subset for alpha = .05
1

1.00 25 28.7800
4.00 25 29.0640
2.00 25 29.2520
3.00 25 29.3040
5.00 25 29.5360
6.00 25 29.5560
Sig. .949

Means for groups in homogeneous subsets are displayed. a Uses Harmonic Mean Sample Size = 25.000.

M50 38.2 gaingiiome

Sum of

Squares df Mean Square F Sig.
Between Groups 36.848 5 7.370 691 631
Within Groups 1536.162 144 10.668
Total 1573.011 149
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Tukey HSD
site N Subset for alpha = .05
1

1.00 25 29.4800
2.00 25 29.9280
4.00 25 30.0320
6.00 25 30.4160
5.00 25 30.7640
3.00 25 30.9120
Sig. 633

Means for groups in homogeneous subsets are displayed. a Uses Harmonic Mean Sample Size = 25.000.
13 38.3 A1 pH

Sum of
Squares df Mean Square F Sig.
Between Groups 1.662 5 .332 2.609 .027
Within Groups 18.342 144 127
Total 20.003 149
Tukey HSD
Subset for alpha = .05
site N 1 2
6.00 25 7.689
4.00 25 7.8500 7.8500
5.00 25 7.8536 7.8536
1.00 25 7.8592 7.8592
3.00 25 7.9972
2.00 25 8.0008
Sig. 547 669
Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 25.000.
AN 38.4 manuiiuag
Sum of
Squares df Mean Square F Sig.
Between Groups 4877.908 5 975.582 3.938 .002
Within Groups 35673.096 144 247.730
Total 40551.004 149
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Tukey HSD

Subset for alpha = .05
site N 1 2
6.00 25 76.1120
5.00 25 76.2804
4.00 25 76.5336
3.00 25  86.3336 86.3336
2.00 25 86.8532 86.8532
1.00 25 89.4532
Sig. .159 982

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 25.000.

A1 38.5 AIAUYY

Sum of
Squares df Mean Square F Sig.
Between Groups 8828.320 5 1765.664 4.988 .000
Within Groups 50970.359 144 353.961
Total 59798.679 149
Tukey HSD
Subset for alpha = .05
site N 1 2
6.00 25 18.5720
4.00 25 23.0000 23.0000
5.00 25 23.7880 23.7880
1.00 25 36.0520
2.00 25 36.9200
3.00 25 37.3200
Sig. 924 .083
Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 25.000.
AN 38.6 A1 DO
Sum of
Squares df Mean Square F Sig.
Between Groups 18.163 5 3.633 4,539 .001
Within Groups 115.251 144 .800

Total 133.414 149
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Tukey HSD ]
Subset for alpha = .05

site N 1 2
6.00 25 6.2800
4.00 25 6.4120 6.4120
5.00 25 6.5520 6.5520
1.00 25 7.0520
2.00 25 7.0800
3.00 25 7.1400
Sig. .891 .052

Means for groups in homogeneous subsets are dispiayed.
a Uses Harmonic Mean Sample Size = 25.000.

AN 38.7 A1 BOD

Sum of
bo Squares df Mean Square F Sig.
Between Groups 14.663 5 2,933 §.370 .000
Within Groups 78,637 144 .546
Total 93.300 149
Tukey HSD
Subset for alpha = .05
site N 1 2 3
6.00 25 1.5640
4.00 25 1.5760
5.00 25 1.6440 1.6440
3.00 25 2.0840 2.0840 2.0840
2.00 25 2.2400 2.2400
1.00 25 2.2920
Sig. 135 .055 919
Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 25.000.
MIN 388 smati i
Sum of
Squares df Mean Square F Sig. _
Between Groups 13317.453 5 2663.491 22.102 .000
Within Groups 17353.361 144 120.509

Total 30670.813 149
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Tukey HSD ] ]
Subset for alpha = .05

site N 1 2

4.00 25  144.6920

6.00 25  146.1120

5.00 25  147.4960

1.00 25 164.0680
2.00 25 164.6440
3.00 25 165.8280
Sig. 945 .993

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 25.000.

M3 389 Suaveana

Sum of
Squares Mean Square F Sig.
Between Groups 477 5 .095 10.660 .000
Within Graups 1.289 144 .009
Total 1.766 149
Tukey HSD
Subset for alpha = .05
site N 1 2
5.00 25 .0448
6.00 25 .0456
4.00 25 .0584
3.00 25 1432
1.00 25 .1600
2.00 25 1776
Sig. .906 792
Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 25.000.
M3 3810 YSwelumsnulasion
Sum of
Squares Mean Square F Sig.
Between Groups 3.537 5 . 707 1.799 17
Within Groups 56.630 144 .393

Total 60.167

149




Tukey HSD
site N Subset for alpha = .05
1

5.00 25 5920
2.00 25 .5860
1.00 25 6240
4.00 25 .6240
6.00 25 .6800
3.00 25 1.0280
Sig. 144

110

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 25.000.

arin 38.11 U5 inawenTudie lulasiou

Sum of
Squares df Mean Square F Sig.
Between Groups .053 5 .011 1.053 .389
Within Groups 1.447 144 010
Total 1.500 149
Tukey HSD
site N Subset for alpha = .05
1
3.00 25 .0536
5.00 25 .0548
1.00 25 .0556
6.00 25 .0596
2.00 25 .0896
4.00 25 .1004
Sig. 567
Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 25.000.
@1 38,12 YSinanaelsiad 1o
Sum of
Squares df Mean Square F Sig.
Between Groups 47.912 5 9.582 .373 .866
Within Groups 3694.846 144 25.659
Total 3742.758 149




Tukey HSD
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site N Subset for alpha = .05
1

4.00 25 7.6800
5.00 25 7.8000
1.00 25 8.2000
2.00 25 8.2320
6.00 25 8.6960
3.00 25 9.3560
Sig. .850

Means for groups in homogeneous subsets are dispiayed.
a Uses Harmonic Mean Sample Size = 25.000.

MIN 38.13 U1 B. braunii

Sum of

Squares df Mean Square F _Sig.
Between Groups 1072248;5?2 5 214456612.92 7.372 000
Within Groups 4189268585 144 29092240.811
Total 5261?{5,;: 149

Tukey HSD
Subset for alpha = .05

site N 1 2 3
4.00 25  331.9200
6.00 25 3945600 394.5600
5.00 25 460.7600 460.7600
1.00 25 47451200 4745.1200
3.00 25 5465.7200
2.00 25 6662.2400
Sig. 1.000 .055 808

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 25.000.
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¥
A1 39 Ansedanuuandesznine i Taold  randomized Complete block design

¥
N 39.1 gungihi

Tests of Between-Subjects Effects
Dependent Variable: Temp. water
Type Hl Sum .
Source of Squares df Mean Square F Sig.
Corrected Model 1057.031(a) 49 21572 4.181 .000
Intercept 137307.779 1 137307.779 26611.068 .000
reservoirs 3315 1 3.315 .643 425
date 1008.889 24 42.037 8.147 .000
reservoirs * date 44826 24 1.868 .362 997
Error 515.980 100 5.160
Total 138880.790 150
Corrected Total 1573.011 149
a R Squared = .672 (Adjusted R Squared = 511)
AN 392 ganliena
Tests of Between-Subjects Effects
Dependent Variable: Temp. air
Type Iif Sum
Source of Squares df Mean Square F Sig.
Corrected Model 1399.175(a) 49 28.555 19.495 .000
Intercept 137380.402 1 137380.402 93792.091 .000
reservoirs 3.987 1 3.557 2.429 122
date 1349.850 24 56.244 38.399 .000
reservoirs * date 45.768 24 1.907 1.302 .183
Error 146.473 100 1.465
Total 138926.050 150
Corrected Total 1545.648 149

a R Squared = .905 (Adjusted R Squared = .859)



AN 39.3 M pH

Tests of Between-Subjects Effects

Dependent Variable: pH

113

Type il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 14.057(a) 49 287 . 4539 .000
Intercept 9309.433 1 9309.433 147301'13 000
resefvoirs .882 1 .882 13.950 .000
date 8.942 24 373 5.896 .000
reservoirs * date 4.233 24 178 2.791 .000
Error 6.320 100 083
Total 9329.810 150
Corrected Total 20.377 149
a R Squared = .690 (Adjusted R Squared = .538)
MmN 38.4 manuiuan
Tests of Between-Subjects Effects
Dependent Variable: Alkaline
Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model  38413.860(a) 49 783.956 36.829 .000
Intercept 1006845.963 1 1006845.963 47299.816 .000
reservoirs 4734.289 1 4734.289 222.408 .000
date 31242.292 24 1301.762 61.154 .000
reservoirs * date 2437.280 24 101.553 4771 .000
Error 2128.647 100 21.286
Total 1047388.470 150
Corrected Total 40542 507 149
a R Squared =.947 (Adjusted R Squared = .922)
AN 39.5 ALY
Tests of Between-Subjects Effects
Dependent Variable: turbid
Type 1} Sum _
Source of Squares df Mean Square F Sig.
Corrected Model 48933.212(a) 49 998.637 12.520 .000
Intercept 136582.611 1 136582.611  1712.285 .000
reservoirs 8821.267 1 8821.267 110.589 .000
date 34316.867 24 1429.869 17.926 .000
reservoirs * date §795.078 24 241.462 3.027 .000
Error 7976.627 100 79.766
Total 193492.450 150
Corrected Total 56909.839 149

a R Squared = .860 (Adjusted R Squared = .791)



17113 39.6 A1 DO
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Tests of Between-Subjects Effects

Dependent Variable: DO

Type lil Sum
Source of Squares df Mean Square F Sig.
Corrected Model 118.183(a) 49 2.412 -15.903 .000
Intercept 6846.530 1 6846.530 45141.959 .000
reservoirs 17.204 1 17.204 113.435 .000Q
date 76.283 24 3.178 20.957 .000
reservoirs * date 24.696 24 1.029 6.785 .000
Error 15.167 100 152
Total 6979.880 150
Corrected Total 133.350 149
a R Squared = .886 (Adjusted R Squared = .831)
A5 39.7 A1 BOD
Tests of Between-Subjects Effects
Dependent Variable: BOD
Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 159.047(a) 49 3.248 24.356 .000
Intercept 614.486 1 614.486  4610.953 .000
reservoirs 18.727 1 18.727 140.520 .000
date 123.724 24 5.155 38.683 .000
reservoirs * date 16.597 24 692 5.189 .000
Error 13.327 100 133
Total 786.860 150
Corrected Total 172.374 149
a R Squared = .923 (Adjusted R Squared = .885)
M1 39.8 mmsi Ildh
Tests of Between-Subjects Effects
Dependent Variable: conduct
Type 1ll Sum
Source of Squares df Mean Square F Sig.
Corrected Model 30876.623(a) 49 630.135 25.380 .000
Intercept 3647187.107 1 sear1gr.aor 14690057 000
reservoirs 11691.803 1 11691.803 470.920 .000
date 13304.394 24 554.350 22.328 .000
reservoirs * date 5880.425 24 245,018 9.869 .000
Error 2482.760 100 24.828
Total 3680546.490 150
Corrected Total 33359.383 149

a R Squared = .926 (Adjusted R Squared = .889)



MIN 399 Suaamua
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Tests of Between-Subjects Effects

Dependent Variable: phosphate

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 1.629(a) 49 .033 . 26.112 .000
Intercept 1.664 1 1.664 1307.016 .000
reservoirs 453 1 453 355.485 .000
date .832 24 .035 27.239 .000
reservoirs * date .344 24 .014 11.260 .000
Error 127 100 .001
Total 3.421 150
Corrected Total 1.757 149
a R Squared = .928 (Adjusted R Squared = .892)
MIN 39.10 Ysna lwasnlulasiou
Tests of Between-Subjects Effects
Dependent Variable: nitrate
Type lll Sum
Source of Squares df Mean Square F Sig.
Corrected Model 39.059(a) 49 797 3.750 .000
Intercept 70.864 1 70.864 333.398 .000
reservoirs .528 1 528 2.484 118
date 35.361 24 1.473 6.932 .000
reservoirs * date 3.170 24 132 .621 .909
Error 21.255 100 213
Total 131.178 150
Corrected Total 60.314 149
a R Squared = 648 (Adjusted R Squared = 475)
MIN 3911 YSuauenTuidle Tulnsiou
Tests of Between-Subjects Effeets
Dependent Variable: Ammonia
Type Ill Sum
Source of Squares df Mean Square F Sig.
Corrected Model .718(a) 49 .015 1.849 .005
Intercept .683 1 .683 86.142 .000
reservoirs .000 1 .000 .034 .855
date .503 24 .021 2.644 .000
reservoirs * date .215 24 .009 1.129 .327
Error .793 100 .008
Total 2.193 150
Corrected Total 1.511 149

a R Squared = .475 (Adjusted R Squared = .218)



AN 39.12 YSunmaaslsilas @

Tests of Between-Subjects Effects

Dependent Variable: chlorophyll a
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Type ill Sum

Source of Squares df Mean Square . F Sig.
Corrected Model 2010.558(a) 49 41.032 2.369 .000
Intercept 10401.672 1 10401.672 600.489 .000
reservoirs 10.827 1 10.827 .625 431
date 1495.770 24 62.324 3.598 .000
reservoirs * date 503.961 24 20.998 1.212 .250
Error 1732.200 100 17.322
Total 14144 430 160
Corrected Total 3742.758 149

a R Squared = 537 (Adjusted R Squared = .310)

AN 39.13 US1at B. braunii

Tests of Between-Subjects Effects
Dependent Variable: B.b
Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 48032‘;33?;)' 49 98025308.114  21.388 000
Intercept 1359063160. 4 1359063160.4
. 427 1 27 296.528 .000
reservoirs 102518991%27. 1 10251899020. ; 223.682 1000
date 1870625‘587‘11- 24 77942716.024 17.006 000
reservoirs * date 1907425%19% 24 79476042121 17.341 .000
Error 458325641).8 100  4583256.440
Total 6620628%%26 150
Corrected Total 5261565741. 149
574

a R Squared = .913 (Adjusted R Squared = .870)



AN 40 ?uﬂswﬂ'mwnmmhaizwinqgmaTﬁ0‘1%' randomized Complete block design

¥
MIN 40.1 gaungini

Dependent Variable: Twater
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Tests of Between-Subjects Effects

Type Il Sum

Source of Squares df Mean Square F Sig.
Corrected Model 775.404(a) 5 155.081 36.523 .000
Intercept 122211.504 1 122211504 28781.601 .000
reservoirs 2.622 1 2.622 617 433
season 771.286 2 385.643 90.821 .000
reservoirs * season 1.425 2 713 .168 .846
Error 611.448 144 4.246
Total 129686.130 150
Corrected Total 1386.853 149

a R Squared = .559 (Adjusted R Squared = .544)

ATN 402 gangiloma

Tests of Between-Subjects Effects
Dependent Variable: Tair
Type il Sum

Source of Squares df Mean Square F Sig.
Corrected Model 473.987(a) 5 94.797 12.738 .000
Intercept 132330.764 1 132330.764 17781.394 .000
reservoirs 2.648 1 2.648 .356 .652
season 468.045 2 234.023 31.446 .000
reservoirs * season 2.385 2 1.192 .160 .852
Error 1071.661 144 7.442
Total 138926.050 150
Corrected Total 1545.648 149

a R Squared = .307 (Adjusted R Squared = .283)



MIN 40.3 71 pH
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Tests of Between-Subjects Effects
Dependent Variable: pH
Type Hi Sum
Source of Squares df Mean Square F Sig.
Corrected Model 2.241(a) 5 448 3.558 .005
Intercept 8911.063 1 8911.063 70752.043 .000
reservoirs .861 1 .861 6.833 010
season .986 2 493 3.915 .022
reservoirs * season .373 2 .187 1.481 .231
Error 18.136 144 126
Total 9329.810 150
Corrected Total 20.377 149
a R Squared = .110 (Adjusted R Squared = .079)
AN 40.4 fnnuiiumg
Tests of Between-Subjects Effects
Dependent Variable: Alkaline
Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 5829.246(a) 5 1165.849 4836 .000
Intercept 954674.674 1 054674674  3960.249 .000
reservoirs 4083.879 1 4083.879 16.941 .000
season 462.905 2 231.452 .960 .385
reservoirs * season 632.052 2 316.026 1.311 273
Error 34713.261 144 241.064
Total 1047388.470 180
Corrected Total 40542 507 149
a R Squared = .144 (Adjusted R Squared = .1 14)
ATTN 40.5 ALY
Tests of Between-Subjects Effects
Dependent Variable: turbid
Type Il Sum
Source of Squares df Mean Square F _Sig.
Corrected Model 12379.985(a) 5 2475.997 8.007 .000
Intercept 123827.765 1 123827.765 400.432 .000
reservoirs 7802.667 1 7802.667 25232 000
season 2066.998 2 1033.499 3.342 .038
reservoirs * season 1491.720 2 745.860 2.412 .083
Error 44529.854 144 308.235
Total 193492.450 150
Corrected Total 56909.839 149

a R Squared = .218 (Adjusted R Squared = .190)



13513 40.6 f1 DO
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Tests of Between-Subjects Effects

Dependent Variable: DO

Type I} Sum

Source of Squares df Mean Square F Sig.
Corrected Model 18.248(a) 5 3.650 - 4.566 .001
Intercept 6558.340 1 6558.340 8204.910 .000
reservoirs 16.777 1 16.777 20.989 .000
season .950 2 475 .594 .553
reservoirs * season .094 2 .047 .058 .943
Error 115.102 144 798
Total 6979.880 150
Corrected Total 133.350 149

a R Squared = .137 (Adjusted R Squared = .107)

MM 40.7 A1 BOD

Tests of Between-Subjects Effects
Dependent Variable: BOD
Type 1il Sum

Source of Squares df Mean Square F Sig.
Corrected Model 66.360(a) 5 13.272 18.027 .000
Intercept 543.224 1 543.224 737.869 .000
reservoirs 18.102 1 18.102 24.588 .000
season 43.862 2 21.931 29.789 .000
reservairs * season 3.771 2 1.886 2.561 .081
Error 106.014 144 736
Total 786.860 150
Corrected Total 172.374 149

a R Squared = .385 (Adjusted R Squared = .364)

Ma 40.8 mmsiinth

Dependent Variable: conduct

Tests of Between-Subjects Effects

Type lll Sum
Source of Squares df Mean Square F Sig.
Corrected Model 21936.045(a) 5 4387.209 55.304 .000
Intercept 3500796.372 1 3500796.372 44130.244 .000
reservoirs 10800.188 1 10800.188 136.145 .000
season 7875.874 2 3937.937 49.641 .000
reservoirs * season 2368.367 2 1184.184 14,928 .000
Error 11423.338 144 79.329
Total 3680546.490 160
Corrected Total 33359.383 149

a R Squared = .658 (Adjusted R Squared = .646)



AN 409 USunadeara
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Tests of Between-Subjects Effects

Dependent Variable: phosphate

Type I} Sum

Source of Squares df Mean Square F Sig.
Corrected Model 573(a) 5 115 13.938 .000
Intercept 1.442 1 1.442 175.377 .000
reservoirs .382 1 382 46.453 .000
season .078 2 .039 4774 .010
reservoirs * season .042 2 .021 2537 .083
Error 1.184 144 .008
Total 3.421 150
Corrected Total 1.757 149

a R Squared = .326 (Adjusted R Squared = .303)

"33 40.10 Ysma hunsnlulasiou

Tests of Between-Subjects Effects
Dependent Variable: nitrate
Type It Sum

Source of Squares df Mean Square F Sig.
Corrected Model 5.082(a) 5 1.016 2.650 .025
Intercept 60.944 1 60.944 158.893 .000
reservoirs .455 1 .455 1.186 .278
season 4.488 2 2.244 5.851 .004
reservoirs * season 066 2 .033 .086 918
Error 56.232 144 .384
Total 131.178 160
Corrected Total 60.314 149

a R Squared = .084 (Adjusted R Squared = .052)



MIN 40.11 YTwnameuTudielulasioy
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Tests of Between-Subjects Effects
Dependent Variable: Ammonia
Type Il Sum

Source of Squares df Mean Square F Sig.
Corrected Model .096(a) 5 .019 1.946 .090
Intercept .720 1 .720 73.315 .000
reservoirs .002 1 .002 191 .663
season .077 2 .039 3.937 .022
reservoirs * season .018 2 .009 914 .403
Error 1.415 144 010
Total 2.193 150
Corrected Total 1.511 149

a R Squared =.063 (Adjusted R Squared = .031)

MR 40.12 Sunaelsias o

Tests of Between-Subjects Effects
Dependent Variable: chlorophylia
Type Iti Sum

Source of Squares df Mean Square F _Sig.
Corrected Model 214.064(a) 5 42.813 1.747 128
intercept 9788.278 1 9788.278 399.443 .000
reservairs 7.063 1 7.063 '.288 592
season 179.607 2 89.803 3.665 .028
reservoirs * season 23.630 2 11.815 482 618
Error 3528.694 144 24.505
Total 14144.430 150
Corrected Total 3742.758 149

8 R Squared = .057 (Adjusted R Squared = .024)



MW 40.13 Sl B. brounii

Dependent Variable: B.b

Tests of Between-Subjects Effects
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Type Il Sum

Source of Squares df Mean Square F _Sig.
Corrected Model 1522665?6}25 5 304533723.7;, 11.729 000
Intercept 11435484&79. 4 114354840743 44.043 .000
reservoirs 8587473547.2 1 8587473543; 33.074 .000
season 2339959864.? 2 116997993-33 4.506 013
reservoirs * season 2634827291.3 2 131741364.9g 5.074 007
Error Sresearas, 144 25064563 354
Total 6620628902. 150

000
Corrected Total 5261565741. 149

574 '

a R Squared = .289 (Adjusted R Squared = .265)



MANUIN D
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1.@7!59]“]5‘#‘1“@“45111512]

1. 1 gN591%13 Modified Chu 13 medium (Largeau et al., 1980)

KNO, 02 g
K,HPO, 004 g
MgSO,.7H,0 010 g
CaCl,2H,0 0.054 ¢
Fe citrate 001 g
Micro element 1 ml

Yul5uas Ao ndusunsy 1000 mi

151 pH 1M1 6.7 70 KOH 0.1 N

Micro element U52n0UAY
H,BO, 28 g
MnCi, 180 g
ZnSO,.TH,0 002 g
CuSO,.5H,0 0.08 g
CoClL6H,0 008 g
Na,Mo00,.2H,0 005 g
Jmﬁ.'u 1000 ml

1.2 §N391115 CA medium (Watanabe e al., 2000)
Ca(NO,),.4H,0 20 mg
KNO, 100 mg
NH,NO, 5.0 mg
B-Na,glycerophosphate.5H,0 | 3.0 mg
MgSO,.7H,0 2.0 mg

Vitamin B12 001 pg
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Thiamine HCl 001 pg
PIV metal 0.1 ml
Fe (as EDTA; 1:1 Molar) 0.1 ml
HEPES 400 mg

v )
U5ulSuasaeriindusuasy 100 ml
U5 pH 11111 7.2 390 KOH 0.1 N

PIV metal 152021020

FeCl,.6H,0 196 mg
MnCl,.4H,0 3.6 mg
ZnSO,.7H,0 22 mg
CoCl,.6H,0 04 mg
Na,Mo0O,.2H,0 | 0.25 mg
Na,EDTA.2H,0O ’ 100.0 mg
frmf%u ’ 100 ml

Fe (as EDTA; 1:1 Molar) Y52neuaiy

Fe (NH,),(SO,),.6H,0 702 mg
Na,EDTA.2H,0 o 660 mg
Tnau 100 ml

2. MYIANMALIAveIaHIY
: LY 3

pMInINHEDIT AN Ive I IHIY
(Aandasnin oA, 2547)
VunoU

o . ‘a' o ﬂ'l A

1. 1111809 centrifuge YUA 50 ml Tloungungil 55 °C Yszaa 48 %3 1w 3o

2 o 4o v , N AV S S
wnsziaimiinasi 1119 1ou Ty desiccator HanFanniminiuinoun 0T 0%9

k4

netow 4 dumis oz Idimiinuoaen (A)

4 l d a ° o :’ o [
2. laﬂﬁﬂ’lﬂﬁ’lﬂiu@’lﬂ'ﬁ CA ﬂutmﬁal%ﬁi’gf‘jﬂQQ mwaams%mﬁ’mmﬂau NI
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ajm’hﬂm?m spectrophotometer AANUI1IADU 680 nm “lﬁ"lﬁ'fhmmﬂjuwhﬁn 0.2,04,0.6,0.8,
¥ »
1.0 waz 1.2 Mindwilu blank
o ot o v 1 y i =
3. mwaammvmmuumm 30 ml N1ﬂuﬂﬂﬁ$ﬂﬂuﬁﬂ?11ﬂﬁ? 6000 rpm l‘ﬂul')ﬁ’] 10
9 ¥
W 1NTNTIA 0T 04 freeze dryer
o ' v Ay a a & a o 3 o i
4, mmﬂﬂmmw"lﬂ‘lﬂﬂnﬂqmﬁqu 55°C L"ﬂunm 48 %ﬂmmmuﬂi:mu‘muﬂﬂm
] v a . ° o 3’ o A ¥ kY A o =) o ]
m"lﬂmﬂmauslu desiccator WINIHIVIH I UNNUUUDUAIWIATOITINAULY 4 AU US (B)
¥
5. AU

@

v
UMUNYADA centrifuge = A

Y

b4
UIMUNYABA centrifuge + AWITIY

Il
=

I

ﬁmumcﬁaammwum (g (B-A) x 1000

Usuasams1eminnies
6. iuiinArnuyu suhmrnadtedt1a (/) oz plot s vesi e 19

ﬂﬂﬂmmanu“lumamu:lm'ﬁ11Jsmmumummwmmmm
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: ar d 4 y { o
A9 41 TIMINIAdUAIYN B. braunii o zInoangungiieuas 25 °C

<

: o d
Whninraauna (g/)

$un —

gUHNNBI 25°C
0 0.4456 0.4401
3 0.5491 0.5289
6 0.6726 0.6169
9. 0.7647 0.6762
12 0.8956 0.7565

15 0.908 0.828
18 1.0691 0.9002
21 1.3266 1.0075
24 1.5155 1.1958
27 1.7348 1.2862
30 1.8717 1.3494
33 2.076 1.474
36 2.1441 1.5898
39 2.2223 1.7082
42 2.4949 1.9416
45 2.5093 2.2348
48 2.524 2.345
51 2.653 2.368
54 2.674 2.382
57 2.711 2.421

60 2832 2.51
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°y as TR 4

3 b4
A1519 42 NNINFaaUAIues B. braunii PK5 Watwizinesluevis modified Chu 13 11ag CA

Ngungiiies

o4 dminaduia %))
IUN

Chu 13 CA
0 0.4256 | 0.4456
3 ©0.4434 0.5491
6 - 0.5627 0.6726
9 0.6745 0.7647
12 0.7864 0.8956
15 0.8648 0.908
18 0.9029 1.0691
21 0.9764 | 1.2266
24 1.0041 1.3155
27 1.0163 1.3348
30 1.1368 1.4717
33 1.1614 1.576
36 1.2531 1.6441
39 1.3034 1.7223
42 1.3989 1.8949
45 1.542 2.2093
48 1.541 22101
51 1.561 22211
54 | 1.612 22334
57 . 1.654 2.2367

60 1.658 2.504
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¥ [ F 4 H
M523 43 Tminaduaves B. braunii PK5 1ioimnziaoaluems CA M3 pH 7.2, 8.0, 8.5,

9.0 uag 9.5 Ngamgiines

St dmiinaduie @)
pH7.2 pH 8.0 pH8.S

0 01519 0.1525 0.1594
3 02514 0.2257 0.2389
6 0357 0.3292 0.3438
9 0.5395 0.4676 - 0.4607
12 0.897 0.6901 0.5723
15 1.0443 0.8204 0.8368
18 1.2328 0.9906 0.9757
21 14141 1.1746 1.0646
24 1.5047 1.3488 1.194
27 1.5516 1.4227 1.3703
30 1.6111 1.5992 1.5491
33 1.7718 1.6059 1.6607
36 1.8778 1.7716 1.7587
39 1.8927 1.784 1.8471
42 1.9073 1.8066 1.8251
45 2.0413 1.9845 19927
48 2.0674 2.001 2.021
51 2.0543 2.032 2.035
54 2.123 2.058 2.0539
57 22331 20876 2.0453

60 2.341 : 2.1032 - 2.0954




