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Montagan Somboon 2009: Effects of Different Bacillus spp. for Controlling Vibrio spp. and Water
Quality in Larval Rearing and Culture of Pacific White Shrimp ( Litopenaeus vannamei). Master of
Science (Fisheries Science), Major Field: Fisheries Science, Department of Fishery Biology.

Thesis Advisor: Associate Professor Chalor Limsuwan, Ph.D. 118 pages.

Pacific white shrimp (Litopenaeus vannamei) nauplii were stocked in 12 500-liter fiber
glass tanks at the density of 160 nauplii/liter for larval rearing to postlarval 8 (PL8) in the salinity range
of 25-30 ppt. Three treatment groups using three different Bacillus groups were used as follows: group
1, PondPlus consisted of 5 Bacillus; group 2, PondPlusE consisted of 7 Bacillus and group 3, PondSafe
consisted of 5 Bacillus. Three replicates were used for each treatment. Three tanks without bacterial
product were used as the control group. The bacterial products were used at a rate of 2 ppm from
nauplii until metamorphosis to PL8, while no bacterial product was used in the control group. After
rearing for 15 days, the average survival rates in control and PondPlus treated groups were 68.3% and
69.3% respectively which were significantly lower than those from PondPlusE and PondSafe treated
groups (P<0.05) of 74.5% and 78.2%, respectively. Total ammonia nitrogen in all treatment groups was
significantly lower than in the control group after mysis 2 stage. However, most water quality
parameters from all groups were similar and within the opti mum range. Viable Vibrio spp. counts in all
treatment groups were significantly lower than in the control group (P<0.05), particularly in the
PondSafe treated group which was the lowest, followed by PondPlusE and PondPlus, respectively.

The efficacy of PondPlus and PondPlusE for controlling Vibrio spp. and water quality in
farm-reared L. vannamei was investigated. Nine earthen ponds with an area of 9,600 m’ (6 rai) were
divided into three groups (3 replicates for each group) as follows: group 1 using P ondPlus, group 2
using PondPlusE and control group without bacterial product. Both bacterial products were applied 4
times at days 25-30, 55-60, 85-90 and 115-120 after stocking at a rate of 0.1 ppm. The results showed
that the number of Vibrio spp. and the chlorophyll a concentration in all treatment ponds were
significantly decreased (P<0.05) from the control ponds on the third day after bacteria was added.
These results indicated that using Bacillus spp. could reduce Vibrio spp. and the abundance of

phytoplankton as indicated by chlorophyll a in pond-reared L. vannamei.

Student’s signature Thesis Advisor’s signature
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F4 v Y
Taei¥o Vibrio W8 Pseudomonas Wulwihoinieayuiagnds aaulu Chaetoceros wino

S ' 1o 1% J ] .S ' ' =
Pseudomonas uduIva) drwisvlsiwduusudony visrio Wudiulng luvaginy

A A a 0o Y < ' Aa A
HUANLTILNTNUINUNYU ALLAE Moraxella ‘luf)”l‘ﬁTi?nli%Zﬂ uﬁmiwmmmmmmw

v F
v o 1 IS o 1
ﬂuﬁJau3J1ﬂ‘uumazmwﬁummﬂummqmmymmmimammgﬂﬁ’ﬂuszﬂzmq il

== d' 3 1 LK) o Y 1 1 1 = dy 2
puafGennunluneniiuguas lugndeszezan q thegdwa lUdamsmizidesds

~

9 v Y
Tutie@v Ruangpan et al. (1995) wunuaiizeyiaa1s q lurhnaesd winasamiasunys

] § § 1 1 a3
Tasn Pseudomonas Vosiga wazuuanGenwuamInayiu v. damsela, V. alginolyticus,

V. parahaemolyticus, V. harveyi, V. fluvialis, V. cholera (non -01), Vibrio spp. FINNINVLD



Aeromonas, Moraxella, Pseudomonas, Flavobacterium, Plesiomonas W% Acinetobacter Tu
YuReINY aan nazamz (25400) 1AATIWULUATISONGN Pseudomonas spp. 18 Vibrio
spp. U9e V. alginolyticus, V. cholera (non-01), V. damsel, V. harveyi, V. parahaemolyticus,
V. vulnificus Tudunazduoou &11d uamﬁ@ﬂﬁmmﬁﬁmq 30, 50, 70, 90 119z 120 $u 4
#0ANABIN Ruangpan and Kitao (1991) 1182 Ruangpan (1995) l@a32anuuuaiiiseviia

-

. = . Y o I = =< & = 1 =} A
Vibrio 93 205 strains Gluﬂﬁf]ﬁiﬂ1ﬂ’<]ﬂi$ﬁ’ﬂﬂﬂ f.¢1. 1989 93 1990 "INLLﬁﬂﬂ“I’TLﬂM’NLLUﬂVIL an

F4 o d'dy 1A dy o k4 A A vy 3’
wuluganadinasaluieduevzuileuiniugnie nieleguadluii

Aa A o q¥Ya Y o A A Y 1 .
suaiGenaunsah ldinalsaludenad Tvarewiia 1dun v. parahaemolyticus,
. . . v £ g Aa A g
V. vulnificus, V. anguillarum 1% V. haveyi (%29, 2535; 83yay1, 2536) ¥uilunuanizenilu
' Y = Y 19 ‘;/ 4 o a A A 1 ~
Hyredannuazaseanudeie 1iundiaeainaii sUavewuaNEe Vibrio d N
o a [l a J 4 5 :1} a yd
wldina Tsnludaliog 2 wiia 18un %o V. parahaemolyticus, V. haveyi a2 siiaiiilu
A A 1 I 1 3 a a Y :/‘ Ao a (=)
suaiGeunsuay g eiuuiedu annsansa@uTaldansluannzilesngounag lul

a v Aa A A
pondau satlunuanSennunigaluana Vibrio
a A a A
6. !!Uﬂ‘miﬂﬁf)aﬂﬂiii’)

= A a A o I S A @ ' 1 .
HUANFBENaIVT 1o (Vibrio spp.) Hlunuansounsuay 3neglunqy facultative
. ' g . ' <3 ' v A
anaerobic ﬂgiu%ﬂﬁ Vibrionaceae (Buamann et al., 1971) gﬂimﬂmmﬂm (curved rods) 130
a Y . Y
A543 Hvuanundg 0.5-0.8 lulnswas 811 1.4-2.6 lulasunas (Inglis ef al., 1993) 149
A4 o Y .
ulanaa lumsmasuinluemsmad (liquid media) 19 monotrichous flagella luns
4 § A a I . . o [
waeuiioniylue1sui (solid media) #3714 lateral flagella $1uun Tiarda
A . Aaa a a A ~ 3
endospore ¥3® microcyst gauuginmInzanlumsnsaaula Ao 18-37 asrusarsad i
Aa A L. . A . A A o o
nuasenae lomd (opportunistic bacteria Y159 facultative pathogen) ADINDINNIYUVDINH
1 =) Y o o Y o Y a . .
2OULBNAANVIATIAILIV B UATI8]A 11 1HIAA T5ALDY secondary infection

A 9 ' '
(881 uazAmy, 2540; Austin and Austin, 1987) @1ninniy laauueisiaeasena lniing

' 9
A a K

a A J < J "o ] 1 S A
wunae 1.5-3.5 wedigua (¥99, 2528) uaanvae Ialatiinay uliJlLﬂﬂﬁNﬁ]”lﬂLL‘Uﬂ‘V]LifJ
F4 v E4

U A' é 1 9o a 1Y :,’ =R A dy A Ao 1 A A =
AN FIYNADMS IFBUUNTHA PNUHWNUDINITLAYUTINIUNICABLUUANLTYAN AU

(selective media) f10 Thiosulfate Citrate Bile Salts Sucrose (TCBS) agar %39 Bromthymol Blue
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Y

Salt Teepol (BTBST) tiloninyaz ¥ InTafidmidioaviomans auathunats-lua) Yuegiu

)
o 1 v
anuannso lumsldimagIasavewaazaenug (Cowan, 1975)

VINMIANEINUIIUARISvana Vibrio 1p81atios 25 ¥iagaiiao ¥, alginolyticus,
V. anguillarum, V. camphelii, V. carchariae, V. cholera, V. costecola, V. damsel a, V. fischeri,
V. fluviaris, V. gazogenes, V. harveyi, V. logei, V. marinus, V. methnikovii, V. natriegens,
V. nereis, V. nigripulchritudo, V. ordalii, V. pelagius 1 Q% 2, V. parahaemolyticus,
V. proteolyticus, V. proteus, V. salmonicida, V. splendidus 1 W% 2, V. vulnificus 10g
Vibrio spp. (Austin and Austin, 1987)

%

a A .. A °
YHAVDIMUANIIE Vibrio NUANNAINEY

o

Vibrio parahaemolyticus

Yy A Y

< A A 1 < 1 091} A
WunuanGonsuay E‘IJ'iNL’IJmWNﬁ‘H %50 1A% TUU1AAUNIN 0.4-0.5 LAZAY

=} A

a Y dy dy = J
417 1-3 U],MIﬂ‘iliJGl'i mmﬁamnﬂﬂﬂiumwmaw%m N’s’fmﬂﬁ@I“ﬁLﬂEJMﬂa@“l‘iﬂ 2-4

=

< 3 L4 A R A 9 dy a Yo A a =
wesigua Talaiifiuues yanaslalaiid du onsy Idanguugll 5-45 eerusaideon
a A ~ A oA A a vt o
QUYL AUAD 37.5 DIRUTATOA it 5-11 LazFNAMIZAY Ao 7.5-8.8 1951y IAANA
d‘d a = a [~ 1 1 1 ;’ 1
Tuanmziteondnunas lulieondgnu nueideegluumvaiig q naludiuves
a Y g} 1 a 3 [T
annIndeNuInaeilanzia wathniee azneuau sIuMameia vesuazdadly
9 v
nguAsaauFeuluals o Aufinalan (Sakasaki, 1968; Twedt,1969; Anonymous,1971;
A A v ¥y Ao A
Beuchat, 1974) 101084 1u01M1514a7 V. parahaemolyticus 8NN (flagellum) NG
Y 1 9 a (Y] 1 s A 9 A ~ 1A
Nuvualvg 11du AaodiuaInuved outer membrane Y UHAA (0 15 1UMIIAADUN UALID
dy I A A A o @ J 1
Ao TuesudwuanGelnsn)asuuamadu g IuraIINgNa189INe TN TN
I A a ' s A A o J
w9 nuafiG e ngamsulauraduazisuaveeaioon 1ndszanm 30 Tulaswas du 40
Y o Y o &£~ Y 1w '
TuTasns wSeunuasg flagella $113U310 $93 In59e51901990 polar flagellum TagwyN
=W ] Y ~ J ~ ] S & o 9 ~ A = a
lutidauvioRu Gon1 “lateral flagella” Fo95180g50UITAd Fatminima ounvuadlu
< . o 4 Y
§IM13UA9 (Shinoda and Okamoto, 1977) Junaasanudnuiiedewad lidealuermsman
== A ] 4 9 @ 9 1 A A [ Y
HUATNITBIZITULLEAA WIOUAUA3 1 lateral flagella 3x1gAAY azdIUNHADITYNAAATH

vigaoen 1l Tuanmnadoudina1n (Belas and Colwell, 1982)
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! 1% @ 1 a ] a
US10UNUN V. parahaemolyticus Hanuduiusaenisiia lsnuedds iy Isaaa
4 oy . a A A . s o
1BORUA Penaeus vannamei TWDTNUNUNG1 Guayaquil Uszimeion11a3 onsdo (2536)
1 I Aa A @ @ 1 4 o A
NN V. parahaemolyticus 1Hunpaiizsnnumnluduuazdusouvesnanad1ny e lu
o c:l Y = 1
WWiillﬁENf}ﬂuﬂizmﬁulﬂﬂ MIANYIUDY Chanratchakool (1992) 14812 Ruangpan (1995) W11
v o { o a o { 7 Y
V. parahaemolyticus adunnaiiseniliine Tsaludenaid inniiganinvhswaeana lu

Uszima'lng

Vibrio harveyi

]
AaAA v

< A A I ]
Ll]uLL']Jﬂ‘VILifJL!ﬂﬂJa’U ﬂuaﬂymmﬂuummq YU 1.2-4x 0.3-1.0 lliliﬂﬁmﬁi
a a YA 1 =1 9 A a = A
mmmmitymﬂm‘lﬂﬂiumq WBFNIN A 6-9 Hagguvgu 20-50 D3IALEUBIT FIUITDINY
o ' < g’ Aa (A a S a Y
fl]TH'J"L!E]EJNii’Jﬂl,i'ﬂu‘lﬂﬂlﬂ.]iiﬂﬂlﬁ15@u‘1/ﬁmﬂﬂ (¥ao 1aL WItad, 2547) @514 lateral flagella
<3 a PR a = A ~ o I
uummsmmmg"lwqmwgu 35 9NALE Y Y Lﬂa@u‘ﬂiﬂﬂ@1ﬁﬂu7‘lﬁﬂl‘ﬂﬁa'llﬂuW'Jﬂ
& o
halophile (114979 aerobic 11aY anaerobic bacteria 1HHANMINATOUNIAFUATVDI oxidase test
. <3 .. I a a Ao a A
catalase test 118 nitrate reductase 41 positive (qmﬂ%, 2540) W5 loNUanEULNAY A
[ X a o 4
angaisoauaald (luminesense) Tuanng1a q Wieannmannmsmanuvesou lal
& d o 1 aan a o
luciferase Gd]ﬁlf]uhl“]ﬁlﬂ\iﬂﬁ']’)“ﬂ%ﬂﬁggjuﬂ{]ﬂiUT@@ﬂ%Lﬂ%uﬂl@Q aldehyde 1ag flavin
. 9 Y : a = d . .
mononucleotide (FMNH 2) Glu;s‘ﬂ reduced Glﬁulﬂin NIABUNTY LAY flavin mononucleotide LAY
Uaatldosnadsnueoninlugindsnns o Falinnuennau 490 wTumas Bddeunw

(MA0400MIN (Ziegler and Baldwin, 1981) AN

Luciferase
RCHO + O, + FMNH, ——» RCOOH + FMN + H,0 + light (ﬂ’Jme”l’mau 490 nm)

(Schmetterer et.al., 1986)

A v A J J AR Y i 1 4
nuLye; RCHO Ao f]ﬁﬂ"lElﬂ?ﬂi°IJf]'Llf)é'ﬁﬁ@Nﬁ@ﬂulﬂulﬁuﬁiﬂﬂgiu%?ﬂ 7-9 ANTUDU

BEMOU (straight-aliphatic moiety)
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v v
o Y

1 4? 1A A a T A a o o v AA 9 o
ANHUSDINIT ﬂmﬂm%mumagﬂmnminua HIDATUNIUT DIAINT VN UWNAD

a

aA 9 S o Aa Y] v AaA J A
D1WICUAADUVIUUAY FYWNANTOUAINUDINITAADI AIUAIN AVUTFAAN (FAALVIDNATY LIAN

<
NANAUIZIAUMTITOWAT (NDIT7, 2534; ¥00, 2543)
Vibrio vulnificus

< { 0 a S, . ! 1o A
Wunuaiienduaumailiinalsadeudiluds (black splint) g9z s 1diRanms

v
=t

[l I Y o < . LY § 4
Mopeagunse Asiulsadeudnzlimsazauiiag (melanin) Heasldlundniio e

a

A3

o o [~} [ o n oo . : Y o A
lddnldgnildmududdwumsneg livhSudsemu (Limsuwan, 1993) Faomsideudin
a d? @ A A Y dy 1 9 a dy I dy o o Yy A
mavwinanuiuInandiediuies msdaweunuusesvi g dimsaevuaueslag

Y A o dgl a c?j a
asnasamyuluusnuy (WS uazauy, 2537)

a O o & 4 &
yao (2531) s1enumsna lsadeuar lutared) w.a. 2531 Tuvare q Hunms@es
s AL 9 09; 2 o Yo = £ 9 A4 )
IﬂﬂmWW%V‘IﬁﬁJ‘l’lmﬂﬂﬂ’Jﬂ UWﬂ’JHJLﬂlJ@lehlﬂi‘]Jﬂ’ﬂmﬁﬂ "IIun %QQQVI!’IJUTiﬂi]&‘HH!ﬁ?JU
= ey o ' ' Y dy Y ' 1 A A ' 9y
ﬁmmaml,miﬂag“l,umummﬂmmua ATUANVDUNU W1z aIUNFINTE 19U a0
o o oy { 1 L4 a
mqmwm;ﬂﬁmw%mmaﬁ carapace L%MNWHﬂuﬂﬂaN 0.1-0.5 IFUANAT LASHDNTT
¥ Y
{5]iﬁﬁ]ﬁ@UWU31ﬁﬁ1LﬂﬂN1ﬁ]1ﬂL%® V. vulnificus ﬂﬁﬁﬂ‘bﬂVﬂQWﬂTﬁﬁﬂWWm@ﬂlﬁ@tgﬁ)WU?1ﬁﬂ1§
< A a a A AaA o a A A4 4 o
azauYltlAL ’f)ﬂ!’m&ﬂﬂma"luuiﬂﬂ3JﬂijﬂJ"U’fNLL‘]Jﬂ‘VILSEJﬁ]11!1]1!%1ﬂﬂillmiﬂﬂmﬂlﬂﬂlﬂﬂ?wu
a d' a c}l o U d' A Y Y 1 Y % 1 A A a dy
UINUNNALTYUAT LASIITTONUNINNID N AULAZALDDU qﬂlflﬂmu UALLUANITITUAN

4 4 [
fiwnfoslurhiitinnuAngs (Chanratchakool, 1992)
Vibrio alginolyticus

I A A 1 a a A Y k4 o A1
V. alginolyticus \Whimuaiiselunguivs Te Adwisouen ldnindenmdinieawe
@ 1 a =
Lla$EJ\1W1J'.]11‘]_]uﬁ1lﬂ@lmﬂﬂﬂ1§!ﬂﬂiiﬂﬁjﬁﬂlu1ﬂﬂa’]@ﬂuﬁﬂmuWﬂiﬂfy) g\?ﬁﬁJ'ﬁﬂ@]i'ﬁ]W‘U
S A a dy 1 o o ' oy A @ 1 Y A
wuaiGeydaiunludiuves dulazAuoouazilaen ﬂTﬂﬁ’JﬂEﬂQfN‘V]ﬂ'}ﬂ

(Raungpan, 1995)

a J Y o ' a S A . . o
TUINNY Lazae (2537) lastimsnaaeswuinlsmnauuniife v, alginolyticus NN

o J 4 o Jd a aa
ThAenardiae 50 wlesiaua meluszezina 96 11ua fio 5.1x10° wad/iiaanns
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[ 2 ' v

maasuutlasmanensanin veailee i nuniinisna nodules SMIUNINBUTOUVT IV
44 44 o oA ) A o o R =
Niewengniiane Tasliilia@en (hemocyte) W1MNTINNGUITDMIAEAANNTIIABIAZY

< a { a yw 4 @
MIALANVDUNAT (melanization) VTNUMAAVIALNG UOANAUTINVIYD V. alginolyticus 84
I a PR
Wuawmguesmsinalsaludenaidinlszmsuna®e (Anderson er.al., 1988) 1azA3v12

v Y

waw'ly Adesluieoyuia Tulsymeonaes (Mohney er.al., 1994)
Vibrio anguillarum

sUailunrianss nie 1R vina 0.5 x 1.0-2.0 lulaswes liadrealos ndouiidas
flagella 118U 1iiflu acid-fast naz liaframsd nTayldduue Wsdeuden fiTinge
1-1.5 )05 15Ud (Bgusa, 1992) Hunuaiiteiineldifalsalutlasiausnianunsouen 14
Fowlfiams Tasusnointmlna il a1, 1974 nazdadunnaicousnitldszydoadly
The European Literature 8nR8 (Frerichs and Millar, 1993) V. anguillarum Lﬂmmﬂﬁﬁﬂ‘ﬁlﬁﬂﬁ’
Yamzianazilaninsesin i lsa Tasmmezundiimsmedosdahneiluas I
nea FuiuaumgilidandiulsaiviTeda Sledludnlamseseu q daar lulishey

mlinalsald

Vibrio damsela

@ va g a {
Nanvuzuazauanta Wy facultative anacrobic bacteria fonAaFunIUAY INADUN

a =

y3 Y a P < & A A
"lmaﬂuaa 's’ﬂll'lii]Li]iiy,Ulﬂﬂcl,u@'lWWilaﬂﬂlslf@ TCBS wqmwﬂn 25 DA ALBYT W581u61ﬁ1§
Y

U

Y
= A

@AouFeiitimsnaunae 1-6 wesiiud a213n591n D-glucose e 1iiad1991n D-adonitol,
cellobiose, dulcitol, erythritol, melibiose, raffinose, L -rhamnose, D-sorbitol, trehalose N30
D-xylose DNA Y32nOUAY Guanine 1Az Cytosine 43 wosidud ( Austin and Austin 1993)
Renault e al. (1994) S100UNNY V.damsela chzﬂumm@mimwmﬂamz‘wwnﬁﬁms
meﬁyﬂﬂum@a (Tahiti) Lﬂuﬂiﬂmiﬂ uazé’qmmmuaﬂﬁfyﬁ) V. damsela “lﬁ'mm/\h{mﬁymﬂm
rainbow trout TAULISAEUATITN (Pedersen er al.,1997) dansatlszmeing ousdo ( 2536)
AWNTOUEN V. damsela 1INAINAIA 8 Sunsansn uona Nt s V. damsela ﬂm*ﬁauagj“lu

913NN 2MAUITIFaBNAY (Landgraf ef al., 1996)
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7. ¥5a303V0Fa (Vibriosis) 1109

S Aa = A I~ Y, Y 9 v 9
AulsantaumgnnuuanGeluana vibrio Fainnulufanzia dmivdan
A a & o = Y A A . . £ 1 qgYa
wanin luTsainannge Vibrio a1unsasen ladntens “Sindroma gaviota” Fanelving
= o dy 9 o ] =l
ANUAEMIEAUMIIWIZAIN Tulszmaen11aos U191 a6, 1989 1Az 1990 (Mohney
v v
etal, 1991) TagmludwuaiSelunguiiennsanu1dlumauduernns (Moss er al., 2000)
@ @ :‘ A Y A g a . A g 1 A
Au HazAveauazinaaueININTluINA (Gomez-Gil er al, 1998) tpfsagludan1izi
= L} a a ds’ = 1 =) =\ 03’ Q' dgl Qd‘d
IATHA 1B INAMIAAFINYaTNAN  UTinave ey Tuie Tuthiiuuy guvgidnims
A ' 3 g A a ¥ g ' Y a Y 1w
nlasumlasedniiaisuas anuauiguin Tl dudu fansaneliinals aldmuny

Y ¥ Y '
(Mohney et al,, 1994) Tagnunafiseae lhanaiiaensowouninszaeldluszuvae 9
[ A~ a dy a A o Y I = o A 31 A A agzl ~ [
sume WelimsAaeusnaldon ldUsningiuuwaddmiommanusnauiiv Gonn

E4 Y

Y
T5Agadm3e1iaa (black or brown spot disease) UONINHNUNITMIAMFODE 19U

o Y a = J J Y A Y A g 1 a o o A
@1%%11Wlﬂﬂﬂ1iﬁ]ﬂﬂ\1 70 SIGHE Llﬁgf}\iﬂﬂﬂﬂ‘ﬂggﬂf}\iﬂllﬂlﬂlﬁQﬂ'ﬂﬂu TA1MIUDINITOU

A Y A Y A g a g A A a ' gl a a ' A ﬁl Y '

VIﬁHJTiﬂ‘IN‘U"lﬂ o QQ‘VIL‘IILIIiﬂ@lﬂﬁfﬂlﬁjﬂ“ﬂliEl%%iJﬂ"li’NElu1Nﬂ‘]Jﬂﬁ VYNAIUNUNNUNUUD
P

Y

a0 v & Ao qy Y & . A
AAUVUIU E]ﬁ]W‘]J@WﬂWiﬂJ@\?Iiﬂﬂﬂ'lﬂlﬁﬂa'lilluﬂﬁ'lﬂ (muscle neCI‘OSIS) UAZDINTINATUIUD

[ a 1 k4 .
N5 utluazasn (cramped muscle syndrome) 594A38 (Block and Main, 1994)

Y oA a 3 A A 1 a A t% 1
¥ao (2543) 18011 Nnthe lasmsaarenuanGelunguiusle Unazegainvel

@ Y o 1Y

v v
o n3eaveawANh Udwad wianlsn tagneumuAai feirddy Tugdamain a

a U

o @ % [ [ 1 o w o < a 1A
feenisn weiinegnsou °]JN'§Iﬂ‘]elﬂlz’ﬂgv\lﬂ31@1%619’]3%$§ﬂﬂﬂﬁ1u1ﬂmﬂ TR IR [o

A A A = A o A & o o A o A
N9 NITUIN mammﬂaaﬂ%mmn ) DTN UVYLYDIINAVLLASAVDDU 1139 1NUUDDA
= d’l A d o Y Y] 1 o =1 <3 ] A Y ax a dy

wUFaLUANG U IUIUNN AVLazAUDOUNNITNVINAENaInNUNA NNUNTITAALYD

a A Y] A 1 Y 3 ] A o [ 9 ag A A
Lmﬂmiaiuawmzmanmumuu llil’s’ﬂllﬁi‘l‘l/l‘Dgﬂ?ﬂﬁ’iﬂ‘hﬂiﬂﬂl%mﬂaﬂﬂuzqﬂ LHBIIN
Y o 1 dyd U I =< Ay a @ o’j [ =
maﬂymzmmimmuumiﬂ’wmsﬂunmmu ﬁ]uﬂﬁi%ﬁﬂ$1’lf}\1llllﬂ‘1~!@1?ﬂ§ﬂ\1uuﬂﬁiﬂ‘]&l"ﬁ]\i

11i'ldwa
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MIAuANTIA Vibriosis

. . . ) Y = T oAa dy Y @ A
ﬂ”liﬂ’J‘]JﬂiJIiﬂ Vibriosis 1/]11@1@8ﬂﬁLGIifJiJ‘]Jm/lﬂﬂﬂuﬂTimﬂﬂfNLm%ﬂﬁﬁ]ﬂﬂﬁm’ﬂ

[

= 1 dy . a 4 Y 1 d‘
aanMuAsean18TuL0Iae9 (Lightner, 1996) mumjﬂ5mmuwmﬂmu1mg1m$ﬂw
d' [ Aa 1 A dy d'dy ] [ dy Y
N(P\RAG PV L‘WEJf‘ﬂi’ﬂ@Qﬂ‘L!ﬂﬁ!ﬂﬂﬁ?ﬁiwﬁiﬂ"uuﬂﬂﬂwuﬂﬂ 11!531’(’313'?‘!13&68\1 ABDNAIUANNTT
Y [} YA A Y 3 A o A A Y1 A 1 2’
Gl‘l’iﬁ]T’IrﬂiE]ﬂﬂ‘ViﬂJmﬁ@@]ﬂﬂNL‘Wﬂ%’ﬂzLﬂuﬂﬁlwmmu’luuﬂﬂﬂliﬂklﬂ\ﬂﬂ msasumenil ms
o = ' @ 1 P4 G 1 Aa 1 @
aﬂﬂ1L!’Ju"llﬂﬂlﬁ’ﬁlﬂ”lﬂaluUﬂiﬂﬂﬂﬁaﬂ@ﬁﬁﬂﬁﬂaﬂﬂf}ﬂ ﬂ”limiflll‘ﬂf]‘lﬂﬂiﬂﬁlﬂﬁﬁ”lﬂ‘ﬂ’é)‘ﬁa\iiﬂﬁﬂ

v 9
m3deslunaaz jutazmsldyunszaieanliuandouy afiiseld (Anderson er al, 1988)

msldenlumstlostuuazsnulsaluszezidusunaasomsnalnauadslite
o Y o 57 o 2‘ A Y =K Y 9
nnduiuszdssihinrugiumslsvlisquamimaziuiedietes lawa msldelums
o o Yy 9 PR J Y. 19 ya =
Hlostunazsnpg ldwadooundr i eansonruquaanini lildlinmsn)dsunlann
A 1 aqy y v A Hdey oy g Ao o
naziuveazeinld exdmgadwildzdouilunndninnuauznssumseiisuaze
vqg 9 1 g Y a va o ] 1 o A [
oy 1N My tazdsalfiamudwuzihvesnsulszelaonssniaotlosiuilym

#IANANG (¥AD 1AL WILAR, 2547)

8. gaum3dlutieraeads

'
a A

a a J 1 dy Y A 3 I VA A
fgauma“lu‘umamﬂqmmwuﬂmﬂu autotrophs 10 heterotrophs UAFUAN

)}

o o ' a 4 4 IS a o
anudnglumsdesdaloa1sdun3dnonIn heterotrophs tiesnIMilugaundndeeid

9
J A A

a A J I 1 @ J 2 o Y a a2 d ) A o Y
F15ouUNTNTUIHAaINAIN UL AT VD ﬂmﬂﬂ’gaumﬂﬂqnu REREGE iflJuVWl”Icl,ﬂ!, NANIT

a

VA a A dq Y I a A d A =® a =4 :/l
muﬂaﬂuasmiﬁmamsaumﬂimﬂumiauuma Nﬂﬁﬁﬂ‘kﬂﬂ‘iiﬂm@auﬂiﬂ mumwmh

a A

Y
] o [ 1 1 1 1 a a
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AR eAUAD 100, 150 LAZ200 AIADAITINUAT Wui1%ﬁﬂ§mmiﬁum§5agj“lulf1
8.3x10°-2.1x10°, 3.0x10-3.5x10° Uag 9.0x10™-4.1x10° wraaneiiaaans mudauauLTina
Vibrio spp. WUpg 11329 4.0x10° - 6.8x10°, 6.0x10° - 5.3 x10° 1A 2.6x10° - 5.4 x10” 1¥aAAAD

A o w A e a @ § J
Uaaans auaal Liag "If’JQLiMﬁuﬂlﬂﬁﬂﬁlﬁﬂﬁﬂiuWﬂlﬂﬂu‘ﬂ?fJi’JiJLLa%L%@ Vibrio spp. Tuihae

A A 9 ' 1 9 dy
Nsmadeeninlusag AANYUDINIITLAYN

a N d . VA 14
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1 a 4
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auUN3 1A heterotrophs 92 1Ha1sdunIdmsvouainllsau lviu

o I 1 4 1 Aa a2 d A 9 a =4 4 1
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4. Denitrification

3 { 3
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10. uuaii3e Bacillus sp.
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Bacillus sp. WULUANISATULIN (Gram-positive bacteria) ansoas e laales
. 1 I~ 1 @ 1 3 a 2‘ gl < a
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ANNIAY (salinity) T Tael4AT09 YSI 30/10 FT
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528209 nansaal %11 %12 %13 1nag
TLINGIL AR 8.3 8.4 8.3 8.33+0.05
PondPlus 8.4 8.4 8.4 8.40 £ 0.00
PondPlusE 8.4 8.3 8.3 8.33+£0.05
PondSafe 8.4 8.3 8.4 8.36 £0.05
ﬁ!éﬂ 2 AIUAN 8.4 8.3 8.3 8.33£0.05
PondPlus 8.4 8.3 8.3 8.33+£0.05
PondPlusE 8.4 8.3 8.4 8.36 £0.05
PondSafe 8.3 8.4 8.4 8.36 £0.05
Tuda 2 AN 8.3 8.3 8.3 8.30 4 0.00
PondPlus 83 8.3 8.3 8.30 £ 0.00
PondPlusE 8.3 8.3 8.2 8.26 £0.05
PondSafe 8.3 8.3 8.3 8.33+£0.05
Twaanns 2 AN 8.2 8.2 8.1 8.16 £ 0.05
PondPlus 8.2 8.2 8.2 8.20 £ 0.00
PondPlusE 8.3 8.2 83 8.26 £0.05
PondSafe 8.3 8.3 8.2 8.26 £ 0.05
Twaans 5 AN 8.6 8.5 8.6 8.56 + 0.05
PondPlus 8.4 8.4 8.4 8.40 £ 0.00
PondPlusE 8.5 8.5 8.4 8.46 +0.05
PondSafe 8.6 8.6 8.4 8.53+£0.11
Twaas 8 ALAN 8.7 8.7 8.7 8.70 % 0.00
PondPlus 8.8 8.8 8.8 8.80 £0.00
PondPlusE 8.7 8.7 8.7 8.70 £ 0.00
PondSafe 8.6 8.6 8.4 8.53+£0.01
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WLINGEL AV 82 83 80 81.67 +1.52
PondPlus 83 85 83 83.67+1.15
PondPlusE 80 82 83 81.67 + 1.52
PondSafe 84 84 80 82.67 £2.30
«g!éa 2 AUAY 83 95 96 87.67 £4.16
PondPlus 89 83 91 88.67+£7.50
PondPlusE 89 96 81 91.33+7.23
PondSafe 95 81 86 87.33 £7.09
Tuda 2 AN 95 103 87 95.00 + 8.00
PondPlus 103 93 109 101.67 + 8.08
PondPlusE 100 86 92 92.67 +7.02
PondSafe 89 89 103 93.67 +8.08
Tnaans 2 AN 93 93 97 94.33 +2.30
PondPlus 99 90 92 93.67 +£4.72
PondPlusE 99 101 95 98.33 +3.05
PondSafe 101 107 83 97.00 + 12.49
aas s  aduqu 97 103 101 100.33 + 3.05
PondPlus 93 104 107 101.33 £7.37
PondPlusE 101 102 107 103.33 +3.21
PondSafe 113 103 107 107.67 + 5.03
Twaa1ns s ALY 129 126 129 128.00 = 1.73
PondPlus 128 131 124 127.67 +3.51
PondPlusE 129 137 119 12833 £9.01

PondSafe 122 117 141 126.67 £12.66




111

M319WuInd 3 YSunawen Tuitiesn (Hadnsudoans) AaoaszeznaINsoyLIa

andeu i ly
538ZR wanauai 41 42 43 i
WLINGEL AV 0.75 0.69 0.71 0.717 +0.03
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«ga’gﬂ 2 AUAY 1.96 1.99 2.70 2217+0.42
PondPlus 228 2.53 1.57 2.127+0.50
PondPlusE 2.16 1.97 2.28 2.137+0.16
PondSafe 1.58 1.22 0.84 1213 +0.37
Tuda 2 AN 221 233 2.29 2.277+0.06
PondPlus 1.49 1.13 1.68 1.433+0.28
PondPlusE 2.06 1.81 1.91 1.927 £0.13
PondSafe 1.41 1.16 1.26 1.276 £0.12
Twaans 2 AR 2.84 2.82 2.62 276 +£0.12
PondPlus 2.60 3.04 2.26 2.633+0.39
PondPlusE 2.72 3.04 2.72 2.827+0.18
PondSafe 2.97 3.00 3.02 2.997 +0.25
Twaas 5 AN 227 2.94 3.13 2.78 + 0.45
PondPlus 3.07 3.07 2.82 2.987 +0.14
PondPlusE 3.08 2.93 2.72 2.910+0.18
PondSafe 2.9 2.89 2.72 2.867+0.14
Twaa1ns s ALY 3.44 3.53 3.72 3.563£0.14
PondPlus 3.12 3.86 3.69 3.557+0.39
PondPlusE 3.22 3.29 3.17 3.227+0.06
PondSafe 3.82 3.70 3.56 3.693 +0.13
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uoIwde AN 0.027 0.016 0.021 0.021 £0.005
PondPlus 0.013 0.025 0.018 0.018 £ 0.006
PondPlusE 0.025 0.024 0.013 0.020 £ 0.006
PondSafe 0.022 0.015 0.023 0.020 £ 0.004
10 2 AN 0.342 0.329 0.301 0.324 £ 0.020
PondPlus 0.329 0.310 0.298 0.312£0.015
PondPlusE 0.336 0.391 0.301 0.342 £0.045
PondSafe 0.305 0.245 0.269 0.273 £0.030
Tuda 2 ALY 1.383 1.284 1.230 1.299 +0.077
PondPlus 1.176 1275 1.004 1.151£0.137
PondPlusE 1.284 1.247 1350 1.293 £ 0.052
PondSafe 1.050 1.096 1.138 1.094 £ 0.044
Twaa1s 2 ALY 1.268 1.414 1.292 1.324+0.078
PondPlus 1.503 1505 1.534 1.514£0.017
PondPlusE 1.664 1.587 1.516 1.589 = 0.074
PondSafe 1392 1.250 1.612 1.418 £0.182
Tnaa1ns 5 AN 1.035 1.159 0.937 1.043 +£0.111
PondPlus 0.980 1.301 1.066 1.115£0.166
PondPlusE 1.173 1210 1.128 1.170 +0.041
PondSafe 0.894 0.819 1.153 0.955+0.175
Twaa1s 8 AIVAY 1.130 1.206 1.090 1.142 £ 0.058
PondPlus 1.464 1359 1.259 1360 £ 0.102
PondPlusE 1.360 1.139 1.392 1297 +0.137

PondSafe 0.684 0.516 0.856 0.685+£0.170
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538ZR wanauai 41 42 43 i
uoIwde AN 0.011 0.012 0.009 0.010 = 0.001
PondPlus 0.013 0.013 0.012 0.012 £ 0.000
PondPlusE 0.012 0.010 0.011 0.011 £0.001
PondSafe 0.012 0.012 0.010 0.011 £0.001
10 2 AN 1.547 1.532 1.724 1.601 = 0.106
PondPlus 1.877 1.626 1.705 1.736 £ 0.128
PondPlusE 1743 1.850 1.789 1.794 £ 0.053
PondSafe 1.877 1.736 1.761 1.791 £ 0.075
Va2 ATUAY 3.982 4.013 4.138 4.044 = 0.082
PondPlus 3.824 3.797 3.852 3.824 £ 0.027
PondPlusE 3.782 3.998 3.908 3.896 £ 0.108
PondSafe 3.379 3.329 3.216 3.308 £ 0.083
Tnaans 2 AN 2342 1.967 2273 2.194 +0.199
PondPlus 2261 2328 2.172 2253 £0.078
PondPlusE 2.474 2.381 2374 2.409 +0.055
PondSafe 2.463 2355 2324 2.380 £ 0.070
Taamss  auqu 1396 1395 1373 1388 4 0.013
PondPlus 1.176 1.244 1.237 1219+ 0.037
PondPlusE 1.240 1.240 1.283 1.254 +0.024
PondSafe 1.221 1.192 1211 1.208 £0.014
Twaa1s 8 AIVAY 2.142 2.045 2.145 2.110 £0.056
PondPlus 1.228 1.009 1.231 1.156 £0.127
PondPlusE 1.968 2.109 1.849 1.975+0.130

PondSafe 0.962 0.884 0.781 0.875 £ 0.090
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wl‘l‘ﬁ' 0 ‘].i’f]ﬂ’)‘lJﬂIiJ 6.10+£0.26 8.57+0.06 109.33+8.08 0.640+0.082 0.069+0.011 0.633+0.034
PondPlus 6.27+0.12 8.57+0.06 110.0042.00 0.630=0.100 0.08320.013 0.629+0.024
PondPlusE 6.130.15 8.60-£0.00 103.0043.05 0.65320.059 0.086£0.008 0.625+0.020

Sudi 3 venuny 5.17+0.12 8.63+0.06 128.0043.46 0.656:0.069 0.089-0.008 0.692+0.050
PondPlus 5.20+0.20 8.70+0.10 110.67£12.86 0.600+0.120 0.087+0.006 0.694+0.018
PondPlusE 5.37+0.12 8.70+0.10 122.00£12.17 0.637+0.070 0.086:0.005 0.67120.039

$udi 5 Uenuny 5.27+0.12 8.57+0.06 117.33£1.16 0.756:0.107 0.089-0.006 0.688+0.029
PondPlus 5.37+0.06 8.63+0.06 121.33+£2.31 0.667+0.133 0.083+0.006 0.656+0.031
PondPlusE 5.43+0.06 8.63+0.06 116.67+4.17 0.6200.115 0.085+0.006 0.624+0.046

$ufi 7 Uenuny 5.13+0.06 8.67+0.06 138.67+6.11 0.578=0.102 0.081=0.006 0.702+0.078
PondPlus 5.03+0.06 8.67+0.06 139.3346.11 0.56320.153 0.0840.005 0.676:£0.013
PondPlusE 5.13%0.12 8.67+0.06 133.3342.31 0.637+0.100 0.082:£0.005 0.648+0.037
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Sudi 0 UoaIuny 5.20+0.10 8.23+0.12 146.67+7.02 1.947+0.157 0.092::0.005 0.744+0.031
PondPlus 5.13+0.15 8.27+0.06 147.33+4.62 1.944+0.102 0.091£0.008 0.739+0.028
PondPlusE 5.23+0.06 8.230.06 146.67+3.05 1.813+0.075 0.089£0.008 0.745+0.023
Sudi 3 UoAIuny 5.30+0.10 8.37+0.06 148.00+2.00 1.267+0.100 0.098+0.001 1.057+0.125
PondPlus 5.3740.12 8.30+0.10 154.00+9.17 1.178+0.102 0.089::0.003 1.120£0.039
PondPlusE 5.1740.15 8.30+0.00 148.67+1.16 1.211£0.051 0.090£0.006 1.131+0.083
Sudi 5 UoAIuny 5.40+0.00 8.37+0.06 152.67+8.33 1.256£0.019 0.087£0.009 0.697+0.093
PondPlus 5.37+0.06 8.33+0.06 161.33+5.77 1.156+0.117 0.087+0.007 0.645+0.045
PondPlusE 5.3320.06 8.30+0.10 154.00+4.00 1.144+0.102 0.088+0.006 0.641£0.042
Sudi 7 UoAIuny 5.37+0.12 8.37+0.06 164.67+6.43 0.789+0.117 0.088+0.007 0.945+0.019
PondPlus 5.40+0.10 8.33+0.06 164.00+8.72 0.900£0.208 0.092::0.004 1.047+0.090
PondPlusE 5.40+0.00 8.330.06 170.00+2.00 0.833+0.123 0.089:£0.004 1.0540.229

ST



@

k4

1 wvAa g; [ Y [ ] $ 1A ] { A a Jd a J v a
m‘snwmnﬁ 8 ﬂmawmt‘]mﬂuumﬁmﬁ’wnmuuﬂmzﬂz 85-90 ammmamuauﬂ"lummmzmmam‘ﬁmuwamﬂmmauw%m 2 ¥UA

SIEFTRLY
Ui Honaand ponFud Ny anudua wou Tuiies Tu'lasi Tuasn
azangTni
$udi 0 IRREMGE 5.50+0.17 8.50+0.10 178.676.11 1.800+0.100 1.85740.053 1.16040.025
PondPlus 5.43+0.12 8.53+0.06 184.67+2.31 1.743%0.023 1.85840.033 1.13120.027
PondPlusE 5.47+0.06 8.47+0.06 188.67+6.43 1.690+0.072 1.893+0.067 1.1524+0.125
Sudi 3 IRREMGHY 5.67+0.15 8.40+0.10 200.67+6.43 1.223+0.129 1.868+0.007 1.7230.140
PondPlus 5.50+0.10 8.4740.12 197.33+4.17 1.177+0.050 1.86620.042 1.719+0.106
PondPlusE 5.47+0.06 8.430.06 194.00+2.00 1.189+0.102 1.771£0.065 1.809+0.118
fuii 5 TECRRTEY 5.53+0.06 8.50+0.10 204.67+8.08 1.100+0.089 1.956+0.007 135240057
PondPlus 5.60+0.10 8.47+0.06 194.67+2.31 1.089+0.084 1.959+0.015 1.286+0.097
PondPlusE 5.50£0.00 8.50+0.10 193.3348.08 1.144+0.084 1.83240.072 1.343+0.077
Sufi 7 IR 5.57+0.06 8.43+0.06 232.67+4.16 1.423%0.095 1.83040.007 1.064+0.024
PondPlus 5.57+0.12 8.47+0.06 224.67+9.24 1.400+0.088 1.871+0.051 1.041%0.045
PondPlusE 5.50+0.10 8.50+0.10 224.00+6.93 1.267+0.088 1.83120.003 1.062+0.054
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Suii o SIRGISTLE 5.33+0.06" 8.37+0.06" 150.00-8.00 1.80320.095 1.958+0.005 1.317+0.036
PondPlus 5.43+0.06" 8.33+0.06" 155.33+6.43 1.810+0.035 1.958+0.011 1.320+0.049
PondPlusE 5.40+0.10" 8.37+0.06" 158.008.00 1.75620.150 1.962+0.006 1.300+0.031
Jui 3 IRREMGH 5.33+0.12" 8.43+0.06" 151.33+4.16 1.127+0.045 1.944+0.011 1.292+0.090
PondPlus 5.43£0.06" 8.40+0.00° 152.00-6.00 1.13320.033 1.860+0.050 0.929+0.108
PondPlusE 5.43£0.12° 8.43+0.06" 159.003.06 1.078+0.084 1.862+0.034 0.891+0.140
Jui 5 SIRREMGHY 5.33+0.06" 8.47+0.06" 148.009.17 1.144+0.168 1.993+0.067 1.293+£0.079
PondPlus 5.43+0.06" 8.40+0.10" 142.00+2.00 1.110£0.072 1.87140.047 0.919+0.081
PondPlusE 5.47£0.12° 8.37+0.06" 153.3346.11 1.0560.069 1.849+0.020 0.85120.086
Suii 7 SICRRMGH 5.33+0.06" 8.40+0.10° 148.00+9.17 1.100+0.145 1.962+0.043 1.226+0.183
PondPlus 5.33+0.06" 8.43+0.06" 144.67+4.62 1.078+0.084 1.953+0.006 0.963+0.181
PondPlusE 5.40+0.10" 8.37+0.06" 154.00+5.29 1.177+0.139 1.826+0.005 1.19120.063
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