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Abstract

Saline soil causes a serious problem for agricultural production in the arid and semi-arid
areas. Saline soil is a factor that induces plant to produce ethylene by using 1-
aminocyclopropane-1-carboxylic acid (ACC) as a precursor and consequently inhibit the
elongation of plant root and shoot. Moreover, the nature of saline soil leads to fixation of
phosphorus which results in low available phosphorus for plant. For successful introduction of
biofertilizer for solving problems of saline soil, the salt-tolerant plant growth promoting bacteria
play a crucial role as bacterial inoculants. This experiment was conducted under the hypothesis
that the salt-tolerant ACC deaminase producing bacteria and the salt-tolerant phosphate
solubilizing bacteria could alleviate the stressful effects of salinity on tomato (Licopersicon
esculentum Mill. c.v. Seeda) and increase available phosphorus for plant growing under saline
condition. This research was thus aimed to select for salt-tolerant ACC deaminase producing
bacterium strain and salt-tolerant phosphate solubilizing bacterium strain, and then used as a
co-culture at ratio 1:1. The effective formulation for maintaining the highest survival of mixed
bacterial inoculants was also determined. The effects of co-culture on tomato growth at various
salinity levels (0, 30, 60, 90 and 120 mM NaCl) under laboratory conditions were investigated.
In addition, evaluation of their effects on tomato growth in saline soil under greenhouse
conditions was also performed.

Bacillus licheniformis B2r and Bacillus megaterium A12ag were selected as salt-tolerant
ACC deaminase producing bacterium strain and salt-tolerant phosphate solubilizing bacterium

strain, respectively. The sugarcane bagasse was the best carrier for maintaining bacterial
survival of the dry co-culture formulation over a period of 1 month under storage at both 4°c

and 30°C. The co-culture significantly increased the levels of germination percentage,
germination index, root length, and seedling dry weight of tomato under laboratory conditions at
all salinity levels. Furthermore, under soil salinity at 3 dS/m, the treatment that used co-culture,
N:K from chemical fertilizer and P from rock phosphate resulted in levels of fresh weight, dry
weight, chlorophyll content, leaf area, and phosphorus content of tomato plants higher than the
other treatments. These results indicate the importance and feasibility of using salt-tolerant

plant growth promoting bacteria for enhancement of tomato growth in saline soil.

Keywords: Plant growth promoting bacteria, ACC deaminase producing bacteria, phosphate

solubilizing bacteria, saline soil
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211 14 Tu Nuanluszauanududg 9 lusnmwiesdfidnng
dl L J 1 a a U A dl v
NN 44 HazesiTenaudanaaIyaulavasdunzidamandgnluaniniiod
Udams lasudsduszauanuiduvasnialnfsuasslsan
(M) 0 mM (2) 30 MM (A) 60 mM (3) 90 mM uaz (3) 120 mM
MNN 45 ansuzveInndunauzifiainaaiy 14 1 (n) Mwaa ldrwnaaui
g A & A o &
\TONEN WAL (V) NURARIWINILANRILTaNEN
M 46 masguaziaimzussnuafiuuTuunndundazidaineany 14 T
fwdarumaduiidenay uazlgnlugnwiasl juanmniszauany
Lf¥ (M) 30 MM NaCl 4 (1) 120 mM NaCl
nwi 4.7 PinowueiGeluduwandadiwesdundaniduinm 2 4 6 uaz 8

sUanR
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= °
UNn 1 unu

AWNAAINFANINNANINNTT 0.15% LazA1aNE WA 2 mS/em wIau1nN31 3aI LT wan
= a =3 1 QI/ [l QI v v d v v {
L3 (Landon, 1991) AuLANWLLNIATZEN lanlasanzadaBeluauAauas uasnaurauadn
AMANEAIAI8MITALIZNW (Keren, 2000) taminansaimaneasnysalununaufude
NANTZNUINANLANTDIA RN dan1ssanuaznsasnidulavasis qﬁuw%ﬂuau hRE
ﬂmauﬁamaaauﬁwﬂa%@m 9 Baawvadindenananaziduislasasedansuar lunisdaudn
galnasianuanaaslufa nlwUSunasinnnssiansavin Wl mlse lomi leaaad waztiuilasanegn
i ldAanIanaendan (Mayak uazamwe, 2004) vlAAaNIEUEINITHARI289INLAZAIAY
(Deikman, 1997) #aNINHAMULANIIRINANITNUGAANTIILATY NINTIY LLaz*’ﬁﬁmaaﬁgﬁuw‘%ﬂu
N ° Y Aa A Aa I A A ' ' a & A A A = A A
N 1’]’]1‘12\LL‘]Jﬂ‘Y]Liﬂﬂia@“ﬁ?@mauﬂmmﬂﬂLiElﬂQML@]%I%@]%LmJﬂE] LUANIUNULAN LASHUATIETE
TOULAN (Zahran,  1997)  wuafiSpfiaiianInzdunaaiyidulavesis (Plant  growth
promoting bacteria, PGPB) ifunuafialudunianudaydsdaniaaiaidulavasie Loy
Iautianuganauysal Trvaiasnszdunmanaiyidvlavesie lédun misfaewlsl Acc
deaminase LNBAATEALLENTAWIUAT (Hontzeas WazAtus, 2006; Ghosh Lazamuy, 2003; Glick,
2005) 8319885 l0uAa18NIAduAaaazSaa nsduiualsada wazanstsznavlalalafin sauns
toszmowamnalioglugundmirldlduszloodle (Nautiyal wazamie, 2000, Egamberdiyeva
Wwae Héflich, 2004, Son uazAmsz, 2006) tuank MIIIVLNBLARNNANIANIINITLNEAT AT
a 9 o @ o A A A Ay A A
nenvreidinuldanusaynunislduuaiiis PGPB Wadanidaanaislsznisiie
WSsuingunumsltansiai I@:1Lawwzamaﬁa@?’]uﬂ’amﬂaa@ﬁ'ﬂ@iagwamLm:ﬁﬂ%‘[ﬂﬂ Wniasea
a o & A4 oA ' = o A A AN & o a & A
RIIANULAZLT WA TN BATNEIEU 2819 IAMUNNTMULATITY PGPB i liTaut@unuawdud
v o @ @ a A o & o A A A ~ = A & A o o
Tasnad M nvadTe asnwnmInalianuuaiilss PGPB NinwAy wiatautduiiatinanls
o A & & o a ' A A A =< A A A & A Aa
AUAWLANIIUN IR HaANIT ArNAanlTlunsAnenfe vetliawna thasanduisgiuniay
a Qs 1 1 o A a g U L 1 v IQI dl I
uslne uwazanAuatsuwInae Sulmadiuadnuanwenmaeing 166 uaFendudym
fanfannufuasin lasdulyninsdamssanvasuia nmaasaidule waemslinante
(Cuartero wa¥ Fernaandez-Mufioz, 1999)
Ao Sao o A o & A A = A A = AN vo
ﬂ’]‘i’l"ﬂU%@J’J@lqﬂitﬁd@ﬂuﬂ’ﬁﬂ@LaaﬂﬁﬁﬂW%ﬁqLLUﬂﬂLiUﬂuLﬂN LRZLUANISoTaULAY N leTU
NIIAALENINNABLANUTLIMENILAVEIWWAILD IRIANRIF1TAN Uszinalny
(Chookietwattana, 2004) lagRnsanananuaansalunsaseulasd ACC deaminase Nillu
& o . . . A & Y { - v Aa Aa
@IN1a18 1-aminocyclopropane-1-carboxylic acid (ACC) Fodusnsasaunriliiiaentanly
A A o Aaa A A A i
yelang WatiuaansaindtantanlugnizanuaIuaiitasanninie (Salt  stress-induced
ethylene) JuNIANNRINITAIUMTAzaeWasWa iNalhusilainasaunsnsiwesnasaluld
Uszloadld laogondilunailddszgndlfinanszdunsaigidulavasnziiema uazis

a_ a A da =
LATINIBY 9 LW?JLWWtﬂQﬂiHW%ﬂ@%LﬂMI%Q%’]ﬂ@]
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1.1 7091l3zd9a

A o A A A & A o & . AAd Ao o

1) analianuuafiSanwAnnas1sanlsod ACC deaminase nUUANIENAAUEN ldN
AnlAw

2) araidanuuafiSonudunazanawasine anuuafiSenaauwan ldanauas
A = o & A A o & . A A

3) LWaANBNATRIRILTaNFNVBILLANIT a1 ksl ACC deaminase WazluATILTe
srangwamnadanisasgiulavasdnuzilamnalugnzifunslusninias juang

LR zluamw AU

1.2 20ULVANTIIVY
1) dreghawuafisenldlunms@nsiduwuafiSenaansn laanduduyInmesiuin

wwadta s1tnausiie IWIANNIFIIANN IINNTANEIVES Chookietwattana (2003)
A A =< A A a
2) Awdlglunsinen fe uzliamaien

1.3 dselozminanainezlasy
o v ¢ A A = A & a o & . A
1) ldmeiuiuuafionudunioTeuiAniiashsianlsl ACC deaminase uaziananIn
azanenasna laa
2) NMUNAMITILFIUNTNaNBaIUAaLazMIIIYLEUlavasauusliamnandnsld
wuaniFaazaenasine
3) sy ldsgndlfiduwinsesfuniddmiunandallsinw iweldlunsdasia

a a =} dw n:lln =
matasidulavasialunun@uida



= ac A4 9
UNN 2 LBNFIIULASITWIVLUNLNYIYDY

=~

2.1 ARLAN LATHARDNY

fuldy wanpds auidamailWinaesansazansfin (Electrical conductivity; EC) fiaria
mnauﬁﬁuﬁaﬁmﬁﬁﬁgaﬂdﬁ 2 Ll TLunGaLuaT (ds/m) ‘ﬁqmﬁnﬂﬁ 25°C  uazdenindensvue
¥INN1 0.15%  (Landon, 1991) Sauazvaslamasuiiuaniyfowld (Exchangeable  Sodium
Percentage: ESP) t#agnin 15 uwaz pH snaztiounda 8.5 indefwusiniiluinda ase'lsd
waTTaNAvaIloAsy WARLEEN WazLNNILTN (RNFT, 2542)

mnmﬁwﬁwam’ammf%tyLauimadﬁmﬁdmamaLLazmaa”au NALWN9ATI (Sparks, 1995;
Maas, 1990) laun nsdaszoziianlunssenvesndafs aatdasidudnissan aans
wigivlavasdundr mauduivvesnglodey saUTumasslsilasuazdanissanziuas
LLﬂtETUEa?\‘iﬂ’]i@@l“ﬂwLL@I&L%U&JLL&ZLL@RL%UN"UGGW“E (Lﬁ'uwuu, 252711 uet §IuNaN198 LD e
MnANuAvdaguauanImMenw ol uaziinweasdn laud nmavlddianudueaslude
(Osmotic pressure) gaﬂfu ganalwSunamirARosansasi WU lomlldanas aamsmudy
ivesdin LLa:a@ﬂ%mmLLazmwvﬁawn%ﬁmaaqﬁuw%ﬂuau WJudn HanTenuvaIfulaudanT
LANESH® (@190 2.1) %uay;ﬁqum’m AuENTAIDIAY SNEIEMITALTE N U BIAUA
iwnzdan sllavesie szuzmaatydvle Wudu (Sparks, 1995) Aofduluamdulasundnwy
aotduntan duLaTLNIH mma’%ag@ﬂmaaﬁ%ﬁgﬁLqu"lajaﬁ"anJaﬁ'u sulngawaluanad
wasilumdorduninung luwwn wiefionniserusia lunsaunszans lulndanysneluangs
lanly uazluunazndnenluden

@131 2.1 BnSwavaanfaludndamsaiaiiule uasnanfaasnT

EC Total salt Designation Crop reaction

(ds/m) content (%)

0-2 <0.15 Salt free Salinity effects are mostly negligible

except for the most sensitive plants

4-8 0.15-0.35 Slightly saline  Yield of many crops restricted

8-15 0.35-0.65 Moderately Only tolerant crops yield satisfactory
saline

>15 > 0.65 Strongly saline  Only very tolerant crops yield satisfactory

‘?;N’l: Landon (1991)



2.2 LlanSanuazuanany

] ]
|

ad < 6 a A A 23 a A v J = a
L@ﬂﬁﬂ%LﬂuﬁﬂiﬂﬁI@iﬂﬂiU ARNNAUIRNUALTWNTNNTFINIVHINNNTELIBAIIN DAL

q
=

A o o 9 A en a a Aaa v oA A & oA o @
wia leanmasgsanzdluiasdianemandl  Sndwavasantandefsdaduinmununaly
f9uuINAa mm‘fluaaﬂuuﬁmﬁﬁﬂﬁlﬁ@miqﬂmaawa‘lﬁ LLa:ﬂ‘szé;fummq@i’mmm AON WA WAz
luds  mifnwwasasantaudadtluszazdanwudn  lanfaulnadamsadyidulavasauwnsd
TagluszpzaasnisSusanioazdnsaisansanluuSnmlnalausaauasadwnan lvan o La
soiuazvafuin (Tightly hooked) uazlfaiuniduazvanusuriuisfavnluanlalaslaiia
nmaiomsderaigidasoen Wedunaludwudu nssisentiufzaaiesss §uvad
ATVDNIZAMYADAN LAZHAAIAINTINNUNG el IURAIZNNT LG UANNLATEA Naazin1I’I9

Aad a £ ° v a o & A o o v
ENTAUANTY YN IALAAMTTUEINTHAMIANLIIENIVBIENGY LAZIIN (Abeles LazAthe, 1992)
A A o ad a ) oA oA ' a ' a
TuagnzUnfnNTsisiansanaaaaal lulSanmwiiag meawmgluamazmmm T 8NILAY
AMUUAILRS ANNLAN ¥l T9Faaa hlaan USunmaandiaudl nisdvinauvaslinuas
a & o A = o & Aaa ' a A a &
LURY LATMINLNALAE LTudn NrasdnmIgaaeilandaninnnindng wWasanngnizesaailn
ﬂa%’ﬂﬁﬂsz@ﬂﬁﬁmﬁmsﬁwLau"lmﬂﬁ?ﬁ S—adenosyl-methionine synthetase (SAM synthethase) 1-
aminocyclopropane-1-carboxylic acid synthase (ACC synthase) .82 ACC oxidase ANeTaINy
o 4 Aaa a ' o ad @ a .
MIFIATALENTAY 38N nIasendaunelaan1iziaiua (Stress ethylene production
. a d [ & 1 a
%38 stress-induced ethylene) (Morgan W&z Drew, 1997) Landauwnfoai1eduuinniiyndlu
1 L= { 1 Qs J 1 =Y a =) I v
am’;:m‘%mmNalmz@uﬁLmﬂmanmuagﬂwumaaﬁm uazszgzmatasaulevasive 1 udn
loamld lenumldiiensinszuiumazesauety  ldianseunialivasvesly
LATHULINITOONADNVAINTANLTRG  FIRTUNAGADIZUUIINNT  LaNDRWIULINSEAULLA
AAULNIVAITINUAY LA RILETUNITVLNLA I UNI9UINS UENINAIIFINANIZGUNMIFINITINUUS U
o £ o Y a a
(Abeles uazame, 1992) UaznHaaliadn (Clark uazamse, 1999) YlArimaaiydulaaaas
o & Aad A ~ a P’ . i & V] vao
AIFstazAansauluie (nwh 2.1) Suanniaezllu methionine  Aeluiwas lasuny
ﬂi:éjummauvlsﬁﬂ S—adenosyl-methionine synthetase (SAM synthethase) Thdfewdy s-
v { a J | L= v 1
adenosyl-methionine (S-AdoMet) uaziin3ld ATP 1 luiana S-AdoMet ifiadutdudaliny

a @ o 1 a 1 £ 1 a Aa a Qs & £Z I g: U
WhaLAATUngLTae Y ILaa leln nIaRInRaa 1AW waz luan tudn wazldusIaIdn

% . . . ¥ { a &
UBINTLUIVNIIRINI polyamine (Spermidine/Spermine pathway) wanan S-AdoMet MLiiaTn
10130 uaAN@3LT% 1-aminocyclopropane-1-carboxylic acid %38 ACC laga1duianIsuvas

et a d { 1 a Qs
iaulm] ACC synthase (Hudinzafad  Ssazgnildsugddaliiwentiulavarduianlesd
_ v o . vd o X ,
ACC oxidase »ana1nth liuaann1Iuana1va9 SAM 1w ACC wanaas leniialuda 5, S-
methylthioadenosine (MTA) %GﬁlmguﬁU%L“fl"];jﬁ'gﬁ'ﬂimadﬂ’ﬁa%/ﬁdﬂmazﬁIu methionine 13
AW UNITINBITZAVANLTNTUYDI  methionine L TARY W NLTARINITHINILANTAY
v . & ] & 1
wana i ACC sunitsanunsardasnlyiu N-malonyl ACC (MACC) ‘ﬁdLﬂuEULaaU Tag N-

malonyl transferase
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A Irfhibibar 1
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oy, 1
GO, HON 1 e i_h—‘= i.l i ROS?
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C= I:“x Transcrplion s |
H*x  wy rar g by Y |
n I
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Strassas:
Fathogen infections,
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g,

l=l (g 6 ad
NN 2.1 NTRILATIZHALANTAY

A31: Wang uazams (2002)

2.3 WaaWasalunauuazunumnaans

WoaWaTmdumgarmisianfiuvnuindraylunisisiuaiemaaigidule aieanna
uhInsI ANy asunaginiladuiaziInasaaiaunIeanaanaanka Usumwwasnasaluan
TagafuTings 0.06 tasidue luamenaiaasuadlulasawyinny 0.14 wazInunsdouLyinny
0.83 tasidud v ldArmauasunaswads dinalinisasgidulevasisiialnd lasuaas

1 v 1 U =3 = v o v =) I =} ﬁq} v ~ e 1
8113619 9 boun auanwauunIs Wianenawudduiaduinded e ldudadszinde lu
& a A A ' o AA A ad a Y o A ' ' o R
BAnAaUNG FuaslustaindFniaesluddn suasluunlndsaanufuaslus1edsnuiauTe aan
ANTININUNE aanataaztantaztl oSt EuaTaInanNAANAFININUNG NTLAT 1NN LI §
Ao o @ o A A A & o A A o Aa o = A
wazdsminiing WeanaTanwuluisiiaunsnua laaunandu @Fautasndaunuiuaa) W19a
a o é 1 [ . -
Aunaanaislujlvasleasunasina Tasrulngjidu monobasic orthophosphate  (H,PO,) uaz
. . '2 g a 1 YV & a
dibasic orthophosphate (HPO,”) WaaWasaludnutsaanlaidu 2 dseian (03a, 2548) e



2.3.1 NagWadunid

WosWadunIdludulsznauaioasUssneunarssiia lasadaudawuing nucleic
acid 2% phospholipid 1% W&z inositol phosphate 35% &8N 68% vaiWartWadunidosld
e uunriainiuasdrenevle NesnadunIdtuwi ldunlunretesautSumves
a A ¢ a o & a < 2 A Aa A6 P a &,
Burdiagludu amuluduruuuiinasadunidunnifususng

2.3.2 Nagwaafundsd
WasWaafunIdludu Inswinnilulessunesnalusisazanudu wazwinfdn
A A = = 9 a A ' v = ' A

ssdsznauniawifiiuvasudsagludn Sudseanldidu 3 wanlwg 9 e

1) WINUT (Mineral form) lu@uiinafiduuigund (Primary mineral) 28464 5%
fluorapatite, 3Ca,(PO,),.CaF, L&z chlorapatite, 3Cas(PO,),.CaCl, %awuag’luﬁué’wﬁ LRI

a A . A ' o aaa
n@Aund (Secondary  mineral) T3fiununy iwinzlassunasinaiaslilunmddjaseann
aen9bsney wanwsweswaianusuisalunisazansluinléddesuin wsiialnisaunse
oA A a o A A A o o o Y ) A A

azanplaandiusniiawiuudy wisuiniilasvsaisluanadudenanizazaisldoinniuing
lansassluanadng 9

2) sadszneunasmnafiiiannnmisladoasldludu Weldlunamnaninfiazann
1 1@8 1% Ca(H,PO,),.H,0 NH,H,PO, uaz (NH,),HPO, adluluduniuaaidoy ERVIEHES
azifafussdznounemwariiadns g Nazareiinlavesasnindy wazvildanauduwdsslosd
gp3NaanasadaNTanada N lUare 1gu nnidasulyidw caHPO, MgNH,PO,.6H,0
Mgs(PO,),.2H,0 %38 Ca(NH,),(HPO,), uwiniasuliiilu octa-calcium phosphate, CagHa(PO.)s
A @ a 4 R & W A A < i
Sydaudraiatios azarpurlddiadndes uazlungaetaiddsuldidu hydroxyapatite,

LA '

Cao(OH),(PO,)e e fluorapatite mazmmmﬂuﬁqm

3) Adsorbed phosphate laaaunasinangnaaduatauiI1a4 hydrous oxide 289

I3 A a ~ an e 1 dql = . 1

AN azaiitiy uazuIGwmieadaina (Silicate clay) WamuWalnaniignais (Fixed) Waznnuninis

Usadaaunauaantllussazaudn

]
=~

s A v b a a -~
2.4 LmﬂﬂLiﬂmﬁ'mmsniwgumsmszymu‘[mmmi
wuafiFenaieenInszdunaaiyidulavesfs (Plant growth promoting bacteria, PGPB)
A A A ' A A A A o o a a A
wIaNtIunin LL]Jﬂ‘Y]Liﬂiﬂﬂi’mw’lj‘ﬂai’]da’ﬁﬂiz@luﬂﬁﬂﬁ]ityL@I‘LII@]?JE]GW"H (Plant growth
promoting rhizobacteria, PGPR) mmiﬂm:@‘fummﬁmLauimmaaﬁﬂﬁﬁomamaLLazﬂWJa”asJ
g; d‘v; 1 @ a a a (d‘ [) v v 1 AI v A U
mumuagﬂummmaaﬁgaummuﬂﬂh unumnluniiass loun mnwwmqmmﬂmmwmw
1939 Inlasian n1Iazan ywammﬂugﬂﬁgﬂ@%ﬂﬂLﬂugﬂﬁﬁﬁﬁﬂﬂ“ﬁﬂsﬂmﬂﬁ LATANTRIN
A & A & o , o v o & A e o &
gasluwn sz lominnang tudu uunuInni1saay Taun nNTeUsy nIan1TulITwNULTa
. A ° oy a A & v o @ = ar & o \
Aalsaie vinlwdioaanisiia lsans tHudw smMIun1IAne1398% WwunuInway PGPB 2 ngu
fa nuaniSarI9lawlod ACC deaminase WaziuaiTaazatuWagIwe I@mjmfwa‘lumsa@



o Aaa A a = a ' = o A =
MIFTILANTAUVAINT IHFNNIZLATLAINNANULA NV D IAH LLa:mmﬂavugﬂvxlaaﬂaiawgﬂmﬂu
PO o v Aa £ L oA a P o ) o &
@umulﬂaglugﬂﬂaawasaa:mﬂ LmﬂmmmaamqumﬂUauamﬂa;ﬂvlﬂwammﬂ A9t

241 wuafiIusganled ACC deaminase
A A o & i & AA A o Aaa
wUAATIRIIaW I ACC deaminase LTIWlUANISINRINNINNATZALUDILANT R b
A o A AaA A o & .
wrle  lesmsfuuefSoiianusansalunmsansewlod  1-aminocyclopropane  -1-carboxylate

. . o A = & o o o { [ A &
deaminase (ACC deaminase) ¥1l1 ACC Tuiflusniasauingnfslslumssaanziiandamis

uwnaslulanau uazdessaplliduuanluifiousz o - ketobutyrate vilwlandaugnatioionad
fanaliIInNTImMItasnidallle  nalnnmisvineuwas PGPR fiiluuuafiSuainsianlay ACC
deaminase 1M IAALSUIILANTABUSI UTINNTUFAIAININN 2.2
g A A A v o Aa A & A Ao oA a a o
wanansh MInuuafiFodnaumzNAvesnnriawsatsimssdmaasydule azls
n3aadlu tryptophan 71191 exudates VasINvIaLNAaNTIIuRIAIAUlUATFILATIER 1AA
A £ =) v a { o 1 s n; A = =3 1 a
FITMUANITHET IAA  TndSunmNinanzay i usiuny 1AA wﬁagmﬂuwm A lgaasw
A A a a A o ' = \ a o = A A
mstagnantanaisyidulavesine e uazuvaawnes ldgassunaie ACC 49 uuafiise
g9l ACC deaminase &un il ACC Ul miduuvad lulasian s9nal@lSu1mmansan
AARIANNRIAL
Call \
elongation

proliferation [

.

Tak
Adohlet \

ACC Svnthase

ACC ACC

ACC Oiddase ACC deaminase

Ammorla
and o-KB

Ethvlens=

FGFPR

Eoot elongation |I

Flant s=ed
or rook

AT 2.2 NR NN IYINwTaILLANSRI9Law k] ACC deaminase
TunvaadSunnsanTanuSImInNNT

A3 Glick uaznmwe (1998)



242 wuansluduwiunisudssninwaanats
1 a { o { a QI/ 1 8
wuafisodunguadunidnddwmnniigaludn lasnaldwulusedszanm 10°-
9 A o ¥ o @ ° A &
10 CFU 0@ 1 N3N (HRBnwiAs) LmﬂﬁL‘%ﬁﬁm']wmﬂ%mﬂugﬂLmumaamsmso%amgo 14
AUAMURAINARIY WA TUNNITRIIIENTOAITURS LA INGIINY FIWAINNFDINITADNTLAW LA
o a a & o o & AAa & & a A eda o ' A
muqm%gulumiwszy Wudu asnu upafzodaduwadunidniunuimaragedrbisdenis
1 1 =) a 1 AI = A | {
VWHUILUETAN 9 wazdanisiasLiulavasie I@mmmzasmmvxlaaﬂasaml,ﬂum@;mm‘sﬁ
A (% a I > % = =) :; 1 d' =
NBAaINT YT uauaUa 959N Lnlasian Lmunwﬂsmmmua:aglugﬂwgﬂmo
g J 1 a A 6 &, o a A a =
maudanmwWaaWadaluagnuunuinvesadunidilunan wuanSyluaniunuin
d' Y o > s >3 A a A 6
AYITaINUMITRUSFA NN aaWaTH I 2 aNBME aNEMLINAD  NITLUIRAININ aliunIe
WasWaiaiudunidwaaweiw (Immobilization of phosphorus) TauuATiToazQaTY aflun3d
WaaWasalultlunsdfswmduaidlsznavvasaasuazarsans g Nsudusmiunsdnin
ﬁﬁmsimaamaﬁiugﬂﬁuw%ﬁﬂaaﬂa%‘a snumeNgasfa nsudsgnInandunIdnaawass
I A o i . . . = o @ v oA
Hualiun3dwWaswads (Mineralization of organic phosphorus) Tviinusamatvbdanin
& 6 [ ] A 1 1 a A 6 v a o A
Wudselasivaswaawayasdans LLR&"E’JHU@U&E)’]Uﬂuﬂiﬂ’l@lq1u@% lagandufanIINaa
wuaNFedasazaanasine (Phosphate solubilizing bacteria) laun Pseudomonas, Bacillus,
Rhizobium, Burkholderia, ~Achromobacter, Agrobacterium, Microccocus, Acinetobacter,
Flavobacterium Wae Erwinia \Iwew (Rodriguez Lazame, 1999) LuafisatasazaiaWaainadl
ﬂa"lnsluﬂ’]smzéjumim‘%mvLauimmaaﬁmﬁﬁuﬂﬁslﬁWaawa%’aﬁLﬂuﬂiziﬂmﬁ@iaﬁmﬁuslmsa%’n
LLazﬂa@ﬂdaﬂﬂimauﬂ%ﬁgau LT NT@ lactic, isobutyric, acetic, gluconic, oxalic, W& succinic
& o A ' P’ A ¢ o o & '
Judu iiatrolunisazarsafiunidwaanass wazn1sasndonleyd phosphatases  lunstay
gansdunIgnaawata ldillwatiunidwaawasa wananhaiiunuinlunislaataass1sdiaan

e A =3 a A d' & s = [ o A o a
8ININIVDDDUVBITIALANN LLazag}muﬂmLi.lummiJWaaWaia Mlrnssna1snvinwesawava ll
lgUseTumble

2.5 IwIvgning1tas

Ramos Lazatue (2002) ANwNavILLANLSY Bacillus licheniformis @iaﬂﬁiLﬁ]%muLaUI@lmad
6w alder (Alnus glutinosa) WU B. licheniformis 81N30EILEINMILIIWVIGY alder agin9dl
v o o A = ~ o A e a A A A o X = Pui
uslmmymmﬂmumm_mwgﬂmquﬂvlu"l,@mmmummm losvinldu  alder Hszuunnh
CETRE uazANuwNAIvaI UL

Sundara  uszAms  (2002) ?iﬂmwamammﬁL%ﬁazmsJWaaLWWawﬁuhf Bacillus
megaterium var. Phosphaticum lagiasssillumigaluainarsaniug wazltludnsn 10 Kgha

1 a a v v a a a A nl J o v oA

WU AuuSnmseundusesldSunauuaiGeazmenamWalANTL  uaslidSunm  uay

HAKAAY8I888§ININTAMIUANALIIREIAYN1IREE



Ghosh UAzAME (2003) AN HaLEY PGPB iai1aiauled ACC deaminase 3 muwuf da
Bacillus circulan DUCA1, Bacillus firmus DUC2 W< Bacillus globisporusDUC3 @iaﬂ’liLﬁﬁfyLa‘lJI(ﬂ
PYpIAU canola WU WUANIIENT 3 mﬂﬁuﬁf MIRANL1IVaIIINAWNEN canola ﬁﬂgﬂluamw
v a wa a' J 1 a @ o o aa o v v d' A o A g/ b
waslfuamainduainefipdaynesdd uazriléeu canola wﬂg}ﬂlmsamwwwwm%un

¥ V) v a &L ' o o @ Aaa
/9 WATTNAUNURIANYUD IR A YNIIRDE

Dey UazAthe (2004) aNNsanauanuuafiisoaaanlad ACC deaminase INAULITIIM
sausnegunale 9 laloan wan1IResLuATRANLIILUANISENI 9 lalaian ﬁagluaqa
Pseudomonas WaZENUNINFILRINNTIONTDINRALAZINUANENVBITINA WD NI T RN DY
g = { % . . . .
FodunaanmInuuaniseinIa319a1s siderophore &3 indole acetic acid LazlANNRINIT
tasnzantanwnIiwaanata e

Wu Uazamke  (2005) ﬁﬂmwamaoﬂU%amwgmﬁLﬂuﬁaL%aLLmﬁSU@?a"LuImLﬁm WAz

AaA A o = = a o 4 A & & + a
uuanSunazatanaswa YLz lnLaRLT Lfl.]iil‘]JL‘Y]ilfIJﬂ‘lJ‘lJ‘El’ﬁ’Jﬂ’]WL’IiE]i’]VLSJﬂE]vL?IT’Ii ‘IJ‘EleJ
+ a a {d‘ 1 o v dy 1 a a L% = 1 (%
LLazaJ‘ﬂaumwmumsml%ﬂiwmﬂmamamsmzymﬂmaomﬂww NANIIANWIWLIN NI
+ A a = ﬁ & a U+ A U a = o‘g; v 1
ﬂiﬂmmwsluﬂimml,wmmmuwaoﬂimmmﬂ“ﬁqULmJ LLa:m{Lmjﬂaumﬂuﬂwamami
wigdvlavastinlnanadoadnu nefdeFinmwaunsarlddnlnedidannisenveuie
GR Ltazlﬁ%awaagaq@ Ha9nMITIRNTIN M IITIAILAT wasTasUTd g uantiaang o
PYDIAW
Mayak Lazatue (2004) ANBINATBIANNLANLAZNNILANLTE Achromobacter piechaudi
g & ) . ) ' {
ARV 8 GaifluiuafiTassnaian ki ACC deaminase §ianIWaAIKIIIN LAzl aauadlAaNzIT anad
Lmzﬂgﬂmﬂlﬁan’n:ﬁﬁm’]mﬁu 0 120 uaz 207 mM NaCl lugniwiasdfiidnis wudn 0
F2AUANMNLAN 120 mM NaCl  nstdunuaiisy vinlvduuzidameananiiuin uwazsaalad
‘ﬁq@ LRZHANNIANENANUIARN1IZNTANNLAN 0 43 86 WAz 172 mM NaCl luan wiSamine
1 WUI1 NTZAUANNLAN 43 mM NaCl niaiasuuaiisy  vimlvduuzidamaisinninaauas
4 v v a £ A A = ~ [
ninuisRuanNnfgaLlioRouisunugan L

Son uAzAmE (2006) AnmnIazansadunIiwasinaas9qunId Pantoea agglomerans
R-42 fuwsnldanmnauniesluies Miyang  dszinainimd lasyimawziiesfunidlu
81M13L1A7 modified Pikovskaya (MPVK) Nidlaftunidwamwanauay uazudsiuanizndnmnla
denududusadinie 1-5 Wasidud pH 3-11 uazgmnnil 5-45°C HaMIANIWLIN Pantoea
agglomerans ~ R-42 snansaiadny lannaunniiudtisamnnlszning 25-35°C 103y lda waz
sznivgunni 20-30°C InsazmowamanInigaiia 201 mg/ll WTUMIANHT pH - WU

AA A a v A o A = &
LmﬂmmumnﬁzyLLaxazmﬂWaaLW@IVmeauﬂunﬂ6) ANnasay waNTI9 pH 10 Buldas

82U NaRINAZRARY



Chen  UAzAmME (2006) fausnuuafitsoazansnasinaanduaasanusiimlnaiiios
Thichung Uszineldnin lef 33 wiia Tas@aiinnusansalunsazans tricalcium phosphate lu
81%13 Pikovskaya (PVK) uazliSanmwasinaazanvatlugae 31.5 64 519.7 mg/l

Shaharoona LLazatwe (2006) Aauen PGPR ﬁaﬂ’ﬁuaﬂﬂjﬁ ACC deaminase 9N@%#3IaUIN
dutnilne uazinswaraudefidauonlddonmaaiyiiulavesdutuior wud wwefliSoiida
wenl@figa e finanuenivessn AMUFIVBIAAY iwinge waziwinuiasiuTen

o @ a

awilipdAyneaiiallaneunuTan LAY
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‘ﬂl ada o ~ a
UNN 3 BNIIANBWRITNIE

3.1 Jaquazadnsal
% dq‘ a A 6
1) mqua:qﬂmm‘iumimm’gaumﬂ
o oA = & a ag
aa@;LLazqﬂmmwugﬁﬂumiLamLﬁa@iaumﬁ
271917 modified Pikovskaya (MPVK) (Son wazate, 2006) (AAKNKIN N)
27917 halobacteria (Atlas, 1997) (NMANWIN N)
271913 DF salt minimal medium (Dworkin LRz Foster, 1958) (NNaN®IN N)
[ = Aa A 6
2) ’]E‘T@lLLaxqﬂﬂifﬂ,%ﬂ’]iﬂﬂE’lﬁrl‘ﬂ%ﬂiﬂ
qmimswzﬁﬂ%mmiﬂ‘samao BIO-RAD Laboratories, USA.
IARERTUMIIATNEFNInTITNUadLaw el ACC deaminase
¢ A o & = a &
qﬂﬂimm‘i@dLLﬂ’JW%j']%LLﬂZﬁ’]iLﬂNluﬂ’]i’)Lﬂi’]z‘ﬁW@ﬁLW@l
Spectrophotometer ‘g"u sp-3000-UV
LA384 Electrical conductivity (EC) i;u Consort C535 (Montreal-Biotech Inc, England)
3) 'Tﬁ@lLLﬂZQﬂﬂit’bﬁ%ﬂ’]‘iﬁﬂH’]ﬁ“ﬁ
(=3 A a o = 6 6 A ) s
LIRANZLYBLNE AINATLAY (UIWN DN LIFN TA 31NQ, ‘LI?ZLY]?IVL‘Y]EI)
s fdy dq‘ A v a wa A o
’Ja@;LLazqﬁJﬂsmwugmluﬂ’mww:Lamwﬂuamwmoﬂgmmi LRZLIDULNISDN
A o a v & + a ] dql/ =3 A
ﬁ’]iLﬂlJﬁ’]%TUﬂ’]‘il“ﬁLﬂ%ﬂqﬂLﬂﬂJ LLﬂzG&J’]L%@LNR@W“ELLQ&ﬂ?zﬂ’NﬂQﬂ
wWInlalSunmaaalsWas SPAD-502 (Konica Minolta Sensing, Inc., Japan)

v
o A

\3a9anuily AM 300 (ADC Bioscientific, England)
4) \ToRund
& A A A = « & Aa Ao Y a \ = '
waydunignlflunsdnsidwdeunafiiandausnldanuInmdraiuivueda
sunausiie JINTQUAIEITANN NNNNTANBIVBY Chookietwattana  (2003) 31143% 84 lalaian
(Teazidsaainanwdn v)lasduiuaiiSeNuenannauAual881917 halobacteria NRLIN
A g ' '
infalaidsuasalsd 0.6 M uaz 1.6 M SslunibGendt uuafiGengu A (76 lalaian) uaz
uwuafliSungw B (12 lalaian) anudieu

2.1 NMMIAALRaNLUATISENWLAUN&IILa 193 ACC deaminase
3.2.1.1 NMINALRANULIN
= o A & o A A A & A o &
I UNITAALRANT WA ULN DA TIIR UL AT INULANNEINIINFIT L0 b3 ACC
deaminase lagsinnuafisuNuan laanawduiaslua1nisial DF salt minimal medium USa1e3
200 ml 14 1-aminocyclopropane 1-carboxylic acid (ACC) 3.0 mM Huunaslulasiaw waziiinfe

v ]

Tmdauanalss 0.6 M Laz 1.6 M ﬁ%'m%'um‘nwwzt‘é‘mLumﬁl,‘%fﬂmjw A WLaz B @1u&1au Uun
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gannd 30°C llunian 24 Tl avseumuaTyuasuuafiolasnisiadinganauua
(Optical density, OD) 1A211812AA% 600 nm  AaLianuuafiFaflRdIMIgANAULAIFIFA 5
o o o o A ' & 4
lalaan dwmsurinniaaiianda luluawngas
3.2.1.2 MInaLRanNTwNgad
WunsaalRanuuanSunuLANNaI19Law o] ACC deaminase 31N
mﬁummmiumﬂﬁaﬂﬁﬁmwaJLﬁmm:qmﬂgﬁf*ﬁwﬂ%a TagyinmsiwzLasLuafiS RN sﬁuﬁ:
feataanlaainda 3.2.1.11ua1%13uds DF salt minimal medium N%  ACC tiluunad blasian
uaziinfalofauaanlss 0.6 M Laz 1.6 M @%m%’um‘nwwuﬁmLmﬂﬁﬁmmju A L3z B @NNR10U
P a o & < & Aaa d a a @ = o
naannll  30°C  1ilwiaen 24 1309 NNiugaLUANRo NIy uRImne WLl INENAY
WamwatiWiWes (0.1 M, pH 7.0) dFuanuduturasuuaiiisodismsiadinisganiuuas
{ v =) 1 Qs 8 YV & ¥ QI U
ANLNIARK 600 nm A LAUSINMULUATNISEWAAL 100 CFU/mI uazltidluwarasuawlsn1sdnen
HAYBIIMNT LaTANNLANGBNTLITYY LARZNNTANEYINFAIT11NITNNTAI
1) m‘sﬁﬂmwamaaqmugﬁ@iaﬂ'mﬁfy
ﬂgm%m’%uéfuﬁwﬁu 1% adl1a1¥13 DF salt minimal medium 1U3371@3 200

178 Acc uunasliulanau uszliinfelmdsunnalsd 0.6 M luvangunni dna 9 i

3

=

7030 35 uas 45°C uaziuEnf 200 rom 1Huian 24 52134 Tamaasgyasuuaiizolasns
i'ﬂmmig]@ﬂﬁuuaaﬁmmamﬂﬁu 600 nm
2) MIFANHINAVBIANULANGAINTLAITY

ﬂgm%aﬁ'uﬁu 1% &4+48719%13 DF salt minimal medium U3371@3 200 ml

753 Acc (uunaslulasiaw waziindelmaouaaalsd 02 04 0.8 1.2 uas 1.6 M1l

\wedl 200 rpm Namngdl 30°C  Wwar 24 Talws Jamuaiguesuuaiiolasnisiadins
A A A
QANAULEINAMINLIATU 600 nm
3.2.1.3 MIfaLRanIuNa

& =g & = A & a &a &

Wunsiwnzidosoad  Auionsas  wagdenzinaniuveaenlod  ACC
deaminase 9351389 Penrose way Glick (2003) lagiwizissuuaiisaf ldanmsnaiian
Juiaadly DF salt minimal medium A% ACC Wuunasulasian uaziiinfalodouaasbsa 0.6 M

o &< 8 & A ea A o o & v o . .

ARINNHUINAVLABITRR NI U TRTRE M Iaew ol uihiwad lWHunT toluenized
dumiazmolngdu 5% ntuwduasazaty ACC adlllu toluenized cells Lawlasl ACC

deaminase 71{l4 toluenized cells aztias ACC wazlaiilu Ol—ketobutyrate TaguSunowi bendn

[l a 6

Ufnmaassnuianssvvedionlsd ACC deaminase #flag Aamzwnanssuonlnd ACC

g
deaminase GT’JElﬂ’li"i/@@i’m’ﬁ@@ﬂﬁul,l,awad Ol—ketobutyrate ﬁﬂ’.]’]&lm’mﬁu 540 nm ¥inn3
SiazHFestn WIsufsunUnWNeIg RN NTHDES Ol—ketobutyrate (NNANWIN A) LAz
JenRUinnmlsfudioraiianzRlysdu BIO-RAD protein assay 189 BIO-RAD Laboratories,
USA.
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3.2.2 MIAALRNLUANSINULANNFINITDAA LN DRI
3221 NMIAALRANULLIN
HunsaaiRanuuafiiSanulauNaIu1Tnazane tricalcium phosphate l4a1113
W9 modified Pikovskaya (MPVK) (Son wazate, 2006) lag ¥in point inoculate LLUﬂﬁL%ﬂﬂﬁju A
LLa:LLUﬂﬁL’%Uij B Ua1W1Iuds MPVK Ndnaalaifuunaalsa 0.6 M uas 1.6 M @ ua1aU 1
d' a Qs Q A A A A:l' U 1 A o a o >3 A
Aamnnd 30°C 1181 5 7% ealdanianizuuafiTanassaiwlaaulalatdniurinniinaiaan

9 U

doluluiwiaos
3222 mInaldeniufiza
JunsaaidanuuafiSonwdufiaransnazans ticalcium phosphate luanwns
182 MPVK anuduaaesil
1) issndaiudulesdadauuaiizefldnmsnaidenduusnuwatwsuds
1389 MPVK fisiindalmduunaslss 0.6 M uaz 1.6 M éﬂﬁ%‘umﬂmu’gmLmﬂﬁﬁmﬂ@;w A laz B

aufay Unfigaenndl 30°C 1w 24 lus yaeuuafiiFanaiyuwiiniamluuay
s = 6 el v v a A v a 1 A
nussszaolodouasald 160 mM diuanududuresuuafiSadianyindinisganauuas
{ { v a @ 8
feuenanan 600 nm TR laUTunmuuafiFowinnu 100 CFU/mI
d%’ a A v a d? a v =
2) danizauuefiFadisdinangaliudu 1% adluamnnad MPVK U3uas

A

150 ml NHnFalafaunaalid 0.6 M uaz 1.6 M éﬁ%%ﬂﬂﬁiLWﬁzLﬁﬂoLLUﬂﬁL’%Unq’u A uarB

=

MNBGL ﬂmqmﬁgﬁ 30°C uazivgnh 200 rpm
3) AUMBEUINNAT 2 m IWIUN 0 1 2 3 4 uaz 5 avanalu 1 N HCI Tu
80TEIU 1:1 TAAINIPANAULEINANNEIATK 660 nm uazluiun 5 TuiAudmetliunnT 5
ml il duwdesn 17,418 g win 30 wifl shaulaldianzidSunanesmnaasanaainitves
NTNNAIMNAY (2548) (MARWIN A) NNNTILATIZRaBIT
3.2.2.3 mInalRanTungny
= o oA A A = A o A
\dunsdaiienuuaiiFanudunaansnazaioWesnaldgifian uazanunsn
a oa = A o a & A o o & A A v &dA
Wiy ldnanuduuazgunnizainig wisugaudulasimamizidsawuafiiToaoRugi
Aatdanldnda 3.2.2.2 Tuermisuds MPVK Afindelmfsuaaalsd 0.6 M Ngmnnli  30°C
Duwnan 24 s 1indugauuaiGenuiguuiniamaudnauiunesnatiwines (0.1
M, pH 7.0) Uiuanuidudusasuuaiifudiamyiadinisganiuuasnaue1Iniu 600 nm 1
v 1A a A 1 s 8 1 =S [ A g: d' o :/ ad
laUSunmuuafiSawinny 100 CFU/MI uwdaznsansnlunmsaaiientunanuyinaasdn awitns
. ¥
A9
1) mIfinsnavasgmngiideninusaninlunsazasnaaing
Uanizalsuduidudu 1% asluamisinas MPVK U331a3 100 ml fiinde

lodouaaalsd 0.6 M lUuvfigmnlens 9 i @e 30 35 uaz 45°C  uaziuenf 200 rpm
TwIwn 0 1 2 3 4 1AUAa819U58105 2 ml wazlwIwd 5 TuLALEIa819USINOT 5 ml 10
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fadefildazaslu 1 N HCl Tudassin 1:1 LLé’ﬁ@mmig@ﬂﬁmm‘ﬁ'mwamaﬁu 660 nm
waaanwinludumni e 17,418 g w1 30 w1 uazthawla ldwmerlSunanaanaazany
A TuInIuNAII R (2548)
2) MIANHINETBIANNLANGEANURINNTDINMTAzANEWaFING
ﬂgm%aﬁluﬁmimm 1% a9lua1msnas MPVK U531a3 100 ml fifinda

Tmaouasalsa 02 04 08 12 uaz 1.6 M Lunganail 30°C e 200 rpm  lwiun 5
LAUA2a819U38193 5 ml v ldazanele 1 N HCl Tuaassaw 1:1 LLﬁﬁﬂmmsg@ﬂﬁuumﬁmm
§71IAAK 660 nm BRINNUUWIN W TWRIBIN 17,418 g wws 30 w1 uazihawlaliiaseh
USuanasNaazaaaNITVBINTUNAUING Y (2548)
= Aa (= d?’
3.2.3 MSANBINNIIANTINVDIRILTONRN
a IR ¢ A A & A o & . A A
LT NRITANRNVBILUATN SN WLANNFI9LaW k3] ACC  deaminase WAy LUATILSY
nuaNNazaanagne mﬂﬁ'uﬁfﬁvl,ﬁa’mﬂ’ﬁmaaﬁa 3.2.1 U8y 3.2.2 lagwiztRuIL AN ITaN G
WPuN&9Lawbnd ACC  deaminase  1wa1%#13uld DF  salt  minimal  medium N3 1-
aminocyclopropane 1-carboxylic acid (ACC) 3.0 mM waziiindalmunaaelss 0.6 M &
wuaNSunwANNaza1aWasNaLa a9 NIZIR 89l wa1wTUds MPVK Aflinfalafauass'lse 0.6
M ﬂuﬁqm%gﬁ 30°C 11wtaa1 24 T2 ymfﬁaLLmﬁL’%fmwia:mUﬁufﬁlﬁn’%ﬁyuuﬁmﬁﬁmms
Y a ¥ = 7 o VR

w4 YsudSunantaids 10° CFU/mI @e 0.1 M phosphate buffer pH 7.0 I@U’mmmsg@nﬁu

A A (% & o [ [ ! A v & o & &
LRINAMNLIARY 600 NmM HARIINNWINVINFNNWIWDATIEIN 1:1 LNa T uRI DN EU LU
ém%‘un’m@f%smﬁ"sL%aNamLLUULLﬁdﬁ%’L%’Tﬁ@;éﬁﬂmaﬁa qﬂmw%ﬂw@auﬁymmﬂ 0.3-0.5 mm
NEuMTeIBNNLANG19NY 3 37 fia 1) lirkunsanesdiosiuazliinnsdn caco, 2) suns
A8 3) HIWNTANA28HN LazlinIleiy CaCo, I@ﬂmsﬁwoﬁ’qUﬁ'}lﬂuﬂm,lfﬁ"qﬂmwﬁ”nlu
i lranwdlwaan 12 1l ﬁl’mﬁuﬁdﬁﬂﬂamﬁaﬁqmﬁgﬁ 60°C anuA2N1IYN AU aaaLTe
f1MTUNILGN CaCO;, ffuﬁwmué‘mmwé’amiauuﬁdﬁauﬁmUuzw%“n"l,ﬂﬁﬂﬁﬂaam%a e ld
utiaslunsniugu pH vasouzwinlilaidszanm 7 shidenauuuuiin ldwauiuge

[ g [ ' | @ { v a a 7 (v
YewiMUsaaaludasgawriiny 1:1 Lﬁaiﬂﬁﬂsmmqauﬂ%ﬁﬂszmm 10" CFU/NYW 28438

o @ a a A ea Aa o & s v A & o oA
YTWI mawuﬂsmmqaumﬂma@m@llumLﬁawauLmumua:uummwmmnm"h‘n
gawnni 4 20 30 uaz 40°C AN LRZAURAINTAL 1 2 3 uaz 4 sUa1w law
aNANAlA spread plate UKa11NT halobacteria NilnReloidunaaalsa 0.6 M LHadanKa
MIANENRNUINAIT NI YN LLa:LLm_lLLﬁoiuyumw%nﬁmsia@%ﬁm‘h 9 levinnInasad
ﬁ‘ui’aqé"mmalmjﬁa a8 laguarindasl@dauwia 0.3-0.5 mm W lUvinlwdaaalse uas
NRNNUR LTl @8I 1:1 &Sl T duwrwa o NARITa LN IANHINAUAIRILTONFNFA NS
WinLAulavasduuzidomalugnmwiFaminiet
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=i a d%’ ' a a v A v a wa
3.2.4 MIAN¥IHAYIR I TONRNAaM BT YALlavasduuzlamaluanwiaslfuang
| = a A 1 =3 A
WunmsdnensssuuafiisoazarsWasinadanissanvaswiauzilamaluanin
waslfuan1y lasviinmsnesss 4 1 G1az 100 Wwie a183TN13189 International Seed Testing
Association (1993) ATuaa% A9
1) PaT2901NIUIN 1 ANTITHALNAT UBNIZANBNTDI UEIUTTIRIUUIULAELRE
v 4 oda o ° A& & dd > & A
lasldudunfizesnmsegudnunga hnwwingelddngennanudu 15 daud annndl

121°C w1 30 w1l

2) shwradanzloma laskundavzdamadaluiiay audininau aniuga
lunaanagad  70% wiw 1 w1 udugluaaaSend 15% wianiwen win 15 WAREINNUBR
Mmeinandaeaila 3 a3

A o & b4 Aas o o v 1a & 8

3) L@3BNRATaNENLULINANNITNTAITe 3.2.3 laslduSunansa 100 CFU/MmI

4) dundadsnsingeudiutlussuziuassiiionsy win 1 Tlud ingaaiuga
lassiuaauglis 0.1 M Phosphate buffer pH 7.0 1% 1 2731409

5) @NkInanUANBaUINaT 4 ml N3 Cay(PO,), 0.5 g/l Wuunainaanada uas
fUSunawladonaaalsd 0 30 60 90 uaz 120 mM (suwinnuam s Wil szanm 0 3 6
9 Uaz 12 dS/m) adlwawmmzida dwnsuiduasazaslianusuuniniauzdiame

6) NILNAANZLIDBING 25 LUAA/NWANZLTE AIUBLARZTEIVBINIZANHNTEN

7) wzwdaluan1izniiugs 2000 and LA 16 Tl iu Ngmngil 2812°C

8) tufinmsenveswdanzidanannin uszanaiudunadnluiui 14 nasns

0o w P o ! ¢ & & v A = A o g

wnz shdayaf ldldwmdndeiidudmuen uazaziimuenvanufanzidame 1ngaIasd

ATHNNTION = NALUINVDI Eihmuéfuﬁaaﬂlmwiazi‘u}
FAIUWIWIURRILNNE

¥ v A

9) fudundwzdamna a1y 14 u lWiaanuensn PRINTNAUN I IR AT
LL@iazsgﬂmL@iazszé’ummLﬁwﬁﬁﬂmﬂﬂﬁﬂmsauLtﬁaﬁqmﬁgﬁ 60°C Wuaa 3 55 thedasen
AinminusasdundlusassEaun LA

10) Vhdunnuasdunauilioma ang 14 T "LﬂdadéhUﬂﬁaaﬁ;awﬁﬂﬁalﬁﬂmammu
§09NA Lﬁaﬁusﬁ'umwummsnlunma‘%zyu‘%nmmnﬁm Taonsdadudniorwa 1 Lruiuas
luglu 2.5% glutaraldehyde pH 7.2 @ 4°C 1w 12 Flae andwiand1esny 0.1 M
WamwatiWiwas pH 7.2 3 ass assaz 15 wift vindesslduglwlulasiawmna 2 widl udvh
TWuwsseiaias freeze dryer nasannussthlindoudenes uszasrasaunmsiiainzuasda

nnnsnmoldndasansiaidiiaaseunuusainya (JSM-6460LV, JEOL, Japan)
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3.2.5 msﬁﬂmwamaaﬁm%@Namiamsw'%zy@uimaaﬁuwuﬁamﬂluamwL%amww:‘*ﬁw

3.2.5.1 1iudogsduey fild1 ECe (1:5) Wiy 3.3 dS/m ansunausila s9wia
VAIENIANN AINUAINI8INE mnffuﬁwms’amimmLLﬂ‘samm@gwgu 2 mm ﬂqﬂmﬁﬂﬁ’lﬂu
o LLa:Lﬁu%'ﬂmvlﬁﬁaqmwgﬁﬁao sepinssematih lule

3.2.5.2 Taf10gsaway 2 Alansw UITRlEnINAIEEN frsunIsVITnasasnamyld
fuinll wiaAunamua ﬁﬁmi"ﬁ"aﬂﬂmﬁ %%aﬁuwaaml@lmuﬂ%mmﬁﬁaammﬁaLauaavl,ﬂluqa
vIndn  Wanldidhiu il iU naanndedondaiissaanusulafianuen 15
Uouddansiia qm‘m{]ﬁ 121°C %1% 90 Wl

3.2.5.3 dnznwlanwaa@n @wnadudugudnanstinnizans 8 ) urlunassond
15% W 30 w1l §9sinensidadesingszih UTT9AU24UAnzNTINITNARRIAINTZON YN
naaed 491 laplinsuitnasasninun 6 nsswis el

Treatment 1 - laiidusaiie LLa:vl&iLaNﬂU udduTudaslaaniie (TOAILAN)

Treatment 2 - L@NTl8LAY N:P:K LazlduTIwdasNinaLae

P N

Treatment 3 - LaNilutad N:P:K uas lil@n®aLTe

a

Treatment 4 - eyl N:K Aunasine wazidusiudasniniioa

o

+

Treatment 5 - 1@uiluiadl N:K Aunasine waz lal@uiiira

o

Treatment 6 - "Lmaqu LALANT WD AN URILT D

ad A A Y+ o a +| d' U a o et 1
luﬂisuaﬁw@aaoﬂuﬂﬂﬂ‘*ﬁqg dAafinuondasfudmiusgemaudas
é”ﬂﬁ’ﬁﬂ%mmmQmmiwhﬁ'ui@Uﬁmﬁﬂuwi'ﬁumﬂ%ﬂsl N:P:K vinnu 15:15:15 luaain 40
AlanTudals
o = A ¥ ) & da o o &
3.2.5.4 finmawziuaavzidiamalwinnawdnannianiainisin il 3 dS/m 1w
AT 7 % 1agnIsNATnasadndnsiaunilTal Ty aanzid ol nan WA IR T O LS LT MARNT
WUIWRALRNT DN d’;umﬂ’mq&lﬁ‘l&ilﬁwﬁ"sL%@lﬁ&lﬁ@&l:@amﬂﬁmumisml,%al,mzl,rﬂu 01 M
Phosphate buffer pH 7.0 817 fhadundans 7 u asdgnlunszasfieioaliluGaumzd
MILANT RSN AAIT USame 10 NN T Iun 10 wazIui 30 POINYANTULNN WL
mufuSIMANNTUIBIAUNET water holding capacity 1szanm 60%
3.2.5.5 AnwInavaIRaLTansudan It LAulasasduNzidamne lasiiudaya
TRBNFN PRIBNWAS GRREY! wazUSuimaaalinas maaéfumﬁamﬂﬁmq 30 31 LLa:LﬁU‘*ﬁaya
2‘ % ? o [ d}‘ d' a A 6 a o £Z A
WIMUNEa WIRUNUKS ANEI Nulu USanmasalsflas wazUSunmwasWatzuadduwuzidame
a1y 60 1 Aianzidiununeana Tz snNITMITeINTNRMIINGY (2548)
= 04 d? ] A A a
3.2.5.6 AnwNaYeI L TaNENGRR aENUANINMEANLAzIATLNS Tz IVRIAY Tay
a 6 1 Ig 1 a a a 6 [ a
Aenzidenudunia-ds  wazdinnadunidiag Tulasianw  Woawads uazlwuasidowy
vosfuluiuGulgnuaziiune (Tul 60 va9mIdgn) MwiTmszasnsuiawIngu (2548)

Nl wlasianlsis Micro Kjeldahl

16



3.2.5.7 Ansffinandunidludu lasgudiedwdudinaseuduinludlain 2 4
6 WAz 8 °11a\‘m’mJQﬂvlﬂﬁwmsmnﬁfm‘hmmmﬂﬁL%zlﬁ'mmﬁm%% viable plate count 8161

wafia spread platelaslga1%13 halobacteria ARSI wAdindaloduuaaalsd 0.2 M

3.3 MYty

TumsAnsiedadanuuaiiSonudufiainoewlsd ACC deaminase uazuuaRGanudy
ﬁazmyWamW@lmﬁﬂmﬁLmﬂzﬁﬁagaiﬂﬂmimml,aﬁm waelEMTIATTARAALLY  Two-way
Analysis of Variance (ANOVA) fiszdumnudoin 95% aoldsunsusia  Statistix (NH
Analytical Software, USA.) a‘hw%’umsﬁﬂmwamaaﬁ'u%awamiamim%zyLauimmaaﬁuuuﬁamm
TugnnamWAasUuams  uazanIWZownIztn  IUNBNINANBILUY  Randomized
completely block design (RCBD) LUIgULAELAMNUANANNWNADAVDILARZNITNITNARDIAE
least significant difference test (LSD) fiszdumnuidann 95% erelUsunsusda Statistix (NH
Analytical Software, USA.)
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UNN 4 HANITALRHITH

[ '3 .
41 WanmsAaLAanuuANSaa319tawlnsl ACC deaminase
4.1.1 HANIAALRDNTWLIN
= A A ' L. . Aa
IINMINISLRDILLANIUNGY A usz B lua11131487 DF salt minimal medium 3
1-aminocyclopropane 1-carboxylic acid (ACC) 3.0 mM waztndalolAsunastsd 0.6 M uas 1.6 M
UG WaTANBINIIATYVRIIAUNIHNNMITIAAIANNYUBBITARTIAT OD 600 Nm FINTWT
4.1 wun duuefiFensmansnadyle 37 loloan uazludwiudid 5 loloan Masalda fe
Bacillus licheniformis B2r  Halobacillus trueperi Alw  B. vietnamensis Apa B. licheniformis
A8[aa] uaz B. vallismortis ABaJ (TamuwWuivaduuafiiFoudazsnauaaslunanuwin ) nf
A A a o 1 v & 1 U a A % 6
wuafiFaamunrniaiyluemisainanlaans a1ananledn wuefiiSosansoasisan ol ACC
deaminase  uazld ACC 1fuunaslulasiandmiumaainle (Fujino wazame, 2004) Nad
) & L A o i .
Bacillus Lﬂmmﬂﬁﬁﬁaqa%mmmm‘msmaLau'lsﬁﬁ ACC deaminase (Penrose Was Glick,
2003)

o1 0.1575
0.16 _ 0.1455
0.14 0-1§41 I 0.121
.0,12 e ) 0.109
E o1 I .
s _ _
2008 =
o M _

g a A
InauuanLY

NN 4.1 A1aRsNIaTY a9 AwIHlNeTn1T DF salt minimal medium A% ACC Liluunds

Tulasian uazdnaalofauans le
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4.1.2 HANIAALRANIUNFD
=4 a =3 1 a a A v 6
mifnwavaigurpiinazaNaANdanIaIyesuuafioaiaenlad  ACC
deaminase % 5 lalaian NealdanladanTuaawlsn (@I01590 4.1 Uz 4.2) Wuil B.
licheniformis B2r NLW1zLR841481%13 DF salt minimal medium N3 ACC LIuunad lslasiam uasd
A a & a a A = o A A A = o
indalmdsuanalin 06 M AnmetggegadlafioufisuiuuuaiiGelelaandu wenaniids

'
a aa v =

a v A & A o] 1A ' a a
ﬁ’]&ﬂiﬂLﬂiQﬂ@LNﬂLWﬂtLﬂUd‘ﬂqm%ﬂ&l 35°C I(ﬂUVLJJSJﬂ'T]JJLL@]ﬂ@I’NY]”IGﬁﬂ@]ﬂ‘]Jﬂ’]iLﬁ]?EyV] WANA

uU q U
o ) =2 & a ] AA AaA P a
30 uaz 45°C  sunsAnWATaIANNIANGaMITY wud wwefiFoniidiadomadiygily
MUAALLINYINNAUANMANNANWIAS B. viethamensis Apa  B. licheniformis B2r sz H.
trueperi AW asnudsnadansuafisonssdlaloanidsniultlunsnaidanduaauiany

¢l

a

A a A A o & . A |
13791 4.1 LLa@\‘iﬂ']SL"i]ify"Ua\‘iLLUﬂﬂL?Uaiquau‘lsﬁN ACC deaminase ‘Y]Eq]m%ﬂ&m’h‘i g MNNIT

U

@@ optical density # 600 nm

L DLYEAEY —
LUANEIY o o o X
30°C 35°C 45°C

Bacillus licheniformis  B2r 06879 08337 08380 0.7865"
Halobacillus trueperi A1W 05746  05360"° 05746 05617
Bacillus vietnamensis Apa 0.1614°" 05347 05517  0.4159”
Bacillus licheniformis A8[aal] 03950 04353 03994  0.4099”
Bacillus vallismortis A6aJ 0.039" 05581  0.3621" 0.3198°

T
aa A

ABC o o ' o ' ' [ ' o o a
RUTLAR: manm@mnuluumuauuammumnmdﬂuamdﬁuﬂmﬂmmdEmm N p<0.05
RALLELLL LA/ 7]

b o o i o & i i a ' Ao o @ aa A

o ﬁ?@ﬂiﬂ’?@l']dﬂ%i%l,l.u'](ﬂ{lLLﬁ@N'J']LL@]ﬂ@]'Nﬂ%E]ﬂﬂd&luﬂﬁﬂﬂmﬂ‘ﬂqﬂﬁﬂ(ﬂ N p <0.05

A a A A o & . A o = '
199N 4.2 LLa(ﬂﬁﬂ’]ﬁLﬁ]sm‘lTﬂdLLUﬂﬂL'ﬁﬁﬁiqx‘iLauvlsﬁll ACC deaminase N3ZaUAINULANANTI 9

NNTIAA optical density 1 600 nm

. NaCl (M) —
UL X
0.2 0.4 0.8 1.2 16
B. licheniformis B2r 0.5681°" 05157 0.1411°C° 0.0251%° 0.0244"" 0.2549°
H. trueperi ATW 06591 05284  0.0743% 00263 00247 0.2547°
B. vietnamensis Apa 0.6033" 05610°° 0.1841°" 0.0270°° 0.0233“ 0.2797°
B. licheniformis A8[aa]  0.5361" " 0.3887 " 0.0267°" 0.0283" 0.0223°° 0.2004"
B. vallismortis A6aJ 03486 0.1889" 0.0673" 0.0284°° 0.0239" 0.1314°

ABC o o ' (% , ' o ' o o aa 4
RUNYLAG: mam:mmnuluumuammmmu@m@mﬂuamdﬁuﬂmmymmm 7 p < 0.05

bc o o w & ] e \ o o aa 4
e ﬂﬂaﬂﬁiﬂ'ldﬂ%lul,l,%?l(ﬂ\‘iLLE‘T@]G'J']LL@]ﬂﬂ']Gﬂ%aUﬁdﬁ%ﬂﬁﬂﬂmvﬂ']dﬁﬂ@l f p <0.05
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4.1.3 HANNIAALRANIUNEIY
v A 6 . A A & A o A
AINMIIANANTINLAW Y ACC deaminase VaduuaANSENIzIN lalaanfiiaaiaan
ldanmsaalfantuigad @INTWA 4.2 WUin B. licheniformis B2r l#Aanysutawlas ACC
. d 1 s & 1 1 [ Qs {
deaminase ga‘ﬁq@ fa ihNU 431 nmol alpha-ketobutyrate/h mﬁmwﬁmaglmmuguﬁa
= = o A A A Ao A v o A va &

WIsuisunuLuafiSuTauTINNTNAALENINNLS e UTING UIN lwaN lAanITuaw ey ACC
deaminase L¥INAU 340 nmol alpha-ketobutyrate/h (Shaharoona, 2006) AIn%uIIAaLRan B

licheniformis B2r 1@ NI ILLATISENWLAUNFI19La% kra] ACC deaminase

500
- [
>8 400 J_
> O
EE)
23 300 -
< D
£ X T
% 5_—;_ 200 - .
S 3
93
S
<E 100 T
0
B. licheniformis B2r H. trueperi Alw B. vietnamensis Apa

Bacterial Isolates

a

NN 4.2 dalufanITutanled ACC deaminase Fa9LUANSUNANEN

42 wanisanatdanwuansgazatgaadina
4.2.1 HANIAALRDNULLIN
o A A A =i o ' =

NMIAaRanuuafiiSeazaanasWanauIaaaeIwla (Clear zone) lwanvnsuds
modified Pikovskaya (MPVK) feinwmstiailuig 5 3% wud wuafiSanaansaasediuladu
LLUﬂﬁL’%‘fﬂluﬂﬁju A $13% 17 lalaan annd1win 76 lalsan I@ULﬂuLLmﬁﬁ'ﬂmﬂﬁuﬁj Bacillus
firmus 379 % 3 lalaan B. bataviensis 31w% 1 talaan  B. licheniformis 3144 4 lalaian
B. megaterium 31w 3 'lalaian B. subtilis 1w 2 lolaan B. vietnamensis 31w 2 lalaian

Halobacillus trueperi 311 1 lalaian waz Pseudomonas stutzeri 3143% 1 baloian
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4.2.2 HANNIAALRANIUNFDI

A o AAd Ao oA o o A & =<

WWaduuafisuNaaLaan laannnisaataantwlInuidnen1sazarswarinalua1niy
1A MPVK Wi LLU@ﬁL’%Uﬁmm‘mazmﬂwaaw\I@"L@Tgaq@ 2 lalaan fa B. megaterium A12ag
Wae B. megaterium Ally 13135088 WaFNaA laLiNAL 177.90 waz 160.50 mg/l ANE1AL (A9

{ é v Q { U

1790 4.3) TalnaLAsINUNANIANENVEY  El-Komy  (2004) Aladnisazansnasinavad B.
megaterium  \WinNU 106.5 mg/l  wadinIanusTnlunsacanenesinauas  Pantoea
agglomerans R-42 Glddnisazaawaswagfis 201 mg/l (Son uazAmAz, 2006)

A19191 4.3 USunaasinaazaunuuafiiSoaINIsnazay o

Culture Soluble Culture Soluble
phosphate (mg/l) phosphate

(mg/l)
1. B. megaterium A12ag 177.9 10. B. firmus A8ah 158.8
2. B. megaterium Ally 160.5 11. B. subtilis A7[ab] 107.9
3. B. megaterium A6V 159.7 12. B. subtilis A7ab1 104.6
4. B. licheniformis A5aG 134.3 13. B. viethamensis Apa 138.2
5. B. licheniformis A6aF 134.8 14. B. vietnamensis A8e 158.6
6. B. licheniformis A8av 132.3 15. H. trueperi A5y 1421
7. B. licheniformis A8[aa] 138.6 16. Psu. stutzeri A12ar1 132.8
8. B. firmus Apj 114.6 17. B. bataviensis A7aA 145.7
9. B. firmus A1n1 143.0

4.2.3 NANIAALRENIWNE
m3AnsIanNEITalunIazaenNasiWavad B.  megaterium  Al2ag WAz B.
megaterium  Ally lugnmnal MPVK  Aflinfalaidouaaalsd 0.6 M iledungmnnil 30 35
le) I a % A 1 Aad 1
uaz 45°C 1w 5 3% @9913190 4.4 wudh angiidnadaanuaaninlumiazaowamne
284 B. megaterium Ally lunafid lapdSunnesnaazaoiiniuanuamngll Safigunnd
(o] . v a " ' =2
457C B. megaterium Ally lﬁﬂimmvxlammm:mUgdﬁgmmnu 135.1 mg/l WANANTANT I B.
. 1 a 1 aaAa 1
megaterium  A12ag wudn gannd lifinaluneadi deanusaninlunmsazaianesine
' a . v a X { a
athilafauiSununemwanzauad B. megaterium A12ag SuwdlkuliuIuiiguinnil 30 uaz
35°C auiau uazaanafigunnil 45°C lasldUTnnuwamnaazaogagayiniy 148.5 mg/l N
gunnil 35°C nsniwuafiiionssaslalaaniianumannlunsazaoasnafigunnlens 4

luzdunufuandreiuiu e1aiitasunandninavesgmnnidanisiainy uazszdugmnnin

21



mm:amiamsw’%tymaoLLUﬂﬁL%Uﬁ”'aaaavl,aiemammmmﬁ'u wonanit minRarsanlwdonis
fadanuuaiiSonwduisssonesnalUlduss lomiswnuuuafisonwdaiatoenled Acc
deaminase ﬂ’mﬁammﬂﬁL‘%aﬁlﬁﬁammﬁqmﬁgmajgaLﬁuﬂ’h 35°C Lﬁaw’mﬁqmﬁgﬁguﬁu
ﬂiﬁizﬁuﬁ%xﬁﬂlﬁLﬁ@ﬂﬂiguiiiﬁﬁ]ﬂii&l“lladl,auv[,ﬁliﬁ ACC deaminase (Penrose Waz Glick, 2003)
é’dﬁ?usluﬂ‘mﬁuwamaaqmﬁgﬁ B. megaterium A12ag 3989adnitanin B. megaterium Ally
FMNTLMIANEINATaIANLANGEN TRz AeWaaWaYaY B. megaterium Al12ag uas B.
megaterium Ally Twa1m15 MPVK fiflindelafiounaalss 02 04 08 1.2 uaz 1.6 M 63013199
4.5 wuin Usinalomnaszansuasng B. megaterium A12ag Was B. megaterium Ally Suwalsiy
Wutwiarzauanuiduvasindeladsunsals@ifiniuen 0.2 usz 04 M a1ud1ey uasd
wnliuanssdiaszauanuduvsanielmdsuaselsdfiniun 08 1.2 waz 1.6 M anudieu
lae) B. megaterium A12ag IWlSunawemnaazasgigaviiny 140.6 mg/ fszaunnufue
indelmAsunaslss 0.4 M minuuaiideliumliulumsszaonamnassndnuudail sradu
NaLﬁaaﬁnnﬁﬂ%wamaamwLﬁmiamm]%tymaﬁ;auﬂ%ﬁ $99NM3ANB1789 Chookietwattana
(2003) LLUﬂﬁL‘%’Uﬁg&aada’]UﬁufﬁLﬂuLLUﬂﬁL%EJ‘Y]%L&SJ ﬁ’ﬁ’mmwLﬁﬁJﬁﬁWﬁﬂL%’%@"LéMﬂWﬁ
halobacteria fia 0-8% NaCl (w/v) %38 0-1.6 M NaCl LLaz*’ﬁNmmLﬁuﬁmmzamiam‘mﬁtyﬁa 0-
3% NaCl (w/v) (VLaJVLﬁLLa@aﬁa;galuﬁf:) uannii mafiuuedizensseslelmanmunsniasaylalu
nﬂizﬁumwmﬁuﬁﬁﬂm wazgsanuTauaasnanTInlumstasazaeamWe LaasdstafaunnT
Pnlobiely LLazﬂ’l‘iﬂ\‘iﬂ’J’]&I6’1&l’liﬂluﬂ’]‘i(ﬁ’]Lﬁuﬁﬁ]ﬂ‘ii&m’mﬁ’”ﬂﬂ‘izqn@ﬂ“ﬂﬂ%ﬁ’sL%ﬂ%’m’]WE&’M‘g‘U

a <3

AULAN UALaIaNn B. megaterium A12ag lAamsaranawWemnWaNITauA LAY 0.2 waz 0.4 M

D

fganin B. megaterium Ally ¥l B. megaterium A12ag Sanumanzanlunisilulduszlond
' A < A A Aa & Aa = o A & A

anni iiesanlasm el Arauniimsdgnlununduda dnfidranudnladfiu e dsm

wannik Stocker (1960) Lauardundanudnlugdindalmduuasalsd 0.5% (Uszanam 100

mM) 1iludrszduanuidulugdinfenmuaflfiduduuanuminzansasduiniunsgnivs

N7l uazATnuLAy a9un annIdnskasesgmriinazanuANdanIIazasasing 39

o A A A i s @ A A < A

AaLRanUUATISY B. megaterium A12ag \Huaunuzasuuafisonuiaunazananamnea

=

A15197 4.4 adsdTunamaainaazany (mg/) lwiud 5 vasuuafiSendansluanie

a o

qm%gumd |
Culture Temperature (°C)
30 35 45
B. megaterium Ally 99.0™ 109.5" 135.1"
B. megaterium A12ag 140.8™ 148.5"° 119.3"

ABC o o ' o ' ' [ ' o o o aa A
RUNELAG: @]'Jf’]ﬂ‘iﬂ'ﬁ@]’mﬂuiuuujuauua@ﬂqqLL@]ﬂ@]q\jﬂuaU’Nﬁuﬂaﬁﬂfy‘ﬂ']ﬁﬁﬂ@ ﬁ p < 0.05

bc o o ' @ & ) ' @ | o aa 4
e @I’Jaﬂiﬂi(ﬂ’]dﬂuluuu’l(ﬂ\‘]LLE‘T@N’NLL@]ﬂ@]’Nﬂ%QEl']dﬁutla’]ﬂfy'ﬂ']dﬁﬂ@] f p <0.05
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=

A15199 4.5 adsdSunanaainaazany (mg/l) lwiun 5 vasuuaiiSeNANENTZAUANNLAY

@4 9
Culture NaCl (M)
0.2 0.4 0.8 1.2 1.6
B. megaterium Ally  118.4"°  115.4" 86.8"" 1145 81.3"
B. megaterium A12ag 1383 1406 115.1™ 62.1° 52.8

ABC o o ' [ : ' o ' o o o aa A
RUTULAR: GI'Ji’Jﬂi&l"i(ﬂ']\‘iﬂ%I%LL‘Ha’J%B%LLﬁﬂ\TﬂLLG}ﬂ@n\‘muaEl']dﬁuﬂa’]ﬂflm"ldﬁﬂ(ﬂ N p<0.05
As gsnv 0]

bc o o ' o & ' ' [ = I aa A
o mam&‘smanﬂuummua@]m%mﬂmdﬂuamduuslmmgmdan@ N p <0.05

U
4.3 NISANBINIIIOATINVDIRILBONEN
a o g A A & a o & . o ¢

NN LURITONRNY DILU AT TN UL ANNRI9La% kra) ACC  deaminase MUNUS B,
licheniformis B2r uazuuafiionwiAnfiazaiowasine sowWus B. megaterium Al2ag 1w
AATEIW 1:1 I@m@%ﬂmﬂuﬁaL%awaugmwuﬁn LLazﬁaL%aNaugﬂLLuULLﬁoluﬁaﬂmaqﬂmw%ﬁa
niTMuaIsugpNzwiNEiL 3 35 da 1) likunmidedisiusslifimuds cacos 2)
MIANALUT WAz 3) HIWNIANGIEIN LazlimIdn CaCO; INTMILALINENAITONTNTI 4
ﬁﬁﬂﬁﬁgMﬂﬂ“ﬁ 4 20 30 WAz 40°C @TINUNITONTIOVaITOAURN 0 1 2 3 uas 4
o & =2 ' ° A A o A & A A A & o
UMY WANIANEINLIY S1wanluaS sl uATaNgINg 4 sialidnanasliaanymiiuingm
n' J a A a n' U ' a o o [ Aaa > €d' a
Wadn lasflfumaassnnuSanmsuanagiivedmayneaialuglonin 2 lunﬂqmugu
284MSAUTNE wazlualanwn 4 SwnuuafisenseadIadandinin 4.0 log CFU/mMI w38 N3

@ o d' = = AN e & o o & ¥ A
YAIAINAN AIAITN 4.6 D9 4.9 NAMIANEINELITIN @INasaIRITanLLYinAe Wasne
TWwas LazaINAIUIRATaLLLLAIAD °14ﬂmw%fnﬁfu"l&iLmn::auﬁ%’]%%’ﬂl"ﬁl,ﬂué"sﬂawaluﬂﬁ
& o ¢ Aa & P a o & a A 6o o o ' &+
AUSN AT ANFUUDILLANI 8T maamnlummammmagauwmmmmmmmﬂuﬂ‘ﬂ
A A P ~ & o o ~ & a A & A ~
mmwimmwwmmmmmqm‘smmnmvl,@mu 1-1.5 1 wazwnidunisnaaina lfluiNuwnadsd
215MIALINM 3-12 1@ow (Ben Rebah uazamiz, 2007) anaaIndwInadunidluiizaany
AIwIaL TN nIadlszinaeasaTLaeY L TASUAKE 311N Lazdvsnd nasinuwadnla

v . 7 A aa o a o . i
AITHBENIN 5X10° LUAR/ARRANT 3B NINVBINAANMT (Lupwayi LazAmue, 2000) Gl
WartWatWiW a3 lUmanzauaa M S ALTN AT NENH  819LH899NNNINLUTU a1 50197 L8
INEINaA NI UAZ IO TIAUILLIANITE ﬁaﬁumsﬁwmsﬁﬂmLﬁmaﬂumiﬂ%'uﬂga
U3 NaUT VeI RN ML RAINA IWMINE R TaLULYEN  LNa LR ENANIDLALSNEIRILTS
wwafiFeldwiundt domaduasennsou 9 ldun nalas ndisasea mannitol uaz yeast
extract 1T1e1 F1RTULTUUREIANTUAN LAZIRWUALLATITY ®BIaN15LAN trehalose FIRIUNNT
' o & A A ' o = o a A 4 ' =
gl AmasuuanNSINudagNIzANYTan  wiausdauwaasludnmlfuuwnlasluzninenisiiy
o vaA & X o o A A A o & @
SN l6aH92% (Singleton wazAmAz, 2002) mmummqmmﬂmsﬂummawaumemolwqal
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VEWINRNITANTIAG NPT WA UTE mmﬁaammﬂmiﬁyﬁu:w%aﬁmuﬂizﬂaumamﬁLﬂu
a = a ] a 1 1 v .
sItzneuiuedngedadunsdaimadafunid uazilar pH deudraiduniafe 5.1-5.6 (Tapia uaz
A 7 Q { £ ]
Anz, 2008) TIRAAAABINUNANTANTIURY Albareda Wazamse (2008) ﬁlmﬂﬁaﬂmawaagﬂu
M duaInans LLa:wudWLLmﬁﬁﬂluﬁaL%aa@maﬂ'ﬁﬁmﬁamﬂumqmﬂﬁu%ﬂmﬁuL%@Lﬁm
1 100% HaINABVBIRIINUAAN uaﬂmﬂﬁmiﬁyﬂu:w%aﬁﬂ%mmﬁﬂﬁugdﬁd 48% WRAzAA
C/N figounfia 112/1 (Shashirekha uaz Rajarathnam, 2007) vihlwuuafisyldsnaunsnii
6 A v a 2 % g: =1 = d' % d'
msuaumavluimmmaoﬂqwzwarnvl,ﬂslﬂﬁ’lumimsmvvl,@ AILUAITUNIIAN BN ARIAINAIN
AN RN INNINR AR TaNFN LU ULAIsa 1) mezqmauﬁ'@maoé’hnmﬂumiwﬁmﬁu%mmuuﬁa
PR o P&/ A ' A A ° & Aa A6 o v & &
naae dadludluie aammmsmtyLLa:mmmmsﬁaamao@aumﬂnqumemlvl,@ AUAMNTW
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Aa

Treatment 3 - LaNilaad N:P:K uaz lilGunaize

]
Treatment 4 - Lauﬂmﬂﬁ N:K Aunasine wastduaudagNiniga

Treatment 5 - Lauﬂﬂmﬁ N:K Auwasine wazluiidunaime
Treatment 6 - "Lmam;m LALANTIRD B INURIT

'
o aa A

ABC o o ' o ' ' o , o
AINBIANNBULFEAIIILANANNBa AR YNIIEDa N p <0.05
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a13197 412 wavasRTanadan1Tadulavasdunauzilamaeiy 60 T luanmiseu

VWD
Treatment W WWNEA  WMIENLR anugs  aaslsiagd Andily Phosphorus
(MSNIAW)  (ASNAW)  (BX./AW) (SPAD)  (@5. AN./AW) (%)
1 27034 02791  11.075° 28.558 ° 22680 ° 0.1175 "
2 2.1688° 02057 °  13.650 ~  17.500 - 27473 ° 0.185
3 32259 03655  17.550 " 28.183 ° 19712 " 0.285 *°
4 51733 " 0.5004 " 26.867 " 31.117"° 30140 " 0.3125"
5 07978 °  0.0967 °°  12.300 °°  21.400"° 10153 " 0.1875 °°
6 0.7166 ° 0.0745 © 8.500 ° 25,671 ° 13453 © 0.220 *°
FTest B . " " " "
LSD 0.05 2.5841 0.2763 4.6149 1.6818 644.80 0.0827
Treatment 1 - MiLdiusiLae Lmzvlmauﬂm AR TS0 a0aLE0 (TAAILAN)
Treatment 2 - LAnTloadl N:P:K I Ao
Treatment 3 - 1@wiliafl N:PK uazlaidnim 38
Treatment 4 - 1@uiowadl N:K Aunasina e duT s e fitiva g
Treatment 5 - LAufloiadl N:K Aunasna wazliiduige
Treatment 6 - 'laii@wils AR Tusasfifivage
% ghdnmidnaiuuaasiuandaiuad sl Ay meada 9 p < 0.05
A15199 4.13 AusNUANINMsMwLaseduszMIasauianlan
pH ECe Organic Total Available Extractable Soil
(1:1 H,0) (1:5) Matter Nitrogen phosphorus, potassium texture
(dS/m) (%) (%) Bray Il (ppm)
(ppm)
5.5 3.3 0.74 0.04 6.85 39.00 sandy clay
loam

33



a PN P a v & A o A
M13191N 4.14 Qmﬂuu@]‘ﬂ’mﬂqﬂﬂqwLLazLﬂﬂJTa\ﬁ(ﬂuslu?uLﬂULﬂﬂ'] (Aun 60 Tﬂﬂﬂq'ﬁ_]gﬂ)

Treatment pH Organic Total Available Extractable
(1:1 H,0) Matter Nitrogen phosphorus, Bray Il potassium
(%) (%) (ppm) (ppm)
1 650"  0.6025° 0.0325° 6.450 - 35.25°
2 650"  0720" 0.1925 " 30.5875 ° 51.25"
3 580° 0430 ° 0.0200 ° 9.4175 42,50 "
4 576°  0.4365°  0.0200° 52.5825 " 430"
5 640"  0420° 0.0200 ° 46.200 ° 510"
6 6.265"°  0.670 " 0.0333 " 21.1325 36.325
FTest X - X - -
LSD 0.05 05734  0.1168 0.1105 5.2692 9.2189
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= a Aa a Aa ™ a A A & v ada .
ﬁnﬂmwmmﬂimmﬁgaumzﬂu@ﬂ@Umaﬁmuﬂimmuuwmemw@mmﬁ viable
plate count 1481913 halobacteria NifitSanmundalmsuanalsd 0.2 M vasdundgniduim
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@391 415 JTanauuuaiie (log CFU/ nTwvasdin) ludunlanuzidamaluFaumizdt #

iwmmiumiﬂgné’ﬂmﬁﬁZ 4 6 Uuaz8

Treatment szaza lwnsdgn (§Uani)
2 4 6 8
1 6.0683 6.9594 " 6.9785 " 6.9902
2 6.0352 6.9860 6.9940 7.0000 °
3 5.9040 6.4604 6.5568 6.5440 °°
4 6.1187 7.0528 7.0884 " 7.0959 "
5 5.9994 6.3949° 6.4705 6.4790 ©
6 5.9899 6.5914 ° 6.6325" 6.6144
F-Test ns * * o
LSD 0.05 0.1408 0.1205 0.1181

Treatment 1 - haileinsT0 Lmzvlmauﬂm weltANT 1 UdsUaeaLTe (TAAILAN)
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Treatment 6 - "LsJLanﬂﬂ LALANTIWB DN NR LTS

o

ABC Qs et 1 et 1 1 Qs 1 L aAa {
FINBIANNBUFEAIINLANAN N WA A YN 9EDE N p <0.05
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1.1 81913 modified Pikovskaya (MPVK) ( Son Lazftue, 2006)

Glucose 10 g
(NH,4),S0O, 05 g
NaCl 0.2 g
KCI 0.2 g
CaCl,2H,0 0.1 g
MgSO,7H,0 0.1 g
MnSO, 7H,0O 0.5 g
FeSO,7H,0 0.5 g
Yeast extract 0.5 g
Ca3(PO,), 0.5 g
Agar 1.5 g

NRNEIBUTENOUNINNA 8N Cag(PO,), twinau UsudSunasidlu 1,000 ml was U
pH i1 7.5 uazuanainiTa Cay(PO,), NANNAY 15 Uaua amnnil 121 °C Wik 15 W waznay

o« A4 d, & o
NUEIKUIENALAUNSINTOUR?

1.2 91%19 Halobacteria medium (Atlas, 1997)

Yeast extract 1.00 g
Casein hydrolysate  5.00 g
CaCl,6 H,O 028 g
KCI 5,00 g
MgS0O,7 H,O 10.00 g
KNO; 1.00 g
Disodium citrate 3.08 ¢
Agar 15-20 g

NENEIRUTZNOUNIRNA L NauUszn e 500 mi lEaNNToUTIHLAZARIWTNAUALGN
\naa NaCl audSunanaasnis anauazansadsudSunasidu 1,000 ml was USU pH 7.2- 7.4
o é ] g { = 1 qu a
i lfsanzananuau 15 dauddanasiiy gunnil 121°C win 15 wifi
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1.3 81915 DF salt minimal medium 715 ACC \Juunaslulasian (Dworkin uaz Foster, 1958)

KH,PO, 404
Na,HPO, 6.09g
MgS0O,.7H,0 02¢
Glucose 20g
Gluconic acid 20g
Citric acid 20g

Maijor trace elements L@z minor trace elements ag19ag 0.1 ml

nandulsznouranualwinnaulszanm 500 mi lFanuteutiouszanawd i uaLy
N8 NaCl anudSanmfidasms anauwazaned UsulSunasndu 1,000 ml U5u pH 7.2 uaialy
fesidafinnueu 15 Uausdan i gmanni 121°C Wit 15 w1l eomisiueaas ¥ns
L@ ACC 3.0 mM éwsuiduunad lulasiauuniuafiize

2w 92NavvBI major trace elements

H;BO; 10.00 mg
MnSO,4H,0O 11.19 mg
ZnS0O,47H,0 12460 mg
CuS0O,5H,0 7822 mg
MoO3 10.00 mg
Sterile distilled water 100 ml

Lﬁuﬁqmwgﬁ fnin 4°C

§2113rNauw8I minor trace elements
FeSO,7H,0 100.00 mg
Sterile distilled water 10 ml

LﬁuﬁQMﬂQﬁ @1n3n 4°C
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AMARKIN Y

A a Qv & a s €
ﬁa%%ﬂllazﬁﬁﬂlﬁa'@ia%ﬂiﬂ

& A A Ao, 2 & & Aaa Ao o Y a = a .
WaLUANLIINYinn1Ian =LY % LTE]LLllﬂqnLsgﬂﬂqﬂqﬁﬂ@LLﬂﬂiﬂ%qﬂ@uLﬂwﬂiLqm%uadﬂE]

sunausie WRIAURIFIIANY INNNIANBIVEY Chookietwattana (2003) A%

a A A o & Aaa d, =2
AIFVINWINT V-1 DOTUALLRSINRLDDLLUANLIENNINITANEN

Isolate Identified species Isolate Identified species
codes codes
A9ax Bacillus aquimaris Abv Bacillus megateium
A6u1 Bacillus aquimaris A9ay Bacillus mycoides
A10e Bacillus aquimaris A6aF Bacillus licheniformis
A8a4d Bacillus aquimaris A7aF Bacillus licheniformis
A7g Bacillus aquimaris A8aV Bacillus licheniformis
A7aA Bacillus bataviensis A8aT Bacillus licheniformis
AllV Bacillus circulans Alat Bacillus licheniformis
A1h Bacillus firmus A5aG Bacillus licheniformis
App Bacillus firmus A8[aa] Bacillus licheniformis
A12a0 Bacillus firmus A8an Bacillus licheniformis
Ala Bacillus firmus A5[ac] Bacillus pumilus
A1n1 Bacillus firmus Abaf1 Bacillus pumilus
Allp Bacillus firmus A8y Bacillus pumilus
A10[ajj] Bacillus firmus A8aD1 Bacillus pumilus
A12f Bacillus firmus Alar Bacillus pumilus
A8ak1 Bacillus firmus A8aD Bacillus pumilus
A8ah Bacillus firmus Allau Bacillus pumilus
A12g Bacillus firmus Abat Bacillus pumilus
A8ai Bacillus firmus Ab6ar Bacillus pumilus
Allah Bacillus firmus Apua1 Bacillus pumilus
Apj Bacillus firmus A8<ab> Bacillus subtilis
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a '
ANTNHWINN V-1 (68)

Isolate Identified species Isolate Identified species
codes codes
Ally Bacillus firmus A10af Bacillus subtilis
A9s Bacillus firmus A7[ab] Bacillus subtilis
Ally Bacillus megateium A12[ab] Bacillus subtilis
Alag Bacillus megateium A9ab2 Bacillus subtilis
A%an Bacillus megateium A8ab2 Bacillus subtilis
A12ag Bacillus megateium A9aDD Bacillus subtilis
A8az1 Bacillus subtilis B8aw Staphylococcus gallinarum
A7ab1 Bacillus subtilis B9aq1 Halobacillus litoralis
A2az Bacillus subtilis B8az Vigribacillus pantothenticus
Alaz Bacillus vallismortis B12aq1 Halomonas elongata
Abau Bacillus vallismortis B9aB Haererehalobacter ostenderis
A6aJ Bacillus vallismortis B12r1 Halobacillus litoralis
A8e Bacillus vietnamensis B2r Bacillus licheniformis
A11b Bacillus vietnamensis B7aw Bacillus licheniformis
Alc Bacillus vietnamensis B11ax Halomonas desiderata
Apa Bacillus vietnamensis B10aFF Bacillus aquimaris
A6aP Geobacillus B8ax Bacillus halodenitrificans
caldoxylosilyticus
A9au Halobacillus litoraris B8[ac] Halobacillus trueperi
A10au Halobacillus litoraris A12ar1 Pseudomonas stutzeri
A9ajj Halobacillus litoraris
A7aM Halobacillus litoraris
A1q Halobacillus salinus
A11s1 Halobacillus trueperi
Aby Halobacillus trueperi
Alw Halobacillus trueperi
Alu Halobacillus trueperi
A12ajj Marinobacter aquaeolei
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AMANWBIN A

a 6 a 6 .
mﬂms’lwﬂamﬂmazmﬂ Llazﬂﬁ]ﬂiiﬂ‘ﬂaﬂtaﬂl‘ﬁ&l ACC deaminase

1. msensrinaslaazany (NTuWawTian, 2548)
1.1 MI@Ssaa1Isad lwnazvnadsa
1) Sulfuric acid solution 5 N, 1&i% conc. H,SO, 70 mi asluwitnawuazdu5anasliiin
500 ml §snan
2) Antimony potassium tartrate solution, azan8 KSbOC,4H,0¢.1/2H,0 1.3715 ﬂ%'ﬂu‘ii"l
naw uazlSuLsnes awls 500 mi dasvinnawfivluwaaut pyrex
3) Ammonium molybdate solution, =88 (NH,)sM0O.4H,0 20 n$u lusinnaw uazisu
Usinasasle 500 mi dhesinawfivlueie polyethylene
4) Ascorbic acid solution 0.1 M, aa18 ascorbic acid 1.76 ﬂ%’ﬂm{mébu wazllsu
Usmnasawld 100 ml desinaw s sazanailile diiu 1 Fdand
5) Mixed reagent
- 50 ml Sulfuric acid solution (1)
- 5 ml Antimony potassium tartrate solution (2)
- 15 ml Ammonium molybdate solution (3)
- 30 ml Ascorbic acid solution (4)
nauETazany (1), (2) waz(3) Wdnauiely 2-3 wdt wazidumsazans (@) nanlwidnin
Twinauuazdsunsinasanld 1,000 ml shdmlaUsinas 2 m Usudsunaslile 50 mi annsis
#96708191507@5 5 ml 1@N mixed reagent U331as 1 ml twenlidnin aanely 10 wid sinly
AN IQANAUUE fianwenaaan 880 nm lagldomsiasadodu blank mnifuﬁﬁ%mﬁ"lﬁ

liSsuifisuiunminasuuasdwnlinunesinadigas

YSunawesa (mg/l) = YSunanaainaannin (lulasniv)

UIuava28819 (ml)

1.2 NMILAIBANTINNIATZIH
1) Standard phosphorus solution 50 mg/l azan8 KH,PO, (Anhydrous) 0.2196 niu 1%‘15"1
naw uasUSuUSanasanld 1,000 mi daesinan
2) \@38 Standard phosphorus  solution ARSI awweasiWaLvinnu 0, 2.5, 3.75,
7.5, 10.0, 15.0, 20 uaz 25 bulAINN LGN mixed reagent U3u1@as 1 ml aslu  Standard
phosphorus solution Laxealy $1maw 5 ml wenlidAwasnals 10 w TaFMIgANALLE

NauL1IAdK 880 nm Mwlu 10-30 wifl anuuin lasenwanesgin asnIwewIn a-1
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Absorbance at 880 nir

0.7

0.6 -

0.5

0.4

0.3 -

0.2

0.1

R% = 0.9993

y = 0.0238x - 0.0005

10 15 20 25
Phosphate (Microgram)

MNEWIN A-1 NNNATFIUVRINaRLNG

2. MIAIITHNINTINVDILDW b1l ACC deaminase

2.1 NMSAIYNAIBLNY

30

1) UanireuuaiiGaniininaigegluszoznansfalans log phase Y3anas 5 pl adlu

271917 tryptic soybean broth 7.5 ml ‘u'uﬁqmvagﬁ 32-35°C W3auLU81918ANNULTITAL 200 rom

1Tuan 24 Tlad

2) uneusadlasdwniod 8000g iuian 10 kit iganni 4°C

3) Suaniihlafie wdranarasey 5.0 ml DF salt minimal medium 1ul3849 8000g

a1 10 ﬁqmugﬁ 4°C Snaiwsinlans

4) resuspend LIaa L 7.5 ml DF salt minimal medium 10T aliquot 0.5M ACC ‘ﬁLL?j'

udauazsnums thaw U5u103 45 i iialwld ACC 3.0 mM

5

~N O

)
)
)
8)
9)

nueusadlasduniesi 8000g iuiian 10 w1l igaunni 4°C

g9l nedinanTuvadiaw lminuwd aasiAy cell pellet 139 -20°C

cell pellet vortex I nuauartilaad microcentrifuge tube Tndvwa 1.5 ml

10) inlUihwndpedi 16000g W1% 5 W1 MNRUTUEINIENS

Uuafigunnil 32-35°C wibwlueeaaNTITaL 200 rpm (Huaa1 24 Tlug
Su It lans LaIR9TAE 2 A39 628 5 ml wad 0.1M Tris-HCI pH 7.6 Suduiilads

lumsieseinanssnaaanlad ACC L@ 1 ml a9 0.1M Tris-HCI pH 7.6 adlulu
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11) 1@ 0.1M Tris-HCI pH 8.5 133103 600 LU anUmANING8U (5%, viv) 30 LUl uae
vortex N1ANWIIFIFAWIN 30 TU1 R1INZANLAW kT VIR 08 9NLe TN La i T LA ez AN

Aansavzasenlod ACC
2.2 M3NININAIZIRAININLUV DI Ol—ketobutyrate

1) L@3PUENIRZAUFABANIAIFIN Ol-ketobutyrate 100mM lagld 0.1M Tris-HCI pH 8.5
Husavnazay Basvasazasadendainimafideanuilildenududu 10 mM wazifiy
%ﬂmvl:?ﬁqmﬁgﬁ 4°C

2) 193BNARNINVDIMNIAZANININIZIUO—ketobutyrate ANMLTUTH 0.1, 0.2, 0.4, 0.6,
0.8 uaz 1.0 Wmol lagihaInzaafionn1asgit Ol-ketobutyrate LTu4u 10 mM 138919678
fwlesideanuillwldanuidudu 0.1-1.0 pmol

3) WE1IATA18NIAIZIU0—ketobutyrateradndazaNUdNTuINIlINIGT 200 W §w
81382818 0.2% 2,4 dinitrophenylhydrazine 31167 300 U (L(ﬂ%ﬂ&liﬂﬁazmﬂlu 2M HCI) vortex
lﬁnﬁﬁuuﬁ’sﬁﬂﬂﬂuﬁqmﬂgﬁ 30°C fluaen 30 wifl ek Ol—ketobutyrate Lﬂﬁﬂugﬂvlﬂlﬂu

~ A a £ A a o
phenylhydrazone ~ @739W1U30Nt  phenylhydrazone  Miineu  wadudjneassny  O-
ketobutyrate Ailuaat19 launsidin 2M NaOH USaunas 2.0 ml wanlditnud sinldiadnns

g@ﬂﬁuumﬁmmmmﬁu 540 nm

4) plot graph FmIganfuuadluuny y uazA1nNduiuaImIazaNInTTIUN0-
ketobutyrate TN x
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1.8

14 +

1.0 +
y = 1.5444x + 0.0092

0.8 + R® = 0.9948

Absorbance at 540 nm

0.2 +

0.0 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2

alpha-ketobutyrate (micromol)

NINHNWIN A-2 nswxlmmgmmaa Ol—ketobutyrate

2.3 MsIANRnInIINVaILanlys] ACC deaminase
1) Tide toluenized cells 200 LI Tanalu microcentrifuge tube

2) \@w 0.5M ACC 1Sanas 20 Wl ad'lt) ud vortex Taunaaidriug aniwinlai
paenil 30°C 1w 15 wif

3) 16n 0.56M HCl U531@5 1 ml vortex WWaunauigniug inluiwmidsedi 16000g
W 5 W17 ﬁqmﬂgﬁﬁad

4) Twagrulant 1 mi1dn 0.56M HCI U3u1a3 800 LU vortex TREIWHENITINKA

5) \@umIazany 0.2% 2.4 dinitrophenylhydrazine U3anas 300 Wi lunaaauialnaf
82019 ﬁuﬁqmﬁgﬁ 30°C 1unan 30 wift waseniEwdn 2M NaOH Y5unas 2.0 mi mawlvidh
e m"l,ﬂi'@mmsg@ﬂﬁmmﬁmmmm‘é‘lu 540 nm

6) @hms@@nﬁul,l,aaﬁvl@ﬁﬂumms@@nﬁmmaﬁim assay reagents, bacterial extract
ez ACC dsdasinlufnde doiuisdasrinblank Tasduams assay reagents Waz ACC e
ﬁnﬂ'ﬂmsg@ﬂﬁuuaaﬁvlé”l,ﬂﬁﬂaua’mé’aasm vaé‘amﬂﬁ?uﬁaﬁ@mms@@ﬂﬁmmwaa assay
reagent fildfinadu Acc LLéhﬁﬁmﬁ"L@“Lﬂﬁﬂauaaﬂmﬂmmsgmﬂﬁmmwaoﬁaazhoﬁ"l,ﬁﬂ%v'a

= < ' A Y Aa o 1 o a 4 .
L3N "ﬂx‘l"ﬂzl’ﬂ%ﬂ"lﬂ'ﬁ@@ﬂﬂ%uﬁ\‘]LL‘YH]?G”IJQ(W]’J@El']x‘i mmmﬂﬁmiimauaﬂw ACC deaminase
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1. HAIALAIE

AMANWIN I

NAaN1IILAI RN ED G

aa [ a ol a
ﬁﬁﬂﬁﬁqﬂﬂaﬂaﬂﬂgqulﬂu Llazqmﬁﬂuﬁaﬂ'\ilaimﬁaﬂLlﬂﬂﬁt%ﬂ

[ 1 a .
HRZYBIAIMNLANADNIILIITY VDY B. megaterium A12ag

Completely Randomized AOV for phosphate

Source DF

SS MS F P

trt 4 274789 6869.73 1545 0.0000

Error 15

66.7 4.45

Total 19 27545.6

Grand Mean 101.79 CV 2.07 Chi-Sq DF P
Bartlett's Test of Equal Variances 2.28 4 0.6844
Cochran's Q 0.3260

Largest Var / Smallest Var 6.4320

Component of variance for between groups 1716.32

Effective cell size 4.0

trt Mean

NaCl 0.2 M 137.90

NaCl 0.4 M
NaCl 0.8 M
NaCl 1.2 M
NaCl 1.6 M

Observations

141.50
113.10
63.83
52.60
per Mean 4

Standard Error of a Mean 1.0543
Std Error (Diff of 2 Means) 1.4909

LSD All-Pairwise Comparisons Test of phosphate by trt

trt Mean

Homogeneous Groups

NaCl 0.2 M 141.50 A
NaCl 0.4 M 13790 B
NaCl0.8 M 113.10 C
NaCl1.2M 63.825 D
NaCl 1.6 M 52.600 E

Alpha

0.05  Standard Error for Comparison 1.4909
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Critical T Value 2.131 Critical Value for Comparison 3.1779

All 5 means are significantly different from one another.

Nammm'lmﬁmiamiw%mumm B. megaterium Ally
Completely Randomized AOV for phosphate
Source DF SS MS F P
trt 4 19401.4 4850.35 436 0.0000
Error 15 167.0 11.13
Total 19 19568.4

Grand Mean 88.360 CV 3.78 Chi-Sq DF P
Bartlett's Test of Equal Variances 11.3 4 0.0238
Cochran's Q 0.7170

Largest Var / Smallest Var 25.481
Component of variance for between groups 1209.80
Effective cell size 4.0
trt Mean
NaCl 0.2 M 119.80
NaCl 0.4 M 121.20
NaCl 0.8 M 97.20
NaCl 1.2 M 55.80
NaCl 1.6 M 47.80
Observations per Mean 4
Standard Error of a Mean 1.6684
Std Error (Diff of 2 Means) 2.3595
LSD All-Pairwise Comparisons Test of phosphate by trt
trt Mean Homogeneous Groups
NaCl 0.2 M 121.20 A
NaCl 04 M 119.80 A
NaCl 0.8 M 97.200 B
NaCl1.2M 55800 C
NaCl1.6 M 47.800 D
Alpha 0.05  Standard Error for Comparison 2.3595
Critical T Value 2.131 Critical Value for Comparison 5.0292



There are 4 groups (A, B, etc.) in which the meansare not significantly different from one

another.

B. megaterium A12ag — B. megaterium Ally ﬁl NaCl 0.2 M
LSD All-Pairwise Comparisons Test of phosphate by trt
trt Mean Homogeneous Groups
A12ag 137.90 A
Ally 119.80 B
Alpha 0.05  Standard Error for Comparison 1.1247
Critical T Value 2.447  Critical Value for Comparison 2.7521

All 2 means are significantly different from one another.

B. megaterium A12ag — B. megaterium Ally ‘ﬁl NaCl 0.4 M
LSD All-Pairwise Comparisons Test of phosphate by trt
trt Mean Homogeneous Groups
A12ag 141.50 A
Ally 121.20 B
Alpha 0.05 Standard Error for Comparison 2.0944
Critical T Value 2.447  Critical Value for Comparison 5.1249

All 2 means are significantly different from one another.

B. megaterium A12ag - Ally ‘ﬁ NaCl 0.8 M
LSD All-Pairwise Comparisons Test of phosphate by trt
trt Mean Homogeneous Groups
A12ag 113.10 A
Ally 97.200 B
Alpha 0.05  Standard Error for Comparison 3.3628
Critical T Value 2.447  Critical Value for Comparison 8.2284

All 2 means are significantly different from one another.

B. megaterium A12ag — B. megaterium Ally fiNaCl1.2 M
LSD All-Pairwise Comparisons Test of phosphate by trt
trt Mean Homogeneous Groups

A12ag 63.825 A

53



Ally 55.800 B
Alpha 0.05  Standard Error for Comparison 1.3573
Critical T Value 2.447  Critical Value for Comparison 3.3212

All 2 means are significantly different from one another.

B. megaterium A12ag — B. megaterium Ally ‘ﬁ. NaCl1.6 M
LSD All-Pairwise Comparisons Test of phosphate by trt
trt Mean Homogeneous Groups
A12ag 52.600 A
Ally 47.800 B
Alpha 0.05  Standard Error for Comparison 0.8206
Critical T Value 2.447  Critical Value for Comparison 2.0079

All 2 means are significantly different from one another.

HAYDIQMNYNABN1TIRI VDY B. megaterium Al2ag
Completely Randomized AOV for phosphate
Source DF SS MS F P
trt 2 1824.88 912.438 545 0.0000
Error 9 15.07 1.674
Total 11 1839.94

Grand Mean 136.18 CV 0.95 Chi-Sq DF P
Bartlett's Test of Equal Variances 1.64 2 0.4407
Cochran's Q 0.6257

Largest Var / Smallest Var 4.8595

Component of variance for between groups 227.691
Effective cell size 4.0

trt Mean

30 140.80

35 148.43

45 119.30

Observations per Mean 4

Standard Error of a Mean  0.6469

Std Error (Diff of 2 Means) 0.9149
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LSD All-Pairwise Comparisons Test of phosphate by trt

trt Mean Homogeneous Groups

35 148.43 A

30 140.80 B

45 11930 C

Alpha 0.05 Standard Error for Comparison 0.9149
Critical T Value 2.262  Critical Value for Comparison 2.0697

All 3 means are significantly different from one another.

HAYBIWR)AABNLI VDY B. megaterium Ally
Completely Randomized AOV for phosphate
Source DF SS MS F P
trt 2 854.507 427.253 595 0.0000
Error 9 6460 0.718
Total 11 860.967

Grand Mean 118.33 CV 0.72 Chi-Sq DF P
Bartlett's Test of Equal Variances 054 2 0.7640
Cochran's Q 0.5046

Largest Var / Smallest Var 2.4328
Component of variance for between groups 106.634

Effective cell size 4.0

trt Mean

30 124.40

35 124.20

45 106.40

Observations per Mean 4
Standard Error of a Mean 0.4236
Std Error (Diff of 2 Means) 0.5991
LSD All-Pairwise Comparisons Test of phosphate by trt
trt Mean Homogeneous Groups
30 12440 A

35 12420 A

45 106.40 B



Alpha 0.05 Standard Error for Comparison 0.5991
Critical T Value 2.262  Critical Value for Comparison 1.3552

There are 2 groups (A and B) in which the means are not significantly different from one another.

B. megaterium A12ag — B. megaterium Ally 1?; qnmgﬁ 30°C
LSD All-Pairwise Comparisons Test of phosphate by trt
trt Mean Homogeneous Groups
A12ag 140.80 A
Ally 12440 B
Alpha 0.05  Standard Error for Comparison 0.6807
Critical T Value 2.447  Critical Value for Comparison 1.6656

All 2 means are significantly different from one another.

B. megaterium A12ag — B. megaterium Ally fl qnwmﬁ 35°C

LSD All-Pairwise Comparisons Test of phosphate by trt

trt Mean Homogeneous Groups

A12ag 148.43 A

Ally 12420 B

Alpha 0.05  Standard Error for Comparison 0.9473
Critical T Value 2.447  Critical Value for Comparison 2.3178
All 2 means are significantly different from one another.

°c

B. megaterium A12ag — B. megaterium Ally ‘7; qm‘ngéﬁ 45
LSD All-Pairwise Comparisons Test of phosphate by trt
trt Mean Homogeneous Groups
A12ag 119.30 A
Ally 106.40 B
Alpha 0.05  Standard Error for Comparison 0.6583
Critical T Value 2.447  Critical Value for Comparison 1.6108

All 2 means are significantly different from one another.
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2. wadniadanssandInuasiBonaa
HAN330ATI AV o NN

ﬁqmwgﬁ 4°c

Completely Randomized AOV for survival

Source DF SS MS F P

wk 4 22.8807 5.72018 1108 0.0000

Error 10 0.0516 0.00516

Total 14 22.9323

Grand Mean 5.4236 CV 1.32 Chi-Sq DF P
Bartlett's Test of Equal Variances 731 4 0.1202
Cochran's Q 0.5492

Largest Var / Smallest Var 168.69

Component of variance for between groups 1.90501

Effective cell size 3.0

wk Mean

0 6.6737

1 6.7900

2 5.5460

3 45187

4 3.5897

Observations per Mean 3

Standard Error of a Mean  0.0415

Std Error (Diff of 2 Means) 0.0587

LSD All-Pairwise Comparisons Test of survival by wk
wk Mean Homogeneous Groups

1 6.7900 A

0 6.6737 A

2 55460 B

3 45187 C

4 35897 D
Alpha 0.05  Standard Error for Comparison 0.0587
Critical T Value 2.228  Critical Value for Comparison 0.1307
There are 4 groups (A, B, etc.) in which the means are not significantly different from one

another.
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figaenpdl 20°C

Completely Randomized AOV for survival
Source DF SS MS F P

wk 4 21.8436 5.46089 1302 0.0000
Error 10 0.0419 0.00419

Total 14 21.8855

Grand Mean 5.5077 CV 1.18 Chi-Sq DF P
Bartlett's Test of Equal Variances 3.10 4 0.5412
Cochran's Q 0.3079

Largest Var / Smallest Var 21.076

Component of variance for between groups 1.81890

Effective cell size 3.0

wk Mean

0 6.7113

1 6.7783

2 5.7440

3 4.6463

4 3.6583

Observations per Mean 3

Standard Error of a Mean 0.0374

Std Error (Diff of 2 Means) 0.0529

LSD All-Pairwise Comparisons Test of survival by wk
wk Mean Homogeneous Groups

1 6.7783 A

0 6.7113 A

2 57440 B

3 46463 C

4 36583 D
Alpha 0.01 Standard Error for Comparison 0.0529
Critical T Value 3.169  Critical Value for Comparison 0.1676
There are 4 groups (A, B, etc.) in which the means are not significantly different from one

another.
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Completely Randomized AOV for survival
figaenpdl 30°C

Source DF SS MS F P

wk 4 217066 5.42666 6486 0.0000

Error 10 0.0084 0.00084
Total 14 21.7150

Grand Mean 5.5130 CV 0.52 Chi-Sq DF P
Bartlett's Test of Equal Variances 3.08 4 0.5440
Cochran's Q 0.3588

Largest Var / Smallest Var 9.9404

Component of variance for between groups 1.80861

Effective cell size 3.0

wk Mean

0 6.7370

1 6.7757

2 57123

3 4.6680

4 3.6720

Observations per Mean 3

Standard Error of a Mean 0.0167

Std Error (Diff of 2 Means) 0.0236

LSD All-Pairwise Comparisons Test of survival by wk
wk Mean Homogeneous Groups

1 6.7757 A

0 6.7370 A

2 57123 B

3 46680 C

4 36720 D
Alpha 0.05  Standard Error for Comparison 0.0236
Critical T Value 2.228  Critical Value for Comparison 0.0526
There are 4 groups (A, B, etc.) in which the means are not significantly different from one

another.
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figaenpdl 40°C

Completely Randomized AOV for survival
Source DF SS MS F P

wk 4 30.6759 7.66897 6210 0.0000
Error 10 0.0123 0.00123

Total 14 30.6882

Grand Mean 5.3993 CV 0.65 Chi-Sq DF P
Bartlett's Test of Equal Variances 291 4 0.5722
Cochran's Q 0.3816

Largest Var / Smallest Var 13.943

Component of variance for between groups 2.55591
Effective cell size 3.0

wk Mean

0 6.8277

1 6.8407

2 5.6990

3 45197

4 3.1093

Observations per Mean 3

Standard Error of a Mean  0.0203

Std Error (Diff of 2 Means) 0.0287

LSD All-Pairwise Comparisons Test of survival by wk
wk Mean Homogeneous Groups

1 6.8407 A

0 6.8277 A

2 56990 B

3 45197 C

4 31093 D

Alpha 0.05  Standard Error for Comparison 0.0287
Critical T Value 2.228  Critical Value for Comparison 0.0639

There are 4 groups (A, B, etc.) in which the means are not significantly different from one

another.
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Week 0 compare temperature
LSD All-Pairwise Comparisons Test of survival by temp
temp Mean Homogeneous Groups
40 6.8277 A
30 6.7370 AB
20 6.7113 AB
4 6.6737 B
Alpha 0.05  Standard Error for Comparison 0.0636
Critical T Value 2.306  Critical Value for Comparison 0.1466

There are 2 groups (A and B) in which the means are not significantly different from one another.

Week 1 compare temperature
LSD All-Pairwise Comparisons Test of survival by temp
temp Mean Homogeneous Groups
40 6.8407 A
4 6.7900 A
20 6.7783 A
30 6.7757 A
Alpha 0.05  Standard Error for Comparison 0.0313
Critical T Value 2.306  Critical Value for Comparison 0.0721

There are no significant pairwise differences among the means.

Week 2 compare temperature
LSD All-Pairwise Comparisons Test of survival by temp
temp Mean Homogeneous Groups
20 5.7440 A
30 5.7123 A
40 5.6990 A
4 55460 B
Alpha 0.05  Standard Error for Comparison 0.0340
Critical T Value 2.306  Critical Value for Comparison 0.0783

There are 2 groups (A and B) in which the means are not significantly different from one another.
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Week 3 compare temperature

temp Mean Homogeneous Groups

30 4.6680 A

20 4.6463 A

40 4.5197 B

4 45187 B

Alpha 0.05  Standard Error for Comparison 0.0463
Critical T Value 2.306  Critical Value for Comparison 0.1068

There are 2 groups (A and B) in which the means are not significantly different from one another.

Week 4 compare temperature
LSD All-Pairwise Comparisons Test of survival by temp
temp Mean Homogeneous Groups
30 3.6720 A
20 3.6583 AB
4 3.5897 B
40 3.1093 C
Alpha 0.05  Standard Error for Comparison 0.0347
Critical T Value 2.306  Critical Value for Comparison 0.0799
There are 3 groups (A, B, etc.) in which the means are not significantly different from one

another.

mﬁaﬂ%’%mmaaﬁu?;awammmtﬁ'ﬂ‘lmgﬂmw%’n
ﬁqnmgﬁ 4°c
Completely Randomized AOV for survival
Source DF SS MS F P
wk 4 223184 5.57961 223 0.0000
Error 10 0.2504 0.02504
Total 14 22.5688
Grand Mean 5.4203 CV 2.92
At least one group variance is near zero, variance-equality tests cannot be computed.
Component of variance for between groups 1.85152

Effective cell size 3.0
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wk Mean

0 6.7610

1 6.6413

2 5.5440

3 4.5927

4 3.5627

Observations per Mean 3

Standard Error of a Mean 0.0914

Std Error (Diff of 2 Means) 0.1292

LSD All-Pairwise Comparisons Test of survival by wk

wk Mean Homogeneous Groups

0 6.7610 A

1 6.6413 A

2 55440 B

3 45927 C

4 3.5627 D

Alpha 0.05 Standard Error for Comparison 0.1292

Critical T Value 2.228  Critical Value for Comparison 0.2879
There are 4 groups (A, B, etc.) in which the means are not significantly different from one

another.

ﬁqm‘ngﬁ 20°C

Completely Randomized AOV for survival
Source DF SS MS F P

wk 4 216489 541221 169 0.0000
Error 10 0.3197 0.03197

Total 14 21.9686

Grand Mean 54652 CV 3.27 Chi-Sq DF P
Bartlett's Test of Equal Variances 9.06 4 0.0596
Cochran's Q 0.8022

Largest Var / Smallest Var 61.641
Component of variance for between groups 1.79341

Effective cell size 3.0
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wk Mean

0 6.7100

1 6.7517

2 5.5890

3 4.6233

4 3.6520

Observations per Mean 3

Standard Error of a Mean  0.1032

Std Error (Diff of 2 Means) 0.1460

LSD All-Pairwise Comparisons Test of survival by wk

wk Mean Homogeneous Groups

1 6.7517 A

0 6.7100 A

2 55890 B

3 46233 C

4 3.6520 D

Alpha 0.05 Standard Error for Comparison 0.1460
Critical T Value 2.228  Critical Value for Comparison 0.3253
There are 4 groups (A, B, etc.) in which the means are not significantly different from one

another.

ﬁqm‘ngﬁ 30°C

Completely Randomized AOV for survival
Source DF SS MS F P

wk 4 216593 5.41482 2975 0.0000
Error 10 0.0182 0.00182

Total 14 21.6775

Grand Mean 5.5074 CV 0.77 Chi-Sq DF P
Bartlett's Test of Equal Variances 3.79 4 0.4348
Cochran's Q 0.5349

Largest Var / Smallest Var 16.431
Component of variance for between groups 1.80433

Effective cell size 3.0
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wk Mean

0 6.7390

1 6.7653

2 56973

3 4.6650

4 3.6703

Observations per Mean 3

Standard Error of a Mean 0.0246

Std Error (Diff of 2 Means) 0.0348

LSD All-Pairwise Comparisons Test of survival by wk

wk Mean Homogeneous Groups

1 6.7653 A

0 6.7390 A

2 56973 B

3 46650 C

4 3.6703 D

Alpha 0.05  Standard Error for Comparison 0.0348
Critical T Value 2.228  Critical Value for Comparison 0.0776
There are 4 groups (A, B, etc.) in which the means are not significantly different from one

another.

ﬁqm‘ngﬁ 40°c

Completely Randomized AOV for survival
Source DF SS MS F P

wk 4 31.6312 7.90780 1085 0.0000
Error 10 0.0729 0.00729

Total 14 31.7041

Grand Mean 5.3670 CV 1.59 Chi-Sq DF P
Bartlett's Test of Equal Variances 476 4 0.3132
Cochran's Q 0.4491

Largest Var / Smallest Var 23.209
Component of variance for between groups 2.63350

Effective cell size 3.0
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wk Mean

0 6.8367

1 6.8327

2 5.6837

3 4.3920

4 3.0900

Observations per Mean 3

Standard Error of a Mean  0.0493

Std Error (Diff of 2 Means) 0.0697

LSD All-Pairwise Comparisons Test of survival by wk

wk Mean Homogeneous Groups

0 6.8367 A

1 6.8327 A

2 56837 B

3 43920 C

4 3.0900 D

Alpha 0.01 Standard Error for Comparison 0.0697
Critical T Value 3.169  Critical Value for Comparison 0.2210
There are 4 groups (A, B, etc.) in which the means are not significantly different from one

another.

Week 0 compare temperature
LSD All-Pairwise Comparisons Test of survival by temp
temp Mean Homogeneous Groups
40 6.8367 A
4 6.7610 A
30 6.7390 A
20 6.7100 A
Alpha 0.05  Standard Error for Comparison 0.0804
Critical T Value 2.306  Critical Value for Comparison 0.1853

There are no significant pairwise differences among the means.
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Week 1 compare temperature
LSD All-Pairwise Comparisons Test of survival by temp
temp Mean Homogeneous Groups
40 6.8327 A
30 6.7653 A
20 6.7517 A
4 6.6413 A
Alpha 0.01 Standard Error for Comparison 0.1335
Critical T Value 3.355  Critical Value for Comparison 0.4479

There are no significant pairwise differences among the means.

LSD All-Pairwise Comparisons Test of survival by temp
temp Mean Homogeneous Groups

40 6.8327 A

30 6.7653 A

20 6.7517 A

4 6.6413 A

Alpha 0.05  Standard Error for Comparison 0.1335
Critical T Value 2.306  Critical Value for Comparison 0.3078

There are no significant pairwise differences among the means.

Week 2 compare temperature
LSD All-Pairwise Comparisons Test of survival by temp
temp Mean Homogeneous Groups
30 5.6973 A
40 5.6837 A
20 5.5890 A
4 55440 A
Alpha 0.05  Standard Error for Comparison 0.1477
Critical T Value 2.306  Critical Value for Comparison 0.3405

There are no significant pairwise differences among the means.
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Week 3 compare temperature
LSD All-Pairwise Comparisons Test of survival by temp
temp Mean Homogeneous Groups
30 4.6650 A
20 4.6233 A
4 45927 A
40 4.3920 B
Alpha 0.05  Standard Error for Comparison 0.0846
Critical T Value 2.306  Critical Value for Comparison 0.1952

There are 2 groups (A and B) in which the means are not significantly different from one another.

Week 4 compare temperature
LSD All-Pairwise Comparisons Test of survival by temp
temp Mean Homogeneous Groups
30 3.6703 A
20 3.6520 AB
4 3.5627 B
40 3.0900 C
Alpha 0.05  Standard Error for Comparison 0.0430
Critical T Value 2.306  Critical Value for Comparison 0.0992
There are 3 groups (A, B, etc.) in which the means are not significantly different from one

another.
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namrpa 4°C

Completely Randomized AOV for survival
Source DF SS MS F P

wk 4 26.1985 6.54963 648 0.0000
Error 10 0.1011 0.01011

Total 14 26.2996

Grand Mean 5.3118 CV 1.89 Chi-Sq DF P
Bartlett's Test of Equal Variances 194 4 0.7468
Cochran's Q 0.4820

Largest Var / Smallest Var 6.8849
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Component of variance for between groups 2.17984
Effective cell size 3.0
wk Mean

0 6.7477

1 6.6513

2 5.5357

3 4.2177

4 3.4067

Observations per Mean 3
Standard Error of a Mean  0.0580

Std Error (Diff of 2 Means) 0.0821

LSD All-Pairwise Comparisons Test of survival by wk
wk Mean Homogeneous Groups

0 6.7477 A

1 6.6513 A

2 55357 B

3 42177 C

4 34067 D
Alpha 0.05 Standard Error for Comparison 0.0821

Critical T Value 2.228  Critical Value for Comparison 0.1829

There are 4 groups (A, B, etc.) in which the means are not significantly different from one

another.

ﬁqmwgﬁ 20°C

Completely Randomized AOV for survival
Source DF SS MS F P

wk 4 247413 6.18534 3001 0.0000
Error 10 0.0206 0.00206

Total 14 24.7620

Grand Mean 5.4259 CV 0.84 Chi-Sq DF P
Bartlett's Test of Equal Variances 1.39 4 0.8454
Cochran's Q 0.3878
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Largest Var / Smallest Var 4.5352
Component of variance for between groups 2.06109
Effective cell size 3.0
wk Mean

0 6.7390

1 6.7527

2 57123

3 4.4090

4 3.5163

Observations per Mean 3
Standard Error of a Mean  0.0262

Std Error (Diff of 2 Means) 0.0371

LSD All-Pairwise Comparisons Test of survival by wk
wk Mean Homogeneous Groups

1 6.7527 A

0 6.7390 A

2 57123 B

3 44090 C

4 35163 D
Alpha 0.05 Standard Error for Comparison 0.0371

Critical T Value 2.228  Critical Value for Comparison 0.0826
There are 4 groups (A, B, etc.) in which the means are not significantly different from one

another.
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Namnnal 30°C

Completely Randomized AOV for survival
Source DF SS MS F P

wk 4 231064 5.77660 82.6 0.0000
Error 10 0.6992 0.06992

Total 14 23.8056

Grand Mean 5.6376 CV 4.69 Chi-Sq DF P
Bartlett's Test of Equal Variances 36.6 4 0.0000
Cochran's Q 0.9966
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Largest Var / Smallest Var 7519.9

Component of variance for between groups 1.90222

Effective cell size 3.0

wk Mean

0 6.8207

1 6.8180

2 6.1610

3 4.6780

4 3.7103

Observations per Mean 3

Standard Error of a Mean  0.1527

Std Error (Diff of 2 Means) 0.2159

LSD All-Pairwise Comparisons Test of survival by wk
wk Mean Homogeneous Groups

0 6.8207 A

1 6.8180 A

2 6.1610 B

3 46780 C

4 37103 D
Alpha 0.05 Standard Error for Comparison 0.2159
Critical T Value 2.228  Critical Value for Comparison 0.4811
There are 4 groups (A, B, etc.) in which the means are not significantly different from one

another.

ﬁqm‘ngﬁ 40°c

Completely Randomized AOV for survival
Source DF SS MS F P

wk 4 286276 7.15691 2248 0.0000
Error 10 0.0318 0.00318

Total 14 28.6595

Grand Mean 5.3727 CV 1.05 Chi-Sq DF P
Bartlett's Test of Equal Variances 285 4 0.5832
Cochran's Q 0.3591

Largest Var / Smallest Var 18.659
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Component of variance for between groups 2.38457
Effective cell size 3.0
wk Mean

0 6.7957

1 6.7253

2 5.6580

3 4.5210

4 3.1633
Observations per Mean 3
Standard Error of a Mean 0.0326
Std Error (Diff of 2 Means) 0.0461
LSD All-Pairwise Comparisons Test of survival by wk
wk Mean Homogeneous Groups

0 6.7957 A

1 6.7253 A

2 56580 B

3 45210 C

4 31633 D
Alpha 0.05 Standard Error for Comparison 0.0461
Critical T Value 2.228  Critical Value for Comparison 0.1026
There are 4 groups (A, B, etc.) in which the means are not significantly different from one
another.
LSD All-Pairwise Comparisons Test of survival by temp
Week 0 compare temperature
temp Mean Homogeneous Groups

30 6.8207 A

40 6.7957 A

4 6.7477 A

20 6.7390 A
Alpha 0.05  Standard Error for Comparison 0.0388
Critical T Value 2.306  Critical Value for Comparison 0.0894

There are no significant pairwise differences among the means.
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Week 1 compare temperature
temp Mean Homogeneous Groups
30 6.8180 A
20 6.7527 AB
40 6.7253 AB
4 6.6513 B
Alpha 0.05  Standard Error for Comparison 0.0703
Critical T Value 2.306  Critical Value for Comparison 0.1620
There are 2 groups (A and B) in which the means are not significantly different from one

another.

Week 2 compare temperature
temp Mean Homogeneous Groups
30 6.1610 A
20 5.7123 AB
40 5.6580 AB
4 55357 B
Alpha 0.05  Standard Error for Comparison 0.2468
Critical T Value 2.306  Critical Value for Comparison 0.5692
There are 2 groups (A and B) in which the means are not significantly different from one

another.

Week 3 compare temperature

temp Mean Homogeneous Groups

30 4.6780 A

40 45210 B

20 44090 C

4 42177 D

Alpha 0.05  Standard Error for Comparison 0.0448

Critical T Value 2.306  Critical Value for Comparison 0.1033

All 4 means are significantly different from one another.

Week 4 compare temperature

temp Mean Homogeneous Groups
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30 3.7103 A

20 3.5163 B

4 3.4067

40 3.1633 D

Alpha 0.05  Standard Error for Comparison 0.0412

Critical T Value 2.306  Critical Value for Comparison 0.0951

All 4 means are significantly different from one another.

Namisam‘i%mwmﬁaL%ﬂNmﬂ%qﬂuzw%'ﬂaﬁdﬁunﬁiﬁwattaztﬁu CaCo,
ﬁqmwgﬁ 4°c
Completely Randomized AOV for survival
Source DF SS MS F P
wk 4 26.4578 6.61444 1837 0.0000

Error 10 0.0360 0.00360
Total 14 26.4938

Grand Mean 5.3793 CV 1.12 Chi-Sq DF P
Bartlett's Test of Equal Variances 434 4 0.3624
Cochran's Q 0.5736

Largest Var / Smallest Var 22.237

Component of variance for between groups 2.20361
Effective cell size 3.0

wk Mean

0 6.8367

1 6.7253

2 5.5633

3 4.3260

4 3.4453

Observations per Mean 3

Standard Error of a Mean 0.0346

Std Error (Diff of 2 Means) 0.0490

LSD All-Pairwise Comparisons Test of survival by wk
wk Mean Homogeneous Groups

0 6.8367 A

1 6.7253 B



2 55633 C

3 43260 D
4 3.4453 E
Alpha 0.05  Standard Error for Comparison 0.0490

Critical T Value 2.228  Critical Value for Comparison 0.1092

All 5 means are significantly different from one another.

figaenpal 20°C

Completely Randomized AOV for survival
Source DF SS MS F P

wk 4 229144 572861 3517 0.0000
Error 10 0.0163 0.00163

Total 14 22.9307

Grand Mean 5.4639 CV 0.74

Bartlett's Test of Equal Variances

Cochran's Q 0.4520

Largest Var / Smallest Var 11.361

Component of variance for between groups 1.90899
Effective cell size 3.0

wk Mean

0 6.7440

1 6.7780

2 5.6183

3 4.5753

4 3.6040

Observations per Mean 3

Standard Error of a Mean  0.0233

Std Error (Diff of 2 Means) 0.0330

LSD All-Pairwise Comparisons Test of survival by wk
wk Mean Homogeneous Groups

1 6.7780 A

0 6.7440 A

2 56183 B

3 45753 C

Chi-Sq DF P
260 4 0.6272
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4 3.6040 D

Alpha 0.05  Standard Error for Comparison 0.0330

Critical T Value 2.228  Critical Value for Comparison 0.0734

There are 4 groups (A, B, etc.) in which the means are not significantly different from one

another.

ﬁqmwgﬁ 30°C

Completely Randomized AOV for survival
Source DF SS MS F P

wk 4 22.8180 5.70450 89.2 0.0000
Error 10 0.6394 0.06394

Total 14 23.4574

Grand Mean 5.6426 CV 4.48 Chi-Sq DF P
Bartlett's Test of Equal Variances 295 4 0.0000
Cochran's Q 0.9882

Largest Var / Smallest Var 2582.6

Component of variance for between groups 1.88019
Effective cell size 3.0

wk Mean

0 6.8090

1 6.8347

2 6.1470

3 4.6970

4 3.7253

Observations per Mean 3

Standard Error of a Mean  0.1460

Std Error (Diff of 2 Means) 0.2065

LSD All-Pairwise Comparisons Test of survival by wk
wk Mean Homogeneous Groups

1 6.8347 A

0 6.8090 A

2 6.1470 B

3 46970 C

4 37253 D
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Alpha 0.05  Standard Error for Comparison 0.2065
Critical T Value 2.228  Critical Value for Comparison 0.4600
There are 4 groups (A, B, etc.) in which the means are not significantly different from one

another.
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Namrnal 40°C

Completely Randomized AOV for survival
Source DF SS MS F P

wk 4 286199 7.15498 2591 0.0000
Error 10 0.0276 0.00276

Total 14 28.6475

Grand Mean 5.3487 CV 0.98 Chi-Sq DF P
Bartlett's Test of Equal Variances 1.04 4 0.9034
Cochran's Q 0.3209

Largest Var / Smallest Var 4.0380

Component of variance for between groups 2.38407
Effective cell size 3.0

wk Mean

0 6.7317

1 6.6737

2 5.7410

3 44737

4 3.1233

Observations per Mean 3

Standard Error of a Mean  0.0303

Std Error (Diff of 2 Means) 0.0429

LSD All-Pairwise Comparisons Test of survival by wk
wk Mean Homogeneous Groups

0 6.7317 A

1 6.6737 A

2 57410 B

3 44737 C

4 31233 D

Alpha 0.05  Standard Error for Comparison 0.0429
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Critical T Value 2.228  Critical Value for Comparison 0.0956
There are 4 groups (A, B, etc.) in which the means are not significantly different from one
another.
LSD All-Pairwise Comparisons Test of survival by temp
Week 0 compare temperature
temp Mean Homogeneous Groups

4 6.8367 A

30 6.8090 A

20 6.7440 A

40 6.7317 A
Alpha 0.05  Standard Error for Comparison 0.0539
Critical T Value 2.306  Critical Value for Comparison 0.1244

There are no significant pairwise differences among the means.

Week 1 compare temperature
temp Mean Homogeneous Groups
30 6.8347 A
20 6.7780 AB
4 6.7253 BC
40 6.6737 C
Alpha 0.05  Standard Error for Comparison 0.0329
Critical T Value 2.306  Critical Value for Comparison 0.0758
There are 3 groups (A, B, etc.) in which the means are not significantly different from one

another.

Week 2 compare temperature

temp Mean Homogeneous Groups

30 6.1470 A

40 5.7410 AB

20 5.6183 AB

4 55633 B

Alpha 0.05  Standard Error for Comparison 0.2321
Critical T Value 2.306  Critical Value for Comparison 0.5351
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There are 2 groups (A and B) in which the means are not significantly different from one

another.

Week 3 compare temperature

temp Mean Homogeneous Groups

30 4.6970 A

20 45753 B

40 44737 C

4 43260 D

Alpha 0.05  Standard Error for Comparison 0.0372
Critical T Value 2.306  Critical Value for Comparison 0.0859

All 4 means are significantly different from one another.

Week 4 compare temperature

temp Mean Homogeneous Groups

30 3.7253 A

20 3.6040 B

4 34453 C

40 31233 D

Alpha 0.05  Standard Error for Comparison 0.0267
Critical T Value 2.306  Critical Value for Comparison 0.0615

All 4 means are significantly different from one another.
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Widananuuuwelusuaas A §1Ja1% 0 (4 uaz 30°C)
Completely Randomized AOV for W0

Source DF SS MS F P

Trt 1 2.017E-05 2.017E-05 0.58 0.4881

Error 4 1.387E-04 3.467E-05

Total 5 1.588E-04

Grand Mean 9.1278 CV 0.06 Chi-Sq DF P
Bartlett's Test of Equal Variances 0.06 1 0.8060
Cochran's Q 0.5962
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Largest Var / Smallest Var 1.4762
Component of variance for between groups -4.833E-06
Effective cell size 3.0
Trt Mean
1 9.1260
2 9.1297
Observations per Mean 3
Standard Error of a Mean  3.399E-03
Std Error (Diff of 2 Means) 4.807E-03
LSD All-Pairwise Comparisons Test of W0 by Trt
Trt Mean Homogeneous Groups
2 91297 A
1 9.1260 A
Alpha 0.05  Standard Error for Comparison 4.807E-03
Critical T Value 2.776  Critical Value for Comparison 0.0133

There are no significant pairwise differences among the means.

T aHEN UL 21%aas 7 &1an 1 (4 uag 30°C)
Completely Randomized AOV for W1

Source DF SS MS F P

Trt 1 2.407E-04 2.407E-04 5.25 0.0837

Error 4 1.833E-04 4.583E-05

Total 5 4.240E-04

Grand Mean 9.1280 CV 0.07 Chi-Sq DF P
Bartlett's Test of Equal Variances 1.61 1 0.2046
Cochran's Q 0.8982

Largest Var / Smallest Var 8.8214
Component of variance for between groups 6.494E-05
Effective cell size 3.0
Trt Mean
1 9.1217
2 9.1343
Observations per Mean 3

Standard Error of a Mean 3.909E-03



Std Error (Diff of 2 Means) 5.528E-03
LSD All-Pairwise Comparisons Test of W1 by Trt
Trt Mean Homogeneous Groups
2 91343 A
1 91217 A
Alpha 0.05  Standard Error for Comparison 5.528E-03
Critical T Value 2.776  Critical Value for Comparison 0.0153

There are no significant pairwise differences among the means.

T aHEN UL 21wa 0l 7 §1laN% 2 (4 uag 30°C)
Completely Randomized AOV for W2

Source DF SS MS F P

Trt 1 1.667E-05 1.667E-05 0.46 0.5354

Error 4 1.453E-04 3.633E-05

Total 5 1.620E-04

Grand Mean 9.1260 CV 0.07 Chi-Sq DF
Bartlett's Test of Equal Variances 058 1
Cochran's Q 0.7752

Largest Var / Smallest Var 3.4490
Component of variance for between groups -6.556E-06
Effective cell size 3.0
Trt Mean
1 9.1243
2 91277
Observations per Mean 3
Standard Error of a Mean  3.480E-03
Std Error (Diff of 2 Means) 4.922E-03
LSD All-Pairwise Comparisons Test of W2 by Trt
Trt Mean Homogeneous Groups
2 91277 A
1 .9.1243 A
Alpha 0.05  Standard Error for Comparison 4.922E-03
Critical T Value 2.776  Critical Value for Comparison 0.0137

There are no significant pairwise differences among the means.

P
0.4473
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W naNuULLRS 2 1%a 0 i §a¥ 3 (4 uaz 30°C)
Completely Randomized AOV for W3

Source DF SS MS F P

Trt 1 8.167E-06 8.167E-06 0.21 0.6677

Error 4 1.527E-04 3.817E-05

Total 5 1.608E-04

Grand Mean 9.1268 CV 0.07 Chi-Sq DF P
Bartlett's Test of Equal Variances 0.03 1 0.8722
Cochran's Q 0.5633

Largest Var / Smallest Var 1.2900
Component of variance for between groups -1.000E-05
Effective cell size 3.0
Trt Mean
1 9.1280
2 9.1257
Observations per Mean 3
Standard Error of a Mean  3.567E-03
Std Error (Diff of 2 Means) 5.044E-03
LSD All-Pairwise Comparisons Test of W3 by Trt
Trt Mean Homogeneous Groups
1 .9.1280 A
2 9.1257 A
Alpha 0.05  Standard Error for Comparison 5.044E-03
Critical T Value 2.776  Critical Value for Comparison 0.0140

There are no significant pairwise differences among the means.

W T anaN UL 2wa 0l 7 &1aN% 4 (4 uaz 30°C)

Completely Randomized AOV for W4

Source DF SS MS F P

Trt 1 6.017E-05 6.017E-05 1.08 0.3572

Error 4 2.227E-04 5.567E-05

Total 5 2.828E-04

Grand Mean 9.1292 CV 0.08 Chi-Sq DF P
Bartlett's Test of Equal Variances 0.07 1 0.7947
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Cochran's Q 0.6018
Largest Var / Smallest Var 1.5113
Component of variance for between groups 1.500E-06
Effective cell size 3.0
Trt Mean
1 9.1323
2 9.1260
Observations per Mean 3
Standard Error of a Mean 4.308E-03
Std Error (Diff of 2 Means) 6.092E-03
LSD All-Pairwise Comparisons Test of W4 by Trt
Trt Mean Homogeneous Groups
1 9.1323 A
2 91260 A

Alpha 0.05  Standard Error for Comparison 6.092E-03

Critical T Value 2.776  Critical Value for Comparison 0.0169
There are no significant pairwise differences among the means.

6 _Aa A oA
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LSD All-Pairwise Comparisons Test of ger1 for main
main Mean Homogeneous Groups

2 58.700 A

1 48950 B
Alpha 0.05  Standard Error for Comparison 0.7141
Critical T Value 3.182  Critical Value for Comparison 2.2727
Error term used: rep*main, 3 DF
All 2 means are significantly different from one another.
LSD All-Pairwise Comparisons Test of ger1 for sub
sub Mean Homogeneous Groups

1 96.125 A

2 92625 B

3 50500 C

4 19875 D
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5 10.000 E

Alpha 0.05  Standard Error for Comparison 0.8938
Critical T Value 2.064  Critical Value for Comparison 1.8448

Error term used: rep*main*sub, 24 DF

All 5 means are significantly different from one another.

LSD All-Pairwise Comparisons Test of ger1 for main*sub

main sub Mean Homogeneous Groups

2 1 96.250 A

1 1 96.000 A

2 2 94750 A

1 2 90.500 B

2 364250 C
1 336750 D
2 4 23.500 E
1 4 16.250 F
2 5 14.750 F

1 5 5.250 G

Comparisons of means for the same level of main
Alpha 0.05  Standard Error for Comparison
Critical T Value 2.064  Critical Value for Comparison
Error term used: rep*main*sub, 24 DF

Comparisons of means for different levels of main
Alpha 0.05  Standard Error for Comparison
Critical T Value 2.383  Critical Value for Comparison

Error terms used: rep*main and rep*main*sub

1.2641
2.6089

1.3373
3.1866

There are 7 groups (A, B, etc.) in which the means are not significantly different from one

another.

HadlATIERANAATRNNSIaN IwaANRasl AN
LSD All-Pairwise Comparisons Test of in_g1 for main
main Mean Homogeneous Groups

2 11.603 A

1 8.647 B
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Alpha
Critical T Value 3.182

0.05

Standard Error for Comparison 0.0590
Critical Value for Comparison 0.1878

Error term used: rep*main, 3 DF

All 2 means are significantly different from one another.

LSD All-Pairwise Comparisons Test of in_g1 for sub

sub Mean Homogeneous Groups

1 25.400 A

2 14093 B

3 6654 C

4 3790 D

5 0.686 E
Alpha 0.05

Critical T Value 2.064

Standard Error for Comparison 0.1322
Critical Value for Comparison 0.2728

Error term used: rep*main*sub, 24 DF

All 5 means are significantly different from one another.

LSD All-Pairwise Comparisons Test of in_g1 for main*sub

main sub Mean Homogeneous Groups
1 25.808 A
1 24992 B

2
1

1

2
2
3
4
3
5
4

5

16.597

11.589
7.862
6.502
5.446
1.246
1.079
0.127

C
D
E

F

G
H
H

Comparisons of means for the same level of main

Alpha
Critical T Value 2.064

0.05

Standard Error for Comparison 0.1869
Critical Value for Comparison 0.3858

Error term used: rep*main*sub, 24 DF

Comparisons of means for different levels of main
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Alpha 0.05  Standard Error for Comparison 0.1773

Critical T Value 2.188  Critical Value for Comparison 0.3879

Error terms used: rep*main and rep*main*sub

There are 9 groups (A, B, etc.) in which the means are not significantly different from one

another.

HAILATIZRENAAMNEITINVBIGWAA IEN N B JiAnNS
LSD All-Pairwise Comparisons Test of root for main
main Mean Homogeneous Groups

2 74200 A

1 55950 B
Alpha 0.05  Standard Error for Comparison 0.5131
Critical T Value 3.182  Critical Value for Comparison 1.6328
Error term used: rep*main, 3 DF

All 2 means are significantly different from one another.

LSD All-Pairwise Comparisons Test of root for sub
sub Mean Homogeneous Groups

1 8.4000 A

2 8.1000 A

3 64375 B

4 50750 C

5 45250 C
Alpha 0.05 Standard Error for Comparison 0.4818
Critical T Value 2.064  Critical Value for Comparison 0.9943
Error term used: rep*main*sub, 24 DF
There are 3 groups (A, B, etc.) in which the means are not significantly different from one

another.

LSD All-Pairwise Comparisons Test of root for main*sub

main sub Mean Homogeneous Groups

2 2 87750 A
2 1 8.6250 A
1 1 81750 A
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7.5750 A
7.4250 AB
6.1000 BC
6.0250 BC
5.3000 C
41250 CD
1 6529500 D

N N
A WO b~ OO N ©®

Comparisons of means for the same level of main
Alpha 0.05  Standard Error for Comparison 0.6813
Critical T Value 2.064  Critical Value for Comparison 1.4062
Error term used: rep*main*sub, 24 DF
Comparisons of means for different levels of main
Alpha 0.05  Standard Error for Comparison 0.7966
Critical T Value 2.528  Critical Value for Comparison 2.0137
Error terms used: rep*main and rep*main*sub
There are 4 groups (A, B, etc.) in which the means are not significantly different from one

another.

nadlasianaumEnuRisasdunat lnan kel jians
LSD All-Pairwise Comparisons Test of dw1 for main
main Mean Homogeneous Groups

2 0.2260 A

1 0.1447 B
Alpha 0.01 Standard Error for Comparison 5.252E-03
Critical T Value 5.841 Critical Value for Comparison 0.0307
Error term used: rep*main, 3 DF

All 2 means are significantly different from one another.

LSD All-Pairwise Comparisons Test of dw1 for sub
sub Mean Homogeneous Groups

2 0.2872 A

1 0.2740 A

3 0.2266 B

4 0.1037 C
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5 00352 D
Alpha 0.01 Standard Error for Comparison 7.958E-03
Critical T Value 2.797  Critical Value for Comparison 0.0223
Error term used: rep*main*sub, 24 DF
There are 4 groups (A, B, etc.) in which the means are not significantly different from one

another.

LSD All-Pairwise Comparisons Test of dw1 for main*sub
main sub Mean Homogeneous Groups

2 1 0.3418 A

2 203374 A

2 3 0.2625 B

1 2 0.2370 BC

1 1 02062 CD

1 301906 D

2 4 0.1365 E
1 4 0.0709 F
2 5 0.0517 FG

1 5 0.0186 G
Comparisons of means for the same level of main
Alpha 0.01 Standard Error for Comparison 0.0113
Critical T Value 2.797  Critical Value for Comparison 0.0315
Error term used: rep*main*sub, 24 DF
Comparisons of means for different levels of main
Alpha 0.01 Standard Error for Comparison 0.0114
Critical T Value 3.448  Critical Value for Comparison 0.0392
Error terms used: rep*main and rep*main*sub
There are 7 groups (A, B, etc.) in which the meansare not significantly different from one

another.
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4. Nﬂ')tﬂi'lzﬁﬂﬂ@lﬂ'l‘ilﬂ‘imuLGI‘]JT@I?IE]GW‘EE]']E‘! 30 Y% ﬂﬂgﬂi%ﬁﬂ'lWL‘ii’)%LW'lz‘ﬁ'l

HadATERRIWENER 30 %
Completely Randomized AOV for Fresh
Source DF SS MS F P
Trt 5 0.83983 0.16797 4.71 0.0063
Error 18 0.64215 0.03567
Total 23 1.48198
Grand Mean 0.3638 CV 51.92
Bartlett's Test of Equal Variances
Cochran's Q 0.5834
Largest Var / Smallest Var 1.873E+07
Component of variance for between groups 0.03307
Effective cell size 4.0
Trt Mean
1 0.3308
2 0.2858
3 0.4558
4 0.7135
5 0.1053
6 0.2917
Observations per Mean 4
Standard Error of a Mean 0.0944
Std Error (Diff of 2 Means) 0.1336
LSD All-Pairwise Comparisons Test of Fresh by Trt
Trt Mean Homogeneous Groups
4 0.7135 A
3 0.4558 AB
1 0.3308 BC
6 0.2917 BC
2 0.2858 BC
5 0.1053 C

Chi-Sq DF P
50.4 5 0.0000

Alpha 0.05  Standard Error for Comparison 0.1336
Critical T Value 2.101 Critical Value for Comparison 0.2806
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There are 3 groups (A, B, etc.) in which the means are not significantly different from one

another.

HadATIERWIENURe 30 Tu

Completely Randomized AOV for Dry
Source DF SS MS F P

Trt 5 0.00526 0.00105 5.50 0.0030
Error 18 0.00345 0.00019

Total 23 0.00871

Grand Mean 0.0248 CV 55.86 Chi-Sq DF P
Bartlett's Test of Equal Variances 340 5 0.0000
Cochran's Q 0.4735

Largest Var / Smallest Var 81597
Component of variance for between groups 2.153E-04
Effective cell size 4.0
Trt Mean

1 0.0276

2 0.0170

3 0.0308

4 0.0514

5 0.0032

6 0.0187
Observations per Mean 4
Standard Error of a Mean 6.918E-03
Std Error (Diff of 2 Means) 9.784E-03
LSD All-Pairwise Comparisons Test of Dry by Trt
Trt Mean Homogeneous Groups

4 0.0514 A

3 0.0308 AB

1 0.0276 B

6 0.0187 BC

2 0.0170 BC

5 3.20E-03 C
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Alpha 0.05  Standard Error for Comparison 9.784E-03
Critical T Value 2.101 Critical Value for Comparison 0.0206
There are 3 groups (A, B, etc.) in which the means are not significantly different from one

another.

HAILAIIZHAINFIZDIAWNA1D1E 30 T
Completely Randomized AOV for Height
Source DF SS MS F P

Trt 5 180.197 36.0394 26.1 0.0000
Error 18 24.843 1.3801

Total 23 205.040

Grand Mean 7.6542 CV 15.35 Chi-Sq DF P
Bartlett's Test of Equal Variances 17.0 5 0.0046
Cochran's Q 0.3711

Largest Var / Smallest Var 461.00
Component of variance for between groups 8.66482
Effective cell size 4.0
Trt Mean

1 8.225

2 6.725

3 7.300

4 12.975

5 3.800

6 6.900
Observations per Mean 4
Standard Error of a Mean 0.5874
Std Error (Diff of 2 Means) 0.8307
LSD All-Pairwise Comparisons Test of Height by Trt
Trt Mean Homogeneous Groups

4 12975 A

1 8.2250
3 7.3000
6 6.9000
2 6.7250

o W W W
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5 3.8000 C
Alpha 0.05  Standard Error for Comparison 0.8307
Critical T Value 2.101 Critical Value for Comparison 1.7452
There are 3 groups (A, B, etc.) in which the means are not significantly different from one

another.

Hadtazilsanmaaalsiladvasaunaiany 30 u
Completely Randomized AOV for chloro

Source DF SS MS F P

Trt 5 24291 4.8581 0.48 0.7838

Error 18 180.748 10.0415

Total 23 205.038

Grand Mean 28.353 CV 11.18 Chi-Sq DF P
Bartlett's Test of Equal Variances 48.9 5 0.0000
Cochran's Q 0.4623

Largest Var / Smallest Var 4.178E+07
Component of variance for between groups -1.29586
Effective cell size 4.0
Trt Mean
1 27.967
2 27.108
3 27.292
4 28.963
5 28.800
6 29.989
Observations per Mean 4
Standard Error of a Mean 1.5844
Std Error (Diff of 2 Means) 2.2407
LSD All-Pairwise Comparisons Test of chloro by Trt
Trt Mean Homogeneous Groups
6 29.989 A
4 28.963 A
5 28.800 A
1 27.967 A
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3 27.292 A
2 27108 A
Alpha 0.05  Standard Error for Comparison 2.2407
Critical T Value 2.101 Critical Value for Comparison 4.7076

There are no significant pairwise differences among the means.
a € _Aaa a a -~ [ P A o
5. Na'ltﬂi'lzﬁﬁﬂ@lﬂ’litﬁ]i%'yLGI‘]JTGI“III’JGW%?J']EA 60 Y1 wﬂgn‘luammsammzm

HadATERRWIENER 60 T4

Completely Randomized AOV for Fresh
Source DF SS MS F P

Trt 5 55579 11.1159 3.67 0.0182
Error 18 54.465 3.0258

Total 23 110.044

Grand Mean 2.4643 CV 70.59 Chi-Sq DF P
Bartlett's Test of Equal Variances 64.5 5 0.0000
Cochran's Q 0.5148

Largest Var / Smallest Var 1.402E+09
Component of variance for between groups 2.02251
Effective cell size 4.0
Trt Mean
1 2.7034
2 2.1689
3 3.2259
4 51733
5 0.7978
6 0.7166
Observations per Mean 4
Standard Error of a Mean  0.8697
Std Error (Diff of 2 Means) 1.2300
LSD All-Pairwise Comparisons Test of Fresh by Trt
Trt Mean Homogeneous Groups
4 51733 A
3 3.2259 AB
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1 2.7034 AB
2 21689 B
5 0.7978 B
6 0.7166 B
Alpha 0.05  Standard Error for Comparison 1.2300
Critical T Value 2.101 Critical Value for Comparison 2.5841
There are 2 groups (A and B) in which the means are not significantly different from one

another.

HadATIERIWIENURI 60 Tn

Completely Randomized AOV for Dry
Source DF SS MS F P

Trt 5 0.53230 0.10646 3.08 0.0352
Error 18 0.62276 0.03460

Total 23 1.15506

Grand Mean 0.2536 CV 73.34 Chi-Sq DF P
Bartlett's Test of Equal Variances 56.9 5 0.0000
Cochran's Q 0.4937

Largest Var / Smallest Var 1.537E+07
Component of variance for between groups 0.01797
Effective cell size 4.0
Trt Mean
1 0.2791
2 0.2057
3 0.3655
4 0.5004
5 0.0967
6 0.0745
Observations per Mean 4
Standard Error of a Mean  0.0930
Std Error (Diff of 2 Means) 0.1315
LSD All-Pairwise Comparisons Test of Dry by Trt
Trt Mean Homogeneous Groups

4 0.5004 A
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3 0.3655 AB
1 0.2791 ABC
2 0.2057 BC
5 0.0967 BC
6 0.0745 C
Alpha 0.05  Standard Error for Comparison 0.1315
Critical T Value 2.101 Critical Value for Comparison 0.2763
There are 3 groups (A, B, etc.) in which the means are not significantly different from one

another.

HAILATIZRAINGIZDIGBNAIDTE 30 Tih
Completely Randomized AOV for Height
Source DF SS MS F P

Trt 5 856.35 171.270 17.7 0.0000
Error 18 173.70 9.650

Total 23 1030.06

Grand Mean 14.990 CV 20.72 Chi-Sq DF P
Bartlett's Test of Equal Variances 204 5 0.0011
Cochran's Q 0.4940

Largest Var / Smallest Var 4290.2
Component of variance for between groups 40.4050
Effective cell size 4.0
Trt Mean
1 11.075
2 13.650
3 17.550
4 26.867
5 12.300
6 8.500
Observations per Mean 4
Standard Error of a Mean  1.5532
Std Error (Diff of 2 Means) 2.1966
LSD All-Pairwise Comparisons Test of Height by Trt

Trt Mean Homogeneous Groups

95



4 26.867 A
3 17.550 B
2
5

13.650 BC

12.300 CD

1 11.075 CD

6 85000 D
Alpha 0.05 Standard Error for Comparison 2.1966

Critical T Value 2.101 Critical Value for Comparison 4.6149
There are 4 groups (A, B, etc.) in which the means are not significantly different from one

another.

wadtaneidianmanalsilasdzasdnnaiany 60 Iu
Completely Randomized AOV for Chlorophylle
Source DF SS MS F P

Trt 5 515535 103.107 80.5 0.0000

Error 18 23.068 1.282

Total 23 538.603

Grand Mean 25.405 CV 4.46 Chi-Sq DF P
Bartlett's Test of Equal Variances 244 5 0.0002
Cochran's Q 0.7965

Largest Var / Smallest Var 918.72
Component of variance for between groups 25.4563
Effective cell size 4.0
Trt Mean

1 28.558

2 17.500

3 28.183

4 31117

5 21.400

6 25.671
Observations per Mean 4

Standard Error of a Mean 0.5660
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Std Error (Diff of 2 Means) 0.8005

LSD All-Pairwise Comparisons Test of Chlorophylle by Trt

Trt Mean Homogeneous Groups
4 31117 A
1 28.558 B
3 28183 B
6 25671 C
521400 D
2 17.500 E

Alpha 0.05  Standard Error for Comparison 0.8005

Critical T Value 2.101 Critical Value for Comparison 1.6818

There are 5 groups (A, B, etc.) in which the means are not significantly different from one

another.

Naﬁmﬁzﬁﬁuﬁ‘lummﬁunﬁﬁmq 60 %
Completely Randomized AOV for Leaf

Source DF SS MS F P

Trt 5 1.214E+09 2.429E+08 1289 0.0000
Error 18 3391056 188392

Total 23 1.218E+09

Grand Mean 20602 CV 2.11 Chi-Sq DF P
Bartlett's Test of Equal Variances 31.7 5 0.0000
Cochran's Q 0.3375

Largest Var / Smallest Var 572284

Component of variance for between groups 6.067E+07
Effective cell size 4.0

Trt Mean

1 22680

2 27473
3 19712
4 30140
5 10153
6 13453

Observations per Mean 4
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Standard Error of a Mean 217.02
Std Error (Diff of 2 Means) 306.91
LSD All-Pairwise Comparisons Test of Leaf by Trt
Trt Mean Homogeneous Groups
4 30140 A
2 27473 B
1 22680 C
3 19712 D
6 13453 E
5 10153 F
Alpha 0.05  Standard Error for Comparison 306.91
Critical T Value 2.101 Critical Value for Comparison 644.80

All 6 means are significantly different from one another.

6. HAIAIITAFAASINDIMIVDINT DY 60 T ﬁﬂgn‘lumwﬁammzﬁﬁ
P a5z

Completely Randomized AOV for P

Source DF SS MS F P

Trt 5 0.10217 0.02043 6.60 0.0012

Error 18 0.05573 0.00310

Total 23 0.15790

Grand Mean 0.2179 CV 25.53 Chi-Sq DF P
Bartlett's Test of Equal Variances 717 5 0.2082
Cochran's Q 0.3926

Largest Var / Smallest Var 48.611

Component of variance for between groups 0.00433
Effective cell size 4.0

Trt Mean

1 0.1175

2 0.1850

3 0.2850

4 0.3125

5 0.1875

6 0.2200



Observations per Mean 4

Standard Error of a Mean 0.0278

Std Error (Diff of 2 Means) 0.0393

LSD All-Pairwise Comparisons Test of P by Trt

Trt Mean Homogeneous Groups

4 0.3125 A

3 0.2850 AB

6 0.2200 BC

5 0.1875 CD

2 0.1850 CD

1 01175 D
Alpha 0.05  Standard Error for Comparison 0.0393

Critical T Value 2.101 Critical Value for Comparison 0.0827
There are 4 groups (A, B, etc.) in which the means are not significantly different from one

another.

K A1aseving

Completely Randomized AOV for K

Source DF SS MS F P

Trt 5 7.9006 1.58013 7.44 0.0006
Error 18 3.8239 0.21244

Total 23 11.7245

Grand Mean 2.6467 CV 17.41 Chi-Sq DF P
Bartlett's Test of Equal Variances 346 5 0.0000
Cochran's Q 0.7000

Largest Var / Smallest Var 13384

Component of variance for between groups 0.34192
Effective cell size 4.0

Trt Mean

1 2.3225

2 1.6500

3 3.2425

4 2.7325

5 3.3600
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6 2.5725
Observations per Mean 4
Standard Error of a Mean  0.2305
Std Error (Diff of 2 Means) 0.3259
LSD All-Pairwise Comparisons Test of K by Trt
Trt Mean Homogeneous Groups
5 3.3600 A
3 3.2425 AB
4 27325 ABC
6 2.5725 BC
1 23225 CD
2 16500 D
Alpha 0.05  Standard Error for Comparison 0.3259
Critical T Value 2.101 Critical Value for Comparison 0.6847
There are 4 groups (A, B, etc.) in which the means are not significantly different from one

another.

7. HAIATIZRADADDIAK

1a3129 pH 209 Gin

Completely Randomized AOV for pH
Source DF SS MS F P

Trt 5 230508 0.46102 3.09 0.0345
Error 18 2.68170 0.14898

Total 23 4.98678

Grand Mean 6.2058 CV 6.22 Chi-Sq DF P
Bartlett's Test of Equal Variances 13.0 5 0.0236
Cochran's Q 0.6439

Largest Var / Smallest Var 86.335
Component of variance for between groups 0.07801
Effective cell size 4.0
Trt Mean
1 6.5050
2 6.5000
3 5.8000
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4 5.7650
5 6.4000
6 6.2650
Observations per Mean 4
Standard Error of a Mean  0.1930
Std Error (Diff of 2 Means) 0.2729
LSD All-Pairwise Comparisons Test of pH by Trt
Trt Mean Homogeneous Groups
1 6.5050 A
2 6.5000 A
5 6.4000 A
6 6.2650 AB
3 5.8000
4 5.7650
Alpha 0.05  Standard Error for Comparison 0.2729
Critical T Value 2.101 Critical Value for Comparison 0.5734
There are 2 groups (A and B) in which the means are not significantly different from one

another.

AT12iAK organic matter

Completely Randomized AOV for OM
Source DF SS MS F P

Trt 5 0.30916 0.06183 10.0 0.0001
Error 18 0.11122 0.00618

Total 23 0.42037

Grand Mean 0.5353 CV 14.69 Chi-Sq DF P
Bartlett's Test of Equal Variances 215 5 0.0007
Cochran's Q 0.7685

Largest Var / Smallest Var 427.37
Component of variance for between groups 0.01391
Effective cell size 4.0
Trt Mean
1 0.6025
2 0.7200
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3 0.4300
4 0.4365
5 0.4200
6 0.6025
Observations per Mean 4
Standard Error of a Mean  0.0393
Std Error (Diff of 2 Means) 0.0556
LSD All-Pairwise Comparisons Test of OM by Trt
Trt Mean Homogeneous Groups
2 0.7200 A
1 0.6025
6 0.6025
4 0.4365
3 0.4300
5 0.4200
Alpha 0.05 Standard Error for Comparison 0.0556
Critical T Value 2.101 Critical Value for Comparison 0.1168

oo oW

There are 3 groups (A, B, etc.) in which the means are not significantly different from one

another.

Azian Total N
Completely Randomized AOV for Total N
Source DF SS MS F P
Trt 5 0.09415 0.01883 3.40 0.0244
Error 18 0.09962 0.00553
Total 23 0.19377
Grand Mean 0.0530 CV 140.25
At least one group variance is near zero, variance-equality tests cannot be computed.
Component of variance for between groups 0.00332
Effective cell size 4.0
Trt Mean
1 0.0325
2 0.1925
3 0.0200

102



4 0.0200

5 0.0200

6 0.0333
Observations per Mean 4
Standard Error of a Mean  0.0372
Std Error (Diff of 2 Means) 0.0526

LSD All-Pairwise Comparisons Test of Total N by Trt
Trt Mean Homogeneous Groups

2 0.1925 A

6 0.0333 B

1 0.0325
3 0.0200
4 0.0200
5 0.0200

o W W W

Alpha 0.05  Standard Error for Comparison 0.0526

Critical T Value 2.101 Critical Value for Comparison
There are 2 groups (A and B) in which the means

are not significantly different from one another.

IALhian P

Completely Randomized AOV for P

Source DF SS MS F P

Trt 5 719466 1438.93 114 0.0000
Error 18 226.45 12.58

Total 23 7421.12

Grand Mean 27.728 CV 12.79

Bartlett's Test of Equal Variances

Cochran's Q 0.4804

Largest Var / Smallest Var 51.317
Component of variance for between groups 356.588

Effective cell size 4.0

0.1105

Chi-Sq DF P
176 5 0.0035
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Trt Mean
1 6.450

2 30.587

3 9.418

4 52.583

5 46.200
6 21.133

Observations per Mean 4

Standard Error of a Mean 1.7735

Std Error (Diff of 2 Means) 2.5081

LSD All-Pairwise Comparisons Test of P by Trt

Trt Mean Homogeneous Groups
4 52.582 A
5 46.200 B
2 30.588 C
6 21133 D
3 94175 E
1 6.4500 E

Alpha 0.05  Standard Error for Comparison 2.5081

Critical T Value 2.101 Critical Value for Comparison 5.2692

There are 5 groups (A, B, etc.) in which the means are not significantly different from one

another.

Ianzian K

Completely Randomized AOV for K

Source DF SS MS F P

Trt 5 0946.55 189.310 4.92 0.0052
Error 18 693.17 38.509

Total 23 1639.72

Grand Mean 43.221 CV 14.36 Chi-Sq DF P
Bartlett's Test of Equal Variances 18.1 5 0.0028
Cochran's Q 0.4454

Largest Var / Smallest Var 154.38

Component of variance for between groups 37.7003
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Effective cell size 4.0
Trt Mean
1 35.250
2 51.250
3 42.500
4 43.000
5 51.000
6 36.325
Observations per Mean 4
Standard Error of a Mean  3.1028
Std Error (Diff of 2 Means) 4.3880
LSD All-Pairwise Comparisons Test of K by Trt
Trt Mean Homogeneous Groups
2 51.250 A
5 51.000 A
4 43.000 AB
3 42500 AB
6 36.325
1 35.250
Alpha 0.05 Standard Error for Comparison 4.3880
Critical T Value 2.101 Critical Value for Comparison 9.2189
There are 2 groups (A and B) in which the means are not significantly different from one
another.
Aanzianl3amanwn3d (Log CFU/g of dry soil)
aun3dan dain 2
Completely Randomized AOV for wk2
Source DF SS MS F P
Trt 5 0.08124 0.01625 0.89 0.5168
Error 12 0.21877 0.01823
Total 17 0.30001
Grand Mean 6.0192 CV 2.24 Chi-Sq DF P
Bartlett's Test of Equal Variances 571 5 0.3354
Cochran's Q 0.5825
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Largest Var / Smallest Var 21.787

Component of variance for between groups -6.609E-04

Effective cell size

Trt Mean

1
2
3
4
5

6

Observations per Mean

Standard Error of a Mean

6.0683
6.0352
5.9040
6.1187
5.9994
5.9899

3.0

3

0.0780

Std Error (Diff of 2 Means) 0.1102

Tukey HSD All-Pairwise Comparisons Test of wk2 by Trt

Trt Mean

4
1

2
5
6

3

6.1187
6.0683
6.0352
5.9994
5.9899
5.9040

Alpha

Critical Q Value 4.751

There are no significant pairwise differences among the means.

a

anN

Homogeneous Groups

> » >» > > >

0.05

Standard Error for Comparison 0.1102
Critical Value for Comparison 0.3704

Stan dla1in 4

Completely Randomized AOV for wk4
Source DF SS

Trt 5
Error
Total 17

MS

1.27735 0.25547

1.30898

12 0.03163 0.00264

Grand Mean 6.7408 CV 0.76

F P
96.9 0.0000

Bartlett's Test of Equal Variances

Cochran's Q

0.8177

Chi-Sq DF

26.1

5 0.0001

P
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Largest Var / Smallest Var 10645

Component of variance for between groups 0.08428

Effective cell size 3.0

Trt
1

2
3
4
5

6

Mean
6.9594
6.9860
6.4604
7.0528
6.3949
6.5914

Observations per Mean 3
Standard Error of a Mean 0.0296
Std Error (Diff of 2 Means) 0.0419

Tukey HSD All-Pairwise Comparisons Test of wk4 by Trt

Trt
4
2
1
6
3
5

Mean Homogeneous Groups
7.0528 A

6.9860 A

6.9594 A

6.5914 B

6.4604 BC

6.3949 C

Alpha 0.05  Standard Error for Comparison 0.0419
Critical Q Value 4.751 Critical Value for Comparison 0.1408

There are 3 groups (A, B, etc.) in which the means are not significantly different from one

another.

a

a éa o ga
aUNILAK d1Ua11in 6

Completely Randomized AOV for wk6
Source DF SS MS F P

Trt

5 1.04224 0.20845 108 0.0000

Error 12 0.02316 0.00193
Total 17 1.06540
Grand Mean 6.7868 CV 0.65 Chi-Sq DF P
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Bartlett's Test of Equal Variances 215 5 0.0007
Cochran's Q 0.8762
Largest Var / Smallest Var 1611.2
Component of variance for between groups 0.06884
Effective cell size 3.0
Trt Mean
1 6.9785
2 6.9940
3 6.5568
4 7.0884
5 6.4705
6 6.6325
Observations per Mean 3
Standard Error of a Mean 0.0254
Std Error (Diff of 2 Means) 0.0359

Tukey HSD All-Pairwise Comparisons Test of wk6 by Trt
Trt Mean Homogeneous Groups

4 7.0884 A

2 6.9940 A

1 6.9785 A

6 6.6325 B

3 6.5568 BC

5 6.4705 C
Alpha 0.05 Standard Error for Comparison 0.0359
Critical Q Value 4.751 Critical Value for Comparison 0.1205
There are 3 groups (A, B, etc.) in which the means are not significantly different from one

another.

9aun3dan dawini s

Completely Randomized AOV for wk8
Source DF SS MS F P

Trt 5 1.09745 0.21949 118 0.0000
Error 12 0.02224 0.00185
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Total 17 1.11969

Grand Mean 6.7872 CV 0.63 Chi-Sq DF
Bartlett's Test of Equal Variances 194 5 0.0016
Cochran's Q 0.8997

Largest Var / Smallest Var 348.12
Component of variance for between groups 0.07255
Effective cell size 3.0
Trt Mean
1 6.9902
2 7.0000
3 6.5440
4 7.0959
5 6.4790
6 6.6144
Observations per Mean 3
Standard Error of a Mean  0.0249
Std Error (Diff of 2 Means) 0.0352

Tukey HSD All-Pairwise Comparisons Test of wk8 by Trt

Trt Mean Homogeneous Groups

4 7.0959 A

2 7.0000 A

1 6.9902 A

6 6.6144 B

3 6.5440 BC

5 6.4790 C
Alpha 0.05  Standard Error for Comparison 0.0352
Critical Q Value 4.751 Critical Value for Comparison 0.1181

There are 3 groups (A, B, etc.) in which the means are not significantly different from one

another.
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Screening of Efficient Salt-tolerant Phosphate Solubilizing Bacterium
and Its effect on Promoting Plant Growth

Under Saline Conditions

Kannika Chookietwattana
Kedsukon Maneewan

Banyong Toomsan

ABSTRACT. Eighty-four halotolerant bacterial strains were used to screen for the efficient
salt-tolerant phosphate solubilizing bacterium (PSB). They were selected mainly on the basis
of the ability to solubilize the insoluble phosphate in the modified Pikovskaya broth under
various salt concentrations and temperature. A Bacillus megaterium Al2ag was selected as
the efficient salt-tolerant PSB because it demonstrated the highest soluble phosphate
solubilization activity under saline conditions. The tomato (Licopersicon esculentum Mill. cv.
Seeda) seeds inoculated with the bacterium significantly increased the germination
percentage, germination index, root length and seedling dry weight. The results suggested
that the salt-tolerant PSB may be used to alleviate the effects of salts and provide great

potential for use as biofertilizer in the arid and salt affected areas.
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INTRODUCTION

Saline soil is distributed throughout the world especially in the arid and semiarid
regions where agriculture performs under irrigation (Pessarakli and Szabolcs, 2000). The
phosphorus deficiency frequently compounds the problems of saline soil of the tropics
(Landon, 1991). High salinity affects plant growth through (i) the osmotic effects; (ii) toxicity
of salt ions; and (iii) the changes in the physical and chemical properties of soil (Karen, 2000).
It also suppresses the phosphorus uptake by plant roots and reduces the available phosphorus
by sorption processes and low solubility of the Ca-P minerals (Grattan & Grieve, 1999).
Since phosphorus is a critical nutrient limiting plant growth (Sharpley, 2000), the adverse
effects on plant growth in saline soil are multiplied. Consequently, the yields and profits of
agricultural productions in saline soil are reduced drastically (Keren, 2000). In this respect,
the use of chemical fertilizers is the most common approach to improve soil fertility.
However, the available phosphorus in the chemical fertilizers is rapidly fixed to the
unavailable forms (Yadav & Dadarwal, 1997) and accounts for low phosphorus use
efficiency. Phosphate solubilizing bacteria (PSB) are known to improve the solubilization of
fixed soil phosphorus by the production of organic acids and acid phosphatases, and result in
increased of crop yields (Rodriguez & Fraga, 1999). The PSB-based biofertilizers appear
more effective choice than the chemical fertilizers in maintaining the high available
phosphorus and are also friendly to the environment. The accomplishments of PSB in
promoting plant growth were documented elsewhere (Datta, et al. 1982 ; Kim et al., 1998 ;
Wahid & Mehana, 2000 ; Rojas et al. 2001 ; Egamberdiyeva & Hoflich, 2004).

Key factors for the successful applications of microbial inoculants are their abilities to
survive, outcompete with the often well adapted native microflora, and colonize in the

rhizosphere (Bashan, 1998). High salinity appears to influence the phosphate solubilizing
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activity of PSB (Yahya and Al-Azawi, 1989 ; Son et al., 2006). The PSB with stress-tolerant
properties, in the same manner as the stress conditions to be applied, could exhibit greater
phosphate solubilizing activity than the PSB without stressed-tolerant properties. Stress-
tolerant PSB, due to their establishment and performance, are less affected by stress
conditions. Bacterial strains which were isolated from alkaline soils (salt content about 2%
(w/v) and pH as high as 10.5) showed the high potential in the solubilization of insoluble
phosphates at high salt and high pH (Johri et al., 1999 ; Nautiyal et al., 2000). Thus,
screening for the salt-tolerant PSB is a crucial prerequisite step to seeking efficient bacterial
strains to use as plant growth promoter in saline soil. In addition, there are extremely few
research data indicating the outcomes of salt-tolerant PSB that applied to increased crop
yields in saline soil. Therefore, the aims of this study were (i) to screen for the efficient salt-
tolerant phosphate solubilizing bacterium which can solubilize the insoluble phosphate in the
wide ranges of salinity and temperature; and (ii) to evaluate its effects on tomato plants

grown in vitro and under saline conditions.
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MATERIALS AND METHODS

Microorganisms and Culture Conditions

Eighty-four salt-tolerant bacterial strains used in the experiment were obtained from
the previous work (Chookietwattana, 2003). For inoculum preparation, bacterial strains were
individually cultured at 30°C for 24 h on halobacteria medium which contained the following
ingredients per liter: MgSO,4-7H,0, 10.0 g; casein hydrolysate 5.0 g; KCI, 5.0 g; disodium
citrate 3.0 g; KNO3 1.0 g; yeast extract 1.0 g; CaCl,-6H,0, 0.2 g; NaCl 0.6 M; and agar 15.0
g. Bacterial cells were scraped from the plates and diluted to obtain 10° CFU ml™* by
adjusting their optical density at 600 nm. to approximately 1.0 using phosphate buffer (0.1 M,

pH 7.0).

Screening of Efficient Salt-tolerant PSB

The screening procedure comprised the three consecutive screening steps. Each step
was performed with three replicates. For a primary screening step, eighty-four salt-tolerant
bacterial strains were screened for their phosphate solubilizing ability by point inoculating
them on modified Pikovskaya (MPVK) agar medium containing 0.6 M NaCl. The plates were
incubated at 30°C for 5 d. Only the bacterial strains that formed the clear haloes around their
colonies were selected for using in the next screening step. In a secondary screening step, the
quantitative analysis of phosphate solubilization was carried out with Erlenmeyer flasks (250
ml) containing 150 ml of MPVK broth inoculated with the bacterial strains (1% inoculum
with 10® CFU mI™). The autoclaved and uninoculated medium served as the negative controls.
The flasks were incubated for 5 d at 30°C with shaking at 200 rpm. The cultures were

harvested by centrifugation at 17,418 rpm for 30 min. The soluble phosphate in the culture
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supernatant was determined colorimetrically by using the method of APHA, AWWA & WEF
(1998). A tertiary screening step was carried out to quantify the soluble phosphate from the
phosphate solubilizing ability of bacterial strains under various salt concentrations (0.2, 0.4,
0.8, 1.2, and 1.6 M NaCl) at 30°C and under various temperatures (30, 35, and 45°C) at 0.6
M NaCl.

The MPVK (modified Pikovskaya) medium contained (per liter): 1.0% (w v
glucose, 0.05% (W v) (NH4),SOs, 0.02% (w v'*) NaCl, 0.02% (w v'') KCI, 0.01% (w v
CaCl,-2H,0, 0.01% (w v') MgSO,7H,0, 0.05% (W v') MnSO,7H,0, 0.05% (w v
FeSO, 7H,0, and 0.05% (w v') yeast extract in distilled water (pH 7.5). NaCl and agar were
supplemented as required. The tricalcium phosphate (Caz(PO4),) at 0.5% (w v') was added
as a source of an insoluble phosphate. It was autoclaved separately from the other ingredients
then aseptically mixed together. This medium was first described by Pikovskaya (1948) and

was modified by Son et al. (2006).

Germination and Seedling Growth Assessment

Tomato (Licopersicon esculentum Mill. cv. Seeda) seeds were surface disinfected by
immersion in 70% ethanol for 1 min, followed by 15 min in 0.9% (w w™) sodium
hypochlorite. They were then washed three times with sterile distilled water. An inoculum of
the efficient salt-tolerant PSB was prepared. The disinfected seeds were immersed in either
the bacterial inoculum (108 CFU ml™) or phosphate buffer (0.1 M, pH 7.0) for one hour and
were used as inoculated and uninoculated treatment, respectively. Germination assays were
performed according to ISTA (1993). Four replicates of 25 seeds were germinated in
sterilized Petri dishes (9.0 cm diameter) containing two sheets of filter papers moistened

initially with 4 ml of 0.5% (w v™*) sterilized tricalcium phosphate solution supplemented with
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NaCl at 0, 30, 60, 90, and 120 mM. The Petri dishes were then placed under artificial light
which provided light intensity at 2,000 lux for 16 h daily and at a temperature of 28+2°C.
Germination was observed daily. The germination percentage and germination index were
calculated. Two weeks after germination, the dry weight of the seedlings was determined by

drying at 70°C for 3 d.

Bacterial Root Colonization Assessment

The survival and ability of the inoculated bacteria to colonize plant roots were
assessed by the visualization of plant roots under the light and scanning electron microscopy
(SEM). For SEM visualization, root pieces of interest were dissected about 1 cm from the
whole roots and fixed in 2.5% glutaraldehyde prepared in 0.1 M phosphate buffer pH 7.2 at
4°C for overnight. The fixed specimens were washed with phosphate buffer three times, each
for 15 min. The specimens were further fixed in 1% osmic acid for 2 h at room temperature
and rinsed with distilled water for three times, each for 15 min. The samples were frozen with
liquid nitrogen for 2 min and then dehydrated using the freeze dryer. After that, the samples

were gold coated and examined under a scanning electron microscope (JEOL, JSM-6460LV).

Statistical Analysis

Means of soluble phosphate (mg I™) solubilized by salt-tolerant PSB were statistically
compared using LSD values (P < 0.05). The experimental design for the study of germination
and seedling growth assessment was two factors factorial arranged in a randomized
completely block design; with four replications and 25 seeds per replicate. One way analysis

of variance (ANOVA) was made to determine any significant differences between the groups
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at P < 0.05. All statistical analyses were performed by using the SPSS 11.0 for Windows

software (SPSS Inc., Chicago, IL, USA).
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RESULTS AND DISCUSSION

Screening of Efficient Salt-tolerant PSB

Saline soil is a common habitat of halotolerant (salt-tolerant) and halophilic (salt-
loving) bacteria (Quesada et al., 1982; Zahran, 1997 ; Ventosa et al., 1998). They have
adapted during evolution (genotypic and/or phenotypic adaptation) to tolerate high salinity
and optimally grow in hypersaline environments (Imhoff, 1993). Thus, the best environment
to search for the efficient salt-tolerant PSB to use as microbial inoculants in saline soil is
saline soil itself. In this study, the 84 salt-tolerant bacterial strains which were isolated from
saline soil of the previous work (Chookietwattana, 2003) were used as resource cultures of
bacteria. The screening procedures were composed of three consecutive steps: primary,
secondary, and tertiary-screening. In the primary screening step, of the 84 salt-tolerant
bacterial strains, 28 strains were able to produce a clear zone on the MPVK agar plate in the
presence of 0.6 M NaCl at 30°C. They belonged to the genera Bacillus, Halomonas, Delaya,
Pseudomonas, Staphylococcus, and Vigribacillus (data not presented).

In the secondary screening step, the 28 strains were tested for their ability to
solubilize the insoluble phosphate in the MPVK broth containing 0.6 M NaCl. This screening
step was conducted for obtaining more reliable results since the screening technique based on
the visible clear zone on the agar plate was not an infallible technique (Nautiyal, 1999). In
addition, it was also used for selecting the strains which have high phosphate solubilizing
activity and also for reducing the time-consuming work and chemical costs to perform a
tertiary screening. Out of 28 salt-tolerant PSB strains, 2 bacterial strains, namely: B.
megaterium Ally; and B. megaterium Al2ag, showed the highest soluble phosphate at the

first and second rank (data not presented), hence they were chosen for a further screening step.
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The species of PSB selected in this screening step was the same as that studied by Arora and
Gaur (1979) since bacteria in the genus Bacillus are reported as one of the most powerful
PSB (lllmer & Schinner, 1992 ; Rodriguez & Fraga, 1999 ; Ray, 2005). Increased crop yields
by inoculation of Bacillus spp., either through single inoculation or co-inoculation with the
other plant growth-promoting bacteria, were reported by several researchers with several
plant species (Rojas, et al, 2001 ; Sundara, et al., 2002 ; Ghosh, et al., 2003 ; Egamberdiyeva
& Hoflich, 2004). Furthermore, among species in the genus Bacillus, B. megaterium is one
of the most well known PSB which was successful in enhancing crop yields in the Soviet
Union (Smith et al., 1961) and India (Gaur, 1990).

The tertiary screening step was performed in order to screen for the best salt-tolerant
phosphate solubilizing bacterium which had the highest phosphate solubilizing activity at a
wide range of salt and temperature levels. Comparative studies on the influence of salt (NaCl)
and temperature on phosphate solubilizing activity of B. megaterium Ally and B. megaterium
Al2ag revealed that both of them were able to solubilize the insoluble phosphate at all levels
of NaCl and temperatures studied (Table 1 and 2). These results infer that they had been well
adapted to the salt stress conditions. It seemed, therefore, that the strains isolated from saline
soil have the genetic potential to solubilize the insoluble phosphate at high salt and high
temperature. The insoluble phosphate solubilization of both strains were significantly
enhanced with increasing amounts of NaCl from 0.2 to 0.4 M, but decreased when NaCl was
equal to or above 0.8 M. These results could be due to the influence of salt on their growth. In
this respect, although they are salt-tolerant bacteria but their adaptations are limited in some
salinity ranges which results from their ancestry. This is not a surprise result since
halotolerants and halophilic microorganisms have limited degrees of salt tolerances and salt
requirements (Larsen, 1986 ; Kushner, 1993). The P solubilization of both strains was highest

in MPVK broth containing NaCl at 0.4 M (approximately 40 dS cm™) and decreased at or
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above 0.8 M NaCl. These results imply that they could have a high potential to solubilize the
insoluble phosphate in saline soil. The reasons for this consideration are that the soil salinity
recommended for plantation of most crops should not be higher than 80 mM. The salinity
above 0.3 M is vital for plant growth even in many halophytes. In addition, there are also
very few opportunities for the microbial inoculants to face with such extreme salinity.
However, among both strains, B. megaterium Al2ag released the highest amount of soluble
phosphate than B. megaterium Ally at every level of salt concentrations.

In studying the influence of temperature on phosphate solubilizing activity, the
insoluble phosphate solubilization of both strains was significantly increased when
temperature was increased from 30°C to 35°C, but decreased when temperature rose to 45°C.
These results might be due to the influence of temperature on their growth which
subsequently affects the phosphate solubilization. The results agree with the study of
Nautiyal (2000) in which the phosphate solubilization was markedly reduced at 45°C. Overall,
B. megaterium Al2ag was less affected by fluctuations of salt and temperature than B.
megaterium Ally. According to the results obtained, these two strains were different
genetically. B. megaterium Al2ag proved to be the most efficient salt-tolerant PSB in which
it performed the highest phosphate solubilizing activity and maintained the high activity in
the wide ranges of salinity and temperature. Therefore, B. megaterium Al2ag was selected as
the efficient salt-tolerant phosphate solubilizing bacterium. It was then tested for the potential

in promoting the growth of tomato which grew under saline conditions.
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TABLE 1. The soluble phosphate (mg I*) solubilized by B. megaterium Al2ag in the

MPVK broth containing tricalcium phosphate at 30°C and various

concentrations

Culture NaCl (M)
0.2 0.4 0.8 1.2 1.6
B. megaterium Ally 119.8+1.4%°  121.2432"° 97.2+6.3%°  558+1.4%%  47.8+1.3%

B. megaterium Al2ag 137.9+1.8"% 14154272 113.1+2.3%%  63.9+2.3%  52.6+1.1%

Each value represents mean + SD of three replicates per treatment.

ABC \alues with the same letter within rows indicate no significant differences with P > 0.05.

¢ \/alues with the same letter within columns indicate no significant difference with P > 0.05.

TABLE 2. The soluble phosphate (mg I™") solubilized by B. megaterium Al2ag in the

MPVK broth containing tricalcium phosphate and 0.6 M NaCl at various

NaCl

temperatures
Culture Temperature (°C)
30 35 45
B. megaterium Ally 124.4+0.8%° 124.2+0.7%° 106.4+1.0%°
B. megaterium Al2ag 140.8+1.1° 148.5+1.8% 119.3+0.8%

Each value represents mean + SD of three replicates per treatment.
ABC values with the same letter within rows indicate no significant difference with P > 0.05.

¢ \/alues with the same letter within columns indicate no significant difference with P > 0.05.
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Effect of Efficient Salt-tolerant PSB on Tomato Plant Growth

The rationale of this study is based on the hypothesis that an inoculation of the
efficient salt-tolerant PSB, the B. megaterium Al2ag, could solubilize the insoluble
phosphate and provides sufficient available P for plants grown under saline conditions which
consequently results in enhancement of plant growth. To study the effects of the selected
bacterium on promoting tomato growth under saline conditions, the suspension of B.
megaterium Al2ag was used to inoculate tomato seeds prior to plant under saline conditions
and supplemented with insoluble phosphate. The germination percentage, germination index,
root length, and dry weight of the seedlings inoculated with B. megaterium Al2ag were
compared with those uninoculated seedlings. In order to clearly determine the effects of salt
stress and bacterial inoculation, uninoculated treatment was also conducted at all NaCl
concentrations along with the inoculated treatment. The study on salt influencing tomato
growth found that the germination percentage, germination index, and seedling dry weight of
both the inoculated and uninoculated treatment were significantly reduced as salinity
increased (Figure 1). The reduction of tomato seed germination was mainly due to the
delayed-actions of salt on seed germination by interfering with the uptake of essential
nutrients, the direct toxicity effects of salt ions, and the prevention of seed water uptake in the
first phase of germination (Ayers, 1952 ; Flowers & Flowers, 2005). In addition, salinity also
caused changes in growth morphology and physiology of plant roots (Cuartero &
Fernaandez-Mufioz, 1999). In the respect of salinity on P uptake, salinity inhibits P uptake by
plant roots, P translocation from root to shoot, and retranslocation of P from old to young
leaves (Martinez et al., 1996).

Observing the effect of the efficient salt-tolerant PSB on tomato plants grown under

saline conditions and supplemented with insoluble phosphate reveals that the tomato seeds
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inoculated with B. megaterium Al2ag showed trends in enhancing germination percentage,
germination index, root length, and seedling dry weight over the uninoculated treatment.
When tomato seeds were inoculated by the efficient salt-tolerant phosphate solubilizing
bacterium, a significant increase in germination percentage and root length was found at
NaCl between 30 to 120 mM. In addition, a significant increase in the germination index and
seedling dry weight of the inoculated treatments was found at NaCl between 0-120 mM. The
increasing of germination percentage and root length might be a result of increasing available
phosphorus from microbial activity which was then taken up by plants for the emergence and
development of the seedlings since only the insoluble phosphate was applied as a source of
nutrients for tomato seeds. These results were agreed with the study of Awad et al. (1990).
The visual observation of tomato roots indicated that roots of tomato seedlings inoculated by
salt-tolerant PSB had less root hair length and density than the uninoculated treatment (Figure
2). These results may be due to the higher level of available phosphorus in the inoculated
treatment than the uninoculated treatment according to the activity of salt-tolerant PSB. The
reasons for these results are that low P concentration in the root medium of uninoculated
treatment led to the development and elongation of root hair to ensure a sufficient uptake of P
when available P in soil limits growth (Foeshe & Jungk, 1983 ; Lambers et al., 2006). Bates
& Lynch (2001) also reported that root hair development strongly responded to the change in
local phosphate concentration. The influence of phosphorus availability on root hair
development is controlled by a large number of genes (Herrera-Estrella et al., 2001).

In order to ascertain the colonization of salt-tolerant PSB on the plant roots, roots of
inoculated treatment were observed under the light microscope and SEM. The SEM
observations (Figure 3) confirmed in vitro binding of B. megaterium Al2ag to tomato root

surface and root hairs. They could colonize tomato roots in NaCl ranging from 0 — 120 mM.
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FIGURE 1. Effect of salt-tolerant PSB B. megaterium Al2ag on tomato plants grown under
diverse salt concentrations and with additional insoluble phosphate. Each value represents
mean + SD of four replicates per treatment. B¢ Values with the same letter above bar

indicate no significant difference with P > 0.05.
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FIGURE 3. Micrograph of tomato roots in which their seeds were inoculated with B.
megaterium Al2ag (a). Clusters of bacteria were observed on the root surface under light
microscope. Panels b, ¢, and d are SEM micrographs. Colonization of inoculated bacteria
were also observed on the surface of tomato roots under: (b) 30 mM NaCl at 7 d of incubation;

(c) 30 mM NaCl at 14 d of incubation; and (d) 120 mM NacCl at 14 d of incubation.
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CONCLUSION

The present study revealed that the selected salt- tolerant PSB, B. megaterium Al2ag,
can solubilize phosphate in the presence of high salt and high temperature. The bacterium
showed a significant promoting effect on the germination and growth of the tomato seedlings
grown in vitro and under saline conditions. To our knowledge this is the first report of salt-
tolerant PSB demonstrating their survival and ability to enhance plant growth under saline
conditions. However, saline soil is much more complex than those in vitro. Therefore, further
study on the activity of salt-tolerant PSB in combination with the environmental factor of
saline soil is suggested to obtain the great potential for using the bacterium for future

application as biofertilizer.

ACKNOWLEDGEMENT

This work was supported by the Commission on Higher Education and the Thailand Research

Fund grant MRG 5080058. The corresponding author is thankful to Prof. Dr. Siriwat

Wongsiri and Dr. Banyong Toomsan for their kind help and constructive suggestion during

the course of investigation.

128



REFERENCES

APHA, AWWA & WEF. 1998. Standard Methods for the Examination of Water and
Wastewater. United Book Press, Baltimore.

Arora, D. & Gaur, C. 1979. Microbial solubilization of different inorganic phosphates. Indian
J. Exp. Biol. 17:1258-61.

Awad, A.S., Edwards, D.G. & Campbell, L.C. 1990. Phosphorus enhancement of salt
tolerance of tomato. Crop Sci. 30:123-128.

Ayers, A.D. 1952. Seed germination is affected by soil moisture and salinity. Agron. J.
44:82-84.

Bashan, Y. 1998. Inoculant of plant growth-promoting bacteria. Biotechnol. Adv. 16(4):729-
770.

Bates, T.R. & Lynch, J.P. 2001. Root hairs confer a competitive advantage under low
phosphorus availability. Plant and Soil. 236:243-250.

Chen, Y.P., Rheka, P.D., Arun, A.B. & Shen, F.T. 2006. Phosphate solubilizing bacteria
from subtropical soil and their tricalcium phosphate solubilizing abilities. Appl. Soil
Ecol. 34:33-41.

Chookietwattana, K. 2003. Diversity of halophilic bacteria in saline soil at Nong Bo
Reservoir, Mahasarakham Province, Thailand. Ph.D. Thesis. Suranaree University of
Technology. Nakhon Ratchasima.

Crocker, W. Hitchcock, A.E. & Zimmerman, P.W. 1932. Ethylene-induced epinasty of leaves
and the relation of gravity to it. Quoted in: Abeles, F.B., Morgan, P.W. & Saltveit,
Jr.M.E. 1992. Ethylene in Plant Biology. 2" ed. Academic Press, San Diego.

Cuartero, J. & Fernandez-Mufioz, R. 1999. Tomato and salinity. Scientia Horticulturae.

78:83-125.

129



Datta, M., Banik, S. & Gupta, R.K. 1982. Studies on the efficacy of a phytohormone
producing phosphate solubilizing Bacillus firmus in augmenting paddy yield in acid
soils of Nagaland. Plant Soil. 69:365-383.

Deikman, J. 1997. Molecular mechanisms of ethylene regulation of gene transcription.
Physiol. Plant. 100:561-566.

Dey, R, Pal, K.K, Bhatt, D.M. & Chauhan, S.M. 2004. Growth promotion and yield
enhancement of peanut (Arachis hypogaea L.) by application of plant growth-
promoting rhizobacteria. Microbiol. Res. 159:371-394.

Egamberdiyeva, D. & Hoflich, G. 2004. Effect of plant growth-promoting bacteria on growth
and nutrient uptake of cotton and pea in a semi-arid region of Uzbekistan. J. Arid
Environ. 56:293-301.

Flowers T.J. & Flowers, S.A. 2005. Why does salinity pose such a difficult problem for plant
breeders?. Agr. Water Manage. 78:15-24.

Foeshe, D. & Jungk A. 1983. Influence of phosphate and nitrate supply on root hair
formation of rape, spinach and tomato plants. Plant and Soil. 74:359-368.

Gaind, S. & Gaur, A.C. 1991. Thermotolerant phosphate solubilizing microorganisms and
their interaction with mung bean. Plant Soil. 133:141-149.

Gaur, A.C. 1990. Phosphate solubilizing microorganisms as biofertilizers. Omega Scientific
Publishers, New Delhi.

Ghosh, S., Penterman, J.N., Little, R.D., Chavez, R. & Glick, B.R. 2003. Three newly
isolated plant growth-promoting bacilli facilitate the seedling growth of canola,
Brassica campestris. Plant Physiol Biochem. 41:277-281.

Glick, B.R. 2005. Modulation of plant ethylene levels by the bacterial enzyme ACC

deaminase. FEMS Microbiol Lett. 251:1-7.

130



Grattan, S.R. & Grieve, C.M. 1999. Mineral nutrient acquisition and response by plants
grown in saline environments. In: Handbook of Plant and Crop Stress. Marcel
Dekker, New York, pp. 203-213.

Grichko, V.P. & Glick, B.R. 2001. Amelioration of flooding stress by ACC deaminase-
containing plant growth-promoting bacteria. Plant Physiol. Bioch. 39:11-17.

Herrera-Estrella, L., Lopez-Bucio, J. & Grierson, C. 2001. Molecular characterization of the
effects of phosphorus on the development of root hairs in Arabidopsis. In: W. J. Horst
et al. (Eds.). Plant Nutrition — Food Security and Sustainability of Agro-ecosystems.
Kluwer Academic Publishers, Netherlands, pp. 20-21.

Illmer, P. & Schinner, F. 1992. Solubilization of inorganic phosphates by microorganisms
isolated from forest soil. Soil Biol. Biochem. 24:389-395.

Imhoff, J.F. 1993. Osmotic adaptation in halophilic and halotolerant microorganisms. In:
Vreeland, R.H. & Hochstein, L.I. (Eds.). The Biology of Halophilic Bacteria. CRC
Press, Boca Raton, pp. 211-212.

Johri, J.K., Surange, S. & Nautiyal, C.S. 1999. Occurrence of salt, pH and temperature
tolerant phosphate solubilizing bacteria in alkaline soils. Curr. Microbiol. 39:89-93.

Jusaitis, M. 1986. Rooting of intact mungbean hypocotyls stimulated by auxin, ACC and low
temperature. Hort. Sci. 21:1024-1025.

Keren, R. 2000. Salinity. In: Sumner, M.E. (Ed.), Handbook of Soil Science. CRC Press,
Boca Raton, pp. G3-G25.

Kim, K.Y., Jordan, D. & McDonald, G.A. 1998. Effect of phosphate-solubilizing bacteria and
vesicular-arbuscular mycorrhizae on tomato growth and soil microbial activity. Biol.
Fert. Soils. 26:79-87.

Kushner, D.J. 1993. The Biology of Halophilic Bacteria. CRC Press, Florida.

131



Lambers, H., Shane, M\W. & Cramer, M.D. 2006. Root structure and functioning for
efficient acquisition of phosphorus: matching morphological and physiological traits.
Annals. Bot. 98:693-713.

Landon, J.R. 1991. Booker Tropical Soil Manual. Longman, Essex.

Larsen, R. 1986. Halophilic and halotolerant microorganisms-an overview and historical
perspective. FEMS Microbiol. Rev. 39:3-7.

Martinez, V., Bernstein, N. & Lduchli, A. 1996. Salt-induced inhibition of phosphorus
transport in lettuce plants. Physiol. Plant. 97:118-122.

Mayak, S., Tirosh, T. & Glick, B.R. 2004a. Plant growth-promoting bacteria that confer
resistance to water stress in tomato and peppers. Plant Sci. 166:525-530.

Mayak, S., Tirosh, T. & Glick, B.R. 2004b. Plant growth-promoting bacteria confer resistance in
tomato plants to salt stress. Plant Physiol. Biochem. 42:565-572.

Nautiyal, C.S., Bhadauria, S., Kumar, P., Lal, H., Mondal, R. &Verma, D. 2000. Stress
induced phosphate solubilization in bacteria isolated from alkaline soils. FEMS
Microbiol. Lett. 182: 291-296.

Penrose, D.M. & Glick, B.R. 2003. Methods for isolating and characterizing ACC deaminase-
containing plant growth-promoting rhizobacteria. Physiol. Plant. 118:10-15.

Pessarakli, M. & Szabolcs, 1. 2000. Soil salinity and sodicity as particular plant/crop stress
factors. In: Pessarakli, M. (Ed.). Handbook of Plant and Crop Stress. New York,
Marcel Dekker.

Peterson, T.A., Reinsel, M.D. & Krizek, D.T. 1991. Tomato (Lycopersicon esculentum Mill
cv Better Bush) plant response to root restriction 11 Root respiration and ethylene

generation. J. Exp. Bot. 42:1241-1249.

132



Quesada, E., Ventosa, A., Rodriguez-Valera, F. & Ramos-Cormenzana, A. 1982. Types and
properties of some bacteria isolated from hypersaline soils. J. Appl. Microbiol.
53:155-161.

Ray, R.C. & Edison, S. 2005. Microbial Biotechnology in Agriculture and Aquaculture- An
overview. In: Ray, R.C. (Ed.). Microbial Biotechnology in Agriculture and
Aguaculture. Volume I. Science Publishers, Enfield.

Rodriguez, H. & Fraga, R. 1999. Phosphate solubilizing bacteria and their role in plant

growth promotion. Biotechnol. Adv. 17(4-5):319-3309.

Rojas, A., Holguin, G., Glick, B.R. & Bashan, Y. 2001. Synergism between Phyllobacterium sp.
(N2-fixer) and Bacillus licheniformis (P-solubilizer), both from a semiarid mangrove
rhizosphere. FEMS Microbiol. Ecol. 35(2):181-187.

Sharpley, A. 2000. Phosphorus availability. In Sumner, M.E. (Ed.). Handbook of Soil
Science. Boca Raton, CRC Press.

Son, H - J.,, Park, G-T., Cha, M-S. & Heo, M-S. 2006. Solubilization of insoluble inorganic
phosphates by a novel salt- and pH- tolerant Pantoea agglomerans R-42 isolated from

soybean rhizophere. Bioresource Technol. 97(2): 204-210.

Sundara, B., Natarajan, V. & Hari, K. 2002. Influence of phosphate solubilizing bacteria on
the changed in soil available phosphorus and sugarcane and sugar yields. Field Crop

Res. 77:43-49.

Ventosa, A., Marquez, M.C., Garabito, M.J. & Arahal, D.R. 1998. Moderately halophilic
gram-positive bacterial diversity in hypersaline environments. Extremophiles.

2(3):297-304.

Wahid, O.A. & Mehana, T.A. 2000. Impact of phosphate-solubilizing fungi on the yield and

phosphorus-uptake by wheat and faba bean plants. Microbiol. Res. 155(3):221-7.

133



Yahya, A.l. & Al-Azawi, S.K. 1989. Occurrence of phosphate-solubilizing bacteria in some
Iraqi soils. Plant Soil. 117:135-141.

Yadav, K.S. & Dadarwal, K.R. 1997. Phosphate solubilization and mobilization through soil
microorganisms. In: Dadarwal, K.R. (Ed.): Biotechnological Approaches in Soil
Microorganisms for Sustainable Crop Production. Scientific Publishers, Jodhpur, pp.
293-308.

Zahran, H.H., Moharram, A.M. & Mohammad, H.A. 1992. Some ecological and
physiological studies on bacteria isolated from salt-affected soils of Egypt. J. Basic

Microb. 32(6):405-413.

134



2. mswnawdIvelulg s lanwlnt3e3 1013 eunIINARINITITUWNNTRAUUAIIT 1ih
32AULSYIe3 Aa 311 Biotechnology in Biodiversity and Conservation ka1 lusza

YuNadn® fAa Environmental Biotechnology, Advanced Microbiology

3. msﬁnmuawammmufﬂama{ 11389 Iuﬂ’liﬂizﬂgu International Conference of the Thai
Society for Biotechnology o L39usnan@an 3. 4w1aNIAN U 14-17 qa1ay w.a. 2551
aIunAagada Ll

Annual Meeting and International Conference of the Thai Society for Biotechnology
TSB 2008 : ”Biotechnology for Global Care”
Taksila Hotel, Mahasarakham, October 14™ — 17" 2008

T6P49-114
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Abstract

Soil salinity causes the detrimental effects on the growth and yield of plant. In saline
soil, phosphorus is appeared in the low content and also rapidly fixed to the unavailable
forms. Phosphate solubilizing bacteria (PSB) are plant growth promoting bacteria which can
solubilize the insoluble phosphate to the soluble phosphate. This study was conducted to
investigate phosphate solubilizing activity of salt-tolerant phosphate solubilizing bacterium
strain Bacillus megaterium Al2ag under various salt concentrations (0.2, 0.4, 0.8, 1.2, and
1.6 M NaCl). Effects of the strain on promoting tomato (Licopersicon esculentum Mill. cv.
Seeda) growth under various saline conditions (0, 30, 60, 90, and 120 mM) were also
evaluated. The germination percentage and germination index of tomato seeds inoculated
with the bacterial strain were significantly increased at NaCl between 30 to 90 mM while the
benefit for seedling dry weight could be investigated at 60 mM. Our results suggested that the
B. megaterium Al2ag has a high potential to enhance plant growth under saline environments.
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