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Abstract

This research aims to select potential phosphate solubilizing bacteria and develop phosphate
solubilizing bio-fertilizer by spray drying. In fiscal year 2017, fifty phosphate solubilizing bacteria
(PSB) were isolated from rhizosphere soil and plant roots. In screening, out of 50 bacterial
isolates 6 bacterial isolates (SM-P013B, SM-P020B, SM-P025B, SM-P027B, SM-P029B and
SM-P033B.) showed highest phosphate solubilization were selected for further study. In fiscal
year 2018, all 6 bacterial isolates were identified based on nucleotide sequence at 16S rRNA gene as
Burkholderia latens SM-P013B, Burkholderia multivorans SM-P020B, Pseudomonas fluorescens
SM-P025B, Curtobacterium sp. SM-P027B, Bacillus velezensis SM-P029B and Pantoea dispersa
SM-P033B. Initial pH suitable for growth of 6 bacterial isolates was 6.5, 6.5, 7.0, 6.5, 8.0 and 7.0
respectively. Glucose concentrations suitable for growth of 6 bacterial isolates were 15, 20, 20, 20 and
15 ¢/L respectively. In spray drying, all 6 bacterial isolates were spray dried at 110 and 120 °C. The
results showed that P. fluorescens SM-P025B had high survival rates at both 110 and 120 ° C.
Furthermore, P. fluorescens SM-P025B powder did not inhibit the germination of tomato seeds and
had the ability to promoted tomato growth. In fiscal year 2019, P. fluorescens SM-P025B were
produced the prototype of phosphate solubilization biofertilizer. The prototype of phosphate
solubilization biofertilizer was test under pot experiment with tomato and chili. Results showed
that biofertilizer improved tomato seeding and chili growth at seed and biofertilizer ratio 1:0.6
and 1:0.8, respectively. In fiscal year 2020, the prototype of phosphate solubilization
biofertilizer was test under filed experiment with tomato and chili. In tomato test, results
showed that biofertilizer improved tomato height and canopy width. In addition, biofertilizer
can reduce chemical fertilizer N+0.8P,05+K,O of fertilizer recommendation (24-12.84-16 kg N-
P,05-K,0 / rai). In chili test, results showed that biofertilizer improved tomato canopy width. In
addition, biofertilizer can reduce chemical fertilizer N+0.9P,05+K,O of fertilizer recommendation

(24-14.4-16 kg N-P,05-K,0 / rai).
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Sdiuinaalolnd 165 RNA SudulpemnzdeuuaiiBsayaonealsluoms Nutrient broth figauyd
#oe 0uan 48 Falus mntugadieduuaiFelngldlulasiiuad Usunms 1.5 fiadans Tdlunaen
Tulaswun3iiag drludumiesinendesdumiss (Kubota 6000, Kubota Corp., Osaka, Japan) il
AuE 10,000 sousewit WWunan 10 Wil ieusnwaduuaiissranainemsinzaes mansazans
dauladic thisaduuaiiieiildluataiduedie TIANamp Bacteria DNA Kit (Tiangen Biotech (Beijing)
Co., Ltd., Beijing, China) 3 nduihiiduieiianaldluiinusuiamiuousion 165 rRNA gene vas
wupitse Ingldasialinay One PCR ultra (GeneDireX Inc., Taiwan) wag universal primer laun 27F
(5-AGAGTTTGATOMTGGCTCAG3’) W foward primer ke 1492R (5°-TACGGYTACCTTGTTACGACTT-3") vJu reward
primer andunsluniouneluleifa (Multigene Thermal Cycler, Labnet International Inc., New
Jersey, USA) lagfian1glunisineu Fadl (1) pre-denaturation 7 95 ssrwadea [Wunan 3wl )
denaturation 7 95 ssraaldea Wuiaan 45 Junfl (3) annealing 71 55 esrwaidoa Wuan 1 wad
(8) extension 7 72 ssrwaded \Junan 2 il dudunisgiiudunoud (2) - (@) 1w 30 50U (5)
final extension 7 72 esrngaidoa Wunat 7 wid dwdnsweifldanfigesuvinliuians Tneld
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Hi Media, Mumbai, India) 911135115 Hucker method (Doetsch, 1981) unlUdesnieldnaesgansseil
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WELEES (working volume) 100 Haddns (@115in1ziass 90 Haddns wazuuasalsuAY 10 1adans)
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azauNoAnNIRONITIDNLALNTIASYITIUDImMAlUTT Y NAN
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WNzEeInUuan s imunsausen s yveLUafi s eazaeneanusiazloluian Yunaunivies T
a a a I 2 o i ° Aa a Y Y aa
LIIRYLLUATILIBLAIEYLUNGSE Y late log phase iNUAIBENIIVIUIURLUATILIBLINAUAN LIS Standard plate
count Uuafilisazareeaausazlolaian Usuing 2 ans MYRILAIAIBIATa WAL UUN U DY
(spray dryer) lng@iiunisfigaungfinndt 110 waz 120 ssrnwaided Audiog1answuaiisenlin
° A a Y] ° Y  aa ° a av v ]
TUIULUATISENAINITVIINIA87T Standard plate count ULuaseNslaANaaaUN1TEUTIN1TI0A
! a a a 2 Y & a A caa & 3 N
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FanUadisn15vas Lwin et al., (2012) fa Faudn 0.5 n¥u Taluaumiside sfiniunisenee antuiy
2 1Wasiud sodium hypochlorite 19viauudn witalfiduiian 3 und w 2 Wesidud sodium
hypochlorite 79 N nduUaemaie Wiede 2 Wasidus sodium hypochlorite Useanm 2 - 3 A5 1
mémuu%amﬁﬂuﬁﬂaam%a (Dwyer Mark Il 25 manometer, Dwyer Instruments Inc., Michigan
City, USA) unsnundiiseazataneamaunazlolaan 0.5 nsu iileagniudnusilowme dmsunssuis
| aa o 3 ° I3 o o a ~
muanazlinanrasuafiseiuwEn dindaus@amamigluaiamizdivuin 104 viau Mussyiinued
Juaniz sedndi-du Mty asadulesidudnissenvesudauziliomaiisseziian 7 Jundanis
) v Y v ‘:4' Y] Y o oA Aaa A Y a
wne wagdnanugevesiunaineudigUgnitsresiian 21 Ju ndinsiwig Andenuuaiiseliioldnan
@ v P a v a A a Y a
Jusuwuudetnmazaigeas lagiinnsanaindeyananisnanwuaiiseazatenaannesigiaTos
MUWAILUUNUNDY LazHaNAZoUNATDILUATII BazaaNodNARIADNITI0NLAE NSRS VoL BIVALY
STuENan
7. MIANIONTINTTONTINVOILUATIIS DA A wNRENR Pseudomonas fluorescens SM-P025B
Tusuwuuedinmazanevoanm Tan1zn1siusnesig o
Tumsfinwlduuaiiuazarenean P. fluorescens SM-P025B Fslagndanidoniiieldndnlu

L4 + IS =3 (% aa a A
AULUUYBTININaZa18WREINA N1TANEIDATINITIDATINVDILUATILIBaZAI1ENDELNA P. fluorescens
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SM-P025B Tusiuwuudedinmazareoann Nan1znsiiuinwaig 4 sinisneaeslagiifuwuule

a a

Finmazareealn Lutussyldoegiifouneeafiunas un 9 x 13 Wwuhwns Usunugeas 20 N3y

Y

91u3u 30 93 Unungeliiadin duuds 3 dau druaz 10 g9 rldifiusnuluaniiesng 9 loun gue 4

= a v = 1 = [ Y 1 = Y o
DAY ALY RIYZRAENIFIIN (25 - 33 99AEALYE) WATAUN 40 DIALYALIYE LNUANIDYINBUUITUIUY

A a

wuailsuazatevodana P. fluorescens SM-P025B 713

Q) ¢S

nM1835 Standard plate count WA 9 30 Tu
uan 6 e
8. Anwinisldamunuuletinnazareoane P. fluorescens SM-P025B saufiuMskanuuLiowme
wagwinthluaninnszans
n1sAnwinsldduiuuledinimaratgnean P. fluorescens SM-P025B $3uAUNITHER
szidowe uaznindihluaninnszans 19UNLNITVIAREILUY 53 factorials fidalusUuuy RCB Tasd
dadeil 1 fio Sndrumdafiviudunuutedinwazareweain & 5 sz léuA 1:0 1:0.2 1:04 1:06
Lag 1:08 (13 : nfu) Yadudl 2 Ae USuuleindl 3 sedu leun 1.12:0.75-0.56, 1.12-0.64-0.56,

1.12-0.53-0.56 n5%U N-P,05-K,0 safu 15 Alansy v¥insnaass 3 91 [Wien1sveassay 3 nseand

(1) uzdowe degdun3dnivenndnuziliome lnednulasisnisves Lwin et al., (2012)

¥
A o 3 a A

fio dawdn 0.5 nfu laluamumsiesiiunisande snthain 2 wWesidus sodium hypochlorite 15
vhugde wiinelifuna 3 und w 2 Wesiiud sodium hypochlorite #is urindudasnide ods
2 Wesud sodium hypochlorite Uszana 2 - 3 A ﬁ'lmﬁmﬁﬂmzL%mﬂﬁﬂuﬁﬂaamﬁﬁa (Dwyer
Mark Il 25 manometer, Dwyer Instruments Inc., Michigan City, USA) ﬂqmﬂﬁamuﬁmmzﬁamﬁﬁ‘u
susuudeTinimazaneneams Tudnsdiu wiriu 1:0 1:0.2 1:0.4 1:0.6 uaz 1:0.8 (N3 : n3W) Uuée
sgidowmmmzlugiamngtiuuin 104 wau Aussginueadutanmg saundi-du natu wedund,
0181 21 Yu vhn1sdeasugnlunsronavuin 14 7 Seussgiu 15 Alanfudensznns lddoiniina
wnun1Inaaeafinield Tasuld 2 afs Aoafausnudedgn 10 Ju adsil 2 ndeainugn 30 Ju T
adanennuANeetuziemna Mitestuidnlsauazuias nageUgnd1anissEuInvedisa

o w [ ]

LazLNaNFUAI Mnnuriusieasaddesiuiidaniuaiuueiivensiivinisinyns Inenueg

(%
1 o = a

ARRBNU 2 A9 LardauTinaIsiadl edaanun15AdIsiAdl TUNNNANISNARDIANURANIEAIN AL LAY

Finmvesnuneu InAnuaveLsame LLazLﬁumagamam%mmmtﬁﬁ@m%iaéfu

¥
A saa =

(2) W3ndih sideqdunisifinvesudanindih Tnsdaulasisnisues Lwin et al, (2012) Ae
Faudn 0.5 n3u Tdluamumzdssiiiunisanide snduda 2 Wesidus sodium hypochlorite lsiviau
wén winalifunan 3 uri w 2 Wesidus sodium hypochlorite e Wutindulasmide e
2 Wesidus sodium hypochlorite Uszana 2 — 3 ads ﬂwmﬁmw%ﬂﬁﬂué’ﬂaamﬁa (Dwyer Mark Il 25
manometer, Dwyer Instruments Inc., Michigan City, USA) m’%’ammﬁmfiaumzﬂé’ﬂmLLéziLuﬁmsluﬁwa;u
50 - 55 perugATEa w1y 30 uil ntutilUugield 1 Au andungrideumidanindudunuuis

Frnmazarewaamn Tusnsidiu windu 1:0 1:0.2 1:0.4 1:0.6 waz 1:0.8 (M : n5) dudansniniely



p1AmIzguIa 104 viau ussinueadutanmg satdud-u oty Wedundninengld 25 - 30
fu vhmstheasgnlunsenisua 14 i Seussgiu 15 Alanfudensenis lddeiednuuaunimaaes
7Y Tnsuvsld 2 ada Aondausnudsgn 7 - 10 Yu adsil 2 ndsarnugn 30 - 40 Yu Wihasiuaue
M1UAUABIVBINTN A1sUasiumInlsanaziuas nded1eUand153an135U1AvadlsALALINAIYNN
Fanvh mnwunussasaiitosiuidamuduugihveinssinnisnuas lnewusiadeiy 2 ads
waradurinansadl Wetlostunsioansall Tufinuanisveaesautifinienm il wasdinmuesiu
o Yarmugeuemindih wasiueyanandnvasindihdesi
9. Anwnisldrunuudedinmazangvleans P. fluorescens SM-P025B Safiunswinugiowme
wazwintihluaninulamagou
n13AnwInsidsunuudedinmazatenaawn P. fluorescens SM-P025B $3uAUNITHES

IS a dy o go’ ad A
uziowma waznsnIMluanmulamaasy 1UALUNSAABILUY RCB Y1NASTAGaDY 3 91 8 NSINID Av

550339 1 sunannnsidledinmazareveamagliuuini + Jeiall 24-16-16 Alanu N-P,0s-K,0 dials
550337 2 é’uaé’wﬁlﬂﬁ%’fﬂa%mWwazawﬂ/\laawﬂm + Joiadl 26-16-16 Alansu N-P,05-K0 als

NsRAET 3 Fundranmslddunuuletanmazaneveamin + Yoiadl 24-16-16 Alan$u N-P,0sK,0 ol
550339 4 sunananmsldrunuuletinmavaeroann + Jewall 24-14.4-16 Alan3u N-P,05-K0 sils
5513391 5 punananmsldrunuuletinmavatenaans + Jeiall 24-12.8-16 Alaniu N-P,05-K0 siols
NsnAsT 6 Fundranmslddunuuletinnazanevieama + oiadl 24-11.2-16 Alan3u N-P,0s-K,0 siols
nsidsd 7 FundiilleliteTanmazanevleamin + Lilldden

N35137 8 Auna1annistdruwuuleinwazaneviean + lillddeind

o

Budunsnulnedisaudamaaey usegsiuiinesiandinenn il wagdinmues
Audeulgn wisuwdaiugisnaaouniutunousesnismaaeuluanimnizans aqniadouwdnadis
naaoufufunuuledinmazareveamn ludnsndiu wiiiu 1:0.8 (131 : n3w) Fudusmsvanzay
Mnmsneaedluaninnszans hudafiwnaaeumzluainmizdivunn 104 van Aussefinueaduian
g seidn-Bu ynfu ndudredundrfisnaaeuasgnlunlamaassuuin 4 x 5 wns leUgni
NAADUANWLILAIG T¥ULIENINAY 50 LYURLIAT Sregsendnannd 80 wudlins Ugnilunageu 1 Ay
soviau Tidiadnunssudsaimun szesnanslilonazquasnuliujianumemisufdany
uar A TinTemBomaLarnindimanuasifneaudmiunin (GAP) Tanugsesiisnnaey
yn 9 30 Ju iudoyanandn wWu dniinuandnsiols woswuinveswmandn uasifufegsiulinge

audfnIenIw 1Al LardinmIesAuvaaUan

- AAZENIUN

JTULLINNVDINAIU AaAL 2559 — Augngy 2563
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[

anuil 1) esfoRnsnauenddeqaunianu nguideugiinen nun.
2) MoslJURnsnquaddeiniiiu nauddeugivinen nuw.
3) LUALNEATAT BLNDUUDITE FINTATaULNU
8. NAN1SNARBILAZITA]
1. AnlenluaiilssazatenoaLme
NNSIEIeE9AY e InfwTiAuTIUTININT IS AteuIm uATIELT wazasIn S 27
#0879 (Table 1) 1nfnuenuuaiidoazarsveamalagldinadansimnzideiviuanslimuzaude
M3a3veswuATiuarateveams newlu spread ULeIMS Pikovskaya agar wasidenuuaiisefiil
Snwazvadealadiunndsiu nuin ansadnuenuuafideazarenoamaldninun 50 Toloian den
NFIDYNAUUITT ALVIVINTE .45089T8U I 3. Toun 31u7u 3 lelaian andleg1siulssne
AAUBITELIL B.ANNY 2. UATIITANT 91w 4 leleian Ansegnefulstud1Usnds a.uueeselieg
9.M118 2. UATIIVEN IuIU 4 laleian 91nRe819RulTOe8 MUUBINALY B.9091Y 2.UATIIFEUN
$1uu 2 lelotan andedepulssiudUsuds n.a1ntae717 0.8m 9. uA53198LN $1uu 2 Telatan
nfogrsAulsmuns Iy f.atthun 0.8a0 9.uAT5 19NN §1uu 4 leluian anfedrsiulsses
f.a19t1917 8.877 2.uAs51vEN S 5 Telatan a1ndednesInnsERuMSIA A.wIE 8. wET
2.05103117u 2 lolaian 3nfeg1aRuaIudulssa ALvIale 9.4v1ale 3.9978 31u3U 6 lalulan
nvgshumudiEiy aivadis o.1als 2.a519 $1uau 3 lelaian nfog1siuaiuinn

9.018509 9.01809 2.951A 31UIU 5 bOLULAN INAIDENAUAIUABINDY F.LUANY B..01@T9 9.A519

WU 4 Toloan kazaInAIe81951Na09Ndd MLYIENY 9.07809 9.751A UL 6 +OLELAN

Table 1 Description of phosphate solubilizing bacteria isolated from different rhizosphere soil

and plant root

Sources of rhizosphere soil and plant root No. Isolates of Phosphate solubilizing
samples bacteria
Paddy soil, Khao Tha Phra Sub District, Muang 2 SM-P001B, SM-P002B, SM-P003B

District, Chai Nat Province

Soil of sugarcane field, Nong Rawiang Sub District, 4 SM-P004B, SM-P005B, SM-P006B, SM-PO07B

Phimai District, Nakhon Ratchasima Province

Soil of cassava field, Nong Rawiang Sub District, 2 SM-P008B, SM-P009B, SM-P010B, SM-P011B

Phimai District, Nakhon Ratchasima Province
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Table 1 cont.

Sources of rhizosphere soil and plant root No. Isolates of Phosphate solubilizing
samples bacteria
Soil of sugarcane field, Nong Phluang Sub District, 4 SM-P012B, SM-P013B

Chakkarat District, Nakhon Ratchasima Province

Soil of cassava field, Lat Bua Khao Sub District, 2 SM-P014B, SM-P015B

Sikhio District, Nakhon Ratchasima Province

Soil of sunflower field, Lat Bua Khao Sub District, 1 SM-P016B, SM-P017B, SM-P018B, SM-P019B

Sikhio District, Nakhon Ratchasima Province

Soil of sugarcane field, Lat Bua Khao Sub District, 1 SM-P020B, SM-P021B, SM-P022B, SM-P023B
Sikhio District, Nakhon Ratchasima Province SM-P024B
Root of Acacia auriculiformis Cunn., Khao Saming 2 SM-P025B, SM-P026B

Sub District, Khao Saming District, Trat Province

Soil of Pineapple Field, Khao Saming Sub District, 2 SM-P027B, SM-P028B, SM-P029B, SM-P030B
Khao Saming District, Trat Province SM-P031B, SM-P032B

Soil of oil palm field, Khao Saming Sub District, 2 SM-P033B, SM-P034B, SM-P0358B

Khao Saming District, Trat Province

Soil of Mangosteen Field, Khao Saming Sub 2 SM-P036B, SM-P037B, SM-P038B, SM-P039B
District, Khao Saming District, Trat Province SM-P040B

Soil of longkong field, Khao Saming Sub District, 2 SM-P041B, SM-P042B, SM-P043B, SM-P0448B
Khao Saming District, Trat Province

Longkong root, Khao Saming Sub District, Khao 1 SM-P045B, SM-P046B, SM-P047B, SM-P048B
Saming District, Trat Province SM-P049B, SM-P050B

2. dadenuuaiiFeiiussansnmlunisazarnoain
NINAABUAMNAINITOLUNNTALA Cas(PO,), lue19s Pikovskaya broth il Cas(PO,), 1TUTU
1 Weskdud (wA) Armnandunse-re Sudu 8.5 Faduanngiinufitensswing Ca? uag PO, I
A15U58N0U Cas(POy), TldansnsathluldussTowild wazazaulufiu wuin wuaiiGefidauenldaunse
azanguazUanudesneainegludie 40 - 171 fadnsu P doding lay SM-P033B au1snazatgiay
UanUdesweainaligsgn vindu 171 Sadnsu P sioding vnigil SM-PO0SB anunsnazateuazUanydes
vloawlnangn wihiu 40 fadn3u P sedns (Table 2) Fadlothuuafiofiannsaazarsuazlanddes

Woannlumswalgegadiua 25 lelaanlunaaaunisazateneamlnuueims Pikovskaya agar 11

! ]

Huvdaneanmeng 9 leun AlPO,, FePO, uag Cas(PO,), Wneuuigaumaivies iuiian 5 Tu Liedaiden

wuaiisenas1slaseulalatiluenng Pikovskaya agar @98 AlPO,, FePO, uag Cas(POy), WUIN

aunsafadonuuniiSefiavaroveaala 15 leloian lawn SM-PO13B, SM-PO14B, SM-PO20B,
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SM-P021B, SM-P022B, SM-P023B, SM-P025B, SM-P027B, SM-P029B, SM-P031B, SM-P032B,
SM-PO338, SM-P034B, SM-PO35B Wwaz SM-PO45B lnsuuadiiioazareeauindilagninludnuiaii

WWululalun1syiumaseasavinwrsuunul o8

Table 2 Initial pH and final pH of Pikrovskaya broth with 1.0% w/v tricalcium phosphate

supplement and activity of phosphate solubilizing bacteria

Isolates Initial pH Final pH Available
phosphate
(mg P/L)
SM-P001B 8.50 4.91 82
SM-P0028B 8.50 5.13 91
SM-P003B 8.50 5.26 73
SM-P004B 8.50 4.50 96
SM-P005B 8.50 a.71 95
SM-P006B 8.50 4.98 65
SM-P0078B 8.50 5.79 43
SM-P008B 8.50 6.12 a0
SM-P009B 8.50 a.72 63
SM-P010B 8.50 5.00 100
SM-P011B 8.50 5.20 101
SM-P012B 8.50 4.54 100
SM-P013B 8.50 4.35 161
SM-P014B 8.50 4.44 113
SM-P015B 8.50 4.36 108
SM-P016B 8.50 a.57 78
SM-PO178B 8.50 4.58 94
SM-P018B 8.50 5.20 65
SM-P019B 8.50 4.36 96
SM-P0208B 8.50 4.31 147
SM-P021B 8.50 4.30 114
SM-P022B 8.50 4.18 112
SM-P023B 8.50 4.87 111
SM-P024B 8.50 4.26 100
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Table 2 cont.

Isolates Initial pH Final pH Available
phosphate
(mg P/L)
SM-P0258B 8.50 4.70 142
SM-P0268B 8.50 5.32 60
SM-P0278B 8.50 a.67 122
SM-P0288B 8.50 5.13 83
SM-P0298B 8.50 4.62 121
SM-P0308B 8.50 4.63 95
SM-P031B 8.50 4.44 120
SM-P0328B 8.50 a4.71 117
SM-P033B 8.50 4.50 171
SM-P034B 8.50 4.63 111
SM-P0358B 8.50 4.68 118
SM-P0368B 8.50 511 102
SM-P0378B 8.50 5.24 59
SM-P038B 8.50 4.18 64
SM-P039B 8.50 5.61 53
SM-P040B 8.50 4.42 66
SM-P041B 8.50 5.52 56
SM-P042B 8.50 5.56 62
SM-P043B 8.50 4.28 89
SM-P044B 8.50 a.27 102
SM-P045B 8.50 4.40 112
SM-P046B 8.50 4.83 70
SM-P047B 8.50 a.74 84
SM-P048B 8.50 4.48 82
SM-P0498B 8.50 a.47 54
SM-P0O50B 8.50 a.75 71
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3. FiaLdaniuAtyaratsvaawnniinudululalun1syiwissIeLeS o 9L UUN U B e

nsfndenuuaiieazanereamaidmudulldlunsihuishenie s uriudeslng
nagouNnseysonvetLUATiGsaraeneamanelianiizeugiias lnsthasazariwaduuai Feuui
onumgil 100 uaz 120 ssrnwaidea Wunan 30 Jundl wuin figaigll 100 esmiwaldea uuaiiSeazany
Woamndasiduinisogsonaglugag 62.18 - 92.51 wWesifus (Table 3) Iny SM-P029B fiilasidud
nsegsengegn Wity 92.51 Weodldud vzl SM-P031B filesifuinisogsondign wirfu 62.18
Wesldust dhuilonindl 120 ssmwaidoa uuadiSeavaneveamaiivosidudinisegsonaglurag 58.51 -
90.24 Wefidud (Table 3) Ing SM-P013B Hiefidusdinisegsongeqn winfu 90.24 Wofidud vaizd
SM-P014B Tiesidudnisegsendian wirfu 58.51 Wesdud Faanwanisvaassasofniden
wuafiBeavaneeamnifinnudullflumsvuisherdesusuuuniudes @wosidudniseysen
i 90 Wofidud) vianun 6 lolian 1HuA SM-PO13B, SM-PO20B, SM-P025B, SM-PO27B, SM-P029B
ey SM-P033B

Table 3 Survival rate of PSB isolates at high temperature incubation

Isolates 100 °C 120 °C
Viable cell Survival rate Viable cell Survival rate
(cfu/mL) (%) (cfu/mL) (%)
Initial Final Initial Final
SM-PO13B | 1.22x10%® | 1.12x10® 91.80 1.22x10® | 1.10x10® 90.24
SM-P014B | 1.01x10® | 6.83x10’ 67.62 1.01x10% | 5.91x10’ 58.51
SM-P020B | 9.86x10" | 8.92x10’ 90.47 9.86x10" | 8.88x10’ 90.06
SM-P021B | 9.29x10" | 7.96x10’ 85.68 9.29x10" | 7.85x10’ 84.50
SM-P022B | 9.91x10" | 8.73x10’ 88.09 9.91x10" | 8.61x10’ 86.88
SM-P023B | 1.05x10% | 7.79x10’ 74.19 1.05x10% | 7.02x10’ 66.86
SM-P025B | 8.98x10" | 8.29x10’ 92.32 8.98x10" | 8.08x10’ 89.98
SM-P027B | 9.07x10" | 8.32x10’ 91.73 9.07x10" | 8.17x10’ 90. 08
SM-P029B | 9.74x10" | 9.01x10’ 92.51 9.74x10" | 8.78x10’ 90.14
SM-P031B | 1.01x10® | 6.28x10’ 62.18 1.01x10% | 6.02x10’ 59.60
SM-P032B | 9.78x10" | 8.71x10’ 89.06 9.78x10" | 8.58x10’ 87.73
SM-P033B | 1.07x10°® | 9.88x10’ 92.34 1.07x10® | 9.64x10’ 90.16
SM-P034B | 1.21x10%® | 9.83x10’ 81.24 1.21x10% | 9.76x10’ 80.66
SM-P035B | 9.41x10" | 8.07x10’ 85.76 9.41x10" | 7.98x10’ 84.80
SM-P045B | 9.92x107 | 8.82x10’ 88.91 9.92x10" | 8.62x10" 86.90
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4. faduunviinvesuuaiiSuazanevleanniidndonls

nsdndunkuafisearaereaalagefeeunsuisussavluanatinenswWssuiieua1au
fpalelnaluusians 165 rRNA gene votuuAise dafluuan 1,369 - 1,425 Gamdlelnd fugasu
Thndlelnfieglugrudeya GenBank Tngld BLASTN search nan1snaassiauandlu Table 4 fe a1y
faadlalndaes SM-P013B (1,425 daadlalne) dia1nuwmileu Burkholderia latens (NR_042632.1)
Wiy 99.58 Wesifua draudiaadlelnaves SM-P020B (1,419 Hamdlelng) Sad1uuiliou
Burkholderia multivorans (NR_029358.1) i1y 99.86 1asidud ainuiiiadlelnavues SM-P025B
(1,396 fandlelng) finumilou Pseudomonas fluorescens (NR_114476.1) winifu 99.51 Wesidua
ardudanalelnnves SM-PO27B (1,369 iandalalvne) Aa11utuil ou Curtobacterium
oceanosedimentum (NR_104839.1) 1i1fu 98.83 1astium a1duilandlolnaves SM-P029B
(1,406 Tandlelng) dnuwmilou Bacillus velezensis (NR_075005.2) Winfiu 99.65 wWosidus wagansu
thadlolvaves SM-P033B (1,408 Uandlalng) finsmilou Pantoea dispersa (NR_116797.1) ity
99.00 tWasigus

Table 4 Identification of PSB isolates by 16s rRNA gene

Isolates No. nucleotide Most closely bacteria species Identities Accession

(bp) (%) number
SM-P013B 1,425 Burkholderia latens 99.58 NR_042632.1
SM-P020B 1,419 Burkholderia multivorans 99.86 NR 029358.1
SM-P025B 1,396 Pseudomonas fluorescens 99.51 NR 114476.1
SM-P027B 1,369 Curtobacterium oceanosedimentum 98.83 NR 104839.1
SM-P029B 1,406 Bacillus velezensis 99.65 NR 075005.2
SM-P033B 1,408 Pantoea dispersa 99.00 NR 116797.1

nsAnwanwaugnsduguIngewiulaensinndnyuzvedalail wagnsdouduuniisenie
p3aneoalilotan (Crystal violet) wagw sy (Safranin) Weduunviinvesuuaiisenunshndunsy
waganwazgUTaneldndesganssay wudi leluian SM-P013B, SM-P020B, SM-P025B wagSM-P0338B
WuwuaiiSeunsuau Wesnfndunsvesrinsiiiu vagfleleian SM-P027B wag SM-P029B 1Ju
a =~ A a8 a a o ' AN a o
wuARSERNIUUIN (Table 5) Wasandndurtuvesnsanealilowan uana Nt wuin wuaisens 6

lolaan T3usratuviou (Bacilli) (Table 5)
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Table 5 Gram stains of PSB isolates were cultured on nutrient agar at 37 °C for 24 hr.

Isolates

Gram stains

Burkholderia latens SM-P013B

Burkholderia multivorans SM-P020B

Pseudomonas fluorescens SM-P025B

Curtobacterium sp. SM-P0278

Bacillus velezensis SM-P029B

Pantoea dispersa SM-P0338B

mMsanwInsTiell Tnsfinwimudamisanslduraiaisueu (Una) vllafig o Wen1sasyves
wuatSeazateWediwe (Table 6) KANISNAABINUIN LUATNLSeNaza 18N BELNATTINUA
6 lolwian a1mnsaasaylanunntue1nisfil glucose, fructose way sucrose LulLnasAITUBY VLT

a Nl a Aa b [ . . & ' s
wiglaliAsed Tusinnsnduiatamulag laun arabinose, ribose Lay xylose L uMaIAISUDU Ly

Gram stain: negative

Cell shape: Bacilli

Gram stain: negative

Cell shape: Bacilli

Gram stain: negative

Cell shape: Bacilli

Gram stain: positive

Cell shape: Bacilli

Gram stain: positive

Cell shape: Bacilli

Gram stain: negative

Cell shape: Bacilli

winlalaiAluenmsifl carboxymethyl cellulose (CMO) iuuvasansua

Table 6 Utilization of carbon sources by PSB isolates

Carbon SM-P013B | SM-P020B | SM-P025B | SM-P027B | SM-P029B | SM-P033B

sources
Glucose 4+ +++++ +++++ +++++ +++++ +++++
Fructose 4+ +++++ +++++ +++++ +++++ +H+++
Galactose -+ 4+ ++++ ++++ ++++ 4
Mannose +H++ 4+ 4+ 4+ +++++ ++++
Arabinose ++ ++ ++ +++ ++ ++
Ribose ++ ++ ++ ++ ++ ++
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Table 6 cont.

Carbon SM-P013B | SM-P020B | SM-P025B | SM-P027B | SM-P029B | SM-P033B

sources
Xylose +++ +++ ++ +++ ++ ++
Cellobiose ++++ +++++ ++++ +++++ ++++ ++++
Maltose ++++ ++++ ++++ +++++ ++++ ++++
Sucrose +++++ +++++ +++++ +++++ +++++ +H+++
Lactose +++ +++ ++++ +H++ +++ +++
Trehalose ++++ +++++ +++++ +++++ +++++ ++++
Raffinose ++++ ++++ ++++ +++++ ++++ ++++
CcMC - - - - - -

A a a 1 % g a a
N : - Ao wuaniseldaiunsaldiinialunisasyduls
+, 4, HHE, HHHE BBY HHHH AD STAUANNEINNSaVRLUATISElUNISITUIRaianS

WALl (Inannanuguiiiniuveaaauuafiseluemisimeiaes)

5. dnmgiimnzausensaigresuaiiSuaranenedminfidadents
nMImanmefmunranseniseigvewvafissazateneamn Wunismeaanudunsa-ag
Budu uazaududuresimangleafivirgausonsnizdswuaiiGeararsnoan Gadnuiiias
Jade (one factor at a time; OFAQ) Bufuinwnavesmmndunsa-idufumsemmsmiaose
nsisyvesuafiiuazareearinfidmadontd Tneldenms Nutrient broth fiflaududuesina
nalaa Wity 10 nfusiadng wUstiuAradunsa-Aasuiuvetemis wiidu 6.0, 6.5, 7.0, 7.5, 8.0,

8.5 kay 9.0 ﬁmﬁqmﬁqﬁﬁaq NaN15ANYINUIN lolgian SM-P013B, SM-P020B way SM-P027B 1a3gylan

'
1 a

AArAudunIn-AuSuAuYB R IMITINTIABS WAy 6.5 (Figure 1) vaugileleian SM-PO25B way

'
a0

SM-P033B w3aylefiAnauidunsa-sasuiuvetemsinziies Wiy 7.0 (Figure 1) daulelsian
SM-P0298 1a3aldARtAnAslunsa-AasuduvstomsmzdEes Wiy 8.0 (Fisure 1)
AnvinavasnnududurenimangleadenisainuesuuaiiGuarareneamniidadonls Tneld
9115 Nutrient broth fiv§uaudunsa-saSuduresemmsmsdsdivifuaanudunsa-sa
Sufuresemsmzidsiinivausensasyveuaiiioazareneamausazloluan wusiuniy
L%’uéﬁumaaﬁwmaﬂqiﬂa WiInAu 10, 15, 20, 25 kag 30 NSUADANS ﬂuﬁqmmﬁﬁm NANISANWINUIN

Y

lalgian SM-P013B way SM-P033B 13y laafiauiduduvesuinianglag windu 15 nSusedng

(Figure 2) wmuziilaleian SM-PO20B, PO25B, SM-P027B wagz SM-P029B 1a3gyldaTianududuves

manglaa winiu 20 N3useding (Figure 2)
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Figure 1 Effect of initial pH on growth of phosphate solubilizing bacteria
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Figure 2 Effect of glucose concertation on growth of phosphate solubilizing bacteria
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6. NANISHARLUATIZaZA N O AN AR IELAS DI UUN UK BE WAy HavaILUATIZoazanY
WoaangfanIT99ALaZ NIz B AlusaZNAY
nmsFnwmanglunswnnuuafiseazateeaagiodosi wiuunudos wui i
gumgilunitn 110 esmisailea Sns1nssendinvesuuadiuazaiovleaamdsnsimngado s
WU LNBY 98521319 76.92 - 92.79 Wasiiud (Figure 3) Iny SM-P013B fi§ns1n13sondingdn
WAy 92.79 1WosiFun 5998911 Ao SM-P025B, SM-P020B, SM-P033B, SM-P029B Lag SM-P027B i
§93IM330ATIR 1Ny 88.10 87.63 87.62 85.31 Wag 76.92 Wedldus awadiy vazdingumnividn
120 ssrwalded snsnNssenTinvesuafiiuazareneaandansimeiensehuisuunukey
9E3¥%119 69.54 - 82.79 Wosiud (Figure 4) Ing SM-P013B fdn51n13550nT3nasgn v 82.79
Wasidud 5998311 Ao SM-P025B, SM-P029B, SM-P033B, SM-P020B Lay SM-P027B fi8%m51n155800

F3m winfu 81.11, 80.16, 80.16, 77.12 waz 69.54 1Uasidus a1uasu

8et7 100
I Befor spray drying
[ After spray drying
| g9 —%— Survival rate
6e+7 A

F 60

4et+7 A

F 40

Viable cell (cfu/mL)
Survival rate (%)

2e+7 4

SM-P0O13B SM-P020B SM-P025B SM-P027B SM-P029B SM-P033B

PSB isolates

Figure 3 Survival of phosphate solubilizing bacteria after spray drying at 110 °C

8et+7 100

I Befor spray drying
[ After spray drying
L 80 —+— Survival rate
6e+7

60

4e+7 A

k40

Viable cell (cfu/mL)
Survival rate (%)

2e+7 A
F 20

SM-POI3B SM-P020B SM-P025B SM-P027B SM-P029B SM-P033B

PSB isolates

Figure 4 Survival of phosphate solubilizing bacteria after spray drying at 120 °C
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NNINAdeUNavetUATlisazateaamnnwdazloluansenisienuarn1sRsyLAulnves
uzidomaluszozndt wui iergnindnusdemaisuuaiiFoazaevoamnuenouiluinie
WosidunnI1598ngsening 80.77 - 92.31 Weasidud lnen1sagniudnusilomaniens SM-P025B i
Wesldudnissengsgainiu 92.31 Wesidud (Uisuifisufuwdnuzidemailildngnusuuaiise
azaneedln) 9983uADN1IAANLUAANLTBNANIBNG SM-PO20B, SM-P013B, SM-P033B, SM-P029B
uay SM-P027B Fefiladldudinissenivinfiu 88.46, 84.62, 84.62, 80.77 uay 72.31 Wasldud suandi

Fofnmugeiundruzidomaiiasyiuln 21 Sundimame nui mnugwesiunduzideme
finanudnuzilemameuuaiifonmnleluaniiannugaade (10.95 - 12.35 wuRiuns) ganiifund
winuzdomailildngnisuuafions (10.65 wudwng) lnedunduzidomaiingniudnsions
SM-P029B fA1migedl 21 Sundansimizgaan Windu 12.35 wuiiuns sesasnaefunduzidemedi
ﬂqmuﬁméfasm SM-P0258B, SM-P0278B, SM-P013B, SM-P020B way SM-P033B %ﬂﬁmmmmqq Wiy
12.30, 12.26, 12.00, 11.96 uag 10.95 wufuns A1Ua16U 99NN15HANITVAGBILAALHLTRETN
SM-P0258 fmnmimsnzaniazihluiamndulernmsuuuundlagiaonhuiauuriudes 1ol

fufanissenvesuanuziloma wagtheduasunsasyivlavewmeilomalussesaunan

Table 7 Effect of phosphate solubilizing bacteria isolates on tomato seeds germinating and

growth
Isolates Seeds germinating Tomato plants height
after 7 days (%) after 21 days (cm)

Control 100.00 10.65
SM-P013B 84.62 12.00
SM-P020B 88.46 11.96
SM-P025B 92.31 12.30
SM-P0278B 72.31 12.26
SM-P0298B 80.77 12.35
SM-P033B 84.62 10.95

7. 9NIINNTTOATINVB UL UATITEAaEAIeNoamN e Pseudomonas fluorescens SM-P025B Tusuuuule

IS = [ !

Finmazangleaun Nanznsiiusnwsg 9
nsfnwIN1ssentinvaawuafisazatevaamnluduiuudedininazsarevaamnstauuaiise

Fandnanuuaiiseazaeealn P. fluorescens SM-P025B lagussybugeeaiiillounesaiuuas 1Aui

Y 1 a

a = a v = I3 A o o a saaaa
Qm‘mﬁll 4 DIALYRLIYH Qmﬂ%ll‘lﬂ@ﬂ W 40 DIALYAYYE LAY 'JE]EJ'NLW@UUQWU?U%@UV]?&WN%?@VJﬂ

q

Aaaa

30 Ju 1Wunan 6 e wuin P. fluorescens SM-P025B MIiTAniiduiuanasmussezianivsne lng
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A TNUSNWN 4 parwalled A31uu P. fluorescens SM-P025B 7158AT3AlUsE8¥LI81N150AU

9 Y

o

$nw 6 Wneugega Wity 2.18 x10° lalatdenu sesawwnfeguviivies uag 40 eergaidea il
I1UU P. fluorescens SM-P025B 150a%1n 111U 1.16 x10° lalatlsiensu way 8.40 x10 lalalise
N3N AUEIAU Fannwanisneaesuandbiiiuitdusuuletinmazateveamaviauuaiise awise

Wushwleiu 6 weu lavanunsaiiusnwlinaamall 4 e waldea uazaumngiivios

* 4 parvaltua

45 s
%S 4.28 B gauvniivies
- 4
x =
= 35 40 asAaaLgya
e
R 3
=
L=
,,i.; 2.5
= 2.18
-G 2
©
% 15
S 1 108, 1.16
qg U 0.84

0.5

0
0 30 60 90 120 150 180

& o o
STYSLIAWNUINE (AU)

Figure 5 Survival of P. fluorescens SM-P025B in aluminum foil zip lock bag stored at 4 °C, room

temperature (25 - 33 °C) and 40 °C for 6 months

8. wamsldrunuuledinmazaemaanm P. fluorescens SM-P025B fian1siasayiiulnvasuzie
a ‘é’
e wasnsnafiluaninnsenns
8.1 nansldduwuuledininazarenaann P. fluorescens SM-P025B #an1staseysiulnes
ULoLne
(1) MaseyAulaszeznan
nsAnwavesruwuuleTinmazateneane P. fluorescens SM-P025B #oN154338y
vosuzilomaluszozndt lnungniadeuwdnuzilomaniniunisaneaunidniwansedunuuie
Fanmazarevloaa Tudasduwdaiivdeduuuuledinimazaieneaina wirdu 1:0 1:0.2 1:0.4 1:0.6
= ! A I3 A 14 ¥ oo
WAy 1:0.8 TIWANITNAABINUIY NTAaNIAFRUAANZWamANsfuLuLdedInmazatenaamn Tu

dnsduansateTanm wirdu 1 : 0.8 Waunduzilewmaniemiuasdian windu 13.53 wufiwns (21

JUNFINITENE)
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Figure 6 Effect of phosphate solubilization biofertilizer prototype on tomato seedling growth

(2) MsaseyAulpveszamaluanInaTEang

nsfnwnavesiuwuuleininazargneamna P. fluorescens SM-P0258B #ion15ta3ey
vosuzidame simsihedundruzifema Aideny 21 Sundsnisinng (Juil 2 nsngieu 2562) asgnily
nszas v 14 1 deusseiu 15 Alandudenszans neAudldlunsfnwimaassiinnuunsea-rs
windu 6.72 Auanlessuiiuanidsuls ity 23.90 lwuRluaiedlansu Sunieing wiriudesas 1.08
woavlosaiiduusslomd windu 7.16 Tadn3udeilaniu uaglnuma@oniuaniudeuls 136.50 fadnfu
seAlaniu Jsanunsafvundasinislatenuduuziiveansivininnuns Hail Jondldnsuuzin
1.12-0.75-0.56 A51 N-P,0s-K,O simfiu 15 Alansu (24-16-12 Alansyu N-P,05-K,0 sals) Insuyald
2 a¥s adedl 114 1/2N+P+K iladundndaialdfudn uazaded 214 1/2N wdsndreugnuda 30 Su
1INNIINABDINUTT AunaIINAIsauLuuledininazatenoams ludnsidiu 1:0.6 (nSusansy)
Faufunsladeinil 1.12-0.75-0.56 51 N-P,0s-K,0 fiofu 15 Alandu (T10) fmuaanasaingrelan

15, 45 uay 75 U g9g0 1WinAu 33.56, 58.00 uay 97.89 wudllAs Aua19U (Table 8)

23



Table 8 Effect of phosphate solubilization biofertilizer prototype on tomato plant growth under

pot experiments

Treatments Tomato height (cm)
Seed and Chemical fertilizer 15 Days after 45 Days after 75 Days after

biofertilizer ratio (g N-P,05-K,0/15 kg soil) planting planting planting
T1 1:0 1.12-0.75-0.56 26.56d 62.89%a 97.00ab
T2 1:0 1.12-0.64-0.56 25.62d 60.62a 97.08ab
T3 1:0 1.12-0.53-0.56 25.76d 60.45a 97.42a
T4 1:0.2 1.12-0.75-0.56 30.67abc 61.8%a 98.33a
T5 1:0.2 1.12-0.64-0.56 30.26¢ 60.31a 93.64ab
T6 1:0.2 1.12-0.53-0.56 29.85¢ 58.97a 90.61ab
T7 1:0.4 1.12-0.75-0.56 32.56abc 61.33a 97.56a
T8 1:0.4 1.12-0.64-0.56 31.35abc 61.63a 99.99a
T9 1:0.4 1.12-0.53-0.56 30.21c 59.47a 92.61ab
T10 1:0.6 1.12-0.75-0.56 33.56a 58.00a 97.89a
T11 1:0.6 1.12-0.64-0.56 30.4dbc 59.50a 93.52ab
T12 1:0.6 1.12-0.53-0.56 32.21abc 57.53a 85.49b
T13 1:0.8 1.12-0.75-0.56 33.33ab 60.00a 100.22a
T14 1:0.8 1.12-0.64-0.56 33.33ab 59.56a 95.76ab
T15 1:0.8 1.12-0.53-0.56 30.97abc 48.12b 88.55ab

F_testl/ *% *¥ *
% CV 9.40 7.36 6.81

Remark '/ * ** = significantly different at 0.05 and 0.01 probability level, respectively, means

with different letters within column indicate significant difference according to LSD

8.2 nansldruuwuuledinmazatenaann P. fluorescens SM-P025B #an1staseysiulnues

WINFA

(1) MsaseyAulaszaznan
nsfnwnavesiuwuuledininazarenean P. fluorescens SM-P025B #on15La3ey
= 1% = < 4 a & a o saa 2 v ¥ +

YU OMNAUTEEENA LAUAGNATOUIANNLTBNATNIUNITHNYRAUNSINRILEAM B AULUUTY
Fanwazaneeawln Tudnsdudaiivdesuwuuledinimazateneawln windu 1:0 1:0.2 1:0.4 1:0.6
way 1:0.8 JINANIINAABINUI N1sARAAGBUWAALzIT AR eAuLUU]sTIn mazateviedaiin

Tugnsrdrundasadedinin wirdu 1 : 0.8 ladundminafnndaiiugs egsening 11.18 - 12.03
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WUAWAT (28 Fundanisinig) Balddadnuuansiedy uadauuandadudunaininaiinldlangn

wdsudasesuLuuleTinmazataeas (1 : 0)

14

12 4

10 A

©
1

Height (cm)
—

0- T
1:0 1:0.2 1:04 1:06 1:08

Chilli seed and biofertilizer ratio

Figure 7 Effect of phosphate solubilization biofertilizer prototype on chili seedling growth

2) mswsaiviavemdnitihluaninnszans

nsAnwavesruwuulennazateneann P. fluorescens SM-P025B #oN151338y
Yoan3nTil1 vinsdedundusidoma fifleny 28 fumdainisimg (uil 25 flunew 2562) asugnly
ns¥019IuIA 14 7 Feussadu 15 Alandudonsznns TasAuflilunsdnwineaesdiannudunsn-ang
winffu 6.72 Auanlossuiiuanitdsuls winfu 23.90 wuAluasioflansu Bunieing winfufesay 1.08
voamle3adiiuuszlowl Wty 7.16 Tadnfuseflaniu uaslnuna@euiuaniudeuls 136,50 fadniu
soRlansu Gaanunsndmuadnsinislademuduugiesnsudvinianuns il Jewiidnauuzi
1.12-0.75-0.56 A5U N-P,0s-K,0 siofiu 15 Alansu (24-16-12 Alansu N-P,05-K,0 mals) Inauyald
2 a¥s adedl 114 1/2N+P+K iladundndaialdfuda uaradedl 214 1/2N wdsndreugnuda 30 Su
1NN1IMAaeInu dundmindihiitldinniseaniadeuwdadieduuvutedininazateveauin
lugnsndiu 1:0.8 (NSusionsu) saudunislddernd 1.12-0.75-0.56 n3u N-P,0s-K,0 dofiu 15 Alansu
(T13) danugmasaindredan 15, 45 uag 75 Tu gaga Wiy 16.78, 35.28 way 49.67 LwufLuns

fua1Au (Table 9)
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Table 9 Effect of phosphate solubilization biofertilizer prototype on chili plant growth under

pot experiments

Treatments Chili height (cm)
Seed and Chemical fertilizer 15 Days after 45 Days after 75 Days after

biofertilizer ratio (g N-P,05-K,0/15 kg soil) planting planting planting
T1 1:0 1.12-0.75-0.56 12.57de 28.39de 42.63cde
T2 1:0 1.12-0.64-0.56 12.13f 24.23f 42.95cde
T3 1:0 1.12-0.53-0.56 11.65f 24.27f 38.01f
T4 1:0.2 1.12-0.75-0.56 12.94cde 29.33cde 42.56cde
T5 1:0.2 1.12-0.64-0.56 11.94ef 27.42¢ef 41.11def
T6 1:0.2 1.12-0.53-0.56 11.84ef 27.17ef 39.89df
T7 1:0.4 1.12-0.75-0.56 14.89ab 34.8%ab 44.56bcd
T8 1:0.4 1.12-0.64-0.56 13.61bcde 30.89bcde 42.74cde
T9 1:0.4 1.12-0.53-0.56 13.72abcd 31.47abcd 40.23df
T10 1:0.6 1.12-0.75-0.56 14.10ab 34.22ab 48.78a
T11 1:0.6 1.12-0.64-0.56 13.77ab 33.75ab 47.51ab
T12 1:0.6 1.12-0.53-0.56 13.68ab 33.64ab 43.33cde
T13 1:0.8 1.12-0.75-0.56 16.78a 35.28a 49.67a
T14 1:0.8 1.12-0.64-0.56 15.21a 35.21a 46.19abc
T15 1:0.8 1.12-0.53-0.56 14.27abc 33.12abc 46.27abc

F_testl/ *% ** *%
% CV 12.20 13.55 8.40

Remark ¥ ** = significantly different at 0.01 probability level, means with different letters within

column indicate significant difference according to LSD

9. wamsldrunuuledinmazangeainn P. fluorescens SM-P025B TiufiuMSKanLEIYBINA Loz
wintluanimulasmagou
9.1 nanstgrusuuledinmazatewaans P. fluorescens SM-P025B S3uAUNINEANLLTE
e
nnaedlannunsnsluiiuil sunonusade Smiavouudu S1uau 113 Afn1sugn
Winvdnnaduiudndemdunnesweiies nadiaszisegnfuulameaasinisldsuuuledinin
azaeoawe P. fluorescens SM-P025B $auffunisudnuzidowme wuin fiseiuaudnuesiu 0-15
wufns fidofudufuiulunse aaudunsn-ang 7.63 Viinaduniegoglusedus wiiy
1.16 Waedldud Uinameanesalusuiiduusslomivazuimnalnunadouiuanivasuldegluszius

(20.17 way 58.23 AadinTudeilaniu aud1au) (Table 10) ANAIIATIEYIAMANTRYDIAY @11150
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MMruAdnsINIslddenuaibusdiveansuivinisinens aell Jorlignsiuuegii 24-16-16 Alansy
N-P,0s-K,0 #ials Ineuutld 2 a5 Aasei 1 1d 1/2N+P+K ndsngredgnuaiussanas 7 3u visellosy

nanaalanuad a3 2 1d 1/2N nasandredgnuaiuseunns 30 Ju

Table 10 Soil properties of tomato experimental plots before planting

Soil depth Texture pH H,O oM Avail. P Exch. K
(cm) (1:1) (%) (mg/ke) (mg/ke)
0-15 Sandy loam 7.63 1.16 20.17 58.23
15-30 - 6.87 0.93 14.79 52.54

(1) MR RUlnvRINZIT oA

31nMIInaaeInsiddusuuletininazatenaams P. fluorescens SM-P025B ufy
Jownillun1sudnuzidewme nan13naaesudl ndidieaunaiasdan 30 Ju AnugeuesiuLzideamely
ﬂiiﬁ%ﬁiﬁﬂamﬁé’mmuzﬁﬁ 24-16-16 Alansu N-P,0s-K,0 fals (T2) LLazﬂiiﬁ%ﬁﬂL%’fuLLUUﬂEJG‘?an
azareneaasuivandvnnssuids (T3 T4 T5 wag T6) dnugeuaduusilamealiuanseiunig
ADR udi 90 Yu wasesunataslan wudn nslideipiisnsugi 24-16-16 Alan3yu N-P,0s-K,0 #ia
13 (M2) waznislddedinmazareveaminguuuuimsauiudewd 24-16-16 Alansu N-P,05-K,0 siols
(T1) dAugeesduuzilamaganiinisidauwuudedinimarateveamasiuiudewnil 24-16-16
Alansu N-P,0s-K,0 sials (T3) agneiitisdAeyn1eads (Table 11) dduHasonIInuvRIsuNsLYD WU
waegefunaanan 30 Tu ﬂsiﬁ%ﬁidﬂsLﬂﬁmmﬁmmuzﬁﬂ 24-16-16 Alansu N-P,0s-K,0 fals (T2)
uaznssAsAlietinmazaesawlngUuuuismAulend 24-16-16 Alaniu N-P,0,-K,0 siols (T1)
TAYUIANTINUVDINUNL BN AGIGA UANEI1N 60 TU e 18AUNaIaIUgN NUTIVUIANTINUVBIAY
mtﬁﬁamﬂumw‘i‘%ﬁiéﬂamﬁmmﬁmmuzﬁw 24-16-16 Alansu N-P,0s-K,0 sials (T2) uaznssuAsnld

Jeginmazaneneamnsiuiudeininnngsads (T1 T3 T4 T5 waz T6) Liwansineiun1eadia (Table 12)

]
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Table 11 Effect of phosphate solubilization biofertilizer prototype on tomato height

Treatments Tomato height (cm)

Biofertilizer Chemical fertilizer 30 Days after 60 Days after 90 Days after

(kg N-P,05-K,0 / rai) planting planting planting

T1  Talaromyces sp. 24-16-16 39.10a 73.5%9a 83.96a
T2 - 24-16-16 39.17a 73.67a 83.01a
T3 P fluorescens 24-16-16 39.14a 71.05a 79.98b
T4 P fluorescens 24-14.4-16 38.77a 66.99b 78.50bc
T5 P fluorescens 24-12.8-16 38.73a 65.26b 78.19bc
T6 P fluorescens 24-11.2-16 37.92ab 65.58b 77.20cd
T7 - - 36.35b 64.19b 75.33de
T8 P fluorescens - 36.23b 64.87b 75.2%¢e

F_test!/ *x *x %

CV (%) 3.23 5.85 4.09

Remark ¥ ** = significantly different at 0.01 probability level, means with different letters within

column indicate significant difference according to LSD

Table 12 Effect of phosphate solubilization biofertilizer prototype on tomato canopy width

Treatments Tomato canopy width (cm)

Biofertilizer Chemical fertilizer 30 Days after 60 Days after 90 Days after

(kg N-P505-K,Q / rai) planting planting planting

T1  Talaromyces sp. 24-16-16 21.09ab 48.0da 50.40a
T2 - 24-16-16 21.73a 47.15a 4991a
T3 P fluorescens 24-16-16 19.56bc 48.16a 50.42a
T4 P fluorescens 24-14.4-16 19.20c 47.06a 48.33a
T5 P fluorescens 24-12.8-16 18.67c 47.02a 48.85a
T6 P. fluorescens 24-11.2-16 19.01c 46.66a 49.243
T7 - - 18.18c 33.37b 40.86b
T8 P fluorescens - 18.59¢ 34.05b 41.82b

F-test! *x *x %

CV (%) 6.45 14.42 8.14

Remark ¥/ ** = significantly different at 0.01 probability level, means with different letters within

column indicate significant difference according to LSD
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(2) NANBAVDINLLUDLNF

MnNsnaaeensidiuwuuledinmazmeneainsiududaniilunmdnusilome na
mMnaaesnuin WeTeusunislideTanmazarsreamlnsuuuuiiuasdunuuleTanwazae
Woanuiulaiaiinudnsiuuzdn 24-16-16 Alansu N-P,0s-K,0 sials (T1 uag T3) wazn1slideindl
AIUOATULUN 24-16-16 Alansu N-P,0s-K,0 fols tieseg1uned (T2) Tinandnvesugiiomelyl
LANANSTUN19ERA (Table 13) wiiilorTourisunislddunuuletinmazaroweamnsmiunisan
Jeowadl 24-14.4-16, 24-12.8-16 uag 24-11.2-16 Alansu N-P,05-K,0 siols (T4 T5 uag T6) wasn1sld
Joiainudnsiuugidn 24-16-16 Alanu N-P,0s-K,0 sials wieqegaden (T2) wuin miandeiaiimde
24-12.8-16 Alansu N-P,05-K,0 #ials (T5) inandnvesuz@amaliwansimnsainainnisladeiniiny
gnswuryn 24-16-16 Alansu N-P,0s-K,0 fnls igsngaden (T2) Lwil,ﬁaamﬂamﬁ 20-11.2-16
Alansu N-P,0s-K,0 fals (T6) 1ﬁmam§mﬁﬁﬂﬂwsiﬁﬂamﬁmué’mmuzﬁ’l 24-16-16 Alansu N-P,0s-K,0

o w

Aals Wipsoeafed (T2) (Table 12) ogslidudAgynisada

Table 13 Effect of phosphate solubilization biofertilizer prototype on tomato yield

Treatments Tomato yield

Biofertilizer Chemical fertilizer (kg/rai)

(kg N'PzOs‘Kzo / rai)

T1 Talaromyces sp. 24-16-16 871a
T2 - 24-16-16 878a
T3 P. fluorescens 24-16-16 862a
T4 P. fluorescens 24-14.4-16 815a
T5 P. fluorescens 24-12.8-16 688ab
T6 P. fluorescens 24-11.2-16 625b
T7 - - 227c
T8 P. fluorescens - 222c
F-test! *
% CV 28.47

Remark ' * = significantly different at 0.05 probability level, means with different letters within

column indicate significant difference according to LSD
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9.2 wansldFunuullefaninazanewoann P, fluorescens SM-P025B asffunisuaaninth
nanaaedlfulasnunanslufiuil Sunouueade Siaveuudu S1uam 119 fifinsugn
Winvdnnaduiuindemdmunmesioiles nadiaszisegufuulamaassnsldfuuuiediniw
avaneweala P. fluorescens SM-PO25B Saufuniswanuzidawmnd wuin issfuainudnvesiiu 0-15
wufiuns Aidefudufuiiutunsis Aanudunse-r 7.24 Vsnadunietagoglussdusi (0.98
Wesidus) UsunamleaesalusuiifudssloviuazUsmalnunadouiuaniuasulseglusefusm
(13.68 uag 57.12 TadnFudefilandu awddv) (Table 14) nAiATIziAuautRveiy aw1se
fnuadnsnisladenuduugiivesnsuivinisinens fil Joinddnsiuuzii 24-16-16 Alany
N-P,0-K,0 sials Tnouddld 2 afs adait 1 1d 1/2N+P+K A IndeUgnuaiussana 7 Ju wioulodu

nansialanues asan 2 1d 1/2N ndsandeugnuaivseann 30 Tu

Table 14 Soil properties of chili experimental plots before planting

Soil depth Texture pH H,O OM Avail. P Exch. K
(cm) (1:1) (%) (mg/kg) (mg/kg)
0-15 Sandy loam 7.24 0.98 13.68 57.12
15-30 - 6.98 0.86 9.06 41.13

(1) mm'%ﬁytﬁuimsumw%ﬂ%ﬁw

nMInaaeInsiddusuuletininasaienaamn P. fluorescens SM-P025B aufy
Jaadlunsudansn wuin mslddetnnmazaeneannguuuuiniuazauwuudefinimasageas
sududendnnudnsiwuzin 24-16-16 Alansu N-P,0s-K,0 dals (T1 waz T3) waznistddeiniiniy
BRI MUz 24-16-16 AlANTU N-P,Os-K,0 siols Lileseg1adin (T2) laivilvinnugeuasiunsnuaneig
fumeadd wiiflelddunuutedinmazarerloamnisufunisandeindl 24-14.4-16, 24-12.8-16 uay
24-11.2-16 Alan3u N-P,0s-K0 sials (T4 T5 uag T6) Ianuudgvasmunsnunnaeannisladeind
MINERIIULU (T1 T2 wag T3) (Table 15) daunasansanuveasdiunsn wui1 n1stddedininazany
WoaasUluuiuarAuLuulsInmazaeneas Siufudaniinmudnswugi 24-16-16 Alaniu
N-P,0s-K,0 sials (T1 way T3) wazn1sidduininiudnsiwuzin 24-16-16 Alandu N-P,0s-K,0 sials

Wetagramen (T2) ldvihlivuansaiuvessuninuandeiuneadia (Table 16)
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Table 15 Effect of phosphate solubilization biofertilizer prototype on chili height

Treatments Chili height (cm)

Biofertilizer Chemical fertilizer 30 Days after 60 Days after 90 Days after

(kg N-P,05-K,0 / rai) planting planting planting

T1  Talaromyces sp. 24-16-16 18.37a 34.83a 62.73a
T2 - 24-16-16 18.23a 35.80a 62.38a
T3 P fluorescens 24-16-16 18.30a 35.93a 62.01a
T4 P fluorescens 24-14.4-16 17.23b 33.40b 58.25b
T5 P fluorescens 24-12.8-16 16.98b 33.40b 59.32b
T6 P fluorescens 24-11.2-16 17.14b 33.15b 57.37b
T7 - - 15.83c¢ 27.07c 48.07c
T8 P fluorescens - 15.90c 27.38c 49.72c

F_test!/ *x *x %

CV (%) 5.89 10.73 9.86

Remark ¥ ** = significantly different at 0.01 probability level, means with different letters within

column indicate significant difference according to LSD

Table 16 Effect of phosphate solubilization biofertilizer prototype on chili canopy width

Treatments Chili canopy width (cm)

Biofertilizer Chemical fertilizer 30 Days after 60 Days after 90 Days after

(kg N-P505-K,Q / rai) planting planting planting

T1  Talaromyces sp. 24-16-16 8.75a 23.70a 50.21a
T2 - 24-16-16 8.52ab 23.25a 49.68ab
T3 P fluorescens 24-16-16 8.25abc 22.87ab 50.15a
T4 P fluorescens 24-14.4-16 7.98bc 20.98c 49.18abc
T5 P fluorescens 24-12.8-16 8.07bc 21.55bc 47.90bc
T6 P fluorescens 24-11.2-16 7.92c 21.28c 48.20c
T7 - - 7.39d 20.83c 41.21d
T8 P fluorescens - 7.33d 21.05c 41.22d

F-test! *x *x %

CV (%) 6.17 5.22 8.04

Remark ¥ ** = significantly different at 0.01 probability level, means with different letters within

column indicate significant difference according to LSD
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(2) nanAnvomINAIh

nnsnaaesstiauLuudedinmazateeawn P. fluorescens SM-P025B Saufy
Joniilunsndansn wudn mslddendaudnsiwugii 24-16-16 Alansu N-P,0s-K0 sials wieqaens
Wed (T2) wasnslddedinmasaeneansindulaniinnnssuds (T1 T3 T4 T5 waz T6) livilviaay
8717 WAZANNINTBINANTNWANATUNNERRA (Table 17) Handnvassn wudn mslddedinmazany
WoaasUwuuimkazauLuuledinmasaneveaminsiuiudeindnudnsiugii 24-16-16 Alansu N-
P,05-K,0 #iols (T1 waz T3) wazn1slideininnudnsiuugiin 24-16-16 Alansu N-P,05-K0 sials Lileq
oghafien (T1) nandnvosmdnldunnsnsiunisada (Table 16) uonanidmuinisldduuuute
Finmarargreamnsiuiunisandewnil 24-14.4-16, 24-12.8-16 uag 24-11.2-16 Alandu N-P,0s-K,0
fols (T4 T5 uaz T6) wwilduvesmandnanad agdlsinunisldsuuuudetnmazaieneamnsiudiy
nsandewndl 24-14.4-16 Alan3u N-P,0s-K,O sials é’ﬂﬁmamﬁmﬁiﬂLLmﬂﬁmﬂmaaﬁamﬂmﬂﬁﬂaLﬂﬁmm

RS IULUN 24-16-16 Alansu N-P,0s-K,0 sinls figapenaied (T2)

Table 17 Effect of phosphate solubilization biofertilizer prototype on chili fruit size and chili

yield
Treatments Chili fruit (cm) Chili yield
Biofertilizer Chemical fertilizer Length of fruit Diameter of fruit (kg/rai)
(kg N-P,05-K,0 / rai)
T1 Talaromyces sp. 24-16-16 6.56a 0.64 T76a
T2 - 24-16-16 6.54a 0.63 758a
T3 P. fluorescens 24-16-16 6.55a 0.63 769a
Td P fluorescens 24-14.4-16 6.47a 0.62 645ab
T5 P fluorescens 24-12.8-16 6.38a 0.61 568b
T6 P fluorescens 24-11.2-16 6.26ab 0.62 496b
T7 - - 6.01b 0.61 236¢
T8  P. fluorescens - 5.98b 0.60 307c
F-test" * ns *
% CV 4.86 3.67 23.44

Remark !/ ns = non-significant, * = significantly different at 0.05 probability level, means with

different letters within column indicate significant difference according to LSD

9. AgUHaNIIMARB LA UaLAUBLUL
1. nsAndenuuafiiseasateneaanddnaninlunisazany AlPO,, FePO, ay Cas(PO,), 310

f10819AUTDUIIN AL INNY ﬁLﬁmwiwmﬂﬁuﬁﬂ@jﬂﬁﬂu%’m%%’ﬂmw UATIIVAUT LALATIA
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drunsadmdenuuniiiseazatoneanaile 6 lelaian Ao Burkholderia latens SM-PO13B,
Burkholderia multivorans SM-P020B, Pseudomonas fluorescens SM-P025B, Curtobacterium sp.
SM-P027B, Bacillus velezensis SM-P029B Wag Pantoea dispersa SM-P033B

2. @nmsfiuinzausonisia3aued Burkholderia latens SM-PO13B fia fidnanuilunsa-Anadusy
YasaTMIMIEEE 6.5 uazanududurestihmanglaa 15 n¥usedng annefivanzaurenmalaiges
Burkholderia multivorans SM-P020B #o fifnanuidunsa-Aadufuresamnsimeides 6.5 wazaay
dudureaiimanglaa 20 nfusedns an1agfivanzausensiadnues Pseudomonas fluorescens
SM-P025B fo firAraunsa-Aaduduresomamnies 7.0 uazanududuesihmanglaa 20
nfusedng anzfiuunzausen1siadayues Curtobacterium sp. SM-PO27B fia fidnanuifunsa-ang
Buduresomaimziass 6.5 uazarunduduvesinianglaa 20 niusiodns annsfmansaudenis
1938yv84 Bacillus velezensis SM-P029B i fidnanudunsn-sasufuresemsiniziies 8.0 uas
anududuvaniinanglaa 20 nfusedns uazan1izfivangausion1919yues Pantoea dispersa SM-
P0338 o Aidnmmdunsa-raduduresemsmzides 7.0 uazrrmiduduresimanglaa 15 niu
naans

3. Pseudomonas fluorescens SM-P0258 LdunuafiFenilanudululdlumsisnfaundule
%am‘wasmEJwgaLWG}gﬂLLuumﬁimmﬂ%ﬂﬁwLLﬁaLLUUWuNawWﬂﬁqm esnilesidudinissendinnds
nsvhuaAy 80 wWaedidud fgamgiivndt wiafu 110 uay 120 ssmuwaifea warlidmadudasiants
senvosudausiowmna wariinaduasunssyiulnvesdunduzifemasies uenainiidaunsaiiv
$nwldunu 6 1eu Vatgumnd 4 ssmwailiea wavgumnTives

4. nsnegeunsidauLuudeininazateeawn P. fluorescens SM-P025B #an15:a3ayLiulnes
ugidomauaznindiiluanmnsznis nui maranuzdemadeiunuuledanwazanevean Tu
gns1Eu 1:0.6 (nSusensu) MuAumslddeiniiniudnsiuginueinsuIyNsnens Ianugmadiy
Uan 15, 45 uaz 75 U g98n Wiy 33.56, 58.00 WAz 97.89 LwURLIAT MINAIAU dIUNTAGNARDY
widanindihdesusuudeTanmazarevoauin Tudhsdiu 1:0.8 (husonin) aufunisldadendn
Bn 31 UrNITDINTNIVINTNYAT dAd1uaaasgngan 15, 45 waz 75 Tu g9gn Wiy 16.78, 35.28
WaE 49.67 WURWIAT AUEGU

5. wan1sldsuiuuledininazaieneann P. fluorescens SM-P025B saufiudeiaiilunisnanuzide
wanazn3niAluanmutamadey nud1 Funvuiedinwazanerealn fuadeaiugeesdy
uzidome uilifinasovuransaiy ndsdodundrasgn 90 Ju uenainddamuiinsldduuuute
Fanmazarereawln aunsovivanieniinge 24-12.8-16 Alaniu N-P,0sK,0 sals Tnefilinanan
uzWWawmeliunnsanadiannisladewndinudnsuuzin 24-16-16 Alansu N-P,05-K0 sials ludu
yandn wui1 Auuuuedinmazatevean Lifnaseniugs uazvuransauvesdunia tilo

a I (% Y+ < (% o dya.l ! Y v + IS
Wiguwguiunslddeaiinmugnsiuugiit uenanidamuiinsldaunuudedinmazangveais
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aunsatieanawniiinde 24-14.4-16 Alansu N-P,05-K0 sials lnanilvinandnvaan3nliunnd1anig

adannstadewniinudnsiuugi 24-16-16 Alansu N-P,0s-K,O sials

10. mMsmanudgluldusslavl
IleTrnmarareroamasuuuulng Agreiiuanudulseleviveaneamn lnsaiuisaazae
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