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Abstract

Plant Growth Promoting Rhizobacteria (PGPR) or biofertilizer is used for promoting the plant
growth. PGPR has several characteristics; namely to create the plant nutrients, adding certain plant foods,
supporting plant hormones creation, and to create pest control substances. From above PGPR’s abilities,
there are recently number of studies, researches and development to apply on increasing efficiency for
economic crops such as corn, rice, sugar cane and cassava. Most of the studies found that the use of PGPR
on above mentioned 4 economic crops resulted in increasing productivity by 9.8-40% instead of reducing
chemical fertilizers use by 25-50% referred to the suggestion of the Department of Agriculture. According
to the study results, PGPR is useful technologies that can help farmers increase their productivity. However,
it is necessary to continually study for the use of PGPR for different crops in different areas and

environments.
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WANDS (Plant Growth Promoting Rhizobacteria)
JuwvaiiBeifiandilunisdaasunisadydvla
vosity fvanavansaneiuginulaun Pseudomonas
Variovorax, Klebsiella, Burkholderia, Azospirillum,
Serratia waw Azotobacter \Jugiu TnevialuRi3Rens
arursanvseantdu 2 Uszian Ae extracellular
PGPR (ePGPR) finuudniallsloadies uaglslounau
way intracellular PGPR (iPGPR) wulutgaasiniie
d28lun1siindu (Gray and Smith, 2005)
NITUIUNIINTLAUNISYAULAT IR UNI DS
tu amnsaintuld 2 wuu fe (1) msdaadunis
Wwigivlnvesiivlasnse taun n1smsslulasiau
(nitrogen fixation) n1sazatvNoanesd
(phosphorus solubilization) n15a3193naslsnes
(siderophore production) N15a5198835luuNY LYy
pandu lolalalu Julusisadu warn15aAAINY
Wuduvesefauluiis (2) nalnlagseu loun n1g
wAnansUTiue (antibiotic) Mdmuaulsaiis an
Usinaessigmanuinasniifuusslevidelsa
fie n1sadrsEnsAefuTes (antifungal) N1sWAR
wulvdviatenasadveudesilsaiiy n1suds
AsaUAsETenelsAfiTUsINsIN warmswiloni
A5E519AUAIENIY (Ahemad and Khan, 2011)
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1. 10udedanaw (Biofertilizer) laun ngu

o a aa N &
wupfisendiauaiutsatvdesuniglulasiau
Tuvssermaundululasiauldduiiale gu
wuadliseludda Bejerinckia waglaganluluaiiise
ana Nostoc wuaisefiuneanesanionguy
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AUy (Teaumroong et al, 2005) #18819U1
UnuIMYea PGPR AlgaantmduleTanim 1y
WUATIL3Y Paenibacillus polymyxa ANUEI1N158
Tunismsslulasiauls wavdsarunsodaasunis
wWighulsluiivngudmlnalaeened (Von der Weid
et al,, 2000) 3eM1sINeTuNUTUlETIwAUYe
witn Tnensldide Azotobacter sp., Bejjerinckia
sp. wag Azospirillum sp. ludendnninnzneu
Tssnuihmanausudoslusnsdn 2:1 azaedi
Vsinadlulasiaunazwoane faiiiuusslowilude
wiin $euag 6-16 uay 20-30 MUY uaziethie
winflddouuaiiiForna 3 viin sugnusidomedly
NIZONNABDINUIN UzBotnalnIsasgiulauazil
nsazaululasiau weaWesa Inuvadun uaz
waaldeu tiudundtnishildaiewuniise
(Meunchang, 2004) Failaguiinistiiuuailie
Gluconacetobacter diazotrophicus Wwae Azospirillum
wwaundudedinan PGPR WWandigdlunia
ineasnssu lenuitelsddey 1wy des 41813 laedl
swmu'hmﬂﬁﬂa%amwﬁ%ﬁmﬂuﬁuﬁ 600,000
wnan$ Tutsnadndln faudt 1999 waviiandu
1.5 &g 1wl 2000 v lduandavesiimiiudu
wasforar 26 (Mellado, 2002)

2. afeasnsggunaatyulaviesesluuiy
1A Auxin Gibberellin waz Cytokinin #38819a0a
vesuuafienduil Ao Azospirillum waw Azotobacter
F9E19UITBVRY Bottini et al. (1989) wuin nsly
Azospirillum spp. iauﬁumaﬂqﬂmﬁwamﬁmﬁ'u
HANAMUOINEY ILNITIENITNANTD T LUUN Y
JuvasaduINuUATIGY waznslauuadiisy Badllus
licheniformis fun1sUgnaunan Alder (Alnus
glutinosa) @3NIAAILEIUNITLATQYVOIAU Alder 161
stedlenBeuiiouiuitlilaldade Tnanmedlszuy
snftauysal fufifveduiutuegnefideddy 39

22 AMTAINNYAITNISITU

{Ananansuszneungu Auxin uag Gibberellin idn
nuuafiBenduil (Ramos et al,2002)

3. AIUANARIHY (Biopesticide) NATo13598
Jaafuiivnndunneiiinanlsafitlaenalnnsde
W M3aseansuTaue @ntibiotic) a1s wunvalad
Fuder nsusadufulsafin uasniisatiaaiy
Frumuluily nmsa¥riarsufBugidunalnid
Uszavsaimuingalunisdudslsadia (Dilantha
Fernando et al,, 2006) fagufinuly Pseudomonas
fi§uAs19% hydrogen cyanide (HCN) 1ugudasadi
AoliiAnlsaduld wWu 51 Thielaviopsis basicola
avgueslsasinuinlue1gu (Voisad et al, 1989)
n30n15tTUUANLSY P. fluorescens AUU13 Rye
(Secale cereale) wuiannsadudaden Fusarium
culmorom TvhlsAslsauitenldAs sy drfinsusy
anmwesmulsitiuTinaoynafumienanniu (Kurek
and Jaraszuk-Sciscl, 2003) uay Han et al. (2005) 1@
AununuaiiBengulmifiauandiduidfonsly
ana Delfartsuruhatensis HRA finenldainusiiail
Ugndnmameunievesiudauuailioaoiusi
aansadudsmadvhaneveaunidelsaluduim
lawn Xanthomonas oryzae, Rhizoctonia solani
wag Pyricularia oryzae \Juiu
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38USINNY (rhizosphere) Fyg1u150d9La3y
msasyiivinvesiield TnswuaiiFengui
fiauanusalunisadslulasiou wuanudu
Useleviuedsinemisiy aieansdinelsves
(siderophores) GU";aLﬁmﬂis%w%mwTumiﬁwm@
waniddiwadiiy laenisugafusimminuiiim
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sousnity vl s lsafivlianunsoisiamdn
TWIH1E venaniddaaruisaadiesesluudy
(phytohormones) 1y gasluungueandu (auxins)
Fanszdunsadivedivad nsuUwad uazn1g
wWasuanmvouwad airaeuledllafiua (chitinase)
wazanfiundiua (laminarinase) gosiduloiiosilsn
fiy adsansUfTueiifiognisudenauglsndialé
(Glick et al., 1999)
1. mswan{efinmiidiediiteldlunisuan

e e?ia{]a]ﬁ;ﬂ’uﬁﬂWiﬁmuﬁﬁunﬂmﬂﬂmwmmﬁmﬁa
i lldlimunsauiuszuunsuaniiy endiogis
wanAnsiledanmiidfionsinsudvnisinnsle
Wunduielflunssdefinasugia T

1.1 JeBanmfidfions-Tu (PGPR-1) 14
dmsutnalng 912919 Usenaumiegdunid 3 vila
laun Azospirillum brasilense (TS13) Azotobacter
sp. (125) way Bejjerinckia sp. (TB5-26) 1iude
FanmiusznoumsuuaiBenguifedfunioni
nquiy dadunguuosuuaiiiFenainvarsvianie
vainuatgaewus wuafidenguiiaiunsanss
lulnsiau Hreazarevleainn wansesluu duaiuns
\iguivlavesiivuazamnsansalulmsiauniingud
Wuuszlewivessineinisiiguiseiinludy
(Department of Agriculture, 2012)

1.2 Je¥nmiidfiens-y (PGPR-2) 1ddwsu
417 Usenaudieqdund 2 vlia laun Burkholderia
vietnamiensisc W @& ¥ Azospirillum brasilense
flanunsassslulpsiauarangsinervsiinsseglufiu
uazasNEINTEAUM SRSYWUlnvesivAa e anTY
(1A8) TnsuuadiFomdrdausanidlulasiou uas
Winguiudselovivessinemsfivunsviinlufu
ALERNNITIATEYVRITINT T Seenunsatefiuitudiin
snvhliRunsgatuassgemsldunnning
(Jacoud, 1999)

1.3 JeTinmfidfions-n3 (PGPR-3) 14
dmsudasuasdiud1Usndausenouniuqdunse 2
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win leun Azospirillum brasilense DASFO4008 Wag
Gluconacetobacter diazotrophicus BR11281 i
annsarsslulasion azanesigemsiieseglufu
wazai1aansnseRuNsasuiulnaggoandu (AA)
TsuuafiFoimanianmsasialulpsaudnguiiu
Usglouvessinormsiivunssialufy daadunis
Wiaivlnvessndosuariud s ndedaedia
fuirnsnilifumsgmiuasis (Department of
Agriculture, 2016)

2. imsgruvesiafinmitiniensadesszyie

a N 6w

ananeivedans uarlivsunnqdunidsusessiu

v
= 3

srovmadustliidosnit 10° 1aladl vioiwadseiniin
Jedinn 1 nsu lngBasadnaeivsunauuailse
Tudledrnmidnens Wunstudiuiugdunidis
FAndsannsarinduiuuasisdgiuladugllalad
W3 Tl (agar media) lnauufgudn wwad
viluwadvienguuesiwadiogindy Auaziiudiuiy
winuaufudunialalad fregran1stuuay
ArnUsinakuaiiisensalulasiaungy aerobic
PIEIBNIT viable plate count 1 5EAUAINTDANG
yoadedildiniy 10 S1umilaladiituléainaiy
wngidiena 3 99U Ae 35 40 uay 45 AUAIFY Wi
s nuieiiduld Wity 35+40+45 = 120 Talail
wiAnedsdnnulaladisuiudie 3 wihiu 120/3
=40 nduguAadeiléfedunduresssiumiu
139919 waz 10 Wiy 40x10%10 = 40x10° laladl
Usustavlsiegarilndides = 40x10°= 4.0x10°

1%

Teladl enunaiiewldduinudeiiddindonsu
Jodrnn a1ndregafiuTuiugdunidniidia
Uszanas 4.0x10° vise 4,000,000 lalatinaniuvesde
1w (Department of Agriculture, 2008)

3. FnslilleTanmitaiens dnaneTBaueg v
wiaity leun nsrgniuiwdn mswauiudendn n1s
naufudewndl Msdanuuuviouiug wasnsudvieu

g s
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4. nafusnudeinmiidfions asiiuinw
fgaumgiininda 25°C laililaunaruiou uasunn
asafidudy ety Wolaldudasiuldlivun
dufufigaungll 10°C anansaiiulél 3 Feu

5. dodinveslsdanmitifiens Tuegiudat
A199 liun anauazaieiuguuaiise vlinvesdiv
aulifvesiu Ussvinsqduvidfeangvsuazdouly
nsanmwIndon wazlaeilundsmslddedinim
Uimauuaidszanasegeninigs idosain
auulsUTwesan wadeuiliannsnauaule
Fsdtnwudinanismaaesluanindasaideduly
535UYIATAINULANAI9A UL (Bashan and
Levanony, 1990; Meunchang and Panichsakpatana,
2008; Meunchang et al, 2006a; Meunchang et al,
2006b) uenniisfimesunansifeiinuty nsld
wuafiBeduaiunisiesyiulavesaeiugidaden
Tuviesiu flvinandnfninaeiudinnsgiu (Murty
and Ladha, 1998; Fulchieri and Frioni, 1994)

UNUINVBININBIS TUSTUUNSHANTNY

1. 417lna

Thurmanuset al. (2016) ladnwinavele
Fanmiiaiions 1 Puduleniinenandaubanug
vaatalwadamiedding wudn mslddeisuusii
\NEASATIINZEY (good agricultural practice; GAP)
il lnadrimiadindnandnudaiuguind
gauslinneiunslgdanuu PGPR1+75%GAP Lana
Tiduinsianlusuuuuiduguuuuiifidneamly
mslinandnudaiug wasdaunsaldiduuuimis
\evrwanUuunislideiniilunisndnudniug
d1alwadrnniloadiasacls Prongunteak et al.
(2014a) lafnwmansldndniens 1 den1sandunu
nsudatnalnannulaglddnalnamnuiuglausndg
3 lud 2556 wuinrluwUaanaaes mawanyd 7

a

7
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dnwaziulufusiudumisy 91alwanauli
nandndeligenin wammaeslufusiudunse 9
AIN.UATAITIA WA lUTAINUANAII UNI AR
(Table 1) waziilowiuiiaseinaveanisldde
FanwiidfionluuirudunseifdunisTaguay
Woavla3asih wui1 annsnanmslideiaiilulngiau
wazvloaneda lauszana 50% vesdnsiuuginmy
ANILATIENAUYD S Department of Agriculture
(2005) drwludusrumierfiiiveariedags aisa
annslddelulasiau uwaglnunadeoulivssuin
25% ¥098M3LUzUIAIUAITLATIZNAUY D
Department of Agriculture (2005) wandliiiuintey
FrnmdafiosmevausdluAuiifianugauauysaii
Andlufuiifimnugauaysaige

Prongjunteak et al. (2014b) la@Anwna
vostlefanmitifens 1 lumswdndnlnadesdng
wud nsliledinmiiiiensiiesedaudedluuuag
Ugninilwaiesdoiiusuasanssd 3 Addnvasdu
Ausulunsy inanauunumMaATesiveEdan uag
ansaannisiddeiailulasiau Wearesa uas
Tnunaidien 16 50% vednsuuziinuAingz
Auvesnsuivinisinuns druluulamaassiiuiiy
wilenduwilifuaiuisaannislddelulasiau uag
Inuwnadoulaussana 25% 38R LuInIuan
AATAAUTBINTUIVINTINEAT TeaBnAdDIfY
31897U884 (Prongjunteak et al,, 2016) fiwuan e
finmsladeniifesziugemuAiugdinuainge
fu Vnailulnsiounazsineimsdus snusmene
ANUABINTISTRIT WAL N15laleTanInidiens
dlsimevaussisniseivlulasiau uazmsgaldsin
959U uilesinsannisldteiatias 25 uaz
50% fnavinlvinandn wazesdusenounandnlaill
AsuAnsatunean Slidud Yot widfiens
aunsnfinUsansannslddeiaiuaziini gl
lulpsiuusdniudnlnaanmnislulasiauiuy
Sase MadaanfiunisgasineImsuagni s
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USU51NINNINERDBNTU (IAA) YBI9aUNTY R
bilaifanuunnssfunsadftunslddendisng,
WuztMUATIAT BRI EIRE1REY

2. 41

Meunchang et al. (2004) lduanide
Azospirillum sp. 31 WgNHUTANTTUYT 50 Uay
4111 wazladnisihunimundundadaueidednin
f3fensdmsudnlaelFlusunuuitenanszuing
Azospirillum brasilense TS29 Wwag Burkholderia
vietnamensis 565 9ntuldinluldluudamaaeg
YBINTUIVINTNATUALUUAIVDUNBATNT WU
nslddedinimiidnenssiududenidn Juiad
lulpsiau 1.5 Alansusiels uashiuneamnluann
Audne Auniler sunenad Fandauasaissd v
Tinandnmdatnufisdu 9.8% aunsnandununis
Tiesnimslideiaiinumuuziinislideind
auAAzauld 40% viliinwnsnsinelfida
astuninsldoniuduugiinsldioedaiue
A5z 33.7% Jeaenadesiunanisidones
Department of Agriculture (2016) #i¥1n15MAa8 4
nslddaiaiiniuiudedinniidnens 2 luulasun
nwnInsdaningivs il U 2553-2555 wui1 n1sld
JoFr0mii3Ifes 2 awnsavaoifiunandn 40
Wosidus uazannislddeindl 35.8 1Wosidud
(Meunchang et al., 2007) (Table 2)

3. 908

Meunchang et al. (1998) lavinn1sAne
n1swnsnsganeveswuaiiieludesanaiugingly
U 2538 waz Dobereiner U138 lHuauLTe
Gluconacetobacter diazotrophicus BR11281 \ie
MAnw3deludesareiiuging foun Meunchang
et al. (2005) lduenide Azospirillum Awenldan
59n988 @renuglinefieds phylogenetic analysis
wu lelgtan TS8 fdanuadeadsiu Azospirillum
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brasilense 98% FelfuuuaisuanafanenanIun
Waundudedinmiidfiensdnivdosuay du
dUendalugunuu multi straining inoculums wag
Aou1 Meunchang (2007a) laiinluneaeslunias
NAaeIvesAudITe Aelunsuivnsinuns uas
wlaununsng wuinislddedanniiinens 3 du
doudigannisidleinilunisugndesle 25
Wodidus Jsaenndosiu Meunchang et al. (2015)
linnaeddleFinniiifiens 3 Saudulaniisns
#eq fuludesuan deune 1 uazdesne 2 fiugnlu
Ausruneiigudiseuazimuinisinunsiesidn
wu31 nsladedinmidnelsarunsaannislade
lulnsiaula 50% vseanlewndl NPK 1a 25% voq
899 UuztMUATIATIZIRY YBINTUININTINYAT
IAEHATIATIENTNTINARNDULNUIINNTTAIMNU WUT
nsldeTanmiiifiens 3 Snanouunudiniuain
mslddeniliieagnaifietagredna (Table 3) uag
dedamumanslivselonilunduinunsnaidmane
AT mdifiens 3 lumsugndes wud1 msld
JeFainniianensanunsaannslaleld 33-43%

4. fudzvas

Meunchang (2007b) lasinnisanunisaaiden
aneffugiifersifidneainlunisdaaiunis
Wingiulnvewiud1Usvds wud1 msUgndudends
ftusszees 9 lunsenemaneshunmeiildidenauves
wuaiSasta 3 vlinsaudu Ldud Azospirillum
brasilense  Burkholderia vientnamiensis & a ¢
Gluconacetobacter diazotrophicus 3z %119 n15
WigpAulauasiauinisvesiud s ndsiian uas
glovuuaiiFedananandndulefinmitifies 3
dwfuifuduznds Geseun Meunchang (2014) 1¢f
Anwinislidetanmitifions 3 ileifiuaunmuas
nardnsudUzvduamaaesiunsefiguiideii
l35g0e U 2555/2556 wui1 msladedinmiidniens
3 yilvinanAnvisuaniiauuane1aiuns s slild
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{pogafiteddymeadn Inenandarhifuaniuty
16.2% drumsladeinisnsiaiuilinaniniaiu
anflanuuansnafuegalteddybmieadniuish
lale UfAseduiudszning 2 Jade livivlvinandes
Wiluaniianuuansaiuneeds dansladewnn
Tinandautsfianuuansnsiued 19ildudAgeans
frunssuislald wasufisenduiusseving 2 Jade lu
inlvinandnuwlavesiuduendunnd1aiunisais
(Table 4) Lilp1ANILATILNARBULNUNILATHFAD
nud nsaslddedinmitdfionsiinanauunuun
fign msgidunuaiiedinmiissegiufen 40
uw/ls (Table 5) d@ulumdasiusiudunsie wuinms

PRUAUDIUAIHANG NI RY InTERuliANnuALY ol
a9 faifu mslddedanin A3fens 3 vioteweilaivi
Trnssyiulpuasnanandudena dinulaneng
fuynaadiAfunsnisilildle Jeaenndesiunosu
984 Meunchang et al. (2012) wag Amawan (2012) i
insAnwinislddedanniidnenssiudunisly
Jondilulnsiaudnsaneg lunsugndudivends
TuAunsie 189w nssisvaaesiilédedanin
#3fiens 3 anwnsnaanslddelulasiauld 50% ves
FRTIUULUINIUAIILATIZRAUTDS Department of
Agriculture (2005) uazdslinanauunuiigefian fe
9,096 v/ls

Table 1Weight of yield per Rai of hybrid 3 maize after application of PGPR 1 bio-fertilizer together with

chemical fertilizer at different ratio in 2013 at Lopburi and Nakhon Sawan Agriculture Research

and Development Center

Plot 1 Lopburi ARaDC

Plot 2 Nakorn Sawan ARaDC

Method (Clay loam) (Sandy loam)
Yield (kg rai™) Yield (kg rai™)
No fertilizer 3,787 516 b
13-0-0 Fertilizer kg/Rai 4,462 1,920 a
PGPR bio-fertilizer 3,533 759 b
PGPR bio-fertilizer+0-10-0 fertilizer kg/Rai 4,253 842 b
PGPR bio-fertilizer+13-10-0 fertilizer kg/Rai 4,302 1,600 a
PGPR bio-fertilizer+9.75-7.5-0 fertilizer kg/Rai 3,973 1,879 a
PGPR bio-fertilizer+6.5-5-0 fertilizer kg/Rai 3,858 1,659 a
F-test ns *
CV (%) 12.51 17.66

The same characters are not statistically different at 95% confidence level using DMRT.

Source: Department of Agriculture (2012)
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Table 2 Effect of chemical fertilizer together with PGPR 2 bio-fertilizer (rice) application in farmer’s field in
Uthai Thani Province 2010-2012

Application Fertilizer Pre-test Fertilizer Applied Fertilizer Ratio When Mixing Seed with
Formula Ratio Application Rice PGPR Bio-Fertilizer (kg rai™)
(kg rai”) 2010 2011 2012
First 46-0-0 27.0 19.0 19.0 19.0
Second 16-20-0 15.0 15.0 15.0 15.0
46-0-0 12.0 7.7 7.7 77
Third 15-15-15 15.0 77 7.7 7.7
0-0-60 4.0 4.0 4.0 4.0
Paddy yield (kg/Rai) 750 900 1,000 1,050
Fertilizer cost (baht/Rai) 1,135 730 730 730
Net income (baht/Rai) 11,250 13,500 15,000 15,750
Value/cost-ratio of fertilizer
application (VCR) o1 18 20 216
Percentage of reduced fertilizer 0 35.8 35.8 35.8
Percentage of increased yield 0 20 33.3 a0

PGPR 2 bio-fertilizer applied in the experiment composed of Azospirillium sp. T529, Curtobacterium sp. J10 and

Burkholderia sp. S45 microorganisms with not less than 1.0 x 10° cells per gram according to Fertilizer Act.

Source: Department of Agriculture (2016)

Table 3 Economic return of Khon Kaen 3 a cultivar sugar cane when applying PGPR bio-fertilizer together with

chemical fertilizer at different ratio in sandy soil at Roi Et Agriculture Research and Development Center

Chemical Fertilizer PGPR Bio-  Sugar Increased  Increased  Fertilizer Value/cost-ratio (VCR)?
N-P,Os-K,O kg /Rai  Fertilizer ~ Cane Yield Yield Income! Cost?
(kg rai™) (kg rai™) (kg rai™) (baht rai') (baht rai’) Total VCR  PGPR-VCR
Not Apply 12,665 0 0 0 0 0
0 Apply 13,097 432 499 40 12.48 12.48
12-6-12 Not Apply 17,166 4,501 5,194 1,095 a.74 0
6-6-12 Apply 18,608 5,943 6,858 900 7.62 2.88
9.5-4.5-9.5 Apply 17,069 4,404 5,082 825 6.16 1.42

!Sugar cane price is 1,154 baht/ton (Sold price farmers had in Roi Et province area in December 2011).

2Chemical fertilizer price of 15-15-15 formula is 18 baht a kg., 46-0-0 formula is 16 baht a kg., 0-0-60 formula is 20 baht a
kg. and PGPR bio-fertilizer is 20 baht a bag (Fertilizing ratio is 2 bag/Rai).
3Ratio of incomes from increased yield by fertilizing (Value to Cost Ratio, VCR).

VCR = (Increased income by fertilizing/Cost by fertilizing). For farmers with limited budget, critical level is 2.0.

Source: Department of Agriculture (2016)
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Table 4 Effect of PGPR 3 bio-fertilizer together with chemical fertilizer application at different ratio on

growth and yield of Rayong 9 a cultivar cassava in sandy soil at Rayong Field Crops Research Center

2012/2013
Root Yield Starch Yield
Fertilizer Application
(kg rai™) (kg rai™)
A. PGPR bio-fertilizer (1 kg/Rai)
Bo= Not apply 5,851 b 1,695
B;= Dip cutting before growing 6,796 a 1,915
B. Chemical fertilizer ratio (N-P20s-K>0O kg/Rai)
Fo= 0-0-0 5,343 b 1,541 b
Fi= 16-4-16 1,222 a 1,737 ab
F,= 8-4-8 6,667 ab 1,953 ab
Fs= 4-4-4 6,053 ab 1,989 a
C. B x F interaction
BOFO 4,558 1,321
BOF1 6,545 1,703
BOF2 6,479 1,949
BOF3 5,822 1,805
B1FO 6,127 1,760
B1F1 7,898 1,770
B1F2 6,875 1,957
B1F3 6,285 2,173
CV (a) % 4.18 7.49
CV (b) % 10.6 12.2

Note: Average bio-fertilizer or chemical fertilizer application at different ratio with the same character are not statistically
different at 95% confidence level using LSD. Average bio-fertilizer and chemical fertilizer application at different ratio
(C) with the same character are not statistically different at 95% confidence level using DMRT.

Source: Department of Agriculture (2012)
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Table 5 Economic return of Rayong 9 a cultivar cassava when applying PGPR 3 bio-fertilizer together with

chemical fertilizer at different ratio in sandy soil at Rayong Field Crops Research Center 2012/2013

Method Yield Increased Fertilizer Cost’ Return of Fertilizer Cost (VCR)?

N-P,05-K,0 kg/Rai (kg rai) Yield (baht rai?) . N

B VCR VCR with PGPR
(kg rai™)

No fertilizer 4,558 0 0 0.00 0.00

No fertilizer + 6,127 1,569 40 39.2 39.2

PGPR bio-fertilizer

16-4-16 6,545 1,987 1,282 1.55 0.00

16-4-16 + PGPR 7,898 3,340 1,322 2.53 0.97

bio-fertilizer

8-4-8 6,479 1,921 739 2.60 0.00

8-4-8 + PGPR bio- 6,875 2,317 779 2.97 0.37

fertilizer

4-4-4 5,822 1,264 468 2.70 0.00

4-4-4 + PGPR bio- 6,285 1,727 508 3.40 0.70

fertilizer

'Chemical Fertilizer prices of 15-15-15 formula is 18 baht a kg., 46-0-0 formula is 16 baht a kg., 0-0-60 formula is 20 baht a
kg. and PGPR bio-fertilizer is 20 baht a bag (Fertilizing ratio is 2 bag/Rai).

2Average cassava price is 1,900 baht/ton.

®Ratio of incomes from increased yield by fertilizing (Value to Cost Ratio, VCR).

VCR = (Increased income by fertilizing/Cost by fertilizing). For farmers with limited budget, critical level is 2.0.

Source: Department of Agriculture (2012)
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