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Abstract

The objective of this research was to isolate plant growth promoting bacteria from rhizospheric soil of
Gompherna celosioides Mart. and test their basic properties of plant growth promoters on rice seedling, which is
an important economic crop of Thailand. Forty-four bacteria isolates were isolated including 32 isolates of gram
negative, 10 isolates of gram positive, and 2 isolates of actinobacteria. Plant growth promoting properties were
tested such as nitrogen fixation, siderophore production, phosphate solubilization and indole-3 - acetic acid
production. After that 8 isolates were selected for studying of root colonization and plant growth promoting
properties on rice including GCWR 8, GCSR 12, GCSR 15, GCMR 18, GCSR 33, GCSR 38, GCMR 43 uaz GCMR 44. The
results showed that soaking rice seed with cell suspension of GCSR 33 before planting have the most seed
germination with 66.67%. Detection of bacteria from rhizoplane, seven days after seeding, GCMR 43 was the most
recovering with 9.9x10° cfu/1 gram of root. As for the isolation from the rhizosphere soil, it was found that all isolate

increasing bacteria concentration. Measuring root lengths and stems, found that the GCSR 33 had the highest root
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length of 4.44 cm, but the highest stem length was GCMR 43 with 3.41 cm. However, further studies are needed to

obtain the most effective bacteria to promote plant growth.

Keywords: mechanisms of plant growth promotion, Gomphrena weed, plant growth promoting rhizobacteria
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Figure 1 Testing of the siderophore production,
positive effects shown clear yellow or orange zone
around colony and negative effects do not appear

color zone around colony.
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Table 1 Basic properties of plant growth promoting
bacteria

Isolates Nitrogen Siderophore Indole-3-acetic acid
fixation

Gr Color Growt Color Qualit Quantity
ow  chang h chang y (ug/my¥
th e e

GCWR 1 -

GCWR 2

GCWR 3 - - + - + 0.01£0.00

GCWR 4 - - +

GCWR 5 + ++ + +++

GCWR 6

GCWR 7

GCWR 8 + ++ + +++ + 0.04+0.01"

GCWR 9 - - v

GCSR 10 - - - - + 0,08*10.004‘3

ij

GCSR 11 - - - - +

GCSR 12 + + = = + 0.21+0.02'

GCSR 13 - - + - + 0.12+0.01

GCSR 14

GCSR 15 + ++ + o+ + 0.14+0.10°

GCMR 16 - - + - + 0.13+0.01%"

GCMR 17 - - +

GCMR 18 + ++ + ++ + 0.02+0.01"

GCMR 19 - - n

GCMR 20 - - +

GCMR 21 - - +

GCMR 22 - . 4

GCMR 23

GCMR 24 - - + - + 0.12+0.07%"

GCMR 25 - - + ++ +

GCMR 26

GCMR 27 - - + - + 0.07+0.00°"

i

GCMR 28 - +

GCMR 29 - +

GCMR 30 - +

GCMR 31 - - + N

GCSR 32 - - - + + 0.09+0.01%"

GCSR 33 + - ++ - - 0.07+0.00"

GCWR 34 et

GCMR 35 - - ++ ++

GCWR 36 - - - i+

GCMR 37
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Table 1 Basic properties of plant growth promoting

bacteria (continue)

Isolate Nitrogen fixation Siderophore Indole-3-acetic
H acid
Growt Color Growt Color Qualit Quantit
h chang h chang y y
e e (ug/m)!
/
GCSR 38 + ++ +4++ + 0.90+0.02
d
GCSR 39 - - + - + 0.93+0.10
<
GCSR 33 + - ++ 0.07+0.00
hij
GCMR - - + - + 0.70+0.05
40 €
GCMR - ++ + +
41
GCSR 42 - - - ++ - -
GCMR 3 +++ ++ = £ 1.45+0.05
43 a
GCMR + - + - + 1.02+0.05
a4 b

Y Means (n=3) in column followed by the same letters are not
significantly different (P= 0.05, LSD) based.

3.2.2 Manadaukuafiediianuaiuisalunisese
lulasiauane e (nitrogen fixing bacteria: NFB)

wurnduuaiise 7 leleian Aaunsnindyuasnis
Tulasiauld laun GCWR 5, GCWR 8, GCSR 15, GCMR 18,
GCSR 33, GCSR 38 wag GCMR 43 wazd 1lolaian

Ao GCMR 44 Niin15193yuueIM1s NFM ualdivdsudaes

91115 (Figure 2, Table 1)

Figure 2 Testing nitrogen fixing bacteria on nitrogen
free solid malate medium (NFM). A) Negative not
growth, B) Positive growth and C) Positive growth and
change the color of bromothymol blue from green to

blue.

3.2.3 nsNadauLUAT IS Bl aunsaazareNase
(phosphate solubilizing bacteria: PSB)

nTNA@aUAIINAINITalUNITAzA N AR VB3
wueiideri 44 lolman wuiduueiides oy 17 loluan
laun GCWR 3,GCWR 9, GCSR 10, GCSR 11, GCSR 12,
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GCMR 18, GCMR 19, GCMR 23, GCMR 26, GCMR 27,
GCMR 28, GCMR 29, GCSR 32, GCSR 33, GCWR 34, GCMR
43 uag GCMR 44 @u15a1939lue s Pikovskaya's agar
fviiu tricalcium phosphate \uuvdas efiunidnoamald
withinuadlaseulplaiiuuemsifieade uansithianse
azaneneaala (Figure 3, Table 1)

3.2.4 n15d319n5ndulaa-3-uadin (indole-3-acetic
acid: IAA) N1TNAABUNITAS19NTABULAA-3-LTRN VB3
wuaTiGetomn 44 lolwian WeUsadumnuannsaluns
nangesluuduasunIssyiRulavesiy wuinluuaiisy
18 lelwian fianunsaadransndulna-3-ueddnld lneny
Tgudvuy du sou 9 lalail laun GCWR 3, GCWR 8, GCSR
10,GCSR 11, GCSR 12, GCSR 13, GCSR 15, GCMR 16,
GCMR 18, GCMR 24, GCMR 25, GCMR 27, GCSR 32, GCSR
38, GCSR 39, GCMR 40, GCMR 43 wag GCMR44  (Figure
4, Table 1)

Figure 3 Testing of phosphate solubilizing bacteria on

Pikovskaya's agar showed negative effects.

==

Figure 4 Testing of indole-3-acetic acid production,
positive strain showed halo zone with pink or orange
color around colony

4.4 NAFIUAMANURANIIATIUATEIUIINIDUIINAY
(Root colonized)

Antdentuafiisoun 8 lolatan lewn GCWR 8, GCSR
12, GCSR 15, GCMR 18, GCSR 33, GCSR 38, GCMR 43

waz GCMR 44 9 nauaud@ng q asil n1snsslulnsiau
n1sas19Tnesiswes uaznisuangasluy 1AA Nanamy

a a

780 Weauseluseand nnlunisdaasunisiasyivln

]
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Y9INY WATNITATOUATOITINAY NFIINNIZIUAAUIY
7 Yu wuilelelan GCSR 33 wandadidnsnisengaan
{14 66.67 Woildud (Table 2)

nsuenideanusalisnie (rhizoplane) @11150
wonidesoniu 2 ngu Aenduiliviinanderiutu léud 1o
Totan GCMR 43 uas GCMR 44 amnsaueniionduanlé
2.10x10° Wwadsediadans way 8.60x10° wadseliadans
ARy waznguiivsinadedesas Idun loleian
GCWR 8, GCSR 12, GCSR 15, GCMR 18, GCSR 33 wae
GCSR 38 dauni1suenid ea1nduusiiuseusinity
(thizosphere) wui1vnleleiand UTuiad oif uuindu
(Table 2)

mydaasunsasivlnesiy Inen1sinauenasn
wagddu wudlelaian GCSR 33 darmensinuiniige
wiriy 4.00 wufies uleleanidauenidduies
2.64 \wufuns Falelaaniifinnuenddugeaaie GCMR
43 fANe1IARUEIRT 3.41 WUAWAT UATAINEITIN

Wied 1.38 1wudung (Figure 5,Table 3)

Figure 5 Seedling growth of Jasmine rice 105, 7 days
after planting. A) Soaked in GCSR 33, B) Soaked in
GCMR 43 and Q) Soaked in dH,0O

Table 2 The effect of plant growth promoting bacteria
on germination and colonization

Isolates Seed Colonization (cfu/g)
germination®
Rhizoplan® Rhizosphere®

dH,0 0.67+0.029 0° 0of
GCWR 8 36.67+11.54°¢ 1.60x10%% 2.90x10%¢
GCSR 12 20.00+10.00° 1.30x10%° 1.28x1002
GCSR 15 46.67+35.11% 4.40x10%¢ 7.50x10%0¢
GCMR 18 56.67+5.80° 2.00x107¢ 6.10x10° ¢
GCSR 33 66.67+15.27° 1.90x10% 6.50x107°
GCSR 38 50.00+10.00%° 1.80x10% 7.40x107%¢
GCMR 43 16.67+20.81° 2.10x10% 9.90x10%P
GCMR 44 46.67+20.81% 8.60x1080<d 8.40x107 2

"Means (n=3) in column followed by the same letters are not
significantly different (P= 0.05, LSD) based.
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5. 8AUI1IHANITNAADY

nEanITLeNLg euuATiSeaNnAuLS uTeUIINGY
vwlaislseln anwnsausnideldianua 44 lelaan Tned
wuailisaunsuuan 10 lolaan wuafiiseunsuau 32 loly
o uazwenfluuuaiise 2 loluan Ssaenndesiunuide
994 Soderberg hagAue [10] Algvnisiiudied1eiiu
UTHIUTOUITINAY 11 79879 NWUAINYAT LazyiinIs
uonuuafiselagldivaila community-level physiological
profiles (CLPP), direct soil tag cfu-PLFA techniques
nul wuediiseusaseuniwdulraiunnsuay

nsnageuAnaLTAn1sasaIsBneslsnes n1snIa
Tulnsiau nsazateweawn n1sasisgesiuy IAA Lazns
NARDUANLANTAIUN TANES NS AUlRvR Y N1Y
nagauN1sasNaIsUsznaudneslsnesuueinis Chrom-
Azurol S Agar wuifluuaiitsy 28 lalatan and1uIu
wupfiSetonuaiianansaesyuuemsile Taed 9 lole
wan Aanunsaniglifuasivdsudvesomslddudign
laun GCWR 5, GCWR 8, GCSR 15, GCMR18, GCMR25,
GCSR 33, GCMR35, GCSR 38 wayg GCMR4 3 ‘ZTIQ‘\]zWU
dnvagseulaladifloulafindos duvidonna desmman
\unssidianuddydmsuianssuuunuedduuaznis
\W3nesduv3s winudluannzamnudunsauaiidy
nan smmdniiauanansalunisazatefiaiunn Faty

qauvsgiadiundnluldlaenn [11]

Table 3 The effect of plant growth promoting bacteria
on plant growth

manadeufuanTinisesslulasiaunuuaiise
Nanun 44 lolwian I 8 lelganfianunsataiglavueims

a

NFM wagtUagudves bromothymol blue andidendud

v
° a =

i3 uagdl 1 lelwian fanansaissaldulianinsaudeu
dvo4 bromothymol blue 91n& 1T e ud v iuld
wuaiiBefiaunsadeudemsldiuiionnaniaase
3afelulnsauanduvsseniauasideulieylusy
a1sUsgnovlulasiau loun wenlandisn (NH™) lulasv
(NO?) uazlumsn (NO®) [12] answaniidanuduuadios
USurauanwed wud suddudiameslueins fe
bromothymol blue 9nddeadudunsuld warlunis
nadeuANNEINsaazateveavn wuildduueiiiseloly
anlaaeiarusaazateneaiald wid 17 lelaian
ﬁaﬁmsmﬁaguumms Pikovskaya's agar sl tricalcium
phosphate tduuvasedunidvoanala wazainnig
NAFDUNITHAANIABULAA-3-UaTRA (IAA) WUINTLUATILSY
19 Tolman fanuseadrsgesiuy 1A 16 lngloloaniingn
unignfo lelotan GCMR 43 a1unsandnld 145
Lilasniusefiaddng Fedonnrdasiuiuideves Inthasan
wavane [13] 7 b w1n15AN¥INATOILUAT LS8
fianunsandn indole-3-acetic acid (IAA) donsia3aydiuln
wazUTinasnemnavesmin Tnenuinsldideuuaiise
Brevibacillus agri fansnsanan IAA I¢gada 126 lalasniy

fediadans dwalvinsnddnnuludedu Augs Aue

570 dwmdnas drinuienalugiuuilofulardiueeasin

gendlelelandu 9 N1IVAROUNITATOUATBIUTIIUTOU

1

= £y

- A o N N wa
FINNY LHDUILUANILIY 8 1@1‘&@@ WﬁJﬂﬂJaNUWLU@QW

T

Isolates Length (cm)? Weight (mg)”

Root Shoot Root Shoot
dH,0 0.31+0.02° 0.93+0.03° 0.08+0.02"  0.08+0.01°
GCWR 8 0.99+0.87" 3.01+1.34° 0.04+0.01%  0.05+0.01°
GCSR 12 1.58+1.34° 1.96+1.73° 0.02+0.02°  0.03+0.01°
GCSR 15 2.17+0.84° 3.10+0.87° 0.20+0.04*  0.07+0.01°
GCMR 18 1.51+0.48> 2.70+0.55% 0.09+0.02°  0.08+0.01° -
GCSR 33 4.44+2 24 2.64+0.37%° 0.13+0.01°  0.12+0.01° iy
GCSR 38 3.81+2.50° 2.82+0.95%° 0.12+0.02°  0.08+0.01°
GCMR 43 1.38+0.67> 3.41+0.53° 0.18+0.03°  0.07+0.01°
GCMR 44 1.12+0.82° 0.68+0.21° 0.03+0.00"  0.02+0.01'

nsluwuailiseduasunissyAvlavesiviian uius
Wa AT 1IWus 9199190 8nugd 105 10 wiaan
24 Flusneuugn wudlelean GCSR 33 windaddne
NM390Ngegads 66.67 Woddud luvaiuaaililisuie
Ssn1sseniies 0.67 wWesidus nsfiesidusinisen
snflesnudaiihuvegeudundaiugandsaicves
= 2 v D & a a =
wnensnsdaiuliviudind nsueni@eannuinaiasniy

wud1 lelelan GCMR 43 anwsauenidenduinlianniign

89 9.9x10% cfu st MtNgIN 1 NN @IUNISHYNLTBAINAU

Y Means (n=3) in column followed by the same letters are not
significantly different (P= 0.05, LSD) based.
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fanuensnnniiganiniu 4.44 wuies wileleanid
ANEIEIFLTREY 2.60 wuRwes dvleleaniidanue
a1 ugagane GCMR 43 ANgaIR ugede 3.41
WURAAS WATANEITINTAEY 1.38 1WURLWAT dOnAADY
fUsunnaeIvas Rongsawat [14] g aldvinnisuenide
wuATISEALATUNTRTYAULATEINYIINGAY 2 YA uazyh
negeulszansnmlunisaseunsessindnlnainseu
(Zea mays L) laglduuailiseaaasunisiaseydulave iy
18 lolaan nuimnlelaaniisednsamlunisaseunses
sinbauansneiu laglelean A7 dusz@ndaanlunis
AseuATIT NN anlasiusinande 5.73 X 108 cfusle
n¥u Tuvaued Kongpet [15] lvinisdadenuuniiise

o

fiondeegiusiniiwainaulgnitvaneg uduau 23 lely

1]

v

s 9nduihumageuiiomlelaaniiiiuszdnsnnlunis
A 1 d’l a a
ATOUATEIIINUZLITBWA Wulndauuafiiieloluan B2-1
ATRUATRITINUEIalAAnIlolaandu Tnedusuiu
Wanlorduag uTiuInuziama 5.2 x 10° cfusiensu

wanlolaanlifianuunnsvealited Ay vnata

6. unagy

nswendenuasennAuuTnTeuTInduuliflse
U1 annsaneni@oladvisvun 44 lelgian Inadiuaiisy
unsuuan 10 lolgtan wuadilsounsuau 32 lolgian way
wopRlukuavise 2 lelian n1seaeuanaud@lunis
duasunisasyiulavesie wuinduuaiise 28 lelyan
Nnsassansusznoudinesisves 8 lelalan aunsansa
Tulasiauaineiniale WiduueiiSelolaanlafiaiunsa
azaneneaala 19 lelalan Nawsaasiseasluu 1AA 19
Inglolaaniingnuiniignfo GCMR 43 anunsananle 1.45
lulasnsusiodidans loloan GCSR 33 dewalionsinissen
TouuandMgn n1suwenlieanusaiasniiy lelean
GCMR 43 anunsousni@ionduanlauniianta dauniswen
F .o a aa ¥
WoanAuusiiuseusiniignuimnleleaniuiunanie
LN

a o q’j dy v v d’l v

1nns3Telunsadarnisaldidudeyadesduly

= ' A oA o a a
ns@nwregeniioAnidonleluaniiiiusz@nsnmasgan
Usuldlumsdsaiunisasgivlnvesity wise1aungedl
AauURlanAuau1e inlduduieiinussdnsam

geanlunmsduasunisasydulnvesigseold
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