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Abstract

BACKGROUND: Rhizosphere bacteria may improve plant
growth and productivity both by supply nutrients and
hormonal stimulation. Although many experiments have
shown improvements in plant growth with inoculation of
bacterial cultures to the rhizosphere, the main obstacle in
the applications of plant growth promoting rhizobacteria in
a large scale is the inconsistency of the results. We tested the
growth promoting effects of Azospirillum and Methylobac-
terium strains on red pepper plant.

METHODS AND RESULTS: Red pepper seedlings were
grown for 25 days in a growth media inoculated with 4.
brasilense CW903 or M. oryzae CBMB20. The seedlings
were transplanted and grown for 45 days in pots with soil in
a greenhouse, at half the recommended level of fertilizer.
Bacterial culture, 4.0 x 10” for 4. brasilense CW903 and
5.8 x 10* CFU for M. oryzae CBMB20, was applied in root
zone soil periodically every 10 days during the experiment.
Inoculation of M. oryzae CBMB20 significantly increased
the red pepper plant growth in terms of leaf number, height
and mass of shoot, or root mass compared to uninoculated
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control plants. Although beneficial effects of A. brasilense
on plant growth of many crops were observed, the growth-
promoting effect of 4. brasilense CW903 on red pepper
plant was not found in this study.

CONCLUSION(s): The factors responsible for the irregu-
larities in plant growth promoting of rhizobacteria are
difficult to elucidate. Extensive inoculation experiments in
the greenhouse and in the field should enable us to define
the factors critical to obtain successful application of plant
growth promoting rhizobacteria.

Key Words: Plant growth promoting rhizobacteria, Azos-
pirillum, Methylobacterium, Red pepper
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A= A AAA R g gds] X13H 1 9l (Kloepper
et al, 1989; Bashan and Holguin, 1997; Vessey, 2003;
Lucy et al, 2004; Bashan and de-Bashan, 2005; Wu ef
al, 2005; Rai, 2006). -¢-2utetoll A i E7kellx] de) 24414
o wAES AL wjekste] sflel E8ata qlomn, A4F
AR TGN E AHEEl AAad, AEER1ER
| T wEE fErdEel diste] FHelst Aok i
WS AlEskal vk 28y A7 ol E mAES ARl F
¥ Agele W s E AW v 295 gA
& g e A Akl 719 gls Aol webd A
oA Akl §EBES AAl FHEFAN ALt T
RE G Ve Adshe Alo] w2183 AR o
Atk

Azospirillume 74 AAZ 2 theFst x4 o,
St 28 7 e el 2 Eokl AAlshs
b, PAEREEA EAA ] &8 Thsst slo® dy B
axo] gtk (Okon and Kapulnik, 1986; Sarig et al,
1986; Burdman et al, 1997). Azospirillunr®- 2211765
T, AEAETEE IAAS APk Zlow wEislt
(Okon et al, 1995; Bashan ef al, 2004; Kim et al, 2005).
Azospirillum®) &l e a8 37 71
b Tl ® s = A oW, Azospirillum®) HEE
Tl FEEE VA= Q-1 vilf- vheFapAIRE ofA] Zk uhaiA
A 53t F-io] Wi} (Bashan and Holguin, 1997).
SEuEtellA] Bl Edelx Aihuy W A sER A
A5 72be 152N A. brasilense CW903°] 25 3lth
(Kim ef al, 2005). A. brasilense CW903%] H&of & &
nhE, 35, ¥ o AE QSR et TEAES F
- FRIE|S) Ot Methylobacterium?®) 2373571 g7}el| 1]
sto] wlmjgk o]l om, Methylobacterium®}t 37 Z3E 3
S 7% A. brasilense CW9039] 4457 a3h= YER}A|
ot Madhaiyan et al, 2010).

Methylobacteriume- -3, T4}, 2 &4 5-oA &
o, FAPEEEA O] 712 Fete] AEAE S
T Utk Methylobacteriun> cytokinin¥} TAA S} 72 2]
ERALTEET ureased] WS Fte] TS FX9
© 2oz 884 9ItHOmer ef al, 2004; Madhaiyan ef
al, 2006a). =3t Methylobacterium®] *&"8735% &=
A ZAH 2] ethylene /394 E4:Q] 1-aminocyclopropane-
1-carboxylate (ACC) deaminase®] &, siderophore 4
3, FEATAC] e ogt Het 7] 52 7%l
71Q18R= Aoz AR QltKldris et al, 2004; Madhai-

A
=2

-

yan et al, 2004; Madhaiyan et al, 2006b).
AEAEE nAES 7 F8a] flsiMe
vheket BEofR R AEe] tiet ol mAES] &l
st ool abH, Fo AFFZ7|A el theh 1 w3 F e
stk 53] A5 FH WA geld AgEdan A
A FRFxRANE Z FAEA] Fehs olf7h FelIA
gk A77F Fesith 2 dATelMe ZHel HE A
brasilenseSt M. oryzae®] 15-2] Aol nx|= J3FS XE

A2 Bate] zabalgk
ME %

WAL 1/2 Ajapelr] 1] el mA= 4
WGERYE A brasilense CWI03 "2 M. oryzae CBMB20
FTENE EEANPOE AL,
aFA e AR Bk AE AN 5 WA =
¢ QA< 57} sk Aol A AF ekl o, AkFA
A Q1 Y%d8(coarse loamy over sandy skeletal, mixed,
mesic family of Typic Udifluvents)©.% o]g}a}4] 54
Table 13} 79tk

AEAGEFZNYER Eddol|A EE|st A, brasilense
CW903¥} H &7]IA &ls M. oryzae CBMB20< AH&-
SIATHKIm et al, 2005; Madhaiyan et al, 2006). A. bra-
silense CW903% M. oryzae CBMB20= 717} yeast ex-
tract tryptone sodium chloride "}#|9} yeast and malt
extract peptone W|A|E ©]g3ato] 30TColA 120 rpmOE
A wjeFstelon, 47k 40 10° 9 5.8 10° CFUS Mok
g Aol ARt

skt B APAAM 225l oiEh AFAHIR] 22.5-6.4-
10.1 kg/10a9] 50% o 24, g4, dipiels
ARgste] Aelskglon, Ful= 1,000 kg/10a TFoE A
glaplth 15 FE A4 1579 Holl siehlae HulE 5
mm Aol FHAT Eoel] T TG oH, AeE E
% 2 kg& st A4 o7k 2447F 17, 12, 13 em$) 22}
2 X Eo] Aglrk

Aol ARgE 1= A
o, AE kel AT FAE Bl sFste] 259
S FESRIHE 3 109 F Rl 2 vAE v 5
mLE H7FISlth tix7-8 15 §EO Aol Ha
oS Ae]stsirk

A. brasilense CW903 A2]7-8} M. oryzae CBMB20 *
2l g Aokl S Aeet tixTE o] ZF HeEE

X
o=

of\r fol

Table 1. Some physicochemical characteristics of soil used in the experiment

Organic Total Available Exchangeable cation
pHis ECis matter N P,0 Ca Mg K CEC Texture
dS/m g/kg g/kg mg/kg = - cmolc/kg -----mmmmmmmmmne-
6.2 1.0 23.0 1.3 169 6.2 0.93 0.78 6.14 Sandy loam
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Table 13} 294t} A. brasilense CW903 HFA2loAl= o
e} vlasto] 243 G AR B oA Sl A
o|5 HO|X| Akt WA M. oryzae CBMB20 &4 2] ellA]
T 39 Aol o S FAlEE Aow 2ARE T
M. oryzae CBMB20 HEA 2] a15-2] 233} ot
s} wisto] 247} 27.5% 2 61.1% S7Hst Avjelw, Fig. 1¢]
A E Sl e} o] FRIE A AlolE #EE & U
. M. oryzae CBMB20 HEA 2ol G52 T7HERE ofy
ek A 5t izl Hste] A8 2 2E & 5 Stk

A F 4593 ZAMIM = M. oryzae CBMB20 754
2]9] 735 thxe} Hlsto] a9 2R AP ATl
717} 14.9% B 29.8% keIl o, He] AAFE vt
s} wlste] 22.1% S7Fe 2 O® Uehgti(Table 2, Fig. 2).
A 5 2092F AR} wlwshd theTteke] A Aje]
7} 91k 24439349 M. oryzae CBMB202] 115 A5
3R A4 F 459 EAA R KA A el
o} A. brasilense CW903 #EA 2] 2] Z-¢-oll= 2092k 24}
Ao} v R tiztel Blaste] o] A g
Z &3k s vehdA ofskth M. oryzae CBMB20 #2]

Fig. 1. Inoculation effect of A. brasilense CW903 and M.
oryzae CBMB20 on the growth of red pepper plants 20
days after transplant. The plants were grown at 50% recom-
mended levels of chemical fertilizers and organic manure.
Left: A. brasilense CW903, Center: M. oryzae CBMB20, and
Right: Control.

Table 2. Effect of plant growth promoting bacteria on the
growth of red pepper plant. Growth parameters were mea-
sured 20 days after transplant and each value represents
mean of three replicates per treatment. In the same columns,
significant differences according Duncan's test at P<0.05
levels are indicated by different letters

Treatment Height of shoot Number of leaf
cm ea
Control 16.742.3 a 11.0+1.2 a
A. brasilense CW903 15.7+1.2 a 9.7+12 a
M. oryzae CBMB20 21.3+0.6 b 17.7+18 b

Fig. 2. Inoculation effect of A. brasilense CW903 and M.
oryzae CBMB20 on the growth of red pepper plants 45
days after transplant. The plants were grown at 50%
recommended levels of chemical fertilizers and organic
manure. Left: Control, Center: A. brasilense CW903, and
Right: M. oryzae CBMB20.

O] B 3FY AV A o} B AR dAE]

=77 9P A, brasilense CW903-2 112 ¥e] Ao
T G mAA Zgk AoR eyt

T T AAAEIAE HE AFA o] A
e} 2ol A. brasilense CW903>- 152 S ZXIA]7]
2] 53k W M. oryzae CBMB20> 4] § 45Ux7kA] 11

o S Fole ST AR ERlEgit M
oryzae CBMB20 A2jollx] 115-9] Hte] AYA|Fo] the A2]e]
nlste] §A3] Skt A9 13l M. oryzae CBMB20
o] 3 SR mayks el eyt v WAs A
H Zow dddny fel WS dAs] FUAoRN &
IR FE S7PIZIAL L A A Aol v A
glof vlsto] FulE Ao F58 5 gk 1 Al o
kS |X|R| B3 A. brasilense CW903 ##] 9] 74¢ 1%
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whebA ] el kS mAA| XSks A brasilense
CW9032 11520] A A= sk ads 23e &

= Aow FHHh

M. oryzae CBMB20 HEA el w 15 A58
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Table 3. Effect of plant growth promoting bacteria on the growth of red pepper plant. Growth parameters were
measured 45 days after transplant and each value represents mean of three replicates per treatment. In the same
columns, significant differences according Duncan's test at P<0.05 levels are indicated by different letters

Trsmn Yagi  Tembs  Rehocg ek wgh
cm ea g g

Control 36.3+0.6 a 96.0+5.7 a 39.2+4.6 a 249+2.7 a

A. brasilense CW903 35.0£1.0 a 97.0£9.6 a 33.5£3.4 a 21.1+£21 a

M. oryzae CBMB20 417421 b 130.1+3.1 b 50.9+6.2 b 30.4+3.6 b

= AATelME gRle vl QlEH|, M oryzae CBMB20>-
TR o2l A, brasilense CW903 5-i= Burkhol-
deria pyrrocinia CBPB-HODS}S] Z3AF oML 1159
A4S dA8] S7HA%tHMadhaiyan et al, 2010). &+ 4
Tl AH-SE M. oryzae CBMB20<>- IAA$} cytokinin
2Hs# 9 ethylene /4 A2l 8491 1-aminocyclopropane-
1-carboxylate (ACC) deaminase &/J¢] ¢-8+ 7102 g}
&4 SlthMadhaiyan et al, 2006a, 2007). Cytokinin<-
7150l dEls: FX51 IAA 4] Slof] AlXE2] Edo] F
= (Davies, 2004), ©]218F 242 EoFo 2HE|9] &3}
G FrE THA7IE A9 vehdth web M oryzae
CBMB20°] 2|3 TAA S} cytokinin®] A4k ek 2HEo] A
ol S84 Y= vAA B M. oryzae CBMB20=
AES 15 5] IAA 9 cytokinin S AR 27
HAE fHol nste] IAA T 14% T718I%aL 53]
cytokinin g 28 o) A vERtoH, o] d S
A2z S7keh A a5 F2e) o] dA3] Srtsk
T A0® ZATHRyu et al, 2006). Cytokinin®l B]3}
o TAA 3ol A os Ui sow ] Algo] Ay
T 3¢ 133t (Leveau and Lindow, 2005), M. oryzae
CBMB20 #& A3} IAA] H]slo] cytokinin o35 @A3]
ST ZA e X1 5 Sl Blo® okt
theFst 250 ol WA= A. brasilenses WA
Ao KM AEALTEE IAAS AWIshs 2o 1
A S)tiOkon ef al, 1995; Bashan ef al, 2004). & A9
A AMESF A, brasilense CW903>- AT 5S 717 5
ol TAA Ak Fate] e Ui Fxlshks Zlow A
ATl vl ATHKim et al, 2005). 55+ Azospirillum
AT ASSTHAEAES T oZHA 745
YAES FUAIaL AR or HEETE ST
A4} ®HarE|oI9)tOkon and Kapulnik, 1986). 1
1} Saubidet “5(2002)2] A7-ollX= Hol| A. brasilenses +
THoEM BAF L FFo] SRR el

S7FhR= & A. brasilense®] A1 07 A FH0]
717 wiolgta AMaleitt. Madhaiyan 5(2010)9)
ATAINE B, 1Fof et A brasilense CW9033} M.
oryzae CBMB202] 457 vt AldellA v3E ozl
H|3}o] A. brasilense CW903 WEHFA g olM= AFEH

a7t velE o M. oryzae CBMB20 ©5x{E]= 15
o) S AA3] FAAALE 18] M. oryzae CBMB20°]
A. brasilense CW903< =3 A3t Z-folle= 152 A%
o] M. oryzae CBMB20 W=A2] ¢} FUslo] A. brasilense
CW903e] HEa7F vFER A edoret. He] s A4
7]% ethylenes> ACC synthase, ACC oxidase 52| &
of 9] =241 L-methioninedmZHE ACCE #A &
Atk M. oryzae CBMB20< &3t 2] &4 vtg2]o}e]
ACC deaminase®]l 9J3l] 21532212 ACCY] §#& 7} ethy-
lene®] o] dAjs| 7hask= dido] B84 SlthMadhai-
yan et al, 2006a). 1] Canola el tist A3 elA|
M. oryzae CBMB20< #&5 4% thx70l vlate] Hejd
o] 44% o) S71sk WhH ethylene 8742 35% FhAst
Ao F ZAE b 3tk (Madhaiyan et al, 2007). webA
M. oryzae CBMB20° &J3 4A¥ ACC deaminase:
ethylene®] 21878 oA 285 aapzow AT 5 9l
© A0FE ATy A brasilense CW903% M. oryzae
CBMB209¢] 113 4457 a3} zto]li= ACC deaminase |
g ool GJaia AR AR T gl Aol olgh
ATANES HY A brasilense CW903°I1Y} M. oryzae
CBMB20°| B5F A=2] S H3T + 3= vdEolA
Tk tpeFst Bz M. oryzae CBMB20©] K.t} QFY %]
Ql ARER aE W Qe slow dAddnh

A. brasilense®| 2 AAEZ Gt 19 A4 AN
o] FujglelA Wol BuEo] QI Bkl & AT
A A. brasilense CW903 #&0] 115-2] Aol 5 nx
A 55t olfrE FOI7R AEAAEA A ES A8slehe
Al 7 2 deER A8shs v AEE 8
o] AFAolA| ey wek 11§59 50| BUFssthe
Aotk 53] QoM ® Aadt vk} o] FUd wE A6
o Aol 2E TR Az e RS &3
7b s e Aeob 28R 19t A9t £3] vehdar Sith
o] Hojd AEAAFInIEY] Gk SEAoE
AR 52859 AE7)2e|A Folof & Zlojrt
Auxin, gibberellin, cytokinin, ethylene 5-¢] T =& 7}
7] FAAR 7leE 7 QAL ol SEEES AUe
ZF 9 A AES Foto] AEe] A o] 9% WX

{0

d

o =X T
ok ol& £0] IAAY] 7% 1 nM FEellAe 7o e
& Fsht 1 pM FEelME s8] et AT
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H, IAA A v ES AP A mAE] izt nlsto]
Hepigo] AU TAA AR ES I AT ¢
P Aol slEtKMorgenstern and  Okon,
1987; Leveau and Lindow, 2005). 3 auxin, cytokinin
% ethylene ¥ g¢3} AEdds 24chs 2% 32
wZolct. 2 EAol|A ethylene $Hgo] W 74 HE|xgo]
HAE, gtz AFEE7E W o)A ethyleneo] W
o] A el o] oJAETMa, 1998). Auxin¥}
cytokinin ¥52-8-2 % ethylene BA< Fxshd, 2=
auxin¥} cytokinin®] #-8-3} &3 ethylene®l] 23] A+
ZA ¥ TKStenlid, 1982). F3F Wof| thate] ofy 714 A&
AR eSS A A, el A cytokinin}
TAAS] AFehA Q1 u]grol] WAsHAl FaE wekor, JAA §
Fihs 5o AAIAlE B9lAl cytokinin EFe] FE Gl
= A0 =2 YERtHHussain and Hasnain, 2011). A%
M2l auxin YA} el A 9] cytokinin B4 T ell=
Fel g5 a-go] EAshH, olefgt 2 z-go] A9 e}
P A Aele] #8E AR o Aow ¢
Z SItHBangerth et al, 2000). Wb 4 71A4]9] 54 &
2x o] 8 w1 AA%e S48 ol
wshal Zdfeks 21 A o ® EpgelA] Eek o] AL
o]t
2 ATl M oryzae CBMB20°| 11532] A& 31
St WP A, brasilense CW9032] HE a2/} YJeRA| b2
AL AEAYE] NE g=220] Aolssd 72t S22 Afo]
o] sG] A= At FAIAE g ols 2ol H

N

I,

£

oI TEE AYS Folo] HEAFS HWskE
E34E wolab] ol oldd FA ARAFEANNE
o] 483l b shasiolor 3 2

e
2
rO
_ti_!l
24
)
=

a2 E

AEFAAEZNYE HEa Y AlSolM A. brasilense CW
9032 1172] S SXIATIA] X3 W M. oryzae CBMB20
& A $ 4592 aF0] S T FXA7)E
RO R FRIFITE M. oryzae CBMB202] 115 AA57 &
v )] ) wle WS AdE Zow JERe
w, Bg]e] didte| we} 3 oY Fvt sUkek 1 4
I AP o] e Aol vlste] SR AoR F53
T ek ATl 2 7 ZE] AFS FAAE T
i Ao7 wslA QAT B AFA = A. brasilense CW
9039 1FALETR Gt HAER] sk

A% Fssti Ay Qb ke BHle % Aol
£ AE PSR SR 28] olelg o)
o Webd 289 A4S 24 5 e 2ANAES] £
AEANN AZ Thseka Ay oGS uIsHe
e 4% EFBREANT AT olF A8 29 4%

Sas) wiAel J1s B9e] Bew 2ad di A7k 7
Ao o]0l Aol B Holt.

A =2
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