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ABSTRACT

Increasing of Rice Yield by Using Grorvth Promoting Endophytic Bacteria from Srvamp Land (SNA Fitri and
N Gofar): Swarnp land has can be used as a paddy field that *itt u" potential as a rice rour"" However, this land has
some limiting factors such as low fertility. On the other hand, continous used of inorganic fer.tilizer to improve soil
fertility will also have sonre disadvantages Therefore, an alternative method as fertilizers complement is needed.
Biofertilizer is potential to be developed. Previous research had succeeded to explore and selected some bacteria
flom rice tissues grown on swamp land. That research had found two bacteria Consortium were named as Growth
Promoting Endophytic Bacterial Consortium (GPEBC). The aims of this research rvere (l) to evaluate the effect of a
GPEBC population density and a level of N fertilizer on plant N absorption, and rice yield in the su,amp soil, and (2)
to find out the optimal population density of GPEBC and optimal dosage of N fertilizer on plant N absor ption and rice
yields in the swamp soil. The research used a factorial completely randomized design with 3 factors and 3 replicates.
The first factor was a kind of GPEBC which consisted of Consortium A and consortium B, The second factors was
population density of GPEBC which consisted of 0 CFU ml,'r, 107 cfu ml-r, l0e cfu ml--r, and 10n cfu ml--r. The third
factor was N-fertilizer dosages which consisted of 50vo of plant nitrogen necessity (equivalent to 57,50 kg N ha-r),
75voof plantnitrogennecessity(equivalent to86.25 kgNha'r),and l007oof plantNnecessity(equivalentio l15kg
N ha-r)' The research showed that GPEBC of the Consortium B had a better;ffect on rice yiels than Consortium A.
The population density of 107 cfu ml--r of GPEBC increased the growth and the yield of rice grown on swamp soil,
Treatment combination of 75vo of plant N necessity, and l0?cfu ml--r of populatioi, density proiuced the best produc-
tion of Consortium B (GPEBC) for rice grown on swamp soil.
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II\TTRODUCTIOI{

Swamp land ("lebak") has a high potential as a
rice resource according to land availability. There is
about 1. 1 million hectares swamp land in South
Sumatra, and from this arca only 2Bg ,637 hectares
are used for rice cultivation (BpS 2005). However
this land has some limiting factors such as low of a
biological, chemical and physical ferlility. Lebak is a
flatting topography area where located in both side
of rivers. This area is flooded during rainy season
and the flooding is not influenced by water sea level,

Paddy is very importantcrop in the world. It is a
staple food for 70vo of world population. paddy

demand increases because of the increasing of world
population (Britto and Kronzucker 2004). Increasing
of rice production in marginal area should be
developed by applicable technology such as
application of indigenous bacteria especially
rhizosphere microbe that live in plant root systems,
Those bacteria have some disadvantages such as a
low ability to adapt in a new environment (Kimu ra et
el, L992), Therefore, &n endophytic bac terta is
developed, Those bacteria live in plant tissue but it is
not parasitic to host plant even it is useful for host
plant (sturz and l.{owak 2000). The endophytic
bacteria can infect host plant not only by root plant
but also by flowers, stems, and cotyledon (Zinniel et
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sNA Fitri and N Gofar: Growtrt promoting Enclophytic Bacteriafrom swantp Ind
el. 20aD. {Jsing endophytic bacteria as a growrh
promoter all at once as a nitrogen (Nr) fixation can
be an alternative technology that **. friendly to
environment. '

Thakuria et al. ea\q reporred that application
of bacteria as bioferti lizer for growttr promotipg has
some advantages such as nutrients solubilizers,
growth hormone productioo, nitrogen fixation, and
activation of disease resistant mechanism. Tan and
zou (2001) reported that every high plant has some
endophytic bacteria rvhich can produce organic
compounds or secondary metabolic, This
phenomencn is caused b1, co-evolution or transfer of
genetic second ary metabolic frorn pla't host to
endophytic bacteria,

Nitrogen fertilizer is an absolutely agriculture
input that has to be applied ro achieve planr high yield
in marginal land. However, the efficiency of N
ferttlizer is low (Hossain et crl. 2005), for example i'
rice cultivation N that could be used by rice plant
was only 60To from l'{ application (cassman et al,
l ggg),

Boddey et al, (1995) reported that in B razil,using
N" fixation bacteria r,vhich was isolated from ,unui
cane rvith certain cultivars decrease half of"r;ltr"g";
that was reqllired by plant. Those bacteria fixed
about 150 kg I{ ha-r per )/ear. Setiau,ati (2004)
reported that dry rice plant that was inoculated by
gro\\/th promoting endophl,tic bacteria Consortium
(GPEBC) could decrease the Ir{ fertilizerapplication.
The optimal dosage of GptrBC should be studied
because the endophytic bacteria need to adapt to a
new environment. Moreover setiawati (2004)
argued that the highest nitrogenase activity was
produced by 10'rr cfu mL'r dosage of GpEBC in
Ultisol. Gofar et al. QA07) evaluared and collected
ro*ri GPEBC from lebak in South sumatra. They
reported that consortium A (consisting of
P s ettdolltot'tns floure s c ens, Kl eb s iellct p enelmrcniae
and Entrobacter aerogenes) and Consortium B
(consisting of Pseuclofttonas aeroginosa, p.
dintinuta, Klebsiells pneumoniq, and BrtlkltofuJeria
cepacia) bacteria consortium had a high potential
as GPEBC.

The present study was undertaken to: (1) el,aluate
the effect of popularion density of GBEPC and N
fettilizer to the rice yield that cr-rltivated in t6e swamp
soil , (2) find out the oprimar popularion de'sity oi
GBEPC and optimal dosage of N fertil izer- I'or the
highest rice yield,
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MATERIALS AI{D MtrTHODS

Preparation of Soils and plant

The rice (ciherang variety) was cultivated on
pots. Soil as medium were collected from swamp area
located 5 km from palembang, south sumatera. The
soil was prepared by drying and filtering, each pot
was filled with 10 kg of swamp soil

Experimental Setup

The research used a randomi zed completery
design with 3 factors and 3 replicates. E'erj,
experimental unit was set duplo, so this expel-iment
totallyused 144 pots (2 x 4 x 3 x 3 x z),Thefir-sr
factor was a kind of GPEBC lvhich consisted of
Consortium A and Consortium B that was collected
by Gofar et al. (2007), the second factor \vas
population density of GPEBC which consisted of 0
cfu ffiL-r, 107 cfu mL-I, 10e cfu rnl-,-r, and 10r cfu
rnl-r, the third factor was }rl-fertilizerdosage in which
consisted of 5 07o of plant N need (equivalent to 57 .50
kg N ha-r),7 svo ofpla't nitrogen necessity (equivalent
to 86,2.5 kg hl ha''), and r\avo of plant nitrogen
necessity (equivalenr ro115 kg N ha -r ),

The observed parameters were: ( 1) soil
properties such as pH (Hro and Kcl), c-organic, l*i_
total, P-Bra)/, K, Na, c&, Mg, catio' iup acity
Exchange, AI, H a'd Al, (z) 100 seeds weiglit, uno
(3) yield and percentage of empry seed.

Data Analysis

Data were analyzed by analysis of 
'ariance(ANovA) for significance difference (p < 0.05) and

least significant differences (LSD) resr ar p
were used to separate treatment meAits for-'ll
properties,

RESULTAI{D DISCUSSION

Soil Fertilitv

In gen ,r'ul,soil which was used in this experiment
was categotizedas a low to medium fertility soil. This
criterion had been shown by high soil acidity , low of
K-dd and Ca, low of Mg. While, C-organic content
was categotized as medium, total N and available p
content were categorized as medium level, Cation
Exchange Capacity was categ orized as medium, Na
was categotized as medium, This 

'esult 
was parallel



Table 1. Effect of inoculum type, inoculum density
and N dosage on the rice yield

Treafinents Rice yield (g planf t;

Kind of Inoculum

Consortium A
Consortium B

Inoculum density (cfu mL-r)

0

107

10e

10r 
r

N dosage ( Vo plart need)

50

75

100

60.37 a

64.s6 b

54.68

62.57

67,0L

65.61

56.53 a

68" g7 b
61,92 a

Note: Values with different letters are significanily different
according to LSD test (P S 0.05).

to result of Subagyo (2006). I{e ieported that lebak
soil has pH 4,0 to 5,5, macro element content was

categorrzed as low and medium.

Rice Yield

Each bacterial consortium, their density and
dosage of Itl fertilizer affected significantly all rice

f ield component, except for the percentage of empty
seeds and there was no interaction among them (Table
1 ). Yield of rice which was inoculated with
consortium A produced less yield comparing to yield
of rice which was inoculated with consortiumB. Rice
yield rvhich was produced by control treatment (no
bacteria consortium inoculation) was the lowest,
while the treatment with consortium produced
significantly higher yield than in a control, except
for 107 cfu mL-' density of bacteria. Isaac (IggZ)
reported that soaking seed in the highest density of
inoculants would increase infection probability of
bacteria to seeds. Because there is osmotic differences
between seeds and high density of bacterial
consortium suspension, as a consequence the bacteria
is pushed into the seeds via pedicel. Setiaw ati (2004)
also reported that 10'r cfu ml-'density of bacteria
produced the best effect on growth and yield of dry
rice because of this density gave the highest
nitrogenase activity. Our result showed that the higher
density of consortium, the higher the yield of rice.
Inoculation of 0 cfu ml--l, 10t cfu ml--r, and 10e cfu
mL't indicated bacterial consortium inoculums has
mutualism symbiosis with the rice plant.
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According to Morris (2001) and Gofar (2004)
plant tissue was an optimal habitat for pathogen and
also non pathogen rnicrobe. Benefit effect from
interaction between non pathogen microbe and host
plant is growth promoting for host plant because the
microbe can produce phytohormone. Furthermore,
Susilowati et al. (2004) reporred that a number of
bacterial endophytic could stirnulate rice and malze
growth via their capability to produce indole-3-acetic
acid (IAA) phytohormone and nitrogen fixation. It
is showed that plant I{ absorption with microbe
inoculation treatment produced a higher plant I{
absorption (Table 2) than control.

Nitrogen Abscrption

The type of bacterial ccnsortiurn were not
affected plant I{ a'osoiption, but the densitir and i{
dos age significantly affected plant i{ absorprion
although rvithout interaction among them (Tabel 2).
De Datta ( 1981) argued that vegetative growth of rice
plant depended on soil nitrogen availability whereas
the vegetative grou,th has a high correlation to the
plant yield, It is reievance to the re,port of Wallenstein
et al. QAffi) that application of 150 kg i{ ha-rcaused
decreasing of microbial as much as 58 Vo comparing
to contrcl" Arteca (1995) explained that IAA
pythohormone included auxin hormone where this
hormone stimulates cell development and cell

Tabel 2, Effect of inoculum type, inoculum density
and hi dosage on the N absorption by
plant.

Treatrnents N absorption
(g plant-')

Kind of Inoculum

ftnsortium A
Consortium B

Inoculum density (cfu mL-')
0

107

10e

10'r

N dosage (Vo plant need)

50

75

100

Note: Values with different letters are significantly different
according to LSD test (P < 0.05).

a

a

b

b

1 .35

T.4I

0,91 a

L.49b

1147 b

1.63 c

r,27 a

7,52b
r,34 a

273



SN/ F'itri

Tabel 3 '

gntlAGo./irr:Grolp{llProttroiiitgEncloplrjllig

Effect of inoculunr 
"'rue' 

inocttlr;rn density

and l"J closage on the tillering'

Bctcterin fi"atn StvctntP I' dti ti

' Tabel 4 ' Effect of irro: 
"' 

' ":-' '

and T{ dosage '-l' 
-"" 

-

Treatnrentsr i '' ' -. r. .-'4d'-,'@ 
Number of Tillering

Treaffienrs 
^-itillq@

Kind of Inoculi'rm 24.94 a
C.onsortir"rm A

ConsortiurnB , 
29'11b

Inoculurn dersitY (cfu rnl-'')
25.56 a

o 26 '56ab
10? 2'7 '83 b

loe 28' 1? b

10tr

N dosage (% Plant necd) 
25.33 a

50 79"7rb
75 26'04 a

u,itli clitferent letters are significantil

LSD test (P S 0'05)'

Kittd oflnoculun
Consortium A

Consorti'trrn B

Inoctrlum densitY (cfu r-t'tl- ')

0

10?

10e

l0tt

N dosage

50
Fa/\

JJ

100

(% Plant nced)
2.i 9 :.

2..9rb
2.65 t

d@"*-*

100

Note: Values ri'ith differerrt letters are

ascording to LSD test (P < 0'05)'

enlargement' Because of that tlie plant

apptied by att*in hormorie vrorild grou'th

tl*Ptring to control Platrt'

Tirisresult\\Iassinrilartoresearchiesultof
Setiar,r' att et at' (2004)' They repofied that seeds lr''hich

were soariing iri highest o.*ityof bacteria consortir;tn

sorution *,oita urrnf-;;; byLndofrtic bacteria rvhere

trre bacteria wo*rd supfort part of N plant neoessity'

It rvas predictecl tha, tiri, treatment also produced the

highesr 100 seeds .r-itrrf ,trlu 4) and the lorvest

percentage of empty "tttt 
(Table 5)

Tabel 3 ' Effect of inoculunr rype' inoctrly density

and N dosage on the percentage of elnpty

seeds.

significantlY cliffe rent

that was

vigorot"ts

Note: \/alues

according to

I\urnber of Tiitering

Tlre type of bacteliat consoriiurnr, tlreir density

and N co,ug. signifi,,"'ry aftected tlre number of

t*lering and there was no interaction among t'eni

(Tabel 3)'
lncreasingofpaddynitrogencontentvilrichwas

inoculated by endop'fic bacteria was rikely to be

caused nitrogen 'uppii 
f'oT bacteria' Moreo\rer' t'e

bacteria also p'oi*ta phytohormone' The

phyto'or*Ju* rri*ututes hairl ,oot production t'at can

increa s e nutrient ab s ;Frf#'i una Kidder (2 0 0 1 )

argued rt u, endophytic basteria co*ld i'crease nitrogen

content of prant rrost. pa,dr.ra ,;;i izool) had proved

thar enaotitic b;i.riu of rAA phytohormone

producti;* *rrirh i, ilocr.rlated to padcly seedling aan

increase plant nitrogen content, out result showed

that the inocurunrr-Jonsortitr* 
*i.robe (t.t cfit mL'

r, 109 cfu m,.,.l , and 1011 cftl m,--l) ffeatment produced

trigher uio*u* th;; control treatrnent especially on

numbet tf tiller (Table 3)'

Fercentage of empty

Treafirents seed (%)

ffid*of-lnoculurn 5.28

5.48

7,39b
4.52 a

5.06 a

4,45 a

2.85 a

4.99 b

8,31 s

Consortiurrr A

Consortium B

Inoculurn densitY (cfu mU')

0

10?

t0e

10r'

N dosa ge (%Plarrt need)

50

'75

Seed Weight

Tlre type of bac]erial consortium, tlreir density

and N dosage sigruflrcr,,,lv affected the percentage

of 100 ,..01 rviglh, uttttorrglt no interaction a''ong

them (Tabel 4)'
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Note: Values rvith dift'erent letters

according to LSD test (P 5 0'05)'

are significantlv differs:':
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