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Abstract

Rice blast disease caused Mggnaporthe grisea Barr (anamorfPyricularia grisea Sacc. synonyn®yricularia
oryzae Cav.) is one of important diseases for rice catton in Indonesia. Five isolates of rhizobactés@ated
from the rhizospheres of rice in Bali were testedtheir effectiveness to reduce the rice blastalie intensity
on rice cultivar Ciherang under green house camditAll isolates were formulated in liquid formulaghich
were respectively contained bacterial suspensidmtefobacter agglomerans Ch2D, Xanthomonas luminescens
Ch3D, Enterobacter agglomerans Ch4B, E. agglomerans Gg14D and Serratia liquefaciens Gh13D. Results of
this study showed that all five formula of rhizotea@ effectively reduced the rice blast intensityrice cultivar
Ciherang. The rice blast intensity on plants tréatith rhizobacteria were varied from 13.96 to4¥36, while
the disease intensity on control was 33.56%. Faaraahtaining bacterial suspensiorEofAgglomerans Gg14D
resulted in the lowest blast disease intensitythachighest yield per hill. The yield incrementuksd from this
treatment was 40% when compared to control. Theslltesuggested thdE. agglomerans Ggl4D is one of
promising candidate for bio-control agent to manage blast disease. However, the field trial isded in order
to evaluate the stability and effectiveness ofrtieobacteria formula under field condition at sevdocalities.
Keywords: rhizobacteria, rice blast disease, disease intensit

1. Introduction

Rice blast disease caused lhagnaporthe grisea Barr (anamorfPyricularia grisea Sacc. synonym
Pyricularia oryzae Cav.) is one of important diseases for rice catton in Indonesia and other rice growing
areas (BPS, 2010, Kato, 2001, Chin, 1975). Thalyieéses caused by the disease vary by areas, dretlve
100% in Japan (Kato, 2001), 70% in China, and 2%-3 Bali Indonesia (Suprapta and Khalimi, 2012), i
South America and Southeast Asia between 30-50%ef®tal., 1997; Scardaait al., 1997).

Three strategies has been known to control thebiast disease such as cultural practice, grow the
resistant cultivar and the use of synthethic fuidgie (TeBeest, 2007; Ghazanéial., 2009; BPTP, 2009; IRRI,
2010). The use of resistant cultivas has been knmabe the most effective strategy, howewmicularia
oryzae has been known to develop the new race rapidlyrtizat breakdown the rice resistance. Thus the fise o
resistant cultivar is limited to certain place aimde (BPTP, 2009). Based on this reason, the uses$tant
cultivar should be combined with other controattgy which is more effective and friendly to grevironment.
One of the strategy is the use of antagonists@sdmitrol agent to suppress the development ofaliast disease.
Soil microorganisms those associated with the diiheres of plants have been known to contribut@any
processes in the soil which in turn may influenice plant growth (Tilaket al., 2005). The interaction of
microorganism and plant in the rhizospheres cowdeéutral, beneficial or harmful to the plant asytimay
cause plant diseases (Husen, 2003).

Several important rhizobacteria have been repateglant growth promoting agent and antagonists
against plant pathogens namely AzospirilJuiitaligenes, Arthrobacter, Acinetobacter, Acetobacter, Azotobacter,
Bacillus, Bradyrhizobium, Burkholderia, Enterobacter, Erwinia, Flavobacterium, Pseudomonas, Proteus,
Rhizobium and Serratia (Kloepper et al., 1989; Glick, 1995; Tilaket al., 2005; Naureeret al., 2005;
Egamberdiyeva, 2005; Bhawsar, 2011). Kkaal. (1997) reported that antagonistic rhizobactégtnoplanes
spp. could control the fungal disease causeByblyium ultimum on sugar cane. Huang and Wong (1998) found
that Burkholderiacepacia A3R could controFusarium graminiearum on wheat. Burkholderia cepacia PHQM
and Pseudomonas fluorescens VO61 was reported to be effectively contfalsarium sp. andPythium sp. on
corn (Hebbert al., 1998). Lewis and Larkin (1998) report€hdorrhinum foecundissinum could be used as
bio-control agento control pathogenic fungPhythium ultimum andRhizoctonia solani on egg plant and chili
pepper. Bacillus spp. could control the pathogenic furighizoctonia solani andGaeumannomyces graminis var.
tritici on wheat (Rydert al., 1999). Other workers reported that Bacillus disbBACT-D could control
Pythium aphandermatum on tomato (Utkhedet al., 1999) whilePseudomonas fluorescens VO61 could control
Rhizoctonia solani on rice (Vidhyasekaran and Muotiten, 1999). This study was done in order to thst
effectiveness oEnterobacter agglomerans, a rhizobacterium isolated from rhizosphere of fic®ali to control
the rice blast disease causedHyyicularia oryzae.
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2. Materialsand M ethods
2.1. Isolates of Rhizobacteria

Five isolates of rhizobacteria that are used is tudy have been identified and maintained in the
Laboratory of Biopesticide, Faculty of Agriculturgdayana University, nhamelignterobacter agglomerans
Ch2D, Xanthomonas luminescens Ch3D, Enterobacter agglomerans Ch4B, E.agglomerans Ggl4D and
Serratia liquefaciens Gh13D. All of these isolates have been testedsdmuived strong antagonistic activities
againstPyricularia oryzae on potato dextrose agar (PDA) medium. Their irtbityi activities against the
colonial growth ofP. oryzae ranged from 39.46 to 46.66%.

2.2. Formula of Rhizobacteria

The formula of rhizobacteria was prepared as ¥adloThe formula was developed in liquid type
containing: rhizobacterial suspension (5 mi° O&FU/ml), yeast extract (1 g/l), Tween-80 (5 mifjplasses (50
ml/l) and potato broth to make one liter. This fotenwas incubated under room temperature in thie fdarl4
days before they are used. Five isolates of rhiztelia were used in this study viEnterobacter agglomerans
Ch2D, Xanthomonas luminescens Ch3D, Enterobacter agglomerans Ch4B, E.agglomerans Ggl4Dand Serratia
liquefaciens Gh13D. The formula developed from these isolatese designated as formula A, B, C, D and E,
respectively.

2.3. Green House Experiment

Formulas of rhizobacteria were tested for thefiviag to suppress the blast disease on rice ugdegn
house condition. The rice cultivar for this testsw@iherang, the most common rice cultivar cultidatey
farmers in Indonesia. The rice seed was soakeiiitled water for 24 h, and then was drain up potlin a tray
with wetted tissue paper and incubated for 24 &llww the seed to germinate. The germinated seeds ihen
soaked in formula at 2% concentration for 30 misuéhe germinated seed for control was soakedsiilldd
water. For seedling preparation, the seed was sbem on a tray that has been filled with sterilgilge soil.
Treated seed and control were sown on separate ffag 12-day old seedlings (12 days after sowang)used
for transplanting.

Plastic pots (surface diameter: 30 cm and heightrB) were filled with cultural medium. Cultural
medium consisting of fertile soil (the top soil pdddy field at 20 cm depth) and compost (3:1).ikagts TSP
and KCI were added into the pot at the dose ofpbtgand 0.75 g/pot respectively. A 5 ml each opeetive
formula was incorporated into the soil, after whtalo 15-day old rice seedlings of the cultivar Cdreg were
transplanted. A completely randomized block de$@RBD) was implemented in this experiment consistifi
6 treatments, namely treatment with formula A, BDCand E and Control. Each treatment was replicédar
times, and each experimental unit consisting opd®. Treatment with rhizobacterial formula waalsne at
19 days after transplanting (a day before inocutativith P. oryzae) by spraying a 25-ml /plant of respective
formula onto the whole rice plant.

Pyricularia oryzae that has been maintained on PDA slant agar was fasenoculation. Inoculation
was done on rice plant at 20 days after transpigr{a day after treatment with rhizobacterial folmuMycelial
plugs of the fungus was grown on rice floor agadime (consisting of 20 g/l rice floor, 2.5 g /I waextract,
1.5% (w/v) Bacto agar and distilled water) and mated at 28 +%Z for two weeks. Spores of the fungus were
harvested using 7 ml sterile distilled water camitag 0.5% gelatin. The suspension was filteredugho4 layers
cheesecloth, and soon kept on a flask on ice teeptehe germination of the spore. The spore’s ithemgas
adjusted to 10spores/ml. Inoculation was done in the eveningfinaying spore’s suspension (25 ml/plant) onto
the whole plant. After inoculation, the plant wasrered with black plastic for 12 h to stimulate théection.
The third treatment with rhizobacterial formula veasie at two days after inoculation by sprayindgar#/plant
of formula onto the whole plant.

2.4. Determination of disease intensity

Observation to determinthe blast disease intensityas done weekly, started from three days after
inoculation. The disease intensity was determin#dwed the formula developed by IRRI (1996). &amplants
were used as samples for rice blast disease ibtefbe formula used is as follows:

or = 20XV 5 10004
(NxV)
DI : disease intensity
ni : number of leaves with i score
N : number of total leaves observed
V  : the highest scale of disease severity
v scales of disease severity (0-9)

Scale description :
0 = no lesions
1 = small brown, specks of pinhead size.
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2 = larger brown specks.
3 = small, roundish to slightly elongated, necrgtiay spots about 1-2 mm in diameter.
4 = typical blast lesions, elliptical, 1-2 cm longually confined to the area of the two main veins

infecting < 2% of the total leaf area.
5 = typical blast lesions infecting < 10% of thaflarea
6 = typical blast lesions infecting 10-25% of teaflarea
7 = typical blast lesions infecting 26-50% of teaflarea
8 = typical blast lesions infecting 51-75% of thaflarea
9 = all leaves dead
2.5. Determination of Peorxidase activity
Determination of peroxidase activity was done foka the method developed by Simons and Ross (14i710)
modification. Sample (leaf of rice) was collectedays after inoculation witR. oryzae. The leaf was grounded
in a mortar and added with 0.01 M phosphate buyff¢6.0. The filtrate was centrifuged at 5,000 rpmX0 min
at £#C. Supernatant was collected and used to deterpemexidase activity. The peroxidase activity was
expressed as unit per minutes per mg of protein.
2.6. Data analysis

All data were subjected to the analysis of varia@®sOVA) and followed by the least significance

different test (LSD) at 5% level.

3. Resultsand Discussion
3.1. Effect of rhizobacteria to rice blast disease intensity

Treatment with formula of rhizobacteria significlgnP<0.05) suppressed the disease intensity ef ric
blast on rice cultivar Ciherang grown on pots igreen house. Inoculation of the spore’s suspercfiéhoryzae
successfully produced typical leaf blast diseasei@nindicated that the fungus successfully irdddthe plant.
Observation of the leaf tissues of the diseasetplander microscope showed that the spore formdtam
occurred on the diseased-leaf. In general, thesébban an increase in the disease intensity fromay® after
inoculation (DAI) up to 30 DAI. All artificially imculated rice plants showed typical rice blast symm
however the disease intensity among treatment waied.

The disease intensity of the rice plant of convak 33.56% which is significantly different (P<0)05
from the rice plants treated with rhizobacterianfala. No significant differences (P>0.05) were fdwamong
rice plants treated with rhizobacteria formula. Tdisease intensity for treated plants varied fra3®& to
19.44% (Table 1). However, formula D (containfagagglomerans isolate Gg14D) showed the lowest disease
intensity among other formula tested.

Treatment with rhizobacteria formula significanthcreased the activity of peroxidase enzyme in the
rice leaf and reduced the disease intensity. Theee correlation between peroxidase activity arel disease
intensity. Average peroxidase activity on contriaints was 0.364 unit/min/mg protein with the diseedensity
by 33.56%, while on plants treated with rhizobdetésrmula the peroxidase activity varied from 246 0.474
unit/min/mg protein with disease intensity rangeshf 13.96 to 19.44%.

Table 1. Effects of rhizobacteria treatirte the peroxidise activity and disease intensity

Treatment Peroxidase activity Disease intensity (%)
(unit/min/mg protein) 30 days after inoculation
Control 0.364 a* 33.56 b
A 0.425 bc 16.76 a
B 0.411b 17.65a
C 0.402 b 19.44 a
D 0.474 c 13.96 a
E 0.448 ¢ 15.66 a
LSD 0.05 0.0361 7.4058
*Means followed by the same letters aresignificantly different (P >0.05) according to
LSD 0.05.

Whipps (2001) reported that antibiotic compounddpiced by antagonist contribute to the growth
suppression against plant pathogen through direstact. While peroxidase enzyme is one of enzyrhas t
produced by rice plant when they are infected leyghthogen (Vidhyasekarahal., 2001). Several enzymes
have been reported to increase after treatment hibhcontrol agent such as peroxidase, phenylatanin
ammonia-lyase (PAL) and polyphenol oxidase (Céteat., 2000).

Peroxidase is an enzyme which acts as catalisattheofinal stage of lignin and hydrogen peroxidase
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biosynthesis. The fuction of peroxidase is to iaseethe resistance of the cell wall against deggadnzymes
produced by the pathogen (Vaneteal., 1980). Hydrogen peroxidase may suppress the pathdgectly or
through the production of free radicals that pasaatimicrobial effect (Silvat al., 2004).

Galston and Davies (1970) reported that in additieroxidase enzyme, there are several enzymes have
been known to contribute to the plant resistanc@inag plant pathogens viz. phenylalanine ammonéesdy
tyrosine ammonia lyase, monophenolase, diphenattysieenol oxidase and polyphenol oxidase. Accudo
Huang (2001), peroxidase is one of pathogenesasetlprotein (PR-protein) which is a group of plardtein
with diverse structures. This protein sometime ddgri pathogen, and has been found in the healtmyt pissue,
but its concentration remarkably increased whenpllaat infected with the pathogen. Michatlal. (2002)
reported thaBacillus polymyxa and Pseudomonas fluorescens can increase the plant health through the increase
of peroxidase activity in the plant.

Result of this study showed that there is a clageetation between peroxidase activity in the leff
rice plant with the rice blast disease intensitthwhe regression equation y = 88.42-163.8 x withdoefficient
of determination R= 0.767 (Fig.1). This result is in agreement witleyious results of studies in which the
peroxidase axtivity affected the disease intenisitglant (Michelet al., 2002; Huang, 2001; Cheal., 2000;
Vanceet al., 1980).
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Figure 1. Correlation between peroxidase activity blast disease intensity (30 days after
inoculation)

3.2. Effect of rhizobacteria to the plant growth

Treatment with rhizobacteria formula did not sigrahtly (P>0.05) affect the plant height and number
of tiller. This result suggested that all isolatested in this experiment did not act as plant ginopromoting
rhizobacteria. This is probably due to the absesfcplant growth hormone such as indole acetic &lAd\)
produced by the isolates. Indole acetic acid has k@own as one of plant growth hormones that $éitatthe
plant growth.  According to Rondriguez and Wetirst(1994) that the excessive concentration of i a
certain plant may inhibit the growth rate, whiletl® low concentration of auxin may promote thenpgrowth.
Husen (2009) stated that the plant growth can lmenpted directly by rhizobacteria due to their apilio
produce plant growth hormones such as auxin, atbyleytokinin and gibberellin.

3.3. Effects of Rhizobacteria Treatment to the Yield of Rice
Treatment with rhizobacteria did not significgn(P>0.05) affect the weight of 1000 grains, but

significantly (P<0.05) increased the weight ofefill grains per hill (Table 3). Treatment B. @gglomerans
Ggl4D) resulted in the highest (62.33 g/hill) fillgrains followed by treatments ESgrratia liquefaciens
Gh13D), B Kanthomonas luminescens Ch3D), A E. agglomerans Ch2D), C E. agglomerans Ch4D), and
Control which were respectively resulted in 59.28illy 55.27 g/hill, 49.27 g/hill, 47.02 g/hill andi4.58 g/hill.
When the potential yield per hectare was calculagskd on the weight of filled grains per hill nplled by the
number of plants per hectare (111,111 plants) stidhet the estimated yield (ton/ha) were 4.95, 56415, 5.22,
6.93 and 6.59 which were given by Control, treattséy B, C, D and E. These results suggested thatrhent
with rhizobacteria potentially increased the rigeldy by 5.45 to 40.00% when compared to controk Tilghest
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yield increment (40.00%) was obtained by treatnwétit formula D E. agglomerans Ggl14D). This is probably
due to the highest ability of this treatment tomgss the rice blast disease as shown in Table 1.

Study done by Singht al. (2012) showed that seed treatment Witlthoderma harzianum increased
the seed germination, reduced the days of floweaind maturity and reduced the rice blast diseawsmsity.
The disease intensities of rice plants derived feaeds treated witlrichoderma were 23.30 to 30.55% while
on control the disease intensities varied from @@648.09%. Other study done by Sireesha (2013)st that
treatment with the suspensionRdeudomonas fluorescens as spray fluid of 4 ml culture filtrate (contaigin@
cgu/ml) was the most effective in controlling tleafl blast, and the percentage of the leaf blagtience was
13.1% compared to 56.5% disease incidence on dorfie rice yield obtained by the treatment with
Pseudomonas fluorescens was 3,296 kg/ha, which is 127.94% higher than dfatontrol (1,446 kg/ha). Our
present study showed that treatment \Kititerobacter agglomerans Gg14D obviously could reduce the
blast disease incidence from 33.56% to 13.96% anttased the yield by 40% when compared to control.
Results of these studies clearly indicated thatenminbio-control agent tested completely suppresbedice
blast disease, suggested that it is necessaryegrate the use of bio-control agent with othertidrmeasures
to give a better suppression to rice blast diseasaddition, our experiment was done under greeusé
condition, thus it is necessary to conduct thalftell at several localities to prove the effeetiess of this agent
under field condition.

Table 2. Weight of 1000 grains, weight of filledagrs per hill, estimated yield per hectare and gmage of
yield increment against control

Treatment Weight of 1000 Weight of filled Estimated Percentage of
grains grain/hill yield per ha increment against
(9) (9) (ton)** control
(%)
Control 23.88 a* 44.58 a 4.95 -
A 2391 a 49.27 ab 5.47 10.50
B 2381a 55.32 abc 6.15 24.24
C 23.90 a 47.02 ab 5.22 5.45
D 23.62 a 62.33 ¢ 6.93 40.00
E 24.23 a 59.29 bc 6.59 33.13
LSD 0.05 0.62 12.87

* Means followed by the same letters are not sigaiftly different (P >0.05) according to LSD 0.05.
**Calculation was done based on the weight dédilgrain per hill multiplied by the number of
Plants per hectare (111,111 plants).

4. Conclusion

Five formula of rhizobacteria isolated from rhizbepes of rice which were respectively containedtdréd
suspension onterobacter agglomerans Ch2D, Xanthomonas lumininescens Ch3D, Enterobacter agglomerans
isolat Ch4B,Enterobacter agglomerans Ggl14D, and Serratia liquefaciens Gh13D effectively reduced the rice
blast intensity on rice cultivar Ciherang. Formadantaining bacterial cells &. Agglomerans Gg14D resulted in
the lowest blast disease intensity and the higyietd per hill. The yield increment resulted frohist treatment
was 40% when compared to control. Field trial isdesl in order to evaluate the stability and efiectess of
the rhizobacteria formula under field conditiorsaveral localities.
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