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Abstract: Problem statement: 1-Aminocyclopropane-1-Carboxylate (ACC) deaminpssducing
bacteria have been known to ameliorate the inbibigffect of increase concentration of ethylene in
higher plants, which can be triggered by high caoiregion of indole-3-Acetic Acid (IAA) and/or by
the presence of plant pathogens. This study exaimihe potential use dPseudomonas isolates
producing ACC deaminase as well as IAA to enhamgdaan growth and reduce disease incidence
in soil containing pathogenic fungApproach: Eleven promising ACC deaminase-producing
isolates of Pseudomonas were retested in vitro th@ir ACC deaminase activity and IAA
production and evaluated their potential antagoaiginst root-nodule bacteria. Non antagonist
isolates were further tested for their ability tthance soybean growth and reduce disease incidence
in sterile and non-sterile soils containing roothmaenic fungiFusarium oxysporum, Sclerotium
rolfsii andRhizoctonia solani. Results: All isolates produced ACC deaminase as well as,|Bét 3

out of 11 isolates inhibited at least one strairrlifzobia which limit their use for soybean. The
isolates increased some aspects of soybean growthmost of the increases were not significantly
different from untreated control. Most isolatesrsfigantly increased the survival rates of soybean
in soil containing pathogenic fungi although thebility to reduce plant weight loss varied across
pathogen treatment€onclusion: The ability of Pseudomonas producing ACC deaminase as well
as IAA to increase plant growth was less significdran that of the isolates to reduce disease
incidence. The higher the destructive effect of gahogens, the better was the ability of the
isolates to reduce the disease.

Key words: ACC deaminase, disease incidenEesarium oxysporum, growth enhancement, IAA,
Pseudomonas, Rhizoctonia solani, Sclerotium rolfsii, soybean

INTRODUCTION bacteria in reducing ethylene synthesis caused by
various biotic and abiotic stresses have been teppor
A number of 1-Aminocyclopropane-1-Carboxylate such as those caused by high concentration of IAA
(ACC) deaminase-producing bacteria have been know(Mayak et al., 1999), water logging (Grichko and
to help plant growth by ameliorating the negativeGlick, 2001), nutritional stress (Belimat al., 2002),
effects of increased concentration of ethyleneighér  drought (Mayaket al., 2004), organic and inorganic
plants. As a senescing hormone (Abetesl., 1992; pollutants (Reed and Glick, 2005; Belimat al.
Arshad and Frankenberger, 1991), increase®001), high salts (Saravanakumar and Samiyappan,
concentration of ethylene after seed germinatior2007) and pathogenic infection (Wamg al., 2000;
inhibits root development (Glick, 1995; Shah al., Dey et al., 2004; Shaharoonat al., 2006). Thus,
1998) and nodulation of various legumes (&taal., applying ACC deaminase producing bacteria to reduce
2003). Regarding plant-pathogen interactions, etiyl ethylene synthesis in the plant, whenever it starts
produced during plant infection promotes diseatigera accelerating may become one of the promising
than alleviating it (Van Looret al., 2006). Ample strategies to increase plant growth and prevemadis
studies on the benefits of ACC deaminase-producinglevelopment.
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Our previous experiments on the promoting effectsupplemented with either ACC or ammonium sulfate to
of Pseudomonas producing Indole-3-Acetic Acid (IAA)  check the activity of ACC deaminase, MS tryptophan
on soybean seedlings were also related to their AC@nedium (Frankenberger and Poth, 1988) for IAA tests
deaminase activities. Their ACC deaminase actwitie King’s B Medium (KBM) for antagonism tests and in
optimized the promoting effects of IAA and incredise \26 rich medium for bacterial cell production. The
root elongation and shoot weight of soybean segsllin hizopial strain was also grown in KBM for inhikiti
(Husenet al., 2009). It suggests that the bacteria mayegts, while the pathogenic fungus was cultured and
have the capacity to reduce disease development @s,inrained in potato dextrose broth. The compasitio
described by previous reports (Weatal ., 2000; Glick of DF MS medium was 4 g KiRQ,, 6 g NaHPQ,, 0.2
et al., 2007). However, since the effectiveness of theg MgSQ,.7H,0, 1 mg FeS@7H,0, 10 g HBOs, 10

bacteria may vary depending on the nutrient stafus
the media (Shaharoonat al., 2006; 2007) and the kg MnSQ, 70 g ZnSQ_ 50 H9 CUSQ 1.0 pg_MoQ, 2
g glucose, 2 g gluconic acid, 2 g citric acid, 108D

fitness of the bacteria with host plants (Silvi®03), = . } R
these abilities are worth to be verified. distilled water+either 0.3033 g LACC or 2 gL

The objective of the present study was to examin@&mmonium sulfate f_;lnd solidified _With 15 g agar. The
the ability of Pseudomonas producing ACC deaminase MS-tryptophan medium was a mixture of 900 ml MS
as well as IAA to enhance soybean growth and reduc@€dium and 100 ml stock solution of L-tryptophan
disease development in potted soil containingSO“d'f'ed with 15 g agar. The MS medium contained

pathogenic fungi_ (|n 900 ml distilled Water) 1.36 g KJ'HO4, 2.13 g
NaHPQ,, 0.2 g MgSQ.7H,O and trace elements and
MATERIALSAND METHODS stock solution of L-tryptophan contained (in 100 ml

distilled water) 10 g glucose, 1 g L-tryptophan &htl

Bacterial isolates, pathogenic fungi and growth g yeast extract. The KBM contained 20 g peptone, 10
media: Eleven isolates of plant growth promoting- ml glycerol, 1.5 g KHPQ,, 1.5 g MgSQ.7H;0, 15 g
Pseudomonas, designated as Crb5, Crbl12, Crb17,agar (for solid media) and 1000 ml distilled wafEne
Crb24, Crb26, Crb46, Crb47, Crb49, Crb53, Crb56 andM26 broth medium contained 10 g beef extract, 10 g
Crb94 were used in the study. The origin of thetdmée ~ proteose peptone, 5 g NaCl and 1000 ml distilletewa
was from the rhizosphere of soybean grown in Plumbo Unless otherwise noted, all media constituents were
agricultural area in Cirebon, West Java, IndoneBiee =~ mixed and sterilized by autoclaving at 121°C for 15
bacteria were selected from 81 indole-3-acetic -acidmin. The heat-labile ACC and stock solution of L-
producing Pseudomonas as  well as 1- tryptophan was filtered-sterilized each by 0.2 pm
Aminocyclopropane-1-Carboxylate (ACC) deaminase membrane filter before adding to the sterilized imed
(E.C.4.1.99.4) and significantly promoted soybean A bulk of the Ap horizon of Ultisols for pot
seedlings under growth chamber conditions (Hugten experiments was obtained from upland agriculturaha
al., 2009). Two rhizobial strains for inhibition test in Jasinga, Bogor. Prior to potting, the soil was
i.e., Bradyrhizobium japonicum  Bjll and prepared by passing through a 2-mm sieve and asthlyz
Snorhizobium fredii Rif5 and three known for soil texture, pH, C-organic and selected nutge
phytopathogenic fungi for disease reduction tests,,  according to the standard procedures of the Soil
Fusarium oxysporum, Sclerotium rolfsi and Chemistry Laboratory of Indonesian Soil Research
Rhizoctonia solani were obtained from the Laboratory Institute (ISRI) in Bogor. Data on soil sample gsals
of Soil Biology, Indonesian Soil Research Institutein Table 1 showed that the soil is acidic with fine
(ISRI); Laboratory of Microbiology, Department of texture, low organic content and low fertility stat
Biology, Faculty of Mathematics and Natural Sciesjce
Bogor Agricultural University (IPB); and the culaur In vitro tests: The ACC deaminase activity of each
collection of Department of Plant Protection, Facoff  isolate was verified by growing in the DF salt miril
Agriculture, IPB. Seeds of soybea@lycine max L. ~ medium, supplemented with either ACC (DF-ACC) or
Merr.) cv. Wilis were obtained from the Indonesianammonium sulfate (DF-Ammonium Sulfate) as
Center for Biotechnology and Genetics Resourceglescribed by Gliclet al. (1995). The DF-Ammonium
Research and Development, Bogor. Sulfate or DF-ACC salts minimal medium was used

Depending on the assay, each isolate from stoclo check whether the ACC deaminase produced by
culture was grown in Dworkin-Foster (DF) Minimal the isolates was part of a constitutive or indugibl
Salts (MS) medium (Dworkin and Foster, 1958)system as proposed by Jacobata. (1994).
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Table 1: Texture and some chemical characteri$tifitsols from Jasinga, Bogor, Indonesia

(Extracted HCI 25%)

Texture pH C-org. Total N Ps K20 CEC BS
Unit - - e g/kg------- mg/kg cmol kg %
Value SiCL 45 17 1.3 300 110 13.67 40
Status Fine Acidic Low Low Medium Low Low Low

CEC = Cation Exchange Capacity; BS = Base Satura8iCL = Silty Clay Loam

The DF salts minimal medium without any supplemment Growth enhancement assay: The test was conducted
was included in the tests to check whether theatisel in green house conditions using sterile and norilste
were able to fix atmospheric dinitrogen. Each isolsas sieved soil in plastic pots following the protocol
grown in M26 broth culture for 24 h with constahaking  described by Cattelaet al. (1999). A non-sterile pot
at 125 rev mift at room temperature (+ 28°C). After contained about 2 kg of sieved soil, while a s¢epibt
overnight growth, the bacterial suspension wagifeged  filled with a mixture of 400 g of sieved soil+100 g
at 4000g for 10 min and cell pellets were washed withquart sand autoclaved twice, on 2 consecutive days
sterile distilled water. Diluted cell pellets wehen spread (one h per day).
onto each agar plate containing DF-ACC, DF-Ammonium  Plastic pots were surface disinfected with 95%
Sulfate, or DF salts minimal media. The growth ofalcohol. Water was added daily to each potted tsoil
bacterial colonies on solid media after 48 h intiobavas  attain a water-content equivalent to field capagity-
used as the confirmation of the traits. 0.03 MPa). Each experiment was performed in a
The ability of the isolates to produce IAA was randomized complete block design with 5 replication
checked using ferric chloride-perchloric acid ra#ge Bacterial inoculants for the experiments (selected
(FeCL-HCIO,) adapted from Gordon and Weber from previous tests) were prepared by growing inVKB
(1951). The cell pellets of each isolate were pregppas  broth and subsequently transferred to M26 rich oredo
described above and then spread onto agar plates Bfoduce high numbers of bacterial cells. After oigt
MS-tryptophan and incubated for 48 h in the dark 9rowth by constant shaking at 125 rev thiat room
Subsequently bacterial colonies on agar plates wer€mperature, bacterial cells were centrifuged 804ffor
covered with FeGHHCIO, reagent. Red color around 10 min. The cell pellets were washed with 100 mM
bacterial colonies was used as the confirmation ofM9SQ: and then re-suspended in 100 mM MgSRrior
positive IAA production. to being use_d for seed-moculatlon, the absorbah@lae
The potential antagonism of eadtseudomonas cell suspension was adjusted to about 0.5 at 780gmy
isolate against root nodule rhizobia Bfadyrhizobium & UV Spectrophotometer, which was equal to 108-109

_1 . . . .
japonicum Bj11 or Sinorhizobium fredii Rif5 (test cells mL™. Soybean seeds, similar in size, were surface

: - disinfected by soaking in 70% alcohol for 1 minate
bacteria) was tested by dual culture detectionrtiegcie . 4 . . .
adapted from Weaver and Mickelson (1994). Thel% sodium hypochlorite for 5 min and then rinsethwi

o . . I, sterile distilled water several times. The seedsewe
ability of each potential antagonist to inhibit tip@wth immersed in either 100 mM MgSGQvhich acted as a

lank control (untreated), or a suspension of biatteells

in 100 mM MgSQ, for 1 h. The treated and untreated

seeds were first germinated in sterile Petri dishes

containing double wet filter papers. Two germinegedds

; with radicle of about 1 cm from the same treatnvesrte

agar plates. A 100 pl drop of a suspension of @81 3nteq in each pot. After emergence, plants wenaed

japonicum Bj11 or S fredii Rif5 (from late-logarithmic ;5 5e plant per pot and grown for 14 days. At éstnthe

growth phase) was applied to the center of agaepla ghoots were cut off and the roots were washed heid t

A plate without isolate inoculation was used as theggn weight was recorded.

control. All inoculated plates were incubated apmo Disease reduction assay. The sterile and noresteri

temperature for 5 days. The circle inhibition irated  potted soils were prepared as described abovepexce

by clear halos surrounding rhizobial colonies wasthe water-content of the soils was adjusted to bister

considered positive for antagonism. Bacterial ®sa (equivalent to -0.01 MPa) to allow the developmeit

with positive of production of ACC deaminase aslwel added fungal pathogens. The tests in each sterile o

as IAA, which did not show antagonist against rhizp  non-sterile soil were conducted in three separate

were selected for greenhouse experiments. experiments (three kinds of pathogenic fungi) failoy
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the protocol described by Wang al. (2000) and RESULTS
Cattelanet al. (1999). Each pathogen, i.d&=usarium
oxysporum, Sclerotium rolfsii or Rhizoctonia solani, Results orin vitro assay are presented on Table 2.

was grown in potato dextrose brothith constant All isolates were able to grow in DF-ACC and DF-
shaking at room temperature and harvested aftexd4 a ammonium sulphate minimal salts medium and use
5 days. Before inoculation to the soil, the haredst ACC or NH,SO, as their sole source of N as an
fungus was separated with mixer and suspended ifdication of their ACC deaminase activity. However
sterile distilled water for 1 h. The fungal susgens hone of the isolates was able to grow in DF minimal
was inoculated to the potted soil and the fungakilg ~ Salts medium without any addition of N sources
was determined by serially plating a portion of thelndicating Fhat_ the |solate_s did not have ability fix
solution. The final counts df. oxysporum, Srolfsii and atmospheric nitrogen. All isolates were able todpiee

. . IAA in minimal salt medium supplemented with
Rso(l)ganl per gram .Of son_were atﬂ"“‘ 810, 1_'%103’ tryptophan (exhibited by the red color around biédate
1x10° colony-forming units (Cfu @), respectively. In oo nies  with FeGHCIO, reagent). With regard to
experiments with sterile 30|_I, besides chulatloh rhizobial inhibition, 3 isolates (26, 53 and Crb94)
fungal pathogens, the sterile potted soil was alsgypipited at least one strain of rhizobBrédyrhizobium
inoculated with bacterial isolates (prepared asrnitesd japonicum Bj11 and/or Sinorhizobium fredii Rif5);
above) at the density ~16fu g* following the protocol  thereby limiting their use for soybean (Table 2jsBd
described by Wanget al. (2000). Soybean seeds on the results, only 8 out of 11 isolates were ity
preparation and treatment with bacterial isolatesew used as plant growth promoting bacteria for soybean
conducted as described above. In all experimehts, t Growth responses of soybean treated with 8
treatments included non-inoculated soil with fungalselected isolates are presented in Table 3. Thatéso
pathogen (and with bacterial inoculants) plantethwi increased some aspects of plant growth in compariso
untreated soybean seeds (untreated control) asasell to the untreated plants. The significant incredgglant
inoculated soil with fungal pathogen planted withfresh weight was exhibited by those treated with

untreated soybean seeds. Pseudomonas 5, 24, 46 and Crb56 in sterile soils and
The experiments using sterile soils were set in &ith 12, 17 and Crb24 in non-sterile soils.
randomized completely block design. Each treatmerst The ability of the isolates to reduce soybean root

assigned to 3 replicates where each replicatestedsif 4 ~ diseases is presented in Table 4. Plants infeciéd w
pots and each pot contained 4 plants. In nonestsails, ~ Fusarium oxysporum, Sclerotium rolfsii andRhizoctonia
the experiments were conducted in a completel@'a”' showed yellow to yellowish leaves, brownish
randomized design and each treatment was with faves followed by softened or rotten stems andtetl
replications. Plants were grown for 14 days. DiseasPlant growth, respectively. The survival rates of
reduction was evaluated by the number of plantgng ~ Untreated soybean in soils containifgoxysporum, S
and fresh weight loss. Infected plants were consitle Folfsi and R solani were about 85, 69 and 58%,
dead when they failed to recover within 14 days. respectively, indicating that the destructive afeaf the
Statistical analysis all data in each experimestew former pathogen were less than the later two patieg
analyzed by Analysis Of Variance (ANOVA) and In sterile soils, most isolates increased the safvates
treatment means were separated by the Dunca®f soybean although plant fresh weight losses were
Multiple Range Test (DMRT) using the SAS systemsvariable, which could be due to different time nesxy
for Windows 6.12. of infected plants across the treatments.

Table 2: ACC deaminase activity, IAA productiongpbtypic characteristics Bseudomonas isolates (Crb) used in the study

Antagonism against

Isolates DF-ACt DF-Ammonium Sulfate DF IAAS Bj11 Rif5
Crb5 + + - + - -
Crb12 + + + -

Crb17 + + + -

Crb24 + + + -

Crb26 + + + +

Crb46 + + + -

Crb47 + + +

Crb49 + + + -
Crb53 + + + +
Crb56 + + + - -
Crb94 + + - + + +

T Dworkin-Foster minimal salt medium (DF) supplementéth ACC;*: DF supplemented with NjSQ; % IAA (indole-3-acetic acid) production;
Antagonism againddradyrhizobiumjaponicum Bj11 andSnorhizobium fredii Rif5
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Table 3: Effects of ACC deaminase-produdhsgudomonas (Crb) on soybean growth in sterile and non-steolis under greenhouse conditions

Sterile soil Non-sterile soil
Treatment Shoot height (cm) Total fresh weight (g) Shoot height (cm) Total fresh weight (g)
Untreated 24.7a 2.66¢ 24.1 2.97cd
Crb5 24.8a 3.47a 25.4abc 3.06bcd
Crb12 22.8b 2.67c 25.3abc 3.38a
Crb17 23.3ab 2.68c 25.3abc 3.27ab
Crb24 24.1ab 2.94b 26.5a 3.31a
Crb46 24.2ab 2.95b 25.0abc 2.88d
Crb47 24.6a 2.70c 26.2ab 3.03cd
Crb49 23.9ab 2.63c 24.7bc 2.95d
Crb56 24.4ab 2.94b 24.0c 3.19abc

Numbers within a column followed by the same ledtrer not significantly different at 5% level by DNIRValues are means from five replications

Table 4: Reduction in severity of diseases caugeguathogenic fungi measured by surviving plants jliadt fresh weight following inoculation
with ACC deaminase-producirgeudomonas in sterile and non-sterile soils under greenhaasglitions

Sterile soil

Average number of Sterile soil Non-sterile soil
Treatment surviving plant® Survival rate (%) Total fresh weight {g) Total fresh weight (g)
Untreated 4.00a 100 9.98a 2.54ab
Crb5+Fo 4.00a 100 7.95cd 2.14c
Crbl12+Fo 3.92a 98 8.12bcd 2.48b
Crb17+Fo 3.92a 98 7.59de 2.53ab
Crb24+Fo 3.83a 96 8.73b 2.71a
Crb46+Fo 3.75ab 94 7.05e 2.59ab
Crb47+Fo 4.00a 100 8.45bc 2.24c
Crb49+Fo 3.83a 96 6.28f 2.29c
Crb56+Fo 3.92a 98 7.65de 2.26¢
Fo 3.42b 85 7.52de 2.25¢
Untreated 4.00a 100 8.01a 2.22a
Crb5+Sr 3.42ab 85 6.77b 0.42f
Crb12+Sr 3.75ab 94 7.94a 0.85d
Crb17+Sr 3.25bc 81 6.51b 1.61b
Crb24+Sr 3.33bc 83 6.58b 1.10c
Crb46+Sr 3.50ab 88 5.86¢ 1.57b
Crb47+Sr 3.33bc 83 6.88b 0.67e
Crb49+Sr 3.67ab 92 6.90b 0.219
Crb56+Sr 3.50ab 88 6.96b 0.33f
Sr 2.75¢c 69 6.53b 0.15¢g
Untreated 4.00a 100 8.74a 1.64a
Crb5+Rs 3.83ab 96 6.82b 1.27¢c
Crb12+Rs 3.42bc 85 5.15a 1.14c
Crbl17+Rs 3.17cd 79 4.77b 1.24c
Crb24+Rs 2.75de 69 4.44b 1.24c
Crb46+Rs 3.42bc 85 5.13c 1.20c
Crb47+Rs 3.17cd 79 5.37b 1.17c
Crb49+Rs 3.42bc 85 5.85b 1.45b
Crb56+Rs 3.58abc 90 6.16b 1.75a
Rs 2.33e 58 4.31b 0.67d

T: Pathogenic fungi dfusarium oxysporum (Fo), Sclerotium rolfsii (Sr) orRhizoctonia solani (Rs) andPseudomonas (Crb) were added as described
in Materials and Methods, an uninoculated controtreated) and a treatment with only the patho§en $r, or Rs) were also includédNumbers
within a column in each set of the experimentofodid by the same letter are not significantly défe at 5% level by DMRT. Values are means
from three replications, each replication has foots and each pot has four plaritsNumbers within a column in each set of the experisie
followed by the same letter are not significaniffedent at 5% level by DMRT. Values are means ffora replications

The significant reduction of plant weight loss was DISCUSSION

shown by plants treated with isolates Crb24 andTrb ) . ]
Crb12; and all isolates, except Crb24 in soils aiming The importance of ACC deaminase-producing
F. oxysporum, S. rolfsii andR. solani, respectively. On  bacteria on plant growth is to reduce ethylenet®sis
the other hand, in non-sterile soils, most plargated in plant tissues which is commonly triggered by a
with the isolates significantly reduced plant weigiss, number of biotic and abiotic factors (Gliekal., 2007),
especially in soils containing rolfsii andR. solani. including by increased concentration of I1AA. ACC
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deaminase-producing bacteria degrade ACC (ethyleniAA on soybean growth may vary depending on growth

precursor) into ammonia and-ketobutyrate as their
source of nitrogen and carbon (Jacobsbal., 1994;
Glick et al., 1998); thereby ameliorating the inhibition-
effects of ethylene. In the present study, IAA proed

medium. The isolates increased some aspects of

soybean growth and reduced disease incidence caused

by Fusarium oxysporum, Sclerotium rolfsii and
Rhizoctonia solani. The ability of the isolates to

by the isolates may promote soybean growth withoutncrease plant growth was less effective than tbat

being offset by increased synthesis of ACC (trigder

reduce disease incidence. The higher the desteuctiv

by IAA) since their ACC deaminase activity can effect of the pathogens, the better was the alilitthe
degrade it and prevent ethylene synthesis. Howeveisolates to reduce the disease. Further tests @it o
growth promotion of soybean by the isolates was noevaluate whether or not the fertility status of sl

optimum (Table 3). Low nutrient status of the soded

in the study could affect their efficacy in growth

promotion. Shaharooret al. (2006; 2008) reported that

plant growth promotion of bacteria containing ACC
deaminase occurred when optimum levels of N
fertilizer were applied. The
application of the appropriate doses of fertilizer
soil with low fertility status is required to getaxximum
benefit in utilizing these bacteria.

and the severity of pathogens influence the efficac
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