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ABSTRACT KEYWORDS
Actinobacteria are the diverse group of bacteria which are widely distrib- Earthworm cast;
uted in various natural and man-made environments. This present study is Actinobacteria;
attempted for the isolation of actinobacteria from earth worm cast and the Plant growth promotion;
production of indole acetic acid (IAA) from selected isolates. Totally 10 IAA production;
actinobacterial colonies were isolated using starch casein agar and cast Sreptomyces.

extract agar from earthworm cast material collected fromAgricultural area,
Kanchipuram. All the isolated were confirmed as actinobacteria based on
their colonial and microscopic appearance. All the isolates were screened
for the production of ammonia, acetoin, phosphate solubilisation and in-
dole acetic acid production. Out of 10 isolates, 5 showed acetoin produc-
tion, 9 showed phosphate solubilisation and six isolates showed indole
acetic acid production. Further study was concentrated on IAA production
fromtwo actinobacterial isolates namely CA4 and CAG6. Production, extrac-
tion, separation and assay of IAA were performed by adopting standard
procedures. The quantity of IAA produced by the strain CA4 and CA6 was
estimated as15.4pg/ml and 19.8 pg/ml, respectively. Microscopic, cultural
and physiological characteristics of actinobacterial isolates were studied
by adopting standard procedures. Based on the phenotypic characteristics
both the actinobacterial isolates (CA4 and CA6) are suspected as Srepto-
myces species. Finding of the present work concludes that cast soil is a
potential sourcefor plant growth promoting actinobacteria (PGPA). Optimi-
zation studies are needed to prove the potential of cast soil actinobacteria
such as CA4 and CAG6 as producer of Indole Acetic Acid (IAA).
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INTRODUCTION mentous bacteria which are recognized as a mgor
sourcefor bioactive metabolites. These microorgan-
Actinobecteriaarethegroup of Grampostivefila  ismsareabundant in soilsand act inthe degradation of
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complex moleculesaswell asreca citrant substances,
especidly cdlulose, lignocd lulose, xylan and lignin that
play animportant rolein soil organic matter decompo-
sition processes’Y. Besides acting as organic matter de-
composers, these microorganismshavegreat potential
asagentsfor control of plant pathogensand/or for plant
growth promotiont?. Thisisdueto their capacity to
produce antibiotics, siderophores, enzymesthat have
antimicrobial activity, substancesthat promote plant
growth, solubilization of phosphatesand competition
with plant pathogensfor substratum and nutrients.

Earth worms contributeto cycling and accumula-
tionof nutrientsby casting & the soil surface. Earthworm
cast consistsof mixed inorganic and organic materias
fromthesoil thet arevoidedisanessentid functionwithin
earth worm communitieswhich maintain their living
space’¥, Fertility of world soil isgreatly determined by
thequantity of earthworm cast material present in soil,
Worm castingscontain ahigh percentageof humuswhich
hel pssoil particlesforminto clusters. They, inturn, cre-
ate channelsfor the passage of air and improveitsca
pacity to hold thewater. Thecastingsarein theform of
tiny pelletswhichare coated withagd. Thiscrumblike
structure hel psimprove drainage and aeration. Cast-
ingsare highin solublenitrogen, potassium, calcium,
magnes um and many other trace e ements. Worm cast-
ingsalow plantsto quickly and easily absorb dl essen-
tia nutrientsand traced ementsbecausetheearthworms
grindsand uniformly mixesthe nutrientsand traceele-
mentsinto smpleforms. Plantsneed minimal effort to
absorb these nutrientg.

Though the distribution of actinobacteriain earth-
worm cast materid iswell documented, their utilization
for plant growth promoting activitiesisvery less. With
this view an attempt was made to study the
actinobacteriafrom earth worm cast with specid refer-
enceto plant growth promoting properties.

MATERIALSAND METHODS

Collection of sampleand pretreatment

The soil sampleswere collected fromtwo different
placesat Kanchipuram, Tamil Nadu. Thesampleswere
transported in asterile polythene baginto thelabora-
tory and dried at room temperature for 3 days. One
gram cast samplewasweighed and hest treated at 55°C
for 10 minutes.
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| solation and selection of actinobacteria

Onegram soil was suspended in 9ml of steriledis-
tilled water. The sampleswereseridly diluted upto 10?
dilutionusng 9ml seriledistilled water blanks. Hundred
microlitreof aiquot from 1%, 10*and 10°dilutionswas
transferred to arch casain agar pH 7 supplemented with
nystatinand naidixic acid and cast extract agar medium
plates and spreaded using sterileL-rod. The plateswere
incubated at room temperaturefor 1 monthi®.,

Theactinobacterial coloniesselected fromisola
tion agar medium was streaked on |SP2 agar plates
(yeast extract 4.0%; malt extract 10.0 %; dextrose
4.0%; pH 7.0; agar 1.8%; distilled water 100 ml)® and
incubated at 28°C for 5 to 7 days. After incubation
cultural characteristicssuch asaerial masscolor, re-
verse side pigment, soluble pigment and microscopic
appearance such asthe presence of substrateand aeria
mycelium of all the actinobacterial isolateswere de-
tected by observing under bright field microscopewith
40x magnification.

Screeningfor plant growth promoting properties

The selected actinobacterial isolates were
screened for certain plant growth promoting proper-
tiessuch asammoniaproduction, acetoin production,
growth on nitrogen free medium, phosphate
solubilisation, indol e acetic acid production by adopting
the methods described by Gayathri et al.,/ with cer-
tainmodifications.

For ammoniaproduction, the actinobacterial cul-
tureswereinocul ated into each 5 ml of peptone broth
and incubated at 28°C for 7 days in rotary shaker.
Devel opment of pink colour after theaddition of 0.5
ml of Nessler’s reagent is the indication for ammonia
production.

The actinobacterial cultureswereinocul ated into
each 5 ml of MR-V P broth and incubated at 28°C for
7 daysinrotary shaker for acetoin production. Thede-
velopment of red color after theaddition of 1ml of KOH
and 3ml of 5% a-napthol istheindication for acetoin
production.

To confirm nitrogenfixation, al theactinobacteria
cultureswereinoculated into nitrogen free medium
namely Jensens medium and incubated at 28°C for 10
daysfor thegrowth of actinobacteria.

For phosphate solubilisation testing, actinobacteria
cultureswereinoculatedinto Pikovaskaya’s agar plates
and incubated at 28°C for 7 days. Thehal o formation
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around the growth is the indication for phosphate
solubilisation.

For indoleacetic acid (IAA) production, thewell
grown actinobacteria cultureswereinoculated intothe
nutrient broth supplemented with tryptophan (2mg/ml)
and incubated in rotary shaker for 7 daysat 28°C. Af-
ter incubation, the cell free supernatant was prepared
by centrifugation at 3000 rpm for 10 minutes. Two ml
of the supernatant was mixed with 1ml of solawaski’s
reagent. Thedevelopment of pink coloristheindica
tionfor IAA production.

Production and extraction of | AA from sdlected
isolates

Further studieswere concentration on the produc-
tionand assay of IAA from sdected actinobacteria iso-
lates. About 10% of actinobacterid inoculumfrom 1SP2
brothwastransterredinto 50 ml of nutrient broth supple-
mented with 2mg/ml, 4 mg/ml and 6 mg/ml concentra:
tion of tryptophan and incubated in rotary shaker with
95 rpm at 28°C for 7 days. After incubation the cell
free supernatant was collected by centrifugation at
10000 rpm for 10 minutes. Theresulting supernatant
was acidified to pH 2.5-3.0 using 0.1N HCl and ex-
tracted twice with two volume of ethyl acetate. The
extracted ethyl acetate fraction was evaporated to dry-
nessand stored inrefrigerated conditiong®.

Esimation of |AA

To estimatethe | AA concentration, about 1ml of
cdl freesupernatant obtained from nutrient broth supple-
mented with different concentration of tryptophanwas
takeninatest tubeand mixed with 2 ml of Solawaski’s
reagent. After 30 minutes of incubation, the color ab-
sorbance was read using spectrophotometer at 535nm.
Standard IAA was prepared at the concentration of O,
5, 10, 15, 20, 25, 30, 35, 40pug/ml,

Characterization of potential actinobacteria

Micromorphological characteristics of
actinobacteria strainwasstudied by dideculturetech-
nique and observed under bright field microscope at
40X magnification. Recorded microscopic character-
isticsinclude aeriad mycelium, substrate myceliumand
spore chain morphology®. Growth pattern of
actinobacteria isolateswasstudied using different ISP
mediadescribed by Shirling and Gottilel®. Physiologi-
cal characteristicswhich arestudied include carbon uti-
lization, pH toleranceand temperature tolerance™.
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RESULTSAND DISCUSSION

Thefertility of world soil isdetermined by theamount
of earth worm cast anditsmicrobial flora. Thereare
many microorganismsand their plant growth promot-
ing activitiesarewell documented. Total cast produc-
tion by earthwormisan indicator of burrowing and solil
turnover, because 99.9% of ingested material isege-
sted as casts®l. Microbial diversity studieson earth-
worm castswerewel | documented in various countries
even beforefive decades'!. But the prospecting mi-
crobesfrom cast materia for commercia purposeare
lessdocumented. With thisview an attempt was made
toisolate actinobacteriabacteriafor sudyingther plant
growth promoting activities.

Inthe present study, cast material from the agricul-
tural soil around Kanchipuram city was collected and
actinobacteriawereisolated using starch casein agar
and cast extract agar. After incubation only few
actinobacteria colonieswere devel oped on both the
isolation agar plates. Though there are good reports
areavailableonisolation of actinobacteriafrom soil and
aquatic sediments using starch caseln agar®?, eight
morphologicaly different colonieswereisolated inthis
study using starch casein agar. Only two coloniesre-
covered from agar medium supplemented with cast
extract. Hamaki et al.,[*¥ isolated novel bacteriaand
actinomycetes using soil extract agar. Moreinterest-
ingly such bacteriaare not ableto grow on other con-
ventional media. But in the present study only two
actinobacteriacolonies (CEA1 and CEA?2) arerecov-
ered from cast extract agar but both theisolates showed
good growth on yeast extract malt extract agar me-
dium. Theabove observation suggeststhat knowingthe
chemistry and physical property of thecast materia is
mandatory and useful before the isolation of
actinobacteriasincethechemica and microbid floraof
cast vary with itsage, sizeand associated earthworm.

Themicrobid florapresent in cast materid play an
important rolein the degradation of complex and par-
tialy digested material present thereby it determinethe
nutritional quaity of thecast materid. Ultimately thecast
meaterid associated bacteriasupport thegrowth of plants.
Inthepresent study actinobacteriaisolated from cast sail
wasscreened for plant growth promotingactivities. Ryu
et al.,™ reported that the volatile substances such as
2,3 butanediol and acetoin produced by bacteriaseem
to beanewly discovered mechanismrespongblefor plant

Snvivonmental Science (=
A Jndian ﬂo«/maZ



ESAIJ, 6(3) 2011

M.Radhakrishnan et al.

growth promotion. Inthe present study, fiveout of ten
isolates showed acetoin production (TABLE 1).
Phosphorus (P) isone of themgjor essential ma-
cronutrientsfor plantsand isapplied to soil intheform
of phosphaticfertilizers. However, alarge portion of
solubleinorgani c phosphate gpplied to thesoil aschemi-
cal fertilizersisimmobilized rapidly and becomesun-
avallableto plants. Microorganismsareinvolvedina
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range of processesthat affect thetransformation of soil
P and are thus anintegral part of the soil P cycle®.
Vinotha et al.,[*® reported that the enhanced phos-
phatase activity in earth worm castsismore of micro-
bial origin. In the present study nine out of ten
actinobacterid isolatesshowed phosphate solubilisation
activity (TABLE 1). But noneof theactinobacteria iso-
lates showed ammoniaproduction (TABLE 1).

TABLE 1: Plant growth promoting propertiesof cast soil actinobacteria

n

Strain

Plant growth promoting properties

Acetoin
production

Ammonia
production

z
o

No

solubilisation

Phosphate Nitrogen Indole Acetic Acid

fixation Production

CEA1

CEA2

CA2

CA4 - -
CA6 - +
CA8

CA11

CA17

CA18 - -
CA22 - +

© 0O ~NO O WN P

=
o

+ - +
+
+

+ + +

+ + + + +

Oneof the major activity by which the microbes
supporting the plant growth isthe production of plant
growth hormoneslikeauxinsand giberllins. Indoleace-
ticacid (IAA) isacommon naturd auxin andisaprod-
uct of L-tryptophan metabolism in microorganisms.
Approximately 80% of the rhizosphere bacteriacan
secretel AA. Sreptomyces speciesinhabiting therhizo-
sphereof variousplantscan aso servesasgood source
of IAA™, Inthe present study out of 10 actinobacteria
isolates, twoisolatesnamely CA4 and CA6 areshowed
good IAA producing activity (TABLE 1). Hencefur-
ther study was concentrated on thesetwo isolateswith
special referencetolAA production. Production, ex-
traction, separation and assay of IAA were performed
by adopting standard procedures. The quantity of IAA
produced by the strain CA4 and CA6 was estimated
as15.4ug/mland 19.8 ug/ml, respectively (TABLE 2).

TABLE 2 : Estimation of |AA produced by cast soil
actinobacteria

IAA production (ug/ml) with

S.No Strains _ Tryptophan Concentration (mg/ml)

0 2 4 6
1 CA 4 8.32 10.11 13.31 15.45
2 CAG6 9.50 12.15 17.40 19.85

In characterization studies, both the isolates
showed good growth on all the mediatested. But no
growth was observed on carbon utilization studies.
Thisfinding ins sted that the characterization method
designed for normal terrestrial actinobacteriaisgiv-
ing some difficulties when it used for cast soil
actinobacteria. Further optimization and designing of
mediais needed to overcome this problem. Based
on the phenotypic characteristics both the
actinobacterial isolates (CA4 and CA6) are suspected
as Sreptomyces species (TABLE 3). Chemotaxo-
nomic and molecular characterization isneeded for
itsfurther confirmation.

Finding of the present work concludesthat cast soil
Is a potential source for plant growth promoting
actinobacteria(PGPA). But the unsuitability of theiso-
lation agar used inthisstudy resultsinrecovery of less
number of actinobacteria. Designing of suitablemedia
and protocol for the recovery of diverse culturable
actinobacteriafrom theearthworm cast — complex but
fertilehabitat - isneeded to be strengthened. Optimiza-
tion studies are needed to prove the potential of cast
soil actinobacteriasuch asCA4 and CA6 as producer
of IndoleAceticAcid (IAA).
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TABLE 3: Characteristicsof cast soil actinobacteria
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Actinobacterial strains

Characters
CA4 CA6
Micromor phology
Aerial mycelium + +
Substrate mycelium + +
Rectus Rectus

Spore chain morphology

Cultural characteristics
Colony consistency
Aerial mass color
Reverse side pigment
Soluble pigment

Growth on different ISP medium

ISP1

ISP2

ISP3

ISP4

I1SP5

ISP6

ISP7

Carbon compounds
Glucose

Sucrose

Xylose

Inositol

Mannitol

Fructose
Rhamnose
Raffinose
Arabinose
Cellulose
Enzyme activities
Amylase

Lipase

Protease
Temperaturetolerance (°C)
20

30

40

45

pH tolerance

5

7

9

11

Anaerobic condition

Powdery
Brown
+

No growth
Good
No growth
Moderate
No growth
Moderate
No growth

Moderate
Good
Good
Poor

Good

Good

Poor
No growth

Flexible [RF] Flexible [RF]

Powdery
Brown
+

+

No growth
Good
Moderate
Good
Good
No growth
No growth

Moderate
Good
Good

Moderate

Good
Good

No growth
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