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Plant growth promoting activity under saline conditions by actinomycetes isolated
from vermicast of earthworm
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Abstract

Actinomycetes BBUU157 isolated from the vermicast of earthworms was identified to genus level using the 76S
rRNA gene. The results showed that the nucleotide sequence was very similar to that of the genus Streptomyces.
Growth of the organism under NaCl addition, production of plant growth-promoting agents, antibacterial and antifungal
activities were tested. It could grow with 7% (w/v) NaCl and grew well in 800 and 1,000 mM NaCl solutions with a
dry cell weight of 61.20 mg/ml and 65.70 mg/ml, respectively. There was no production of auxin hormones but it did
produce a maximum siderophore when grown without NaCl. The orange zone size measured was 4.70 cm. It produced
a maximum ACC deaminase at 72 hours in the absence of NaCl. It showed the actinomycetes’s antagonistic
activities against B. cereus, S. aureus and Penicillium sp. It was concluded that the actinomycetes isolate BBUU157

can promote plant growth under saline conditions and protect plants from phyto-pathogenic microorganisms.
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ANULANTINA IR FANZNARaNTBIA R BNz aNdaNNT
Wigdvlazasis Mldnnirldniy wazuinguie
agvazangaanunNAwIBd wNwdaiNy Noudazsia
dudidniuannanudulaaneis winiodiuaala
ladrarvazaela GTana Huii uazame, 2553) Ins
witymilasmylsdedinwlunisdiudyedu MLy
LLS'IT'H{]E]’M’I{Luau mséﬁﬂLLﬂaaﬂJ%’uﬂgaﬁuﬁ:ﬁ’ﬂﬁﬁmm
dumudeanzaudylaegn waznIUszynaldisnng
sysuTdlesmsltuuefiGusussumaasydulavosie
(Plant growth Promoting Bacteria, PGPB) Lﬂuﬂ&j&l
LLUﬂ‘ﬁL%aﬁﬁ@;mauﬁaluﬂﬂsddLa’%mm:ﬂadﬁ'uﬁm
INFNEANUATLAGNT Y 153 ALY (Harialsafis
swiamsldioiafissmseiadulavesfis

lqdondugniunlsiuedrouninany e
dasamodunisiagadiTiauazilsdninaw
fansuddaynizeadsangasnnsauazasdunid
(Hickman and Reid, 2009) l&faufnainnntasuas
LﬂﬁlmuLLiJauauﬂ%ﬂﬁf@q@gmmwe‘iﬂﬁﬂuﬂwﬁﬂya"lﬁl,ﬁau
auﬁq@ﬂﬂﬁmmqmmiI@]ﬂﬁwmuiwﬁugﬁuﬂ‘%ﬂuau
(Dominguez et al., 2010 ; Goswami et al., 2014 ; (Singh
et al, 2018) walddauazrilviinazneudunidiiuan
Tudn @:ﬂau’éuﬂ%ﬁmm‘ﬁa:mmﬁ'umwguﬁﬂumaa
gawTiudnuazlivdyslasiasnivesdu (Singh
etal., 2018) Qa"lﬁtﬁauamfluwaNamﬁ"lﬁmﬂmiﬂ'aﬂamﬂ
dur3pdand1e g iunszuaumiteslasafunidludla
vosléidan (Huang et al, 2013) G9azdsznavluse
snsafiurdduazansdunid towlol 9funid uazaailuu
sassumMaasLAulavasie (Singh et al., 2018) wun3
‘5’1mmlﬁ'mﬁ‘uqfﬁm’%'ﬂugavléﬁﬁauau Vi 9RUNIes
Tulasian 9dunidazaunemna (Gopal et al., 2009)
wuafiFasassunsesyidulavesie (Pathma and
Sakthivel, 2012) wuARZadwEaT (Yasir et al., 2009
: Pathma and Sakthivel, 2012) uazuuafiiSonaaia s
(Pathma and Sakthivel, 2012 ; Singh et al., 2015) a3
m’m%mwawﬂfﬁuw%ﬁﬁﬂm'smﬁ e S THE S REY
pavaNyINiIeIAn duaIumATyidulavesiTuas
fumuidanalsaludn (Chaoui et al., 2003 ; Arancon
et al., 2005 ; Pathma and Sakthivel, 2012) FAILINW
mynwuuaa@lulisdnluana Streptomyces luyaldidaudn
(Parthasarathi et al., 2007 ; Gopalakrishnan et al., 2011
; Pathma and Sakthivel, 2012 ; Singh et al., 2015) G'f%d
Lﬂuaqaﬁﬁmmws’ﬂs:mﬂazhafn‘ﬁamw LLa:wumnﬁm
Tudunnuszinn (Kampfer, 2012) uazfiunumananylu
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masaEsumMIesLaulauasie Streptomyces fidauan
ldanyaldifondu sansngusiunsaiydulavasis
lagnsudaloiaalsnas I@ymiﬂéjuﬁﬁmﬁ%ﬂumu
dolsn naazoslunoandu (auxin) Toiiluaelunsaasy
matasdule waznsazanowasiWe (Gopalakrishnan
et al., 2011 ; Gopalakrishnan et al., 2014 ; Singh et al.,
2015) lumu‘i%’ﬂﬁﬁi'mqﬂi:aaﬁﬁa@maaaumiwﬁmmi
gustumaaigidulavesfis nmIndagaslunaandu
maals-Wos waztauwlsd 1-amino-cyclopropane-1-car-
boxylate (ACC) pasuandlusudnlelsan BBUU157 #i
Aausnldanyaldifeudn

ANMIANRWITWIVY

Aaad1suuAnLIe

vuaadlududnlelsiaa BBUU157 Aidausn
vl'?LLéTaaﬁnga”LéTLﬁauau (NgudAnEIM IR AR
Fou Suilsunannwszsmens JiaandanT) laoidy
Snun Blumiheddouendluiuaiiisy medmBine ame
INeenEaT AnINEABYIWY 29niaTayI NaTaeu
mmu’%qw’ﬂfuummmﬁdgm MS

msiaduunlaglgansmenedmginingn

Bnaadlududnloloiae BBUU157 un@nmn
anwmzvadnlaldfionnis tduloniiafnenns
Falas LLazidﬂﬁf@lq U117 International Streptomyces
Project (ISP) @A Yeast Extract-Malt Extract Agar (ISP2),
Oatmeal Agar (ISP3), Inorganic Salts-Starch Aga (ISP44)
ILae Glycerol-Asparagine Agar (ISP5) (Shirling and
Gottlieb, 1966) I@mﬂuﬁqm%gﬁ 28 + 2 BNANTATYR
Wuian 2 #land wWSsufisudny Color Harmony
Manual (Jacobson et al., 1958) uazfinmanwmzvadatas
@T’JUﬂﬁaafgaﬂﬁﬂﬁaLﬁﬂmammuéadﬂﬁ@

mMsdaunnlagnisiasziin 16S rRNA
LLamﬁ’waLmugﬁ%%ﬁumnﬁmaﬁuﬁ:

ziassuaadludodnleloaa BBUU157 lu
1WINANFAT YD (Yeast extract D-glucose) ﬂum:ﬁ;\‘i
\30d woeshildunaiadiiuieln lysozyme solution
Usu1as 500 lulasaas wazuud 37 esanwaidom
Li239168 2% SDS USu1as 250 lulasaas uas
Phenol-chloroform (25 phenol: 24 chloroform: 1 isoa-
myl alcohol) U3unas 250 lulasaas wnluilwniss A
12,000 soURaM 7 (e 10 Wil asazanedile QN
ANATNaUALEULE o728 3 luans sodium acetate pH8
130183 0.1 Yinesfldua uwas Isopropanol U3unas 1
wesiEua NEudInznandiiuodie 70% EtOH
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1 A & v v L= A & k3
wazUaandiduialiuitd waldsazanaznandiduiaas
daas 1X TE thldamaseudiduladieit Agarose gel
electrophoresis LLazg/aua28 Ethidium bromide U&IATIa8OU
A & v . . .
fLdutaneld UV illumination

mMafindSunadiinesiuvasin 165 rRNA
laeA% PCR lflwsinas STR1F (5-TCACGGAGAGTTT-
GATCCTG-3’) ae STR1530R (5’-AAGGAGATCCAGC-
CGCA-3') (Kataoka et al., 1997) Ufjfi3en PCR mnm‘n
94 adeniatTos 1Twaan 4 wifl 94 avewalTos (Du
a1 1 wifl 55 asealBos twaan 1 Wil uaz 72
avrLTaLlaR 1 Wil LLa:iauq@ﬁwﬁ 94 pIFLTALTUE
s 1 w7 Tagvin 35 sau shwdad et PCR #Alald
ﬁwlﬁu‘%qw%‘[m QIAquick PCR Purification Kit (QIAGEN,
Germany) uazadlUAiemzianauinndle lndiussm First
Base Laboratories Sdn Bhd Uvzineaniale il’m‘i%uﬁ’l
gruianilenefilald i Sonfisudianuadandeiu
fdufiaadlalndlugnudays Ezbiocloud (https://www.
ezbiocloud.net/identify) Waza IULNBATITAUINTG
manuglulisunsy MEGA laul33F Neighbour-Joining
Method (Saitou and Nei,987) 20Maximum likelihood
Iae Maximum parsimony AR Bootstrap 1,000
a%s dAwrmszozvneszninsdduiualasld Kimura
two-parameter (K2P) (Kimura, 1980)

assadulauuaisazaranfalaifan
analsn

iuandludoinlaloae BBUU157 fasqumn
0mIudagas MS anfnmnaeiyiulauuewisuds
§A3 YD agar Aflmsazanoindslmdsunas-lsd aw
NTW 1, 2, 3, 4, 5, 6, W8T 7% (W/V) ﬂuﬁqmﬂgﬁ 28 +2
avrraLBus uaa 1 JUand

mssadulaluansazanandalaifas
aaalsn?

A 6 a o

13099 TRALEAA TN balriaa BBUU157
IWaglugag 107-10° gaumasuzinaesudazszduniaie
279 U58193 100 lulasaas tnAuaIunaIwNI TN
mmsuﬂoam YD LLﬁ'sﬁﬂ"hJi_iuﬁam%nﬁ 28 2 83PN
LTRLD & Lﬂunm 1 §law uummuiﬂiau Waldan
imumsmammmm g1 NI T ARTEGUNNT
130997 ANNZEN VNENILTARAIY 0.9% normal saline

. v &R [ 2

solution UFTANA ULIFIgALTARLYIUNEY UTNAT 1,000
laulasaay leaslunaaanassiniansazaiointe loauw
AR LIAANNNTY 0, 200, 400, 600, 800 Waz 1,000
fadluans (¥nmasas 3 1) (Sadeghi et al., 2012)
Wnaaanaaad lig N 250 Taudawn qmvm“ﬁ 35 a4¢n
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MsHAnaaslukaanBw

aaiTaauInaanatuandludoinlaloaa
BBUU157 ﬁw‘%mﬂummimmgm YD 13u1a3 1,000
lulasdas mémiummsmmqm YD fiflasazans
wndalofsuaaelsdanadudu 0, 200, 400, 600, 800
waz 1,000 FadlUans wazll L-tryptophan (0.2 Aadn3u/
188897) (YnMneaas 3 %ﬂ) inldaginnuiseu
200 saUAAMT QUMD 28 + 2 BIFLTALTYE Tuiidla
e 1 e ntuasiesaunnaagailunaen
@1 (Patten and Glick, 2002) @28 Salkowski reagent LLaZ
Jadsunaunsuaazasluneanduis spectrophotometer
FPanTNaNaIIIUIas nInAngasluueanduifiald
Wisuiiey

MInAaLanlys ACC deaminase

iuaadludpanleloian BBUU157 fiasalu
21U TIgRT MS mL'gmlummimmgm Minimal
Medium 7iliZasiadl (NH,),SO, uazlaifl ACC 21w
\8IgaT Minimal Medium ml (NH ),S0, UAzEIMIILNRY
@3 Minimal Medium #8 Acc uuluﬂmummmmmﬂ
200 saudawfl aaunnd 28 + 2 aseraiBoa 1w 1
Fan¥ 9ntuasIIsa UM siidn ACC deaminase (acdS)
%aLﬂuﬁumuqummamaﬂmﬁ ACC deaminase 9333
gaumeis PCR lasld Degenerate Primer ATTO82F
W&z ATTO82R (Indanand 2013)24 LazA3IIFOUNIINGA
1au bl ACC deaminase (Penrose and Glick, 2003) lag
Besuandludoanlelsian BBUU1ST lugmanaigas
YD ﬂuﬁaﬂm%nﬁﬁ 28 + 2 asealdas uan 3 T
Froadeny 0.1 Tuans Tris-HCI (pH 8.5) uaziasdde
Sl,ummimmgm Minimal Medium 7§l ACC 151105
0.3 fadluand uasfifindelmdsuasslsdanuidudu
0, 200, 400 600, 800 1535+ 1000 Jadluans ‘YIWﬂ'ﬁ
nanoy 3 ) uuuum‘saummwmmmsau 200 JaU
dauwft lufifle 7 wqmﬁqwaa vuaan 0, 24, 48, 72 ua
96 $1lus aniwsiluUslwmdes aasuly USuas 100
1ulasaas 1en ACC anudutu 50 Jadluans YSunas
1.8 UadAAT ﬂuﬁqm%gﬁ 30 avewalboa (w1
2w wyan1Iusedewlolidinasazats HOL
ANUTNTH 0.56 luans USunas 1.8 Ta6aaT waz 0.1%
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(w/v) 2,4-dinitrophenylhydrazine (ﬁa:msﬂ,u HCI @314
Wwudu 2 Tuans) U5unes 0.3 Jaddas Uunganail 30
9A DRSO LDUIA 15 UN waztdn NaOH aa
vingu 2 luand Uiunas 2 faddas ihldiedinisganiu

o 4 o A a
WRINANLIIAEY 540 WIlwuaT waziUTouauny
NINNAT31% Ol-ketobutyrate

msnaaaslaaalsnas

aTagaunINaasimaalineiluainisgas
Chrome Azurol S (CAS) agar (Schwyn and Neilands,
1987) ﬁ@%uﬁzuﬁflLLﬂﬂ@Iuﬁﬂﬁﬂ"LaPﬁm@ BBUU157 1331y
ad UM IUTIgR T MS IRTiduRuguanans 5 Loudiuas
LLé”;ﬁ']%u"g‘”u"l,ﬂmwummww:L%aﬁﬁmmwﬁogm CAS
Anaundelmduunaslsdanududu 0, 200, 400, 600,
800 Uaz 1,000 Aadluans (imnaaas 3 %’1) LRW
LWWZL%avLﬂﬂﬁJﬁqm%Qﬁ 28 + 2 asenaaldas tHuwaan
1 §Uav mndnsndasslaaslwas szUnnganlalou
sau 9 lalaflludd
n1swmaaqu§é’1’1m§ammﬁﬁﬂ

Msessadauuaiisanageu

ﬁWL‘%aLLuﬂﬁﬁﬂ B. cereus, Escherichia coli,
Pseudomonas aeruginosa Wae S. aureus smémuu
21%13UTd NA ﬂwﬁqm‘vxgﬁ 30 avraal@oa (uwa
24 $7lug idanlalaflasluanmisinas Nutrient Broth (NB)
ﬂuﬁqmﬁgﬁﬁaduumémwmﬁ 120 sausawf 1dwm
24 $2la9 shidad ldunis oo WU ouda s udurindy
8138:818019331% McFarland No.0.5 (1.5 x 10° CFU/ml)
Iﬂﬂﬁ'@mwﬁuﬁmwmm’é‘u 620 wluluas Miladn
Wiy 0.08

nsnasaugnAGInIanuaiiSuaaa3a
Agar Disc Diffusion

L3pna i NA luanumnzige anniiinige
LLUﬂﬁL’%y‘n@aauLL@iazmﬁ@ﬁﬂ%fummﬁuvl’j" inanlirumn
An21%13 NA mnﬁvfué'ﬂ%ufumaoLLaﬂaiuﬁﬁﬁﬂ"LaImLam
BBUU157 U'%nmﬁl,%am’%ty%mwu (Eusuguinany
5 IaRLNAT) Tnsluwmnzdefindednigauuaiiy
Nnagay (Yinn1Ineasad 3 6§'1) wwwzide Ty
gDl 28 + 2 IR LTALTOR Lijwaan 1 fadk uazia
mu’mLﬁumugmﬁﬂmwaau’%nmﬁuﬂz\a (Inhibition zone)

ﬂ’l‘i“(lﬂﬁﬁ)ﬂi]“fléﬁ”]%t%ﬂi’\

ﬁﬁL%a‘n Aspergillus sp., Pennicillium sp. W8
Fusarium sp. L'gmuummi Potato Dextrose Agar (PDA)
ﬂwﬁqm%gﬁ 28 + 2 aderatdus Lwaa 5 T G
%uj‘”u u’%nmﬁ%mnﬁtyﬂmuuu (Fusugudnas 5
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faaa3) luaesanasluawmnzide LLa:ﬁn%m:u
223Uand [Ty EN (Furuguana1d 5 Tafiuas) 1196
asstny 2 FuliTsrosvinerninaderuazuand ludedn
3 lEuiwas (MmMInasad 3 91) udahawmzde v
‘ﬁ'qmwgﬁ 28 + 2 admwaldos [Wuan 2 A was
Sausmduds (%) lasTaldan C-T/C x 100 Wia C do
maesyradlalafiluzeniugy uaz T fa maaiyves
lalaflluranazeu

MINATIEANIFDG

JaszrnanIInaaadlaslinanisitasizy
ANOVA ez Tukey’s multiple Tuldsunsn Minitab 17 uaz
iiuaifudnais £ d’nﬁmmummgm (Fuwrnldan
nased 3 ) fisduiuidn P<0.05

NAN1TIVBUAINIHNANIIIVY
msdadunnlagldansmensdmgining,
uaadlulsandiulnaniaiduls 2 viia do 1§ule

ldfromisuazidnlumiloiiens wisananaalan:

wuloldRenmsednaden Wodlaiansyaudrnly
nlofanunuiuswAaiulalad andwduloas

Lﬂ?iﬂugml,uuvlﬂlﬂuaﬂas‘ (Barka et al., 2016) lalafivas

wendludoandanuandroiueanly 1w F10 Fwdes

Fdu Fuas F029 mAwr MiTw Biena uazddn

(Fawnyal f3Iuad, 2548) uazaznAaTIATng Feorain

FuAs MwAed FEN FTUW Firena Fi3u niode

%uagﬁmﬁmammﬁﬁm 0 ALTIREY Uazd 1IN

Suranfiass (Barka et al., 2016) NMIANBIRN LTS

MIFmgIWINgwasuandluduinloloaa BBUU157 lag

dnwidwloldfinenms idulomilafinenms fades uay

§390707 LB ISP2, ISP3, ISP4 Uz ISP5 HALAA

¢4 Table 1 LLazaﬂai{ﬁé’ﬂHm:Lﬂugﬂﬁa%%«kG] Peaandn

L§1e11 (Rectifiexibiles) Aatasi3ay amasszunms 0.9-1

lulasiuas (Figure 1)

Table 1. Morphological characteristics of the isolate
BBUU157
ISP Aerial Substrate Spores Soluble
mycelium mycelium pigment

ISP2 white apricot grey grey
ISP3 grey thistle grey grey
ISP4 red-violet purple grey grey
ISP5 heliotrope purple - -

- indicates no production
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Figure 1. Scanning electron micrograph of BBUU157
cultured on ISP3 medium at 28 °C for 28 days

N1I9AIMBNLALAITILATIEEW 16S rRNA Lazd319
Lmugm’iﬁummsmﬁﬁuﬁ

91NN1587A DNA uaztini3uimbn 16
rRNA 283uaa@ waludnlaloiaa BBUUT57 WU 160U
frnalelnddouwia 780 fadlelng uaziavngeu
fadlolndlssufisunudiauiiaeilalndlugin
Taya EZbiocloud Wuin Hd1adnuadioafuiniy
wandluluinluana Streptomyces (Figure 2) %dL‘ﬂ%ﬁQﬂ
Afimsunsnszanweghoniieang Iﬂﬂwumnﬁq@luau
nnusznn (Kampfer, 2012) uazanunsnwylaluyaldidau
(Parthasarathi et al., 2007 ; Pathma and Sakthivel, 2012
; Singh et al., 2015)

56 BBUU157 .
Streptomyces diastaticus subsp. ardesiacus NRRL B-1773
Streptomyces fragilis NRRL 2424T
Streptomyces chilikensis RC 1830" .
Streptomyoes coelicaflavus NBRC 15329 .
Streptomyces eurythermus ATCC 149T75
Streptomyces tritoleraris DAS 165
Streptomyces tendae ATCC 19812T
861 Streptormnyces rubrogriseus LG 20318 T
Streptomyces flaveolus NBRC 3715 ;
Streptomyces coeruleorubidus ISP 51 4T5
Kitasatospora setae KIM-6054

51

I ]
0.0050

Figure 2. Neighbour-joining tree, based on 76S rRNA gene

sequencing, showing the position of BBUU157 and closely

related species of the genus Streptomyces. Kitasatospora
setae KM-6054" was used as the outgroup.
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nmasudulaunamisiidansazatainie
lnfsnaaalsa

nmsdnsmaasadulalussacasinie
lmfouanaliduadnandludodnloloiaa BBUU157
WUIN mminLﬁ]’%tyvlﬁgaq@ﬁmiazmmﬂﬁaimﬁmJ
ARa l3@ANNLTNTU 7% (wiv) (Figure 3) (Gopalakrishnan
et al., 2014) 3189w Streptomyces mm‘mw%mﬂﬁﬁl
anududwnfalodonaaalsd 12% (wiv)

Figure 3. Growth in NaCl (a) no sodium chloride and (b)

concentration of NaCl at 7% (w/v)

mssatdulaluaisazarandalafas
aaalsa

PINMIANEIMIIYVasLnd lunladnloloiae
BBUU157 lussazanuinfeloifounas bsaanauidudn
0, 200, 400, 600, 800 Waz 1,000 Hadluans lasldivas
Suduiisziunsieansii 10° (1.4 X 10° CFU/mI) wuin
munmnsiulaladlumsscaoinfalndouasalsd
AU NTW 800 waz 1,000 Iadluand Ddntiniin
LIRALAY 65.70 AadnSw/Aadaas (Figure 4) (Sadeghi
et al., 2012) Te9win Streptomyces lalwiaa C 1331y
WWulaladluasazanoinfelmdsuaas lsaanuidutu
300 Faaluan uazazanasidannududuasazainde
lmdpuanalsdgaiv 300 Hadluard
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Figure 4. Growth in NaCl 0-1,000 mM of BBUU157

ANNWT a, b, ¢ WAT d NWIANNULANAIINH

o

adINNYRATYNIIRDG (P<0.05)

asuaaa1sastasanIsiasytdulazesiizin
ssarangnaaluiianaaalse

MInAnTaslunaandn

INNIIATIAIROUNIINRA TS I UDONT U
waadluduanlaloiaa BBUUT5S7 WU @339 lwuns
NAnZaslunaandu

mInaaaslaaalsas

MNMIATIIFBLNINEARITIsLaa lsWesve
wandludodnlalolan BBUU157 WU RINITOHA
mivl,smﬂaiiwaﬂﬁﬁﬁq@luamq:ﬁwﬁmﬁaimﬁw-
Anelsa lastaaualouganle 4.70 + 0.10 LUANAT
(Figure 5) uazaznaaaslmaslswasanas ennudu
ﬁumaamia:mUmﬁaimﬁﬂmaa%&ﬁuga%u (Figure
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Figure 5. Siderophore production of BBUU157 on CAS agar
(a) no NaCl and (b) concentration of NaCl 1,000 mM
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Figure 6. Siderophore production of BBUU157 in NaCl
0-1,000 mM

IMANBT a, b, ¢ LAz d INWIGINULANAIING

o

adInuRATNIIRDG (P<0.05)

MsHaALawln ACC deaminase

INMNIATIFALNIA DY acdS VaIuand luiladn
lalmian BBUU157 WU snansatusSanasuin acas e
uaziduunuiden Jumannuenidszanos 600 fndlalng
(Figure 7) LRZENNNTONAALEW TN ACC deaminase
"Loﬁ”a‘*?iq@ firnan 72 $alus (Figure 8) luanududuiilis
ssazanaindalmdsuaaslsd (Figure 9) Ssunaiiids
Ag5anaa ACC deaminase ¢ azgneliamun
dasnizeIoadneg g AwAn uazdvliguaud@llae
USuaaaslun Lafiau (ethylene) Tuis vinlwiowin
matasnidulald Gopalakrishnan et al. (2014) 1897w
Streptomyces ﬁﬁmmﬂvlﬁmﬂgavl,&ﬁauau (Eisenia
foetida) aansanaaaTiTiaalswel uaztiodasuNg
Windulavesfirlutniaoiug Sampada ludszina
swde lagaztrofinlusiues anuenduing s1wm
LWAARIEN TWINTE9LEA $IUIUTIN ANWEITINUEE
imiinuwenn udu



36 Tiraporn Kanokchan, Jirawan Sitisuanjik,
Saethawat Chamsart, Chantra Indananda

1000 bp

500 bp

600 bp

Figure 7. acdS gene fragments has a length of 600

ACC deaminase activity

A o
ENA 2]

nucleotides of BBUU157

1800
1600 a
< 1400
S 1200
S
S 1000 b b
g
S 800
g 600
o c
S 400
S
200
0
24 48 72 96
Time (h)
Figure 8. ACC deaminase production of BBUU157
at 24, 48, 72 and 96 h
INANBT a, b AT ¢ INBWIG N ULANA1IN LN
RAYNIRDG (P<0.05)

J Sci Technol MSU

1800 -
1600
1400
1200
1000
800
600
400

ACC deaminase activity
(nmol O-keto mg protein-1 h-1)

200

(6] 200 400 600 800 1000

Concentrations of NaCl (mM))

Figure 9. ACC deaminase production at 72 h in NaCl
0-1,000 mM of BBUU157

INANBI a, b, ¢, d, e WAL f INBIFINULANE
Mg Uk AN IEHaA (P<0.05)

ﬂﬂiﬂﬂﬁﬂuqn§ﬁ1ulgaltﬂﬂﬁL“;‘El

IINNIINAFLgNTE UL TouL AT n 8
wandludodnlaloinn BBUU157 wuin Hqniew
\Houuaiti3y B. cereus (1.03 + 0.12 LuALNAT) wazd
anBeWTuUATIY S. aureus (0.53 + 0.06 LEUALIAT)
(Figure 10) Kruasuwan and Thamchaipenet (2016)
BWIN Streptomyces ﬁqw‘if@”’lm%mmﬂﬁﬁﬂ B. cereus
ATCC 1178, E. coli ATCC 8739 L8z S. aureus LBWLALINY
Shaik et al. (2017) 31891W3" Streptomyces flf]ﬂ%{ﬁ’m
\Hauuafii3y Bacillus subtilis NCIM-2063 waz E. coli
NCIM-2065

Figure 10. Antibacterial activity of BBUU157 (a) B. cereus
and (b) S. aureus



Vol 40. No 1, January-February 2021

ﬂ’]iﬂﬂﬁﬂﬂq‘n%{@qf'\%tﬁﬂi'\

ﬁ)’mmi‘maaqu’%ﬁwm%aiwadLLaﬂmuﬁﬂﬁ‘ﬂ
lalman BBUU157 wuin Sansdnwdasifisiniiaidsnie
L%ai’l Penicillium sp. (36.5 £ 0.5 %) (Figure 11) Kruasuwan
and Thamchaipenet (20160 31841%31 Streptomyces Y
anseuBa Aspergillus niger ATCC 6275 Uazidas
Fusarium moniliforme DOAC 1224 \ful@g1ny Khamna
et al. (2009) 89UWI Streptomyces ﬁqw'ﬁfﬁwm%aﬁ

Fusarium oxysporum UasATa Penicillium digitatu

Figure 11. Antifungal activity of BBUU157 (a) control and
(b) BBUU157+Penicillium sp.

a7Unan13338

nnmyinendluduinleloaa BBUU157 fida
LLsmvl,ﬁmngavlﬁLﬁauc‘ﬁuﬁLﬁu%'ﬂmvlﬂu%mﬂ%%'mmﬂaiu
wUAASY MATITIINEN AUANLIMRAS WAIINLRE
Yiwr wuin ﬁmmaéa”’]ﬂﬂﬁdﬁULLaﬂmuﬁﬂﬁwluaqa
Streptomyces LLa:mmsm’«ﬁmﬂﬁ mﬂqﬂl‘ummzmﬂmﬁa

Imdsuaanlsdanuidudu 7% (wiv) wazasaidulald

fluansazaraindalofsuaaa laanu TNty 800 waz
1,000 Fadluans laodensininioaawitd 61.20 Jaansu/
88897 WaT 65.70 FAANSW/AEANT NEeU MM IR

Fo3lunaanTu waNNIINES kriaa 1S wasNanLaw Loy

ACC deaminase lasndalmaalinaslddfigaluaniiz
lil ra = a 6 s a
Aldfansazauinfelofouaanlsa lasdaruwia laus
0l 4.70 1 uduay waznaalan oy ACC deaminase
vad 4 < S “
ldafngafivaan 72 Talus Tuanzilidansaz znoindia
Iﬁnmwﬂaavlm waadludninlaloaa BBUU157 i am‘ms
mumauuﬂmm B. cereus WUATIISY S. aureus Uz fignt
SwBoT Penicillium sp. NAWaMSANENE snansavinly

AN T AN TAWMINEART ISz ULV BATEUNSE

1%”'Lﬁwawﬁﬂﬁﬁqmmw§a viadlasnuwnisduwteanuas
FTATFIATITARIo IR BN luNTHE wazdadnilas
= z dl 1 v
Nranweine lsnle

Plant growth promoting activity under saline conditions by

actinomycetes isolated from vermicast of earthworm

naanssnlszne

28U HNNAITITIINGT AMEANYIANTAT
UWINUIRBY TN ﬁlﬁﬁ%ﬂﬁﬁﬂﬁﬂﬂﬂdduuﬁu;ﬁ%’mnﬂ
waMANATal nunauA

1@N&E19919D9

WWawa Jui algws Tusdny LLquiﬁﬂé azaani.
(2553). nssudavasiameldaniisAdnnudiv.
Aviulaninenmans 10(2), 28-37.

Sawnsol f33uat. (2548). uandludbdn (Actinomycete).
YT aoduinemaainiansa Wn1inede
Hi‘W'\.

Hickman, Z.A. and Reid, B.J. (2009). Earthworm assisted
bioremediation of organic contaminant. Environment
International, 34, 1072-1081.

Dominguez, J., Aira, M. and Gémez-Brandon M. (2010).
Vermicomposting: earthworms enhance the work of
microbes. In: Insam, H., Franke-Whittle, |., Goberna,
M. (Eds.), Microbes at Work: From Wastes to
Resources. Berlin Heidelberg: Springer, 93-114.

Goswami, L., Sarkar, S., Mukherjee, S., Das, S., Barman,
S., Raul, P., Bhattacharyya, P., Mandal, N.C.,
Bhattacharya, S. and Bhattacharya, S.S. (2014).
Vermicomposting of Tea Factory Coal Ash: Metal
accumulation and metallothionein response in
Eisenia fetida (Savigny) and Lampito mauritii
(Kinberg), Bioresource Technology ; 166, 96-102.

Singh, J., Singh, S., Vig, A.P., Bhat, S.A., Hundal, S.S.,
Yin, R. and Schadler, M. (2018). Conventional
farming reduces the activity of earthworms:
Assessment of genotoxicity test of soil and vermicast,
Agriculture and Natural Resources ; 52(4), 366-370.

Huang, K., Li, F., Wei, Y., Chen, X. an, Fu, X. (2013).
Changes of bacterial and fungal community
compositions during vermicomposting of vegetable
wastes by Eisenia foetida, Bioresource Technology,
150, 235-241.

Gopa, M., Gupta, A., Sunil, E. an, Thomas, G.V. (2009).
Amplification of plant beneficial microbial
communities during conversion of coconut leaf
substrate to vermicompost by Eudrilus sp., Current
Microbiolog, 59(1), 15-20.

37



38  Tiraporn Kanokchan, Jirawan Sitisuanjik,
Saethawat Chamsart, Chantra Indananda

Pathma, J. an, Sakthivel, N. (2012). Microbial
diversity of vermicompost bacteria that exhibit useful
agricultural traits and waste management potential,
SpringerPlus, 1(26), 1-19.

Yasir, M., Aslam, Z., Song, G.C., Bibi, F., Jeon,
C.0, and Chung, Y.R. (2009). Chitinophaga
vermicomposti sp. nov., with antifungal activity,
isolated from vermicompost, International Journal
of Systematic and Evolutionary Microbiology, 60(1),
268.

Singh, S.P., Gupta, R., Gaur, R. an, Srivastava, A.K.
(2015). Antagonistic actinomycetes mediatedresis-
tance in Solanum lycopersicon Mill. Against Rhi-
zoctonia solani Kihn, Proceedings of the National
Academy of Sciences, India Section B: Biological
Sciences5 87(3): 789-798.

Arancon, N.Q., Edwards, C.A., Bierman, P.,
Metzger, J.D. an, Lucht, C. (2005). Effects of
vermicomposts produced from cattle manure, food
waste and paper waste on the growth and yield of
peppers in the field, Pedobiologi ; 49(4): 297-306.

Chaoui, H.l., Zibilske, L.M. an, Ohno, T. (2003). Effects
of earthworm casts and compost on soil microbial
activity and plant nutrient availability, Soil Biology
and Biochemistry ; 35, 295-302.

Parthasarathi, K., Ranganathan, L.S., Anandi, V. and
Zeyer, J. (2007). Diversity of microflora in the gut
and casts of tropical composting earthworms reared
on different substrates, Journal of Environmental
Biology, 28(1), 87-97.

Gopalakrishnan, S., Pande, S., Sharma, M., Humayun,
P., Kiran, B.K., Sandeep, D., Vidya, M.S., Deepthi,
K. and Rupela, O. (2011). Evaluation of actinomycete
isolates obtained from herbal vermicompost for the
biological control of Fusarium wilt of chickpea, Crop
Protectio, 30(8), 1070-1078.

Kampfer, P. (2012). Genus Streptomyces. In Goodfellow,
M., Kédmpfer, P., Busse, H.J., Trujillo, M.E., Suzuki,
K.-i., Ludwig, W. and Whitman, W.B., (Eds.). New
York: Springe2.

J Sci Technol MSU

Gopalakrishnan, S., Vadlamudi, S., Bandikinda, P.,
Sathya, A., Vijayabharathi, R., Rupela, O., Kudapa,
H., Katta, K. and Varshney R.K. (2014). Evaluation
of Streptomyces strains isolated from herbal
vermicompost for their plant growth-promotion traits
in rice, Microbiological Research, 169(1), 40-48.

Shirling, E.B. and Gottlieb, D. (1966). Methods
for characterization of Streptomyces species1.
International journal of systematic bacteriology6,
16(3), 313-340.

Jacobson, E., Granville. W.C. and Foss, C.E. (1958).
Color Harmony Manual, 4" edn. Chicago: Container
Corporation of Americ8.

Kataoka, M., Ueda, K., Kudo, T., Seki, T. and Yoshida,
T. (1997). Application of the variable region in
16S rDNA to create an index for rapid species
identification in the genus Streptomyces, FEMS
Microbiology Letters, 151, 249-255.

Saitou, N. an, Nei, M. (1987). The neighbor-joining
method: a new method for reconstructing
phylogenetic trees, Molecular Biology and
Evolution, 4, 406-425.

Kimura, M.A. (1980). simple method for estimating
evolutionary rates of base substitutions through
comparative studies of nucleotide sequences,
Journal of Molecular Evolution, 16, 111-120.

Sadeghi, A., Karimi, E., Dahaji, P.A., Javid, M.G.,
Dalvand, Y. and Askari, H. (2012). Plant growth
promoting activity of an auxin and siderophore
producing isolate of Streptomyces under saline
soil conditions, World Journal of Microbiology and
Biotechnology, 28(4), 1503-1509.

Patten, C.L. and Glick, B.R. (2002). Role of
Pseudomonas putida indoleacetic acid in
development of the host plant root system, Applied
and Environmental Microbiology, 68, 3795-3801.

(2013).

Identifica tion of Novel Taxa, Plant Growth

Indananda, C. Characterization and
Promoting Properties and New Compound from
Endophytic Actinomycetes. Doctoral Dissertation,
Doctor of Philosophy Genetics, Department of

Genetics, Graduate School, Kasetsart University.



Vol 40. No 1, January-February 2021

Penrose, D.M. and Glick, B.R. (2003). Methods for
isolating and characterizing ACC deaminase-
containing plant growth-promoting rhizobacteria,
Physiologia Plantarum, 118(1), 10-5.

Schwyn, B. and Neilands, J.B. (1987). Universal chemi-
cal assay for the detection and determination of
siderophore, Analytical Biochemistry, 160, 47-56.

Barka, E.A., Vatsa, P., Sanchez, L., Gaveau-Vaillant, N.,
Jacquard, C., Meier-Kolthoff, J.P., Clement, C.,
Ouhdouch, Y. and Van-Wezel, G.P. (2016).
Taxonomy, physiology, and natural products of
actinobacteria, Microbiology and Molecular Biology
Reviews, 80(1), 1-43.

Argandona, M., Nieto, J.J., Iglesias-Guerra, F., Calderon,
M.l., Garcia-Estepa, R. and Vargas, C. (2010).
Interplay between iron homeostasis and the osmotic
stress response in the halophilic bacterium
Chromohalobacter salexigens, Applied and
environmental microbiologo, 76(11), 3575-3589.

Kruasuwan, W. and Thamchaipenet, A. (2016).
Diversity of culturable plant growth-promoting
bacterial endophytes associated with sugarcane
roots and their effect of growth by co-inoculation of
Ddazotrophs and actinomycetes, Journal of Plant
Growth Regulati, 6(3), 1074-1087.

Shaik, M., Girija-Sankar, G., Iswarya, M. and Rajitha, P.
(2017). Isolation and characterization of bioactive
metabolites producing marine Streptomyces parvulus
strain sankarensis-A10, Journal of Genetic
Engineering and Biotechnolog, 15(1), 87-94.

Khamna, S., Yokota, A. and Lumyong, S. (2009).
Actinomycetes isolated from medicinal plant
rhizosphere soils: diversity and screening of
antifungal compounds, indole-3-acetic acid and
siderophore production, World Journal of
Microbiology and Biotechnolog, 2, 649-655.

Plant growth promoting activity under saline conditions by
actinomycetes isolated from vermicast of earthworm

39


http://www.tcpdf.org

