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Polycyclic aromatic hydrocarbons (PAHs) were toxic to living organisms including microorganism.
Using plant growth promoting microorganisms in soil contaminated with PAHs may decrease
microorganism’s activity. Thus, this study investigated the effect of some PAHs including fluorene and
phenanthrene on indole-3-acetic acid production and phosphate solubilization of Streptomyces sp. isolate
STRM104 and STRM302. The results revealed that phenanthrene decreased phosphate solubilization
activity of isolate STRM302. However, decreasing in phosphate solubilization of isolate STRM104 may be
caused by dimethylformamide. Phenanthrene and fluorene did not decrease IAA production activity of
both isolates. Then, culture filtrate of Streptomyces sp. isolate STRM104 and STRM302 were tested for
stimulating effects on germination and growth of sticky rice cv. RD6 on 20 mg/l fluorene or phenanthrene
contaminated paper. The sticky rice cv. RD6 seeds received culture filtrate via 2 different methods, which
seed immersion before germination and direct germination on culture filtrate-soaked paper. The result

showed that sticky rice cv. RD6 seedlings derived from seeds immersed in culture filtrate before
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germination grew better than those germinated from seeds grown on culture filtrate-soaked paper. Shoot

length, shoot weight and root length of sticky rice cv. RD6 seedlings derived from seeds immersed in

culture filtrate before germination were higher than those derived from seeds grown on culture filtrate—

soaked paper.
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Table 1 Indole-3-acetic acid (ug/ml) production and phosphate solubilization index (PSI)
of Streptomyces sp. STRM104 and STRM302 (Data are mean + S.E.)
Treatment Streptomyces sp. STRM104 Streptomyces sp. STRM302
IAA PSI IAA PSI
concentration concentration

Day 10

15 mg/l fluorene 238 +0.74 1.39 + 0.04b 0.71 £ 0.48 1.46 + 0.02
20 mg/\ fluorene 1.72 + 1.28 1.31 + 0.03b 0.71 +£0.48 1.38 + 0.13
15 mg/| phenanthrene 0.78 + 0.38 1.45 £ 0.03b 281 + 2.36 no clear zone
20 mg/\ phenanthrene 1.07 £ 0.26 1.51 £ 0.10b 0.93 + 0.59 no clear zone
dimethylformamide 1.72 + 0.51 1.34 + 0.05b 245+ 1.21 1.36 + 0.01
PDB or Pikovskaya’s agar 3.83 +0.45 1.83 £ 0.01a 491 + 0.38 1.37 £ 0.01
Day 20

15 mg/l fluorene N.D. 1.39 + 0.04bc N.D. 1.47 +0.02
20 mg/| fluorene N.D. 1.31 + 0.03c N.D. 1.55+0.24
15 mg/\ phenanthrene N.D. 1.46 + 0.03bc N.D. no clear zone
20 mg/| phenanthrene N.D. 1.50 £ 0.10b N.D. no clear zone
dimethylformamide N.D. 1.34 + 0.06¢ N.D. 1.36 + 0.01
PDB or Pikovskaya’s agar N.D. 1.76 £ 0.02a N.D. 1.37 £ 0.01

LSD 3.10 0.23 5.19 0.43
Day/PAHs/day*PAHs - ns/**/ns - ns/ns/ns

Values with different lowercase letter are statistically different between same day (P<0.05); Values with different capital letter

are statistically different between same bacterial strain and different day at 0.05; ns, *, ** denote non-significance (P>0.05),

statistically significance (P<0.05), and highly statistically significance (P<0.01) of each factor, respectively. N.D. = not determined

nMslsUlIRsuadLUATISY Streptomyces
sp. STRM302 Tiinaludnwaugiaeaniunislasuunaes
\WadILUATILSY Streptomyces sp. STRM104 1aanns

£ [

IDNVDITINVDWUEARUST W nY 6 Nudiuda

]
13 =
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STRM302 Aeumnziialusesay 100 msiasqiiuls
Y9380nRUNAI TNl INUNY 6 NUBUAnRUG

luwidesswanues Streptomyces sp. STRM302

wdumnzluanngiivuiioungesiuuasfinuuniu
fuualiudiaunnnindundrtrmierfimiziudn
Tuanmefivudewduiy uimedaiuslunseay
fuseindoarad Tomausmdeiusdrumie m 6
Tuthnduudumglunsgaiuguinisasad wuiil
Aenssenvassnusnunssenedluiiiu (Figure 1
waz Table 2) uenaninswsaiivinvesiiamilen
ftug na 6 fmnglunseavduindsasadidnume
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a S & v 2
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WA SEMSUNTSIRS Y ueaiuvsdlusssuale

Figure 1 The 16 days old seedling of rice cv. RD6 grown under different condition; seeds immersion

in Streptomyces sp. STRM104 culture filtrate and exposed to fluorene (A) and phenanthrene (B)

contamination; immersion in Streptomyces sp. STRM302 culture filtrate and exposed to

fluorene (C) and phenanthrene (D) contamination; germinated in paper soaked with culture

of Streptomyces sp. STRM104 and exposed to fluorene (E) and phenanthrene (F)

contamination; germinated in paper soaked with culture of Streptomyces sp. STRM302

culture filtrate and exposed to fluorene (G) and phenanthrene (H) contamination
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Table 2 Germination and growth of shoot (fresh weight/dry weight) and root (fresh weight/dry weight) of rice grown under fluorene or phenanthrene

contamination which receiving culture filtrate of Streptomyces sp. STRM104 and Streptomyces sp. STRM302 (Data are mean + S.E.)

Treatment Total root Mean time to  Shoot length  Shoot fresh Shoot dry Root length Root fresh Root dry
germination germinate of weight weight weight + weight +
root Cotylydon Cotylydon
(%) (days) (cm) (mg) (mg) (cm) () (mg)
Immersion (STRM104)
Acetone 100.00 + 0.00 2.12 +0.10a 542 +0.21aA 184 + 0.87aA 5.2 +0.19aA 557 + 0.3daA 3.9 £ 0.35aA 2.2 +0.11aA
20 mg/kg fluorene 100.00 + 0.00 256 £ 0.12a 4.96 + 0.21aA 7.7 + 0.45cA 4.2 + 0.22bA 4.46 + 0.35bA 2.0 £ 0.16bA 1.6 + 0.15bA
20 mg/kg phenanthrene 100.00 + 0.00 2.56 + 0.06a 535+ 0.22aA  11.4 + 0.70bA 4.4 + 0.20bA 589 + 0.39aA 2.0 +0.13bA 1.5 + 0.10bA
Soaked paper (STRM104)
Acetone 54.28 + 8.41 257 +0.18b 2.30 + 0.16aB 3.1+ 0.22abB 1.5+0.11aB 0.62 +0.10aB 0.6 + 0.14aB 0.3 + 0.00aB
20 me/ke fluorene 40.00 + 0.00 1.25 + 0.00c 1.76 £ 0.19aB 2.3 + 1.92bB 1.2+ 0.11aB 0.30 £ 0.10aB 2.1 + 0.00aA 0.6 = 0.00aA
20 mg/kg phenanthrene 60.00 + 11.55 3.65 + 0.90a 211+ 0.17aB 4.0 + 3.58aB 1.3 +0.11aB 051 +0.14aB 0.5+ 0.07aB 0.4 + 0.09aB
LSD 0.75 0.55 1.26 0.4 0.71 0.57 0.31
Method*PAHs
Immersion with (STRM302)
Acetone 100.00 + 0.00 250 +0.12 4.85 + 0.20A 6.4 + 0.52cA 3.3 + 0.18cA 434 +0.35b 3.2 +0.16a 1.1 + 0.07
20 mg/ke fluorene 100.00 + 0.00 2.46 + 0.04 522+ 0.20A  12.00 + 0.65aA 4.2 + 0.19bA 6.34 + 0.40a 2.6 +0.13b 38+ 203
20 mg/kg phenanthrene 100.00 + 0.00 2.44 + 0.04 4.86 + 0.22A 9.7 + 6.23bA 5.2 + 0.30aA 468 +0.27b 1.4 +0.11c 1.1 +0.09
Soaked paper (STRM302)
Acetone N.G. N.G. 1.87 £ 0.12B 2.2 +0.17aB 1.1 £ 0.07aB N.G. N.G. N.G.
20 mg/kg fluorene N.G. N.G. 2.08 £ 0.12B 2.0 + 0.18aB 09 +0.11aB N.G. N.G. N.G.
20 mg/kg phenanthrene N.G. N.G. 1.72 + 0.14B 2.4 + 0.21aB 1.1 £ 0.08aB N.G. N.G. N.G.
LSD 0.23 0.50 1.13 0.40 0.91 1.26 0.40
Method/PAHs/ -/-/- -/ns/- **/ns/** VA VA -/**/- -/**/- -/ns/-
Method*PAHs

Values with different lowercase letter are statistically different between same method (P<0.05); Values with different capital letter are statistically different between same PAHs and different

method at 0.05; ns, *, ** denote non-significance (P>0.05), statistically significance (P<0.05), and highly statistically significance (P<0.01) of each factor, respectively. N.G. = not germinate
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mMsavateeanaiianasues Streptomyces
sp. STRM104 wag Streptomyces sp. STRM302 A9
AAANHANTENUVDIANTUAN UADIDUUNUDATY
aeluwadfiieides lkaudnvusiiduaiunis
Windulavesiiviuasuwlasly fefidiseauitans
maadyNwaesidainlinisuan 1AA LaznIsazany
NodWmnuas Pseudomonas putida PS9 a6 a4
(Ahemad and Khan, 2012) Wigeaiuuasiluuuniuy
iU asenlunsiinduessqgdunidlufuanas
(Sverdrup et al., 2002) #itoLo%FIliNaannans sy
vesoulyiilalasiiva Fadueuleiiflunumdfey
ludfisereendlasandunieluigaduosqiunid
(Irha et al, 2003) agralsAnuNLoLa¥dINaRDNNS
a6 1A gasuuaiioleleian NSRUL Jadauenld
INAUTOUIINNY1AUNT (Eleusine indica) Laz
wuafiSeleleian NSRU2 fu NSRU3 Fadauenldann
fuseusINd1uLlde (Chromolaena odorata) lag
wuaidens 3 loloian ndn 1AA anaiiowseyly
g MmsiasuTediduounndunseiluuuniuiissiy
AILINTU 100 mg/L (Chouychai et al., 2016)

nsldwupilisenquatuayuniIssyivle
VIR INTINYATENA18FULUY Faowlduuadise
Tusuresfusaduuafionioiifsnsaduuaiie
Ale (Bakhshandeha et al., 2017; Muniroha et al.,
2019) nasldAwaduuaiiseduAulnensialail
Yymidunissendinvestuaiissluaninuinasu
(de Souza et al,, 2015) TunWid8v9 Bakhshandeha
et al. (2017) s1891uimsinFadoasiulaens
iliminudeweddusazdiminudcwesdrdudng
(cv. Tarom Hashemi) g0 duna e U
FudelnensaudFedneugnasulas mafiugaunss
asgAulagnssoramdgdynianiizuindey

a o

Llwnnzausonsiasyuedunse wasyinlviRduvsd

Ldanunsosendinuasianiianssunisatuayuns
Wi iulnvesiula (de Souza et al, 2015)
wonanilunisnaesdiresfunuiivgoeiuuas
WuuunIuann1Wae IAA Lagn1sazatenoanves

o
§ v o

Streptomyces sp. ﬁgqaaqmsﬂ’uq MAUUNITNAEDU
HANIINTZHUNITIONLATNITRTYRUIA U BY
Fundwestmmileniug nv 6 Aneluannzuuideu
wgeedundeiluuuniufiszfuauidutu 20 mg/l
Jdldhdsaraduuaiidelummadeuununisld
L HARAUVSILNEN TS
nsdndndsasadaddunseaemizyinle
nMseenuaznssYAUlRsEYzAUNAYRITLUTYY
Wug Nv 6 anas lnsmzmaasguasn Wululed
duiougadilianmsmzidswunaiieluems
1/2PDB Sansfiuvdsaniuouigdunidludunndon
M duansemsla deudazaunistdduemnsiunis
WELAB Streptomyces sp. 11U wenINT LUt

& a

Aoaadaunissuduudausunuelaimisgian
QAuUVSNAATY Wy ansmuaumTaTyulnvesiy
wagnaliuesn Wudu (Hamayun et al, 2019;
Muniroha et al., 2019) ﬁqﬁ?umilﬁmfmgmmaéaq
UuNIEAIEINIEe1dAagaliaunIdiug lu
Aawrndeuainiuantnrninisenyesnuagns
wiulalusszfundwasdnaiug nv 6 16 saus
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o1ailegliifivanosonsgaduingiuda luvaziinng
wtadnitustimien no 6 TuiiAsseadeuny
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fifgamelimunvelavinfogfivands 18a My
gosluudIAyAon1TWAILIT095 0 TUAUNAITY
(Chhun et al., 2004) gnandudngdwaaialauinni
Fnnsliddsaradloonsutudaiusludnibes
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wilsitazanlweoulpadsululdlunssuiunissenves
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Pereira et al., 2010) Wiowdadalésu 1AA Tuvey
udlannauasduianuiieierenavieliduusleves
Frufanisiausnlafininnisiilesu 1AA ndeufu
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