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lugguui gaseu uazgaeuninisadnsndulnaesdindduiuianun 42 32 uaz 29 lolowan
AuERy insAndenteadlutsdnidiussansnmlunisaaasunisiasgivlavesiy 10 Telganiiie
nogeuaululfindiudeaaglsaiiv wuin Streptomyces sp. WF 4-1 fiuszangnmlunisduda

N19195 Y VOILUANLTEABLSANY Erwinia carotovora pv. carotovora, Ralstonia solanacearum,

Xanthomonas axonopodis pv. glycines Wag X. oryzae pv. oryzae léfﬁﬁqm d2u Streptomyces sp.

a a a 1%

WA 20-3 SussansamlumsdudewuaiiSerelsafin X. campestris pv. campestris lafvian fdun1s
maaumsé’ué’jﬂmm%zyﬂmL?gasﬂﬁakﬂﬁ% oA Colletotrichum sp., Fusarium sp., Phytophthora
palmivora, Rhizoctonia solani, Rhizoctonia sp. Wag Sclerotium rolfsii Wu11 Streptomyces sp. RF
23-1 seAvsnmlunssudadesnelsanaaouldynuia madaidenuon flutedniidaudfliduie
‘Uﬁ‘ﬂmﬁ? (non-antagonistic) solslaey wuIn Streptomyces sp. WF 3-1, WF 4-1, WF 10-1, RF 12-4
wag RF 23-1 131'Lﬁuﬂﬁﬁﬂﬁﬁim%@lﬂ%ﬁ&mﬁﬂ 3 9iip Ao Bradyrhizobium japonicum DASA 02006,
B. liaoningense DASA 03018 uas B. dagingense DASA 03084 faiiussanunsalduennlusiodvlelaian
fenanasaufumsidlsludeniis 3 wiald mnmsmeassluseiulsedounuin funddaudendiennisu
Gl’]EJLﬁE)VLéj%JUmiUQﬂL%@i?ﬁ@liﬂﬁsﬁ S. rolfsii LLﬁazUQﬂL%aLLaﬂmuﬂsﬁw Streptomyces sp. WF 4-1 923
fae duundriifinisugnide Streptomyces sp. RF 12-4 finaiiialsaunandlusedu 2 daunisugn
Fowuaiieanmalsadis £ carotovora pv. carotovora nliundidudeninlsaintioslusesu 1
I@amqu‘maﬂﬁu dhndnan AnusTInLezsIuIuLTInYesasnssis liflnuuensatuneada

Abstract: The potential of actinomycetes isolated from Pai river basin, Mae Hong Son
Province that affected by different temperatures between summer and winter, was studied in 4
areas: 1) downstream forest 2) downstream agricultural area 3) upstream forest and 4) upstream
agricultural area in three seasons: winter (December), summer (April) and rainy (July). Plant
growth promoting properties including siderophore production, phosphate solubilization and
indole acetic acid (IAA) production were tested. The results showed that Streptomyces sp. WF
4-1 has the highest siderophore production, while Streptomyces sp. WF 10-1 has the highest
phosphate solubility. Actinomycetes isolated from soil in winter, summer and rainy season with
the production of indole acetic acid were 42, 32 and 29 isolates, respectively. Ten actinomycete
isolates with highest plant growth promoting activity were selected to test against plant
pathogens. It was found that Streptomyces sp. WF 4-1 was highest effective in inhibiting

bacterial plant pathogens including Erwinia carotovora pv. carotovora, Ralstonia solanacearum,

2



Xanthomonas axonopodis pv. glycines and X. oryzae pv. oryzae. Streptomyces sp. WA 20-3 was
the most effective isolate for inhibiting X. campestris pv. campestris. In vitro growth inhibition of
fungal plant pathogens including Colletotrichum sp., Fusarium sp., Phytophthora palmivora,
Rhizoctonia solani, Rhizoctonia sp. and Sclerotium rolfsii showed that Streptomyces sp. RF 23-1
was effective in fungal growth inhibition of all tested fungal plant pathogens. The result of non-
antagonistic with rhizobium showed that Streptomyces sp. WF 3-1, WF 4-1, WF 10-1, RF 12-4
and RF 23-1 were non-antagonistic to three rhizobium species: Bradyrhizobium japonicum DASA
02006, B. liaoningense DASA 03018 and B. dagingense DASA 03084. Therefore, these
actinomycetes can be used with the use of those three rhizobium species. In greenhouse
experiment, mungbean seedlings were found to be rotten when planted with plant pathogenic
fungi: Sclerotium rolfsii, even with Streptomyces sp. WF 4-1. In addition, Streptomyces sp. RF 12-
4 was showed moderate disease occurrence at level 2. Erwinia carotovora pv. carotovora
caused mungbean seedlings to the mild disease at level 1 but plant height, fresh weight, root
length and root number among all treatments was no statistical difference.
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7. AFanluns
7.1 gunsal
7.1.1 fhegadeusailulioaniuenldaniiufigmiiune s1uau 641 lelewan
7.1.2 fregnadeuuaiiGamglsadiy S1uau 5 vl i
2.1 Erwinia carotovora pv. carotovora
2.2 Ralstonia solanacearum
2.3 Xanthomonas axonopodis pv. glycines
2.4 Xanthomonas campestris pv. campestris
2.5 Xanthomonas oryzae pv. oryzae
7.1.3 fregnademamglandiy S1uau 6 vl un
3.1 Collectotrichum sp.
3.2 Fusarium sp.
3.3 Phytophthora palmivora
3.4 Rhizoctonia solani
3.5 Rhizoctonia sp.
3.6 Sclerotium rolfsii
7.1.4 shethadelstenden S1uau 3 wia lud
4.1 Bradyrhizobium japonicum DASA 02006
4.2 B. liaoningense DASA 03018
4.3 B. dagingense DASA 03084
7.15 mimﬁuazqﬂﬂiﬂiﬁiﬁumwﬂaauﬂiz'ﬁm%mwmwﬁa W n3asdunies 13eq
mm"j’ﬂmié’aams@mﬂﬁuum Salkowski reagent L-tryptophane 91MISIaEUTe Chrome azurol
S-modified Gaus No.1 agar, Yeast malt agar Dudu
7.2 35013
7.2.1 Msfuiegshunaznsuenitonaniluiedn
nsiuiegsRuluggru (Wrnfeungainieu-su11aL) gaseu (Frdeuiiuinu-
WgY) kaggary (YI0RBUNTNYIAN-GaIAL) nfiudl 4 unds Ao 1) Aufivadui 2) Audluiivh
nMsinvasiudn 3) Aufitiated uaz 4) Auitufivhnisineasuaied IAgYARUENIINRIAY 15
wufiuns yregnation 5 vigu luiudl 25 prsamns Fnfusrauas 1 Alandy tAuilduuanlid iy
dnldgeananafnuszann 2 Alan3u Unuangalsiuuy ethluinsgiluriesjifng
thinegrsiuaniisiutduiisuidune 1 §Uai vanazseulidniu snduiunide
eseihndulaendsliiinuidesasiniu 102 8 10° ananshIURRgAuluuwsarAITNTULN 100

lulasdns InduasuueImIAniden Starch Casein Agar (SCA) MfinansUfTue drluuuigungil 30
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asmwaded Wunan 7-14 Yu Wlituftudansuwnanfiiiunisiendedslaladveweonilusfodnium
yhlsiuSavsunems Glucose Yeast Extract Agar (GYE) wletlulilumsvagousiely
7.2.2 msnagauananUalumMsdusiunsasyaulnvasiny

7.2.2.1 WABUNTTE34 siderophore Ineiissuanilussdnduanldaniuiigu
Ureludagguuid qg%auu,azqaNuuua’]miLgmL%a yeast malt agar (YM) Unfigaunnil 28 paen
wadea WWunan 5 Ju Wlituilufiedoudunzidouenilufodnuaziluansuuemis Chrome
azurol S-modified Gaus No.1 (CAS-MGs-1) agar (You et al., 2004) ﬂmﬁqm%gﬁ 28 peAnwayd Ju
1287 10 Fu THUKLNISVIARBILUY CRD 11y 3 91 Tuiinualnensimduriuguinarnedduiidents
Fuseulplall Fwansindewonilusoaniinisads siderophore (Milagres et al., 1999)

7.2.2.2 nedauauaunsalunsazateneamn Tnodoweniludanduenldan
ﬁuﬁfjuﬁ’]mﬂmhm@mn qa%auuazqaﬂuwammgmL%Ja yeast malt agar (YM) Unilgaumail 28
parnwaidod 1unan 5 Yu Ildsuilufidndoudunsionsniludednuazdiluansuuenis
Pikovskaya tJutaa7 10 Ju 219UHUNSNARBILUY CRD §11U 3 4 mﬂﬁ?uﬁ’uﬁﬂLé’umu@uéﬂmm’[ﬁ
uTuseulalall (Rao Subba, 1993)

7.2.2.3 nagaun1sadransadulaaas@in (1AA) lneidsatoueniludedniiuenldan
fuftguiigludienguun gefeunarnauuueIms tryptone yeast extract agar UaliTlgaungd 30
pernwardoa 1unan 5 Yu anndudieluideslueinns tryptone yeast extract broth #iLfiu
L-tryptophane 2 fiaansu/dadans ﬁﬂﬂﬁmwumsﬁﬁqmugﬁ 30 eAwaldea Lual 7 Tu dn
asazansuvvaeadeludumissfinnus 3000 seusownit Wuna 30 wiil andula 2 Taddnsldas
lunananaasy AN Salkowski reagent 4 fadans nsnedeuideusazlolaanvhsiuau 3 91 Juitnnns
Wasuwlaswesdvesansazans vnansazaneiindvamuansininisaine nsndulnassdin (Bric et al,
1991) ¥naildainnismaasuludszifiusiuduleluanuondludedniidauauvilunisadie
siderophore wazfimuannsalunisazaisvoaing

7.2.3 naagauananduufindfuidoaumalsadia

7.23.1 madnidenuendluisiniisunsadudinisaiyvasuuaiice

w3tunuafioamelsaiivdwiunaaeulaeidssduemisias Nutrient Broth (NB)
ilutukuugfigumnd 30 esawadea Wunan 24 $lus anduiianiua1ugurensaddie
Lﬂ%amnﬁmmié’aam'ﬁ@mﬂﬁmm (spectrophotometer) fin3E13AAY 600 WlUIAS TfiAnALYY
Youradwiiy 0.25 nagouauanisaveeniluteanlunisiuduuaiide Tneld3amity (agar
overlay) #a8u3Ssnutawes Anand et al. (2006) ntumdsualasuviuassvosuenilududn ag
Geaeniludednlfiasyuueims International Streptomyces Project (ISP) medium 3 mﬂﬁ?uym
alasuaviwaanauasluansazats % Ringer’s solution iU enalasuviuase 10 lulasans asuuy

AIW1199115 ISP medium 2 ihlJuuiigaumgil 30 esmwadea WWuaan 7 Ju andugaaisuviuasy



vesuuafiienaaoufivieuliuiuins 0.5 Taddns nanaduomindsadouvaiiGefidneiu 0.6
Wosidud Uiuns 5 Gedans Junaulvidiu dilumseiulaladvowue ailusiodn vidhogisas 3 6
ilUvnfigungdl 30 esrneaidoa Wunan 24 F3lu 19uRUAITIAGDIUUY CRD $1u3u 3 91
n3apUATIANNITlUNIASNaTRNg BTN TasgannsAnu3nauda (inhibition zone) 7
ogjsoulaladvosuenilutedn v fnwaduihurudnarwoswinusuduazauaduiugudnans
Telatluorfluedn uazdumemaduds auansdsd
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7.23.2 msfadenuennlufedniianansadusinisisdyvoadon

1435 nAaauvas Yuan and Crawford (1995) lngtn3auaUashuiuaouas
wemdluteadn auisiinandneiu enavssuriuasslinisainveuaueIms Potato Dextrose Agar
(PDA) Ustanas 1 iwufiiuns vulgangfl 30 esaueaidoa WHunan 7 Yu idesdenainglsafivuuaiu
91M13ude PDA auladnyd a1nifuld cork borer wad 2 (Furiugudnans 0.5 wuRiuns) Wiz
Uangidules drnnanusnananseiuemswasinainialadueafludedneny 7 Ju luszes 3
wufns vdaeg1eay 3 91 dauntuemismuaulinaduleniianzdie cork borer wwasifeiu
U3unaauensiAeate PDA warUniiguundl 30 esaueaidea unan 37 u Tuegiumalaiay
vouduledesmaany MaununInaadeR0vs GRNa e e TesueRnE Ui yueadules
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7.2.4 msfadenuenilusipaniifiausalidudeufinddelsladex

wisndolsladondmiunaaoulneidondeluemis Yeast Extract Mannitol (YEM)
Unnuueigungiivies Wunan 24 d2lus thandumnuguveseadseir’ensiainaissionns
AANAUILEY (spectrophotometer) fnugaadau 600 uiluwas Wildarugureseadiiniu 0.2
WBnsveasuinlalaevenadesiviuasgvasionfludedn 10 wlasdns asvuiininenis ISP
medium 2 lUtuiigangfl 30 ssesaidoa \Huna 7 fuandugdelsindeuiivdouliuiums 0.5
fiadans iiuadlueimns YEM ey 0.6 Wedldud Usums 5 faddns Jusasliidndu dhwnmseiv
Taladluendlusiodn Junanlidniu dhluunfigumgll 30 ssmwaidea Wunan 24 $lug Mauwung
YIARDILUY CRD 411U 3 91 Tavunaduriugudnanaunadiuds uasduinugusnandaladuoailus
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YUAFURNUAUINANUTIIUGUES
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ynaEuEugudna1svedlalatuenfludedn
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7.2.5 nMsnagauaululfindiuiveaualsaniyluszaulsasou
7.2.5.1 Andenieunenflulsdndiuiu 2 lelyanndussdnsainlunisadieans
duasunissyvesiigkaziinsdugueanelsaivlauiniianluaue nisnaass fie Streptomyces
sp. WF 4-1 uaz Streptomyces sp. RF 12-4 lngldaadeaiugdaum 84-1 .luiianaaeusiuiunis

Uaniwelslabeulunnnssyds Maununmeassuy CRD 113 9 N53U38 n33uiBas 3 91 Asll

A55175% 1 Rhizobium



N531337 2 Rhizobium + WF 4-1
N551387 3 Rhizobium + RF 12-4
553357 4 Rhizobium + Sclerotium rolfsii
553357 5 Rhizobium + S. rolfsii + WF 4-1
n551357 6 Rhizobium + S. rolfsii + RF 12-4
n553337 7 Rhizobium + Erwinia carotovora pv. carotovora
n553337 8 Rhizobium + E. carotovora pv. carotovora + WF 4-1
n35333% 9 Rhizobium + . carotovora pv. carotovora + RF 12-4
7.2.5.2 doadoneailutsdnudaslelsianlue1misinaines ISP medium 2 Uuil
gundl 30 asewadea WWunan 7-12 Yu vueiesagficuida 200 sousewit usniiAsatouend
TufvAvoonandunaveadelasnansowiusianges Millipore (vuiadurkiiugudnanag 0.45 luasou)
7.2.5.3 naufulgniikunsisindeudrdiu 12 dns fudunadesamalsaiiy
U3 200 n¥u Agnlvidniy fislidunan 24 Halus wshuldgeugnas 1 dns
7.2.5.4 thinmavesdouenflusioaniléumauiuinnde Gindufiiu Nacl 9 niu
sodns) ilevuduiute Tasliiiusunandowondlufodn 10° CFU dofiaddns wrsindunduglu 10
faddnsvesiudonoailusivdn [Wunan 30 unit gamuausiinuan (positive control) Tudsinsaei
ndundsnifughesundumignlugegniiffuindesainglsney
7.2.5.5 vunszavtilulsaeu sadwniudiodnunanudu Wunat 18 fu iuden
frlasduiimintnandiund arugeesiu wasanuemnn Tufindnsinialselusteznssis e
Tdadarusuusmodsn K 0 = 29 Fundriiudeuse) 1 = 3 - 30% (sadntios) 2 = 31 - 60% (l5a
Uunang) 3 = 61 - 90% (15A18K59) Uag 4 = 11NNI1 91% (W¥ee) (Errakhi et al., 2007)
7.2.5.6 tufinthmiinandund augewesiu uazanueTNdaTMaAnlsaluu
aznssu3s legldaviinnnusuusevedlsa
nauaTanui: 1 manAy 2559 - 30 fiugneu 2562

&a

NauUITBaUNTIAU nduITeUgiinen neidemurladenisuinnig

EE]

NMSNEAT NIUIVINTNENT waziunUiuasuiiineesguiiuie 3. uwigesaeu

8. NANSNAABILAZITA

Toyaaninuindenvuzivinnisiudiegefulugiigauus (Heusuia) gaseu (Heu

Y
(%

WwBY) azggry (Weunsngiay) 91nitudl 4 unds fie 1) Huditadut (19° 23' N 97° 57 F) 2) fiu

¥ '
a A )

NuTvinsAwRsEuL (19° 23' N 97° 57" E) 3) fufivndates (19° 11' N 97° 59' E) wag 4) fuiiufivi

a a
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thuagufiinunsduii (Table 1) ey shunvhnisusnideusailusivdnuagyindeliuians
wuin weARlusedniluenlsnnnaulud 2560 drsqgruniidimau 76 leleian YrggFeuiduiu 127
leloian wazvenguuiidiuiuy 92 lelaan druuendlusfedniuenlinfulul 2561 Yasqguuni
J1u3u 123 lolwan ¥regafeudidiuiu 93 lelaan wasdigouuiidnuiu 130 lelaan wagldun

Lolgianviavualuldlunisneaeuamaudsing 9 vewweadlududnsaly
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Table 1 Weather data of soils collected from Pai river basin in various seasons in 2017

Winter Summer Rainy
Soil Air Soil Air Soil Air
Source
Temp. Temp. Temp. Temp. Temp. Temp.
Y@ Y@ Y©) Y©) Y© Y©
1. Upstream forest 22 27 25 31 27 32
2. Upstream agricultural area 22 29 27 33 28 34
3. Downstream forest 19 24 23 29 26 31
4. Downstream agricultural area 19 24 26 31 26 33

Note: Soil temperature at 0-15 centimeter depth and air temperature at sampling date

8.1 MIneFaUAMENUAYaILaARLUTEN
8.1.1 NAdaUNT58519 siderophore
deuendlusfodniiuonldandiogisduiifivlul 2559/2560 Tutsggruni (Feusune
2559) q9¥ou (Heoulwou 2560) wazqgiu (Feuningiau 2560) Adauaiuisalunisaiig
siderophore fishuusianun 54 59 uaz 63 lelatan Audy dudeneniludeaniivonldandaogie
AuiAuluY 2560/2561 Fr3ggnunn (Weusunan 2560) gaieu (Heuluwiou 2561) uazqgeu (feu

damnau 2561) NllANEIN15alUANSE@519 siderophore H371uUTansA 85 60 Lay 84 lolalan

.

a o LY

audau tnenudueniludedniuenldainfudneglungu Streptomyces Fadnduaundnivadfeyd

o

1D 90 Wesidusvesionflulednianun Streptomyces sp. WF d-1 §in15&514 siderophore lags

g
fign Tneflanmsairndduseulalatl wiiu 5.63 wufwes Jaandnsanloluandy 4 egediuddy
NNEnA ﬁauuaa@luﬁa%wﬁLLsvaé’TmﬂauﬁLﬁuiuqa%’au WUl Streptomyces sp. HF 37-1 §in158514
siderophore lﬁqﬂ‘ﬁ'qm s0%aAe Streptomyces sp. HF 36-1, HF 35-1 uag HF 33-1 dsldunnsinariy
N9EnA nedlansasinsddusoulalatl windu 3.10 2.97 2.47 uaz 2.37 WURAWAT A1ua1su (Figure
1) ﬁmum@hﬁﬂ?mﬁLLaﬂlé’aWﬂauﬁLﬁuiuq@Nu WUI1 Streptomyces sp. RF 10-1 @514 siderophore
iﬁqqﬁqm Tnedfliannisadiansdduseulalail Wiy 3.07 wulwns Faldunneneein Streptomyces sp.
RF 23-1, RF 22-1 ua¢ RF 12-4 3afidnisasreedduseulalad windu 2.50 2.43 uaz 2.33 wufiuns

ANa1AU (Table 2)
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Table 2 Formation of orange zone from siderophore production of Streptomyces spp. isolated

from Pai river basin soils in winter, summer and rainy seasons

Isolates from

Diameter of

Isolates from

Diameter of

Isolates from

Diameter of

winter orange zone* summer orange zone* rainy orange zone*
(cm) (cm) (cm)
WF 4-1 5.63 a HF 37-1 310 a RF 10-1 3.07a
WF 3-1 373 b HF 36-1 297 a RF 23-1 2.50 ab
WA 20-3 320b HF 35-1 247 ab RF 22-1 2.43 ab
WA 22-3 3.13b HF 33-1 2.37 abc RF 12-4 2.33 ab
WA 21-3 3.00 b HF 10-1 2.10 bc RA 1-3 1.70 b
WF 6-1 1.08 ¢ HF 26-1 2.00 bc RF 10-4 1.67b
WA 22-2 1.02 ¢ HA 24-3 1.90 bc RF 19-1 1.63 b
WF 7-1 0.72 c HF 21-1 1.73 bc RA 2-2 1.60 b
WF 7-4 0.67 c HF 9-1 1.67 bc RA 7-3 1.53b
WF 1-4 0.63 ¢ HF 29-4 157 c RF 25-1 1.50 b
CV. (%) 12.93 CV. (%) 12.77 CV. (%) 22.56

* Diameter of orange zone within the same season, means in a column followed by the same letter are not

significantly different at Ol = 0.05 by Tukey’s post hoc multiple mean comparison test.

Figure 1 Characteristics of actinomycetes that produce siderophore by creating orange rings

around the colonies: A)-B) front and back of petri dishes of Streptomyces sp. WA 20-3,
C) WA 21-3, D) WA 22-3, E) HF 36-1, and F) HF 35-1

8.1.2 MNAFUAINEINTAIUNTazaNeWaENA
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Wouoaluddniuenlaaindiegsnunivluggnunn goseu uazggeu Mslul 2560 waz

[y

2561 fanuannsatunsazateneamnegluseiu 1-3 (sedufanssunisagatensney CaHPO, 104470
WOAR UL BANAIUANUNIUBNLE) Ineliataenii 6 Daduns tnen1suseliuseauianssunIsazans

¥
a v A

nenau CaHPO, 1899aun3dn1uANnIvedla (nsudvinisinens, 2551) Ussdiuld fall

AU 1 0 Hadlunsg
AU 2 0-3  dadlung
JEAU 3 3-6  Uadlung
AU 4 6-9  Hadlung

SYAU 5 WINNIN 9 HAdLUAS

Feissuiieulelaanueadluoniuenlsnauiiivlugguuseamiuaiisalunisazans
Woaln wud nnleloandanuanansalunisazaeneamnliunndaiunieadia lnedlvinisasieiy
nAravonslaniud 1.8-4.0 fadwns agralsiniu wuin Streptomyces sp. WF 10-1 @11190@3519A213
nisvesslalduniigaindu 4.0 fadwng druneadlusvdniuenldanduiiivluggdeu wuii vn
leloiananuannsolunisazarewoamaldlivnndratu Tnedidrnisadrenunisvesidladaus
2.7-3.3 fadiuns 8g1alsAnu wuin Streptomyces sp. HF 23-1 mmmmmﬂ%maaaﬂﬁlﬁmnﬁqm
Winfu 3.3 fadung uaziilofinnsanueadlufedniuenlfainauiiiuluggdu wudr Tanuanunsolu
nsazangvleanlauwaneingiu lag Streptomyces sp. RA 15-3 anansaavangvloainlagsan lagila
nsaseaunivendlagega wirdu 3.3 fafuns uAne9aIn Streptomyces sp. RA 5-2 Fadenis
a¥emnunivealatiosdign Wiy 1.09a8mns uiliunnsstunsadaduloleandu o (Table 3)

NANISVIAADIINUAADNAABINUINUITEVBY Sahu et al. (2007) AnuqN waARluseanAkenlaannznou

¥
a o <

< 1 (Y Ia ISP a
AulANANuaNTalunTazatewednguiy LLaS‘W‘U’J"Iﬂ"i]ﬂiillﬂ'ﬁﬁ%ﬁ’]EJWEJE‘?LWG]&J?‘T‘IQQ@@VI pH 7

Farnaudunsn-ravesesveaay Pikovskaya (PVK) fildlunisneaesiloglugas 7.2 + 0.2 wufiu

Table 3 Production of clear zone from phosphate solubilization activity of Streptomyces spp.

isolated from Pai river basin soils in winter, summer and rainy seasons

Isolates from Diameter of Isolates from Diameter of Isolates from Diameter of
winter clear zone* summer clear zone* rainy clear zone*
(mm) (mm) (mm)
WF 10-1 4.0 a HF 23-1 33a RA 15-3 33 a
WF 6-4 3.0a HF 35-1 3.2a RF 12-4 2.7 ab
WA 23-3 3.0a HF 37-1 3.0a RF 7-1 2.3 ab
WA 2-2 3.0a HF 26-4 3.0a RF 18-4 2.3 ab

13



WA 21-3 2.7 a HF 24-1 3.0a RF 1-1 2.0ab
WA 22-2 23a HA 23-2 3.0a RF 22-1 1.7 ab
WF 5-4 23a HF 8-1 28 a RA 1-2 1.7 ab
WA 17-3 23a HF 19-1 2.7 a RF 23-1 1.3ab
WF 1-4 23a HA 7-3 2.7 a RA 16-3 1.3ab
WA 18-2 1.8 a HF 5-4 2.7 a RA 5-2 1.0b
CV. (%) 52.0 CV. (%) 15.40 CV. (%) 39.38

* Diameter of clear zone within the same season, means in a column followed by the same letter are not

significantly different at O = 0.05 by Tukey’s post hoc multiple mean comparison tests.

8.1.3 NAFAUNTEI1INIABULAARLERN (IAA)

devansazatsdiulannnisidsatewonflutedninenldusazloleaniiuenldui
Ufn3enfiu Salkowski reagent wuin WeuendluteAndulnginisadng 1AA uanidlevnanisnaaey
n13a513 1AA vesdeuandlufeAnlufiarsuiiuiuanauiilunisadne siderophore wagn1sazans
sloauin wud1 WeuealusioAnnguiifinisaine siderophore 16 dnlvigjazianuanunsolunsaig
IAA I6e Gedenndosiuidefianunsoavanereanldd daulnaasiinuausalunsads 1Aa Tide
Wit (Table 4) fstfunantsmadeuamastfsng q dinandsudannsadudeyalunisdadenlele
wndioilu@nvianuduujinsvesdowenilufedndedoaing lsafivuasdolsladoudely
ilesannildeyaves Sreevidya et al. (2016) finu ueadlusivaniuenldainnoseninmsniivuas
au38Uiﬂﬂ53Qﬂ1ﬁ GREREFIGERE siderophore, indole acetic acid, cellulase, lipase, protease,
chitinase, hydrocyanic acid uag B-1,3-slucanase wardawaeifiud uiulusin druinandu waznanan

02978

Table 4 Indole acetic acid (IAA) production of Streptomyces spp. isolate that have the ability to
produce siderophore and phosphate solubility

Isolates Diameter of IAA Isolates Diameter of IAA
siderophore production* phosphate production*
production (cm) solubility (mm)
WF 4-1 5.63 - WF 10-1 4.0 +
WF 3-1 3.73 + HF 23-1 33 -
WA 20-3 3.20 + RA 15-3 3.3 -
WA 22-3 3.13 + HF 35-1 3.2 +
HF 37-1 3.10 + HF 37-1 3.0 +
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RF 10-1 3.07 + HF 26-4 3.0 +

WA 21-3 3.00 + HF 24-1 3.0 +

HF 36-1 297 + HA 23-2 3.0 +

RF 23-1 2.50 - WF 6-4 3.0 +

HF 35-1 2.47 + WA 23-3 3.0 +

* 4+ = appearance of pink color indicated IAA production, - = pink color not appear indicated no IAA
production

8.2 nsnagauanuduUjUndiulasmnlsaie
8.2.1 nM1sAnLAaNLaAfluduanausadugINsasyvawuAs B LA LSANY
o oA a v a A v o a A oA IR a !

nsAndenLeARlulsdnfaiuisadudinisiasyvesuuaiiisenalsafaiy 5 gila wua
Streptomyces sp. WF 4-1 fiusg@ndnnlunisdudenisiasyvewuaiiienslsaiwiuinmadeulsn
fgaiounnatin d1u Streptomyces sp. WA 20-3 HUssdansainluni13duds X. campestris pv.
campestris 19aNgn waliuan@193n Streptomyces sp. WF 4-1, WA 21-3 uag WA 22-3 (Table 5,
Figure 2) tasainuaadlusivanusazlelaianiauaiunsalunisasisasufdiuzdiman gentamycin

streptomycin %38 nocardicin Nflgvislun1saunisasyveswuaisluszauNuanmAIiY

Table 5 Average plant pathogenic bacterial growth inhibition of selected Streptomyces spp.*

Isolates Erw Ral Xag Xcc Xoo
WF 3-1 0.00 c 0.00 c 1.08 d 132 b 0.00 b
WF 4-1 393 a 399 a 222 a 2.22 a 283 a
WF 10-1 0.00 c 0.00 c 0.00 e 0.00 c 0.00 b
WA 20-3 1.09b 1.66 b 1.65b 2.44 3 0.00 b
WA 21-3 1.08 b 0.00 ¢ 1.08 d 2.22 a 0.00 b
WA 22-3 0.00 c 0.00 ¢ 135 ¢ 235a 0.00 b
RF 10-1 0.00 c 0.00 ¢ 1.09 d 1.31b 0.00 b
RF 12-4 0.00 c 0.00 c 1.11d 1.08 b 0.00 b
RF 22-1 0.00 c 0.00 ¢ 1.05d 201 a 0.00 b
RF 23-1 0.00 c 0.00 c 0.00 e 0.00 c 0.00 b
CV. (%) 8.98 23.72 6.65 14.66 25.00
Note: Erw = Erwinia carotovora pv. carotovora, Ral = Ralstonia solanacearum, Xag = Xanthomonas

axonopodis pv. glycines, Xcc = X. campestris pv. campestris, Xoo = X. oryzae pv. oryzae
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* Average plant pathogenic bacteria inhibition within the same plant pathogenic bacterial species, means

followed by the same letter are not significantly different at Ol = 0.05 by Tukey’s post hoc multiple mean

comparison tests.

Figure 2 Antagonistic test of actinomycetes with plant pathogenic bacteria: Xanthomonas
campestris pv. campestris, causes of black rot disease of cauliflower. A) control,
Streptomyces sp. B) WF 3-1, C) RF 12-4, D) RF 10-1, E) WA 22-3, F) RF 22-1, G) WA 21-3,
and H)WF 4-1

8.2.2 nifndenueaRluedniianusadudinmsiniyveaten

Asimdenuaniludedniiauisadudiniseiyvendesinelsaiiaie 6 vila wui
Streptomyces sp. RF 23-1 ﬁﬂﬁxﬁw%mwiuﬂﬁé’uézqmﬁm%aﬂmL%aﬁflfiaiﬁﬂﬁﬂé’nﬂlaimaw 5898931
fia Streptomyces sp. WF 4-1 uay RF 12-d (Table 6, Figure 3) tosanuenilufednausadudinis
Wigveuteslaonisudmeulyifidesaatontuvaduento (lytic enzymes) §1m3n A wSe

B—glucanases, proteases, peptidases, cellulases, chitinases ae lipases (El-Gammal et al., 2014)
nan1IVAaetdenndaaiuciTeres Khamna et al. (2009) Feldimsfausnitenenilusidnainsou
snfivagulng 16 sialuiiuiifarindmu waswudn woedlusivdnngu Streptomyces anwnsafums
Lﬁ]%iymau%aﬂﬁ olsaved ey 11U 59fla lawn Alternaria brassicicola, Collectotrichum
gloeosporioides, Fusarium oxysporum, Penicillium digitatum wag Sclerotium rolfsii \WuLRBIAUNY
938993 Soltanzadeh et al. (2016) nslHuendlusisdniuenlfanfuannsarugumainlseaiie
ﬁuaaﬁ"aqﬂldﬁtﬁmmﬂﬁasw Fusarium solani f.sp. pisi 16\

Table 6 Average plant pathogenic fungal growth inhibition of selected Streptomyces spp. *

Isolates Rhizoc Rhizoc sol Sclero Collecto Phytoph Fusarium

WF 3-1 0.00d 0.00 ¢ 0.00 b 0.00 g 0.00 g 0.00 e
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Isolates Rhizoc Rhizoc sol Sclero Collecto Phytoph Fusarium
WF 4-1 0.69 b 0.66 b 0.00 b 0.70 c 0.23f 0.11d
WF 10-1 0.00d 0.00 ¢ 0.00 b 0.00 ¢ 0.00 g 0.00 e
WA 20-3 0.00d 0.47 f 0.00 b 0.54 e 0.84 b 0.00 e
WA 21-3 0.00d 0.00 g 0.00 b 053 e 0.76 c 0.00 e
WA 22-3 0.00d 0.53 e 0.00 b 0.63d 0.90 a 0.00 e
RF 10-1 0.00d 0.53 e 0.00 b 0.56 e 0.52 e 0.28 b
RF 12-4 0.63 ¢ 0.60 d 0.00 b 0.48 f 0.69 d 0.20 c
RF 22-1 0.71 b 0.65 ¢ 0.00b 0.76 b 0.54 e 0.00 e
RF 23-1 0.84 a 091a 0.80 a 0.90 a 0.67d 0.73 a
CV. (%) 291 0.73 9.68 2.89 3.69 2.38

Note: Rhizoc = Rhizoctonia sp., Rhizoc sol = Rhizoctonia solani, Sclero = Sclerotium rolfsii, Collecto =

Colletotrichum sp., Phytoph = Phytophthora palmivora, Fusarium = Fusarium sp.

* Average plant pathogenic fungi inhibition within the same plant pathogenic fungal species, means followed

by the same letter are not significantly different at O = 0.05 by Tukey’s post hoc multiple mean comparison

tests.

Figure 3

palmivora, causes of root and stem rot disease. A)

Antagonistic test of actinomycetes with plant pathogenic fungi: Phytophthora

control, Streptomyces sp.

B) WF 4-1, C) WA 20-3, D) WA 22-3, E) RF 10-1, F) RF 12-4, G) RF 22-1, and H)RF 23-1

v o

8.3 N1SAALADNLDARLUNBEHN

PfiauURliduieujjing (non-antagonistic) salsladeu

nsAndenuaafludednidaudiluduieuiidne (non-antagonistic) salslaidau wuin

Streptomyces sp. WF 3-1, WF 4-1, WF 10-1, RF 12-4 waz RF 23-1 Lilduujjindseielsladeuns 3
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wiln Ao Bradyrhizobium japonicum DASA 02006, B. liaoningense DASA 03018 wag B. dagingense
DASA 03084 (Table 7, Figure 4) Tuwquedi Streptomyces sp. WA 21-3 Liduufindiu B. japonicum
DASA 02006 Waz B. dagingense DASA 03084 @1y Streptomyces sp. RF 10-1 LiiduufUndiy
B. liaoningense DASA 03018 uaz B. dagingense DASA 03084 faiusanunsalduondlusfodvlelaan
fandmsmtumsugnidelsledenld Seaenadestumenuifunmsiuauivesniafausnan
'3 o Rhizobium sp. Tunasd an WWosiufunwenflusTodn Streptomyces lydicus WU 31
S. lydicus Whgsnuazairsadeiniglutuiinvesuusin (Mukerji et al,, 2006) Madrgsndavesuond
TusTeanausssund vinldvwsvesdusinlaewdslngiy wasfiuanuuduswewuaiideludusinlag

mstasuN1saldsInmanuazansemnsdu 9 Tufu (Tokala et al., 2002)
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Table 7 Average rhizobium growth inhibition of selected Streptomyces spp. *

olates B. japonicum B. liaoningense B. dagingense
DASA 02006 DASA 03018 DASA 03084
WF 3-1 0.00 a 0.00 a 0.00 a
WF 4-1 0.00 a 0.00 a 0.00 a
WF 10-1 0.00 a 0.00 a 0.00 a
WA 20-3 1.94 c 207 c 1.70 d
WA 21-3 0.00 a 1.27b 0.00 a
WA 22-3 1.38 b 1.40 b 1.36
RF 10-1 1.34 b 0.00 a 0.00 a
RF 12-4 0.00 a 0.00 a 0.00 a
RF 22-1 1.22 b 191c 1.17b
RF 23-1 0.00 a 0.00 a 0.00 a
CV. (%) 15.17 19.05 12.94

* Average rhizobium inhibition within the same rhizobium species, means followed by the same letter are not

significantly different at O = 0.05 by Tukey’s post hoc multiple mean comparison tests.

Figure 4 Antagonistic test of actinomycetes with rhizobium: A) control, rhizobium inhibition of
Streptomyces sp. B)WA 20-3, C) WA 22-3, D) WF 3-1, E) WF 4-1, F) WF 10-1, G) RF 12-4,
and H) RF 23-1

8.4 nsnagauanduljindiuitioanunglsaisuanidelsludonluszdulsaion
Wefnwanvaznsduguinewesdulowazaussues Streptomyces sp. WF 4-1 uay

Streptomyces sp. RF 12-4 ngldndesganssmididnaseuwuudainsin (Scanning Electron
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Microscopy, SEM) wuininisasisalasiuutisunaen (spiral) (Figure 5) dloth Streptomyces sp. WF
4-1 way Streptomyces sp. RF 12-4 mmaaummLﬁuﬂﬁﬂﬂﬁﬁ’uL%ammaiiﬂﬁﬁaﬁa 51 Sclerotium
rolfsii wWaglUATILIY Erwinia carotovora pv. carotovora %auﬁum%qm%alﬂ%ﬁau WUl Funddn
deaflemauimedeldfunisugnion S rolfsii ulfasdgnideusadlusivdn Streptomyces sp.
WF 4-1 920678 éauﬁuﬂﬁﬂﬁﬁmiﬂgﬂﬁf{a Streptomyces sp. RF 12-4 fimsiialsatrunanslussau 2
dhunsUgniieuuniiBavelsaiis £ carotovora pv. carotovora shlidundrdadenialsndntes
Tusedu 1 winnugevesiu timiinan AuemTnuags UL NTeNsarnsIds laiflanuuans
funaadd (Table 8) aenndesiuanAdeves Ara et al. (2012) wui evihnmeaedunszang
Usravsamlunsdudatonelsafivuesfouendlutfodndamuuusiu - Swfowihnimaseunisugnide
Tugtuvuthides  vdeasafauuuvenuiiudie  ileAnuussAvBamuswendlusfvdviiaaoungu

WNNINTUNESUTeNweaintuegluduiibes asaiauuuneIy vsetiuiaventalenfluliedy

- (R L
10.0kV 8.4mm x: 10.0um  10.0kV 8.9mm x4.50k SE(U)

Figure 5 Characteristics of hyphae and spores of actinomycetes A) Streptomyces sp.

WF 4-1 and B) Streptomyces sp. RF 12-4 under scanning electron microscope.

Table 8 Antagonistic testing of plant pathogens and rhizobium in greenhouse

Treatment Height Fresh weight Root length Disease
Number of
(cm) (gram) (cm) severity
root nodule
index*
1. Rhizobium 17.94 1.01 5.52 17.78 0
2. Rhizobium + WF 4-1 19.33 1.04 6.64 14.22 0
3. Rhizobium + RF 12-4 18.31 1.00 6.87 16.11 0
4. Rhizobium + Sclerotium 0 0 0 0 4
5. Rhizobium + Sclerotium
0 0 0 0 4
+ WF 4-1
6. Rhizobium + Sclerotium +
14.50 0.76 6.32 8.55 2
RF 12-4
7. Rhizobium + Erwinia 17.31 0.91 6.37 13.78 1
8. Rhizobium + Erwinia + 17.68 0.90 5.58 12.00 1

20



Treatment Height Fresh weight Root length Disease

Number of
(cm) (gram) (cm) severity
root nodule
index*
WF 4-1
9. Rhizobium + Erwinia +
17.89 0.91 4.66 16.00 1
RF 12-4
CV. (%) 16.8 15.0 26.6 40.19 -
Sig. ns ns ns ns -

Note: Sclerotium = Sclerotium rolfsii, Erwinia = Erwinia carotovora pv. carotovora, ns = means are not significantly different at
Ol = 0.05 by Tukey’s post hoc multiple mean comparison tests

* Disease severity index: 0 = 2% (Healthy seedling), 1 = 3 - 30% (Mild), 2 = 31 - 60% (Moderate), 3 = 61 - 90% (Severe) and 4 = >
91% (Dead plants)

9. ajunanIsnaaauazdalauaLuL

Streptomyces sp. WF 4-1 fipnua1nsalunisasns siderophore a‘ﬁ"qw Streptomyces sp. WF

a

10-1 fianuansnsatunisazanevleamningn diuneniludedniuenlianiuluggvuil gaseu uazgg
Huniinisasrsnsndulnaesd@niisnuiuiavun 42 32 uag 29 loluan auaau WeAndentondlusly
= = wa | a a a = I3 a o &

dnnilauaudilunsduasunisasyiviavesiva 10 lelsanumaaeuanudulfinuiuieanvelsa
WYy WU Streptomyces sp. WF 4-1 fiusgansainlunisdudinisiasyvesuuafiisonalsang
E. carotovora pv. carotovora, R. solanacearum, X. axonopodis pv. glycines Wag X. oryzae pv.

oryzae AANan @1 Streptomyces sp. WA 20-3 fiUszandsaanlunisduds X. campestris pv.

q

]
a

campestris laanan nsnageunsiiudinisiasyvendesiielsafis wuin Streptomyces sp. RF 23-1
ﬁﬂi%%%%ﬂ’lwsLUﬂ’ﬁgUéjﬂL%@i?ﬂ’]LﬁﬁiiﬂﬁsﬂﬁﬂﬂﬁﬂiﬁnﬂGﬁﬁfﬂ WAEWUI Streptomyces sp. WF 3-1, WF
4-1, WF 10-1, RF 12-4 uag RF 23-1 lidudfindredelsiadensia 3 4in Ae 8. japonicum DASA
02006, B. ligoningense DASA 03018 was B. dagingense DASA 03084 Fetiudsa1u1sald
Streptomyces sp. WF 3-1, WF 4-1, WF 10-1, RF 12-4 uag RF 23-1 sauiunislélsladeuss 3 adeld
dlodmdenuenflutdn Streptomyces sp. WF 4-1 uag Streptomyces sp. RF 12-4 Tuvinsmaaeuly
seulsaFounut dundrdadeafionmaumedieldsunsugnidon s. rolfsi ufasugnionenilusie
an Streptomyces sp. WF 4-1 3IUA2E dauﬁuﬂﬁﬂﬁﬁqum‘%@ Streptomyces sp. RF 12-4 1n19LAn
Tsavrunanslusedy 2 drunisugnidouuaiiieanglsaiiv £ carotovora pv. carotovora il

ndaondrnialsadnteslusziu 1 winNgweswy Ymingn AueIsINEErIILINUNTINTOUARY

550735 Lidlauwansineiunieada deyaannmmaasstianunsadiluimuiiasnaaeusdiuurednis
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