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ABSTRACT: The objective of this research was to screen plant growth-promoting bacteria from vermicompost with
compatible with broad spectrum antagonistic bacteria for further development of consortium bacteria bio-
product. This consortium bacteria bioproduct is an innovative bioproduct for broad spectrum to control major
plant diseases and promote plant growth and yield. A total of 54 isolates of bacteria isolated from vermicompost
were tested for their pathogenicity on rice and tomato plants and found that they were not plant pathogens, not
any disease symptom was developed. For plant growth promotion ability, all isolates were able to synthesize
Indole 3-acetic Acid (IAA) between 0.75 to 38.40 micrograms per milliliter. The best one was Af13 isolate produced
IAA as much as 38.40 micrograms per milliliter, followed by Tg¢24, which produced IAA at 34.42 micrograms per
milliliter. Test for phosphate solubilization, the 5 isolates e.g. Af1, Af11, Af18, Tgl4 and Tg15 showed capability for
phosphate solubilization. The Tgl5 isolate has the highest phosphate solubilization index (PSI) of 21.88, followed
by Afl1 and Tgl4 isolates that have PSI values of 17.00 and 16.84, respectively. A total of 12 isolates of plant
growth-promoting bacteria (PGPB) from vermicompost were selected, e.g., Afl, Af11, Af13, Af18, Af20, Af21, Af25, Tgl4,
Tel5, Tel8, Tg24 and Tg31 for testing the capability to be antagonistic bacteria using dual culture bioassay with plant
pathogens. The plant pathogenic bacteria including Xanthomonas oryzae pv. Oryzae-NB7-7, X. oryzae pv. oryzae-
CN2-1, X. oryzae pv. oryzae-SP1-1, X. axonopodis pv. citri, X. euvesicatoria -toxan, Ralstonia solanacearum,
Pseudomonas sp. and Acidovorax citrulli-WM001 and plant pathogenic fungi e.g. Rhizoctonia solani, Curvularia
lunata, Fusarium sp., Colletotrichum gloeosporioides, Bipolaris oryzae and Alternaria padwickii were tested.
Results showed that only 10 isolates of PGPB from vermicompost could inhibit some of tested plant pathogens
but lower than the broad-spectrum antagonistic bacteria including Streptomyces-PR87, Bacillus-MS4 and Bacillus-
Ba029. The compatibility of 12 isolates of PGPB from vermicompost was tested with Streptomyces-PR87, Bacillus-MS4
and Bacillus-Ba029 and plant growth-promoting bacteria Bacillus-PSK by dual culture bioassay. Results showed that
the Af11 isolate was the best compatible with all tested bacteria. These 5 bacterial isolates (Streptomyces-PR87,
Bacillus-MS4, Bacillus-Ba029, Bacillus-PSK and Af11) will be useful for the further development of excellent
consortium bacteria bio-products to support sustainable agriculture in Thailand.

Keywords: plant disease control; plant growth promoting bacteria; vermicompost microbes; microbial consortium;
sustainable agriculture
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Uuilgaumgdl 28 ssmiwaidea uiu 7 Yu WodlwenlFanieyaldifeu 12 loluan wasiie Bacillus 9 lolwian Hosuuams
NA Unfigaumgdl 28 ssnwaidoa iunan 48 2l

W1 L%EJ PG RIS Gﬂﬁ Ay tawn Rhizoctonia solanai, Curvularia lunata, Fusarium sp., Colletotrichum
gloeosporioides, Bipolaris oryzae lag Alternaria padwickii mengﬁqummi PDA ﬂmﬁqquﬁ 28 paAwadea 1Du
a1 7-14 Yu aniild cork borer sunadushugudnats 0.8 wuRues Wrfuinalmodulsveateniiaiguuens
PDA égluraunonms PDA sl Tagansliviearnveuarudsade 2 wufiuns dusssdwiudefiuenldanteya
ldhou w3 L%@Lwﬂﬁﬁﬂﬂ{j{jﬂﬁ Streptomyces-PR87 %38 \T8 Bacillus spp. #1aeiu 5 lwuRwns wWiguiiguiuyn
AuA (control) fhsdufuemameidsadeunudeuuaiiBsufiing Maunun1mmaaesuuy CRD ¥hmsvaaes 3 61 Ua
deliTlgamgd 28 ssmwaidoa WHuna 7-14 Fu Suinualneinwuinanusnvesiaiidulodeniinsyoonulunssis
uAuLazNIIITEIay wiithdoyailldnduanmadesiduimasudininaiyvesdulailion (percent inhibition of
radial growth; PIRG) = $afllalaftveadosanuglsefivlugnanivay - seilaladvesdesaunylenfivfiiosuiude
wafiFeufing / seflalativesdomawmmlsaivluganuan x 100 Mntuidulesmsaaeunelindesqanssmiy
Snwurnavasuamesdulaidorammlsasudsuiuduleidoslunssisauny
5. AnwarandiulfveadauuaiiGeuiing 1as3% Dual culture bioassay

ihidofuenldandeyalddeuiiiumsdndonauautiumsduaiuninasydulmesivuarlidolsalvity
ﬁﬂumv‘hmamaaummLs?hﬁ’uiﬁﬁ’uL%al,wﬂﬁl,%'sﬂﬁﬂﬂﬁ 6w 1T Streptomyces-PR8T wazide Bacillus spp. nemziaes
VoI5 NA 1agds Streak plate Umﬁ@mmﬁ 28 perwaldua WWuan 48 $lue @audle Streptomyces-PR87 LaBeUL
91113 AGMA Usfigaunndl 28 ssaneai@ea uiu 7 fu anduihuusdsndudeuriuassanuidudu 0ps00 = 0.1 14
cotton bud fusiide fuansuriuaesdelidenty winilumasuufaniinenns NA fwdeslildlunmaaey aanduld
cork borer YAEENLALENGTS 0.8 Wwufwns Wstufulinuiifdefiuenldanieyaléifou, e Streptomyces-PRST

w3o Bacillus spp. Wigyaglelu culture disk wazdeduiuatlunsuueomns NA imdederdvane Wiluvaiigamad 28

v '
LV a

paraea 1ual 48 Talud YinN1seasusIuly 3 $1denssuis Yuiinnanisvnasdasdanauwuldiuds (clear zone)

v v v '
a 1 a a

Winduseuq Juiu Sinaeilunisussiliunade 1) Wekuafisefasgyeguutuiuiinsudesansmiugidududenuniiisy

b
o o 3

WiguuRamte ey Juiuedndanudunaiuluicla unudeniomune - fe egsauduliled | 2) Wewuaiided

v oy
a a o A ~

Wiyeguuiuuinisudesansyiegidudurenuaiiteiasyuuiiviinemsseuy Juiulidnau unumenssmuneg - /+

Y

' ¥ v v
N [} a o = [

Ao agsuiulafseAunile uag 3) WenuafiSsuwiujuldduduvouuaise NSy uuRmT10MTTaU BUIY WUy

L]

v v
] = o a

WSeMINY + Aie WaluaSeaesvlinanunsnenduagsaudulasiunn

Nan13AnyN
1. madadenitauuafizeufiindanieyaldidou
1.1 mausnifendeyaldifeu
wansueniBoandeyaldideunuitamsousnideldifomn 54 loloian uwadudofuenldanyalditouany
fius African night crawler $1u7u 25 Teleian (Uszneumeideunsuuan 9 lolwian wazdounsuau 16 lolsian) uasidod
wenldangaldifouaeiug Tiger $1uau 29 Tolwian (Usznoudeilounsuuan 13 lolwian uasidounsuay 16 leluian)
Fadennleluaniuonldiflothunfnudnuaslalainglindowanssmivuvamesle nulidnvuslaladuazafunndag

14 (Figure 1, 2 uay Tablel)
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Figure 1 Colony type of 25 isolated bacteria from vermicompost- African night crawler.
(A) Af1, (B) Af2, (C) Af3, (D) Afd, (E) Af5, (F) Af6, (G) Af7, (H) Af8, (I) Af9, (J) Af10, (K) Af11, (L) Af13, (M) Afl4,
(N) Af16, (O) Af17, (P) Af18, (Q) Af20, (R) Af21, (S) Af22, (T) Af23, (U) Af25, (V) Af26, (W) Af29 (X) Af30 and
(Y) Af31
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(A) Tg2, (B) Tg3, (C) Ted, (D) Tg5, (E) Tg6, (F) Te7, (G) Te8, (H) Tg9, () Tgl1, (J) Tgl12, (K) Tg13, (L) Teld,
(M) Tg15, (N) Tg16, (O) Tel7, (P) Tg18, (Q) Tg19, (R) Tg22, (S) Tg23, (T) Tg24, (U) Tg26, (V) Tg28, (W) Tg29,
(X) T30, () Tg31, (2) Tg32, (AB) Tg33, (AC) Tg34 and (AD) Tg35

1.2 msigadnmsiialsaiuiny

A o X A v + P & a s a o A & v Y ad o . .

dedgeiiuenlianeyaldifeunimuniniigainsifalsaduitlasnisugnieuuluiismedssdalu (Clipping
method) Wiedaiieny 21 Tundwen wui Weanleyaldifeunnleluanlinelsauuludn ndinsugnierduna 3 Ju
d' ™ P Y] ad . & aa =1 A a ¢
dialUSeuiileuiunssuds disease control (18 X. oryzae pv. oryzae) wagnssuisaiuau (U1ieine) uaziloiigatinig
dnlsafuiinlaensugnideudluusdemedsldiluiunuvesiivlubeieissnlu (nfiltration method) Wesuuzidawme
flluads 3-4 ¢ wud WeynleluanlinelsavuluuziBemandinisugnierdunat 2 Tu WewSeuiflsuiunssuds disease

control ({18 X. oryzae pv. oryzae) wagnssaisaiuau (W1ileiniye) (Figure 3, Tablel)
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1]

K
W

Figure 3 Pathogenicity test of some bacteria isolated from vermicompost on rice and tomato leaves after artificial

inoculation by leaf cutting for rice and leaf infiltration for tomato compared with sterile distilled water.
(A) - (B) Control treatment, (C) - (D) X. oryzae, (E) - (F) Af1, (G) - (H) Af11, (1) - (J) Af13, (K) - (L) Af18,
(M) - (N) Af20, (O) - (P) Af21, (Q) - (R) Af25, (S) - (T) Tgl14, (U) - (V) Tgl5, (W) - (X) Tg18, (Y) - (Z) Tg24
and (AB) - (AC) Tg31

2. MmsUszfiunnauiinislusuaiiGedaaiunsdydulnvasii
2.1 NIATIVHBUNTHUATIEN IAA
dlovdeuvaiiFeiiuenldandeyaldifeus 54 Teluan wmaaouarmanansalunisduasigy 1A wui 5o
ynlelsanannndanszyi 1AA 18 TaoUiuos 1AA Fduesesdldiiuimadiug 0.77-38.41 Tulasniusediadans Tngloluian
Aanunsadaunsei 1A THunfign fo AfL3 wiriu 38.41 lalasnfusefiaddns sesawunfe Te2d uay Afd Wiy 34.2 uay
22.06 llasn3udefiaddng awdiiy iWeuundiSuleluaniiduasize 18a Idtoaiian fo To19 dunsed 1aa 18 0.77
lulasniusediadans (Table 1)
2.2 N1IATIREUNINTIUNTTasaEWBELIA
devdeuuaiiGeiiunldandeyaldidiours 54 loluan mvaaeunnuausalumsaraesoaa wuid

Woduau 5 lolwian Aaruisoazateweawiale Téun Afl AFLL, AfIS, Teld uag Tg15 lnwlelaian Tgl5 fiAn
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solubilization index (S.1.) gefign Wity 2.73 sosasun Ae lelwian Afl uaw Teld flen solubilization index (S.1) Wy
2.13 uay 2.11 auaau (Table 1)
MnwansUseiiuguanifnsduuaiideduaiunisigivinvesiionidudmesanuamiselunis
Fuaseet IAA wazauasnsalunsazaneveawln selddndenidenanun 12 Toloian Ieun AfL, AfL1, Af13, Af18, Af20,
Af21, Af25, Tgld, Tgl5, Tg18, Tg24 uay Tg31 ?zfdL‘f]ulaiszjLamﬁﬁﬂmauﬂ’aﬁgﬁaaamu D) ﬁdauimdawﬁdﬁagiumm%ﬁqa
indleiFsuiisuiuaanuuanidlunisadd (Table 1) wvhmsAnwideluludiuresmnuannsalunsidul fndiu

Woamalsany

Table 1 Type of gram, pathogenicity test on rice and tomato leaves and capability for IAA synthesis and phosphate

solubilization of selected antagonistic bacteria and bacteria isolated from vermicompost

Isolates Gram type IAA production (ug/m)Y Phosphate solubilization index (PSI)Y
Streptomyces-PR87(positive control) + 15.02+1.88% 2.04+0.02°
Bacillus-MS4 + 4.99+0.48hi 1.00+0.00'
Bacillus-PSK + 8.87+0.56efghi 1.0040.00°
Bacillus-Ba029 + 3.74+0.49hi 1.00+0.00"
Bacillus-BS + 2.45+0.38hi 1.00+0.00'
Bacillus-NTS3 + 3.1540.62hi 1.00+0.00'
Bacillus-Bal + 2.1540.10hi 1.0040.00°
Bacillus-K01 + 5.23+0.63hi 1.00+0.00"
Bacillus-K02 + 4.76+0.36hi 1.00+0.00'
Bacillus-K03 + 2.94+0.16hi 1.00+0.00'
Af1 - 2.53+0.36hi 2.13+0.11°
Af2 - 4.34+0.38hi 1.00+0.00'
Af3 - 3.94+0.71hi 1.00+0.00'
Af4 - 22.06+1.21¢ 1.00+0.00'
Af5 - 4.84+0.45" 1.00+0.00'
Af6 - 3.43+0.29" 1.00+0.00'
AFT - 15.48+1.26% 1.00+0.00'
Af8 + 4.59+0.37" 1.00+0.00'
Af9 - 10.03+0.64°" 1.00+0.00'
Af10 + 2.79+0.46" 1.00+0.00'
Af11 - 17.5646.90% 1.53+0.01¢
Af13 - 38.41+0.93° 1.00+0.00'
Af14 - 6.30+0.33" 1.00+0.00'
Af16 - 3.19+0.56" 1.00+0.00'
Af17 + 2.39+0.45" 1.00+0.00'
Af18 + 2.39+0.34" 1.26+0.01°
Af20 + 2.86+0.32" 1.00+0.00"
Af21 + 2.69+1.02" 1.00+0.00'
Af22 + 3.10+0.51" 1.00+0.00'
Af23 + 1.52+0.32" 1.00+0.00'

Af25 - 34.44+1.88% 1.0040.00°
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Table 1 Type of gram, pathogenicity test on rice and tomato leaves and capability for IAA synthesis and phosphate

solubilization of selected antagonistic bacteria and bacteria isolated from vermicompost. (Continue)

Isolates Gram type IAA production (ug/m0)Y Phosphate solubilization index (PSI)"

Af26 - 7.79+0.75%" ND
Af29 - 17.2942.62% ND
Af30 + 1.86+0.54" ND
Af31 - 4.57+0.91" ND
Tg2 + 1.85+0.36" 1.00+£0.00"
Tg3 + 2.80+0.18" 1.00+0.00"
Tgd + 2.17+0.39" 1.00+£0.00"
Tg5 + 3.06+0.25" 1.00+£0.00"
Tg6 + 2.16+0.47" 1.00+£0.00"
Tg7 + 1.80+0.59" 1.00+£0.00"
Tg8 + 2.14+0.37" 1.0040.00"
Tg9 + 4.014+0.40" 1.00+£0.00°
Tgl1 + 3.00+0.11" ND
Tgl12 + 3.74+0.77" 1.00+0.00'
Tgl3 + 2.57+0.70" 1.00+0.00'
Tgl4 - 2.81+0.29" 2.11+0.03°
Tgl5 - 2.81+0.32" 2.73+0.04°
Tgl6 - 1.64+0.25" 1.00+0.00'
Tgl17 - 5.10+0.61" ND
Tgl8 - 6.15+0.46" 1.00+0.00'
Tg19 - 0.77+0.05' 1.00+0.00'
Tg22 + 2.44+0.21" ND
Tg23 - 5.45+0.55" ND
Tg24 - 34.42+7.78%° ND
Tg26 - 4.46+0.44" 1.00+£0.00"
Tg28 - 3.37+0.31" 1.00+£0.00"
Tg29 - 6.48+0.14" 1.00+£0.00°
Tg30 - 3.46+0.31" 1.00+£0.00°
Tg31 - 29.50+1.61% 1.00+£0.00"
Tg32 - 3.17+0.48" 1.00+0.00"
Tg33 + 3.1740.19" ND
Tg34 - 4.77+0.45" ND
Tg35 - 3.87+0.67" 1.00+£0.00"
CV. (%) 22.26 1.62
F-test ** **

“Means in a same column followed by the different letters are significantly different by Duncan’s Multiple Range Test (DMRT) (P<0.01,**)

ND; not determined
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3. nanasaudneniwvaadouuaiifeufinddenissudnisiiyveatauveaiiGuaumglsaiis 1as35 Dual culture
bioassay

douvaiti3eiuenldanieyaldifouduiu 12 leleaniumaasuisudisuiudeufinsitldsunis
owa1z9t 10 lolwan wuidifies 6 leluananndudeuvaiiio findfundieudieurhduiidussansamlunis
Fudansaiqmeuaiidualsaiivlin et o lelmanvestowuafiduaunlsafiafiinumagou darmunnss
fupgiitfoddymaadffissduanuidodu 99 Wesidud TasWouuaiiBefinsidanuanmsalunmsdudanniian fo
Bacillus-Ba029 ﬁLé’umuquéﬂmw%Laﬁuﬁusjgal,%ua X. oryzae pv. oryzae tolaian NB7-7, CN2-1, PR5-1, X. axonopodis
pv. citri, X. euvesicatoria -toxan, R. solanacearum, Pseudomonas sp. Wag A. citrulli -WMO001 WU 20.42, 23.93,
25.42, 28.38, 29.96, 17.67, 6.25 kay 24.29 Tadluns AUa19U S09a9u1A8 Bacillus-MSa ﬁLﬁuﬁwuﬂuéﬂawaU%Lamgugq
Lfg 8 X oryzae pv. oryzae lolotam NB7-7, CN2-1, PR5-1, X. axonopodis pv.citri, X. euvesicatoria -toxan, R.
solanacearum, Pseudomonas sp. kag A. citrulli -WMO001 WinAu 21.58, 21.37, 19.51, 25.88, 24.50, 13.84, 3.17 Wag
15.13 finfuns auddu daudeuuaiiFeannlsafis P, carotovorum tu iWe Bacillus-BS anunsadudansiaieldiian

+

WAy 15.45 Jaduns 5998901A0 Bacillus-MS4 guginsiasgle windu 14.29 fadwas drudenuaiiieniuenlaaintdoy

9 U

v
o

Tdout 11 TelwanflannsodudinaasyrestouvafiFeavalsafivursdaldunndieiu 1¥ud AfL ansadudans
Lﬁ]%iml@m%@ R. solanacearum whitu 18.63 fiadwins dliiunnsneiu Bacillus-Ba029 usililanunsadududouuniiiesau
1R, Af13, Af18 way Af21 awmiaé’ug’aﬁ?@ X. axonopodis pv. citri, X. euvesicatoria -toxan Wae R. solanacearum 1,
Af20 mmmé’uéﬂy’wﬁa X. axonopodis pv. citri Wag X. euvesicatoria-toxan 16 Af25, Tgl5, Tel8 uay Te3l mmsaé’fus“ju’a
L“?gj’a R. solanacearum 19 Teld mmiaé’ug’u%a X. euvesicatoria -toxan wag R. solanacearum ¢ wag Te24 @1u198
fudade x citri, R. solanacearum wag A. citrulli -WM001 ¢ (Table 2)
4. managaudnenmvsadauafiGeufindsanmsiudininayveatdasauglsaiis Tag33 Dual culture bicassay
\FouuaiiGefithanmageuioun 1w 22 lelsian wud fuszsavsamlumsiudimasiyuenduladesaing
Tsafiiis 6 ana egrsdmauunnsatuegrediteddqmsaaviemdetu 99 Wesidud lneilouvaiiGernioyaldifion
12 lelwian Sudsnisiyresduledesanmvalsaldifissunsanawiniu TurngfideuuaiiGeufinsdumaaoy

val

Wisuiflvannsadudinasiguesdulodenawlsedivldnuannit 6 analddiian fe Bacillus-Msa Inefivesidus
mié’uE"?ﬂﬂﬁil,ﬁayuaalﬁuial,%aﬁ R. solani, C. lunata, Fusarium sp., C. gloeosporioides, B. oryzae Wae A. padwickii
Winiu 55.54, 70.03, 57.40, 55.28, 67.08 uay 61.94 Wasiius sudeu Weuszifiuiivan 14 Ju ndsnsnageu (Table
3) dudeandeyaldifeuloluaniianunsndudininaiyreadulodonanmlsalivisana uasegseduiirniy
mmmmsalun’]ié’uégq‘mLs?jyaLL‘UﬂﬁSaﬂﬁﬂﬂ@ﬁ?‘iﬂwmmaamﬂ%amﬁw Toun lolwian Af13, Af18 wag Tg24 anunsaduds
nssuenduledes R solani 18 wie lelaian AfL was Af13 anansadudsnmsiasavenduledes C gloeosporioides

& \WJudu (Table 3)
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Table 2 Efficacy of antagonistic bacteria to inhibit the growth of X. oryzae pv. oryzae (NB7-7, CN2-1, PR5-1), X. citri,

X. euvesicatoria -toxan, R. Solanacearum, Pseudomonas sp., A. citrulli -WM001 and P. carotovorum as

assayed by dual culture bioassay method, measured after incubation at 28 °C for 48 hr.

Clear zone (mm)Y

Antagonists X. oryzae pv. oryzae X. citri euves?gatorio solana'iearum PseUdSO: one ?W;iggil)l carotg\'/orum
NB7-7 CN2-1 PR5-1 (toxan)

Streptomyces-PR87  12.69+0.81" 10.64+0.46° 16.05+0.53° 16.09+0.59°  15.92+0.14° 12.50+0.90° 0.92+0.07¢ 12.79+0.91¢ 12.3041.17¢
Bacillus-MS4 21.58+1.77% 21.37+4.67 19.540.03* 25.88+1.69®°  24.50+0.63° 13.84+3.34" 3.17+0.29° 15.13+1.89° 14.29+1.12°
Bacillus-PSK 0.0040.00  0.00+0.00°  0.00+0.00°  3.13+0.55' 4.54+0.61 2.34+1.63" 0.00+0.00° 3.71+0.14° 0.00+0.00°
Bacillus-Ba029 20.42+1.09%° 2393+1.61° 2542+40.26° 28.38+3.03°  29.96+0.92° 17.67+0.83° 6.25+0.90° 24.29+6.66° 12.7640.63
Bacillus-BS 18.73+0.18% 17.10+0.49° 24.37+2.14° 24.13+1.65°  25.71+1.20° 13.38+1.97" 4.46+0.94° 14.00+0.98° 15.45+1.13°
Bacillus-NTS3 16.42+41.09° 23.60+4.32° 21.29+1.13° 27.04+3.94°  26.79+0.69° 15.63+2.22°° 4.38+1.11° 19.80+2.32° 13.28+0.38°
Bacillus-Bil 19.63+3.00% 19.08+3.49° 2539+3.86° 27.00+2.14°  24.75+0.54° 12.75+2.08"™ 4.13+0.70° 15.38+1.19° 12.96+0.3¢<
Bacillus-K01 5.79+0.39"  0.00+0.002  4.70+0.15" 10.92+1.91¢"  8.92+1.13" 2.56+1.81%" 0.00+0.00° 3.88+1.11° 0.00+0.00°
Bacillus-K02 5.92+1.71"  0.00+0.002  4.02+40.54" 12.54+1.49%  11.29+1.16° 5.75+1.96°% 0.00+0.00° 4.42+0.84° 0.00+0.00¢
Bacillus-K03 8.20+41.61° 12.06+2.14° 7.06+0.01° 14.71+0.40° 9.08+1.77° 4.79+3.11"" 0.00+0.00° 7.38+0.33¢ 0.00+0.00°
Af1 0.00£0.00'  0.00+0.005  0.00+0.00%  0.00+0.00/ 0.00+0.00% 18.63+0.21° 0.00+0.00° 0.00+0.001 0.00+0.00°
Af11 0.00+0.00  0.00+0.00°  0.00+0.00°  0.00+0.00’ 0.00+0.00% 0.00+0.00' 0.00+0.00° 0.00+0.001 0.00+0.00°
Af13 0.00+0.00  2.66+0.26®  0.00+0.00°  6.08+0.14" 3.33+0.63 7.33+0.76ef 0.00+0.00° 0.00+0.00" 0.00+0.00°
Af18 16.30+1.63°  0.00+0.00° 16.22+0.48% 7.46+3.24%" 6.2143.72" 9.00+1.95% 0.00+0.00° 0.00+0.00" 0.00+0.00°
Af20 17.76+0.51°° 15.05+0.09° 15.68+0.17° 5.92+0.19" 6.46+0.19" 0.00+0.00' 0.00+0.00° 0.00+0.001 0.00+0.00°
Af21 0.00£0.00'  0.00+0.00°  0.00+0.00°  8.63+1.64" 7.25+0.90%" 2.17+0.76" 0.00+0.00° 0.00+0.001 0.00+0.00°
Af25 0.00£0.00  0.00+0.005  0.00+0.00°  0.00+0.00’ 0.00+0.00 4.17+1.88%" 0.00+0.00° 0.00+0.001 0.00+0.00°
Tgl4 0.00£0.00'  0.00+0.00°  0.00+0.00%  0.00+0.00/ 3.25+0.25 12.8343.11% 0.00+0.00° 0.00+0.00° 0.00+0.00°
Tgl5 0.00£0.00'  0.00+0.00°  0.00+0.00%  0.00+0.00/ 0.00+0.00% 11.08+45.13 0.00+0.00° 0.00+0.00" 0.00+0.00°
Tgl18 0.00£0.00'  0.00+0.005  0.00+0.00°  0.00+0.00’ 0.00+0.00 12.00+2.63 0.00+0.00° 0.00+0.001 0.00+0.00°
Tg24 4124013 4.11+1.42°  0.00+0.00° 7.42+0.14%" 0.00+0.00 5.33+0.38"%" 0.00+0.00° 5.50+0.25% 0.00+0.00°
Tg31 0.00£0.00'  0.00+0.005  0.00+0.00°  0.00+0.00’ 0.00+0.00 5.88+0.66°" 0.00+0.00° 0.00+0.001 0.00+0.00°
Control 0.00£0.00'  0.00+0.00°  0.00+0.00¢  0.00+0.00/ 0.00+0.00% 0.00+0.00' 0.00+0.00° 0.00+0.00° 0.00+0.00°
c.v. (%) 12.25 18.66 10.28 15.41 11.22 25.11 37.74 29.74 12.36
F-test P *x *x *x *x *x %% *% *%

YMeans in a same column followed by the different letters are significantly different by Duncan’s Multiple Range Test (DMRT) (P<0.01,**)
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Table 3 Efficacy of antagonistic bacteria to inhibit the mycelial growth of R. solanai, C. lunata, Fusarium sp., C.
gloeosporioides, B. oryzae and A. padwickii by dual culture bioassay on PDA, measured after incubation at

28 °C for 14 days

Antagonists

Inhibition of mycelium growth (%) of pathogenic fungi

R. solani C. lunata Fusarium sp. C. B. oryzae A. padwickii
gloeosporioides

Streptomyces-PR87 0.00+0.008 34.82+4.558 25.79+1.42% 14.50+2.218 49.49+4.34¢ 34.34+8.51°¢
Bacillus-MS4 55.36+1.95°  70.03+0.08° 57.40+3.95° 55.28+1.22° 67.08+1.573b¢ 61.94+1.31°
Bacillus-PSK 0.00+0.008 25.93+0.32' 26.10+2.25F 8.90+2.61" 1.99+4.450 0.00+0.00k
Bacillus-Ba029 42.0542.73°  65.32+1.98° 53.76+0.65% 44.65+2.265 68.47+2.63% 53.45+2.11°
Bacillus-BS 44.47+0.52°  66.62+1.75> 49.37+1.77°¢ 43.40+2.70° 72.3842.95% 64.77+2.05°
Bacillus-NTS3 43.33+0.37°  65.34+0.76° 52.41+1.98 46.79+2.78° 69.70+2.98% 62.75+1.98°
Bacillus-Bil 39.90+0.27¢  69.02+0.88%®  52.98+2.90° 45.84.+2.075 69.09+5.37% 62.72+2.53°
Bacillus-K01 0.00+0.008 13.58+2.31% 39.98+6.11¢ 17.58+1.21% 47.69+4.82¢ 23.08+2.02¢
Bacillus-K02 0.00+0.008 15.98+3.84% 39.44+3.07¢ 24.85+8.11¢ 45.59+7.10% 26.31+1.68%
Bacillus-K03 0.00+0.008 40.22+3.27° 40.16+3.88¢ 20.83+4.09¢ 30.47+1.828 26.72+2.60¢
Af1 0.00+0.008 51.19+3.55¢ 13.81+1.17M 22.1541.75% 5.43+4.441 2.02+1.80%
Af11 0.00+0.008 50.95+2.50¢ 8.57+7.93k 1.43+1.81jj 6.2045.76' 0.00+0.00k
Af13 43.81+3.21° 454843 .55¢ 0.95+1.48™ 25.00+4.40¢ 36.73+9.16 11.73+2.798
Af18 39.76+8.15  52.14+4.67¢ 7.62+2.661 1.1941.907 48.73+3.15¢ 17.01+4.88
Af20 0.00+0.008 37.38+5.53% 6.90+0.581 0.00+0.00/ 49.78+3.30¢ 25.08+2.75%
Af21 8.09+1.48f 29.76+2.62" 8.10+2.33Kk 0.00+0.00/ 61.72+2.90° 5.25+3.25M
Af25 0.00+0.008 1.67+1.90" 4.29+0.90'™ 1.19+1.410 4.92+3.78} 4.04+2.95M
Tgld 0.00+0.008 22.15+1.20 11.19+2.46} 4.2946.70 64.43+3.55 1.61+1.95%
Tgl5 18.5745.99¢  35.95+2.298 34.52+3.77¢ 1.67+1.907 38.64+3.431 2.84.+2.83"k
Tgl8 0.00+0.008 46.90+3.77¢ 7.62+1.174 0.00+0.00/ 24.58+4.60" 12.54+1.708
Tg24 35.34+0.73¢ 0.00+0.00" 15.72+3.38" 0.00+0.00/ 46.72+3.58% 6.06+4.56"
Tg31 0.00+0.008 0.00+0.00" 22.38+5.168 0.00+0.00/ 41.32+13.52¢f 11.72+2.758
control 0.00+0.008 0.00+0.00" 0.00+0.00" 0.00+0.00/ 0.00+0.00/ 0.00+0.00k
c.v. (%) 14.59 7.55 12.84 17.93 12.28 13.52
Ftest o % *x *x *x *x

“Means in a same column followed by the different letters are significantly different by Duncan’s Multiple Range Test (DMRT) (P<0.01,**)

5. Anwanudiiuldvaarauuaiiseufing 1ne3s Dual culture bioassay
dndeuenliandeyaldifeuitiunisdadonauanifsunisduaiunisasyivinvesivuaglinelsa
Tifunigdwan 12 lolsian umeasuanudniulanuiesuaiiseudndiidndantd laun e Streptomyces-PR8T,

Bacillus-MS4, Bacillus-Ba029 wag Bacillus-PSK wuin WWenuaiiefiunlsnnieyaldideulelean Afl1 asnsaaaléa



U s 52 atiufl 3: 486-503 (2567)./doi:10.14456/kaj.2024.xx. 500

L%ﬂf"fulé’amﬂﬁUL%aLLUﬂﬁL%'aﬂﬁﬂﬂﬂﬁq 3 lelelanAe Streptomyces-PR87, Bacillus-MS4, Bacillus-Ba029 way Wupaiilse
dnasunisasauiule Bacillus-PSK et seilasfinnsananideuuaiifed findithundisudeudundn wui
Streptomyces-PR87 Judude Af18, Af20, A1, uaz Tg31 Lwﬁmmaaagiwﬁ’wﬁa Bacillus-PSK, Af1, Af11, Af13, Af25,
Teld, Tgl5 wag Tg24 laduan LLazmmsﬂaaﬂiimié’szﬁwﬁaﬁu Bacillus-MS4, Bacillus-Ba029, way Tel8 \Feuunafise
Utn¥ Bacillus-Ms4 Fuduie AR0, Af21, Teld, Tg24 uay Tg31 Lwimm'mazﬁwﬁm%a Bacillus-Ba029, Af11 lag Af13
laRun LLa:agjéamﬁ’ulﬁizﬁwﬁaﬁ’m%a Streptomyces-PR87, Bacillus-PSK, Af1, Af18, Af25, Tg15 uag Tgl8 Fouuafise
UFUnt Bacillus-Ba029 Susaiti Af18, Af20, Af25, Tgld uax T3l wianunsnegsauiuide Bacillus-MSa wag Af11 147
170 daumiagis'wﬁm%a Streptomyces-PR87, Bacillus-PSK, Af1, Af13, Af21, Tgl4, Tgl15, Tg18 ag’lﬁﬁ’tuizﬁwﬁq e
Bacillus-PSK 1¥sufulalgtuidelolaan Afl8, Af21 Lwiw%zylﬁﬁanﬂﬁ’m%a Streptomyces-PR87, Afl, Afl1, Af25, Tgld,
Tgl5, Te24 uaz Tg31 LLazLﬁr:yiﬁ”ﬁisﬁuwﬁuﬁaasﬁwﬁ’u Bacillus-MS4, Bacillus-Ba029, Af13, Af18, Af20 way Tgl8
(Table 4)

Table 4 Result for compatibility test among selected antagonistic bacteria and bacteria isolated from

vermicompost according to dual culture bioassay

Isolate of antagonistic bacteria and bacteria from vermicompost on culture disc

c

e}

B

9}

g ST87 | MS4 | Ba029 | PSK | Afl | Afll | Af13 | Af18 | Af20 | Af21 | Af25 | Tgl4 | Tegl5 | Tegl8 | Tg24 | Tg31
Q c

'*;',3 E ST87 -/+ -/+ + + + + - - - + + + -/+ + -
c o

§ g

FL2 [msa | P R TR + | | - N 7 R T A - -
c O

©

5 Ba029 | -/+ + /+ | /+ + -/+ - - -/+ - -/+ -/+ -/+ - -
9

g

< PSK + -/+ -/+ + + -/+ - -/+ - + + + -/+ + +
w0

Note: — mean incompatible (the bacteria on culture disc strongly inhibited the bacteria on culture lawn)
-/+ mean partial compatible (the bacteria on culture disc slightly inhibited the bacteria on culture lawn)

+ mean fully compatible (the bacterial on culture disc did not inhibit the bacteria on culture lawn)

ayluaziasal

L%yaLL‘UﬂﬁL%Hﬁ]ﬂﬂﬂﬁyjﬁlﬁ@auﬁgﬂmﬂ African night crawler wa Tiger #vauuafiBounsuUINLATUASIAY 91T
thumaaeu 54 lelatan WuuuaiiFeilinelsalifuiivmaaeudnuazusifome) fauaudAivisduaiunisadydule
yosivldidloussidiuauansalunisaine 1AA vde msazaeveamsluszduviosufiAnisldunndesunnsstuluanile
Toanveaiio wuin leluian Afl1 Lﬂmwﬂﬁﬁsﬂﬁﬁﬂﬂﬁé’ué]"lu%aiwmm@kﬂﬁﬂﬁmwﬁm (C. lunata, Fusarium sp.,
C. gloeosporioides wax B. oryzae) kazdaulanaulunsiduuuafidoduasunisiaiydvlnvesiie Weussfiuan
Arans0lun1sENATIEY 1AA (17.56 pg/ml) uazazaneeamalddiunn (1,53 PSI) Snviedsanunsangsautuiuide
wuRfilse Streptomyces-PR87, Bacillus-MS4, Bacillus-Ba029 waz Bacillus-PSK 1ag Fa9nmssuuniaibeaduros Afl1
Inglddayadiduiiandlolndvesdiu 16 S rONA Suunuiialu Enterobacter cloaca (Teyalulduans) Ine £ cloaca
sreaunsihluldeuaulsafivuazdaaiunisniydvinluiionatevia wu lsaiondedlusudld adeldsindy
Trichoderma asperellum (Mohammad et al., 2020) Isalaui1vauyi@awna (Yuliar et al,, 2019) Tsafteafingsou

ISP

Tuauua (Fusarium wilt of spinach) (Tsuda et al., 2001) {udu Feumunzandmnivir luldwmun T fusivenauguau

= [

wupfiise Niivsgansanlunismvaulsafivlaninmidsaiiinaniesuaswenuaiiseiddglavaeviia vivlvineg

£
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WigAulalafuniu uwagdieindseaniamlunsdussgreanesanegluaulvivenluldlaunaulaesunalnnis

o

Mnuvete Afll uenanniliwenvanizeanleyaldifeunulolaanduy Nlidnenmadunnaeunssilfa Afl, Af13, Tgl5
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Bacillus-MSa, Bacillus-Ba029 %38 Bacillus-PSK) AMUNaN1SNAdayu combination wilata1bitasumaslun1snaniawuy
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