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Abstract: Meloidogyne enterolobii causes significant yield loss in chili (Capsicum frutescens L.). This
research investigated the control potential of co-inoculation of chili with the T. asperellum strain Cb-pin01
and Streptomyces sp. strain KPS-E004 on the growth and symbiotic performance of M. enterolobii
challenged chili. From the results of laboratory tests, the mixture of two strains reduced the egg hatch
rate, increased the juvenile mortality rate and inhibited root penetration of infective second-stage
juvenile of M. enterolobii up to 75.33%, 62.44% and 98.67%, respectively when compared
to the control. The test with peppers in greenhouse conditions revealed that the mixture of two strains
reduced the number of egg mass, reduced the number of second-stage juveniles in soil and
suppressed root knot disease up to 71.05%, 75.68% and 50%, respectively when
compared to positive control. The control efficiency of co-inoculation of both strains in suppressing
root knot disease also increased up to 150.02% as compared to inoculation of single strain
of Cb-pin01. Moreover, the mixtures promoted the growth of chili by increasing the shoot weight,
shoot and root length and improving the yield of extra-large chili by 129.65%, 139.63%, 122.89%
and 165.51%, respectively (compared to negative control). Based on the results of this study,
T. asperellum strain Cb-pin01 and Sireptomyces sp. strain KPS-E004 may apply together to control

root-knot disease in chili plants.
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M. enterolobii 1uw3n mﬂm@ma?‘wmmumﬂuﬁmﬂﬁuﬁm?wudwmiﬂ@JﬂL%@%\im@qmmﬁuﬁﬁwﬁu
fualunsandnsnisinaesle Wudnsniame uazdudnisdngenittreiaseuszasi 2 vedldideu
datisnily M. enterolobii §afta 75.33%, 62.44% uaz 98.67% Aua iy WanFeufaniuganiunu
wazilenaaauiuninluaninlasdon W‘ud’]m?ﬂqﬂL%@%mmmgﬁuq’équﬁu Hnalunisananuaungs
T4 ananuausasanluny waziilsydninwlunisannisfintuaessinninlageiia 71.05%, 75.68% uaz

50% pudy WenBeuieuiugarusuiinnnlgniddeudesiievatnaien Smiaindszangnm
1ummmmfrmmﬂmmmnwsﬂlmmm 150.02% Lmuﬂ?smmﬁmumﬂmmﬂwuﬁ Cb-pin01 teNTHALALY
uananiimslddenuunananansndaasunsadyivlnremsn ‘E&mqum‘wuﬂLL@‘memmmmmu
AIENIIN Uzt InuanaRldTe 120.65%, 139.63%, 122.80% uaz 165.51% Awendy (e
WhauiuiugaAILANAuLNG) @’mN@ﬂ’)?‘ﬂm@@ﬂﬁ%IﬁLﬁu'ﬁ’]ﬂﬁ?ﬂQﬂL%ﬂmmufﬁmﬁuﬁ‘tﬁd%‘i T. asperellum
aeWug Cb-pin01 WAz Streptomyces sp. #18Wlg KPS-E004 mma‘aLﬁuﬁﬂﬁmwhmimmuim

santlunanluseanutlaslgn

a

AdAty: lspsntunsn nsauanlae@ds lnslawmesin anslndedn

AU

a A A a a

winiduianaiusnignuaziasoyiivie
laasannginiasestlsvinalng Taadnuin
ﬂqnw’?ﬁnmﬂizmﬁm’] 167,443 1§ nanangox
1seune 283,515 Fd (NINITINNTNTAT, 2562)
nilslutTymdnAyin Iuananaaaninanas
a v o A
Wimannnisdnvnatsvesldineutessindu
Meloidogyne spp. FUINIUH LaZAUY (2562)
o o & A PP
Nnsdrsaafiunlgnwinniinisszunnvesise
snduludamdnguasasil nudnduldineudas
snUNTRa M. enterolobii Taneuntinildinen
NAgIINUNTHAAINAIY WLTIEIIUNITTELIAAT
uwsnlufaiugnnquazuugnesludominuaslgu
(Jindapunnapat, 2012)

A aa =<

neAuANlaTaTE ukuIntamieluy
a7 ldineudessnly annenuRdauans
Ha9uT Iiudnlsz@nsnanlunisaaunuisn

PR 4 ~ Y a Ao ' a
sndNAzRE NN daauTeanNng 1 9tin
(Sun et al., 2006; Hashem et al., 2011) Hegann
Hnalnnsdnynans e me NMANNNAILEINTD
AATUNINNNIUTINNY Trichoderma spp. LU
desdjindnannsandmenlasillssies
(protease) wazlARiug (chitinase) AnafanIg

Wnaesldldpeudessindy (Jindapunnapat et
al., 2013) %nﬁqﬁqmmmmw’mmm[#Tmmu
uazdnadeasunisiascy A Ta iU (Affokpon
et al., 2011) Iumm:‘ﬁl,%’a Streptomyces spp.
fdnaninlunisanaanuguussaaslsasiniy
Meloidogyne spp. 1NNTANARENTITHARS
Ansinaaslinasnisaneaasssausze s 2 1d
(Ruanpanun et al., 2010)

T. asperellum @18ug Cb-pin01 1y
Fafnaiannelneniad g lsaie AzIN®AT
ﬁ'u,l:wqmuwﬁmmﬁﬂmwmmmmﬁ@'qﬁqmmuﬁ
luﬂﬁ?ﬂfl‘]_lQNI?ﬂﬁ‘ﬁﬁLﬁW‘]’mL%@i‘ﬂ'&’]Lﬁﬁﬂﬁ‘ﬂﬁﬁ]
uerila dasdadiunisiaiiuinaesituas
dnin IR TinANAIwnIuisa (Chamswarng et
al., 2014) aginelanngalifinngseanul ss@nsnn
°ﬂfa<1L%faéfﬂﬂ@'qfﬂum?muQuiéﬁﬁ@wz]ammﬂm
M. enterolobii slumm:‘?ﬂ}%@ Streptomyces sp.
aeug KPS-E004 Lﬂumﬂﬁuﬁﬁ'ﬁﬂizﬁﬁmw
lunnsaouanldineudeasindy M. incognita
anvestfuRnisldineudleadngivauazqaunae
NUNNTNERT NPT ITAND AUZINEAT AUALAL
NMINYNALLNBHATANAAT (Ruanpanun and
Chamswarng, 2016) muﬁgmmmmuﬁ%ﬂﬁﬁ@
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T899 2 AR UGHUNAZ AN S0V UILILLATH
Tunismauanlsasniluaesdnls Auiusuian
ORI R I R P L PR L PG AT o
sananalunizasualdineudles M. enterolobii
o A oA =

Wtiwadudnuilanisiaanlunisaauaulsasn
Unlulasmnzilgnsiall

atnsaluazisnig

msm?au‘lﬁlﬁauclammﬂu M. enterolobii

thiufimesznavedldideusdesmny
anudaansnlugunaniuneuan andnuaslan
Ididudanilgnwiniugeeuuasialdinouday
s lunszansrunaduliuguegnans 4 fin
ariusuauldideurdes antunsagdnms
saeeiudIUU (perineal pattern) URIFALAN T LNA
WemNu3Tn13994 Hunt and Handoo (2009) Lay
auunfzang@aine Taaldwswasquannig
ANN3BN3294 Tigano et al. (2010) annthusaeld
vasldieudassniada 1 ngallanaanmos
AALTUA M. enterolobii LgNLTInLsaLsINNIN
v lalnianusensuaziingiunmnnaianis
9849 Ruanpanun et al. (2010) & m5un1snangay
n1snAdaUlsEANENINNITIIIUSINAY
AR T. asperellum ﬂ’]ilﬁ’utf Cb-Pin-01 uag
Streptomyces sp. ﬂﬂﬂﬁ’uﬁf KPS-E004 sian1sWn
wasld NsAELAZNISIENSINNTIRIRIEAY

szeed 2 aasldinaudaasinidy M. enterolobii

Tuszauvasdjiisinng

v T, asperellum @89G Cb-Pin-01
FaAafaminga NN U lag ATUAT WAL
n330udla (2545) nA3al9ANT AUELNEAT
SAUNILAY UMANENFEINHRIANART WAL ide

Streptomyces sp. @8 KPS-E004 #neiug

nlafunissarudninalunisasununidn
1&meudeasindu M. incognita (Ruanpanun

and Chamswarng, 2016) aNLsuIuaLles

ANNABNITUDY ATAT LATAITURLA (2545) LAY
Ruanpanun and Chamswarng (2016) ANNANAL
Usupududuresalesidn 10" ales/Naaans

11 0.05% Tween 80 wnaaauruld wazfaaeu
sreedi 2 (J2) Inuppansuziuaesailes 1 Naaans
lalunguaeanua nsaun 24 wau (24-well
plate) dnlda99 M. enterolobii 150 We8a/50
luTasang ldaslylunguineaiu aneuuunig
naaesLUUgNaNysal (completely randomized
design, CRD) mmum@ 4 n3saa leun mwlm
aleeadeAtousazide LKA HAZYAAILAN
FlaildalefreaTonngouadh n9sdnas 4
ﬂuﬁqmuqﬁﬁm uaan 72 dalue anndu
Vusuau J2 ifneanannla wandusanneuas
sl dhunArwnutlesiduslunisindaeesld
LAY INIANEUREIEa ST 2 ANARNNSTeY
Sun et al. (2006) LAy Ruanpanun et al. (2010)
wazdsziiuaannannisalunisdisn Inegn
ieudesanugunagaulgnlidendaiden
8¢ 5 U gualwiesdimnng anifudiansn
Nwsae NaOCl-acid fuchsin (Byrd et al.,1983)
duanuudagaunelun wauiugariuaN
NANENUTZANENINNITNINIUTINN UL DY
Fanun T. asperellum ﬂ’lilﬁ’ué Cb-Pin-01
wae Streptomyces sp. ﬂﬁﬂﬁ’uif KPS-E004 lu
nisaaupNldinaudaasinda M. enterolobii
Tulsasau
aduntnaaauluaninisaeu
U NWNINYIRUNHATAIAAT AILNDNTUNILAU
Fmdnunstyn MRundmEniugiuau1etng
TVRC 365 81¢ 30 4 luga1211m 8x16 fin
flussapulaenldiieudes 5 Alansu uil
NARDL 21NUHUNIINARBILLL (CRD) ALHU
N3 5 N33131 (Table 1) N79135aL 10 1 9AE19
w01 ansddasaanuidudu 10" alas/ianans
3N104 200 Hadans TuwsazgANIImMAaBILAY
Ugn J2 13IMsINauIL 1,000 Fasiasi wias
@meﬁwﬁuvﬁﬂ{um 1 Ak ldilagms 15-15-15
Fouay 1 A% 1usrezinan 90 SUAUAUNAHAR
dsziliutlse@nininnisasuanldineudleasinily
M. enterolobii Taaiuatuaunguld uazaiuau
seautesldinaudeslufu 200 nfu dszifiunng
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Wadusn safinnafialsa Usziludse@nsnan
lun13AuAN (Barker, 1985; Ruanpanun and
Chamswarng, 2016) uazilsziiunaladidasanns

Table 1 Treatment of greenhouse experiment.

L‘ﬂﬁ‘ﬂ.lL[?]‘LlT[?l Tmmmmwmqmﬂ mwmmmmmu
m‘mumm m‘wuﬂmu UALHANAR

Treatment

Plant inoculated with spore of T. asperellum Cb-Pin-01 together with J2 of M. enterolobii (T+J2)

Plant inoculated with spore of Streptomyces sp. strain KPS-E004 together with J2 of M. enterolobii (S+J2)

Plant inoculated with spore of mixed both strains together with J2 of M. enterolobii (T+S+J2)

Plant inoculated with J2 of M. enterolobii (only J2)

Plant without J2 of M. enterolobii and spore of both strains (C)

N5AATIEUTaNANIIADA
AAreauuisileau (analysis of
variance) LL@&LLI?ML%Umm?qlmml,ufi@:mmi
naaedlag 25989 Tukey’'s Honestly Significant
Difference (P<0.05) Aoel R—program 4.0.2

Namiwﬂamuaﬁm%tﬁ
nsAnunilszAnanwaanda T, asperellum
ﬂ’lzl'ﬁuhf Cb-Pin-01 wag Streptomyces sp.
A12Wug KPS-E004 Fuasaniswnaadla
wazn1sangaanlIaauldinaudassinia
M. enterolobii

A nHANIINARaINLI1n1sld 1T e
T. asperellum @a18Wug Cb-Pin-01 Wa
Streptomyces sp. @18Wug KPS-E004 FauL
Aeauazunundy fuasesnsinisinaesld
mgu"ﬁ 42.00% 17.33% WAL 12.50% ANNAAL
fnsnismnaaasatauldinawdassiniuy
mﬁi 7.92% 62.01% WAZ 62.99% UATANUIUTLA
Fagauszesd 2 Whihanasnd @gj‘??'; 41.25 #n
4.25 fia uaz 1.50 fr Aussy Tuansinnsls
e Streptomyces sp. @18Wug KPS- E004 ¥a
LLLLAEY UATULUNANSINRY T, asperellum
ananiug Cb-pin01 axn9nandnIINIsAnaadla
1459 80.27% Uaz 85.77% AINANFL NSRS

nsaneeed J2 16 61.46% Uaz 62.99% ANNATAL
uazanlasidusnnsidnandald 96.22% uax
98.67% mNaAL e Fanfieutuganaunu
(PL0.05) (Table 2) LaziTass 2 aneiug dua
yldnsimunaedlddanieli 72 dlug Ing
e lulawanTusaseussesd 1 ulignansn
An'ls Lﬂm@’mL‘%@ﬁandwﬁmnﬁmmmin'uslﬂﬂ@m
a‘@mﬂmﬂh (Figure 1) uaznudn J2 meinanz
FonageutaLLUReEI AT ULLNAY 1Hiesanndd
pana s luan 18 W lamamazennensamilen
J2 Iuﬁ;mmuqu‘ﬁ'Lﬁwﬁmdwlu@i’ﬁﬁq (Figure 2)
anuan1nadauinldansuzaesldiazmiaau
AntnG sannARBTUIENIUIaS Jindapunnapat
et al. (2013) wazr Ruanpanun and Chamswarng
(2016) Fulifgddar 2 AneNug 4 unns
nagauaiaiiniraineanvireiinglnuisasneg
Juasald 1w Auanalunisadraeulasd
chitinase W8y protease ﬁﬁm@ﬁi@ﬂ’]ﬁumumi
fnandls uazyinlsisseuiiinasnunlaianunsn
Hnagsannaluuld deanlianaiuuaeg
1&meuelaglunisdivinanasinieg (Sahebani
and Hadavi, 2008) vijeenaaireansianiifiing
AanITiastyaesldinauleasnly (Ruanpanun et
al., 2010)
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Table 2 Effects of T. asperellum strain Cb-pin01, Streptomyces sp. strain KPS-E004 and mixed strains on egg
hatching and J2 mortality rate of M. enterolobii.

Treatment Egg hatch rate (%)° J2 mortality rate (%)® No. of J2 in root”
T+J2 42.00 + 3.03b* 7.92 + 0.14b* 41.25 + 3.86b*
S+J2 17.33+4.12¢c 62.01 £ 6.29a 425+ 2.72c
T+S+J2 12.50 + 2.73c 62.99 £ 6.51a 1.50 + 0.65¢
J2 87.83 + 4.54a 0.55 + 0.36b 11250 £ 5.17a
CV (%) 18.44 27.14 17.64

°*Average = standard error from four replicates.

* Means within the same column with the same letter are not significantly different at P > 0.05 according to Tukey's
HSD test.

Figure 1 Egg of M. enterolobii inoculated with spores of T. asperellum strain Cb-pin01 (A), Streptomyces sp. strain
KPS-E004 (B), mixed strains (C) and water (D).
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Figure 2 Infective second-stage juvenile of M. enterolobii inoculated with spores of T. asperellum Cb-pin01 (A),

Streptomyces sp. strain KPS-E004 (B), mixed strains (C) and water (D). The red arrow means dead J2 of M. enterolobii
caused by lacking nutrient.

nsAN®szANENIWNITYINIUSINA UL DY Cb-pin01 WAz Streptomyces sp. A1NUG
Fasusiiide T. asperellum snawug Cb-Pin-01 KPS-E004 THolLLIRE kAT ILILNAN WianiLLgn
WAz Streptomyces sp. A18WUg KPS-E004 u TAreudassinily Anasaaruaunisadrangula
nisaauAnNldAaudaasinda M. enterolobii gagldipaulassnily @gﬂi‘ﬁ 35.60 ngula 25.50
Tulsadau ) nawla uaz 25.10 nqula AINAIAY, AMuIUED

AMNUANITNARB LT UNTN I UuITa Y davszesi 2 90 ldiFaudassniuluf 200 N3

NAAINUAINITYNITe T. asperellum ANEWLE agi#1 24.30 61 10.60 fd waz 15.20 s AINANAL
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wazisrAuFaiinnfnduedfl 60 45 waz 45
sy Wisuifenfugaauauiiinislgn
Feudesifiesednadien Gamnnenianansld
HRULLAYY LAZHAN ansnsnanauaungw lalle
g Tutae 13.26-71.05% ananuausagaulumuls
aglutng 39.52-83.04% uazililszAnsninlunis
@mmimmﬂsﬂ,m agfluag 33.33-50.00% Tmﬂmﬁ
dide Streptomyces sp. aeWug KPS-E004 ¥
WULLAED LAZLLUNANTINAY T. asperellum
ane9iug Cb-pin01 aru1snananuaungwlale
70.59 uaz 71.05% ananuausiaaulunu 83.04
uaz 75.68% maua1au Nusz@nininlunisan
NaAALNGINY 50% HAMNUWANAIININATA
atinaihidnAty (P<0.05) (Table 4) Tedenndes
AU9IUIR8U89 Ruanpanun and chamswarng
(2016) Fe9UdnGe Streptomyces sp. @18WUG
KPS-E004 Hilsz@nsnnlunisaounuldineu
taasnilu M. incognita lunwdnlanniia 71.20%
FAINDNUAREITDS Jlndapunnapat et al. (2013)
27291 Lu@ﬂ@m T. harzianum Tis1n@ansaan

auuldineutlagsnidy M. enterolobii ialuR

Ly & 2 4
wazlusnel5als wananiinslddariauuuimen

v o A al 1

wazuuuuan wieannulgnldinaudes Juase
naatyiiuinesRunin Wallfauaunssais
~ = = ' = = &
mlgnléimeudasiiesetinanan Gansldmenuy
HaN AAnuuanFneasnaliiagAty (P<0.05) uaz
p o e e e o
WellFauiauiudulnf nudnaiunsndaasy
n9RseFALTe TRELANAINGIAU ANINEN99IN
winiindu wazuniinuande lduinige agn
139.63% 122.89% 129.65% Laz 165.51% mN
AAL AAAPABITUNANENUINNDUNTIN N8
dansldiiananaitedilsc@nsnimnisaaunuisa
lauannannsldi@esiinien (Affokpon et al.,
2011; Hashem and Abo-Elyousr, 2011) watldlu
Tl mena 2 afiandanantiFsneiuialdson
Aunilfiianisdaasuiulunisiadenalse
TanaarmnIIinisasenalnniadniane e
T3ANnaNuane (Sahebani and Hadavi, 2008:
Ruanpanun et al., 2010) (Table 3)

Table 3 Efficiency of T. asperellum strain Cb-pin01, Streptomyces sp. strain KPS-E004 and mixed strains on growth and

yield of chili infected by M. enterolobii.

Treatment Shoot weight Root weight Shoot length Root length Yield
(@° (cm)” (cm)® (cm)’ (@°

T+J2 15.94+1.29b* 3.04+0.25ab* 24.26+0.90b* 20.75+0.74b* 17.82+1.01b*
S+J2 14.39+0.84b 2.55+0.08b 23.16+1.00b 18.93+0.69b 19.35+0.82b
T+S+J2 20.86+1.22a 3.24+0.14a 31.29+1.20a 24.00£0.81a 24.38+1.81a
J2 only 7.34+0.95¢ 1.08+0.06¢ 16.48+1.00c 13.68+0.96¢ 3.55+0.87¢c
C 16.09+0.80b 3.24+0.22a 22.41+1.09b 19.53+0.74b 14.73+1.32b
CV. (%) 22.02 20.35 13.99 12.93 24.20

°*Average * standard error from four replicates.

*Values in the same column with same letter are not significantly different (P > 0.05) according to Tukey’s HSD test.



21
Agricultural Science and Management J. 6 (1) : 15-22 (2023)

Table 4 Efficiency of T. asperellum strain Cb-pin01, Streptomyces sp. strain KPS-E004 and mixed strains on

M. enterolobii in greenhouse experiment.

Treatment No. of egg mass * No. of J2 /200 g soil Galling index Control efficiency (%)
T+J2 35.60+4.44b* 24.30+4.95b* 60 33.33
S+J2 25.50+4.21b 10.60£2.51b 45 50.00
T+S+J2 25.10+4.69b 15.2045.24b 45 50.00
J2 only 86.70+9.38a 62.50+5.02a 90 0
C - - - -
CV. (%) 44.43 47.30 - -

“Average * standard error from four replicates.
* Values in the same column with same letter are not significantly different (P > 0.05) according to Tukey’s HSD test.
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nisldsn 7. asperellum anafiug
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