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Screening and efficacy of endophytic bacteria for inhibition of
Xanthomonas citri subsp. citri causing canker disease of
Tup Tim Siam Pomelo
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ABSTRACT: Canker disease of pomelo caused by Xanthomonas citri subsp. citri. is a serious disease and a major
problem in Citrus spp. Pathogens can infect leaves, branches and fruits, citrus canker symptoms are mostly yellow
spot and scab. Biological control by endophytic bacteria will decrease disease and reduce the use of chemicals
causing harm to the environment. This research aimed to screen antagonistic endophytic bacteria for control X. citri
subsp. citri in laboratory conditions. The effectiveness of endophytic antagonists to control canker disease were
tested in a laboratory by paper disc diffusion and agar well diffusion method. The results showed that endophytic
bacteria, S1-4 and S3-5 gave the highest percentage of inhibition. The inhibition value of S1-4 and S3-5 were 77.17
and 72.53%, respectively, measured by paper disc diffusion and 75.73 and 72.97%, respectively, measured by agar
well diffusion. The survival and colonization of endophytic bacteria on the Tup Tim Siam pomelo leaf surface were
monitored after being sprayed with bacterial suspension. The results, found that survival rate and colonization are
different two set of experiments of Tup Tim Siam pomelo leaves were randomly collected after inoculation with
the pathogen every 15 days at 0, 15, 30, 45, and 60 days. The populations of pathogens were less than endophytic
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bacteria. This study showed that the endophytic bacteria S1-4 and S3-5 have a high potential for control of citrus
canker caused by X. citri subsp. citri.
Keywords: endophytic bacteria; control; canker disease; Tup Tim Siam Pomelo
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F5 1z UsnBy 165 rDNA GUENL%EJ X. citri subsp. citri UiﬁﬂgLLﬂUaﬁuLa YUn 512 @:L‘Uﬂ UY agarose gel 1.5% Fansariu
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(@ (b) (o) (d)

Figure 2 Canker diseases on leave (a) and fruits (b) of Tup Tim Siam Pomelo caused by X. citri subsp. citri and Koch's

postulates were confirmed canker disease on leaves (c) and fruits (d)
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208 lalwian nswuandu 570 Tu A wagsindes @Eeundudu) 9117w 80, 57, 51 wag 20 lolaian a1ua1au (Table 1)
Frurusuaiissloulalwyiiuenlaaoudein Welussulisuiun1s@nwives Doungfu et al. (2019) S1891UINULTB
wuaiSeieulaliv 170 lolewan anfusazdiunng 9 nfivnspaduiililulse lnenvuniigauuis Tu uazsn laed
77.65% Huouuafiionnsuuan way 22.35% WuwueiliSeunsuau dmsuouuafiioeulalnvifivenls 1w 208 lely
1 9 & S a a ¢ o = oA & a o a el o ' [ v o
v wusnudnuauzvedeuuaiiseuiing WWu 3 ndu fe ndui 1 WeawuaiiSeujindldnuarsussliudueu veundn &
Y1IHwU F11u 80 lelwian nguit 2 WenuailiSeufUndldnuauzlalatiuiby yu veuSeu dv1igu 91w 75 leluan
wazngud 3 WeuafiseufUnuddnvarlaladioniu asnaisguss veuleu v 91w 53 lelwian (Figure 3)
Senthikumar et al. (2011) MeuIngeuvaiideeulalinfinaaudfiluujind WuwueilSenanunsaasgludodo i
wagliviliinlsatuity Mili@euuaiiseaunsadngialivaienig wu Uinlu sesuanvewad viauna wassin Wusiu
YavoauAiSueulaliNTseuI @aunsadudeanisinlsawasaas lawn Bacillus velezensis (Rabbee et al., 2019),

B. subtilis wag B. amyloliquefaciens (Wang et al., 2022)
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Table 1 The number of endophytic bacteria isolates from Tup Tim Siam Pomelo plantations

Samples Number of isolates Sampling Sources
Leaves 30 Plot No. 1

Leaves 27 Plot No. 2

Twig 25 Plot No. 2

Twig 26 Plot No. 4

Roots 36 Plot No. 2

Roots a4 Plot No. 1

Fibrous root 20 Plot No. 3

Total 208

(a) (b) (@

Figure 3 Colonies of endophytic bacteria on NA; irregular shape, rough opaque, jagged edges (a); colonies flat or

slightly convex, gray- white (b); rough colonies, smooth edges, gray-white (c)
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U3AUES Wiy 2.19 wag 1.86 ou. ALy ﬂ?igvgﬁﬂﬁw%iy‘ua%ég@LLUﬂﬁL‘%EJaWLMGlIiﬂWhﬁ/‘U 77.17 uag 72.53%
audey levaaeudieds paper disc diffusion nuAMLRANANINSERR R TTEdEYB (P<0.01) WiewSeuiiautuns
T#a51fl Copper hydroxide wazgaauamtihnduisinte faluszansnmlunmsdudinsaiogueatoanalsa whiy
56.14% (1.14 %31.) waz 0.00% (0.05 ¥1l.) wauiilennaausieis acar well diffusion wuin lelean S1-4 uay S3-5 fawn

o
1Y LYY

Lﬁumuquéﬂmw%lxgmé’ug’q WiNAU 2.06 Way 1.85 @il MUaIU msaummm%zysum%mmﬂﬁL%‘ammsﬂ,iﬂ Wiy 75.73
WAy 72.97% uadu Sedinnuusnsenisadfedsditedfayda (P<0.01) Wewieuiunsld Copper hydroxide (60.32%)
Tuvauiiyarauau (0%) (Table 2)

rnanssuunvinvesdouuadidooulalwsilelsian S1-a uaz 53-5 Wueinenldainsindesinuniuiu lngld
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arugndaslunissiuun 99.1 waw 98.8% mudy WeduunviadeuuaiiFoeulaliiselnsweiifinnusimzaizas
Tngld B-K1/F (5 -TCACCAAGGCRACGATGCG-3') uaw B-K1/R1 (5-CGTATTCACC GCGGCATG-3) uazanuilaadlolvaves
1 165 rDNA u1a 595 bp nui1 WWenuaidoieulaluvine 2 lelaan Wu 8. subtilis 100% FemssiunisAnwives
Lugtenberg and Kamilova (2009) 1891w TslewuaiiSeunswiadudeioulalsi mmam%ﬂﬂmﬁaaﬁmﬁaL?J"au'%nm
voesniiala laglslauwuafiSeunssdaiinudinizaesdnuesiadnaly 31nN1sNAaesdennaoiuNISANE1Ia Daungfu
et al. (2019) Meauiwuaiiseufinteulaluv B. subtilis LE24 way B. amyloliquefaciens LE109 ﬁLLaﬂlﬁmﬂﬁﬂuqua
du (Citrus aurantiifolia) flauysaiufeuss Tszdvinmadlunmsmuaulsauanaosvomzuniiinanide X citri subsp.
citri Wenaniiawudn ansannannide B. subtilis way B. amyloliquefaciens Fausgnoudeansngu lipopeptides Léun
surfactins, fengycins Way iturins mmmé’fvé'j”’qmwﬁaﬂauwﬂﬁﬁa LLazL‘?ﬁuaﬁmmaIiﬂﬁ‘lﬂﬁ (Szczech and Shoda, 2006;
Mahadtanapuk et al,, 2007; Torres et al.,, 2016; Wang et al,, 2022) nanmsAnuassiidenndesiuseauues oussmd uway
Ay (2561) AnwidsrAnsninvedouuaii3sufiing Bacillus densmunslsauauasivesisnsenady nukuafiiie
Bacillus lelawan PSD-2 fisvavisnwlunsdudimsasaivlnveade X axonopodis pv. citri 1¢igatle 85.29% dlawieu
iU Copper hydroxide equs“J’Ué'?qmﬂﬁiylﬁuimlﬁqqqmﬁm 58.33% laglanizuuaiitge Bacillus %’mﬁuﬁaﬂﬁﬁnﬁﬁﬁms
tandspynd Miferuaudedelsafivegnniiee Weilde Bacillus anursaairaeulpaleiiianninidinsenlu
Fuandeuldd Tned Kalita et al. (1996) 51891531 B. subtilis 7 wenldarndunzurlaunsadudainisias yuende X
campestris pv. citri TwisaujuRnislalueg1ed uaraunsoannisiinlsauaamesiuaninulasugnliedefivszdnsam
uennideuuadiGeeulali 8. amyloliquefaciens Afiusavisnnlugudnsiasyvesde X. citr subsp. citri wazdein

PrlrnmAnmusunulsalaanale (Soares et al,, 2016)
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Table 2 Inhibition zones of the endophytic bacteria against X. citri subsp. citri using paper disc diffusion and agar

well diffusion method on nutrient agar at 7 days after inoculation

Growth inhibition of X. citri subsp. citri

Endophytic bacteria Paper disc diffusion Agar well diffusion
Diameter (cm) Inhibition (%) Diameter (cm) Inhibition (%)
No.1REN 0.98 48975/ 1.01 50.49°f¢"
No.2REN 1.57 68.15° 1.35 62.96°f
No.4-REN 1.02 50.98°" 1.02 50.98°°¢f
No.6REN 1.36 63.24°f 1.41 64.54°f
No.9REN 1.08 53,70¢cefen 1.10 54,540
No.10REN 1.61 68.94%¢ 1.49 66.44°f
No.3S 0.98 4g8.97efen 0.99 49.50°""
No. 55 1.10 54,54°<efeh 1.62 69.14"%
No. 7S 1.48 66.22°<% 1.40 64.220°<4
No. 85 1.04 51,920 1.06 52,83
EN-1231 1.38 63,775 1.27 60.63°f2
EN-1232 0.99 49.49°% 0.99 49.50°"
EN-R1 1.22 59.,025<ef 1.19 57.9g°<ef2
EN-R11 1.13 55.75c0¢fe 1.08 53,70
R1-3 131 61,830 1.26 60.32°°%¢f2
R1-4 1.58 68.35°¢ 1.56 67.94"%f
R2-1 1.05 52.3g°0¢fen 1.03 51.46%%
R2-2 1.21 58682 113 55,750z
R2-3 1.30 61.54°<d< 1.29 61.240<0efe
R2-5 0.85 41.18%" 0.77 35.06"
R2-6 091 45.05%" 0.92 45.65%"
R2-8 1.25 60.00°<%f 1.27 60.62°%f2
R3-1 1.02 50.98°% 1.01 50.49°%"
S1-3 0.98 48.97¢% 0.97 48.45°%"
S1-4 2.19 7717 2.06 75.73°
S1-5 1.19 57.9gbcdefe 1.18 57.63Pcf
S1-6 1.14 56.14°<¢fe 1.15 56.52°¢f2
52-1 0.87 42,53 1.01 50.49°%"
52-2 1.01 50.49°%" 1.02 50.98°%"
52-3 1.18 57,630k 1.14 56.14°<f2
532 1.14 56.140<¢fe 1.16 56.90°cf2
S3-4 0.76 34.21' 0.72 30.55
$3-5 1.82 7253 1.85 72.97%
L1-1 1.57 68.15° 1.58 68.35°<d°
L1-5 1.19 57.9gb<defe 1.17 57.26"
L1-7 0.78 35.90 113 55.75¢fe
Copper hydroxide 1.14 56.14°<¢fe 1.26 60.32°°f2
Control (¥nAUAL) 0.50 0.00/ 0.50 0.00/
F-test ** **
CV. (%) 17.26 16.29

Y= Means in a same column followed by the different letters are significantly different by DMRT. (P<0.01)
**= Significantly different (P<0.01)
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Table 3 The population of endophytic bacteria isolate S1-4, S3-5 and X. citri subsp. citri (XCC) on Tup Tim Siam

Pomelo leaves after inoculation

Population of endophytic bacteria/leaf (cfu/ml)

Treatments Time after inoculation (days)
0 15 30 a5 60
Spray only endophytic bacteria
S1-4 5.9 x 10%Y 5.2 x10* 50x10* 4.8 x 10* 2.6x10*
S3-5 3.0 x 10 2.0 x 10%¢ 22x10° 23 x10% 1.5 x 107

Spray endophytic bacteria and pathogens

S1-4 + XCC
S1-4 1.9 x 10% 2.7 x 10 33 x 10 3.1x10%® 22 x10%
Xcc 25x 10 22x10% 2.0 x 10 1.1 x 10% 0.6 x 10

$3-5 + XCC
$3-5 2.0 x 10% 2.8 x 10 1.9 x 10* 2.6 x 10% 2.4 x 10°c
Xcc 3.1 x 10 2.5x 10 23x10  2.0x10™ 1.3 x 10%

Spray only pathogens

Xcc 4.2 x 10 3.3 x10%° 29x 10 2.6x10™ 2.4 x10*

Fotest * * * * *

C.V. (%) 24.67 27.35 42.52 6.14 9.05

Y= Means in a same column followed by the different letters are significantly different by DMRT. (P<0.01)
*= Significantly different (P<0.05)
G
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