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Induced of Systemic Resistance against Gray Leaf Spot in Pepper by Enterobacter Species Isolated from
Family Gramineae Plants in Dok-do. Son, Jin-Soo', Marilyn Sumayo', Hyun-Uk Kang', Byung-Soo
Kim?, Duck-Kee Kwon®, and Sa-Youl Ghim'*. "School of Life Sciences and Institute for Microorganisms,
Kyungpook National University, Daegu 702-701, Korea, “Department of Horticultural Science, Kyungpook
National University, Daegu 702-701, Korea, *Department of Biology Education, Kyungpook National University,
Daegu 702-701, Korea — This study’s aim is to isolate and characterize plant growth promoting Enterobacter
species for the biological control of gray leaf spot in pepper. Screening was carried out from the rhizosphere of
Agropyron tsukushiensi var. transiens (Hack.) Ohwi in Dok-do. Rhizobacterial isolates were partially identi-
fied by 16S rDNA sequencing and Enterobacter species were tested for plant growth promoting capabilities
and the induction of systemic resistance in pepper against gray leaf spot caused by Stemphylium solani. Iso-
lates were tested for production of indole-acetic acid and siderophore, and for phosphate solubilization. The
application of isolates was effective in controlling gray leaf spot in pepper with E. asburiae (KNUC5007) and
E. cancerogenes (KNUC5008 and KNUC5010) having the highest efficacy in reducing gray leaf spot severity.
This is the first report of the biological control of gray leaf spot in pepper using rhizobacteria and it is hoped
that this study will increase the utilization of Enferobacter species as plant growth promoters and biocontrol
agents.
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tobacter, Azobacter, Bacillus, Burkholderia, Enterobacter,
Pantoea, Pseudomonas < %5-°] <=2 loH1].
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33t F, 1/10 tryptic soy agar (TSA) WX & &4 =%
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P WA [glucose 10 g, Caz(POy4), 5 g, MgCl, - 6H,0 5 g,
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T}H16]. NBRIP ®| Xl Enterobacterd= Q% toothpick
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S13e.

Siderophore Aitts Z=A}

225 Enterobactertt52] siderophore A AH] of F-=
Schwyn#} Neilands®] siderophore detection W} ¢l CAS
(chrome azurol S) blue gH WA Z+ 55 A =2
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Table 1. 16s rDNA sequence similarity of strains to the closest
homology.

GenBank Assession

Homologous microorganism no. of 168 rDNA

Strain

(percentage identity) sequence”
KNUC5001 Enterobacter aerogenes JQ682628
KNUC5002  Enterobacter ludwigii JQ682629
KNUC5003 Enterobacter cancerogenus JQ682632
KNUC5004 Enterobacter cancerogenus JQ682633
KNUCS5005 Enterobacter amnigenus JQ682637
KNUCS5006 Enterobacter soli JQ682636
KNUCS5007 Enterobacter asburiae JQ682630
KNUCS5008 Enterobacter cancerogenus JQ682631
KNUC5009 Enterobacter aerogenes JQ682634
KNUC5010 Enterobacter cancerogenus JQ682635
KNUCS5011  Enterobacter cancerogenus JQ682639
KNUC5012  Enterobacter aerogenes JQ682638
KNUCS5013 Enterobacter soli JQ711142

*The multiple alignments for the 16S rDNA sequence of Entero-
bacter spp. were performed using the NCBI GenBank search.

The sequences for the 16S rRNA genes of thirteen Enterobacter
strains have been deposited in the GenBank database.

g 4 g cK(Table 1). 538 ¥ Enterobacter < A2
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Fig. 1. Phylogenetic analysis of Enterobacter spp. with 16S rDNA sequence. Neighbour joining tree was constructed using 22 taxa (9
reference sequences and 13 Enterobacter spp.). Escherichia coli was used as the outgroup.

g 4= 31 Th(Table 2). 91> A1 E2] A & et 443
Ql T4 E F2 A5 DNAY RNAS TA8H= dlAk
o] FAARE = ATP, ADP 5 2152 ouix|djAle]] Fhoq
= F93F 8 40]th28]. B2 oke] F719lAkdEe] HE
£ 53l Bkl FFE slvh 2y oAk A(Fet),
TR (APY), A o] (Cathet Agsle] EoF Lol|A] wh
T &52 A0 B3 el R vi7] wtel] AdAl A
Eo] o]4 7Fs3t 21> AelAollA AgHEQ] edekio]T[19].
o|&fgt ¢S 7S = ol W ES A Eo] o] 437 o
+ A AS THERA AR Al B F AR
Holoh29].

Siderophore A 52
V2% Enterobacter 4 AT-52] A& JA7]12
% 8h4al siderophore§ At 7ol =3l dopH gl F 13

Z9] Enterobacter %, 11%2] #ol|A] CAS blue 3H #j
o] Aol 2AMA M7 W3l Ag T 4 st
(Table 2). siderophore= E9F 5 Ho|&(Fe*" )} &2 33}
Aol =& 2a} ARt} B nAEEe] o] XS A
Abslel BEoFad ol M Algke Aol (Fe*' S AFEAES
B3l Fsh, ol ubet HATe] Hele 55 vlEs)
of WATS AMEAT = AeZ dEA 12, 17].

IF0M A SYUEHEE 53 AN

2% Enterobacter < Mt -FElvEte] 4 A8
A2HE F SRl ATl 83t AlEAAY SR aAE &
3= ARS w3k AEAAEA 539 vjae 3
o Aolo} A TS E7)9 |2 o] v A
3tslem, 597F dry overell A 1%} F, AX FREE 2
vl o7 =Asloct. & 1352 Enterobacter < A i3let



Table 2. Plant growth promoting capabilities of the isolated
Enterobacter spp.

Strain Phosphate ~ Siderophore IAA concentration
solubilization® production® (ug/mL)*
KNUC5001 + - 31.56+0.20
KNUC5002 + + 9.48+0.62
KNUC5003 + + 43.89+0.33
KNUC5004 + + 42.30+0.34
KNUC5005 + + 30.48+0.32
KNUC5006 + + 44.1540.25
KNUC5007 + + 31.33+0.29
KNUC5008 + + 44.15+0.23
KNUC5009 + + 20.92+0.42
KNUC5010 + + 40.84+0.06
KNUC5011 + + 45.02+0.54
KNUC5012 + + 25.44+0.12
KNUC5013 - - 37.11+0.23

*Phospate solubilization by the isolates was tested on NBRIP plates.
Strains that were able to solubilize phosphate (+); strains unable to
solubilize phosphate (-).

bStrains were inoculated in CAS agar plate at 30°C for 48 hours.
Siderophore producer (+); non-siderophore producer (-).

“Quantitative analysis of TAA was carried out using King’s B
medium supplemented with 0.1% tryptophan.

A e} i ATl 132 He|E vy s o,
33 Z7] Aol A% F 6E(KNUC5001, KNUC5002,
KNUC5008, KNUC5010, KNUC5012, KNUC5013)2] =]
2ol Hagol] vlsl B Fholl Wiwlst] 25 2 %k
< Holx 7Zlog FEHH. SR AH41A el DMRTE
o) EE p<0.05 F=Folr A8l o] 83t A3, BAHL
2 22 OF0R ¥FHe] 350 7] Al Z s
u| X2 53k Ao R e h(Table 3). 15 ZA| ] Ze]e]
vl e A= F 5F(KNUC5001, KNUC5002, KNUC5008,
KNUC5012, KNUC5013)] A2]Fol|lA gl uls)] 4
T FolA 25 =& S 2o, 544 24 45
KNUC5013 A& 7Rte] A1E2] A ZHelE AAAT|= AL
2 g 50] A S Least Significant Difference
(LSD) 8] && p=0.05 T AHE3le] A= 23]
gt 1 A3 22" Enterobacter & Al = KNUC5002
7}, KNUC50135 *J2]8F 313o|A] ControlZ} W] 3} =
2 YA TS Bl A= JeRdth(Fig. 2).
Enterobacter <5 Algol| 2|3 32| AAEA 312 24|
3] AR Ql8l, 1Fe] Ax TS SASY Ax F
Fo SAAH Hadge vwste] F 4F(KNUC5001,
KNUC5002, KNUC5011, KNUC5013)| A =3F7kel H]3)
2 AASAEAS #1992 (Fig. 2), p=0.05
FolM LSD ZAA-E AMS3le] BAIHoZ FAM3E A3 g4
KNUC5002¢2} KNUC50135be] 225=0] YA Foka} 72z &
g AASA 24 HeERISiEE L KNUCS013-2
A T Az T 283 0] oA B 2
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Table 3. Effect of bacterial treatments on pepper height.

Strain Shoot height (cm) Plant height (cm)
Control (SDW) 14.6 a-c 23.3 b-f

BTH 11.8f 18.81i
KNUC5001 15.2 ab 24.2 ac
KNUC5002 154a 24.4 ab
KNUC5003 14.4 a-c 23.1 c-f
KNUC5004 12.8¢ 21.3 gh
KNUC5005 14.2 be 22.6 ef
KNUC5006 13.2 de 223 fg
KNUC5007 14.4 ac 22.9d-f
KNUC5008 14.8 ab 23.6 a-e
KNUC5009 13.8 cd 21.5 gh
KNUC5010 14.8 ab 232 cf
KNUC5011 14.4 a-c 21.1h
KNUC5012 15.0 ab 23.8 a-d
KNUC5013 154a 24.6a

The values indicate the mean of three replicated experiments.
Mean values of the same letter within each column are not signifi-
cantly different according to Duncan’s Multiple Range Test (p=0.05).

SR B Bole 2= veht A wdel A-8-3t
of 3% 8| 2AE A sk AEn|sEAM e Aol

S. solaniol| &]3] ZFA=]o] Lol Z&
A S FAATIAL A o] HaA 9le Eels
of7|AlA Fe] FHE AT AEHLE o4HA 3l
o}, 285 Enterobacter & AT5-S 135 Bl A A&
slo], 50| W Aol m|x|= oJ3ks FAFEE] 913ke] ISR
A AAS AAERAE FAHETQ] BTHE 73 WA o
78] Ve tA] ek w9 ofst ] WA RRS Byl
(Fig. 3). &4 dZ¢l SDW2]| 7% S. solanel] 2J3l] 2]
70% A=7} ko] vepd H o E AF|QIY). Enterobacter
% AlFe A2 FelAlE=, KUDC5007, KUDC5008, =
KUDC50109| 4] A Z-2] AgA] F-52 Q3 2 | oA
Fe Hels Aoz #klg 4 gl S E7<] SDW
o wwslde ), ISR SO ZH7b 413%, 37.5%,
31.0%7Fg F7ke] 242 Zhast o2 elth(Fig. 4). 3L
F RO T2 ol v S o7 |3l whet 33
< AAIEH, o] ey} AlEel d& dEX7E Ao
d2A et ol AL T3 F 3% Enterobacter &
Algte] &2l afrst dY7|2kE SAIAIA Wel 214
ol whE 3le] &l AAIsle] AlEel FFAS ISk
A= ASe B85 T Ao Vel
Aol Me ARG 1 FRO elA &3] A
3 2l Hist AETH ASAIE Sl Ay E}
= WY ZHANE F Enterobacter <5 Mol S 2o
I A 73 AlEAAEZ a9 92 ISR el wigk o
2 33Tt PGPREA S| EAS #4317 Sl3 23

O 0L
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Fig. 2. Plant growth promoting effect of isolates on pepper. (A) Fresh weight. (B) Dry weight. Peppers were dried at 80°C for five days
until weight become constant. Numbers represent mean values of 3 replications per treatment with 5 pepper seedlings per replicate. Bar rep-
resents standard errors. *Indicates significant difference according to Least Significant Difference (p=0.05).
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100.0

Disease Severity Index (0 - 100)

Treatment

Fig. 3. Induced systemic resistance against Stemphylium solani by Enterobacter spp.. The Enterobacter species were inoculated on pep-
per roots. After 1 week, S. solani spore suspension was sprayed on abaxial and adaxial leaf surfaces and symptoms on every plant was mea-
sured on a scale of 0 to 9: 0 = no symptom, 1 = minute white spots, less than 5% tissue diseased; 3=small white to reddish purple lesions,
5-25% diseased; 5=dark purple necrotic lesions with chlorosis, 26-50% diseased; 7=necrotic lesions > 10 cm long, 50-75% diseased;
9=lesions coalescing, 76-100% disease. Sterile distilled water (SDW, negative control); Benzothiadiazole (BTH, positive control). The
experiment was repeated three times with 5 replications. *Indicates significant different according to Least Significant Difference (p=0.05).

44
(44
4

Fig. 4. Photos of representative leaves from each treatment after pepper plants were challenged with S. solani. (A) SDW (negative
control), (B) 0.5 mM BTH (positive control), (C) KNUC5001 (D) KNUC5002 (E) KNUC5003 (F) KNUC5004 (G) KNUC5005 (H)
KNUC5006 (I) KNUC5007 (J) KNUC5008 (K) KNUC5009 (L) KNUC5010 (M) KNUC5011 (N) KNUC5012 (O) KNUC5013.
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