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Fig. 6. Interactions of the endophytes isolated from

afdfa with pathogenic bacteria on total fresh
weight, fresh weight of alfalfaroots and shoots.
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Table 2. Analysis of variance for the effectd of endophytic bacteriaisolated from alfalfa on the stem length, root

length and plant height.
Mean Squares Pr>F

Treament  df  paytheight  Rootlength  Stem length Plant height ~ Rootlength  Stem length
Block 2 5.74 8.15 57.81 0.66 0.40 0.21

a 8 150.28 11.98 55.76 0.0001< 0.27 0.19

b 1 9.59 51.68 52.43 041 0.02 0.23
axb 8 215.42 6.25 162.39 0.0001< 0.67 0.003
Error 18 1357 8.69 35.03

Ccv 8.97 259 215

S oles 5 e ST 6 S plize Sliaxh 8 by s SU b cas ST 6 S
a anthagonistic bacteria, b: pathogenic bacteria, axb: Interaction between antagonistic bacteria and pathogens
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Table 3. Analysis of variance for the effects of the endophytic bacteria, on the stem and root fresh weight of dfafa

Mean Square Pr>F

Trestment  df 1o fresh  Stemfresh Root fresh Total fresh ~ Stemfresh  Root fresh

weight weight weight weight weight weight
Block 2 0.2 0.1 0.35 0.49 0.13
a 8 2.35 1.27 0.0001< 0.0001< 0.0001<
b 1 2.03 0.85 0.004 0.02 0.23
axb 8 3.95 2.56 0.0001< 0.0001< 0.0001<
Error 18 0.19 0.14
cv 27.48 29.22 15.53

Koo 5 s ST (S flize 51X 8l 685U D s ST oSt
a anthagonistic bacteria, b: pathogenic bacteria, axb: Interactionbetween antagonistic bacteria and pathogens.
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Fig. 8. The PCR result with specific primer PCA2a
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31l o w3 STy Y guaeo b Jgi
5o ST o sa bhali 165 IRNA 05 JIg
o Sy J s 5 25 MOR(1507r)/M Of(10f)
Cw34s 165 IRNA DS JI g .45 JLa i Bioneer &5 4
¢ w54 NCBI eS| eSbs b g e boeT
LA e s 5l A 8IS 5 c 15
Pseudomonas sp. (GenBank No. KP271980) o)l s
Escherichia cali (GenBank No. KR527205)f\ & i
(GenBank No. KR527204) Paenibacillus «f ali>
Sphingomonas paucimobilis 6 414 5 glycanilyticus

Lds g luls (GenBank No. KP106458)

PCR 4%
MOf E5LET L Sl ey (slo i3 (2S5 plon
Lo 0L oSG JSCis o e (10f) / MOR(15077)
56 F A Y glaaglia 5L S 100 55l
L Sl slommis 28T plonil LV JS8) ws 5,87
Bacill sub 16sf/ Bacillsub 16sr _—wlams| $5LeT
S IGUERT IS RE PR R O C ey
Slo iy SRSy plasil il SETI5 6ot sl
> s PCA2al PCA2D _ola! S5LETL 5, b
MY laale 550 S Vere 331l AL oSS JSKis

(A JS) e 58T U5 g5, Y ¥4

bp
SO -
LA T 1 IR
B S —
1 20060
103 ————
S ————
S0
O ——
S0
AN e
JO0) —
2000
L) ——
@}aﬁ;)l 'GT‘ :PCR; %—VJL&
MOR(1507r) /.MOf(10f)

Fig. 7. The PCR result with universal primer MOR
(1507r)/ MOF(10f).



o5 Jlont P51 ke dodigy Cadguil (S5 SL (S)105L (o) 2 1sle S 16 s (Suuol Ve

2l & sl odd (leST b o158 2,6 5
bl Byb e s ST (55 3l oias Olis
laali> (Innerebner et al,, 2011) ji,;-$
1 s> Arabidopsis oLS I 4l 5 s Sphingomonas
<~ bil=. Pseudomonas syringae ¢! los Jslse
Jolse ol p 00 55 e (s ST 5 26, SIS
) el ok A B &8y e ST 05517 (156w
L Glagal & o ol 4lS Ll 5 55 (S
AL ol S5k S 35 s ) 52 25 o
s S 3 el il 5 5 oKt lo3T Ll 5 s
L disoban Jolse 0 plS sl o3, & O3 alis
e34JTF. culmorum &5 L 5 Sphingomonas . 5.4l
@l s il Bl 4 055 5 5 4 s ST s
e S ST (ST 03 ok s 0L
S s Ol o ol S 4SSl
&S5 ol 53 1y (Ul ESatrs gl (s ST
slyls s Bacillus subtilis cus 540l g STL uS e
245 Gl F gy Soles L ade b s Slas
oSt 05,5 05 ke 1 elE gsy sla Sy ST
Ll ol ol 4 ls 1y ST o 5t 6 gl
GLA! 5 LaeSs 5T 1 ormmny b A 5 51 (50
LS alte i L5 A5l et Caslis
. 2> 35— (Gnanamanickam & Ebenzar, 2007)
olin 3, Shes (ghyls skl b gl (6 SLods STS
0L impas Sllllan 3 0 5 S sla S ol 65
Jeslse Ol e any b sl slas ST :JQL,;S.\.M@
Al Ol jn o 555 s il s (6315 A U 0 J 28
o sl Lo STL (med ST Clab s 2 53
Soben s 2 03 (Sor i Bl 3L Sl el
Clavibacter ~michiganensis subsp. oL SL
sl S gl Sa .y |l sepedonicus
ade ol yla il 4 gad VAY L STHIUNY (e aw
(i y gl wbgags s ¢S 55 C. michiganensis
(ol 9 A1 O sal 3 4l 4 58 CICAQO -y 2!

ol (Lodewyckx et al., 2002) 3 ¢ a3lw 5 iy 5L

)

Gl 53 48 Cod ST byl Lol
S Jle e U8 s o Ul LSl
S g 3550 (AT Ll s ey LS
335y Sglite s ST Clab Ol jpe i 3 s §
DL @YU (s ST 015 il Ctr oyl
Jols Uty o Lag STL ol s ST L8 550 dinls
(Sturz, 2000) il 55 e 5 02557 (05052 A 5
Gk a8 0l Gla S ol y AL s, S5
Slas SL Ol seay Sl ol s &S o olS s 10T
LS i) il 8l el 4t ulods (suuaal PGPB
b8 sl L35 5len by s (S8 s 5 s ) sy
(Sikora & Backman,2008) .S" e Clsblows (lalS |
(Stajkovich et al., 2009) L 5 st plowi ailas 5
e ay ) Sl 8 5 s b Slaiad 5ol S I
Tl Sl ok (ot gy ) gy 0 ke
ssbas S Meliloti b Jls g5 8 sla o il pla &S 2t
Ll esls 5 35U Comu 1) ami g slae S sliws e
b ma 3L A6 Lles 0 S meliloti mdls o
L olbesa midi dls ol Lo i) sl il
e s B R el g 8 slan !
b Ol L s lin 53 a2y 5 5 Lo (ki) sl el
s I3 gy, Sl mul &7 das oo OLES oS
izt oL iy el (gla sl !

G515 5 g e S 3 ST Llaaslus
Solog Joole odplasl 5 acsls oS sty sla S5
Sphingomonas Bacillus subtilis (gl x> Coe L5 5
Sphingomonas s ;S . Lus Ll paucimobilis
Wl o gLulis 68 YV 5 AE 6 5a3 VA 51 0 5STE
o 03 Lal el Bl g 55 Cmmanr S g 31 4 S
Glaesl gl 5l as 8 plagls sy Jle OLalS S
[Polygonaceae Caryophylaceae (Fabaceae 6«:\_.?
«Convolvolaceae  [Brassicaceae  «Primolaceae

el ok 3,18 Poaceae 5 Asteraceae Lamniacese

e ade (6 S opl (S,1550 Sl calie s oy o



5 AT Lyl 5 55 s lge ule oS Ol S S el 0T 53 & K3 gla o) 2 b G o
@S S (sl e Slllan 35 pl b ol SIS 055 0 Solo AT 5 J gz 11 Car e bl
S as e dal i 55 La0T 5 )l Goda b bagg i oy 5 Cde 5 bdias OLES el Cownas El el ot
el i g ) o i s ST (glaas o 03 5 0 i,l5 5k
References
Backman, P.A. & Sikora, R.A. 2008. Endophytes. An emerging tool for biological control. Biological Control,
46: 1-3.

Bermpohl, A., Dreier, J.,, Bahro, R. & Eichenlaub, R. 1996. Exopolysaccharides in the pathogenic interaction of
Clavibacter michiganensis subsp. michiganensis with tomato plants. Microbiological Research, 151.:
391-399.

Bhattacharyya, P.N. & Jha, D.K. 2012. Plant growth-promoting rhizobacteria (PGPR): emergence in agriculture.
World Journa of Microbiology and Biotechnology, 28(4): 1327-50.

Brooks, D.S., Gonzaez, C.F., Appel, D.N. & Filer T.J. 1994. Evaluation of endophytic bacteria as potentia
biological control agentsfor oak wilt. Biological Control, 4: 373-381.

Fulkerson, J.F. 1960. Pathogenicity and stability of strains of Corynebacterium insidiosum. Phytopatholgy, 50:
377-380.

Gnanamanickam, S.S. & Ebenzar, 1.J. 2007. Epiphytic Bacteria, Their Ecology and Function. pp.131-153. In:
Gnanamanickam, S.S. (ed.), Plant-Associated Bacteria. Springer.

Hallmann, J., Quadt-Hallmann, A., Mahaffee, W.F. & Kloepper, JW. 1997. Bacterial endophytes in agricultural
crops. Canadian Journa of Microbiology, 43: 895-914.

Hugh, R. & Leifson, E. 1953. The taxonomic significance of fermentative oxidative metabolism of
carbohydrates by various gram negative bacteria. Journal of Bacteriology, 66: 24—26.
Hurek, T., Reinhold-Hurek, B., Van Montagu, M. & Kellenberger, E. 1994. Root colonization and systemic
spreading of Azoarcus sp. strain BH72 in grasses. Journal of Bacteriology, 176: 1913-1923.
Innerebner, G., Knief, C. & Vorholt JA. 2011. Protection of Arabidopsis thaliana against |eaf-pathogenic
Pseudomonas syringae by Sphingomonas strains in a controlled model system. Applied and
Environmental Microbiology, 77(10): 3202-10.

Jahr, H., Bahro, R., Burger, A., Ahlemeyer, J. & Eichenlaub, R. 1999. Interaction between Clavibacter
michiganensis and its host plants. Applied and Environmental Microbiology, 2: 113-118.

Kiraly, Z., El-Zahaby, HM. & Klement, Z. 1997. Role of extracellular polysaccharides (EPS) slime of plant
pathogenic bacteria in protecting cells to reactive oxygen species. Journal of Phytopathology, 145:
59-68.

Klement, Z., Rudolph, K. & Sands, D.C. 2001. Methods in Phytobacteriology. Akademia Kiado, Budapest.

Kovacs, N. 1956. | dentification of Pseudomonas solanacearum by the oxidase reaction. Nature, 178: 703.

Leigh, JA. & Coplin, D.L. 1992. Exopolysaccharides in plant-bacterial interactions. Annual Review of
Microbiology, 46: 307—346.

Lodewyckx, C., Vangronsveld, J., Porteous, F., Moore, E.R.B., Taghavi, S., Mezgeay, M. & van der Lelig, D.
2002. Endophytic bacteria and their potential application. Critical Reviews in Plant Sciences, 21(6):
583—-606.

McCulloc, L. 1925. Aplanobacter insidiosum nr sp., the cause of an afafa disease. Phytopathology, 15: 496—
497.

Mueller S.C. 2007. Alfalfa Growth and Development. Division of Agriculture and Natural Reasearch.
Publication 8289.



o5 Jlont P51 ke dodigy Cadguil (S5 SL (S)105L (o) 2 1sle S 16 s (Suuol Y

Prabhat, N.J., Garima, G. Prameela, J. & Mehrotra, R. 2013. Association of rhizospheric/endophytic bacteria
with plants: A potential gateway to sustainable agriculture. Greener Journal of Agricultural Sciences,
3(2): 73-84.

Raupach, G.S,, Liu L., Murphy, JF., Tuzun S. & Kloepper JW. 1996. Induced systemic resistance in cucumber
and tomato against cucumber mosaic cucumovirus using plant growth promoting rhizobacteria
(PGPR). Plant Disease, 80: 891-894.

Ryan, A.D., Kinkd, L.L. & Schottel, J.L. 2004. Effect of pathogen isolate, potato cultivar, and antagonist strain
on potato scab severity and biological control. Biochemical Science Technology, 14: 301-311.

Samac, D.A., Nix, RJ. & Oleson, A.E. 1998. Transmission frequency of Clavibacter michiganensis subsp.
insidiosus to alfalfa seed and identification of the bacterium by PCR. Plant Disease, 82: 1362-1367.

Schaad, N.W., Jones, JB. & Chun, W. 2001. Laboratory Guide for the Identification of Pant Pathogenic
Bacteria. American Phytopathological Society, Paul, MN.

Sigmon, J. & Larcom, L.L. 1996. The effect of ethidium bromide on mobility of DNA fragments in agarose gel
electrophoresis. Electrophoresis, Wiley Online Library, 17(10): 1524-1527.

Stajkovich, O., De Meyer, S., Milicic, B., Willems, A. & Delic D. 2009. Isolation and characterization of
endophytic non-rhizobia bacteria from root nodules of afafa (Medicago sativa L.) Botanicaserbica,
33(1): 107-114.

Sturz, A.V. & Nowak, J. 2000. Endophytic communities of rhizobacteria and the strategies required to create

yield enhancing associations with crops. Applied Soil Ecology, 15: 183-190.

Vichova, J. & Kozova, Z. 2004. The virulence of Clavibacter michiganensis subsp. insidiosus strains and tests of
afalfa varieties for resistance to the wilt pathogen. Journal of Plant Protection Research, 44(2): 147—
154.

Wilhelm, E., Arthofer, W., Schafleitner, R. & Krebs, B. 1998. Bacillus subtilis an endophyte of chestnut
(Castenea sativa) as antagonist against chestnut blight (Cryphonectria parasitica). Plant Cell Tissue
and Organ Culture, 52: 105.



Y Biocontrol in Plant Protection. Vol. 5 (1), 2017

Inhibitation of alfalfa endophytic bacteria against
Clavibacter michiganensis subsp. insidiosus causal agent of wilt disease
in invitro and greenhouse conditions

Mitra Omidi Nasab, Gholam Khodakaramian
Department of Plant Protection, College of Agriculture, Bu-Ali SinaUniversity, Hamedan, Iran
Corresponding author: Mitra Omidi Nasab, email: momidi68@yahoo.com

Received: Jun., 26, 2016 5(1) 1-13 Accepted: Dec., 02, 2017

Abstract

Endophytic bacteria are important group of bacteria that produce phytohormones, antifunga and
antibacterial agents, siderophore, nutrient competition and induced systemic resistance in the host, causing the
biocontrol of plant pathogens. The aim of this study was to obtain endophytic isolates with antagonistic effects
againgt the afalfa wilt agent, Clavibacter michiganensis subsp. insidiosus in the laboratory and greenhouse. In
order to conduct this research study, samples and isolation of bacteria from afalfa fields in Hamedan province
were performed. Then, in the laboratory conditions, their antagonistic effects against Cmi were investigated. The
experiments were conducted in laboratory on NA (Nutrient Agar) culture medium in a completely randomized
design with three replications by determining the pathogenic bacterium growth inhibition. The obtained data
were analyzed by Statistical Analysis System (SAS) software and the means were compared by Duncan's
multiple range test. Based on the laboratory studies results, eight antagonistic strains with inhibition diameter
higher than 6 mm were selected for the greenhouse studies. In the greenhouse conditions, the strains were
evaluated for their effects on increasing growth factors of afafa. The results showed that isolates 8 and 56
showed higher biocontrol efficacy. These isolates increased plant growth factors at 1% level statistical
probability. The 16srRNA encoding genes of strains were amplified and sequenced. Result showed that they
were belonged to the genera Bacillus subtilis, Pseudomonas sp., Escherichia coli, Sphingomonas paucimobilis
and Paenibacillus glycanilyticus. These isolates have been effective in biocontrol of wilt bacteria agents in the
laboratory and greenhouse conditions, and increasing plant growth factors. Endophytic bacteria including
Bacillus subtilis and Sphingomonas paucimobilis showed effective performance against pathogenic bacteria. In
addition they had great impact on plant growth characteristics such as fresh weight, dry weight and plant height.
These effects may be due to the production of antibiotics and induced systemic resistance to biological control of
bacterial wilt disease in the laboratory and greenhouse and increasing plant growth factors. These results are
promising and may be used in the biocontrol and the management of soil-borne diseases.
K eywor ds: endophytes, primer, inhibitation, bacterial wilt




