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Isolation and characterization of plant growth-promoting bacteria
from Syrian bean caper (Zygophyllum fabago) rhizosphere
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Abstract. Some rhizobacteria have positive effects on plants growth. Syrian bean-caper (Zygophyllum fabago) is a
weed plant with medicinal value. This study was conducted to isolate and identify bacteria from Syrian bean-caper
rhizosphere. Characteristics associated with plant growth stimulation, such as phosphate and zinc dissolution,
production of Indole acetic acid and antifungal activity, were investigated. The isolates were separately inoculated to
the plant and after plant root establishment was ensured, their effectiveness in increasing plant growth in greenhouse
conditions was measured. Biochemical and molecular identification results showed that five isolates belonged to the
genera Bacillus, Pseudomonas, Pantoea, and Brevibacterium. All five isolates showed some degree of plant growth
promotion capabilities. Among the isolates, only the genus Bacillus increased the dry weights of plants significantly.
The amount of phosphate solubilization for this isolate was 440 pug mlt and its acid production in the culture medium
was higher than that in other isolates. The isolate had zinc solubilisation capability and produced 3.89 mg ml* indole
acetic acid. However, this isolate did not show antifungal activity against two fungal pathogens of Aspergillus niger and
Botrytis cinerea.
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Table 1. Some biochemical and morphological characteristics of selected isolates.
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Table 2. The similarity of selected isolates with the closest species registered at the EzTaxon database.
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Fig.1. Phylogenetic tree of selected isolates. The Neighbor-joining method was applied to illustrate relationships. The
numbers at the branch points represent a sample bootstrap percentage of 1000 samples.
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Table 3. Phosphorus concentration and final pH of the supernatants cultured isolates in the PVK Broth medium after
incubation for 120 hours.
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Table 4. Phosphorus and Zinc solubilization efficiency percentage of bacterial isolates.
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Table 5. The size of the inhibition zone of mycelial growth of Aspergillus niger and Botrytis cinerea in millimeters
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Fig. 2. Dry weights of plants treated with bacterial isolates. The values are the average of six replicates + SE. Means

followed by different letters show a significant difference at the level of P <0.05.

440/%¥


http://dx.doi.org/10.29252/nbr.6.4.435
https://dor.isc.ac/dor/20.1001.1.24236330.1398.6.4.7.8
https://system.khu.ac.ir/nbr/article-1-3046-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.24236330.1398.6.4.7.8 ]

[ DOI: 10.29252/nbr.6.4.435 ]

Nova Biologica Reperta 6(4): 435-445 (2020)

wilgioe rizmen del SS90 aile I e glaos
ool b anslie 1o 5505 Sl byl Ll ass > 1) olis
VOV ERVWISTIN SN SV P PSRV O o] I V-S|
@bly azilz wil olawd gleslre il s Gob
Silwdsle lp olls & o)lge an 0 PH S sl p
G Ot Oldlas j0 0sd ced by Joxe slbolawsd
Pseudomonas .zl sledygw a5 ol ol ool lid
Slawd slooaS J> oy sases 08 Rhizobium 4 Bacillus
(Khan et al., 2009) scwn

olaws > 4,06 B. frigoritolerans 4 :48 Sldllas o
2 olind SauS > dls sbml bl 5 eo9s P202
Nicoara et al., 2014; Raza ) ¢l awslas |, PVK Lo
4 Slind Pl b ol aslllas o 6,55 ool (et al., 2015
Lo (ob ol el g oo 5o 059,500 YA lie
P. agglomerans (s zSU lawd Pl e 00,5 55 S
Gdshes 59 59550 70) Olime (530S bl (o 50 55
Ul 3,90 50 goasie Sl )15 6L (nl 85 )0 g
Al Yo Lo ,o oS glaslllas ;o 0,18 Sg2g clind Ml
2 lid odS (55 e 55 5n YVIB col 0
dnte blyd Zou ganlySil Sl VYl amy 2itS Lo
Gl ool )15 P.oagglomerans l age o lawgs
Voo Jobe lawd adg aio (Mishra et al., 2011)
P. agglomerans R-42 45w slp yud do 5 055,50
S5 5,50 anlllas 4o (Son et al., 2006) ol oo 5,155
VY ojlailay Slad (FoanS o e S 6 25L oo Sl g
(Malboobi et al., 2009) el 00,5 slo! e Lo

2 e bl onl bl s sl jaie G (D) s,
wdy el S (59, Sl ol olpee el YU slacale
oo iSL salws 595 Silwdslne a5 sgame | Lo 55
OLlS slr sy Gasrd rate 005l w2l 50 ok Sl
a5 slp bl S5 5 5L (Verma et al., 2014) o)l
PH rals L a8 ool JT glosal w5 (59, 59l SlaS 5
o P QLS Gl s, raie @ g tes ColB o
B. sl ,SL ol i ,o (Pirhadi et al., 2016) al
I, 63, il Jsl=e oUlss B. frigoritolerans 4 safensis
spbpled 5 ot Cude @5 93 2 6L g3 (nl og Tl
93 (ol gl s e (W JS8) Seeld o 0 oS
3 e b ik SalB baler ple 4 Cuns 6551
69, ol dls S obml 5l S 515 @isds olllas
o3l &y (B. pumilus) B. safensis 4 Soop 455 G awgs

OTAA) FYO-FFO o o)las & alo o ey jpsle o (s sloasily

ady 30 gl ;36 g aly; ;0 baglas el ol
SIS Lyl 1 30 O ol 0bS
slalir sl als; Gemliisls Oliee a5 ol lis by
29 sl de 2 0 Y <V FCFU L 1y 5 g5l SE 4 SB
SAFN TV T L a5 4 SN g SL ST slaalas 3,50
oS @ lbaslas mdl oy i e 2 ;0 CFU F£ x V-7
bl calize slo e GlalS Sis (59 g9, (Solie 30
SE 2l pSl alaz gl oo onalin ¥ IS5 50 a5 jobilen
R g wall 0g)F a o 1) LS iS5y (el

Sl giol8l g ils cee jeb 4 baslas

& : )
by el (V Jsaz) (JsSlse plobs 5l Jol> mls
L w41, SN 4 SL, SI, SE, SB b 5L slasslas

sl st
s Pseudomonas mohnii Pantoea agglomerans

Bacillus safensis Pantoea vagans

sl S5y ol olas Brevibacterium frigoritolerans
@l 5 (1 Js92) 0ol el leerdion 5 (oelidisn,
ol o A e a1y ssel Cews 4 JeSUse olulis
L oS ola xSt ol aslaz ob ) S ooliinl gl &y Cuond
balor @ ) alas igie ¥ 5 adsl glacus a
SoBe p e pols Gabos 4o sl sad ed,g] wilanils
P. 65k & bgse o5 5 S & ygo 0 lind Jolou]
pgs ol yo s ol 5l 55 B safensis s xS o4 mohnii
MUY Pll p gio (9,155 sl 6550 0,90 yo il )3
390V 5555 A e, ¥l oS i s 08 L Y
Xu, 2014) s)ls 5425 o due V)V Pl dla o3l 4
Bacillus (s ,:SL 4 g0l ,lew calss B. safensis s st
155 4 epl 95> L (Satomi et al., 2006) s,ls pumilus
9 9l 99> B. safensis lwg olaws Pl 5 e
g bawgs Sland oo p 059,500 VAMY Plodil 50
5,155 ¢ (Hafeez et al., 2006) »,ls 544 B. pumilus ;|
Fosdee YA olal 4 wlawd  SausS o dls obel 5 e
-olea (Mufti et al., 2015) o,1s 0455 6 ,5Sb ol Lawss 5
el 2l 655 90 58 095 o0 osalin ¥ Jgu y0 45 5l
SL i 29,500 jlodsbne Wgd oo coiS lasme b
ST Je JT ool i e 4y il mle Laa 4o
‘5]] LgLQM‘ ] o)...c 9 M‘ AS.MSY ‘M‘ LSJM ‘M‘
J> 1y Fome land PH 50,51 Gy b eekins ysbo & ailgi oo
S Ay land pseiegll 5 5 ol o S Lae L L

441/¥F)


http://dx.doi.org/10.29252/nbr.6.4.435
https://dor.isc.ac/dor/20.1001.1.24236330.1398.6.4.7.8
https://system.khu.ac.ir/nbr/article-1-3046-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.24236330.1398.6.4.7.8 ]

[ DOI: 10.29252/nbr.6.4.435 ]

Zadeh.H et al. Isolation of growth-promoting bacteria from Syrian bean caper_ssul oLS jl ai, e 5,550 g3lolas ol Son o it ool

P. PTA-AF1l =il cle 4 B. cinerea ale g0 Lz 0
(Trotel-Aziz et al., 2008) el cwss ,o agglomerans
dlo 650 e85 90 (pl 4 Cguin oz Lol aslllae o
S Glislen 8L g o ade p ) (598 0l 5l Cailes
4,06 B, pumilus 1 agm G adllas G o aisls lis
A. niger ade o Lo YV ojlail 4y Sas,losl alle G ol
YABY 50 (et ) Glazges 500 aslllas Sy 0 5 005
el 00ls lis B.ocinerea ade >,6 oo el asyo
Cherif-Silini et al., 2016; Munimbazi & Bullerman, )
B. ol sl Sleplis oé) e a5 el Jb o opl (1998
2 adlas ol o 555U opl B. safensis 4 pumilus
Yorr Jlo o oS laslllas o ol las |, >, s el
B. frigoritolerans s st >, oo colled Col a8 5 aloxil
ol o3g gite adlllas ol o colitl Sype gz go ade
cJlé P. mohnii ¢ z:Sb sl (Cherif-Silini et al., 2016)
e i ol adlllas ol sads 35 > B ws
o 2 Cal 6551 (rod 4 bgnyo )8 93 o adde p (> B 05
or 90 BB 90 o e (2B al cld Gl alue
Jog Gammaproteobacteria oo, 4 slaio i85 1,3
L olagl al il awy 4 LS al, sgp ol
byl Gl a4 (LAl i el oad oy Lo Sl
Oeias g Sland (FoS o ol i3 SAS Cents
oS wd; S laliinsw o lp lag St Ul
sbal> (Turan et al, 2014) oss o ools o
P Sas oole adg g aty, Job olS eyl b St
(NS 4SSy o ile gaiie (65,5laS SV game
Bhattacharyya & Jha, ) aias oo (iulbl 6,08 g pauS o3
olas Sarl Sz (59 g9y g balas 56 mlo (2012
Ol o gls me ,5L B.osafensis St lads as ol
,o Boopumilus 56 glasdllae yo oyls olS i 59
Sl o oanlive a8 olF aBlu 5 ady, S 039 il
2 s slas xS oleds s (Hafeez et al., 2006)
ads, ,o B.safensis ¢ uSU Ll e a5 ols lis ads,
byt aky 5l Gier s Povagans b el gsles
@ aS ams oo olid 65b g0 opl Glagee;l bl danslie o
ol o, S,z 0 B.osafensis s iS5 cudige ol e
5 S3y Pl bl St plp O 390> Sland Pl Jds 4
P.vagans s 25t 4y Cowd o] e Sl Joutl adg ol
i3 a5l 9929 Loy Poomohnii 8L o500 il
LY el B safensis a4 o g5 i Slawd sl

slo s, (Sharma et al., 2012) sl 5425 o Joo VO
oz S SL g g5, Pl QUlg 050 j0 5,50
Mumtaz et al., 2017; Sharma et ) s,ls s9>4 Bacillus
.@l., 2012
Syin g5 b Sk slaaisS ST a4 IAA L (o]
033 bas Sk ;o TAA oy slo iy Ol 5 (ol wiiles
S JAA a8 ady ol SL sS4 ol ooyl
Dastager et al., 2010; ) aas o (ialdl |, ge,50 0!
ot Jo&K Jo¥ge0 laie 4 IAA (Sharma et al., 2012
aless & IAA W lie 5 oo Jos olS goi e o
5 bassS le ;o ol See ol 0, S e slas S
L 4y (g s Sl g claS Lalyl a4 aen loay g
oJg (Ashrafuzzaman et al., 2009) s .5 1,3 36 cov
9 e Sl Wl oo b 2L alows 4 TAA (0l ol
aaseive o Vb polie adg a5 > o S Jleel ol 0,
Ay, ab, 5l cales cel g el alS slis len Jolse
Ry pol> Gdxs o (Afzal et al., 2015) 540
@ Loy Gulshes 0 o595 VIAA) IAA wlgi o
o 2,8 aids Sldlas jo .0 P.vagans st
el 58 p,55,5e YAYD 5 YO FYNN £/F ol
B. P. agglomerans ;I sleagw lawy iy & IAA
s,ls sg>¢ P. mohnii , B. frigoritolerans pumilus
(Hafeez et al., 2006; Mishra et al., 2011; Xu, 2014)
s el (Koo oL ) oo a3l sla s xS ST
1 olS Ceoglio b g <lill 505 low ol ade 1, oyl clis
Jole 5 g ins Gl g )See w5 T2l Wy Gl
(S P g S (B gd 4 banye Cesl (S 56 ko
P PH et 5 gdie olse 5 Lab sl s )lon Jole b 2l
aile Joho o)lges oaisS s slmpl miy b ke
4o (Pirhadi et al., 2016) ol LIS4lS Yo) Lo g jleces
ol yiedee Vo5l i S8 b as, poe alls &Yl el
Oialosl 9590 6L L sole (698 29,50 do Cudlad oims
, «(Kim et al., 2016; Shrestha et al., 2014) ..l
B as cdls Gl a5 Slas St ples Lol s
3 A0 Jeuz) wad el ) g8 (SoiS ke Al s
ade P.vagans aem o 2,8 ws codlad aindS Slalae
s (Afzal et al., 2015) ool oo 5,155 ae AL Niger
B. alde jole Yo ojlsl & (Swlosb alls slm! SUlgs
sl b 55 P. agglomerans asw o lawgs Cinerea
Cooglio alidl )55 (Chernin et al.,, 1995) ..l

442/¥¥Y


http://dx.doi.org/10.29252/nbr.6.4.435
https://dor.isc.ac/dor/20.1001.1.24236330.1398.6.4.7.8
https://system.khu.ac.ir/nbr/article-1-3046-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.24236330.1398.6.4.7.8 ]

[ DOI: 10.29252/nbr.6.4.435 ]

Nova Biologica Reperta 6(4): 435-445 (2020)

REFERENCES

Abdel-Hamid, R., Abilov, Z., Sultanova, N., Saitjanova,
S. and Gemedzhieva, N. 2013. Preliminary
phytochemical screening of Zygophyllum fabago. —
Int. J. Biol. Chem. 6: 60-4.

Afzal, 1., Shinwari, Z. and Iqrar, I. 2015. Selective
isolation and characterization of agriculturally
beneficial endophytic bacteria from wild hemp using
canola. — Pak. J. Bot. 47: 1999-2008.

Ahmad, F., Ahmad, I. and Khan, M. 2008. Screening of
free-living rhizospheric bacteria for their multiple
plant growth promoting activities. — Microbiol. Res.
163: 173-181.

Antoun, H. 2013. Brenner's encyclopedia of genetics. —
Elseivier, New York, 4368 pp.

Ashrafuzzaman, M., Hossen, F., Ismail, M., Hoque, A.,
Islam, M., Shahidullah, S. and Meon, S. 2009.
Efficiency of plant growth-promoting rhizobacteria
(PGPR) for the enhancement of rice growth. — Afr. J.
Biotechnol. 8: 1247-1252.

Bartholomew, J. and Mittwer, T. 1950. A simplified
bacterial spore stain. — Stain Technol. 25: 153-156.
Bhattacharyya, P. and Jha, D. 2012. Plant growth-
promoting rhizobacteria (PGPR): Emergence in
agriculture. — World J. Microbiol. Biotechnol. 28:

1327-1350.

Cherif-Silini, H., Silini, A., Yahiaoui, B., Ouzari, I. and
Boudabous, A. 2016. Phylogenetic and plant-growth-
promoting characteristics of Bacillus isolated from the
wheat rhizosphere. — Ann. Microbiol. 66: 1087-1097.

Chernin, L., Ismailov, Z., Haran, S. and Chet, 1. 1995.
Chitinolytic enterobacter agglomerans antagonistic to
fungal plant pathogens. — Appl. Environ. Microbiol.
61: 1720-1726.

Dastager, S., Deepa, C. and Pandey, A. 2010. Isolation and
characterization of novel plant growth promoting
Micrococcus sp. NII-0909 and its interaction with
cowpea. — Plant Physiol. Biochem. 48: 987-992.

Dawwam, G., Elbeltagy, A, Emara, H., Abbas, I. and
Hassan, M. 2013. Beneficial effect of plant growth
promoting bacteria isolated from the roots of potato
plant. — Ann. Agric. Sci. 58: 195-201.

Dobbelaere, S., Vanderleyden, J. and Okon, Y. 2003.
Plant growth-promoting effects of diazotrophs in the
rhizosphere. — Crit. Rev. Plant Sci. 22: 107-149.

Dworkin, M., and Foster, J. 1958. Experiments with
some microorganisms which utilize ethane and
hydrogen. — J. Bacteriol. 75: 592-603.

Egamberdieva, D. 2010. Growth response of wheat
cultivars to bacterial inoculation in calcareous soil. —
Plant Soil Environ. 56: 570-573.

Faller, A., and Schleifer, K. 1981. Modified oxidase and
benzidine tests for separation of staphylococci from
micrococci. — J. Clin. Microbiol. 13: 1031-1035.

Felsenstein, J. 1985. Confidence limits on phylogenies:
an approach using the bootstrap. — Evolution 39: 783-
791.

Frank, J., Reich, C., Sharma, S., Weisbaum, J., Wilson, B.,
and Olsen, G. 2008. Critical evaluation of two primers
commonly used for amplification of bacterial 16S rRNA

(OYAA) FYO-FFD o o)lads & al> ¢ i jpsle ,o (g slaaiily
Sl e 4 (g o 1) oS po ab; SOy bl pas
1S s B ey sl Sl Jgail adgi g 508

S ka5 ol i Sl gl @bt 50
g pol adlae o aS e (S L glyl Sanl
slalzr wal glube Sapal a5l @Lst &
oM @ s Sl (ploondign Sliogas Gidod 890
oBas cls bl 5l golaws wsls ol |, obls
cxge bale ol G RGL Wyls e wels las
ol a5 sald jlas b awlio ;o Sl ai) (w3l
059 4 (g ) 095 (lare 4y wilgy Ll 398 wlax plpls ad
sl ails 0 )5 ae Covw Lal i o

‘5)‘ ’;M/ lg..w
S99 Ay Shglae Sl 093 (liw ilpe Gt s
S oo el bl )3T o s olRasls

443/¥FY


http://dx.doi.org/10.29252/nbr.6.4.435
https://dor.isc.ac/dor/20.1001.1.24236330.1398.6.4.7.8
https://system.khu.ac.ir/nbr/article-1-3046-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.24236330.1398.6.4.7.8 ]

[ DOI: 10.29252/nbr.6.4.435 ]

Zadeh.H et al. Isolation of growth-promoting bacteria from Syrian bean caper_ssul oLS jl ai, e 5,550 g3lolas ol Son o it ool

genes. — Appl. Environ. Microbiol. 74: 2461-2470.

Gordon, S., Weber, R. 1951. Colorimetric estimation of
indoleacetic acid. — Plant Physiol. 26: 192-195.

Gusain, Y., Kamal, R., Mehta, C., Singh, U. and Sharma,
A. 2015. Phosphate solubilizing and indole-3-acetic
acid producing bacteria from the soil of Garhwal
Himalaya aimed to improve the growth of rice. — J.
Environ. Biol. 36: 301.

Hafeez, F., Yasmin, S., Ariani, D., Zafar, Y. and Malik,
K. 2006. Plant growth-promoting bacteria as
biofertilizer. — Agron. Sustain. Dev. 26: 143-150.

Hopkins, W. and Huner, N. 2012. Introduction to plant
physiology. — APS press, Minnesota, 528 pp.

Khan, M., Zaidi, A., and Wani, P. 2009. Role of
phosphate solubilizing microorganisms in sustainable
agriculture-a review. — Agron Sustain Dev. 27: 29-43.

Khan, S., Khan, A., Khan, A., Wadood, A., Farooqg, U.,
Ahmed, A., Ahmed V. U., Sener, B. and Erdemoglu,
N. 2014. Urease inhibitory activity of ursane type
sulfated saponins from the aerial parts of Zygophyllum
fabago Linn. — Phytomedicine 21: 379-382.

Kim, Y., Kotnala, B., Kim, Y. and Jeon, Y. 2016.
Biological characteristics of Paenibacillus polymyxa
GBR-1 involved in root rot of stored Korean ginseng.
—J. Ginseng. Res. 40: 453-461.

Luna, M., Galar, M., Aprea, J., Molinari, M. and
Boiardi, J. 2010. Colonization of sorghum and wheat
by seed inoculation with Gluconacetobacter
diazotrophicus. — Biotechnol. Lett.. 32:1071-1076.

Majeed, A., Abbasi, M., Hameed, S., Imran, A. and
Rahim, N. 2015. Isolation and characterization of
plant growth-promoting rhizobacteria from wheat
rhizosphere and their effect on plant growth
promotion. — Front. Microbiol. 6: 198.

Malboobi, M., Owlia, P., Behbahani, M., Sarokhani, E.,
Moradi, S., Yakhchali, B., Deljou, A., Morabbi
Heravi, K., 2009. Solubilization of organic and
inorganic phosphates by three highly efficient soil
bacterial isolates. — World J. Microbiol. Biotechnol.
25: 1471-1477.

Mishra, A., Chauhan, P., Chaudhry, V., Tripathi, M. and
Nautiyal, C. 2011. Rhizosphere competent Pantoea
agglomerans enhances maize (Zea mays) and
chickpea (Cicer arietinum L.) growth, without
altering the rhizosphere functional diversity. — Anton.
Leeuw. Int. J.G. 100: 405-413.

Mufti, R., Amna Rafique, M., Haq, F., Hussain, M.,
Munis, M. F. H., Masood, S, Mumtaz A. S and Javed
Chaudhary, H. 2015. Genetic diversity and metal
resistance assessment of endophytes isolated from
Oxalis corniculata. — Soil Environ. 34: 89-99.

Mumtaz, M., Ahmad, M., Jamil, M. and Hussain, T.
2017. Zinc solubilizing Bacillus spp. potential
candidates for biofortification in maize. — Microbiol.
Res. 202: 51-60.

Munimbazi, C., and Bullerman, L. 1998. Isolation and
partial characterization of antifungal metabolites of
Bacillus pumilus. — J. Appl. Microbiol. 84: 959-968.

Nicoara, A., Neagoe, A., Stancu, P., de Giudici, G.,
Langella, F., Sprocati, A. R., lordache, V. and Kothe,
E. 2014. Coupled pot and lysimeter experiments

assessing plant performance in microbially assisted
phytoremediation. — Environ. Sci. Pollut Res. 21:
6905-6920.

Pikovskaya, R., 1948. Mobilization of phosphorus in soil
in connection with vital activity of some microbial
species. — Mikrobiologiya 17: 362-370.

Pirhadi, M., Enayatizamir, N., Motamedi, H. and
Sorkheh, K. 2016. Screening of salt tolerant
sugarcane endophytic bacteria with potassium and
zinc for their solubilizing and antifungal activity. —
Biosc. Biotech. Res. 9: 530-538.

Queipo-Ortuo, M., Colmenero, J., Macias, M., Bravo, M.
and Morata, P. 2008. Preparation of bacterial DNA
template by boiling and effect of immunoglobulin G
as an inhibitor in real-time PCR for serum samples
from patients with brucellosis. — Clin. Vaccine
Immunol. 15: 293-296.

Raza, F., Amin, A. and Faisal, M. 2015. Desiccation-

tolerant rhizobacteria from Cholistan desert, Pakistan,
and their impact on Zea mays L. — Pol. J. Environ. 24:
1173-1181.

Satomi, M., La Duc, M. and Venkateswaran, K. 2006.
Bacillus safensis sp. nov., isolated from spacecraft
and assembly-facility surfaces. — Int. J. Syst. Evol.
Microbiol. 56: 1735-1740.

Sharma, S., Sharma, M., Ramesh, A. and Joshi, O. 2012.
Characterization of zinc-solubilizing Bacillus isolates
and their potential to influence zinc assimilation in
soybean seeds. — J. Microbiol. Biotech. 22: 352-359.

Shrestha, A., Kim, B. and Park, D. 2014. Biological
control of bacterial spot disease and plant growth-
promoting effects of lactic acid bacteria on pepper. —
Biocontrol Sci. Technol. 24: 763-779.

Simons, M., Van Der Bij, A., Brand, 1., De Weger, L.,
Wijffelman, C. and Lugtenberg, B. 1996. Gnotobiotic

system for studying rhizosphere colonization by plant
growth-promoting Pseudomonas bacteria. — Mol.
Plant Microbe Interact. 9: 600-607.

Son, H., Park, G., Cha, M. and Heo, M. 2006.
Solubilization of insoluble inorganic phosphates by a
novel salt-and pH-tolerant Pantoea agglomerans R-42
isolated from soybean rhizosphere. — Bioresour.
Technol. 97: 204-210.

Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei,
M. and Kumar, S. 2011. MEGA5: molecular
evolutionary genetics analysis using maximum
likelihood, evolutionary distance, and maximum
parsimony methods — Mol. Biol. Evol. 28: 2731-
2739.

Taylor, W., Achanzar, D. 1972. Catalase test as an aid to
the identification of Enterobacteriaceae. — Appl.
Microbiol. 24: 58-61

Trotel-Aziz, P., Couderchet, M., Biagianti, S., and Aziz,
A. 2008. Characterization of new bacterial biocontrol
agents  Acinetobacter, Bacillus, Pantoea and
Pseudomonas spp. mediating grapevine resistance
against Botrytis cinerea. — Environ. Exp. Bot. 64: 21-
32.

Turan, M., Ekinci, M., Yildirim, E., GNE, A., Karaguz,
K., Kotan, R., and Dursun, A. 2014. Plant growth-

444/%%¢


http://dx.doi.org/10.29252/nbr.6.4.435
https://dor.isc.ac/dor/20.1001.1.24236330.1398.6.4.7.8
https://system.khu.ac.ir/nbr/article-1-3046-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.24236330.1398.6.4.7.8 ]

[ DOI: 10.29252/nbr.6.4.435 ]

Nova Biologica Reperta 6(4): 435-445 (2020)

promoting rhizobacteria improved growth, nutrient, and
hormone content of cabbage (Brassica oleracea)
seedlings. — Turk. J. Agric. For. 38: 327-333.

Twedt, R., Spaulding, P., and Hall, H. 1969.
Morphological, cultural, biochemical, and serological
comparison of Japanese strains of  Vibrio
parahemolyticus with related cultures isolated in the
United States. — J. Bacteriol. 98: 511-518.

Verma, P., Yadav, A., Kazy, S., Saxena, A. and Suman, A.
2014. Evaluating the diversity and phylogeny of plant
growth promoting bacteria associated with wheat

OTAA) FYO-FFO o o)las & alo o ey jpsle o (s sloasily

(Triticum aestivum) growing in central zone of India. —
Int. J. Curr. Microbiol. App. Sci. 3: 432-447.

Xu, J. 2014. Isolation and assessment of nitrogen-fixing
and phosphate-solubilizing bacteria for use as
biofertilizers. — Auburn University, Auburn, 145 pp.

Yoon, S, Ha, S., Kwon, S., Lim, J., Kim, Y. Seo, H.
and Chun, J. 2017. Introducing EzBioCloud: a
taxonomically united database of 16S rRNA gene
sequences and whole-genome assemblies. — Int. J.

Syst. Evol. Microbiol. 67: 1613-1617.

*hkkk

How to cite this article:

Zadeh hosseingholi, E., Chaparzadeh, N. and Mahmudi Aghdam, S. 2020. Isolation and characterization of plant
growth-promoting bacteria from Syrian bean caper (Zygophyllum fabago) rhizosphere. — Nova Biologica Rep. 6: 435-445.

(In Persian)

e badl — (Sl ol g aly;) Jl ol S e Glas S olulis 5 gilulax AYAA L w padl (gogoxo g .oy 0Ll o ( Lhuws o0l

FYO-FFO £t pole o

445/F¥0


http://dx.doi.org/10.29252/nbr.6.4.435
https://dor.isc.ac/dor/20.1001.1.24236330.1398.6.4.7.8
https://system.khu.ac.ir/nbr/article-1-3046-fa.html
http://www.tcpdf.org

