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This study was conducted over 3 years in soils of Uruguay and Chile and two years in soils of Argentina.
686 bacterial isolates were phenotypically characterized by testing in relation to the presence of plant
growth promoting properties: phosphate solubilization, production of siderophores, starch hydrolysis,
production of exopolysaccharides and biological control of Macrophomina phaseolina and Rhizoctonia
spp. In all samples analyzed, the number of Gram-positive bacteria exceeded that of Gram negative. Ten
bacterial isolates were selected for their plant growth promoting properties and API Test and 16S rRNA
gene (rDNA). Six of these isolates belong to the genus Pseudomonas, three to the genus Bacillus and one to
Janibacter. This is the first report of a strain from the genus Janibacter with promising plant growth-
promoting attributes. The results obtained allow us to improve the microbial germplasm of plant
growth promoting bacteria from soils of Chile, Argentina and Uruguay with a view to their potential use
in the formulation of mixed inoculants that promote the growth of alfalfa.

� 2012 Elsevier Masson SAS. All rights reserved.
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1. Introduction

The rhizosphere, defined as the volume of soil adjacent to and
influenced by the plant root [1], is of great importance to plant health
and soil fertility [2]. This space is limited and it extends to a fewmilli-
meters from the root surface [3]. Root secretions, such as amino acids
and carbohydrates, constitute a rich source of energy and nutrients for
microorganisms, thus, microbial populations are high in this area.

Plant growth-promoting rhizobacteria (PGPR) [4] are non
pathogenic beneficial bacteria that play a fundamental role in plant
health and nutrition. They can benefit plant growth through diverse
mechanisms such as solubilization of mineral phosphates [5e7]
and other nutrients, production of growth-regulating compounds
[8,9], and prevention against pathogens attacks [10,11].

Alfalfa (Medicago sativa L.) participates in a high percentage of
the cultivation area in the agricultural-cattle systems of Chile,
x: þ54 0358 4676232.
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Uruguay and Argentina. At the present time, it constitutes one of
the most important forage resources due to its enormous adapta-
tion to different climates and soils. In Argentina, the highest cul-
tivated area corresponds to the provinces of Córdoba, Santa Fe,
Buenos Aires and La Pampa, where water availability and soils with
low pH and low levels of soluble phosphates are the main obstacles
for an effective biological nitrogen fixation (BNF) [12]. In Chile, it is
successfully cultivated in central and northern-central regions,
where there are favorable soils and weathers. However, production
of this crop is limited in southern and southern-central areas of the
country because of acid soils derived fromvolcanic ashes (andisols),
furthermore, these soils contain high concentrations of Al and Mn
and a low concentration of P [13,14]. In Uruguay, alfalfa is cultivated
in the core area of intensive animal production, where it is in full
expansion due to its persistence.

Plagues and diseases can considerably reduce the quality, per-
sistence and nutritious value of forage [15]. Alfalfa is affected by
several diseases that attack leaves, stems, crown and roots. Patho-
gens that attack roots and crown, such as Macrophomina spp. and
acterial isolates from Argentina, Uruguay and Chile for plant growth-
sp. and Macrophomina sp. in vitro, European Journal of Soil Biology
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Rhizoctonia spp., directly define the longevity or the productive
period of alfalfa.

It is of great interest to develop biotechnological products that
combine the positive effects of different species of rhizosphere
microorganisms (multiple inoculants) in order to benefit plants
with a higher capacity to incorporate water and nutrients thus
improving their health and yields.

In this work, we analyzed the potential plant growth-promoting
traits and the biocontrol capacity of a representative bacterial
isolates sample obtained from six pre and post alfalfa planting soils
from Chile (Carillanca and Faja Maisan), Uruguay (Punta Espinillo I
and II) and Argentina (Manfredi and Balcarce).

Our objective was to determine the proportion and diversity of
plant growth-promoting characteristics and the antagonistic ability
against Rhizoctonia spp. and Macrophomina spp. in vitro of bacteria
isolated from different South American soils, and if these attributes
are related to each other and/or to the isolation site.

2. Materials and methods

2.1. Soil and soil sampling

Soil sampleswere collected fromsix sites located inChile, Uruguay
and Argentina. The samples from Chile and Uruguay were conducted
for three consecutive years (2004e2005e2006), while trials in
Argentina corresponded to the years 2004e2005. This was due to
climatic factors that influenced thephenological cycle of the crop. The
samples processed following the method described by Frioni [16]
included soil (preplant sampling) and rhizosphere soil (sampling
post seeding). Rhizosphere soil samples were obtained from fields of
alfalfa cultivation inoculated with Sinorhizobiummeliloti B399 (strain
recommended by the Instituto Nacional de Tecnología Agropecuaria
e INTA for alfalfa inoculation in Argentina) with a dose of approxi-
mately of 103e104 CFU/g seeds) and uninoculated fields. Identical
field assayswere designed in all three countries. At least two different
agro-ecological regions were selected where, during the past five
years, no alfalfa or other S. meliloti host plant had been planted. All
information on different soils is compiled in Table 1.

2.2. Isolation of bacteria and determination of colony forming units

One gram of each soil was suspended into 9 ml of sterile saline
solution (9 g l�1 NaCl). Serial 10-fold dilutionswere performed. Then,
a 0.1 ml aliquot was plated onto 25% Tryptic Soy Agar (TSA; Britania
Laboratories), in triplicate. Plateswere incubated at 28 �C for 24e48h.
Resultswere expressed as colony formingunits g�1 soil (CFU g�1 soil).

2.3. Selection of bacterial isolates

The first characterization consisted of direct observation of iso-
lated colonies, taking into account color, shape, elevation, margins,
diameter, surface, opacity and texture [17]. Colonies showing visible
Table 1
Description of soils from the six sites.

Country/location % Organic
matter

pH P (ppm) K

Uruguay/Punta Espinillo 1 (56� 250 W, 34� 490 S) 0.7 5.9 27 0.55a

Uruguay/Punta Espinillo 2 (56� 250 W, 34� 490 S) 1.8 5.5 31 0.80a

Chile/Carillanca (72� 400 W, 39� 060 S) 19.0 5.7 23 0.53b

Chile/Faja Maisan (72� 550 W, 39� 050 S) 17.0 5.4 14 1.23b

Argentina/INTA Manfredi (63� 440 W, 31� 500 S) 1.71 6.2 46 ND
Argentina/INTA Balcarce (58� 150 W, 37� 500 S) 4.9 6.1 12.8 2.3a

ND: not determined.
Inorganic N (ppm).

a meq 100 g�1.
b cmol kg�1.
d Total N (%).

Please cite this article in press as: L.B. Guiñazú, et al., Evaluation of rhizob
promoting characteristics and antagonistic activity towards Rhizoctonia
(2012), http://dx.doi.org/10.1016/j.ejsobi.2012.09.007
morphological differences were re-isolated on 25% TSA and yeast
extract mannitol agar (YEMA) supplemented with congo red [18] to
differentiate the colonies of rhizobia (not selected for further
testing). The selected strains were conserved at �80 �C in Tryptic
Soy Broth (TSB-Britania�, Argentina), amended with 20% glycerol.

2.4. In vitro tests

Each isolate was first subjected to Gram stain and to the
complementary 3% KOH test [19]. Isolates were characterized by
means of phosphate solubilization [7], siderophore production
[20], starch hydrolysis and exopolysaccharide production [21]
assays. Also, assays of antifungal capacity were carried out in 25%
TSA medium. To this end, a mycelial disc (9 mm diameter) of an
actively growing target fungus was placed on the center of a Petri
plate and bacterial isolates were inoculated in the periphery. Plates
were incubated for 7 days at 28 �C. Inhibition zones were recorded
and compared to a growth control (target fungus alone). The strain
Pseudomonas clororaphis subsp. aurantiaca SR1 [22,23] was used as
positive control. The phytopathogenic fungus strains were isolated
from infected plant tissue and identified by Laboratorio de Mico-
logía, Departamento de Microbiología e Inmunología, Universidad
Nacional de Río Cuarto [24,25].

2.4.1. Phenotypic characterization
Based on the results of the preliminary characterization

described above, ten promising isolates were identified to the
species level by the API identification system assisted by analytical
profile index (API) Plus computer software (bioMe’rieux_SA,Marcy-
l’Etoile, France). Gram positive, endospore forming rods were
identified to the species level using API 50 CH test strips. Gram
positive, short, nonmotile (verified by the SIM (HydrogeneSulfide,
Indole, Motility) [26], non-spore-forming, strictly aerobic, catalase
positive, and oxidase negative rods were identified by using the API
Coryne strip. Gram negative rod isolates with only oxidative reac-
tion inOFbasalmedium [27]were identifiedusing theAPI 20NE test
strip. The API strip consists of microtubes containing dehydrated
media and substrates. The media microtubes containing conven-
tional tests were inoculated with a bacterial suspension which
reconstituted the media. After incubation, the metabolic end
products were detected by indicator systems or the addition of
reagents. The substratemicrotubes contained assimilation tests and
were inoculated with a minimal medium. If the isolates were
capable of utilizing the corresponding substrate, they grew.

2.5. Genotypic characterization of bacterial isolates

2.5.1. DNA extraction from isolates. Partial nucleotide sequences of
the 16S rRNA gene and BOX-PCR genomic fingerprints

Ten isolates showing the greatest P and Fe solubilization halos
together with the highest antifungal ability were selected for
Q2

N Ca Mg Na Soil type Cropping history

ND 8.4a 3.4a 0.31a ND Intensive horticulture
ND 4.7a 4.7a 0.13a ND Intensive horticulture
25 2.99b 0.4b 0.1b Typic Hapludand Mixed prairie
37 4.52b 1.27b 0.13b Typic Hapludand Mixed prairie
0.105d ND ND ND Haplustol Entic Gramineous crops
0.352d 15.5a 2.9a 0 Petrocalcic Paleudol Gramineous crops

acterial isolates from Argentina, Uruguay and Chile for plant growth-
sp. and Macrophomina sp. in vitro, European Journal of Soil Biology
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further genomic characterization and identification by means of
molecular techniques.

The genomic DNA was obtained following the methodology
used by Guiñazú et al. [28]. The partial nucleotide sequences of the
16S rRNA gene (rDNA) were determined by direct sequencing of
appropriate PCR products. A DNA region corresponding to nucleo-
tides 20 to 338 of Escherichia coli 16S rDNAwas amplified from each
strainwith the universal primers Y1 (50-TGG CTC AGA ACGAAC GCT
GGC GGC-30) and Y2 (50-CCC ACT GCT GCC TCC CGT AGG AGT-30) as
previously described for proteobacteria [29]. The 25 ml PCR mix-
tures contained: 0.5 mM of each primer, 200 mM dNTPs, 3 mM
MgCl2, PCR reaction buffer (50mMKCl, 20mM Tris HCl, pH 8.0), 1 U
Taq DNA polymerase (Promega Corp.) and 2 ml of template DNA.
Amplifications were carried out in a Thermo Cycler (I Cycler-
Table 2
BLAST comparison between partial 16S ribosomal gene of selected local isolates.

Strain and origin Description

FM7d (GQ 373391)a Faja Maisán, Chile (soil) Pseudomonas te
Pseudomonas sp
Pseudomonadac
Pseudomonas sp
Uncultured bact

M7c (GQ 373390)a Manfredi, Argentina (soil) Bacillus sp. AiL3
Bacillus sp. XL62
Bacillus lichenifo
Bacillus velezens
Bacillus amyloliq

Car (GQ 853341)a Carillanca, Chile (rhizosphere soil) Pseudomonas sp
Pseudomonas sp
Pseudomonas sp
Pseudomonas pu
Pseudomonas je
Uncultured gam
Uncultured Pseu

Bal1 (GQ 853342)a Balcarce, Argentina (rhizosphere soil) Bacillus sp. PCSA
Bacillus subtilis
Bacillus amyloliq
B. subtilis strain
Paenibacillus fav
Bacillus lichenifo

Bal3 (GQ 853343)a Balcarce, Argentina (rhizosphere soil) Uncultured Firm
Bacillus sp. FR-W
Bacillus simplex
Bacillus muralis
Bacillaceae bact
Bacillus macroid

Manf (GQ 853344)a Manfredi, Argentina (rhizosphere soil) Pseudomonas sp
P. putida isolate
Pseudomonas sp
Pseudomonas je
P. putida strain

UI (GQ 853345)a Punta Espinillo I, Uruguay (rhizosphere soil) Pseudomonas sp
Pseudomonas sp
Pseudomonas fre
Pseudomonas sp
Uncultured prot
Pseudomonas sp

CH2 (GQ 853346)a Carillanca, Chile (rhizosphere soil) Pseudomonas ps
Uncultured bact
P. putida strain
Pseudomonas sp
P. putida strain

UII (GQ 853347)a Punta Espinillo II, Uruguay (rhizosphere soil) Janibacter sp. 52
Janibacter marin
Janibacter sp. B-
Janibacter sp. H

Ch4 (GQ 853348)a Carillanca, Chile (rhizosphere soil) Pseudomonas ch
Pseudomonas ch
Uncultured bact
Pseudomonas to
Pseudomonas sp
Pseudomonas ch

a GenBank accession numbers of the sequences analyzed in this paper.

Please cite this article in press as: L.B. Guiñazú, et al., Evaluation of rhizob
promoting characteristics and antagonistic activity towards Rhizoctonia
(2012), http://dx.doi.org/10.1016/j.ejsobi.2012.09.007
BioRad). The cycling conditions were as follows: 94 �C for 2 min,
35 cycles at 94 �C for 20 s, 52 �C for 20 s, 72 �C for 45 s, and 72 �C for
2 min. After the reaction, 10 ml of the PCR reactionwere analyzed in
1.5% agarose gels containing 1 mg ml�1 of ethidium bromide and
photographed with a Kodak DC290 digital camera. The nucleotide
sequence of the PCR products was determined for both strands
with an Automatic Laser Fluorescent DNA Sequencer (Macrogen,
Korea). The partial sequences of the 16S rDNA genes have been
deposited in the GenBanK and compared with the complete data-
base using the BLASTalgorithm (http://blast.ncbi.nlm.nih.gov/Blast.
cgi) (Table 2).

Strains were genotypically characterized by BOX-PCR, using BOX
A1R (50- CTA CGG CAAGGC GAC GCT GAC G-30) [30] as primer. BOX-
PCR was performed in 25 ml reaction mixture containing: 2.5 ml
Identity GenBank no.a

essidea, PR65T 100% AM419154.2
. DK6 100% EU158320.1
eae bacterium FND-2 100% EF017809.1
. NZ039 100% AY014808.1
erium, clone FD03B06 100% FM873410.1

100% FJ860227.1
100% FJ465166.2

rmis strain H3 100% FJ713021.1
is 100% AB244463.1
uefaciens strain BCRC 14193 99% EF433408.1
. ’Disko Bay 230 100% FJ581931.1
. PSB8 100% EU184085.1
. isolate 06025 100% AM779883.1
tida isolate PhyCEm-187 100% AM921634.1
ssenii strain B2-122 100% AM911021.1
ma proteobacterium clone NL5BD-02-E06 100% FM252630.1
domonas sp. clone XZELH54 100% EU703156.1
S2-25 100% GQ284490.1
strain NK-2 100% GU064894.1
uefaciens strain dhs-28 100% GQ903336.1
BRZ5 100% GQ853552.1
isporus strain BKB30 100% FJ864725.1
rmis strain H3 100% FJ713021.1
icutes bacterium clone B02 100% GQ249508.1
11a2 strain FR-W11a2 100% FN395284.1
strain B2-223 100% FN298254.1
strain K1-20 100% FM992648.1
erium BTRH40 100% FJ013312.1
es strain B1-42 100% FM208190.1
. IMER-A2-8 100% FJ436428.1
Tg 100% EU275363.1
. strain T1P110 100% FM211673.1
ssenii strain T2P28 100% FM209481.1
CM5002 100% EF529517.1
. ATCC 43928 100% GQ856536.1
. strain R-32728 100% AM403615.1
deriksbergensis strain SS17 100% AB365797.1
. CHNCT24 100% EF471228.1
eobacterium clone DOK_CONFYM_clone433 100% DQ828685.1
. ML1 100% AB013426.1
eudoalcaligenes strain MHF ENV 11 100% GU055765.1
erium clone FR_B_D10 100% GQ443095.1
JD1 100% FJ010624.1
. IMER-A2-21 100% FJ434133.1
23975 100% FJ227304.1
NP14 100% AB242707.1
us strain 095-2.2-CV-A-02 100% EF010551.1
1141 99% DQ399749.1
RG7 98% AY845398.1
lororaphis strain BS1393 100% FJ652609.1
lororaphis strain 30-84 100% FJ652607.1
erium clone nbt19e09 100% FJ893299.1
laasii strain NCPPB 741 100% AF320992.1
. enrichment culture clone SY-2 16S 100% FJ638892.1
lororaphis subsp. aurantiaca strain Pa40 100% FJ515773.1

acterial isolates from Argentina, Uruguay and Chile for plant growth-
sp. and Macrophomina sp. in vitro, European Journal of Soil Biology
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Fig. 1. PCO ArgentinaeBalcarce and Manfredi- (top); ChileeCarillanca and Faja Faisán-
(center) and UruguayeEspinillo 1 and 2- (bottom). References: S. H: starch hydrolysis;
Ex. P.: Exopolysaccharide production; P. S.: Phosphate solubilization; Fe S.: Siderophore
production; M. p.: Macrophomina phaseolina; R. sp: Rhizoctonia sp.

L.B. Guiñazú et al. / European Journal of Soil Biology xxx (2012) 1e94

371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435

436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500

EJSOBI2621_proof ■ 18 October 2012 ■ 4/9
buffer (10x), 0.5 ml of BOX A1R, 2.5 ml MgCl2, 2.5 ml of each dNTP,
0.2 ml of Taq DNA polymerase, 14.5 ml of sterile bidistilled water and
2.3 ml of template DNA. PCR-amplifications were performed in
a Thermo Cycler (I Cycler-BioRad) and the temperature profile was
as follows: denaturation at 95 �C for 7 min, 35 cycles at 94 �C for
1 min, annealing at 52 �C for 1 min, extension at 65 �C for 8 min,
and a final extension step at 65 �C for 16min. The BOX amplification
products were separated by horizontal electrophoresis on 1.5%
agarose gels containing 12 ml ethidium bromide every 100 ml; gels
were photographed using a Polaroid 667 type of film.

2.6. Statistical analyses

Results obtained from the PGPR characteristics tests were
statistically analyzed by means of a principal co-ordinate analysis
(PCO) of a 686 isolates � 6 variables (PGPR tests) matrix. The PCO
was carried out with the Dice similarity metric, transformed in
distance through the complement’s square root function from one,
to arrange the PGPR characteristics (columns of the entrance
matrix). The average number of PGPR characteristics in the isolates
as well as the proportion of isolates with different desirable
promoting characteristics according to the soil of origin and the
sampling time was estimated. All data were subjected to statistical
analysis using the Info-gene [31] software.

3. Results

The total pre and post-planting bacterial population was in the
order of 106e107 CFU g�1 soil or rhizosphere soil. The mean count
was 1.8 � 106 for soil and 1.5 � 107 for rhizosphere soil (for the 3
countries, respectively). A total of 2370 bacterial isolates were ob-
tained from soils of Chile, Uruguay and Argentina. 686 bacterial
isolates were phenotypically characterized by testing in relation to
the presence of plant growth promoting properties: phosphate
solubilization, production of siderophores, starch hydrolysis,
production of exopolysaccharides and biological control of Macro-
phomina phaseolina and Rhizoctonia spp.

It was observed that in all samples (pre and post-planting) the
number of Gram-positive bacteria was higher than that of Gram
negative (approximately 80% of the isolates were Gram positive).
Actinomycetes were detected in most of the samples.

The PCO analysis allowed us to infer that the characteristics of
the isolates were similar in all three countries. Rhizobacteria
capable of solubilizing Fe and P (Fe S and P. S.) are opposed in the
classification plane to those that produce exopolysaccharides (Ex.
P.), hydrolyze starch (S. H.) or antagonize M. phaseolina (M.p.). In
addition, the ability to control the phytopathogenic fungus
Rhizoctonia spp. appeared to be shared by the isolates that solubi-
lize Fe and P and those that produce exopolysaccharides and lytic
enzymes, since it was not opposed to none of these groups in the
coordinate axis obtained from Chile and Uruguay. On the other
hand, the coordinate axis from Argentina allowed us to observe that
the ability to control this phytopathogen is shared by those isolates
that produce exopolysaccharides and hydrolyze starch, and it
would not be present in those rhizobacteria with nutrient solubi-
lizing capacities (Fig. 1).

The number of plant growth promoting characteristics was
higher in pre-planting samplings (Manfredi (Argentina), Faja Mai-
san (Chile) and Punta Espinillo I and II (Uruguay)) than in post-
planting samplings (Fig. 2a, c, e and f, respectively). On the other
hand, in the pre-planting samplings carried out in Balcarce
(Argentina) and Carillanca (Chile) the rhizobacteria were positive in
a lesser number of tests (Fig. 2b and d, respectively).

The number of desirable plant growth promoting characteristics
was lower in rhizobacteria from inoculation assays than in those
Please cite this article in press as: L.B. Guiñazú, et al., Evaluation of rhizob
promoting characteristics and antagonistic activity towards Rhizoctonia
(2012), http://dx.doi.org/10.1016/j.ejsobi.2012.09.007
without inoculation in the post-planting samplings fromArgentina.
Also, the number of desirable characteristics decreased during the
second sampling (Pp2) in both assays (Fig. 2a and b).

The Pp1 sampling, carried out in FajaMaisan (Chile), allowed us to
observe that isolates from the rhizosphere of inoculated alfalfa plants
showed a lower number of beneficial characteristics compared to
those from the rhizosphere of uninoculated plants. The opposite
happened with isolates from Pp2 sampling. The Pp3 sampling re-
flected that, although somewhat lower, the number of plant growth
promoting characteristics was similar among isolates from the
rhizosphere of inoculated anduninoculated alfalfa plants. In the assay
established in Carillanca, the isolated rhizobacteria from the Pp1
sampling, the rhizosphere of inoculated alfalfa from Pp2 sampling,
and the rhizosphere of uninoculated alfalfa from Pp3 sampling were
positive for more than 2 tests (Fig. 2c and d, respectively).

The number of plant growth promoting properties had in-
creased in the Pp1, Pp2 and Pp3 samplings from Punta Espinillo I.
acterial isolates from Argentina, Uruguay and Chile for plant growth-
sp. and Macrophomina sp. in vitro, European Journal of Soil Biology
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Fig. 2. Number of expected PGPR characteristics in isolates according to country, assay and sampling time. (a) Manfredi e (b) Balcarce e (c) Faja Maisan e (d) Carillanca e (e) Punta
Espinillo I e (f) Punta Espinillo II. References: Pp: post-planting.

L.B. Guiñazú et al. / European Journal of Soil Biology xxx (2012) 1e9 5

501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565

566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630

EJSOBI2621_proof ■ 18 October 2012 ■ 5/9
Isolates from Punta Espinillo II showed more than 2 positive char-
acteristics, except for Pp2 samplings from rhizosphere of uninoc-
ulated alfalfa (Fig. 2e and f, respectively).

In the assay established in Manfredi, the proportion of isolates
with capacity of producing exopolysaccharides (Ex. P.) and hydro-
lyzing starch (S. H.) was higher than that of the solubilizers of Fe
and P and the antagonists of phytopathogenic fungi (Fig. 3a). In
Balcarce, the proportion of isolates with capacity of antagonizing
phytopathogenic fungi, producing exopolysaccharides (Ex. P.) and
hydrolyzing starch (S. H.) was similar; nevertheless, it was higher
when compared to isolates with capacity of solubilizing nutrients
(Fig. 3b). In the Faja Maisan assay, the majority of the isolates
showed capacity to produce exopolysaccharides as well as to
Please cite this article in press as: L.B. Guiñazú, et al., Evaluation of rhizob
promoting characteristics and antagonistic activity towards Rhizoctonia
(2012), http://dx.doi.org/10.1016/j.ejsobi.2012.09.007
hydrolyze starch (approximately 40%), being reduced the quantity
of rhizobacteria, in some of the samplings, with solubilizing prop-
erties (Fig. 3c). A similar behavior can be observed in isolates from
Carillanca, but the proportion of solubilizers was higher in the
different samplings (Fig. 3d).

In the assays established in Uruguay, the proportion of solubi-
lizing isolates was higher (near 20%) that in the other countries; in
fact, it reached 40% in some of the post-planting samplings. The
proportion of biocontrolling and exopolysaccharides and lytic
enzymes producing rhizobacteria variedwith the localization of the
assay and the sampling time (Fig. 3e and f, respectively).

Ten strains selected for their potential PGPR properties were
identified by API test and partial 16S RNA sequencing. Three Gram
acterial isolates from Argentina, Uruguay and Chile for plant growth-
sp. and Macrophomina sp. in vitro, European Journal of Soil Biology



HA y P.Ex Solubilizadores

Pre-planting
Inoculated

Uninoculated
Inoculated

Uninoculated

0.0

0.2

0.4

0.6

0.8

1.0

Pr
op

or
tio

n 
of

 s
tra

in
s 

w
ith

 
pl

an
t g

ro
w

th
 p

ro
m

ot
io

n 
ch

ar
ac

te
ris

tic
s

Pre-planting
Inoculated

Uninoculated
Inoculated

Uninoculated

0.0

0.2

0.4

0.6

0.8

1.0

Solubilizadores

Pre-planting
Inoculated

Uninoculated
Inoculated

Uninoculated
Inoculated

Uninoculated

0.0

0.2

0.4

0.6

0.8

1.0

HA y P.Ex Control biológico Solubilizadores

Pre-planting
Inoculated

Uninoculated
Inoculated

Uninoculated
Inoculated

Uninoculated 

0.0

0.2

0.4

0.6

0.8

1.0

Pre-planting
Inoculated

Uninoculated
Inoculated

Uninoculated
Inoculated

Uninoculated

0.0

0.2

0.4

0.6

0.8

1.0

Pre-planting
Inoculated

Uninoculated
Inoculated

Uninoculated
Inoculated

Uninoculated

0.0

0.2

0.4

0.6

0.8

1.0

Pp 1 Pp 2

Pp 2 Pp 3

Pp 1 Pp 2

Pp 1 Pp 2 Pp 3 

Pp  1 Pp 2 Pp 3 Pp 1 Pp 2 Pp 3

Pr
op

or
tio

n 
of

 s
tra

in
s 

w
ith

 
p l

an
t g

ro
w

th
 p

ro
m

ot
io

n 
ch

ar
ac

te
ris

tic
s

Pr
op

or
tio

n 
of

 s
tra

in
s 

w
ith

 
pl

an
t g

ro
w

th
 p

ro
m

ot
io

n 
ch

ar
ac

te
ris

tic
s

Pp 1

Pr
op

or
tio

n 
of

 s
tra

in
s 

w
ith

 
pl

an
t g

ro
w

th
 p

ro
m

ot
io

n 
ch

ar
ac

te
ris

tic
s

Pr
op

or
tio

n 
of

 s
tra

in
s 

w
ith

 
pl

an
t g

ro
w

th
 p

ro
m

ot
io

n 
ch

ar
ac

te
ris

tic
s

Pr
op

or
tio

n 
of

 s
tra

in
s 

w
ith

 
pl

an
t g

ro
w

th
 p

ro
m

ot
io

n 
ch

ar
ac

te
ris

tic
s

a b

c d

e f

Fig. 3. Proportion of isolates with different desirable PGPR characteristics according to country, origin assay and sampling time. (a) INTA Manfredi, (b) INTA Balcarce, (c) Faja Maisan,
(d) Carillanca, (e) Punta Espinillo I and (f) Punta Espinillo II. References: Pp: Post-planting; P and Fe solubilizers; biological control; starch hydrolysis and exopolysaccharides
production.
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positive strainswere identifiedwith The API 50 CHasmembers of the
genus Bacillus (two corresponded to Bacillus liqueniformis and one to
Bacillus spp.) One strain was identified as Arthrobacter spp. (API Cor-
yne strip) and the 6 remaining isolates corresponded to the genus
Pseudomonas (API 20NE tests). Of these, three where identified as
Pseudomonas putida and the restwere identified as Pseudomonas spp.

PCR amplifications of the corresponding 16S rDNA gene were
performed obtaining a 297 bp fragment from M7c, a 288 bp frag-
ment from FM7d, a 287 bp fragment from Car, a 299 bp fragment
from Bal1, a 299 bp fragment from Bal3, a 287 bp fragment from
Manf, a 289 bp fragment from UI, a 287 bp fragment from Ch2,
a 293 bp fragment from UII and a 287 bp fragment from Ch4.
Please cite this article in press as: L.B. Guiñazú, et al., Evaluation of rhizob
promoting characteristics and antagonistic activity towards Rhizoctonia
(2012), http://dx.doi.org/10.1016/j.ejsobi.2012.09.007
Pairwise comparisons were made between homologous 16S gene
segments and showed that most of the 16S rDNA sequences from
the isolates had maximum levels of identity (100e99%) with
Bacillus sp. or Pseudomonas sp. The isolate UII showed 100e98%
similarity to strains of the genus Janibacter (Table 2). This strain
was isolated in Punta Espinillo, Uruguay, and showed ability to
solubilize P and Fe in vitro.

Diversity of amplification patterns was observed in the band
profiles obtained during genetic analyses. Consequently, we
suppose that the PGPR effects would not be associated to a single
genotype of wide distribution, but to a pronounced bacterial
genetic diversity (Fig. 4).
acterial isolates from Argentina, Uruguay and Chile for plant growth-
sp. and Macrophomina sp. in vitro, European Journal of Soil Biology
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Fig. 4. Fingerprint obtained from genomic DNA of isolates from alfalfa rhizosphere and
reference strains, using the BOX A1R primer. References: 1) Standard, 2) P. putida SP 21;
3) FM7d, 4) FM 10a, 5) Car, 6) Bal1, 7) P. aurantiaca SR1; 8) P. putida SP 22; 9) Standard,
10) Bal3, 11) M7c, 12) UI, 13) Manf, 14) Ch2, 15) UII, 16) Ch4.
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4. Discussion

The method used to isolate bacteria, by means of serial dilutions
and later inoculation on enriched media, is a broadly used proce-
dure in studies of soil microbiology [32,33].

The cell extraction techniques require a balance between cell
removal and cell death and the proportion of bacteria recovered
may be small, influencing diversity. In addition, it is generally
accepted that culturing imposes considerable bias on bacterial
communities [34]. Nevertheless, no culture medium is sufficiently
complex for the growth of all of the edaphic species, since their
nutritional requirements are unknown and because of the
complexity and variability of the root environment. Therefore,
reports usually refer to a fraction of the total when informing
bacterial colony counts. As described by McCaig et al. [34], we used
a relatively non-selective medium (TSA) for isolating bacteria,
which may have favored the growth of fast-growing aerobic
bacteria. Also, the selection of isolates on the basis of colony mor-
photype was chosen to obtain a wide range of bacteria. Neverthe-
less, this technique may also have imposed bias since a single
bacterial species may possess several distinguishable colony
morphologies [35].

In this work, the average of the counts obtained from the dif-
ferent samplings (106e107 CFU/g soil or rhizosphere soil) was si-
milar to that obtained by Miethling et al. [36], who studied the
structural differences of leguminous rhizosphere communities and
determined that the alfalfa rhizosphere extract contained
2.6 � 106 CFU/ml; also, there were no statistically significant dif-
ferences in colony counts from different growth stages of the crop.

Several authors have reported that Gram negative bacteria are
the most abundant rhizobacteria [37e39]. On the other hand, Gram
positive sporulated and non sporulated bacilli as well as Gram
positive non sporulated cocci are less abundant in this area [40,41].
However, González Vázquez [42] determined that cultivation
rotation methods together with organic matter and solarization,
changed the rhizosphere bacterial populations of pumpkin plants
to a predominant Gram positive population. In our study, the
number of Gram positive bacteria was higher than that of Gram
negative microbes.

Ten isolates were characterized based on biochemical and
genotypic features. These isolates were selected for their potential
PGPR characteristics (all of the strains were positive for P solubili-
zation and for production of siderophores and showed antifungal
activity). Six were Gram negative, all belonging to the genus
Pseudomonas. Four strains were Gram positive, three of which
belonged to the genus Bacillus and one Janibacter. These ten isolates
do not represent the bacterial diversity of the soil. However, the
genera found as predominant (Pseudomonas and Bacillus) have
Please cite this article in press as: L.B. Guiñazú, et al., Evaluation of rhizob
promoting characteristics and antagonistic activity towards Rhizoctonia
(2012), http://dx.doi.org/10.1016/j.ejsobi.2012.09.007
been reported by several authors. Bowen & Foster [43] observed
that Pseudomonas sp. from the rootesoil interface have a higher
generation time than Bacillus; therefore, when nutritional,
humidity and temperature conditions are appropriate; Pseudo-
monas presents a faster growth rate. According to Frederickson &
Elliott [44] and Bolton et al. [45], the genus Pseudomonas is very
competitive in the rhizosphere environment due to their metabolic
versatility. The inability of most of the microorganisms to use these
compounds confers Pseudomonas a considerable competitive
advantage [46]. Moreover, other authors reported that the genus
Bacillus prevails in the non rhizosphere environment [47e49].

Isolate UII was initially identified as belonging to the genus
Arthrobacter. However, the 16S rDNA partial sequence analysis
revealed that it showed high similarity to strains of the genus
Janibacter. This group of microorganisms encompasses aerobically
growing, asporogenous, irregularly shaped, non-partially acidfast,
Gram-positive rods, generally termed coryneforms. The isolation of
Janibacter spp. strains was reported from environmentally polluted
[50,51] and clinical samples [52]. No study on the isolation of these
bacteria from the rhizosphere of agronomically important crops
has been published so far. Although it was not outlined as an
objective, this work represents the first report on the isolation of
a strain belonging to the genus Janibacter with promising plant
growth-promoting traits.

We observed certain differences in the characteristics of the 686
PGPR isolates from different geographical regions before and after
planting (Fig. 3), which could be due to multiple factors affecting
microbial diversity in soil. The number of microorganisms in the
rhizosphere is always substantially higher because of the plant
influence. There are also changes in the biodiversity of microor-
ganisms caused by this “rhizosphere effect”, which was defined by
Badalucco and Kuikman [53] as any physical, chemical or biological
change occurring within the root sphere or indirectly events medi-
ated byexcretions and organic debris. An important role is played by
plants in selecting and enriching the types of bacteria by the
constituents of their root exudates. Thus, the bacterial community in
the rhizosphere develops depending on the nature and concentra-
tions of organic constituents of exudates, and the corresponding
ability of the bacteria to utilize these as sources of energy. Soil
physical and chemical properties (pH, humidity and water avail-
ability, temperature, redox, salinity, texture, stability of aggregates,
fertility, organic matter content), the presence or absence of pesti-
cides and other xenobiotic substances are examples of well known
abiotic factors that can directly or indirectly affect plant growth and
their interaction with soil microbiota. Abiotic factors can also
directly influence PGPR activity and probably their effect on plant
growth and the dynamics of root microbial communities.

We observed that an important percentage of the isolated
bacterial strains was positive for 2 or more of the PGPR tests. Cat-
telan et al. [54] observed a similar behavior when characterizing
rhizobacteria isolated from soybean (Glycine max L. Merr) rhizo-
sphere in vitro by means of nutrients solubilization tests, produc-
tion of lytic enzymes and capacity to inhibit phytopathogenic fungi.

Fe and P solubilizing bacteria were isolated in most of the
samples, independently of their previous record. The presence of
bacterial groups capable of solubilizing Fe (property associated to
the production of antibiotics and siderophores), has a decisive
influence in competition phenomenons [55]; thus, they are
important in suppressing plant pathogens. Legumes like alfalfa and
clover showa high positive response to P supplementation [56], but
most of the supplemented P becomes unavailable when it reacts
with soil components. Many soil microorganisms are able to solu-
bilize this unavailable P through their metabolic activities exudat-
ing organic acids, which directly dissolve the rock phosphate, or
chelating calcium ions that release P to the solution.
acterial isolates from Argentina, Uruguay and Chile for plant growth-
sp. and Macrophomina sp. in vitro, European Journal of Soil Biology
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In other studies, we observed that strains Bacillus sp. M7C and
Pseudomonas sp FM7d showed higher solubilization capacity than
the control strain P. putida SP22, in vitro. In addition, the coinocu-
lation of alfalfa with FM7d or M7C and S. meliloti B399 significantly
increased most parameters measured, probably related to P uptake
in coinoculated plants [28].

In general, bacteria with nutrients solubilizing capacities did not
show ability to synthesize exopolysaccharides. Exopolysaccharides
are associated with biofilm-forming ability and motility [57].

We did not observe a direct relationship between the antago-
nistic capacity and the production of enzymes and siderophores.
However, several antagonistic bacteria were able to produce lytic
enzymes and to synthesize siderophores.

Bacteria with antagonistic activity against M. phaseolina and
Rhizoctonia spp. were isolated from all soils. This is consistent with
studies carried out by Weller et al. [58] and Mazzola [59], who
sustained that both natural and agricultural soils possess some
capacity to decrease the incidence of plant pathogens. This is due to
the presence and activity of the microorganisms inhabiting those
soils.

One of the 10 isolates selected and genetically characterized in
this study (Pseudomonas sp. Ch2) showed antifungal activity
against the alfalfa pathogenM. phaseolina in the in vitro as well as in
the in vivo assays [25]. Other authors have reported on the ability of
strains of Bacillus and Pseudomonas, to inhibit different pathogens.

For example, Bacillus subtilis BN1 exhibited strong antagonistic
activity against M. phaseolina, and other phytopathogens including
Fusarium oxysporum and Rhizoctonia solani [60]. Bacillus pumilus
strain SG2 secretes two chitinases with antifungal activity [61].
Species of Pseudomonas have been known to excrete chitinases and
b-1,3-glucanases to digest the fungal cell wall chitin and glucan
respectively and use these as a carbon and energy source [62] and
are also reported to produce wide range of antifungal metabolites
[63,64].

In summary, this study reports associations between PGPR
characteristics for each set of strains, defined by country and soil
status of source (pre and post seeding of alfalfa). We expect the
results of this work contributes to improving the microbial germ-
plasm collection of plant growth promoting bacteria from soils of
Chile, Argentina and Uruguay and their potential use for the
formulation of mixed inoculants to promote the growth of alfalfa.
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