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ABSTRACT

Over the past few decades, research in agricultural microbiology has highlighted the efficacy of
plant growth promoting rhizobacteria (PGPR) in inducing seedling emergence, promoting the
increase in plant height, weight and overall crop yield. A number of microbial isolates have shown
promising antagonistic activity against several soilborne pathogens. In this study, twelve bacterial
strains were isolated from root rhizosphere of Peruvian native highlands crops, i.e Goldenberry
(Physalis peruviana L.), Potato (Solanum tuberosum L.) and Maca (Lepidum meyenii Walp.). The
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Serratia and Streptomyces.

strains were identified using 16S rRNA gene PCR amplification and sequencing and were
characterized for their PGPR activities. Among these isolates, all strains were found to be able to
produce indol-acetic acid, two strains were able to solubilize hydroxyapatite, bi- and tri-calcium
phosphate and the remaining others were able to solubilize at least one source of inorganic
phosphate. Of 12 isolates, 10 strains showed antagonistic activity against Fusarium solani, 5
showed activity against Alternaria alternata and 9 inhibited growth of Curvularia lunata. It was also
found that out of 12 isolates, three were able to induce tomato seedling emergence by 75%
compared to the control in in-vitro assays. 16S rRNA gene sequence based analysis of these
strains confirmed that, of 12 strains, 4 were members of genus Pseudomonas, 3 belong to genus
Bacillus, 2 were related to genus Rahnella and 1 each belong to the genus Stenotrophomonas,
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1. INTRODUCTION

Peruis an important centre for a number of
genetically diverse indigenous crops now
cultivated across the world. A number of these
native Andean plants form an important part of
the routine diet of a significant proportion of
population, although their true potential has not
been fully realised. In the recent time, these
Peruvian native Andean crops are getting
recognised more and more across the world not
only for their nutritional value, but also for their

medicinal properties which has lead to an
increase in demand of these crops in the
international markets. However, international

markets impose high standards for agricultural
products concerning to food safety and quality
and so restrict import, sales and consumption of
products with high content of chemicals
pesticide, fungicide and fertilizer residues. In the
current scenario, the microbes inhabitating the
root rhizosphere of the native crops with
antagonistic activity against a variety of
phytopathogens and with the ability to promote
plant growth provide a better environment and
health friendly alternatives to these chemical
fertilizers and fungicides. A considerable number
of bacterial species from the rhizosphere have
been isolated and their efficiency to improve
plant growth has been assessed [1]. A few
sudies have also reported that the efficacy of
PGPR depends on the type of crop, climate and
soil composition [2]. To expand our knowledge
about the useful microbial species associated to
Andean crops, the present investigation was
directed towards use of microbes isolated from
Peruvian highlands soils exhibiting traits
associated with plant growth promoting ability,
assessed under in vitro conditions. Tomato
plants are known to be susceptible to several

phytopathogenic fungi, which in turn compel
farmers to extensively use chemical products to
get rid of them as well as for improving crop
yield. Microbial inoculants discussed here are
environmentally friendly alternative for chemical
fungicides and fertilizers against some of fungal
diseases of tomato plants.

2. MATERIALS AND METHODS

Twelve microbial strains were used in this study.
These strains were isolated from the root
rhizosphere of three Andean crops, i.e
Goldenberry (Physalis peruviana L.) and Maca
(Lepidium meyenii Walp.) from Junin and Potato
(Solanum tuberosum L.) from Puno [3], located in
the highlands of Peru over 3300 meters above
sea level. Soils at the collection sites had a high
content of organic matter and were moderately
acidic, with pH between 4.5 and 5.5. All strains
were maintained in nutrient broth (NB) plus 25%
(v/v) glycerol at —80C. Strains were Gram-
stained [4]. Colony morphology: size, color,
shape, texture, height and edge were recorded
after 48 h of growth on nutrient agar plates at
28C [modified for 5] Phosphate solubilisation
assays were performed as described by Nautiyal
et al. [6] and formation of a solubilisation halo
was observed up to 20 days. Indolacetic acid
(IAA) production by these isolates was
determined using the method described by
Glickmann and Dessaux [7] and appearance of
pink colour was considered to be indicative of
IAA production. All the strains were also
screened for antagonistic activity against
phytopathogenic  fungi Fusarium solani,
Alternaria alternata and Curvularia lunata.
Antagonistic activity was tested through the dual
culture technique and fungal growth inhibition
was quantified as described by Rahman et al.
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[8]. The ability of the strains to promote the
emergence of seedling after microbial inoculation
was also tested. For this assay, seeds of
Solanum lycopersicum var. Rio Grande were
used. Bacterial strains were grown to obtain a
population of 10°cfu/ml. The culture was
resuspended in 10 ml of saline solution 0.85%.
The surface-sterilized tomato seeds were then
soaked in the bacterial suspension for 15
minutes. After that, the seeds were sown in
plastic containers using sterile sand as substrate.
The plants were irrigated daily with hydroponic
solution A and B (provided by Centro de
Investigacion de Hidroponia y Nutricion Mineral
in UNALM, Peru). Inoculated seeds were placed
in a greenhouse with controlled temperature (20-
25%C) and light cycle (12 hours/day) for 7 days.
The assays were performed using 4 replicates
per bacterial strain and container. Results were
recorded as emergence percentage, when the
first two leaves appeared out of the sand. Seeds
not inoculated were used as controls. For the
molecular identification of the strains isolated,
total DNA was extracted from overnight grown
cultures broth using AxyPrep Bacterial Genomic
DNA Miniprep Kit (Axygen Biosciences,Union
city, CA, USA) following the manufacturer's
instructions. Primers fD1 and rD1 were used to
PCR amplification of the 16S rRNA gene [9].
Phylogenetic neighbours of the isolates were
identified using the EzTaxon web server (http:
/lwww.  ezbiocloud.net/eztaxon) [10]. The
ClustalX2 software [11] was used to align both
studied and selected sequences. Phylogenetic
analysis was performed by the neighbor-joining
(NJ) method and distances were calculated
according to the Kimura-2 method using the
MEGA Version 6 [12].

3. RESULTS AND DISCUSSION

Four out of the twelve isolates were Gram-
positive rods. One of them (Aa9) showed a
filamentous morphology with a branching growth
pattern characteristic of actinobacteria [13], while
other isolates showed the ability to resist high
temperatures (80C for 30 min). Eight strains
were Gram negative. Five of them were
diazotrophic bacteria since they were capable to
growth in mineral medium (MM) without nitrogen
and to acidify it [14]. Other three isolates were
classified into pseudomonad group, as they were
capable to grow in cetrimide agar and showed
fluorescence in Pseudomonas Agar F (DIFCO)
[15]. The colony morphology of each group was
different. Diazotrophic strains showed translucent
colonies with entire edge, sizes between 0.5 to

1.5 mm and convex. As well, pseudomonads
showed sizes between 0.5 and 1 mm,umbonated
elevation and were cream or iridescent. Bacillus
colonies were bigger than the other two bacterial
groups with sizes between 1 and 3 mm. They
appeared opaque, mucoid with entire edge and
umbonated elevation. The actinomycete on the
other hand, showed punctiform colonies with
undulate edges and yellow pigment.

The majority of the isolates showed one or more
PGPR attribute. All strains were able to produce
auxin in the range of 8.1 — 67.5 ppm in the
presence of IAA precursor tryptophan. Strain
Ba60 produced the maximum IAA level (67.5
ppm) followed by two diazotrophic isolates,
Az016M2 and LMTZ064-66 (Table 1). However,
most of the pseudomonads produced low
amounts of IAA compared to the other bacterial
groups, showing values between 7 and 10 ppm.
Agaras et al (2015) [16] reported similar values
of this phytohormone in different species of
pseudomonads isolates and their positive control
P. putida GR12-22. Bacillus sp. and
Streptomyces strains were documented with a
production up til 76 ppm [17] and 5 ppm [18],
respectively. I1AA production by PGPR can vary
among different species and it depends on
culture conditions, growth stage and substrate
availability [19]. Auxins produced by the PGPR
strains play an important role in increasing the
overall surface area of the plant root. The larger
surface area of the roots enable the plant to
absorb the water and other important nutrients
more efficiently, which in turn leads to a better
growth and development of the plant PGPR. All
the isolates were able to solubilize at least one
inorganic phosphate source tested in the assays.
Two isolates (Da29 and Azo16M2) were capable
of solubilizing hydroxyapatite, bi- and tri-calcium
phosphate. Nine strains were capable to
solubilize bicalcium phosphate with maximum
halo sizes varying between one and 17.5 mm
and two isolates (Ba60 and Ps42) could
solubilize only hydroxyapatite (Table 1). It is well
documented the fact that a number of
microorganisms can make insoluble soil
phosphorous available to plants by solubilizing
mineral phosphates through the production of
organic acids or phosphatases. The results
obtained in the present study showed that most
of the bacterial strains tested could solubilize
bicalcium phosphate better than tricalcicum
phosphate and hydroxyapatite. These results are
similar to those obtained by Ben Farhat et al.
[20], who report tricalcium phosphate and
hydroxyapatite as bacterial inorganic phosphate
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sources, with a low rate of conversion than the
bicalcium phosphate.

In antagonistic assays, strain Ba60 could inhibit
the growth of Alternaria alternata only, while
strains LMZ064-66 and Pa86 could inhibit the
growth of only Fusarium solani. Azo16M2 and
Ba8 were able to restrict the growth of both
Fusarium solani and Alternaria alternata. The
percenteges fungal growth inhibition for all the
strains was greater than 20%. Azol6M2 and
Ba8 isolates were also able to inhibit the growth
of Curvularia lunata with percentages inhibition
0.7 and 5.2% respectively. Bacillus isolates and
the diazotrophic bacteria Azol6M2 showed
greater antagonistic activity against Alternaria
alternata (Fig. 1). Ba8 have shown antagonistic
activity against all the phytopathogenic fungi
tested in our study. A number of species from the
genus Bacillus are widely known to produce
various antifungal and antibacterial secondary
metabolites effective against a range of
phytopathogenic fungi [21]. Some species like B.
subtilis, B. amyloliquefaciens, B. pumilus and B.
cereus are already being used as biological
control agents against many soil-borne plant
pathogens [8].

Based upon the previous results, five of the
twelve isolates were further tested for their ability
to induce tomato seedling emergence. The
results obtained in the test clearly indicated a
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positive effect of the strains on the seedling
emergence of tomato plants. Three out of 5
chosen strains (Ps42, Da29 and Aa25)
significantly increased the seedling emergence of
tomato (75%) compared to the non-inoculated
control, that showed a level of 50% seedling
emergence. Increase in the seed emergence due
to the production and secretion of some
phytohormones and enzymes by microbes can
be used as an attribute for a primary rapid
screening of PGPR strains [22]. An increase in
the seedlings emergence may favor an early
development of the efficient root system of the
plant which is in itself an indicative of better plant
health and growth.

The NJ phylogenetic tree (Fig. 2) showed that
all the studied isolates were clustered in 6
groups and showed close affiliation with the
genus Pseudomonas, Rhanella, Serratia,
Stenotrophomonas, Bacillus and Streptomyces.
Within Pseudomonas genus, the isolates Pa86
and LMTZ064-90 were clustered with P.
azotoformans group, while Ps42 and Pa82 with
P.syringae and P. putida groups respectively.
The comparison of the 16S rRNA gene sequence
of all the isolates against type strains of
bacterial species recorded in the EzTaxon
database showed that LMTZ06466 [KU750792]
is closely related with Serratia proteamaculans
DSM4543",  LMTZ064-90 [KU750791] with
Pseudomonas yamanorum 8HI1T,
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Fig. 1. Antagonistic activity of the isolates again
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st three phytopathogen fungi of tomato
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Table 1. Plant growth promoting features of isolate  d strains from golden berry, maca and potato rhizos phere
Isolates Sampling Crop Gram Colony [IAA] Bi- Tri- Hydroxyapatite
place stain  Form Color Edge Elevation ppm calcium calcium halo (mm)
phosphate  phosphate
halo (mm)  halo (mm)
Aa25 Concepcion* goldenberry G+ punctiform yellow undulate slightly 21.7 118 0 0
opaque convex
Ba8 Concepcion* goldenberry G+ irregular cream round umbonate 129 1 0 0
shiny
Ba51 Concepcion* goldenberry G+ circular cream entire umbonate 179 O 8.5 0
shiny
Ba60 Concepcion* goldenberry G+ circular cream entire umbonate 675 O 0 1.3
shiny
Da29 Concepcion* goldenberry G- circular colorless  entire convex 47 9.8 1.3 8.8
opaque
Pa82 Concepcion* goldenberry G- circular cream entire umbonate 7.4 1 1 0
shiny
Pa86 Concepcion* goldenberry G- irregular cream undulate umbonate 10 2 3 0
shiny
Azo16M2 Thunco** potato G- circular colorless entire convex 67.4 13 2.1 10.1
shiny
LMTZ064-66 Acomachay* maca G- circular cream entire convex 66.8 8 7.5 0
opaque
LMTZ064-90 Galpon maca G- circular colorless  entire convex 32.7 175 5 0
Condorin* shiny
LMTZ064-91 Galpon maca G- circular colorless entire convex 39.7 14 6 0
Condorin* shiny
Ps42 Condorin* maca G- circular iridescent entire convex 8.1 0 0 0.7
shiny

*Junin Department ** Puno Department
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777Pa86

661-Pseudomonas azotoformans IAM1603T [D84009]
Pseudomonas poae DSM 149367 [AJ492829]
Pseudomonas synxantha IAM12356T [D84025]
Pseudomonas libanensis CIP 1054607 [AF057645]
LMTZ064-90 [KU750791]
Pseudomonas brenneri CFML 97-3917 [AF268968]
Pseudomonas proteolytica CMS 4T [AJ537603]
Pseudomonas gessardii CIP 1054697 [AF074384]
—Pseudomonas panacis CG201067 [AY787208]
~Pseudomonas migulae CIP 1054707 [AF074383]
rPs42 [KU750786)
Pseudomonas tremae CFBP 61117 [AJ492826]
76 Pseudomonas congelans DSM 149397 [AJ492828]
1 8‘[Pseuclomonas ficuserectae JOM 24007 [AB021378]
Pseudomonas syringae KCTC 125007 [KI657453]
66/Pa82 [KU750785]
Pseudomonas putida NBRC 14164 [AP013070]
Pseudomonas mosselii CIP 1052597 [AF072688]
Pseudomonas entomophila L48T [AY907566]
Pseudomonas monteilii CIP 1048837 [AF064458]
Pseudomonas taiwanensis BCRC 177517 [EU103629]
62| Pseudomonas plecoglossicida FPC951T [AB009457]
Pseudomonas aeruginosa JCM 59627 [BAMA01000316]
66 [ Rahnella aquatilis CIP 78.65T [CP003244]
ﬁB_I:Dazs) [KU750789]
'AZO16M2 [KU750790]
100| [~Serratiaquinivorans CP6aT [AJ279045]
100

Serratia plymuthica DSM 45407 [AJ233433)]
LMTZ064-66 [KU750792]
Serratia proteamaculans DSM 45437 [AJ233434]
Serratia liquefaciens CIP 1032387 [AJ306725]
84" Serratia grimesii DSM 30063T [AJ233430]
LMTZ064-91 [KU750793]
%I?Mnotrophomonas pavanii ICB 89T [FJ748683]
% |_ Stenotrophomona schelatiphaga LPM-5T [EU573216]
Stenotrophomonas panacihumi MK06T [GQ856217]
Ba60 [KU750787]
Bacillus megaterium |AM13418T [D16273]
Bacillus aryabhattai B8W22T [EF114313]
Bacillus flexus IFO 157157 [AB021185]
100{Ba51 [KU750794]
68Ba8 [KU750788]

Bacillus paraflexus RC2T [FN999943]
Aa9 [KU750795]
Streptomyces albidoflavus DSM 404557 [276676]
100 | Streptomyces somaliensis NBRC 129167 [AB184243]
Streptomyces hydrogenansNBRC 134757 [AB184868]
0.02 Streptomyces koyangensisVK-A60T [AY079156]
Streptomyces daghestanicusNRRL B-5418T [DQ442497]

100

©

Fig. 2. Phylogenetic analysis of 16S rRNA sequences

from isolates obtained in this study. The
isolates using in these study are indicated in bold

. Only bootstrap values greater than 60 % are
shown (1,000 pseudoreplicates)
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LMTZ06491 [KU750793] with Stenotrophomonas
panacihumi MKO6', Pa86 [KU750785] with
Pseudomonas libanensis CIP105460', Pa82
[KU750796] with Pseudomonas plecoglossicida
FPC951", Ps42 [KU750786] with Pseudomonas
ficuserectae JCM 24OOT; Ba8 [KU750788], Ba51
[KU750794] and Ba60 [KU750787] with Bacillus
aryabhattai BBW22", Azo16M2 [KU750790] and
Da29 [KU750789] with Rahnella aquatilis CIP
78.65' and Aa9 [KU750795] with Streptomyces
hydrogenans NBRC 13475'. Similarity values
were over 99%. Further up to species level
details could be inferred from the tree provided
(Fig. 2) though the accurate identification for
some of the strains in this study require
phylogenetic analysis using a few more marker
genes sequences.

4. CONCLUSIONS

The results obtained in this study clearly illustrate
the potential of these isolates as PGPR under in
vitro conditions. Though, it cannot be also ruled
out that the interaction between PGPR and
plants could have different results under field
conditions. However, the present work is among
the first few which provides primary information
about the microbial strains with antagonistic and
plant growth promoting activity from these
Peruvian Andes region which has not been
exploited yet up to its true potential. The study
also creates a platform for the future field trial
using the strains described in the present study
as potential PGPRs.

ACKNOWLEDGEMENTS

This research was supported by PROCYT N325
- 2011 - CONCYTEC, FONDECYT-CONCYTEC-
145 — Project - 2013. We thank E. Ormefio-
Orrillo, M. Finetti-Sialer and Prashant Kumar
Pandey for their suggestions and critical editing
of the manuscript.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Pii Y, Mimmo T, Tomasi N, Terzano R,
Cesco S, Crecchio C. Microbial
interactions in the rhizosphere: Beneficial
influences of plant growth-promoting
rhizobacteria on nutrient  acquisition

10.

process. A review. Biol Fertil Soils.
2015;51(4):403-15.

DOI: 10.1007/s00374-015-0996-1.
Srivastava AK, Malhotra SK, Kumar NK.
Exploiting nutrient-microbe synergy in
unlocking productivity  potential  of
perennial fruits: A review. Indian J Agric
Sci. 2015;85(4):459-81.

Calvo P, Reymundo L, Zufiga D. Estudio
de las poblaciones microbianas de la
rizosfera del cultivo de papa (Solanum
tuberosum) en zonas altoandinas. Ecol.
Apl. 2008;7(1-2):141-148. Spanish

Vincent JM, Humphrey B. Taxonomically
significant group antigens in Rhizobium. J
Gen Microbiol. 1970;63: 379-82.

DOI: 10.1099/00221287-63-3-379
Somasegaran P, Hoben HJ. Handbook for
rhizobia. Methods in Legume—Rhizobium
Technology. Springer-Verlag. New York;
1994.

DOI: 10.1007/978-1-4613-8375-8

Nautiyal SC. An efficient microbiological
growth medium for screening phosphate
solubilizing microorganisms. FEMS
Microbiol Lett. 1999;170:265-70.

DOI: 10.1111/j.1574-6968.1999.tb13383.x
Glickmann E, Dessaux Y. A critical
examination of the specificity of the
Salkowski 179 reagent for indolic
compounds produced by phytopathogenic
bacteria. Appl Environ Microbiol. 1995;61:
793-96.

Rahman MME, Hossain DM, Suzuki K,
Shiiya A, Suzuki K, Dey TK, Nonaka M,
Harada N. Suppressive effects of Bacillus
spp. on mycelia, apothecia and sclerotia
formation of Sclerotinia sclerotiorum and
potential as biological control of white mold
on mustard. Australas Plant Path.
2016;45(1):103-117.

DOI: 10.1007/s13313-016-0397-4
Weisburg WG, Barns SM, Pelletier DA,
Lane DJ. 16S ribosomal DNA amplification
for phylogenetic study. J Bacteriol. 1991;
173:697-703.

DOI: 0021-9193/91/020697-07

Kim OS, Cho YJ, Lee K, Yoon SH, Kim M,
Na H, Park SC, Jeon YS, Lee JH, Yi H,
Won S, Chun J. Introducing EzTaxon: A
prokaryotic 16S rRNA gene sequence
database with phylotypes that represent
uncultured species. Int J Syst Evol
Microbiol. 2012;62:716—72.

DOI: 10.1099/ijs.0.038075-0



11.

12.

13.

14.

15.

16.

17.

Ogata-Gutiérrez et al.; IJPSS, 11(1): 1-8, 2016; Article no.lJPSS.24573

Larkin MA, Blackshields G, Brown NP,
Chenna R, McGettigan PA, McWilliam H,
Valentin F, Wallace IM, Wilm A, Lopez R,
Thompson JD, Gibson TJ, Higgins DG.
Clustal W, Clustal X. version 2.0.
Bioinformatics. 2007;23:2947-48.

DOI: 10.1093/bioinformatics/btm404
Tamura K, Stecher G, Peterson D, Filipski
A, Kumar S. MEGA6: Molecular
evolutionary genetics analysis version 6.0.
Mol Biol Evol. 2013;30:2725-29.

DOI: 10.1093/molbev/mst197

Cruz JA, Lantican NB, Delfin EF Paterno
ES. Characterization and identification of
growth-promoting actinomycetes: A
potential microbial inoculant. Asia Life Sci.
2015;24(1):383-97.

Zapater J. Evaluacion en el maiz del
coeficiente rizésfera - suelo (R/S) referidos
a bacterias libres fijadoras de N,. Anales
Cientificos de la U.N.A. 1975;13:45-57.
Spanish.

Krueger CL, Sheikh W. A new selective
medium for isolating Pseudomonas spp.

from water. Appl Environ Microbiol.
1987;53(4):895-97.

DOI: 0099-2240/87/040895-03

Agaras BC, Scandiani M, Luque A,

Fernandez L, Farina F, Carmona M, Gally
M, Romero A, Wall L, Valverde C.
Quantification of the potential biocontrol

and direct plant growth promotion
abilites based on multiple biological
traits  distinguish different groups of

Pseudomonas spp isolates. Biol Control.
2015;90:173-86.

Dwi NS, Sudiana IM, Mubarik NR,
Suwanto A. Species and functional

18.

19.

20.

21.

22.

diversity of rhizobacterial of rice plant in
the coastal soils of Indonesia. Indones J
Agric Sci. 2015;16(1):39-51.

Dimpka CO, Svatos A, Dabrowska P,

Schmidt A, Boland W, Kothe E.
Involvement of siderophores in the
reduction of metal-induced inhibition of

auxin synthesis in Streptomyces spp.
Chemosphere. 2008;74(1):19-25.

DOI: 10.1016/j.chemosphere.2008.09.079
Mohite B. Isolation and characterization of
indole acetic acid (IAA) producing bacteria
from rhizospheric soil and its effect on
plant growth. J Soil Sci Plant Nutr.
2013;13(3):638-649.

DOI: 10.4067/S0718-95162013005000051
Ben Farhat M, Farhat A, Bejar W,
Kammoun R, Bouchaala K, Fourati A,
Antoun H, Bejar S, Chouayeksh H.
Characterization of the mineral phosphate
solubilizing activity of Serratia marcescens
CTM 50650 isolated from the phosphate
mine of Gafsa. Arch  Microbiol.
2009;191:815-824.

DOI: 10.1007/s00203-009-0513-8

El Arbi A, Rochex A, Chataigné G, Béchet
M, Lecouturier D, Arnauld S, Gharsallah N,
Jacques P. The Tunisian oasis ecosystem
is a source of antagonistic Bacillus spp.
producing diverse antifungal lipopeptides.
Res Microbiol. 2016;167(1):46-57.

DOI: 10.1016/j.resmic.2015.09.003
Gholami A, Shahsavani S, Nezarat S. The
effect of plant growth  promoting
rhizobacterial (PGPR) on germination,
seedling growth and yield of maize. Int J
Biol Life Sci. 2009;1(1):35-40.

© 2016 Ogata-Gutiérrez et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/14511




