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ABSTRACT

In Buenos Aires periurban area, hortic ctiges are one of the most important
activities. Pesticides and fertilisers aré used. without any control to cover the farmers”
d modifying soil ecosystem in the long
term. The aim of this work was to'isolate iidigenous strains from periurban horticultural
units with pesticide degrading capagit d to evaluate their plant growth-promoting
fertilisers to be applied in the restoration of these
ing; eight strains were isolated and identified. They

siderophores and olubilise” calcium phosphate but also tolerated the mixture of
i horticultural practices. By their behaviour in mixed cultures
oting properties, these autochthonous isolates represent a
s biofertilisers according to soil type and activity.

., Periurban horticulture, Plant growth-promoting rhizobacteria, Pesticide
ing bacteria, Bioinoculant, Microbe-mediated soil restoration.

Periurban horticultural practices are one of the most important activities in Buenos
Aires Metropolitan Area (AMBA), Argentina. In this periurban area, pesticides and
fertilisers are used without any control to cover the farmers” needs obtaining high crop
yields fast and producing modifications in soil ecosystem and structure in the long term.
As agrochemicals were specifically designed for interfering in metabolic processes, it is
important to understand the fate of these compounds in the environment. Horticultural
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soils receive high quantities of pesticides during fumigation steps [1], inducing changes
in both macro and micro ecosystems, differently from the extensive farming. Particularly,
these soils have been intensively exploited uninterruptedly during at least 20 years,
showing clear signs of deterioration and low quality [2]. In addition, agrochemical
application is performed by non-trained farmers with few economical resources who are
currently exposed to consequent damage to health [3].

Soil is a natural complex system in which microorganisms and plants play relevant
roles in keeping the natural equilibrium. Consequently, soil-plant-microbe interactions
are so complex that they will have direct influence on the plant health and crop
productivity [4, 5]. The interactions that occur in the rhizosphere play a pivotal role in
transformation, mobilization and solubilisation of a limited nutrient pool in the soil and
subsequently define the uptake from each crop [6].

Beneficial free-living soil bacteria isolated from the rhizosphere, tha ed to
improve plant health or increase crop yields, are usually referred to as"plan
promoting rhizobacteria (PGPR) [7, 8]. The importance of studying PG %
potential to be used as biofertilisers due to their capacity of, for exan % od

I O

(IAA) and cytokinins which also indirectly influence positi atode suppression
[9]. Additionally, some strains may fix atmospheu , solubilise mineral
phosphates and mineralize other nutrients [10]. On the ot and, it is known that PGPR

strains may produce siderophores with high ing capacity causing an
antagonist action against phytopathogenic micro oorganisms [9, 11]. As example,
bacteria have been found to assist in root ¢ Rhizobia suppressing possible
actions of plant pathogens, especially s and Bacilli behaving as PGPR

associated to the rhizosphere of vario s crops [12, 13].

In addition, fungal communiti ere reported as good candidates for biofertiliser
formulations by proving the improyement of plant growth and crop yields in many soils
i common soil microorganisms which showed

on soil aggregation, nu
has been reported tha st genera produce antimicrobial substances and other

nt growth thanks to aminoacids and sugars secreted by

bacteria. In co ome yeasts including Rhodotorula sp. have been studied by its
potential cap promotion of plant growth [17].

The i te response to soil inoculation with PGPR varies considerably depending
on the 1sm, plant species, soil type, inoculum density, and environmental

inoculated microorganisms sometimes do not survive in soil when
ith better-adapted indigenous microbiota [18]. Therefore, when formulating
abi iliser it is highly recommended to consider the use of native bacteria, since they
are better adapted to environmental conditions and are more competitive than non-native
strains [19]. In fact, during the last decade the application of formulates based on
autochthonous plant beneficial microbial consortia is being accepted as agrochemical
substitutes to improve soil quality by using sustainable alternatives [20, 21]. In this way,
the aim of this work was to isolate indigenous strains from periurban horticultural units
with pesticide degrading capacity or at least tolerance and evaluate their plant growth-
promoting properties in order to design potential biofertilisers to be applied in the
restoration of these exploited soils.
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MATERIALS AND METHODS

The experimental work was performed following the methodology detailed below.

Commercial pesticide formulations

Commercial pesticides were used as culture medium supplements and formulates
were selected according to each farmer application protocol:

Deltamethrin: DECIS®FORTE (Bayer Crop Science S.A.) 10% (m/v); CAS Number
52918-63-5. Active compound: [(S)-cyano-(3-phenoxyphenyl) methyl] (1R,3R)-3-(2,2-
dibromoethenyl)-2,2-dimethylcyclopropane-1-carboxylate.

A- Cyhalothrin: KARATE 5CS con tecnologia ZEON® (Syngenta Agribusiness S.A.)
5% (m/v); CAS Number 68085-85-8. Active compound: [cyano-(3-phenoxyphenyl)
methyl]3-[(Z)-2-chloro-3,3,3-trifluoroprop-1-enyl]-2,2-dimethylcyclopropa
carboxylate).

Iprodione: ROVRAL 50WP® (Bayer Crop Science S.A.) 50%
36734-19-7. Active compound: [3-(3, 5-dichlorophenyl)-2,
ylimidazolidine- 1-carboxamide].

Abacmectin: VERTIMEC® 018 EC (Syngenta Crop Prot:
71751-41-2. Active compound mixture of >80% (2aE,4E, 'S, 6S, 6'R, 7S, 11R,
13S,15S,17aR,20R,20aR,20bS)-6'-[(S)-sec-butyl]-5',6,6! ,14,14,15,17a,20,20a,20b-
dodecahydro-20,20b-dihydroxy-5',6,8,19-tetramethyl- 1 spiro[11,15-methano-2H,
13H,17H-furo[4,3,2-pq]  [2,6]benzodioxacyclooetad ,2'-[2H]pyran]-7-yl ~ 2,6-

arabino-hexopyranoside and <20% (2a
20R,20aR,20bS)-5",6,6",7,10,11,14,15,17
6'-isopropyl-5',6,8,19-tetramethyl-17-
pqll2,6]benzodioxacyclooctadecin-

t ms located in Cuartel V, Moreno District, Buenos
spring 2014 - spring 2016. Sites were selected according
es were taken from the Horticultural Unit 1: T (tomato crop

Samples were take

plot) and Y (pl stined to diverse crops as cabbages, leek and green onion) both from
Mr. Alejand arm (34° 34> 54.58” S 58° 49’ 26.79” W and 34°34°53.32” S
58°49°24.60”"W, respectively); from the Horticultural Unit 2: S (Mr. Severino Choque

farm, 34°34°33. S 58°48°49.71” W) was initially a strawberry crop plot, P (Mr.
Seve oque farm, 34°34°34.96” S 58°48°48.90” W) was the pesticide formulation
preparationarea and R (34°34°39.31” S 58°48°44.38” W), the reference grassland close
to the productive plots which was not used for production and there was no evidence of
anthropogenic perturbations for almost 20 years. In all campaigns, random samples of
each site until 10 cm depth were taken and the resulting soil composite was preserved in
polyethylene bags.

A physicochemical characterization of soil (Order Mollisols, Suborder Udolls, Great
Group Argiudolls, Subgroup Vertic Argiudolls) was previously performed. Main
differences were found in Organic Matter- C:N values, conductivity and copper
concentration. Both sampled R soils -spring 2014 and fall 2015- showed low
conductivities with highest Organic Matter-C:N values. S and Y- spring 2014 soils
evidenced high copper concentration related to the utilization of Cu-based agrochemicals
as the fungicide Cotacuatro®, which decreased in fall 2015 samples studies [22].
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None of the sampling sites was located in protected areas. Sampling permissions were
obtained from each farm owner: Mr. Severino Choque at S, P and R soils and Mr.
Alejandro Yucra at Y and T soils. For access to sampling sites, special permission was
obtained from IMDEL (Instituto Municipal de Desarrollo Econémico Local) and Moreno
District municipality.

Horticultural
unit 2

Horticultural
unit'L

Strawberrycrop (S)
samples

Refer%’nce
‘(R) samples
Figure 1. Sample site locations of Cuartel Wno, Buenos Aires Metropolitan Area.
Horticultural Unit 1 with T and Y plots and Herticultural Unit 2 with S, P and Reference plots.

Determination of total heterotro,

A}

ml of physiological solution and 0.1 ml of serial 1:10
%) were spread by duplicates in Soil Agar (soil 125
, mix of pesticides 0.1% (v/v)) or in Plate Count Agar
ose 1, yeast extract 2.5, agar 12). The different pesticide

dilutions of the suspensi
g/l, glucose 1% (m/v),

deltamethcin

cyhalothrin (P2) and for Horticultural unit 2 soils a mix of

ctin and iprodione was used (P1). Plates were incubated up to seven

ounts were expressed as CFU/g soil with the corresponding standard
culation. Colonies grown in presence of pesticides were selected and

(PCA, g/l: tryptone 0

mixtures were prc ording to the declared use by farmers in each field for

production. amples of Horticultural unit 1, the mix was composed by
nd

Determination of total nitrogen fixing bacteria

Nitrogen fixing bacteria were counted in soil samples as follows [23]: soil (1 g) was
suspended in 10 ml of physiological solution and 0.1 ml of serial 1:10 dilutions of the
suspensions were spread by duplicates in Burk’s agar, which composition per 1 is:
K2HPO4 0.8 g, KH2PO4 0.2 g, MgSO4-7H20 0.2 g, NaCl 0.2 g, CaSO4 0. 01 g, Fe-Mo 1
ml (FeCl3-6H>0O 1.45 g, NaxMoOQO4-2H>0 0.253 g in 100 ml H>O), sucrose 20 g, H3BO3
100 pg, ZnSO4- 7TH20 100 pg, MnSO4- 4H20 10 pg, CuSO4- 5H20 3.0 pg, KI 1.0 pg,
agar 20 g. Plates were incubated at 32 °C during seven days and CFU/g soil were
calculated with the corresponding standard deviation.
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Isolation of pesticide degrading bacteria

For an enrichment step, 1 g of soil was suspended in 10 ml of physiological solution
(150 mM NaCl) and an aliquot was incorporated to a minimal medium (g/l: K;HPO4 7.3,
KH>PO4 3.0, NH4Cl 1.0, MgSO4 0.1220, CaClz-2H20 0.01 M) supplemented with 1%
(v/v) of the corresponding pesticide mix (P1 or P2) as the only carbon source. After 15
days of incubation at 120 rpm and 32 °C, cultures were transferred to agar plates
containing the same minimal medium supplemented with agar (15 g/1) and 0.1% (v/v) of
the same mix of pesticides used in the enrichment step. Plates were incubated at 32 °C up
to 30 days, obtaining isolated colonies which were finally purified in PCA plates.

Evaluation of plant growth-promoting properties
Strains isolated from horticultural soils were evaluated for plant growthépromoting

(PGP) properties.

Nitrogen fixation. Isolated bacteria were tested by streaking in Burk s rding
to Stella and Suhaimi [23]. Plates were incubated at 32 °C seven days;uif growth was
observed, the result was considered positive for N> fixation. Q

Phosphate solubilisation. Phosphate solubilisation capaci h Itural strains
was evaluated. Growth and presence of solubilisation halo wére evaluated after streaking
strains in NBRIP (National Botanical Research I Phosphorus) agar (g/l:
MgClz-6H>0 5.0, MgSO4-7H20 0.25, KC1 0.2, (NHa4)2 .1, €Ca3(PO4)2 5.0, glucose
10.0, Agar 15.0) and incubating 48 h at 32 °C [24]

Production of Indole-3- Acetic Acid. P10 on of IAA was quantified by
spectrophotometric technique [25]. Strains ¢ lated by duplicates in Tryptone
cubated during 7 days at 32 °C.

15 min. Supernatants and Salkowski

/ml.
On the other hand, IAA ¢

high auxin levels were selécte

preinoculum was carrie @

(2 ml to 20 ml). Dufingsaniincubation of seven days at 32 °C, supernatant samples were
taken at 24, 96 a and IAA was determined following the above mentioned
protocol. In sespD@ at 600nm was measured for biomass estimation.

In ade analysis, Y5 strain was incubated in TB during 22 days at 30 °C and 120

aken at 48, 168, 240 and 528 h. IAA quantification was performed

inetics was studied. Culture supernatants with
mitor [AA production along microbial growth. Each

form d with deionized water to ensure iron absence. After incubating at 32 °C seven
days and centrifuging 15 min at 6300 g, culture supernatants were placed in plates with
CAS-Agar. CAS-agar (100 ml) was prepared according to Schwyn and Neilands [26]
with modifications [27]. 7.5 ml of 2 mM Chrome Azurol S were mixed with 1.5 ml iron
solution (I mM FeCl;.6H,O, 10 mM HCI). Under stirring, 6.0 ml of 10 mM
cetyltrimethylammonium bromide (CTAB) solution were added and the resulting blue
solution was kept at 50 °C. In addition, buffer solution was prepared using 0.6 g of PIPES
(piperazine-N, N'-bis(2-ethanesulfonic acid)) dissolved in 85 ml in ultrapure water (18
MQ cm, Millipore) adjusting a final pH to 6.8 using 6 M KOH. To this solution, 1.5 g
agar-agar was added and then heated at 50 °C to dissolve it. The blue and the agar
solutions were finally mixed, and Petri dishes (10 cm diameter) were prepared with 30
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ml of CAS-agar each. After gelling, 5 mm diameter holes were made and dried 1 h at
32 °C. Each hole was filled with 75 ul culture supernatant. A non-inoculated medium as
negative control and cell-free supernatant from Pseudomonas aeruginosa PAO1 cultures
[28, 29] were used as positive control. An orange colour halo appearance after 24 h at
room temperature was considered positive for siderophore production.

Identification of isolated microorganisms
Morphological, biochemical and molecular characterizations were performed for
strains positive for [AA/siderophore production, N> fixation or Ca3(POs)> solubilisation.
Biochemical characterization as a preliminary approach was made using API20E®,
API2ONE®, APICHB® and API 20A® kits (Bio Mérieux), as required for each isolate.
Finally, molecular identification was achieved by analysis on sequences and ¢ i
of microorganism's homogenic data using rDNA database (NCBI) after amp

v minutes, S0 ul of the each other
s were incubated at 32 °C for 48

h and bacterial growth was observed. In a
same way and also inoculated over Y5-swab

RESULTS
Main results of the screening“are sented according the followed steps in the

experimental design.

ace and treated as detailed above.

Bacterial counts: tota hs
e shown in Fig. 2 for samples belonging to the first campaign

Results of the CFU/g:s0i1k.a
in Soil Agar and @
pesticides than in pla vith the products (Fig. 2), with no significant differences between

icrobial CFU/g soil were 1.5 Log higher in plates without
soils. PCAqcounts were clearly 2 Log higher than the corresponding counts in Soil Agar, an

oligotr ediwm. In addition, a screening of N»-fixing microorganisms was carried out
in s ollected recovering a range from 2.1 to 6 % of PCA counts without
significant “differences among them, according to the overlapping of the respective

co ence intervals.

Isolation of pesticide-degrader or tolerant microorganisms

About 59 strains were isolated from both reference and horticultural soils after the
enrichment step: 15 strains from Y, 19 from P, 5 from S, 8 from T and 9 from R.

A total of 14 colonies from plates with pesticides were selected from soil agar. From
Burk’s agar, 13 strains were isolated: 4 from T, 3 from S, 2 from Y and 4 from R, while no
strains were isolated from P.

Evaluation of plant growth-promoting properties

Once the strains were adapted to pesticide presence, they were tested in Burk’s agar to
evaluate N> fixation. Thirty six strains isolated with an enrichment step were able to grow,
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the major proportion coming from Y and P (13 and 14 respectively). On the other hand,
isolates from soil agar for strains named S1-2 and SP-10 (from S, R and P respectively) were
positive for N fixation. Regarding phosphate solubilisation, Fig. 3 illustrates the results of
a considerable halo formation. Eight positive strains were detected from soil agar isolates:
three from S, two from P and four from R. Between the isolates from the enrichment media,
26 were able to solubilise calcium phosphate. All microorganisms from Y samples were
positive for this assay, being only one strain negative. Regarding Burk's agar isolates, five
came from R, 3 from T, 1 from S and 1 from Y. Taking Pseudomonas aeruginosa PAO1 as
positive control for siderophores in CAS agar, horticultural bacteria were tested. For all
isolates, production of siderophores was negative, except for SP-3, RP7 and SP-10. For IAA
production tests, isolates were specifically selected according to previous results: the
combination of positives for Burk’s Agar growth, Ca3(POs), solubilisation, siderophore
biosynthesis and culturability. A summary of these results was compiled in Table.d, which
shows the maximal IAA concentrations obtained in batch cultures.
Regarding IAA production kinetics, results are shown in Fig. 4
selected for these assays for being best IAA producers (see T
behaviours in growth. IAA production was closely related to mi
exponential increase during the experiment. Relevant IAA co i were detected for
Y5 (0.981 pg/ml), Y8a (0.961 pg/ml), Y13b (1.942 ug/m 335 pg/ml), S1-2
283 ug/ml). Particularly

ains were
different

creasing bacterial growth.
Finally, Y1 showed a poor growth with a dete entration of 0.794 ug TIAA /ml at

Sk
96 h, finally decreasing to values comparablefto cont :i
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Figure 2. Bacterial counts (CFU/ g soil) of samples (S, P, T and R) from 2014 campaign in
different culture media and presence of pesticides regularly applied in farms. Bars indicate

confidence intervals according to the calculated standard deviation.
b S~ |
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Figure 3. Screening of calcium phosphate solubilisation capacity by halo formation in NBRIP
medium.

Focusing on IAA production by the yeast Y35, an increase in [AA concentration during
528 hours of a complementary analysis was observed, reaching a maximum of 13.21 pg
TAA/ml at the end of the experiment after 22 days of growth consistent with the stationary
phase (Fig. 5).

Table 1. Analysis of plant growth-promoting properties performed on microbial isolates.

Strain Burk’s Agar Ca3(PO4)2 Siderophore aximal [AA
solubilisation production g/ml)
S1-2 + + - 7.733
SP-3 - + + 2.969
RP7 - + + 2.824
SP-10 + + 3.283
Y5 - + - 5.217
Y8a + + 1.361
P13b2 - + - 1.335
Y13b + + - 2.419
Y1 + + - 3.130
Identification of isolated microorganis
Eight strains were finally selected f ntifieation and future studies, according to their

PGP properties and better culturability. Altheugh the data obtained from the biochemical
characterization performed with API® tests was absolutely preliminary and could not give
ibuted to complement the information of the

Leucobacter aridi BI GenBank Accession Number MN212958). Regarding the
isolates obtained afte enrichment step, Y5 was identified as Rhodotorula mucilaginosa
k Accession Number MN215307), Y13b as Bacillus toyonensis (NCBI

umber MN215308), P13b2 as Bacillus megaterium (NCBI GenBank
er MN215309) and Y8a as Bacillus safensis (NCBI GenBank Accession
15310).

in mixed culture evaluation

To evaluate potential mixed culture formulations, the results showed that there was a
negative interaction since Y1 did not grow in presence of the other strains. Only in the plate
where Y 13b was swabbed, Y1 grew in a minimal proportion. An inhibition halo around Y8a
culture drops was detected against P13b2 grass. There were no appreciable growth
interferences between P13b2- Y13b -Y5, Y8a-Y13b-Y5 and S1-2, SP-3, RP7 growth over
Y5 surface. In this last case, the evaluation was made only using strain Y5 because of being
a yeast with typical inhibitory characteristics against other microorganisms, as already
described in literature [30, 31].
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Figure 4. Indole-3- Acetic Acid production kinetics assay o ical tolerant isolates:
Y1, Y5, Y8a, Y13b and P13b2 were obtained after the enric sawhile S1-2, SP-3, RP7 and
SP-10 resulted from Soil Agar ¢ :

A

X Kinetics of Indole-3- Acetic Acid production for Rhodotorula mucilaginosa Y5
extended to 22 incubation days.

DISCUSSION

References about environmental isolates, with evident combination of PGP properties
as in this study, are insufficient. Even though there are reports about the diverse capacities
and functions of the strains in environment, they are not focused on the direct applications
of PGP microorganisms on horticultural soils as in this case [32, 33].

PCA and Soil Agar counts were significantly different, evidencing the nutritional
conditions to which microorganisms were exposed at. PCA is a rich culture medium
allowing growth to culturable copiotrophs microorganisms while Soil Agar reproduced the
natural environment selecting culturable oligotrophic microorganisms. Hence, different
culturable soil populations were selected according to their requirements, but not necessarily
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represent the majority of the microbial community members. The “great plate count
anomaly” should be considered when microbial communities belonging to natural samples
are evaluated by this method, since only approximately 0.1-1.0% of the total bacteria can be
enumerated by the plating procedure. In fact, the maximum recovery of heterotrophic
bacteria is 1% of the total direct count using plating procedures from a variety of
oligotrophic to mesotrophic aquatic habitats, including soils as in this case [34]. Despite
these limitations, the enumeration of heterotrophs still contributed to the soil status
information. For example, CFU/g obtained in PCA counts (ca. 10®) are in agreement to other
responses found in literature for polluted soils [35]. Additionally, CFU/g registered in Soil
Agar evidenced the susceptibility of a fraction of the culturable population towards pesticide
exposition, regardless the soil sample.

Interestingly, the enrichment broth constituted a selective step for the 1

and Rhodotorula mucilaginosa. Bacillus megaterium strain P13b2
first mix of pesticides while strains Y13b (B. toyonensis), Y. ¢
mucilaginosa) grew in presence of the other mix. The fac f the strains were
characterized as Bacillus sp. (Phylum Firmicutes) is consi @ ithythe results described by
Kumar et al. [36], who reported that this genus has an advantage over the non-spore formers
such as Pseudomonas, due to spores being obustr and resistant to elevated
temperatures and high concentrations of chemica rence to this study, the presence
of spores could facilitate the developmentfof ne fertilisers in order to improve
horticultural practices. On the other hand, rula yeasts, in particular R. mucilaginosa
-found in extreme environments- wer rte e able to grow using different carbon
sources [37]. These yeasts could be sponsible of pesticide metabolization for example,
since it is known that some genera asi Rhodotorula and Candida can use phenolic
compounds as unique source of ca ains were tested according to their capacity for
producing TAA, solubilising m_phosphate and fixing atmospheric nitrogen. P13b2,
Y3b and Y8a were po in xperiments and Y5 was only negative for nitrogen
isbelofiging to Eukarya Domain.

15 isolated from Soil Agar, three species that belonged to quite

fixation, consistent wi

different taxo ification than the group obtained through the enrichment step
were identifi m were able to solubilise calcium phosphate and to produce IAA,
promisso capacities in which were not reported up to now. On one hand,
Sphin ylum Proteobacteria, Class a-Proteobacteria) is a strain described as

erms of degradation of piretroids and isoproturon [38]. On the other hand,
although'Lettcobacter sp. (Phylum Actinobacteria) has been associated with remediation of
soil ste water contaminated with chrome and nickel [39], Liu et al [40] have proposed
alternative ways for biodegradation of triazines. On a third side, Pseudomonas migulae is
often found in soil isolates, particularly from polluted environments related to mine areas
[41]. Leucobacter aridicollis RP7, which was isolated from Soil Agar in presence of
pesticides, came from the R samples. It is interesting to mention that although this strain
was not originally adapted to pesticides, it has shown a positive growth in their presence.
Beyond this, as it was expected P and Y samples have more isolates with resistance to the
mix of pesticides.

Respecting to Y5 analysis, it is known that yeasts improve crops because of a fast
phosphorus solubilisation, and phytohormones production [42]. So, the efficient rates of
IAA production found in this study - 13.2 pg/ml as maximal concentration achieved in 22
days - are consistent with other reports. In addition, as already mentioned above
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Rhodotorula genus is reportedly capable of metabolizing phenolic compounds [43], so
Rhodotorula mucilaginosa Y5 represents an important tool to complement bioremediation
with biofertilisation techniques in these horticultural soils.

Inhibitory activity was evaluated to know whether the selected strains could coexist in
mixed cultures. Results suggest that isolates from S, Y, P and R soils may be good
alternatives to work on the development of mixed bioinoculants. Particularly, Y1 strain
would not be considered because of its growth inhibition in presence of the other strains. In
consequence, the proposed mixed cultures: a) Bacillus megaterium P13b2- Bacillus
toyonensis Y13b - Rhodotorula mucilaginosa Y5; b) Bacillus safensis Y8a- Bacillus
toyonensis Y 13b- Rhodotorula mucilaginosa Y5 and c) Pseudomonas migulae S1-2 -
Sphingobium yanoikuyae SP-3 - Leucobacter aridicollis RP7 - Rhodotorula mucilaginosa
Y5 would be the chosen candidates for the potential restoration of pesticide contaminated
soils by bioaugmentation procedures.

CONCLUSIONS

After the screening, a total of eight strains were isolated from diffe
soils. Microorganisms were identified as Sphingobium yanoikuyeg

themto secrete siderophores
pesticides that normally are

calcium phosphate, to fix nitrogen (except the yeast), thr
and, on the other hand, were able to resist/metabolize a mix ¢

materials as cell immobilisation ices. inoculants formulated with these
immobilsed native bacteria will contri the quality restoration of these exploited soils
and will allow applying sustainable horticultural practices improving productivity with the
avoidance of an environmental e.
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NOMENC

breviations

PGP plant growth-promoting rhizobacteria

AMBA Buenos Aires Metropolitan Area

ACC 1-Aminocyclopropane-1-Carboxylate

IAA Indole-3- Acetic Acid

T tomato crop plot of Mr. Alejandro Yucra farm

Y plot destined to diverse crops as cabbages,
leek and green onion of Mr. Alejandro Yucra
farm

S strawberry crop plot of Mr. Severino Choque
farm
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P pesticide formulation preparation area of Mr.
Severino Choque farm
R reference grassland close to the productive

plots which was not used for production and
there was no evidence of anthropogenic
perturbations for almost 20 years

IMDEL Local Economic Development Municipal
Institute (Instituto Municipal de Desarrollo
Econémico Local)

PCA Plate Count Agar

CFU/g soil  Colony Forming Units per g soil

P2 deltamethrin and A-cyhalothrin mixture

P1 deltamethrin, abamectin and iprodione

mixture
PGP plant growth-promoting
NBRIP National Botanical Research Institute 0

Phosphorus
TB Tryptone Broth
CTAB cetyltrimethylammonium bromide
PIPES piperazine-N,N'-bis(2-ethanesulfonic acid)
PCR Polymerase Chain Reaction
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