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Soil Microbiota in a Sustainable Olive Orchard

field trial and not to single plots (Bacon and Hudson, 2001;
Tian et al., 2004).

Total and Specific Microbial Counts

Three replicates of 5-g subsamples (dry weight equivalent)
of each soil sample were suspended in 45 mL sterile 0.1%
sodium pyrophosphate one quaner—mngﬁl Ringer so[utmn
(225gNaCIL™',0.105 g KCIL™",0.045g CaCl, L™, 0.05 g
NaHCO; L', and 0.034 g citric acid L ) and sonicated for
2 min to dlspcrsc micrabial cells. Ten-fold serial dilutions of
the supernatants were made in sterile Ringer solution. Aliquots
were spread plated in triplicate on 1:10 suength tryptic soy
agar medium amended with 0.1 mg mL ™" cycloheximide for
bacterial counting, and moculaled in malt extract agar mcdlum
containing 0.03 mg mL ™" streptomycin and 0.02 mg mL ™! tet-
racycline (Lorch et al., 1998) in triplicate for fungal counting.
Counting took place after suitable incubation period (72 h for
bacteria and 120 h for fungi) at 28 °C.

Actinomycetes were isolated by using modified casein
stnrch agar (Table 2) supplemented with 0.12 mg cycloheximide

! (Sigma Aldrich, New York, NY). Azotobacter species

were isolated by modlﬁed Brown substrate, whereas proteolytic
bacteria were quantified by the MPN method in a culture me-
dium containing gelatin (Oxoid Lim, Hampshire, UK) (Table 2).
Ammonifying bacteria were isolated in a liquid culture medi-
um containing asparagine (Table 2) and incubated at 28 °C
for 15 days. Successively, the presence of ammonium was
revealed by Nessler reagent prepared by adding 50 g Hg,I and
36.5 g KI, previously ground in a mortar to 150 g KOH in | L
bidistilled water. Pseudomonas was cultured on Pseudomonas
agar base medium (Oxoid) with the addition of Pseudomonas
C-N supplement (Oxoid).

Polymerase Chain Reaction and DGGE

A direct method was used for DNA and RNA extraction
from soil samples by a bead beater system. Samples of 500 mg
of soil were processed by FastDNA Spin Kit for Soil (MP
Biomedicals, Cleveland, OH) and RNA Power Soil Isolation
Kit (MoBio, Carlsbad, CA). DNA and RNA extracts were stored
at —20 °C and —80 °C, respectively. Nucleic acids quantity and
quality were assayed on 0.7% agarose gel containing 0.5 pgmL™
ethidium bromide. Extracted RNA was retrotranscribed to
¢-DNA by RETROscript First Strand Synthesis Kit for reverse
transcription polymerase chain reaction (Ambion, Austin, TX),
DNA and c-DNA were amplified in a PCR thermocycler (Bio-
Rad Laboratories, Hercules, CA) with the following primer
pairs (MWG-Biotech AG, Germany): (i) 968F-1401R for the 165
rDNA gene and (ii) FR1-GC and FF390 for the /8S rDNA gene.
The PCR amplifications were performed according to Crecchio et
al. (2004). Amplification products were checkcd by electropho-
resis on 1.5% agarose gel run at 10 V. cm ™' in 0.5x TBE buffer
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FIG. 1. Total cultural bacterial (A), fungal (B), and

actinomycetes (C) counts in the three treatments: conventional
([CT] white bars), sustainable under the drippers ([ST-WET]

gray bars), sustainable in the interrow area ([ST-INTER] black bars),
The values represent the average (+ 5.D.) of three independent
replicates for each soil treatment. Significance levels,

*P<0.05; **P < 0.01; ***P < 0.001.

and stained by ethidium bromide, using a low-range ladder (1,000~
80 bp; Fermentas, Glen Burnie, MD).

The DGGE analysis was performed by the Bio-Rad DCode
Universal Mutation detection System (Bio-Rad Laboratories).
The PCR products (10 pL) were loaded into 6% (165 rDNA
amplicons) or 8% (18S rDNA amplicons) polyacrylamide gel
(37.5:1 acrylamide:bisacrylamide) with a urea-formamide par-
allel gradient (45%—60% for 16S rDNA and 30%-60% for 185
rDNA amplicons). Bacterial amplicons were separated by elec-
trophoresis in 1x TAE buffer at 60 °C and at a constant voltage

TABLE 3. Fruit Characteristics and Pulp-to-Stone Ratio (Mean 2001-2006 + $.D.) in ST and CT

Parameter Unit of Measure ST CT

Fruit fresh weight g 3.8 +0.92* 23+078
Longitudinal fruit diameter mm 23217+ 20 +2.88
Equatorial fruit diameter mm 17 £ 1.66* 14 £ 1.79
Pulp % on fresh weight basis 85 + 3.89* 78 £ 5.03
Pulp-to-stone ratio on fresh weight basis 5.8 + 1.54* 38x1.20

Asterisks (*) indicate that the values between ST and CT are significantly different at P < 0.05.

CT, conventional treatment; ST, sustainable treatment.
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FIG. 2. Ammonifying bacteria (A), proteolytic bacteria (B), Azotobacter (C), and Pseudomonas (D) in the three treatments:
conventional ([CT] white bars), sustainable under the drippers ([ST-WET] gray bars), sustainable in the interrow area ([ST-INTER]

black bars). Statistics as in Fig. 1.

of 75 V for 15 h. Fungal amplicons were separated by elec-
trophoresis in 1% TAE buffer at 60 °C at a constant voltage of
75 V for 18 h. Sybr Green l-stained gels were photographed
with Bio-Rad Gel Doc 2000 documentation system (Bio-Rad
Laboratories).

Microbial Community Metabolic Profiles (Biolog)

Sole carbon source utilization patterns of soil microbial
communities, also called CLPP, were assessed using the Biolog
96-well Eco-Microplates (AES Laboratoire, Combourg, France),
containing 31 different carbon sources, with three replicates per
treatment. Data were analyzed to determine metabolic diversity
indices, including average well color development (AWCD, the
mean of the blanked absorbance values for all the substrates that
provides a measure of total cultural bacterial activity), Shannon
substrate diversity index (H'), substrate evenness (E, equitability of
activities across all used substrates), and substrate richness (S, the
number of used substrates) (Zak et al., 1994). The microplates
were incubated at 25 °C in the dark, and color development

A 168 rDNA
p s 3 v %
| i STANTER
lul E i i W STWET
i cT
B 168 rRNA
) s $ 8
~F etamer

Lag cr
i ST-WET

was measured as optical density at 590 nm every 24 h during a
144-h period using a Microplate E-Max Reader (Bio-Rad) with a
E590-nm wavelength filter. The data were collected by the
Microlog 4.01 software (Biolog, Hayward, CA). The substrate
utilization profiles were analyzed on well-absorbance values at
the 120-h observation period.

Fingerprints and Statistical Analyses

Genetic fingerprints were analyzed with the Bionumerics
software version 4.5 (Applied Maths, Belgium). The normali-
zation of the profiles in each lane was carried out by loading a
standard reference pattern in three different points of the dena-
turing gel. Profile comparison and clustering were performed by
applying the unweighted pair-group method using arithmetic
average algorithm based on the Pearson correlation coefficient
(Boon et al., 2002).

The values of total and specific microbial groups and Biolog
metabolic indices (AWCD, H', E, and S) were treated by analysis
of variance using two predefined contrasts: (i) CT versus STWET
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FIG. 3. Genetic 165 DGGE fingerprints of soll bacterial communities (A, B) and functional 185 DGGE fingerprints of soil fungal
communities (C, D) in the three treatments: conventional (CT), sustainable under the drippers (ST-WET), sustainable in the interrow
area (ST-INTER), Clustering was carried out using the unweighted pair-group method using arithmetic average method based on the

Pearson correlation coefficient.
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FIG. 4. A, Average well color development (AWCD), (B) Shannon's substrate diversity index (H), (C) substrate evenness (E), and (D)
substrate richness (5) in the three treatments: conventional ([CT] white bars), sustainable under the drippers ([ST-WET] gray bars),
sustainable in the interrow area ([ST-INTER] black bars). Statistics as in Fig. 1.
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FIG. 5. Ordination biplot of principal component (PC) analysis of soil bacterial communities catabolic activity (conventional treatment
[CT}; sustainable under the drippers [ST-WET]; sustainable in the interrow area [ST-INTER]). The 31 different carbon sources were

indicated.
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