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Chitinase and cellulase production. Two mineral media were 
prepared, containing the following: 0.25 mg/mL NaCl, 1.25 mg/
mL NH4Cl, 3.75 mg/mL KH2PO4, 7.5 mg/mL Na2HPO4, 1mM 
MgSO4, 0.1mM CaCl2, 1.5% agar and either 1% colloidal chitin 
or 1% carboximethylcellulose (CMC). Five mL of a bacterial sus-
pension in 0.85% saline solution were spotted on each medium. 
Inoculated plates were incubated at 25°C for five days and checked 
daily for bacterial growth. Bacterial growth results in the forma-
tion of a clear halo around a colony producing chitinase or cel-
lulose, respectively. The halo size was determined by subtracting 
colony diameter from the total halo diameter.

Protease production. All strains were tested for protease produc-
tion on skim milk agar (Oxoid, United Kingdom) as described 
(Sambrook et al. 2001). Plates were incubated at 25°C for five 
days. The formation of a clear halo around the colony indicates 
protease production. Halo size was determined as described above.

Lipase production. Five mL bacterial suspension was spotted on 
nutrient agar medium containing 1% Tween 80. The plates were 
incubated at 25°C for five days and the presence of insoluble oleic 
acid, indicating lipase activity, was detected by formation of white 
halos around the bacterial colonies. Halo size was determined as 
described above. The plates were checked every day during the 
incubation interval to assess both slow-growing and fast-growing 
bacteria.

Phosphatase production. All isolates were qualitatively tested 
for phosphatise production. Bacterial suspensions (5 mL in 0.85% 
saline solution) were spotted on K10Tπ agar medium (Monds et 
al. 2006) supplemented with 5-bromo-4-chloro-3-indolylphosphate 
(BCIP) (Sigma-Aldrich, St. Louis, MO). The plates were incubated 
five days at 25°C; the positive colonies were scored for blue col-
oration due to cleavage of the substrate BCIP.

Screening for quorum-sensing signals. The detection of quo-
rum-sensing signals was carried out using the bacterial biosensors 
Agrobacterium tumefaciens NT1 (pZLR4) and Chromobacterium 
violaceum CV026. A. tumefaciens NT1 (pZLR4) was used in the 
Petri dish assay as described (Cha et al. 1998) and C. violaceum 
was used in the plate T-streak assay. Bacterial strains were scored 
as AHL producers if they restored violacein production in strain 
CV026 or promoted lacZ transcription in strain NT1 (pZLR4). P. 
chlororaphis strain 30-84 and E. coli strain DH5α were used as 
positive and negative controls, respectively.

Swimming and swarming.  To test the ability of the isolates to 
move, two low-agar media were prepared: swim agar (10 mg/mL 
tryptone, 5 mg/mL NaCl, 3 mg/mL agar) and swarming agar (8 
mg/mL nutrient broth, 5 mg/mL glucose, 5 mg/mL Bacto-Agar). 
Five mL bacterial suspension in 0.85% saline solution were spotted 
in the center of  the plates. After incubation at 25°C for five days, 
the swimming and swarming ability were scored by evaluating 
colony distribution on the medium.

Supplemental Materials and Methods
Screening for biocontrol activity. Seven tests were performed to 
establish the biocontrol potential of each endophyte. Dual-plate 
antagonism tests were conducted in petri dishes containing PDA 
medium (Oxoid) against isolates of the pathogens Botrytis cinerea, 
Botryosphaeria dothidea, Botryosphaeria obtusa, Phaeomoniel-
la chlamydospora, and Phaeoacremonium aleophilum (isolated 
from and infected plant in the field to ensure virulence), causal 
agents of important grapevine diseases and resident in the plant’s 
endosphere. Fungal pathogens were inoculated by placing a 0.5 
cm diam agar plug from the edge of an actively growing colony. 
Control plates were inoculated with the pathogen alone. The plates 
were incubated at 25°C and growth inhibition was scored when 
the control plate was fully covered by fungal hypahe. Strains were 
also tested for their biocontrol activity in vivo against B.cinerea 
and Plasmopara viticola. The test against B. cinerea was per-
formed as follows: 1000 grape berries (cv. Victoria) were surface-
sterilized for 5 min in 0.5% NaOH, then washed three times with 
distilled sterile water and dried. Each berry was stabbed in four 
different points using a sterile scalpel, then sets of five berries 
were submerged in a suspension of bacteria  (1 x 109 cfu/mL) and 
placed in a sterile box. After an overnight incubation at room 
temperature, a suspension of 1 x 106 B. cinerea conidia/mL was 
sprayed on the berries (20 mL each box). After seven days incuba-
tion at room temperature, symptoms of gray mold were observed 
and scored for each of four stab wounds (each berry thus ranking 
0 to 4) for each of the five barriers tested. Appropriate controls 
without biocontrol bacteria or without B. cinerea conidia were 
run. Constant high humidity in each box was provided by soaking 
a few layers of absorbent tissue paper with sterile water.

The test against P. viticola was performed as described (Musetti 
et al. 2006), with minimal changes. Briefly, for each isolate, five 
leaf disks (2 cm diam) were cut from greenhouse-grown grape-
vine leaves, submerged in a bacterial suspension (1 x 109 cfu/
mL) and then placed in a petri dish. After overnight incubation at 
room temperature, a suspension of 4.25 x 105 P. viticola sporangia/
mL distilled water was spayed on the leaf disks. The disks were 
incubated at room temperature for seven days. Inhibition of P. 
viticola sporulation by the tested strains was evaluated by com-
paring the presence or absence of sporulation on test leaf disks 
against the positive control (leaf disks inoculated only with P. 
viticola sprangia). Negative controls were disks treated only with 
distilled sterile water. Constant high humidity in each petri dish 
was provided as described above. Humidity was checked daily 
and tissue paper wetted when necessary.

1-Aminocyclopropane-1-carboxylate (ACC) deaminase activ-
ity. Six tests were performed to establish the biocontrol potential 
of each endophyte. To measure ACC deaminase, DF salt mini-
mal medium was prepared in distilled water as follows: 4 mg/mL 
KH2PO4, 6 mg/mL Na2HPO4, 0.2 mg/mL MgSO4 · 7 H2O, 2 mg/
mL glucose, 2 mg/mL gluconic acid, 2 mg/mL citric acid, and 1% 
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agar. After 15 min in the autoclave, 10 mL of 0.2mm filter-sterilized 
elements solution (0.1 mg/mL H3BO3, 0.1119 mg/mL MnSO4 · 
H2O, 1.246 mg/mL ZnSO4 · 7 H2O, 0.7822 mg/mL CuSO4 · 5 
H2O, and 0.1 mg/mL MoO3) and 10 ml of 0.2 mm filter-sterilized 
Fe solution (10 mg/mL FeSO4 · 7 H2O) were added to 100 mL 
dissolved DF agar. In 48-well sterile plates, 250 mL medium was 
plated and allowed to solidify.  Then, 15 mL 50 mM ACC solution 
(Sigma-Aldrich) was spread on each well. After complete drying, 
5 mL bacteria suspension in 0.85% saline solution was spotted on. 
The 48-well plates were covered with a transparent plastic tape 
and incubated five days at 25°C. If ACC-deaminase was produced, 
bacteria could use ACC as nitrogen source and therefore grow on 
the minimal medium devoid of this element. All colonies growing 
after five days were considered ACC-deaminase producers.

Indole-3-acetic acid (IAA) production. The isolates were grown 
in DF salt minimal broth (4 mg/mL KH2PO4, 6 mg/mL Na2HPO4, 
0.2 mg/mL MgSO4 · 7 H2O, 2 mg/mL glucose, 2 mg/mL gluconic 
acid, 2 mg/mL citric acid)  for two days at 25°C in the presence of 
500 mg/mL L-Tryptophan  (Sigma-Aldrich). Two hundred fifty mL 
bacteria in DF were mixed with 1 mL Salkowski’s reagent (2.0 mL 
0.5M FeCl3 · 6 H2O and 98 mL 35% H2SO4 for 100 mL solution). 
After 30 min incubation at room temperature, development of a 
pink color indicated indole production. The isolates were semi-
quantitatively evaluated for IAA production by visual scoring. A 
score between 0 and 4 was correlated to the color intensity: 0 = no 
color, 1 = light pink, 2 = pink, 3 = dark pink, 4 = very dark pink.

Nitrogen fixation. Malate agar plates were made, consisting of 
0.6 mg/mL K2HPO4, 0.4 mg/mL KH2PO4, 0.2 mg/mL MgSO4 
· 7 H2O, 0.1 mg/mL NaCl, 0.5 mg/mL yeast extract, 5 mg/mL 
DL-malic acid, 4.8 mg/mL KOH, 15 mg/mL FeCl3 · 6 H2O, and 
1.5% agar. After 15 min in the autoclave, 1% v/v bromothymol 
blue (BTB) (Sigma-Aldrich) was added to the medium. Five mL 
bacterial suspension in 0.85% saline solution were spotted on the 
plates (16 strains each) and incubated five days at 25°C. A daily 
check of the plates was made to observe the formation of a blue 
halo around the colonies that indicated nitrogen fixation from air 
to the medium by bacteria. No nitrogen sources were present in 
the medium before the bacteria growth. Halo size was determined 
by subtracting colony diameter from the total diameter.

Phosphate solubilization. NBRIP medium was prepared consist-
ing of 20 mg/mL glucose, 5 mg/mL Ca3(PO4)2, 5 mg/mL MgCl2 · 
6 H2O, 0.25 mg/mL MgSO4 · 7 H2O, 0.2 mg/mL KCl, 0.1 mg/mL 

(NH4)2SO4, and 1.5% agar. Five mL bacterial suspension in 0.85% 
saline solution were spotted on the plates (16 strains each) and in-
cubated five days at 25°C. The presence of a (blue) halo indicated 
the phosphate-solubilizing strains and plates were checked daily 
during the five days of incubation.

Siderophore production. Chrome azurole S (CAS) agar was pre-
pared from four solutions. The Fe-CAS indicator solution (solution 
1) was prepared mixing by 10mL of 1 mM FeCl3 · 6 H2O in 10 
mM HCl with 50 mL of an aqueous solution of 1.2 mg/mL CAS 
(Sigma-Aldrich). The dark purple mixture obtained was added 
slowly, with constant stirring, to 40 mL of an aqueous solution 
of 1.82 mg/mL HDTMA (Sigma-Aldrich). The dark blue solution 
obtained was autoclaved 15 min. The buffer solution (solution 2) 
was prepared by dissolving 30.24 g PIPES (Sigma-Aldrich) in 
750 mL of a salt solution containing 0.3 g KH2PO4, 0.5 g NaCI, 
and 1.0 g NH4C1. The pH was adjusted to 6.8 with 50% KOH and 
distilled water was added to a final volume of 800 mL. The solu-
tion was autoclaved 15 min after adding 15 g agar. The elements 
solution (solution 3) contained the following in 70 mL water: 2 
g glucose, 2 g mannitol, 493 mg MgSO4 · 7 H20, 11 mg CaCI2, 
1.17 mg MnSO4 · 7 H20, 1.4 mg H3BO3, 0.04 mg CuSO4 · 5 H20, 
1.2 mg ZnSO4 · 7 H20 , and 1.0 mg Na2MoO4 · 2 H20. After solu-
tion 2 was autoclaved, the solution 3 was added with 30 mL of 
solution 4, which was filter-sterilized 10% w/v Casamino acids. 
These solutions were added to solution 2, and at last to the Fe-CAS 
indicator solution. The final 1 L of CAS agar solution, maintained 
at 60°C to avoid agar solidification, was plated in petri dishes. 
Five mL of bacterial suspension in 0.85% saline solution were 
spotted on the plates (16 strains each) and incubated five days at 
25°C. Development of a yellow-orange halo around the colonies 
indicated siderophore production. Halo size was determined by 
subtracting colony diameter from the total diameter. The plates 
were checked every day during the incubation because the colo-
nies grew at different rates. 

Ammonia (NH3) production. The testing strains were grown in 
1 mL peptone water (10 mg/mL peptone and 5 mg/mL NaCl in 
distilled water) for two days at 25°C. Fifty mL Nessler’s reagent 
(Fluka, Sigma-Aldrich) was added. After 30 min incubation at 
room temperature, development of a yellow to brown color in-
dicated ammonia production. A semi-quantitative determination 
was performed visually using a three-level scale in which 0 = no 
color change, 1 = yellow color, and 2 = brown color.


