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Abstract 
 
The microbial antagonists represent natural means to combat the phytopathogens in order to obtain healthy crops. The 
abiotic factors such as temperature, pH, NaCl concentration in the growth medium and medium composition have 
decisive influence on the existence and development of microorganisms. Here are presented the results of the influence 
of these factors on development of Pseudomonas sp. and Bacillus sp. strains. Two of these strains, B1 and Bm, identified 
as Pseudomonas putida respectively Bacillus mycoides were recently isolated and showed remarkable activity in in vitro 
biocontrol of the phytopathogens Erwnia carotovora and Xanthomonas campestris. During experiments were tested, in 
the same conditions, two other strains Bacillus subtilis ICCF 84 and Pseudomonas putida ICCF 391 from Culture 
Collection of Industrial Importance Microorganisms (CMII). To study the influence of abiotic factors were chosen five 
values of temperature, five for the pH and five values for concentration of NaCl from medium. The best results 
regarding microbial growth were obtained for temperature values of 28 and 32°C, NaCl concentration in the culture 
medium between 0.5-4% and the pH between 5 and 8. Regarding the composition of the culture medium, of the four 
types of media, the best for the antagonists growth and development proved to be the medium M44 containing yeast 
extract, peptone and glycerol. 
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INTRODUCTION 
 
Biological control of phytopathogenic 
microorganisms that can induce plants diseases 
and cause important economic losses can be 
accomplished by using microbial antagonists 
(Pamfil et al., 2008).  
In order to be able to exercise their action in 
combating the phytopathogens, the microbial 
antagonists or beneficial microorganisms 
require certain conditions for growth and de-
velopment (Davies and Whitbread, 1989). The 
abiotic factors such as temperature, pH, NaCl 
concentration in the growth medium and 
medium composition have decisive influence 
on the existence and development of 
microorganisms (Strickland and Rousk, 2010; 
Gao et al., 2012). In this situation is needed a 
good knowledge of abiotic factors which favors 
or unfavor the biocontrol agents (Ownley, 2003) 
in supporting the health and growth of the 
plants (Nihorimbere et al., 2011). 

Here we investigated several factors that have 
decisive influence in development of some 
strains from the genera Pseudomonas and 
Bacillus that showed remarkable antagonistic 
activity in in vitro experiments. 
 
MATERIALS AND METHODS 
 
Growth media and cultivation conditions 
Studies on the influence of abiotic factors such 
as temperature, pH, NaCl concentration in the 
growth medium and medium composition, 
were performed in laboratory conditions. 
For temperature were chosen the values: 5°C, 
16°C, 28°C, 32°C and 37°C.  
The influence of pH on strains development 
was studied for values between 5 and 9. The 
NaCl concentration in the growth medium had 
next values: 0.5%, 1.0%, 2.0%, 4.0%, and 8.0%. 
Regarding the composition of the medium were 
investigated four recipes, detailed in CMII 
catalog:  
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1.5 g % agar, 0.5 g % NaCl),  
- YMPG (yeast extract 0.3 g%, malt extract 0.3 
g %, peptone 0.5 g %, glucose 1.0 g %, agar 2.0 
g %),  
- PDA (potato infusion 20.0 g %, dextrose 2.0 
g %, agar 2.0 g %),  
- M44 (yeast extract 1.00%, bacteriological 
peptone 1.00%, glycerol 5.00%, agar 2.00%).  
A broth medium with the same composition 
was used for submerged fermentation. Specific 
parameters like optical density, pH and the 
biomass amounts were regularly controlled. 
All culture media were prepared with distilled 
water, pH adjusted and sterilized for 15 
minutes at 121°C. 
 
Biologic material 
For experiments were used four microbial 
strains (that showed remarkable antagonistic 
activity in in vitro experiments) as it follows: 
- B1 and Bm, newly isolated and identified as 
Pseudomonas putida respectively Bacillus 
mycoides.  
- Bacillus subtilis ICCF 84 and Pseudomonas 
putida ICCF 391 from Culture Collection of 
Industrial Importance Microorganisms (CMII) 
of the National Institute for Chemical- 
Pharmaceutical Research and Development, 
Bucharest.  
For studying the influence of the temperature, 
pH and NaCl concentration, the bacterial 
strains were developed for 48-72 hours on NA 
medium. When the strains development on 
different recipes of medium was studied, the 
microogranisms were allowed to grow for 
48-72 hours at 30°C. 
 
RESULTS AND DISCUSSIONS 
 
All the abiotic factors included in this study are 
very important for microbial growth and 
development. For best action in controlling the 
phytopathogenous microorganisms, the 
biocontrol agents should have certain 
characteristics like: resistance under extreme 
temperature (frost or heat), development at 
different values of pH and of NaCl 
concentrations, versatility to metabolize the 
nutrients from the environment.  
As it shows in table 1, the optimal temperatures 
for the growth of the antagonists are situated 

between 28-32°C, but there have grown as well 
at temperatures below 28°C, and also at 37°C.  
 

Table 1. The influence of temperature on growth and 
development of the microbial antagonists 

Microbial 
strain 

Temperature 
5°C 16°C 28°C 32°C 37°

C 
B1 + ++ +++ +++ +++ 

Bm + ++ +++ +++ +++ 

P. putida + ++ +++ +++ ++ 

B. subtilis + ++ +++ +++ +++ 

Legend: “+”=minimal growth; “++”=good growth; 
“+++”=very good growth. 
 
For all five values of pH, the strains Bm and B. 
subtilis ICCF 84 were very good developed 
(see table 2). 
 

Table 2. The influence of pH on growth and 
development of the microbial antagonists 

Microbial 
strain 

pH 
5 6 7 8 9 

B1 + ++ ++ + - 

Bm +++ +++ +++ +++ +++ 

P. putida + ++ +++ ++ ++ 

B. subtilis +++ +++ +++ +++ +++ 

Legend: “+”=minimal growth; “++”=good growth; 
“+++”=very good growth; “-” =no growth. 
 
At concentrations of NaCl in the growth 
medium between 0.5-4.0%, all the strains were 
developed well (see table 3), but none was 
developed at the 8.0% concentration. 
 
Table 3. The influence of NaCl concentration on growth 

and development of the microbial antagonists 
Microbial 

strain 
NaCl concentration 

0.5% 1% 2% 4% 8% 
B1 ++ ++ ++ + - 

Bm +++ +++ +++ +++ - 

P. putida +++ +++ +++ ++ - 

B. subtilis +++ +++ +++ +++ +++ 

Legend: “+”=minimal growth; “++”=good growth; 
“+++”=very good growth; “-” =no growth. 
 
Regarding the composition of the culture 
medium (see table 4), of the four types of 
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media (NA, YMPG, PDA, M44), the best for 
the antagonists growth and development proved 
to be the medium M44 containing yeast extract, 
peptone and glycerol. On this medium all the 
strains grew in less than 48 h.  
A broth medium with the same composition (as 
M44) was used for submerged fermentation 
(data not shown). Interestingly those after 62 h 
the values of optical density were still growing, 
and at the end of the bioprocess were obtained 
significant biomass amounts. 
 
Table 3. The influence of the culture medium on growth 

and development of the microbial antagonists 
Microbial 

strain 
Culture medium 

NA YMPG PDA M44 
B1 + ++ + +++ 

Bm +++ +++ +++ +++ 

P. putida ++ ++ ++ +++ 

B. subtilis +++ +++ +++ +++ 

Legend: “+”=minimal growth; “++”=good growth; 
“+++”=very good growth. 
 
CONCLUSIONS 
 
The results of the influence of abiotic factors 
on the development of strains B1 and Bm, 
identified as Pseudomonas putida respectively 
Bacillus mycoides, were very good in terms of 
adaptability at different values of temperature, 
pH, concentration of NaCl. During experiments 
were tested, in the same conditions, two other 
strains Bacillus subtilis ICCF 84 and 
Pseudomonas putida ICCF 391 for which were 
obtained similar results. 
The best results regarding microbial growth 
were obtained for temperature values of 28 and 
32°C, NaCl concentration in the culture 
medium between 0.5-4% and the pH between 5 
and 8. Regarding the composition of the culture 
medium, of the four types of media, the best for 

the antagonists growth and development proved 
to be the medium M44 containing yeast extract, 
peptone and glycerol. These results encourages 
us to affirm that all strains used in this study 
could be suitable as antagonists as they can 
resist in such conditions of the environment 
similar to those studied here. 
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Abstract 
 
Grape must originated from American hybrids Vitis labrusca (first generation) were analyzed by Gas 
Chromatography/Mass Spectrometry (GC/MS) and Gas Chromatography/Olfactometry (GC/O) to identify the main 
compounds that characterize aroma of these vine varieties. 
Were detected a number of 29 compounds, from which 23 were identify as: volatile aldehydes and acids, ketones, 
esters, alcohols, terpenes. The responsible compounds with the specific character of grape labrusca are o-
Aminoacetophenone, compound which give that foxy aroma of these hybrids and 2,5-dimethyl tetra hydro (2H)-3-
furanone, known for having that sweet candy and candy-floss aroma. Other compounds identified in higher 
concentrations were the hydroxyl esters, they contributed at that “fruity” character of labrusca grapes. 
 
Key words: Chromatography/Mass Spectrometry, Olfactometry, grape hybrids, Vitis labrusca. 
 
INTRODUCTION 
 
Romania is well known and appreciated for her 
wines, occupying 13th in world rankings of 
winemakers, with approximate 5 million hl of 
annual wine product. Cultivated area of noble 
vine has 243.000 ha, of which about 200.000 ha 
is an area of vines dedicated for wine production. 
However a huge area of vines, cultivated exclu-
sively on amateur winegrowers lands (in 
particular from village areas) is represented by 
older vines belonging to the American species 
(interspecific hybrids). 
The interspecific hybrids divided by genera-
tion, in American old hybrids (first generation), 
represented by varieties brought from the 
American continent, created before the inva-
sion of phylloxera in Europe: Noah, Isabelle, 
Lidia, Delaware, Othello etc; Euro x American 
hybrids (second generation, result of crossing 
between hybrids from first generation with 
noble vines): Seibel 1, Seibel 1000, Terras 20, 
Rayon d’or etc, to which adds varieties with 
biological resistance, resulted from multiple 
crossings between noble vines with American 
hybrids (Grecu V., 2010). 
The biggest areas belong to amateur wine-
growers from villages, are cultivated with 
hybrids from first and second generation. There 

are many studies about grape flavor of Vitis 
vinifera, as those which aim the interspecific 
hybrids cultivated on the American continent, but 
there is no research on flavor of older inter-
specific hybrids cultivated in Romania (Allen M. 
et all., 1991; Visan L. et al., 2007; 2015).  
Gas Chromatography/Olfactometry methods 
(GC/O) have been used in aroma research and 
enable the determination of odor-active 
compounds in food (Williams P. J. and Allen 
M. S., 1996; Tominaga T. et all. 1998; 2000). 
Olfactometric techniques, aroma extract 
dilution analysis (AEDA) and Charm analysis 
are commonly applied in characterization of 
aromatic compounds in foods, inclusively in 
juices, grape must and wine (Serot Th., 2001). 
In AEDA dilutions in series of aromatic extract 
are analyzed through Gas Chromatography/ 
Olfactometry methods (GC/O) to determine the 
dilution factor of flavor. 
Our studies have focused on identifying and 
characterizing of aromatic volatile compounds  
from first generation of hybrids must, resulting 
from crossing American species Vitis labrusca 
with Vitis vinifera (V.labrusca x V. vinifera), 
using the continuous extraction liquid-liquid 
and identification of the aromatic compounds 
specific of these hybrids through AEDA 
method. 




