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Abstract. Increased soil salinization may be caused by a natural (e.g. climate change) and anthropogenic (e.g. improper fertilization 
and irrigation of agricultural land) factors. The submitted work assumes that microorganisms associated with plant halophytes have 
a unique metabolic properties that can stimulate plant growth under salt stress.
The aim of the study was to determine the abundance and metabolic biodiversity of endophytic and rhizosphere microorganisms 
co-existing with Aster tripolium L. and compare them with the properties of soil microorganisms not affected by plant roots at a salty 
meadows in the vicinity of a soda factory (central Poland). In order to select halotolerant and halophilic microorganisms culture me-
dium was enriched with various concentrations of NaCl (0, 100, 200, 400, 600 mM NaCl). Total metabolic activity of endophytic, 
rhizosphere and soil populations was measured to compare the community-level physiological profiles.
Results of our study revealed that bacterial and fungal density increased in the following order: endophytes < soil < rhizosphere. Only 
the highest concentration (600 mM) of NaCl decreased the number of microorganisms. The highest total microbial metabolic activity 
was observed for the rhizosphere, while the activity of endophytes was higher compare to soil populations. To carbon sources which 
significantly differentiated zones belonged: D-lactose, 4-hydroxybenzoic acid and L-asparagine.
The results are preliminary studies leading to the development of inoculum based on selected microbial halotolerant and halophilic 
strains which can be used in agriculture and/or recultivation of saline soils.

Key words: salinity, inland salt marsh, endophytes, rhizosphere microorganisms, BIOLOG EcoPlates.

Ecological Questions 18/2013: 9 – 19

1. Introduction

Salinization is one of the most widespread processes of soil 
degradation on the Earth (Ladeiro 2012). Increase of areas 
with salt-affected soils results in a decrease of productivi-
ty, deterioration of environmental health and as the conse-
quence the reduction of economic benefits in agriculture 
(Silva & Fay 2012; Ramadoss et al. 2013). Food and Agri-
culture Organization (FAO 2008) reported that the problem 
of soil salinity affects over 6% (800 million hectares) of the 
world’s land (saline soil – 3.1%, sodic soil – 3.4%) (Bianco 
& Defez 2011). Salinity can be a consequence of natural 

(e.g., geological, hydrological and pedological processes, 
climate changes and water management) and anthropogen-
ic (e.g., improper methods of irrigation and fertilization, 
deforestation, pollution by chemicals) factors (Evelin et al. 
2009; Bianco & Defez 2011). The saline soil is considered 
when the electrical conductivity (EC) of the soil solution 
is over 4 dS·m-1 (equivalent to 40 mM NaCl) (El-Swai-
fy 2000). This level of salinity can significantly limit the 
growth and development of most plants (El-Swaify 2000). 

Salt-resistant or salt-tolerant plants belong to the group 
of halophytes. This small group of plants consists only of 
few plant species which can grow in extremely unfavoura-
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ble conditions, e.g.: salt marshes, estuaries, cliffs, dunes or 
deserts (Gago et al. 2011). The unique properties of these 
plants can be applied in many industrial and ecological 
processes (Gago et al. 2011) and from this point of view 
constitute a new potential in modern technologies used in 
agriculture and/or environmental protection. Halophytes 
have evolved several adaptive mechanisms which allow 
them to overcome saline stress (Silva & Fay 2012). To 
the basic mechanisms of their adaptation belong e.g., pro-
duction of compounds increasing osmotic pressure in the 
cytoplasm and/or the exclusion of Na+ from the plant cells. 
Moreover, indirect mechanisms (analyzed in this work) are 
considered as association of plants with endophytic and 
rhizosphere microorganisms which can improve plant 
growth in stress conditions (Sgroy et al. 2009). 

Sea aster (Aster tripolium L.) is a perennial halophyte 
from the family of Asteraceae (Andersone et al. 2012) 
growing in Europe at areas with a  wide range of salini-
ty (concentration of 150-300 mM NaCl limits its growth) 
(Neto et al. 2006). A. tripolium belongs to the group of pro-
tected plant species (Kepel et al. 2013). Due to the high ge-
netic variability of this plant and in the consequence of its 
physiological adaptation to changing environmental condi-
tions this species is considered as a model plant in the in-
vestigation of salt stress (Andersone et al. 2012). Sea aster 
belongs to human consumption plants due to the high con-
tent of beneficial compounds e.g.: carbohydrates, proteins, 
calcium, potassium, magnesium, iron, manganese, copper, 
vitamin C, beta-carotene and fiber (Gago et al. 2011).

Plant productivity, especially at unfavorable areas, de-
pends mostly on the level of available nutrients, which is 
closely related to microbiological processes of synthesis 
and mineralization, causing increased amount of organic 
matter in the soil (Moradi et al. 2011). Microorganisms as-
sociated with the rhizosphere or interior of plant roots (en-
dophytes) may contribute to the promotion of plant growth 
in stress conditions. However, high salinity of the soil can 
affect the abundance and metabolic activity of soil micro-
organisms (Glick 2012). Some microorganisms evolved 
mechanisms of osmoadaptation that allow them to survive 
under saline conditions (Upadhyay et al. 2012). Halotole
rant microorganisms can accumulate in the cytoplasm os-
moprotectants i.e. sugars, free amino acids, quaternary am-
monium compounds, which can be synthesized de novo or 
uptaken from the environment (Gontia-Mishra & Sharma 
2012). Microorganisms can also alleviate salt stress of host 
plants by production of exopolysaccharides (EPS) and/or 
biofilm formation, what correlate with the restriction of 
sodium uptake by plants (Milosević et al. 2012). Moreover, 
some rhizosphere and endophytic microorganisms associa
ted with agricultural plant can promote plant growth by in-
creased availability of nutrients e.g. phosphorus, nitrogen, 
iron and synthesis of phytohormones (indole-3 acetic acid, 

gibberellic acid, cytokinin) or biological control of disease 
(Kloepper et al. 1999; Sgroy et al. 2009). 

The aim of our study was to evaluate the abundance 
and metabolic activity of microorganisms (bacteria and 
fungi) associated with roots (endophytes) and rhizosphere 
of A. tripolium L. growing at salt-affected site and com-
pare with soil microorganisms not affected by plants. We 
hypothesized that halophytes can stimulate the density and 
activity of microbial populations associated with their roots 
in the saline soil and well adapted group of halotolerant mi-
croorganisms possesses unique metabolic properties which 
can influence the growth of host plants under salt stress.

2. Materials and methods

2.1. Site description, test plant and sampling

The test site was localized in the central part of Poland 
at the meadows in the vicinity of a  soda factory (Soda 
Poland CIECH SA) in Inowrocław (N 52°48, E 18°15). 
The factory was founded in 1879 and works till today. Im-
proper storage of industrial wastes from soda production, 
wastewater infiltrated into the soil led to the land degra-
dation causing its alkalinization and salinization (Piernik 
2006). Meadows are located in a short distance from the 
factory and are characterized by heterogeneous soil salini-
ty. A large part of these salt meadows is rich in halophytic 
plant species: Aster tripolium, Salicornia europaea, Sper-
gularia salina, Glaux maritima, Triglochin maritimum, 
Puccinellia distans and Atriplex prostrata ssp. prostrata 
var. salina, while less saline areas are inhabited by: Bol-
boschoenus maritimus, Lotus tenuis, Tetragonolobus mar-
itimus, Festuca rubra and Trifolium fragiferum. Based on 
Polish soil classification, the soil was classified as miner-
al-organic (org. matter: 10-20%). Salinity was related to 
the presence of chloride anions (Cl- >> SO4

2-> HCO3
-) and 

calcium cations (Ca2+ > Na+ >> Mg2+ > K+) (Piernik 2012). 
Salinity values measured at the test site as electrical con-
ductivity of a saturated extract (ECe) was 55 dS·m-1 (550 
mM NaCl) (October 2012). Material for research – five 
samples of A. tripolium L. (shoots and roots with adjacent 
soil: 20  cm x 20  cm x 20  cm soil cubes) and three soil 
samples from the area devoid of any plants was collected 
in autumn 2012 by using sterile tools and placed in a sep-
arate plastic bags to avoid contamination. Samples were 
transported to the laboratory and analyzed immediately. 

2.2. Isolation and quantification of bacterial  
and fungal strains

Microorganisms were isolated from three zones: the inte-
rior of plant roots (endophytes – E), the rhizosphere (soil 
closely adjacent to the roots – R), and soil (not affected 
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by plant growth – S). Samples were averaged in sterile lab 
conditions and one representative sample (10 g) for each 
zone was taken for further analysis. Plant roots were sepa-
rated and washed thoroughly with 2% NaCl solution, dried 
using sterile filter paper, weighed and placed in a  sterile 
flask. Then, roots were surface sterilized in 100 ml of 15% 
hydrogen peroxide by shaking (5 min). After three times 
of washing with 100 ml of 2% NaCl solution roots were 
placed in a sterile mortar and homogenized with the use of 
a sterile pestle. The obtained material was a starting sample 
for preparation of serial dilutions. The liquid obtained af-
ter the second washing was used to assess the sterilization 
process. Only successfully sterilized roots were used to 
examine the density of endophytes. To estimate the den-
sity of microorganisms inhabiting three analyzed zones of 
isolation: roots – endophytes [E], rhizosphere [R], soil [S], 
serial dilutions technique (10-1 to 10-5) in 2% NaCl solution 
was used. To evaluate the growth rate of microorganisms 
three different solid media were used: nutrient agar (Dif-
co) and R2A medium (Difco) supplemented with nysta-
tin (100 mg/l) – for determination of bacteria and Martin 
medium (BTL) supplemented with tetracycline (30 mg/l) 
– for determination of fungi. For selection and determi-
nation of the total number of halophilic and halotolerant 
microorganisms various concentrations of NaCl (0, 100, 
200, 400, 600 mM) were used in solid media. Halotolerant 
microorganisms can grow under salt stress (to 200 mM 
NaCl) but does not necessarily require salinity for growth, 
and halophilic microorganisms require osmotic stress to 
survive (Oren 2006). To assess bacterial density, different 
dilution ranges were used (E: 10-1 and 10-2, R: 10-4 and 10-

5, S: 10-3 and 10-4). For each variant of experiment three 
replications (360 plates in total) were used. To asses fungal 
density only two different dilutions (E, R and S – 10-1 and 
10-2) were used and carried out in three replications (180 
plates in total). 

Bacteria and fungi were incubated for 7 days at 26°C. 
The number of colonies of microorganisms was estimated 
twice: at 3 and 7 days. For analysis of the results one repre-
sentative dilution (number of microbial colonies on a Petri 
dish in the range 30-300) for each investigated variant was 
selected. The number of microorganisms was expressed as 
a colony forming units (c.f.u.) per gram of dry biomass/soil. 
Based on morphological features 60 bacterial and 40 fungal 
colonies were selected and subjected to 16S rDNA (bacte-
ria) and ITS (fungi) identification prior to further studies.

2.3. Total metabolic activity of microbial populations

Determination of the total metabolic activity was carried 
out for three analyzed variants of experiment: E, R, S. 
Analysis was performed by phenotype microarray tech-
nique using BIOLOG EcoPlatesTM. EcoPlates contain 31 
various carbon substrates (most commonly metabolized by 

environmental microbes) and a control well (without a car-
bon source) in three replications (Classen et al. 2003). Test-
ed carbon sources belong to seven groups of compounds: 
(1) amino acids, (2) carbohydrates, (3) carboxylic acids, 
(4) phenolic acids, (5) polymeric, (6) amines and amides, 
(7) miscellaneous (Campbell et al. 1997). This method is 
used to study the metabolic activity of heterotrophic micro-
bial populations (Merkl & Schultze-Kraft 2006). Capacity 
and level of utilization of various carbon sources by micro-
bial communities allow to generate a physiological profile 
(community-level physiological profiles – CLPP), referred 
as the metabolic fingerprinting (Frąc et al. 2012). Increased 
metabolic activity of microorganisms in the presence of 
specific carbon source results in a  violet color, which is 
a consequence of the reduction of tetrazolium violet to pur-
ple colored formazan. 

For inoculation BIOLOG EcoPlates one selected dilu-
tion (10-3, serial dilutions were prepared in 2% NaCl) was 
used. The suspension for inoculation was placed in sterile 
Petri dishes and aliquots (150 µl) were applied onto the 
microarray plates and incubated for 7 days at 26°C. The 
optical density (absorbance at 590 nm) in the wells was 
measured at 24-hour intervals using Biolog Micro Station 
plate reader.

The total metabolic activity of microbial populations 
isolated from the three zones of isolation (E, R, S) was 
expressed as Average Well Color Development (AWCD). 
AWCD value refers to the total metabolic activity of mi-
croorganisms isolated from the specified source, and has 
been calculated according to the formula proposed by Gar-
land and Mills (1991):

AWCD = Σ(C – R)/n,
where: C is the optical density obtained for the well 

containing a  carbon source, R is the absorbance value 
obtained for the control wells, n – number of the tested 
carbon sources (on the EcoPlates n = 31). The difference 
(C – R) is defined as a net absorbance value.

2.4. Statistical analysis

For the determination of differences in the density of bac-
terial and fungal strains depending on the zones of isola-
tion (E, R, S) and a variant of NaCl concentration (0, 100, 
200, 400, 600 mM NaCl) ANOVA with parametric New-
man-Keuls test as post-hoc comparison using Statistica 
software (Statistica ver. 7, Statsoft) were used. Evaluation 
of the ability and level of utilization of different carbon 
sources was carried out by using multivariate statistical 
techniques like a  principal components analysis (PCA) 
and discriminant analysis (CVA). Principal components 
analysis and discriminant analysis were carried out using 
Canoco software (Canoco 4.5 version, ter Braak & Šmi-
lauer 2002).
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3. Results

3.1. Density of microorganisms

All investigated in the experiment factors: zone of isolation 
(E, R, S) and the concentration of 600 mM of NaCl used in 
the culture medium significantly influenced the density of 
bacteria (Table 1, Fig. 1) and fungi (Table 2, Fig. 2). The 
total number of microorganisms isolated from three tested 
zones of isolation: endophytes (E), rhizosphere (R) and soil 
(S) revealed twice-four times higher number of bacteria 
(2.29 to 6.70 log10 c.f.u. per g dry weight) compare to fungi 
(0 to 0.72 log10 c.f.u. per g dry weight). The highest num-
ber of microorganisms was observed in the rhizosphere – 
bacteria: 6.36-6.70 log10 c.f.u. per g dry weight and fungi: 
4.05 to 4.21 log10 c.f.u. per g dry weight, while the lowest 
density was characteristic for endophytes – bacteria: 2.49 
to 3.02 log10 c.f.u. per g dry weight and fungi: 0 to 1.33 
log10 c.f.u. per g dry weight (Table 1 and 2, Fig. 1 and 2). 
Since the contribution of fungi in colonization of roots (E) 
was very low, interpretation of these results should be very 
careful. Density of soil microorganisms for both investi-
gated group of microorganisms (bacteria and fungi) was 
between the levels of the two previously mentioned zones 
(R and E) and obtained for bacteria: 4.10 to 4.57 log10 c.f.u. 
per g dry weight and for fungi: 0.72 to 1.26 log10 c.f.u. per g 
dry weight). We have revealed a significant effect of NaCl 
concentration used in the culture medium on the number 
of isolated microbial strains. In general, the lowest num-
ber of cultivable bacterial and fungal strains was observed 
in 600 mM NaCl concentration (in case of fungi also in 

Table 1.	 ANOVA MS effect, F value and P level for density of 
tested bacteria after 7 days of cultured on R2A medi-
um [c.f.u. (g dry weight)-1] of site, zone of isolation 
and NaCl concentration and Newman-Keuls post hoc 
comparison of amount of fungi. Significant differences 
are marked by different letters 

Parmeter MS effect F p level

(1) Zone 53.711 4300.94 0.000

(2) NaCl 0.072 5.74 0.001

(3) Zone*NaCl 0.021 1.68 0.144

Error 0.096

Newman-Keuls post-hoc comparison

(1) Zone

Endophytes 2.7297 a

Rhizosphere 6.5177 c

Soil 4.4353 b

(2) NaCl

0 4.6611 b

100 4.5985 b

200 4.5972 b

400 4.5405 b

600 4.4240 a

Figure 1.	 The total number of bacteria [expressed as log10 c.f.u. per 1g of dry weight] isolated from 
interior of roots (E), rhizosphere (R) and soil (S) of A. tripolium. Mean values (n=3) ± 
SD for given variants of isolation and NaCl concentrations marked

the concentration 200 of mM NaCl) (Table 1 and 2). This 
might indicate the presence of significantly lower number 
of halophilic bacteria, which are known to survive at high 
salt concentrations.

NaCl concentrations [mM dm-3]
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Table 2.	 ANOVA MS effect, F value and P level for density of 
tested fungi after 7 days of cultured on Martin medi-
um [c.f.u. (g dry weight)-1] of site, zone of isolation 
and NaCl concentration and Newman-Keuls post hoc 
comparison of amount of fungi. Significant differences 
are marked by different letters

Parameter MS effect F p level

(1) Zone 28.257 110.5205 0.000

(2) NaCl 0.391 1.5292 0.001

(3) Zone*NaCl 0.139 0.5455 0.000

Error 0.256

Newman-Keuls post-hoc comparison

(1) Zone

Endophytes 0.5885 b

Rhizosphere 4.1215 c

Soil 1.0562 a

(2) NaCl

0 2.0676 b

100 2.0277 b

200 1.7580 a

400 2.0645 b

600 1.6925 a

3.2. Phenotype microarray analysis

Examination of the total microbial metabolic activity was 
performed by phenotype microarray analysis. Obtained 
results revealed significant differences in AWCD values 
and in kinetics of utilization of different carbon sourc-
es depending on the zone (E, R, S) of isolation (Fig. 3). 
The highest AWCD (measured as the kinetic curve) was 
observed for the rhizosphere microorganisms (0.0013-
0.0410). The total metabolic activity of endophytes was 
at lower level than rhizosphere microorganisms (0.0002-
0.0265) and significantly higher compared to the metabolic 
activity of soil microorganisms (0.0004-0.0119) (R > E > 
S) (Fig. 3). Furthermore, time necessary to initiate enzy-
matic activity by endophytic and soil microorganisms was 
slightly longer (~48-72h) than by rhizosphere microorgan-
isms (~24-48h) (Fig. 3). 

PCA analysis revealed that microbial activity (based 
on the pattern of utilized carbon sources) of populations 
from three analyzed zones (E, R and S) of A. tripolium was 
divided into three distinct groups (Fig. 4). Rhizosphere mi-
croorganisms were positively correlated with the majority 
of investigated carbon sources (13 from 30 investigated in 
total), what suggests their broad potential to exploit differ-
ent nutrients or higher biodiversity of this microbial pop-
ulation. Endophytic and soil microorganisms were found 
to be associated with distinct carbon sources – endophytic 
population was correlated with D-galacturonic acid and 
soil population with 2-hydroxybenzoic acid (Fig. 4). Sepa-
ration of endophytic and soil populations from rhizosphere 
populations and comparative PCA analysis revealed high-

Figure 2.	 The total number of fungi [expressed as log10 c.f.u. per 1g of dry weight] isolated from 
interior of roots (E), rhizosphere (R) and soil (S) of A. tripolium. Mean values (n=3) ± SD

NaCl concentrations [mM dm-3]



14 Sonia Szymańska, Agnieszka Piernik, Katarzyna Hrynkiewicz

Figure 3.	 Kinetics of total metabolic activity of microorganisms associated with roots (endophytes), 
rhizosphere and soil at test site expressed as average well color development (AWCD) and 
measured at 7 different time of incubation 

 

 

Figure 4. PCA ordination results of utilization of different carbon sources by microbial population of 
A. tripolium. R - rhizosphere, E - endophytes, S - soil microorganism 
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Figure 4.	 PCA ordination results of utilization of different carbon sources by microbial population 
of A. tripolium. R – rhizosphere, E – endophytes, S – soil microorganism
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er tendency of endophytes for utilization of amino acids 
(4 of 6 tested), carbohydrates (6 of 7 examined), carbo
xylic acids (5 of 6 tested) and miscellaneous (3 of 3 test-
ed) compare to soil microorganisms. Soil microorganisms 
were positively correlated with all studied polimeric (4 of 
4 tested) (Fig. 5).

Discriminant analysis (CVA) of E, R and S microorgan-
isms was based on the absorbance values obtained for all 
carbon sources. Forward selection procedure and the Mon-
te Carlo permutation test allowed to select 3 carbon sourc-
es significant in differentiation of microbial communities 
from the selected variants (three zones of isolation: E, R, 
E) (Table 3). The most important in discrimination between 
zones were D-lactose, 4-hydroxybenzoic acid and L-as-
paragine, which explain 49.5%, 48% and 1% of the data 
variation, respectively. The significantly higher utilization 
level of D-lactose was observed for rhizosphere popula-
tion, while 4-hydroxybenzoic acid was preferably metabo-
lized by endophytic microorganisms. Significantly higher 
ability for utilization of L-asparagine was characteristic for 
endophytic (E) and rhizosphere microorganisms (R).

Table 3.	 Effect of three different microbial populations (E, R, 
S) on their metabolic properties – discriminant analysis 
(CVA)

Variable
Carbon sources p % variation

explained

(1) D-Lactose 0.010 49.5

(2) 4-Hydroxybenzoic acid 0.004 48

(3) L-Asparagine 0.004 1

4. Discussion

At investigated in our work saline area we have revealed 
significantly higher density of bacteria than fungi, what is 
in line with the results obtained by other authors (Chowd-
hury et al. 2011; Sardinha et al. 2003). This shows a clear 
evidence to a  higher sensitivity of fungi to salinity than 
bacteria. However, shifts in the density of bacterial and 
fungal communities can also be associated with differences 
in soil properties, e.g. soil texture, soil pH and soil nitro-

  
Figure 5. PCA ordination results of utilization of different carbon sources by endophytes (E) and soil 
(S) microbial population of A. tripolium stand 
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Figure 5.	 PCA ordination results of utilization of different carbon sources by endophytes (E) and soil (S) 
microbial population of A. tripolium
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gen availability (Lauber et al. 2008). In general, we have 
observed the lowest number of microorganisms at concen-
tration of 600 mM NaCl, what might be due to their adap-
tation to their natural salinity in the investigated environ-
ment (550 mM NaCl). Negative effect of increased salinity 
on the number of microorganisms was suggested by many 
authors (Milosević et al. 2012; Tripathi et al. 2006).

The results of our study showed significantly higher 
number of microorganisms in the rhizosphere compare to 
other investigated zones: interior of the halophytic roots 
and soil not influenced by any plant. The highest density of 
rhizosphere microorganisms compare to soil microorgan-
isms is typical, as a consequence of exudates secreted by 
plant roots, which contain several valuable for microorgan-
isms nutrients e.g., amino acids, sugars, organic acids, and 
others (Glick 2012; Bianco & Defez 2011). Additionally, 
a wealth of compounds present in the rhizosphere stimulate 
chemotaxis of microorganisms in direction of plant roots 
(Bianco & Defez 2011). Moreover, the highest density of 
rhizosphere microorganisms may be correlated with their 
greatest role in alleviation of abiotic stresses of plants com-
pared to endophytic and soil microorganisms (Milosević et 
al. 2012). The rhizosphere microorganisms can stimulate 
the synthesis of osmoprotectors and heat shock proteins 
by plants in a salt environment (Milosević et al. 2012). It 
was presumed that rhizosphere bacteria can play a pivotal 
role in reducing salt stress of plants by reducing effect of 
physiological drought caused by decreased water availabil-
ity (Upadhyay et al. 2012).

The lowest density of bacteria and fungi we have ob-
served in case of endophytes. This is in line with sugges-
tions of Kloepper et al. (1999) and Zinniel et al. (2002). 
The density of endophytic bacteria obtained in our work 
was between 2.49 and 3.02 log10 c.f.u. per g dry weight. 
Kobayashi and Palumbo (2000) who investigated the den-
sity of endophytic bacteria of alfalfa, sweet corn, sugar 
beet, squash, cotton, and potato revealed its level between 
of 2.0 to 6.0 log10 c.f.u. per g. However, the density of en-
dophytes can depends also on different factors, e.g.: plant 
species, plant age, the type of studied tissue and test site 
(Zinniel et al. 2002). The lowest density of endophytes, 
compare to rhizosphere and soil microorganisms, can be 
the result of a very specific niche that is the interior of plant 
tissues. Endophytic microorganisms must be compatible 
with the host plants and have a unique metabolic properties 
to avoid to be recognized as pathogens (Long et al. 2008). 
Endophytes colonizing specific organs and tissues may 
possess different function which promote plant growth. 
Long et al. (2008) reported that endophytic bacteria col-
onizing apoplast of plant roots contain high level of ACC 
deaminase. There are many research papers emphasizing 
important role of both bacterial and fungal endophytes as 
a natural component of plants involved in the mitigation 
of abiotic stress (e.g. Bianco & Defez 2011).

BIOLOG EcoPlates method is characterized by a high 
sensitivity and reproducibility which permit an evaluation 
of specific populations of microorganisms and to generate 
their metabolic pattern – community-level physiological 
profile (CLPP) (Classen et al. 2003). Since dehydrogenase 
activity of microorganisms (which is evaluated by Eco-
Plates BIOLOG technique) can be substantially affected by 
the salinity of the environment (Tripathi et al. 2006), we 
have optimized concentration of NaCl in the solution used 
in our experiments to the most natural conditions present 
in the environment, optimal for an unique microbal species 
of investigated group of halotolerant and halophilic mi-
croorganisms. Before final examination, we evaluated the 
result of several solutions on the effect of total metabolic 
activity of microbial populations e.g.: water, physiologi-
cal saline solution (0.85% NaCl) and 2% NaCl. We have 
observed lack of metabolic activity in case of water and 
physiological saline solution, that might be a consequence 
of the specificity of microbial population investigated at 
saline area. Finally, for our analysis we have chosen 2% 
NaCl (~400 mM NaCl) solution. Above concentration of 
the solvent does not affect the reliability of the measure-
ments using EcoPlates. It was reported that concentrations 
which excess 15% NaCl might inhibit the reaction, since 
high concentration of NaCl can interfere with the indicator 
dye – tetrazolium violet (Litchfield & Gillevet 2002).

Our results show that the highest metabolic activity and 
potential for utilization of different carbon sources was ob-
served for rhizosphere microorganisms. Metabolic activi-
ty of endophytic microorganisms was lower compare to 
rhizosphere but higher compare to soil microorganisms. 
Similarly to our results, Yang et al. (2013) revealed higher 
metabolic activity (using the same BiologEco plate tech-
nique) of rhizosphere microorganisms compare to soil pop-
ulations. Our work is the first report on the metabolic activ-
ity of endophytes, this is why comparison with the results 
of other scientists is not possible. Metabolic properties of 
rhizosphere populations are the consequence of more fa-
vorable living conditions in the root zone compare to the 
bulk soil (Bianco & Defez 2011; Timmusk et al. 2011). 
Rhizosphere microorganisms play a crucial role in the reg-
ulation of the biological properties of the soil, plant health 
and enhance osmotic stress tolerance of plants (Yang et al. 
2011). One of the various mechanisms involved in mitiga-
tion of abiotic stress of plants by microorganisms is active 
secretion of microbial compounds (proteins, polysaccha-
rides, lipopolysaccharides and cell surface agglutinin) to 
the rhizosphere, which enhances soil aggregation and in 
the consequence improves water stability (Timmusk et al. 
2011). Breitkreuz et al. (2003) reported that the plant roots 
growing under salt stress secrete to the rhizosphere carbox-
ylic acids which increase the level of malic acid in oxygen 
deficiency conditions. Our research shows that both the 
rhizosphere as well as endophytic microorganisms exhibit 
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significantly higher ability to utilize carboxylic acids com-
pare to soil microbial population.

To maintain stable symbiosis with host plant, endo-
phytes must display specific metabolic activity consisting 
of releasing different extracellular enzymes enabling them 
to live inside the plant tissues (Wang & Dai 2011). Endo-
phytes play an important role in plant growth promotion, 
particularly in abiotic stress conditions, and participate in 
the processes of biosynthesis, biotransformation and bio-
degradation of various compounds (Wang & Dai 2011). 
Our analysis revealed a  wider range of utilized carbon 
compounds by endophytes compare to microorganisms 
present in the soil. This may be caused by low biodiversi-
ty of microorganisms present in the soil, since salt stress 
negatively affect changes in the microbial communities. 

Salinisation at the landlocked salt-affected sites chang-
es with the passage of vegetation season and reveals the 
lowest concentrations in spring (during germination of 
plants) and the highest in autumn (Piernik 2003). Our re-
search was carried out in the autumn when investigated 
abiotic stress had the highest impact. Increased salinity is 
correlated with a  decreased soil respiration and soil mi-
crobial biomass and in the consequence contributes to the 
decreased density and activity of soil microbial population 
(Shah & Shah 2011). 

The results of our study indicated a presence of halo-
tolerant soil microorganisms able to exist in a  salt-free 
conditions and high soil salt content. Potential of micro-
organisms for adaptation to different levels of salinity are 
related to intensive osmoregulation process and in con-
sequence high metabolic activity aiming to protect cells 
from dehydration (Rietz et al. 2001). Furthermore, lower 
metabolic efficiency and narrow range of utilized carbon 
sources might be related with limited activity exo-cellular 
enzymes which are responsible for C mineralization (Shah 
& Shah 2011). Tripathi et al. (2006) considered that for 
low productivity of plants in costal salt affected soil low 
microbial biomass C and microbial activity is responsible. 

Since some plants and microbial populations during 
their evolution developed adaptive mechanisms to salt 
stress (Milosević et al. 2012) there is a  great interest to 
exploit their potential to develop and improve alternative 
agricultural strategies. The development of new technolo-
gies in agriculture is based on the extension of the basic 
knowledge about organisms (plants, bacteria and fungi) 
able to survive under salinity stress. Halophytes are a good 
object to investigate these interactions and to explain the 
physiological and molecular mechanisms determining the 
resistance of plants to salt stress (Gago et al. 2011). Since 
populations of microorganisms are able to modulate and 
ameliorate osmotic stress (Ramadoss et al. 2013), there can 
be the key factor in the development of agricultural crops 
in salt affected land. 

5. Conclusions

We have demonstrated the highest density and total micro-
bial metabolic activity in the rhizosphere. The lower densi-
ty of endophytes was opposite to their higher metabolic ac-
tivity compare to soil microorganisms, what confirm high 
metabolic specificity of this group of microorganisms. To 
the carbon sources which differentiate metabolic properties 
of endophytic, rhizosphere and soil populations belongs 
carboxylic acids.
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