See discussions, stats, and author profiles for this publication at:
https://www.researchgate.net/publication/305896161

Effective microorganisms impact on
photosynthetic activity of
Arabidopsis plant grown under
salinity stress conditions
Article · April 2016
DOI: 10.1515/sggw-2016-0012

READS

22
9 authors, including:
Abdallah Oukarroum
Université du Québec à Montréal
33 PUBLICATIONS 667 CITATIONS
SEE PROFILE

Available from: Hazem Mohamed Kalaji
Retrieved on: 16 August 2016

10.1515/sggw-2016-0012

Annals of Warsaw University of Life Sciences – SGGW
Land Reclamation No 48 (2), 2016: 153–163
(Ann. Warsaw Univ. Life Sci. – SGGW, Land Reclam. 48 (2), 2016)

Effective microorganisms impact on photosynthetic activity of
Arabidopsis plant grown under salinity stress conditions
HAZEM M. KALAJI1, MAGDALENA D. CETNER1, IZABELA A. SAMBORSKA1,
IZABELA LUKASIK2, ABDALLAH OUKARROUM3, SZYMON RUSINOWSKI4,
STEFAN PIETKIEWICZ1, MICHAŁ ŚWIĄTEK5, PIOTR DĄBROWSKI6

1
Department of Plant Physiology, Warsaw University of Life Sciences
2
independent researcher
3
Department of Chemistry and Biochemistry, University of Quebec in Montreal
4
Institute for Ecology of Industrial Areas
5
Microbiological Institute of Technology in Turku (ITM)
6

Department of Environmental Improvement, Warsaw University of Life Sciences – SGGW

Abstract: Effective microorganisms impact on
photosynthetic activity of Arabidopsis plant
grown under salinity stress conditions. Salinity
is one of the main abiotic stressors which affects
plant growth through various physiological processes such as photosynthesis. The aim of this
work is to study the impact of salinity stress on
Arabidopsis plants by evaluating plant growth
rate and photosynthetic activity, while investigating the influence of effective microorganisms
(EMs) with the objective to determine if EMs
could alleviate the induced stress affiliated with
salinity. Results showed that salinity negatively
affects photosynthesis efficiency in Arabidopsis plants based on the data obtained from the
measured chlorophyll fluorescence parameters.
Additionally, application of EMs enhanced
plant tolerance to counteract the induced stress.
Effective microorganisms concentration of
10 mL/L suggested to bring about the best results. This work advocates, that quantum efficiency of photosystem II (PSII) is a reliable
indicator for tolerance in Arabidopsis plants to
salinity stress, the impact of which may be softened by the EMs.
Key words: photosystem II, salt stress, tolerance,
photosynthetic efficiency, effective microorganisms

INTRODUCTION
Salt stress is an environmental factor that
limits the growth and productivity of
plants (Boyer 1982, Munns 1993, 2002).
The negative effect of salinity on plant
growth is a result of changes in nutrient
uptake and specific sodium and chloride
ion effects (Kalaji and Pietkiewicz 1993,
Marschner 1995, Kalaji and Rutkowska
2003). In response to salt stress, all the
major processes in plant such as protein
synthesis, lipid metabolism, and photosynthesis are affected (Parida and Das
2005).
Photosynthesis is considered as one
of the most important metabolic processes in plants and its performance is
greatly affected under stress conditions
(Baker 1991, Kalaji and Łoboda 2007,
Kalaji et al. 2014c]. It has been reported
that salt stress enhances the photoinhibition of photosystem II – (PSII) (Kalaji
et al. 2011). However, in a changing
environment, plants were able to adapt
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their metabolism in order to cope with
stress.
In recent years, the technique of chlorophyll fluorescence has become ubiquitous in plant ecophysiology studies. The
chlorophyll fluorescence measurement is
a sensitive method that allows detecting
changes in general bioenergetic conditions
of photosynthetic organisms (Goltsev et
al. 2012, Brestic and Zivcak 2013, Kalaji
et al. 2014a, Dąbrowski et al. 2015). Indeed, chlorophyll fluorescence parameters
were used to identify stress conditions in
plants which are very sensitive to stress
impact (Baker and Rosenqvist 2004,
Brestic et al. 2013, Kalaji et al. 2014b).
In recent years, some successful efforts have been made to substitute excessive application of mineral fertilizers
with natural substances and so to minimize the adverse effects of contamination (Javaid 2006, Stępień et al. 2014).
One of these efforts was selection of
beneficial soil microorganisms. Soil
microorganisms can facilitate nutrient absorption by plants, promote plant
growth and stimulate seedlings (Bowen
and Rovira 1966, Brown 1974). Effective microorganisms (EMs) are a mixed
culture of beneficial, naturally-occurring
microorganisms mostly used or found in
foods (Higa and Parr 1994), and it was
originally developed as an alternative
for agricultural chemicals. According to
Higa and Parr (1995), EMs preparations
are reported to include populations of
lactic acid bacteria, yeasts, and smaller
numbers of phototrophic bacteria, filamentous fungi and Actinomycetes. These
effective microorganisms secrete beneficial substances such as vitamins, organic
acids, chelated minerals and antioxidants
when in contact with organic matter. It

has been reported that crops grown with
EMs have less nitrate ions, decreasing the
plant’s pest and pathogen susceptibility,
and higher vitamin C and carbohydrate
levels. Besides developing mechanisms
for stress tolerance, microorganisms can
also impact some degree of tolerance to
plants towards abiotic stresses (Grover
et al. 2011), and a variety of mechanisms
have been proposed behind microbial
elicited stress tolerance in plants (see
Fig. 1 in Grover et al. 2011). Numerous
studies have demonstrated that the association with soil-containing microbes can
increase the resistance of plants against
below-ground attack, such as that caused
by soil born fungi, bacterial pathogens,
and nematodes, or aboveground herbivore attack and shoot pathogens (Megali
et al. 2013). Hence, the objective of this
study was to investigate if EMs treatment
can prevent salt damages in Arabidopsis
thaliana plants. The effect of salt stress
on plants photosynthetic activity was
analysed by using chlorophyll a fluorescence technique.

MATERIAL AND METHODS
Arabidopsis thaliana plants are widely
used as one of the model organisms for
studying plant sciences, including genetics and plant development. In this study
Arabidopsis thaliana (Columbia) seeds
(3–4 per pot) were germinated in dark
conditions, in plastics multi-plant pots
containing soil and sand mixture (2 : 1
v/v) to provide enough space in the soil
for roots growth and respiration. Seedling were transferred into a Phytotron
and grew at 20/18°C day/night temperatures; under eight-hour day light (ca
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200 μmol photons/m2/s light intensity)
and 16-hour night; with approximate
75% of air humidity. Seedlings were
covered by plastic foil to maintain proper
humidity in multi-pot soil. Three weeks
later, the seedlings were transferred to
spate pots (only one seedling per pot).
Five days later, plants were transplanted to bigger pots and then allowed to
grow for four more weeks. Plants were
watered with distillate water every day
keeping the soil near the field capacity.
After seven weeks in total of growth,
the salt treatment was initiated. Salinity
treatment was achieved by watering the
plants with a salty solution 7.0131 g/L of
NaCl (120 mmol NaCl/L). The EMs formulation used in experiments has been
obtained via sugarcane molasses fermentation initiated with composition of
12 species of microorganisms (belonging to: Bacillus subtilis, Biﬁdobacterium
animalis, B. longum, Lactobacillus acidophilus, L. casei, L. delbrueckii subsp.
bulgaricus, L. fermentum, L. plantarum,
Lactococcus lactis subsp. lactis, Streptococcus thermophilus, Rhodopseudomonas palustris, Saccharomyces cerevisiae). After two-week propagation
microflora EMs reached stable density
(7.2–7.6 log10 CFU/mL) and pH below
4.0 and was applied in plant treatment.
Plants treatment was divided in three
series: control plants (10 plants), salinity plants (10 plants) and salinity plants
treated with EMs (10, 50 and 100 mL/L;
10 plants for each treatment).
Chlorophyll content (three replications on each plant) was measured using Minolta SPAD 502 Meter (Spectrum
Technologies, Inc., USA) and chlorophyll a fluorescence measurements (using FMS2 Modulated Chlorophyll Fluo-
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rescence System – Hansatech Instruments
Ltd., UK) were done in three terms: once
before stress and twice during the stress
application (after one and two weeks of
salt stress). FMS2 is a lightweight, field
portable chlorophyll fluorimeter using the
pulse-modulated principle. It is suitable
for non-invasive sampling under natural
light conditions and may be combined
with other techniques such as infra-red gas
analysis (IRGA) for simultaneous measurements. All light sources, fluorescence
detectors and temperature compensated
electronics are housed within the field
rugged enclosure. The light sources used
are: (1) 594 nm amber modulating beam
(optional 470 nm blue LED); (2) dual-purpose halogen actinic / saturating pulse
lamp; (3) 735 nm far-red LED source for
preferential PSI excitation. In this study,
three fluorescence parameters were selected: the maximum fluorescence signal
of light-adapted plants (Fm’); steady state
fluorescence yield (Fs); quantum efficiency of PSII (ΦPSII).
Statistical analyzes were performed
by using Statistica ver. 10 Software.
Analysis of variance (one-way ANOVA)
was used to analyze the variance associated with the treatments, Fischer’s test
was used as post-hoc test with level of
significance α = 0.05 to determine the
significance of differences between the
means. The Pearson procedure with level
of significance α = 0.05 was applied to
calculate the correlation coefficient.

RESULTS AND DISCUSSION
The effect of salt treatment and application of EMs on the chlorophyll content,
maximum fluorescence yields of light-
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-adapted samples (Fm’) and quantum efficiency of PSII (ΦPSII) changes was
analysed. By two weeks of induced salt
stress. Visible signs of stress were evident
in the form of wilted leaves (Fig. 1).
Indeed, effect of salinity on chlorophyll content was shown in Figure 2.
Chlorophyll content increased with plant
development in control plants and we
observed that salt stress did not affect
chlorophyll content during the first week
of its application. However, there was

a considerable reduction in chlorophyll
content (about 60% comparing with control plants) after two weeks of salinity
application. Interestingly, we observed
that EMs treatment (10 and 50 mL/L) had
a positive effect on chlorophyll content
(Figs 1 and 2). This parameter was significantly associated with plant growth.
Two weeks after stress application values
of chlorophyll content in plants treated
by 10 and 50 varied in range from 30.8 to
34.4 r.u. and were similar to values meas-

FIGURE 1. Effect of salt stress Arabidopsis plants treated or not by 10, 50 and 100 ml/L of EMs

FIGURE 2. Change of chlorophyll content in Arabidopsis plants subjected to salt stress (SS) and treated
or not by 10, 50 and 100 ml/L of EMs. Means marked by this same letter within one term are not differ
significant
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ured in control plants (35.1 r.u.), while in
plants stressed were significantly lower
(15 r.u.). It has been reported that changes in chlorophyll function take place before changes in chlorophyll content, and
therefore alterations in the fluorescence
signal occur before any visible signs are
apparent (Krause and Weis 1991).
We further investigated PSII photochemistry in the light-adapted leaves. In
this state, the results of the maximum fluorescence signal of light-adapted plants
(Fm’) showed similar trend to chlorophyll content (Fig. 3). The value of Fm’
(related to photochemical quenching)
for control plants increased with time.
However, within following two weeks of
salt stress Fm’ decreased. In salt-stressed
plants treated with 10, 50 and 100 mL/L
of EMs, we observed that effective mi-
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croorganisms had a positive effect on
salinity treated plants compared to plant
stressed by salt without EMs. The values
of steady state fluorescence yield (Fs)
before stress application ranged from
320 to 355 r.u. (Fig. 4), and the averages
did not differ significant. One week after
salt application there were also no significant differences between averages.
Two weeks after salt application there
were noted significant higher values of
Fs parameter in plant treated only by salt
in compare to control plants and plants
treated by salt and EMs. The results obtained by Flexas et al. (2002) and Cendrero Mateo et al. (2012) provide evidence
that Fs measurements, even without normalization, are an easy means to monitor changes in plant photosynthesis, and
therefore, provide a rapid assessment of

FIGURE 3. Changes in the maximum fluorescence signal of light-adapted plants (Fm’) in Arabidopsis
plants subjected to salt stress (SS) and treated or not by 10, 50 and 100 ml/L of EMs. Means marked by
this same letter within one term are not differ significant
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FIGURE 4. Changes of the steady state fluorescence yield (Fs) in Arabidopsis plants subjected to salt
stress (SS) and treated or not by 10, 50 and 100 ml/L of EMs. Means marked by this same letter within
one term do not differ significantly

plant stress to guide farmers in resource
applications.
Figure 5 shows the changes in the
quantum efficiency of PSII (ΦPSII) in
control, salt stressed plants and salt-stressed plant treated with different concentration of EMs. We observed that the
salt stress had a slight effect on ΦPSII
after the first week of stress application.
However, we observed that after two
weeks of stress, ΦPSII decreased by 76%
compared to control plants and it has
been reported that salt stress enhances
the photoinhibition of PSII (Kalaji et al.
2011). On the other hand, EMs treatment
showed that 10 mL/L of EMs treatment
had higher positive effect on salt-stressed
plants compared to treatments of 50 and
100 mL/L of EMs. Based on statistical
analysis, it should be noted, that there

is significant correlation between chlorophyll content and Fm’ parameter (Table), which was also correlated to others
measured parameters.
Numerous studies have demonstrated that EMs application in soil induced
range of events with beneficial affect
for plants; it has been evidenced that
EM moderate of water–air relations in
soil (Kaczmarek et al. 2007) affect the
activity of dehydogenases and phosphatases (Kaczmarek et al. 2008), initiate changes in microflora composition
(Okorski and Majchrzak 2007) and finally support the humification process
of organic matter (Yamada and Xu 2001,
Valarini et al. 2002) which all of them
could be stated as an example of indirect mechanism of plant acclimatisation
supporting by microorganisms. One the
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FIGURE 5. Changes of the quantum efficiency of PSII (ΦPSII) in Arabidopsis plants subjected to salt
stress (SS) and treated or not by 10, 50 and 100 ml/L of EMs. Means marked by this same letter within
one term do not differ significantly

other hand EMs could affected plants
directly by influencing antioxidative
status of stressed plants. Talaat (2015)
indicated that EMs treatment of common bean (Phaseolus vulgaris L.) cv.
Nebraska to soil salinization changed
the polyamine balance under saline
conditions. Moreover, EMs application
significantly reduced the activities of
diamine oxidase and polyamine oxidase

in salt-stressed plants. Both the modulation of polyamine pool and the regulation of protein synthesis can be one of
the most important mechanisms used by
EMs-treated plants to improve plant adaptation to saline soils (Talaat 2015). In
other experiment it has been suggested
that EMs-treated plants detoxified the
stress generated by salinity by enhancing the H2O2-scavenging capacity of

TABLE. Correlation coefficient between chlorophyll content and chlorophyll a fluorescence parameters
Parameter
Chlorophyll
content
Fs

Chlorophyll content

Fs

ΦPSII

Fm’

–

0.14

0.14

0.18*

0.14

–

0.08

0.60*

0.15

0.08

–

0.75*

*

*

ΦPSII
Fm’
*

Significance at p = 0.05.

0.18

0.60

0.75

*

–
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the ascorbate-glutathione cycle after inoculation with EM which significantly
improved plant growth and productivity (Talaat 2014). It has been described
that treatment with Bacillus ssp. strains
could alleviate the effect of salinity directly thanks to restricted Na+ uptake by
roots (Ashraf et al. 2004). In the opinion of the authors, utility of EMs allows
the possibility to further preserve environmental integrity and public health
through the use of less intensive and
more sustainable agricultural practices
by reducing the inputs of negative effect
of some environmental conditions. Our
studies indicate that, there is opportunity to mitigate salt stress in plants by
using EMs.

CONCLUSIONS
Effective microorganisms (EMs) seems
to enhance tolerance of Arabidopsis
thaliana plants from salt stress due to
increasing plant chlorophyll content
and quantum efficiency of PSII. The alleviation of stress in plants treated with
EMs observed by stimulation of photosynthetic activity could be partly related
to improved nutritional mechanisms.
It is clear that low EMs concentration
(10 mL/L) has the significant effect on
salt-stressed plants. These results demonstrated that EMs treatment efficiently
improved plants against the detrimental
effects of salt. Based on these results, application of EMs can help to minimize
the effects of unfavourable environmental conditions for sustainable plant
growth and optimize soil productivity
without the use of chemical fertilizers
and pesticides.
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Streszczenie: Wpływ mikroorganizmów efektywnych na aktywność fotosyntetyczną roślin Arabidopsis w warunkach stresu zasolenia. Zasolenie
jest jednym z głównych abiotycznych stresorów,
który wpływa na procesy fizjologiczne (np. fotosyntezy), ograniczając tym samym rozwój roślin. Celem niniejszej pracy była ocena wpływu
zasolenia na wzrost i aktywność fotosyntetyczną
roślin Arabidopsis oraz określenie możliwości
wykorzystania mikroorganizmów efektywnych
(EMs – efektywne mikroorganizmy) w podnoszeniu tolerancji tych roślin na stres zasolenia.
Na podstawie otrzymanych wyników pomiarów
fluorescencji chlorofilu a stwierdzono, że zasolenie istotnie wpływa na efektywność fotosyntetyczną roślin. Zastosowanie EMs z kolei zwiększyło odporność roślin na ten stres, przy czym
najlepsze wyniki otrzymano przy stężeniu EMs
wynoszącym 10 ml/l. Doświadczenie wskazuje,
że wydajność kwantowa fotosystemu II jest wiarygodnym wskaźnikiem tolerancji roślin na stres
zasolenia u roślin Arabidopsis, a mikroorganizmy efektywne mogą ograniczać skutki stresu
solnego.
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