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Abstract. The influence of the cyanobacterium Nostoc muscorum on vital 
activity of barley seedlings of the species Novichok was researched. In the 
experiments different ways of cyanobacterial treatment were used: 
introducing microorganisms in the growth medium and pre-sowing 
inoculation of barley seeds with cyanobacteria. The influence of 
cyanobacterial treatment on biochemical indices and linear growth of 
barley plants was assessed. The share of plastid pigments and intensity of 
the processes of lipid peroxidation were assessed in a spectrophotometric 
way, standard methods were applied.  It was stated that Nostoc muscorum 
has a phytostimulating effect which consists in inhibiting oxidation 
processes in barley cells, accumulating substances with antioxidative 
activity, and activating growth processes. Pre-sowing inoculation of barley 
seeds with cyanobacteria is the most effective one.  

1 Introduction 
Cyanobacteria (CB) is a group of gram-negative morphologically various procaryotes, they 
include one-celled, colonical, and filamentary forms. They are the most ancient organisms 
upon the Earth and they are ubiquitous, they live everywhere, including hot springs, water 
bodies and soils of different type, even polluted ones. CB are able to form symbioses with 
different organisms, including plants. Cyanobacterial symbioses can be of different types: 
epithytical (CB concentrate on outer surfaces), which is typical of the genus Nostoc with 
the moss (Sphagnum); endophytic (CB concentrate within intercellular spaces), which is 
typical of Nostoc or Anabaena with some mosses, ferns, and gymnosperms; intracellular 
(CB concentrate within filaments or vesicles), for example, Nostoc with herbaceous plants 
of the genus Gunnera [1, 2]. United organisms form a single entity with its structural and 
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functional links, a slime layer of CB, as a rule, takes part in their formation [3]. Such 
cyanobacterial and plant complexes are less vulnerable to unfavourable influence of the 
environment [4, 5]. 

Mechanisms of this sustainability are various. For example, CB can contain or their 
satellite bacteria can produce protective agents, such as flavacin, polysaccharids, phenazine 
pigments, hormone-like elements, etc., which lowers the risk of fungal and bacterial 
infections of plants, improves mineral nutrition of their growth-stimulating effect; all that 
can produce a growth-stimulating effect on and cause immunity increase in plants [6].  

This effect depends on the amount of produces of metabolites and the species of the 
symbiont plant. Thus it is quite promising to use CB as part of microbiologic agents used in 
forestry and agriculture, in plants’ immunostimulation and growth activation.  

Nowadays there are many biopreparations used in the process of presowing seed 
inoculation in order to lessen infection damage and stimulate growth [7, 8]. Besides, using 
effective microorganisms as a means of presowing seed treatment is considered 
ecologically safe and useful both for seeds and for the environment. There are preparations 
for soil treatment which optimize vital activity and improve mineral nutrition. So seed 
treatment is an important method of yield enhancement and increasing plants’ population.   

The aim of the paper is to research the influence of the CB Nostoc muscorum on 
biochemical indices and on growth of barley seedlings and to find out the most effective 
way of cyanobacterial treatment of plants.  

2 Materials and Method 
The object of the research is barley of the species Novichok, the choice of the object is 
determined by its high ecomonic value. Barley is widely used in food industry, in feedstuff 
production. 70% of barley yield is used for these purposes [9]. 

In the research the autotrophic cyanobacteria Nostoc muscorum ag. № 13 (strain 13) 
was used. The strain was isolated and identified from chernozem of the Kursk region, 
Russia. The originator of the species is Tretyakova Alevtina Nikolayevna, Candidate of 
Biology. For the research the CB pure culture was grown at continuous illumination (3000 
lux) at the steady temperature of +25 ℃ on nitrogen-free Gromov liquid medium №6.   

During the research two sets of experiments were made in order to find out the most 
effective way of cyanobacterial treatment of barley. In the first set of experiments the 
influence of the additive CB N. muscorum in the plants’ growth medium of was researched. 
During 7 days barley seeds were couched in Petri plates on distilled water. Then the 
seedlings were placed in reservoirs in water culture on Knop medium (control variant) and 
on Knop medium with the CB (experimental variant). In the second set of experiments the 
effect of barley seeds inoculation with CB N. muscorum at the germination stage was 
researched. Seeds of experimental plants were cultivated on distilled water either with the 
homogenized CB suspension or without it (control) in  Petri plates. Later seven-days-old 
seedlings were transplanted into plates with Knop nutrient solution.  

During the experiments CB N. muscorum was used at the stage of exponential growth : 
in the first set of experiments – 10 weeks, titer 1.4·105 cells/ml ; in the second set of 
experiments – 9 weeks, titer 6.5·107 cells/ml. Cells titer was calculeated with the method of 
direct count in the Goryaev chamber [10]. After 14 days of germination the influence of 
cyanobacterial treatment on morphometrical and biochemical characteristics of barley 
seedlings was studied. The intensity of processes of lipid peroxidation (LPO) was assessed 
judging from the amount of malondialdehyde [11]. Accumulation of chlorophyll а, б and 
carotenoids was assessed spectrephotometrically in aceton extrate [12]. The experiments 
were repeated 3 times in a laboratory in accordance with the requirements of the 
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corresponding methods. The results were statistically processed and presented as mean 
values and their standard deviations (x ± δ). 

3 Results and Discussion 
It was stated that CB in the growth medium cause some change in intensity of oxidation 
processes in barley cells. One of the markers of the process of LPO is the minor metabolite 
malondialdehyde (MDA). In the roots of barley grown on the medium with CB the level of 
MDA was less by 20%, as compared with the control (Table). Probably, low intensituy of 
LPO processes in roots in case of long incubation with CB is conditioned by a good effect 
of CB exometabolites on heterotrophic tissues. It is known that CB exometabolites contain 
substances with an antioxidative activity [13].  

Table. Influence of different methods of cyanobacterial treatment with Nostoс musсorum on 
biochemical parameters of barley plants. 

Variant 
Malondialdehyde, nmol / g 

Pigments, mg / g dry weight 

chlorophylls (а+b) carotenoids 
leaves roots 

CB in the growing medium 

Control 11.00±0.36 27.50±0.98 7.57±1.37 1.24±0.17 
Nostoс 
musсorum  12.23±0.25* 21.94±0.64* 11.94±0.37* 1.7±0.08* 

Inoculation of seeds with CB 

Control 13.37±0.86 6.16±0.51 7.26±0.43 0.86±0.11 
Nostoс 
musсorum  4.94±1.18* 3.37±0.35* 7.35±0.17 1.98±0.01* 

Note: * – differences are significant compared with the control at Р≤0.5. 

Presence of CB in the growth medium causes biochemical changes in the above-ground 
organs, which suggests systematic effect of CB on a plant organism. In barley leaves the 
intensity of LPO processes was close to that of the control plants (Table). High 
concentration of carotenoids (1.4 times higher) was stated in the leaves of barley grown 
with CB. The fact is that carotenoids have a protective effect in a cell : in case of interaction 
with organic residuals of fatty acides they act as knock-outs of the residuals [14]. 
Accumulation of carotenoids can suggest activation of the antioxidant system caused by CB 
influence. Efficienncy of antioxidant defense is also proved by the total share of 
chlorophylls, green pigments, in the leaves. In case of presence of CB N. musсorum in the 
growth medium the amount of chlorophylls in barley leaves was by 60% higher, as 
compared with the control. 

Inoculation of seeds with N. musсorum during germination caused more prominent 
transformations of biochemical processes in barley cells. Probably, during seeds treatment 
with CB the maximum contact with seeds is achieved, barley leaf and root tissues get 
bacterized with CB, plant-cyanobacterial associations form, and they have a 
phytostimulating effect. It was stated that seeds treatment with CB contributed to 
considerable, more than 2 times higher, inhibition of LPO processes in barley roots and 
leaves (Table). In case of seeds treatment, as well as in the experiments with CB 
introduction in growth medium, the share of yellow pigments, carotenoids, was increased in 
barley leaves (Table). There is a considerable negative correlation between the share of 
carotenoids and the intensity of LPO processes in barley leaves (r= –0.83), which suggests 
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activation of the antioxidant system in plant tissues as a reaction to seeds inoculation with 
N. musсorum. The share of chlorophylls in barley leaves was close to the control (Table). 

CB treatment of plants causes change in biochemical processes in cells; probably, it is 
caused by the influence of biologically active metabolites of CB. Metabolic rearrangements 
in cells are reflected in the change of growth processes. 

 
Fig. Influence of different methods of cyanobacterial treatment with Nostoc muscorum on growth of 
barley plants. 

Presence of N. musсorum in the growth medium did not have any influence on growth 
of shoots and roofs of barley (Figure). On the contrary, seeds inoculation with CB had a 
growth-stimulating effect on barley seedlings, the plants were by 40% higher, as compared 
with the control. It was visually noticeable that barley leaves were longer and broader, there 
were no necroses or chloroses on them. In the experiment with seeds treatment with CB 
barley roots were by 17% higher, as compared with the control. It had been stated before 
that in case of inoculation of wheat seedlings with the CB Nostoс sp., it can penetrate in 
roots. They were found in intercellular space, as well as inside cortex and epidermal cells of 
the plant [1]. Probably, growth stimulation is connected with the ability of CB and their 
satellite-bacteria to produce auxin- and giberellin-like substances which, in conditions of 
long mutual exposition of CB and seedlings, penetrate into plant tissues. CB stimulate 
growth of barley seedlings. 

4 Conclusion  
In the model experiment the influence of different ways of treatment with CB N. musсorum 
on biochemical and growth indices of barley plants was researched. The most effective way 
of treatment of seedlings in order to improve their vital activity is inoculation of seeds with 
N. musсorum. Presowing cyanobacterial treatment of seeds contributes to improvement of 
biochemical parameters, such as inhibition of LPO processes in leaves and roots, 
stimulating the antioxidant system and, consequently, growth of plants.  

On the whole, the cyanobacterium N. musсorum has a definite phytostimulating effect 
and improves biochemical characteristics of barley. So, using this species of CB for 
incresing seedlings’ vital activity and for making biological preparations on the basis of the 
CB for agriculture and forest management is rather promising. 
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