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Food supply and security are the strongest global challenges for the modern 
world, tend to grow in population and produce more food than  ever before. 
Generally, food security is linked to  seed security. Good seed quality contributes 
to the increase of agricultural productivity and food production [1]. There are 
many technics to  improve quality. One of them is the seed inoculation by plant 
growth promoting (PG P) bacteria. Some of these bacteria inhabit soil particles 
just in the rhizosphere, another -  inside plants and seeds -  endophytes. The term  
endophyte was first coined in 1866 by De Bary.

M ethylobacterium  sp. are frequently encountered as endophytes and are common 
in soil and in plant. M ethylobacterium  have the capacity for methylotrophy, biofilm 
formation, production of cytokinin -  plant hormone, quorum-sensing signals,
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heavy metal and other stress resistance, and so on. They play im portant role in 
stim ulating plant growth, and inhibition of plant pathogens [2].

Heavy metals (HM ) and metalloids have become one of the major environmental 
concerns which pose a serious th rea t to plants, animal, and human health. In this 
context, endophytic bacteria could play an im portant role in understanding the 
HM uptake mechanism by plants and their resistance to HM  [3].

In our study, we have tested M ethylobacterium  sp. ability to promote plant 
growth and to reduce heavy-metal toxicity. The prelim inary sterilized barley seeds 
(by using 70% ethanol for 1 min, 2% sodium hypochlorite for 8 min, and 0.2% 
mercuric chloride for time 2 min) were: 1) inoculated w ith M ethylobacterium  sp. 
culture (standard), at 7.23 log cfu /m l, prepared under sterile laboratory conditions, 
and 2) irrigated w ith sterile water. Seeds were germinated for 7 days on filter 
paper. The prim ary barley leaf was used for the evaluation of leaf photosynthesis 
(C 0 2 assimilation rate was recorded by LiCor 6400XT, 23 °C, PAR1500 
pm ol/m 2*s); level of lipid peroxidation (LPO ) in control conditions and under 
heavy metal stress w ith protocol (H ealth  & Packer, 1997) [4].
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Fig. 1. Photosynthesis (pmol C 0 2/  m /  s4) in inoculated and sterile plants

O ur results have shown th a t the level of C 0 2 assimilation rate was 23 % higher 
in inoculated plants compared to  those grown from sterile seeds. The mean value 
C 0 2 assimilation rate was 4.73+0.08 in inoculation plants and was 3.85+0.08 in 
sterilized plants. Total chlorophyll content was 1.15 m g /g  in inoculated plants and
0.9504 m g /g  in sterilized plants. Thus we suppose th a t bacteria have stimulated 
the photosynthetic function in barley.

The results have also revealed th a t M ethylobacterium  sp. were able to promote 
barley resistance to  HM  stress.



Fig. 2. The rise of LPO level (%) under stress conditions 
(0.05M C u S 0 4, 2 hours) in inoculated and sterilized plants

The increase of the LPO level under heavy metal stress was shown in all 
plants, both inoculated by bacteria and sterilized compared to normal conditions 
but sterilized plants were stressed higher then inoculated. So PG P bacteria allow 
plants to  resist HM  impact.

Thus PGP bacteria can increase the grow th and development of the plants 
either indirectly by reducing the toxic effects of metals or directly by producing 
the phytohormones [5]. Formerly it was shown tha t most of the studied endophytes 
revealed resistance to  multiple HM  (Lodewyckx et al. 2002) and our results agree 
w ith those studies [6]. Another study in 2010 showed th a t the light response 
curves of beet showed th a t photosynthetic capacity was significantly increased in 
endophyte-infected plants. Promotion of photosynthetic capacity in sugar beet was 
due to increased chlorophyll content, leading to a consequent increased carbohydrate 
synthesis. It is possible tha t the increased maximum yield of photosynthesis in 
sugar beet was promoted by phytohormones produced by the bacteria [7].
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The development of chemical protection means is associated w ith scientific 
achievements in the field of fundamental organic chemistry in the prewar and 
postw ar years in the first stage of development of agro-industrial complex, chemical 
plant protection was associated w ith the use of organ chlorine and phosphorus- 
organic pesticides, which, along w ith high efficiency of protection of farmland and 
showed their danger to  the environment [1].

In this regard, the world practice began to develop a progressive system of 
restrained use of chemical protection -  integrated plant protection, where pesticides 
are intended to  be used only in cases where other methods (agro technical and 
biological) do not reduce the risk to the economic threshold of harm  [1].

The global trend of improving protection systems is aimed at the restrained use 
of chemical protection, which is quantitatively and qualitatively represented by 
a decrease in production of pesticides and an increase in investment in biological 
methods of plant protection in highly developed countries [2].

At the first stage of development of pesticide chemistry, for example, in the USA, 
the chemical method of plant protection was widely used not only in agriculture, 
but also in the non-agricultural sector of the economy, which used up to  40% of 
the to ta l amount of pesticides used in the country. At the same time, the maximum 
use of pesticides in America reached in 1979-519 thousand tons for the active 
substance, including in the agricultural sector 385 thousand tons per 1 ha of arable 
land (area 175 million hectares) in 1979 used 2.3 kg, in 2005-1.8 kg, in 2018 1.3 
kg of pesticides for the active substance [2].

The same trend has emerged in W estern Europe. The first countries to adopt 
a program to reduce pesticide use (by 50%) were Sweden and Denmark (1986),
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