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Resume 
Azospirillum brasilense, which has the potential to stimulate plant growth, belongs to plant-growth-
promoting bacteria. The positive effect of Azospirillum on plants may be due to different 
mechanisms. Azospirilla can assist in mitigation of many kinds of abiotic stress. Lectins are 
glycoproteins with different molecular masses and carbohydrate specificities. Azospirillum lectins 
are polyfunctional molecules. They promote plant growth and enzyme activity, they also can alter 
the plant cell content of stress metabolites, which attests that they can induce adaptation processes in 
wheat seedling roots. We investigated the dose-dependent effects of the lectin from A. brasilense 
strain Sp7 on the roots of 4-day-old wheat seedlings (Triticum aestivum L. cv. Saratovskaya 29) 
grown under salt stress. A low lectin concentration (0.3 mM L–1) improved seedling growth and 
alleviated the stress-induced growth inhibition. However, higher concentrations of lectin (1.2 mM L–1) 
did not affect the growth of the stressed seedling roots. In the roots of 4-day-old wheat seedlings 
under salt stress, the Sp7 lectin decreased total protein content and lipid peroxidation, which causes 
membrane damage, but increased the content of secondary metabolites such as total phenolics and 
total flavonoids. We conclude that the Azospirillum lectins are involved in adaptational changes in 
wheat seedling roots, due to which the relationship between bacteria and their hosts can be regulated 
under changing soil and climatic factors. 
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Introduction 
Soil salinity is a major abiotic stress that limits 

plant growth and productivity. Wheat (Triticum aestivum 
L. cv. Saratovskaya 29) is moderately salt tolerant;
however, its growth decreases strongly at high salinity
levels, especially during germination. Actually, wheat is
more sensitive to salt stress at germination than at later
stages. Research on plant adaptation to salinity shows
that this process unevenly during ontogenesis. The
greatest sensitivity to high salt concentrations is shown
by plants in the first stages of development, i.e., seed
germination and emergence of seedlings [Ashraf, 2009].

The major salinity-induced damage to plants is 
caused by sodium ion accumulation, which is toxic to 

most organisms [Dong et al., 2010]. NaCl is the 
predominant salt in most saline environments. When 
plant roots are subjected to a high-NaCl environment, the 
external Na+ and Cl– establish a large electrochemical 
gradient that drives the influx of salt ions, disrupting ion 
homeostasis and ultimately injuring the seedlings. 

The root is the first part of the plant to respond to 
salt stress, by sending chemical signals through the stem 
to the leaf [Meloni et al., 2003]. Salinity causes oxidative 
stress in plants. 

The causes of oxidative stress are the formation of 
reactive oxygen species, such as superoxide (O2

–), 
hydrogen peroxide (H2O2), hydroxyl radical (OH•), and 
singlet oxygen (1O2). Accumulation of reactive oxygen 
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species causes serious functional disorders of cells. 
Reactive oxygen species have extremely high reactivity 
and lead to the oxidation of lipids, proteins, and nucleic 
acids [Velarde-Buendıa et al., 2012].  

According to Ashraf [2009], the generation of the 
reactive oxygen intermediates under salt stress action 
causes damage to proteins, nucleic acids, and lipids, and 
eventually leads to apoptosis and cell death. The 
oxidative injury of the proteins consists in amino acid 
modifications, breakage of the peptide chain, aggregation 
of cross-linked reaction products etc., while the oxidation 
of some amino acid residues generates the oxo groups 
which amplify the susceptibility of proteins to proteolysis 
[Georgiadou et al., 2016]. 

Among the primary mechanisms of cell damage 
under oxidative stress, peroxidation of fatty acid residues 
in membrane phospholipids is leading. This reduces their 
hydrophobicity and disrupts the stability of membranes, 
changes the functioning of membrane-dependent 
enzymes, increases the permeability of membranes for 
ions, and the ability to selectively accumulate substances 
disappears. In this case, the salts enter the cell passively, 
and this further increases the damage to the cell [Ashraf, 
2009]. As a rule, the processes of lipid peroxidation are 
evaluated by the rate and amount of formation of one of 
the end products of oxidation - malondialdehyde (MDA). 

All flavonoids, to one degree or another, are 
involved in the antioxidant defense of cells. In 
accordance with the generally accepted point of view, the 
antioxidant properties of flavonoids are explained by their 
ability to serve as traps for free radicals, as well as to 
chelate metal ions involved in radical processes [Es-Safi 
et al., 2007]. 

Exploring the potential of plant-growth-regulating 
chemicals for minimizing the generation of free radicals 
and mitigating membrane damage is a stepping stone to 
the management of salt stress in plants [Verma, Mishra, 
2005]. Taking into account the need for the greening of 
agriculture, the search for substances produced by higher 
plants, fungi and microorganisms is relevant. 

Most of the soil microorganisms can colonize 
plants, associating with them and increasing growth and 
yields. These microorganisms are commonly called plant-
growth-promoting rhizobacteria (PGPR). Among the 
PGPR, members of the genus Azospirillum are well 
known and commonly used in agriculture [Puente et al., 
2018]. Nitrogen-fixing azospirilla have received attention 
on account of their growth in close association with the 
roots of various grasses and cereals, their widespread 
geographic occurrence, and their promotion of plant 
growth and development. These bacteria benefit plants in 
several direct and indirect ways. The beneficial effects of 
PGPR have been attributed to biological nitrogen 
fixation; production of plant hormones such as IAA, 
which promote root development and enhance water 

uptake and nutrient absorption; production of compounds 
that increase membrane activity and proliferation of root 
tissues; mitigation of stressor effects; and control of 
numerous plant pathogens [Puente et al., 2018]. The 
mechanisms of plant-mediated biocontrol include the 
ability of the bacteria to induce resistance-enhancing 
defense responses in plants. Although research in this 
area is active, an open question remains: which of the 
above factors has priority over the others? Recently much 
more attention has been paid to the analysis of the role of 
PGPR in improving plant growth under stress [Díaz-
Zorita et al., 2015]. 

It is an indisputable fact that lectins, molecules of 
a protein nature, are involved in the establishment of 
intercellular biological interactions in N2-fixing systems. 
New data have emerged on the role of bacterial lectins in 
such interactions. Alen′kina et al. [2014] showed that 
bacterial surface lectins, along with other factors, are 
involved in this process.  

A lectin was isolated from the surface of A. 
brasilense Sp7 that was found to be a polyfunctional 
glycoprotein. All effects of this lectin, such as the 
promotion of seed germination, mitogenic and enzyme-
modifying activities, and the ability to change the plant-
cell content of stress metabolites, are dose dependent 
[Alen’kina et al., 2014; 2018; Alen’kina, Nikitina, 2020; 
2021]. Many lectin-induced effects were obtained with 
low lectin concentrations. 

We hypothesize that like other growth regulators, 
lectins may have a dose-dependent effect on wheat 
growth and defense against salt stress. To test this 
hypothesis, we investigated the effects of different lectin 
concentrations on the growth of wheat seedling roots. 
Specifically, we examined total protein content, lipid 
peroxidation, and the content of secondary metabolites 
such as total phenolics and flavonoids.  

Materials and Methods 
Lectin was isolated from the surface of 

A. brasilense Sp7 (IBPPM RAS Collection of
Rhizosphere Microorganisms, http://collection.ibppm.ru).
The lectin nature of the purified material was confirmed
by hemagglutination assay as described by Alen’kina et
al. [2018]. Fifty-microliter portions of successive twofold
dilutions of lectin solutions were added to the wells of a
microtitration plate, with PBS as a control. Washed
trypsin-treated rabbit erythrocytes were added at a
concentration of 2% in PBS and were incubated at room
temperature for 2 h. The minimum lectin concentration
that gave hemagglutination was recorded as the
hemagglutination titer. Protein concentration was assayed
by the Bradford method [1976].

Animals were cared for and handled in compliance 
with the Guide for the Care and Use of Laboratory 
Animals, the European Convention for the Protection of 
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Vertebrate Animals Used for Experimental and Other 
Scientific Purposes, and the legislation of the Russian 
Federation. The use of the animals was also approved by 
the institution where the experiments were done. 

Seeds of wheat (Triticum aestivum L. cv. 
Saratovskaya 29; Federal Center of Agriculture Research 
of the South-East Region, Saratov, Russia) were surface 
sterilized in 70% (v/v) ethanol for 1 min and were 
washed five times with sterile water. For laboratory 
modeling of conditions of salinity, wheat seeds were 
germinated in Petri dishes on filter paper with the 
addition of lectins (concentration of 0.1–1.2 mM L–1; 
used concentrations were selected in preliminary 
experiments) and 1% NaCl. The roots of seedlings grown 
in distilled water at 25°C were used as a control. The 
sample size was 20 seeds in three replicates for each 
variant. In the experiments, we used 4-day-old seedlings. 
The germination capacity of caryopses was determined. 
To measure the growth parameters of seedling roots, 
morphometric parameters were used: the number and 
length of roots and their wet weight.  

For experiments on total protein content, lipid 
peroxidation, total phenolics and total flavonoids roots 
were simultaneously exposed for 2 h to lectin 
(concentration, 0.1–1.2 mM L–1) and 1% NaCl. Seedlings 
grown at 25°С were the control group. 

Fresh roots (1 g) were homogenized separately in 
4 ml of 50 mmol/L sodium phosphate buffer (pH 7.0), 0.1 
mmol L–1 EDTA–Na2, 1% (w/v) polyvinylpyrrolidone, 
and 0.05% (w/v) Triton X-100 in an ice bath. The 
homogenate was centrifuged at 12000g for 15 min at 4ºC.  

The supernatant liquid was used to estimate the 
root content of protein by the method of Bradford [1976], 
by using bovine serum albumin as the standard. 

From fresh roots, the studied substances were 
extracted for 20 min with 50% methanol at 0.1 g 10 mL–1 
in a sonication bath (Julabo, Germany) containing ice-
cold water. The extracts were vacuum filtered by using 
Whatman No. 1 filter paper, and the supernatant liquids 
were used for the total phenolic and flavonoid content 
quantification. The total phenolic content in the plant 
extracts was determined by the Folin–Ciocalteu assay 
[Makkar et al., 2007]. The aluminum chloride (AlCl3) 
colorimetric assay was used [Marinova et al., 2005] to 
estimate the total flavonoid content. For a comparative 
analysis of variants, activity was expressed in relative 
units. 

Lipid peroxidation in leaf tissue was determined 
by measuring the amount of malondialdehyde (MDA) by 
using thiobarbituric acid. Fresh seedling roots (1 g) were 
homogenized in 4.0 mL of 10% trichloroacetic acid and 
were centrifuged at 5000g for 10 min at 4ºC. The 
supernatant liquid was assayed for MDA by the method 
of Wu et al. [2012]. The results are presented as relative 
units.  

The tables and graphs show the mean values with 
standard deviations (n = 3). Data were subjected to 
analysis of variance (ANOVA), and means were 
compared by Tukey’s test at p ≤ 0.05 by using a 
computer-based statistical software package (AGROS, 
version 2.09; Department of Statistical Analysis, Russian 
Academy of Agricultural Sciences). 

Results and Discussions 
Seed-soaking treatment generally enhances seed 

germination, which results in better seedling 
establishment and an enhanced ability to cope with 
abiotic and biotic stress [Velarde-Buendıa et al., 2012; 
Rengasamy et al., 2015]. Our results clearly show that 
seedling root growth (root weight, number of seminal 
roots, and root length) in 4-day-old wheat plants was 
improved by soaking seeds in a lectin solution. 

Under salt stress, the lectin affected wheat 
seedling root growth in a dose-dependent manner. The 
length of the lectin-soaked roots increased significantly 
after 4 days of growth, as compared to the controls 
(water-soaked seeds; the root length in the control 
averaged 3.3 ± 0.2 cm). Root length was maximal (4.5 ± 
0.1 cm) at 0.3 mM L-1 of lectin (Fig. 1). The fresh weight 
of the lectin-treated roots was significantly higher than 
that of the controls (Fig 1) (control value, 1.0 ± 0.2 g). 
The lectin caused almost no changes in the number of 
seminal roots. The number of seminal roots in the control 
was 3.3 ± 0.2. No significant differences in the number of 
seminal roots were observed between the experimental 
treatments used or between the treatments and the 
controls (Fig. 1). 

The earliest changes in response to adverse external 
factors occur at the level of the outer membrane of the 
plant cell, the plasmalemma. One rapid and nonspecific 
cell-membrane response caused by any stress is an 
enhancement of membrane lipid peroxidation, which is a 
major cause of plant damage and death. The lipid 
peroxidation product MDA is an indicator of the 
oxidative injury to the cell membranes [Darko et al., 
2011]. Pretreatment with 0.3 mM L–1 of lectin 
significantly reduced the MDA level in the stressed roots. 
The lipid peroxidation product MDA is an indicator of 
the oxidative injury of cell membranes [Darko et al., 
2011]. Under simulated saline conditions, exposure to 
A. brasilense Sp7 lectin resulted in maximum reduction
in MDA after 60 min of incubation with seedling roots.
Furthermore, the root MDA content changed
parabolically with increasing lectin concentration and
was the lowest at 0.3 mM L–1 of lectin under salt stress.
NaCl treatment markedly increased the root content of
MDA, as compared to the control (Fig. 2). In the control
samples, the content of MDA was 3.2 μmol g–1 root wet
weight.
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Fig. 1. Effect of A. brasilense Sp7 lectin on root length 
(A), root weight (B), and seminal root number (C) after 
salt treatment. Results are expressed as mean ± SE. 
Different letters indicate significantly different values 
(P≤ 0.05). (1) Control. (2–5) Lectin concentrations of 0.1, 
0.3, 0.6 and 1.2 mM L–1, respectively. 
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Fig. 2. Effect of the A. brasilense Sp7 lectin on MDA 
content in wheat seedling roots after of salt treatment. 
Results are expressed as mean ± SE. Mean separation 
among treatments was done by Duncan test at p≤0.05. 
Mean values followed by different letters are significantly 
different 

Another important factor in plant defense against 
stress is variation in total protein content. Changes in 
total protein content may be associated with the inhibition 
of protein synthesis and with protein degradation 
[Georgiadou et al., 2016].  

Salt stress led to a decrease of protein in the roots 
by 47% after the root treatment within an hour. The levels 
lower than the control might be due to the inhibition or 
the suppression of the genes responsible for protein 
synthesis, as result of salt stress [Salama and El Fouli, 
2008]. Also, the decline in the soluble protein amount 
results from the action of proteolytic enzymes.  

The use of 0.3 mM L-1 of lectin significantly 
alleviated the stress-caused decrease and increased the 
protein content by 30%, as compared to non-lectin-
treated plants. Root protein content was also increased by 
lower and higher lectin concentrations (0.1 and 0.6 mM 
L–1, respectively) but to a lesser extent than in the 
previous case. However, the use of 1.2 mM L–1 of lectin 
did not lead to a significant change in root protein 
content, as compared to that in non-lectin-treated plants 
under salt stress. Under unstressed conditions, no lectin 
concentration caused any changes in the root content of 
protein (Table 1). 

The results showed that lectin was able to offset the 
decrease in soluble protein content caused by salt stress. 
This may be related to the inhibition of proteolytic 
enzymes by lectin, which has been shown previously 
[Alen′kina et al., 2014].  

Azospirillum lectin and wheat seedling growth under salt stress
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Table 1.  
Effect of different lectin concentrations on total soluble protein content in wheat seedling roots after salt treatment 

Results are expressed as mean ± SE. Different letters indicate significantly different values (p≤0.05), 
according to Duncan’s multiple range test. 

Phenolic compounds are obligatory components 
of higher plant cells and perform various functions in 
them. They participate in redox processes (components of 
the electron transport chains of respiration and 
photosynthesis) and in immune responses; they are used 
as a reserve energy material; they regulate plant growth 
and development; and they protect cells from stress. 
Being highly reactive, these secondary metabolic 
compounds can inactivate free radicals, thus protecting 
cells from ROS. There are sporadic data indicating that 
the content of phenolics increases in stressed plant 
tissues. Phenolic acids and flavonoids are the most 
common phenolics in wheat and occur in both free and 
bound forms at different concentrations. We evaluated 
the content of phenolics in lectin-treated wheat seedling 
roots.  

Under simulated saline conditions, total phenolic 
content increased the most after 60-min incubation of 0.3 
mM L–1 of lectin with seedling roots. The increase was 
50%, as compared with the control (Fig. 3). After 120 
min of incubation under salinity stress, the total phenolic 
content decreased to the control level (Fig. 2) 

Combined exposure of roots to 0.3 mM L–1 of 
lectin and to salt stress resulted in an increase in 
flavonoid content, which peaked after 1 h of exposure 
(1.5 mg catechin equivalents g–1 root wet weight). The 
increase was 60%, as compared with the control (Fig. 4). 

Thus, low lectin concentrations increase the 
phenolic content in wheat roots. The increase in the 
content of phenolic compounds under the influence of 
lectins can be explained by the synthesis of these 
antioxidants to bind free radicals and block the process of 
peroxidation.  
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Fig. 3. Effect of the A. brasilense Sp7 lectin on total 
phenolic contentin wheat seedling roots after of salt 
treatment (1% NaCl). Mean separation among treatments 
was done by Duncan test at p≤0.05. Mean values 
followed by different letters are significantly different. 

The regulation of plant growth by the lectins is 
complex in nature, as evidenced by the concentration 
differences. These differences can be explained by the 
influence of the examined stress factors on the binding of 
the lectins to the receptors located on the roots. The 
detected concentration dependences can be very useful 
for understanding plant adaptation as affected by the 
lectins as plant growth regulators. 
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Conclusions 
The lectin of A. brasilense Sp7 acts dose-

dependently on wheat seedling roots under salt stress. 
Treatment with a low lectin concentration increases the 
fresh weight and root length of the stressed seedlings. 
Lectin treatment increases antioxidant enzyme activity, 
decreases lipid peroxidation, and increases the total 
soluble protein content. Low lectin concentrations 
increase the phenolic content in wheat roots. We 
conclude that the azospirilla lectins are influence on 
adaptational process in wheat seedlings. The plant-
beneficial properties of the lectins, in combination with 
the growth-promoting activity of Azospirillum bacteria, 
conduce to increased plant productivity. Our data permit 
correction of the current views about the mechanisms that 
govern associative plant–bacterium interactions. 
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