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Abstract. Rhizobacteria and salicylic acid (SA) have an important role in the
promotion plant growth and enhancement of crops resilience to abiotic stresses.
The aim of the study was to evaluate the effect of rhizobacteria (Bradyrhizobium
japonicum) inoculation alone and in combination with salicylic acid on soybean
(Glycine max L.) plants under moderate drought stress condition. Therefore, a
pot culture experiment was conducted to test whether SA application at
concentration of 0.5 mM through foliar spray could protect the soybean cultivar
Horboveanca to short drought stress based on growth and alterations in
hydrogen peroxide and relative water contents (RWC). The control treatment
received 70% water holding capacity (WHC) of soil, whereas moderate drought
stress corresponded to 35% WHC. Results showed that water deficit decreased
RWC and increased hydrogen peroxide contents in leaves. The efficiency of
Bradyrhizobium japonicum in the presence of salicylic acid was higher
compare to plants treated with rhizobacteria alone. Thus, experimental findings
demonstrated that integrated use of rhizobacteria and SA alleviates the adverse
effects of water deficit on growth and contributed to drought tolerance of
soybean through increased relative water contents and decreasing
accumulation of reactive oxygen species in plant tissues.
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Rezumat. Rizobacteriile si acidul salicilic (AS) au rol important in promovarea
cresterii plantelor si majorarea rezistentei culturilor la stresul abiotic. Scopul
studiului a fost de a evalua efectul inocularii cu rizobacterii (Bradyrhizobium
japonicum) separat sau in combinare cu aplicarea acidului salicilic la plantele
de soia n conditii de stres moderat al secetei. Prin urmare, S-a organizat un
experiment 1n vase de vegetatie pentru a testa dacd aplicarea AS in concentratie
de 0,5 mM prin tratarea foliard poate asigura protejarea mai bund a soii
(cultivar Horboveanca) de secetd de scurtd duratd bazatd pe crestere si
modificari in confinutul de peroxid de hidrogen si continutul relativ de apa.
Plantele control au fost irigate la 70% din capacitatea totala pentru apa (CTA)
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a solului, iar stresul hidric moderat a fost instalat la nivelul de 35% CTA.
Rezultatele cercetarii au ardtat ca deficitul de apa a redus continutul relativ de
apda si a sporit continutul de peroxid de hidrogen in frunze. Eficienta
tratamentelor cu tulpina de Bradyrhizobium japonicum in prezenta acidului
salicilic a fost mai inalta comparativ cu plantele tratate doar cu rizobacterii.
Asadar, rezultatele experimentale au demonstrat ca folosirea integratd a
rizobacteriilor si AS atenueaza efectele adverse ale deficitului de apd asupra
cresterii si contribuie la o tolerantd mai bund a soii datoritd majorarii
continutului de apa si diminudrii continutului de specii reactive de oxigen Tn
tesuturile vegetale ale plantei.

Cuvinte cheie: Bradyrhizobium japonicum, soia, acid salicilic, peroxid de
hidrogen, continut de apa, seceta

INTRODUCTION

Low phosphorus in soil and water deficit conditions are largely spread in
many agricultural regions and they have destructive effects on the physiological
and metabolic processes in plants. The disturbances provoked by abiotic stress
factors lead to poor growth and low tolerance of crops to unfavourable
environmental conditions.

Therefore, it is necessary to find out approaches in order to develop stress
tolerant crops including genetic engineering (McKerise et al., 1996), breeding
(Vettakkorumakankav et al., 1999), plant-growth promoting rhizobacteria (Sachs et
al., 2011) and the use of plant growth regulators (Khan et al., 2019; Baninasab and
Ghobadi, 2011; Stevens et al., 2006).

Among plant growth regulators, salicylic acid (SA) plays a significant role
in plant physiological processes and metabolic changes such as growth and
development (Vicente and Plasencia, 2011; Jakhar and Sheokand, 2015),
photosynthesis (Hayat et al., 2012; Jakhar and Sheokand, 2015), ions absorption and
transport, seed germination, glycolysis (Rivas-San and Plasencia, 2011).

It has been demonstrated that salicylic acid, as a pivotal signalling molecule
in plants, is involved in defence mechanisms by improving physiological and
biochemical functions and has beneficial effects on tolerance to biotic and abiotic
stress factors (Gunes et al, 2007; Nazar et al., 2011). Several studies have
demonstrated that SA contributes to plant resistance to salinity (Nazar et al., 2011;
Khan et al., 2014), drought (Yazdanpanah et al., 2011) and high temperature (Wang et
al., 2010).

Likewise, several investigations have shown that SA plays an important
function in modulating the redox balance across membranes, thereby
counteracting the negative effects of reactive oxygen species (ROS) generated by
oxidative stress (Yang et al., 2004).

Hydrogen peroxide is a major reactive oxygen species (ROS) in plants and
misbalance of ROS in cells is related to biochemical changes (Ahmad et al., 2014).
The decrease of peroxide concentration in plant tissues due to application of
elicitors such as plant growth regulators and PGPR contribute to diminish
oxidative stress and improve plant protective system to abiotic stresses.
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Soybean plants are sensitive to drought compared to cereals. Drought
tolerant plants of soybean could avoid the negative impact of water stress by
maintaining higher relative water content (RWC) and diminishing oxidative stress
(Hossain et al., 2014).

It was established that SA application improves RWC and grain yield of
common bean in water stress condition (Sadeghipour and Aghaei, 2012).
Nevertheless, it is well known that application of rhizobacteria Bradyrhizobium
japonicum displays many activities that promote plant growth and productivity of
soybean (Patra et al., 2012).

However, the efficiency of this species is dependent on its survival in soil
as well as the environmental factors (Sachs et al., 2011). Rhizobacteria efficiency
is low under unfavourable environmental conditions, particularly under drought
conditions.

There are many studies regarding the effect of rhizobacteria applied alone
as well as SA application separately on physiological changes and plant growth.

However, the interactive effect of rhizobacteria and SA on physiological
and metabolic alterations and their role in alleviation of drought stress in soybean
plants was not investigated enough. In this study, the effect of rhizobacteria
(Bradyrhizobium japonicum) inoculation alone and in combination with salicylic
acid (SA) plant spray on changes of hydrogen peroxide and relative water
contents (RWC) in soybean plants under water deficit condition was investigated.

MATERIAL AND METHOD

Seeds of soybean (cv. Horboveanca) were inoculated with rhizobacteria
Bradyrhizobium japonicum before sowing. Some of the washed seeds were sown
without any treatment (control).

The seeds were sown in pots filled with carbonated chernoziom soil (mixed with
sand 3:1, v/v). Two plants per pot were cultivated and were normal irrigated until
flowering stage of plants.

All pots were well watered at 70% water holding capacity (WHC) until drought
stress was imposed. Drought stress was imposed on plants at the flowering stage for
12 days. SA was applied on the foliage at the concentrations of 0.5 mM on plants
subjected to no stress (70% WHC) or drought stress (35% WHC) with a hand sprayer.
Treatments were performed at the V1 stage (branching) and at the R1 stage
(beginning bloom).

The concentration of SA was selected based on earlier findings (Nazar et al.,
2011). Soybean plants were sampled after 12 days of water deficit and analysed.
Plant productivity was evaluated at full maturity stage. Leaf RWC was determined
gravimetrically following the method of Galmes et al. (2007).

The content of H20: in leaves was measured according to the method of
Velikova and Loreto (2005). The experiment followed a randomized complete block
design and the number of replicates for each treatment was four.

Data were statistically analysed using analysis of variance (ANOVA) by Statistic
program 7 and presented as treatment mean + SE of three measurements. Least
significant difference (LSD) was calculated for the significant data at P<0.05.
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RESULTS AND DISCUSSIONS

Plant growth regulators and PGPRs have a large range of activities to
attenuate drought impact on plants, including reduction of oxidative stress and
maintaining better the water balance in plants (Khan et al., 2019).

H>0 is a strong oxidizing agent in plant tissues which is accumulated under
different unfavourable conditions.

To study the interactive influence of SA and rhizobacteria inoculation on
oxidative stress under moderate drought, we estimated the hydrogen peroxide
concentration in leaves of soybean under no stress and drought stress.

The treatments effects on changes of hydrogen peroxide in plants under
normal soil moisture condition are presented in figure 1.

Experimental results revealed that application of rhizobacteria had no
influence on this parameter under well-irrigated condition (70% WHC).

However, in such conditions the combined application of SA and
rhizobacteria decreased the hydrogen peroxide concentration in leaves by 7%
compared to plants inoculated with rhizobacteria alone.
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Fig. 1 Hydrogen peroxide content in soybean leaves under normal water conditions
(70% WHC) and treated with rhizobacteria (Bradyrhizobium japonicum) and foliar 0.5 mM
SA. Data are presented as treatments mean + SE (n = 3), P<0.05.

The plants treated with rhizobacteria and SA and subjected to drought stress
exhibited changes in hydrogen peroxide concentrations.

The contents of hydrogen peroxide in plants subjected to water
insufficiency in relation to rhizobacteria and SA application are shown in figure 2.

The results demonstrated that influence of rhizobacteria and SA display the
same trend as in normal soil moisture of soil. Under water deficit, the application
of rhizobacteria insignificantly increased the content of hydrogen peroxide in
leaves.

However, the combined application of rhizobacteria and SA significantly
decreased (by 39%) this parameter compared to plants treated only with
rhizobacteria.
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This suggests that SA may play an important role in inducing tolerance to
oxidative stress conditions in soybean plants.

Similar influence of SA was revealed in wheat genotypes under drought as
reported by Agarwal et al. (2005).
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Fig. 2 Hydrogen peroxide content in soybean plants grown under drought condition (35%
WHC) and treated with rhizobacteria (Bradyrhizobium japonicum) and foliar 0.5 mM SA.
Data are presented as treatments mean + SE (n = 3), P<0.05.

Thus, experimental data demonstrated that the decrease of reactive oxygen
species accumulation due to integrated use of plant growth regulator and
rhizobacteria contributes to provide a better protective system of plant against
drought, diminishing oxidative stress in plants.

So, the application of 0.5 mM SA in conjunction with rhizobia inoculation
under drought stress condition significantly reduced H,O, compared to control
(fig. 2).

Similarly, Hashem et al. (2016) reported that rhizobacteria Bacillus subtilis
reduced the concentration of hydrogen peroxide in plants Acacia gerradii under
saline stress.

However, in contrast with the results of this study Razmi et al. (2017)
showed that exogenous application of 0.4 mM SA alone increased hydrogen
peroxide concentration in soybean subjected to water deficit condition.

Hence, according to our experimental results it can be concluded that
application of Bradyrhizobium japonicum strain in conjunction with foliage
treatment with SA provide a synergic effect of induction protective mechanisms
of plant tissues against low P and temporary water deficit condition.

According to literature data, the use of rhizobacteria as well as plant growth
regulators of phenolic nature, the plant tolerance is associated with better
absorption and utilization of water (Khan et al., 2018; Khan et al., 2019).

The relative water content (RWC) in leaves is a physiological marker to
evaluate water balance in plants (Lat et al., 2011).
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Experimental results of this study revealed changes in water status of plants
in relation to rhizobacteria and SA treatments (fig. 3 and fig. 4).
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Fig. 3 The effect of rhizobacteria (Bradyrhizobium japonicum) and SA on RWC in
soybean leaves of plants cultivated in normal soil moisture (70% WHC. Data are presented
as treatments mean + SE (n = 3), P<0.05.

In general, water deficit in soil reduced the relative water contents in
soybean plants irrespective of treatments.

In contrast to the negative effect of water deficit, salicylic acid application
improved water status of plants.

Experimental results show that integrated use of bacteria strain and SA
improved water status of plants cultivated on soil with low P under good
irrigation conditions.

Likewise, the beneficial effect of these elicitors was registered in plants
subjected to temporary water deficit compared to control treatment or to treatment
with bacteria strain alone (fig. 4).

Experimental results suggested that rhizobacteria enabled the leaf to
maintain a high level of RWC, increased the plant performance and reduced
adverse effect of water deficit in soybean plants.

The positive effect of rhizobacteria could be caused by the hydraulic nature
of roots, which were better developed, and more fasciculate roots alleviate radial
transport of water as demonstrated by Kothari et al. (2011).

The RWC changed less under combined application of SA and
rhizobacteria in plants grown in water deficit condition compared to plants
inoculated only with Bradyrhizobium japonicum strain.
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These results could be explaining by better leaves development in
comparison with leaves of plants inoculated with rhizobacteria strain alone.

Hence, the integrated use of rhizobacteria and SA enhanced water status of
plants compared to control plants.

The changes induced by application of rhizobacteria and SA positively
affected plant growth of soybean.

Plant dry mass accumulation significantly reduced in drought-treated plants
in comparison to their respective normal irrigation plants (data not shown).
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Fig. 4 The effect of rhizobacteria (Bradyrhizobium japonicum) and SA on RWC in soybean
leaves of plants under drought condition (35% WHC). Data are presented as treatments
mean + SE (n = 3), P<0.05.

The combined use of SA and rhizobacteria assisted the plant to maintain
growth by accumulating higher biomass under normal irrigation as well as under
drought condition.

The increase of grain yield due to combined application of SA and
rhizobacteria correlated with the improvement of RWC and reduced
concentrations of hydrogen peroxide in plants (data not shown).

In summary, the experimental results revealed the beneficial role of
integrated application of rhizobacteria and salicylic acid in regulating the drought
response of plants and such approach could be useful in the adaptation of soybean
plants to unfavorable environments.

CONCLUSION

The present study indicates that water deficit condition has adverse effects
on soybean plants, including decreases in RWC and increases of hydrogen
peroxide content and lowering plant growth.
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The application of Bradyrhizobium japonicum in conjunction with foliar
treatment of 0.5 mM SA improved soybean tolerance to water deficiency by
limiting hydrogen peroxide accumulation and improving water status of plants.

Thus, the effect of salicylic acid treatment is efficient in soybean plants
treated with rhizobacteria Bradyrhizobium japonicum inoculation and provide
better tolerance to drought condition.
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