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ABSTRACT 
 

Soil salinity has enormous negative impact on crop productivity leading to food insecurity and malnutrition, 
especially in arid regions. The aim of this study was to elucidate the interactive effects of different N fertilization 
rates and Bradyrhizobium japonicum (Kirchner) on agronomic traits of soybean [Glycine max (L.) Merr.] in 
saline soils (EC 5.8 dS m-1). Field experiments were conducted during the summer seasons of 2018 and 2019 to 
evaluate the effects of various N fertilization rates such as no fertilization (control), N0Р90К60, N30Р90К60, 
N60Р90К60 individually and in tandem with B. japonicum as a seed bioinoculant. The experiment in a split-plot 
design, N fertilization as the main plot, the seed inoculation as the sub-plot was set up in three replicates. Soybean 
growth, nutrients uptake and yield parameters increased with increasing N fertilization rate, however, the effect 
was more pronounced with the seed inoculation. Averaged over the cropping seasons, yield was higher by 20.4%, 
19.0%, 34.1% and 6.1% in the inoculated treatments of no-fertilization, N0Р90К60, N30Р90К60, N60Р90К60, 
respectively as compared to the similar fertilization treatments without the seed inoculation. The fertilization 
rate of N30Р90К60 with B. japonicum inoculation was recommended due to the high soybean yield and quality 
seeds as the crucial components of sustainable agricultural production under salt-stressed field conditions. 
 
Keywords: Bradyrhizobium japonicum, Glycine max, N fertilization, salinity, plant growth, nutrient content, 
soybean, yield.  

 
INTRODUCTION 

Soybean, Glycine max (L.) Merr., is one of the widely 
produced legume species, mainly for oil production around 
the globe (FAOSTAT, 2020). In fact, soybean oil 
constitutes approximately 29% of the global vegetable oil 
production (SOYSTATS, 2020). Soybean grain consists of 
a valuable source of plant proteins (36%) with essential 
fatty acid (FA) composition. Intrinsically, soybean oil 
contains zero cholesterol and saturated fatty acids such as 
palmitic (16:0) and stearic (18:0) acids and higher 
concentrations of unsaturated FA such as oleic (18:1), 
linoleic (18:2), and linolenic (18:3) acids and some 
bioactive compounds such as phenols, flavonoids, and 
organic acids make it valuable for the human diet (Ilker et 
al., 2018a; Szpunar-Krok et al., 2021).  

It is well studied that legumes such as soybeans, peas 
(Pisum sativum L.), chickpeas (Cicer arietinum 

L.), peanuts (Arachis hypogaea L.) and etc. with beneficial 
microorganisms such as rhizobia and bradyrhizobia 
bacteria may potentially reduce the application of chemical 
fertilizers through the function of biological nitrogen 
fixation (BNF) (Htwe et al., 2019; Kocaturk et al., 2019; 
Nosheen et al., 2021). Indeed, the expanded interest in 
sustainable green development and ecology has drawn 
attention to the fact that BNF is an ecologically friendly and 
renewable resource (Mahanta et al., 2014; Jaga and 
Sharma, 2015; Ilker et al., 2018b). Nowadays, many 
organic farmers have been using legumes with appropriate 
bacterial symbiosis in crop rotation systems to improve soil 
fertility and crop productivity (Silva et al., 2017; Wang et 
al., 2018; Allanov et al., 2019). It is noteworthy that this 
practice provides additional economic and ecological 
benefits (Son et al., 2004). Cultivation agrotechnologies, 
environmental conditions and soil properties play a vital 
role in the symbiotic association between soybean and 
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Bradyrhizobium and their proper functioning (Abdelghany 
et al., 2020). As soybean in association with 
Bradyrhizobium bacteria may improve soil health can be 
helpful for subsequent crops (Azam et al., 2021), however 
abiotic and biotic stress factors may adversely affect 
soybean productivity. 

The amount of fixed nitrogen from air by the soybean 
and rhizobia co-existence ranges between 0 to 337 kg per 
ha depending on external factors (Zimmer et al., 2016). 
Interestingly, the N fixation process made by the legume 
association decreases when the soil has abundant N 
resources and vice versa (Marro et al., 2020). Numerous 
studies indicated that soybean needs small amounts of N 
fertilization at the early growth stage to overcome nitrogen 
deficiency (Sulieman et al., 2015; Cafaro La Menza et al., 
2019). At this period, the absence of nitrogen fertilizer may 
negatively affect soybean development and yield 
characteristics. In contrast, excessive fertilization 
negatively affects plant growth, soil health, and crop 
economic yield (da Mota et al., 2019; Ozturk, 2021).  

Despite adverse impacts of soil salinity on crop 
production, new biotechnological and agrotechnological 
approaches have added wings to the progress of plant 
studies with the potential to alleviate stress and promote 
growth under saline aquifer (Toker et al., 2009; Stojsin et 
al., 2022). Soybean with B. japonicum (Kirchner) 
symbiosis has been intensively studied under various 
environments, however, the effectiveness of this symbiosis 
with different N fertilization under saline conditions has not 

been worked out. Therefore, it becomes an immense need 
to study the effect of various N fertilization norms in 
conjunction with Bradyrhizobium inoculation on soil 
properties, soybean growth, nutrient uptake, seed yield and 
seed chemical compositions. The main objective of this 
study was to reveal the effectiveness of the seed inoculation 
using B. japonicum in association with the appropriate rates 
of N fertilization on enhancing soybean productivity and 
soil quality under saline environment. 

MATERIALS AND METHODS 

Experiment area and design 

The field experiments were conducted during two 
successive summer growing seasons of 2018 and 2019 at 
the experimental station of the Cotton Breeding, Seed 
Production and Agrotechnologies Research Institute 
located in Guliston district, Syrdarya region, Uzbekistan 
(Altitude: 271 m, Latitude: 40°25′ North, Longitude: 
68°40′ East). In this area, the continental arid climate is 
predominant with four distinctive seasons. The crop 
growing season is characterized as hot and mostly dry with 
frequently drought accompanying with heat stress. The 
higher air temperature was observed in July up to 380C and 
lower temperature in January 00C. The frost-free period is 
240-270 days. The mean annual rainfall ranges between 
210 and 245 mm. Cultivated crops do not generally benefit 
from it because a major part falls in the period between 
December and March (Fig.1). 

 

 

Figure 1. Weather conditions during soya bean growing season in the years 2018-2019. 
 

The experiment was set up in randomized complete 
block design arranged in split-plots with three replications 
which consists of 24 plots (each plot size 4.8 m × 10 m = 
48 m2) and the total experiment area was 1152 m2. The 
selected soybean genotype has been subjected to grow 
under unfertilized (control) and three N fertilization 

treatments with and without inoculation with 
Bradyrhizobium japonicum (Kirchner). The 
recommendations for the bacterial inoculation process 
made by the manufacturer were strictly followed with the 
protocol. The N fertilization rates were: 0, 30, 60 kg·per ha 

and each plot received P 90 kg·per ha and K 60 kg·per ha 
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except the control treatment. The experiment design 
consists of eight fertilization treatments with and without 
B. japonicum inoculation: no fertilization (control), 
N0Р90К60, N30Р90К60, N60Р90К60. Crop cultivation 
technologies including irrigation, weed control and pest 
management were conducted in accordance with local 
agronomic practices, while maintaining similarity for all 
trials. Chemical fertilizers were applied during the growing 
season as a band placement. Nitrogen (N) at a rate of 30 kg 
per ha was applied at sowing based on the treatment 
features. Phosphorous (P) and Potassium (K) fertilizers in 
the form of triple superphosphate (19.8% P) and muriate of 
potash (21.5% K) were split into two equal portions and 
applied with the remained portion of Nitrogen (N) prior to 
the first and the second irrigations to the appropriate 
experiment treatments. Four times surface furrow irrigation 
was applied equally to all plots with a norm of 750-800 m3 
per hectare during the vegetation period.  

Bacterial Strain and Soybean Seed 

Strain B. japonicum was kindly provided from 
Microbiology Institute, Uzbek Academy of Science, 
Tashkent, Uzbekistan. The strain was ready for inoculation 
after having the cell concentration adjusted to 3 × 109 CFU 
per ml. Following the bacterial cultivation, the seeds were 
soaked entirely with the N2 fixing bacteria and kept in the 
shade for half an hour in to dry and be ready for planting.   

The soybean genotype Orzu was used in this experiment 
which is characterized as early ripening. Before planting, 
the surface of seeds were sterilized with 70% ethanol for 1 
min and 3 g per L sodium hypochlorite solution for 3 min. 
These procedures were followed with washing of the seeds 
under tap water. After two hours of drying in the lab 
condition, the seeds were completely soaked with the 
bacterial strain for 15 minutes. The inoculated seeds of this 
crop species were planted in 3-4 cm deep with the planned 
norms. 

Soil characteristics and sample analyses 

The soil in this area is typical sierozem affected by 
secondary salinization (EC 5.8 dS m-1) after many years of 
improper irrigation used for cultivated crops. The mechanic 
structure is heavy sandy without sufficient organic matters 
and nutrients the underground water level is deep (2-3 m). 
Poor soil structure and low organic matters are prevalent in 
this area with 0.7-0.9% humus content and 1.3-1.4 g/cm3 
bulk density. The pH of the soil was neutral (6.8-6.9), the 
total organic carbon was 0.09-0.87%. The average nutrient 
contents in the 0–30 and 30–50 cm soil horizon were 0.08 
and 0.07% total N and 0.168 and 0.154% total P, whereas 
exchangeable potassium levels ranged between 266 and 
207 mg per kg, respectively (Table 1). 

 
Table 1. Nutrient content in soil as affected by B. japonicum inoculation and N fertilization (averaged across 2018 and 2019 growth 
seasons). 

Treatments  Soil horizon (cm) Total forms (%) Exchangeable forms (mg per kg) 
Humus N P NO3 Р2О5 К2О 

At the beginning of the experiment 

 0-30 0.871b 0.078b 0.168c 1.23f 24.24b 266c 
30-50 0.733d 0.066c 0.154e 0.73g 19.28d 207d 

At the vegetation period  
Control  0-30 0.872b 0.077 b 0.165c 3.24d 23.94b 262c 
 30-50 0.735d 0.064c 0.155e 2.12e 18.48e 205d 
Control+Br 0-30 0.895a 0.079b 0.168c 3.11d 25.26b 276b 
 30-50 0.751c 0.065c 0.157d 2.69e 19.51d 207d 
N0Р90К60  0-30 0.897a 0.080b 0.170b 4.15c 24.78b 276b 
 30-50 0.754c 0.066c 0.158d 2.98e 20.10c 209d 
N0Р90К60+Br 0-30 0.876b 0.080b 0.171b 4.36c 27.15a 286ab 
 30-50 0.753c 0.065c 0.159d 3.43d 20.17c 217d 
N30Р90К60 0-30 0.902a 0.086a 0.173a 5.54ab 25.99b 284ab 
 30-50 0.759c 0.066c 0.159d 3.08d 20.63c 217d 
N30Р90К60+Br 0-30 0.905a 0.087a 0.174a 5.92a 27.98a 296a 
 30-50 0.760c 0.067c 0.158 3.65d 20.90c 217d 
N60Р90К60 0-30 0.898a 0.084a 0.171b 5.23b 26.55ab 280ab 
 30-50 0.755c 0.066c 0.158d 3.43d 20.78c 214d 
N60Р90К60+Br 0-30 0.902a 0.086a 0.172b 5.74a 27.24a 286ab 
 30-50 0.758c 0.065c 0.159d 3.32d 20.62c 209d 

Means of three independent replications (n = 3) separated by lower case letters (a and e) in each column are significantly different at 
P≤5%. 
 

There was no previous legume cultivation with rhizobia 
in this experimental site. The preceding crop was winter 
wheat which was harvested in the middle of June. As a 

second crop, soybean was planted in late June and 
harvested in early October during both 2018–2019 
cropping seasons. Several microbiological analyses were 
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conducted to determine the microbial activity of soil 
samples at the beginning and end of the experiment. The 
Serial dilution plate method was employed to observe total 
numbers of actinomycetes, ammonifiers and 
oligonitrophils by counting colony-forming units (CFUs) 
on agar plates. The medium used for enumeration of total 
numbers of spores and micromycetes was soil agar.  

The roots and shoots samples were oven-dried at 720C 
for 72 hours. These materials were ground and sieved 
before chemical analysis. The Kjeldahl method was applied 
to determine the total nitrogen content in the roots and 
shoots samples using with a nitrogen analyzer (Kjeltec 
2300 Autoanalyser, Foss Tecator AB, Hoganas, Sweden). 
The Tyurin and Lancaster methods were useful for analyses 
of soil organic matters and available phosphate (NIAST, 
2000). In addition, the flame photometer model carl-Zeiss 
was implemented to study phosphorus as described by 
Horneck and Hanson (1998). Potassium content was 
analyzed by the inductively coupled plasma 
spectrophotometer.  

Total oil content was recorded in the Soxhlet extractor 
according to official methods (Januszewska et al., 1999). 
While seed protein was estimated by the neutron activation 
analysis method to determine seed protein content. Fatty 
acid composition of soybean seed oil was determined with 
derivatization fatty acid (FA) as methyl ester (FA-ME) 
used by directing transmethylation of seed oil with KOH 
methanol (Wirasnita et al., 2013).  

Statistical Analyses 

The obtained data consisting of soil nutrients, 
microflora activity, plant growth, chemical content, yield 
parameters were subjected to analysis of variance 
(ANOVA) using CropSTAT software. The Tukey test was 
employed to calculate for comparison of traits at P < 0.05. 

RESULTS AND DISCUSSION 

Soil nutrient content 

The application of N fertilization and B. japonicum for 
soybean cultivation increased humus, total N and P content 
in the soil, while this significantly was different from the 
control treatment (Table 1). Also, the exchangeable NO3, 
Р2О5 and К2О contents in the soil increased with increasing 
N rate. In addition to these positive effects, the effect was 
more pronounced with the bacterial inoculation. 
Nevertheless, exchangeable forms of NO3, Р2О5 and К2О 
contents reached a maximum when the seed inoculant 
interacted with N30Р90К60 fertilization treatment. 
Particularly, soil chemical properties, i.e., exchangeable 
forms of NO3 increased by four-fold, whereas Р2О5 and 
К2О rates were higher by 15.4 and 8.4% and 11.3 and 4.8% 
at 0-30 and 30-50 cm soil horizons, respectively compared 
to the control. Further increase of N fertilization rate up to 
60 kg ha-1 with B. japonicum inoculation in the 
N60Р90К60×B. japonicum treatment did not show any 
additional effect (Table 1).  

A similar trend was observed by the side of soil 
microbial activities, the seed inoculant along with 
N30Р90К60 fertilization treatment increased soil microbial 
activity, i.e., ammonifiers, spores, oligonitrophils, 
micromycetes, actinomycete (Table 2). The microbial 
biostimulant combined with the N30Р90К60 fertilization rate 
resulted in the highest number of the above-mentioned soil 
bacterial populations. An application of N combined with 
B. japonicum inoculation significantly affected nutrient 
availability in soil, plant physiological processes, and 
nutrient activities in the plant tissue (Table 2). The 
beneficial association between soybean and B. japonicum 
is mostly reflected in the content of N in the soil. The fixed 
amount of N ranges depending on the suitable match of the 
two organisms, external and anthropogenic factors (Silva et 
al., 2017). When N fertilizer combined with B. japonicum, 
remarkable improvement was revealed in terms of soil 
humus content. Likewise, the highest contents of total N 
and P were found when the N30Р90К60 fertilization treatment 
was used in combination with B. japonicum. Enhanced 
nutrient availability maintains soil ameliorative functions 
and rejuvenates of soil ecology. In contrast, the excessive 
use of N fertilizer negatively affected soil structure and 
fertility, suggesting that the disproportionate N application 
suppresses nutrient cycling, soil functioning, and health. 
Indeed, the highest productivity of crops largely depends 
on the rational implementation of chemical fertilizers even 
without damage to soil fertility under adverse climatic 
conditions (Ashraf and Harris, 2013). The N cycle in the 
soil had significant positive correlations with the N30Р90К60 
fertilization rate in the association of B. japonicum 
inoculation. In its turn, increasing the total form of N in the 
soil is strongly coupled with exchangeable NO3, Р2О5 and 
К2О contents. A similar phenomenon was promoted in 
early studies, confirming these macronutrients are 
stoichiometrically linked together to maintain ecosystem 
balancing (Aziz et al., 2013). This study showed that the 
use of the bacterial inoculant together with the appropriate 
N fertilization enhanced soil microbial diversity and 
population in saline soils. In fact, soil available nutrient 
content mostly depends on an abundance of soil 
microorganisms which play a fundamental role in the soil 
nutrient cycling and soil ecosystem functioning (Khan et 
al., 2010; Hammerschmiedt et al., 2021). The highest 
microbial activity was found when the seed inoculation was 
used with N30Р90К60 fertilization, suggesting that the 
application of N fertilizer at the right doses increases the 
biological quality of soil. Perhaps, further increase N rate 
(N60Р90К60) showed the harmful influence on the microbial 
community. This practice was well-documented 
previously, presenting symbiotic N2 fixation in legumes 
with effective rhizobia play an essential role in 
compensating for missing soil nitrogen (N) and thus 
potentially surmount nutrient deficiency (Abdiev et al., 
2019; Asik and Arioglu, 2020). Taken together, 
rejuvenation of beneficial soil bacteria had an enormous 
advantage for improving soil biological functions and plant 
health.  
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Table 2. Quantity of microorganisms in the rhizosphere as affected by B. japonicum inoculation and N fertilization (averaged across 
2018 and 2019 growth seasons). 

Treatments  Ammonifiers  Oligonitrophils Micromycetes  Actinomycete  
At the beginning of the experiment 

 5.2х107d 3.1х106c 5.5х104c 4.2х105b 
At the vegetation period  

Control  7.5х106c 4.5х105d 3.5х104d 7.5х104e 
Control+Br  7.5х107b 2.7х106c 6.7х104b 3.5х105c 
N0Р90К60  7.5х106c 5.2х105d 4.5х104d 1.5х105d 
N0Р90К60+Br 7.5х107b 3.5х106b 7.5х104b 4.5х105b 
N30Р90К60 7.5х107b 3.7х106b 6.5х104b 2.2х105c 
N30Р90К60+Br  7.5х108a 4.5х106a 8.5х104a 6.5х105a 
N60Р90К60 6.0х107bc 9.7х105d 5.7х104c 2.5х105c 
N60Р90К60+Br  9.0х107b 3.7х106b 7.5х104b 5.5х105ab 

Means of three replications (n = 3) separated by lower case letters (a and e) in each column are significantly different at P≤5%. 

 

Soybean growth and plant nutrient uptake 

The positive interaction between N fertilization rate 
with Bradirhizobia inoculation was observed in the dry 
weight parameters of soybean, whereas the combination of 
N30Р90К60× B. japonicum showed the highest values in all 
studied plant growth indicators (Table 3). The dry weights 
of root, shoot, leaf, grain and grain husk were increased 
with the increase of N fertilization rate. However, the 
increase of these parameters was more pronounced with B. 

japonicum inoculation. The root, shoot, leaf and grain dry 
weights increased by 20.4, 93.1, 87.5 and 107.5% when 
N30Р90К60 fertilization was used in combination with B. 
japonicum inoculation, while the total weight was higher 
by 78.0% as compared to the control. However, further 
increase of fertilization rate up to N60Р90К60 with and 
without B. japonicum did not exhibit any positive effect, on 
the contrary there were significant declines at the studied 
parameters compared to the N30Р90К60 fertilization 
treatment.  

 
Table 3. Dry weight of the plant organs in response to N fertilization and B. japonicum inoculation (averaged across 2018 and 2019 
growth seasons).  

Treatments   Root (g) Shoot, (g) Leaf (g) Grain (g)  Husk (g)  Total (g)  
Control  4.9d 5.8e 0.8d 4.0e 2.7e 18.2e 
Control+Br  5.2c 6.2e 1.0c 5.1d 3.5d 21.0d 
N0Р90К60  5.2c 7.6d 1.1c 6.2c 4.2c 24.4c 
N0Р90К60+Br 5.3c 7.1d 1.1c 7.1bc 4.8bc 25.4c 
N30Р90К60 5.5b 9.3c 1.3b 7.9ab 5.4ab 29.4b 
N30Р90К60+Br  5.9a 11.2a 1.5a 8.3a 5.6a 32.4a 
N60Р90К60 5.8a 10.8b 1.4a 7.4b 5.1b 30.5ab 
N60Р90К60+Br  5.6b 9.7c 1.3b 8.0ab 5.4ab 30.0ab 

Means of three replications (n = 3) separated by lower case letters (a and e) in each column are significantly different at P≤5%. 

 
The application of chemical fertilization increased N, P 

and K contents in the root, shoot, leaf, grain and grain husk 
of soybean with significant differences (Tables 4, 5, and 6). 
Nevertheless, these indicators were significantly higher in 
the B. japonicum inoculated treatments, indicating B. 
japonicum inoculation promotes nutrient uptake. The 
content of these macro-elements in the soybean organs 
increased with the increase of N fertilizer application rate. 
The highest N, P and K elements values in the soybean 
organs was found at the N30Р90К60 fertilization treatment in 
combination with the seed inoculant. The N content in the 
soybean parts grown with B. japonicum inoculation 
increased by 30.7%, 33.3%, 8.1%, 28.5%, and 49.0% in the 
root, shoot, leaf, grain and grain husk, respectively 
compared to the control values. However, a decrease of 
these studied parameters was observed when N60Р90К60 
fertilization treatment was cooperated with the seed 
inoculation.  

A similar trend was also detected when P and K 
contents in soybean organs were studied in response to 
increasing N fertilization associated with the seed inoculant 
(Tables 5 and 6). The increased N fertilization effect in 
combination with the seed inoculant comparing to the 
control were significant, suggesting that increased N 
fertilizer in combination with B. japonicum inoculation 
facilitated greater nutrient content in the soybean 
fragments. Averaged across, the seed inoculant as a sub-
plot significantly increased total N content in soybean root, 
shoot, leaf, grain and grain husk by 4.8%, 10.5%, 2.6%, 
8.1% and 12.7%, respectively, as compared to the 
respective N fertilization treatment without the seed 
inoculation. Similar results were revealed on total P and N 
contents in the soybean vegetative and generative organs. 
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Table 4. N level in plant organs as affected by N fertilization and B. japonicum inoculation (%) (averaged across 2018 and 2019 growth 
seasons).  

Treatments N (%) 
Root Shoot Leaf Grain Husk 

Control  0.88d 0.51c 1.98d 3.55e 1.02e 
Control+Br  0.92c 0.58bc 2.02c 3.66d 1.12e 
N0Р90К60  0.97b 0.56bc 2.02c 3.77c 1.17d 
N0Р90К60+Br 0.98b 0.61b 2.07b 3.88c 1.22d 
N30Р90К60 1.12ab 0.64ab 2.08b 4.02bc 1.42b 
N30Р90К60+Br  1.15a 0.68a 2.14a 4.56a 1.52a 
N60Р90К60 1.02b 0.58bc 2.05b 3.77c 1.22d 
N60Р90К60+Br  1.13ab 0.66a 2.11ab 4.22b 1.32 c 

Means of three replications (n = 3) separated by lower case letters (a and e) in each column are significantly different at P≤5%. 

Table 5. P level in plant vegetative organs as affected by B. japonicum inoculation and N fertilization (%) (averaged across 2018 and 
2019 growth seasons). 

Treatments  P (%) 
Root Shoot Leaf Grain Husk 

Control  1.66e 1.90d 1.32d 1.74e 1.18d 
Control+ Br  1.74e 1.91d 1.39cd 1.76e 1.22c 
N0Р90К60  1.82d 2.10c 1.41c 1.82d 1.24c 
N0Р90К60+Br 2.00b 2.11c 1.43c 1.84d 1.24c 
N30Р90К60 2.02b 2.86ab 1.56ab 2.04b 1.36b 
N30Р90К60+Br  2.12a 2.91a 1.67a 2.14a 1.43a 
N60Р90К60 1.91c 2.20b 1.51b 1.91c 1.30bc 
N60Р90К60+Br  2.03b 2.89ab 1.62ab 2.08ab 1.36b 

Means of three replications (n = 3) separated by lower case letters (a and e) in each column are significantly different at P≤5%. 

 

While the addition of starter N fertilizer fulfils the 
immediate requirement of N of the legume at the 
germination, these practice combinations lead to higher 
availability of nutrients in the soil (Tarekegn and Kibret, 
2017). An application of B. japonicum as a seed inoculant 
probably facilitated a proliferation of beneficial microbes, 
which might have created a favorable condition for plant 

growth. Notably, a significant N fertilizer x B. japonicum 
interaction increased soybean growth and development, 
positively affecting generative organs as well. That could 
also be interpreted based on positive roles of the bacterial 
strain on soil microbial activity, resulting in higher nutrient 
availability in the soil.   

 
Table 6. K level in plant vegetative organs as affected by B. japonicum inoculation and N fertilization (%) (averaged across 2018 and 
2019 growth seasons). 

Treatments K (%) 
Root Shoot Leaf Grain Husk  

Control  2.250d 2.325d 2.325d 2.700d 2.475e 
Control+Br  2.325c 2.375c 2.375b 2.775c 2.550d 
N0Р90К60  2.325c 2.400c 2.350c 2.775c 2.550d 
N0Р90К60+Br 2.471bc 2.475b 2.400b 2.825b 2.625b 
N30Р90К60 2.400c 2.550ab 2.450ab 2.925ab 2.625b 
N30Р90К60+Br  2.750a 2.650a 2.500a 2.975a 2.700a 
N60Р90К60 2.325c 2.500b 2.375b 2.850b 2.600c 
N60Р90К60+Br  2.550b 2.525ab 2.475ab 2.950ab 2.650b 

Means of three replications (n = 3) separated by lower case letters (a and e) in each column are significantly different at P≤5%. 

 

A similar trend of the increase of nutrients in the 
soybean tissues depending on the combined N fertilizer x 
B. japonicum treatment was determined by analyses of 
chemical content (Tables 5, 6 and 7). It is well documented 
that plant uptake different macro and micronutrients in a 
balanced way. So, N applied in a higher dose increases 

demand for other nutrients, while accelerating plant growth 
and yield formation (Yucel et al., 2015). The soil with 
higher nutrient profiles is generally reflected in the plant 
vegetative parts' enhanced chemical content (N, P and K). 
Therefore, a higher amount of these nutrients were 
observed in the treated plants (Jahangir et al., 2021). 
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In this study, physiologic processes in soybean were 
suppressed when the plant had been treated with the higher 
rate of N fertilizer (N60Р90К60). This outcome shows that 
there is a need to reduce the detrimental effect of applied N 
in order to improve the N benefits to the legume crop and 
enhance N2 fixation. In fact, soybean growth and nutrients 
uptake significantly increased with increasing fertilization 
rates, but the N30Р90К60 x B. japonicum treatment stabilized 

biomass ratio × plant yield interrelations. These results 
indicate that the combination of N30Р90К60 x B. japonicum 
can positively influence soil nutrient profiles and improve 
the uptake of nutrients by the plant as well as nutrient 
mobility within the plant. Despite the detrimental effect of 
N fertilization at the higher rate (N60Р90К60), the optimum 
level of N as starter fertilizer might increase the 
productivity of legumes with the seed inoculation.  

 
Table 7: Soybean oil fatty acid compositions (g per kg) (averaged across 2018 and 2019 growth seasons). 

Treatments Palmitic acid 
(C16:0) Stearic acid  (C18:0) Oleic acid   (C18:1) Linoleic acid  (C18:2) Linolenic acid 

(C18:3) 
Control  9.46c 1.71d 21.90c 52.73c 5.30d 
Control+Br  9.88c 1.77d 21.81c 53.98b 7.72c 
N0Р90К60  11.77b 1.95c 22.35c 54.12b 7.98c 
N0Р90К60+Br 11.81b 1.92c 22.44 54.38b 8.34b 
N30Р90К60 11.54b 2.53b 23.95b 55.76b 8.89a 
N30Р90К60+Br  12.16a 3.62a 24.14a 56.01a 9.11a 
N60Р90К60 12.06a 3.66a  24.34a 56.52a  9.05a 
N60Р90К60+Br  12.18a 3.65a 24.43a 56.42a 8.62b 

Means of three replications (n = 3) separated by lower case letters (a and c) in each column are significantly different at P≤5%. 

 

Nodulation, seed yield and seed quality 

The nodulation in soybean roots increased with 
increasing N fertilization rate (Fig. 2). Also, the nodulation 
parallelly progressed with the growth stages of soybean. 
However, the nodulation rates were higher by 74.5%, 
111.3%, 102.7% and 110.9% in the control treatment with 

the seed inoculation, N0Р90К60× B. japonicum, 
N30Р90К60×B. japonicum, N60Р90К60×B. japonicum, 
respectively as compared to the similar fertilization 
treatments without the inoculation. In overall, the nodule 
number was two-fold higher in soybean plants inoculated 
with the bacterial strain combined with the appropriate 
fertilization (N30Р90К60) rate (Fig. 2).   

 
Figure 2. Quantity of nodules in the soybean root as affected by B. japonicum inoculation and N fertilization (averaged across 2018 
and 2019 growth seasons). Bars show means of three independent replications (n = 3) separated by lower case letters (a and e) in each 
column are significantly different at P≤5%. 

 

A significant nonlinear response was detected when the 
soybean seed yield was trialed against N levels with and 
without the seed inoculant (Fig. 3). The soybean seed yield 
increased as the tested fertilization norms progressed in the 

seed inoculation treatments. However, an excessive N 
supply at a rate of N60Р90К60 with rhizobium inoculation 
had a negative effect on soybean yield. Results also showed 
that Rhizobium inoculation with N30Р90К60 fertilization 
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treatment became the most effective, exhibiting the highest 
soybean seed yield (2.99 t per ha). In fact, the soybean seed 
yield was more pronounced with the seed inoculation. The 
soybean seed yield was higher by 20.4%, 19.0%, 34.1% 
and 6.1% in treatments of control (no fertilization) ×B. 
japonicum, N0Р90К60×B. japonicum, N30Р90К60×B. 

japonicum, N60Р90К60×B. japonicum, respectively as 
compared to the similar fertilization treatments without 
Rhizobium inoculation. In general, B. japonicum 
inoculation caused significant positive effects on soybean 
yield, whereas the excessive N supply had a negative effect 
on soybean yield as well (Fig. 3).  

 
Figure 3. Soybean yield (dT per ha) as affected by N fertilization and B. japonicum inoculation (averaged across 2018 and 2019 growth 
seasons). Bars show means of three independent replications (n = 3) separated by lower case letters (a and e) in each column are 
significantly different at P≤5%. 

 
 Similarly, the seed oil and protein contents showed an 

increasing tendency with an increase in N fertilization 
level, which suggests that higher content of N is an essential 
factor for the soybean seed quality indicators (Figs. 4 and 
5). In particular, the seed oil content was the highest when 
soybean treated with N30Р90К60 fertilization in combination 

with B. japonicum inoculation. This treatment 
(N30Р90К60×B. japonicum) increased the seed oil content by 
26.2% compared to the control treatment. Likewise, the 
highest protein content was observed at the N30Р90К60×B. 
japonicum treatment (Fig. 4). 

 

 
Figure 4. Soybean seed oil content (%) as affected by B. japonicum inoculation and N fertilization (averaged across 2018 and 2019 
growth seasons). Bars show means of three independent replications (n = 3) separated by lower case letters (a and e) in each column 
are significantly different at P≤5%. 
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The most studied subject in soybean after being 
inoculated with B. japonicum dedicated to an increase in 
protein content. While recently some researchers reported 
about induced metabolic changes in soybean following 
inoculation with B. japonicum (Torres et al., 2018; Hungria 
et al., 2020; Abdel Latef et al., 2021; Soba et al., 2021). The 
results indicated that the combined use of B. japonicum 
inoculation with N30Р90К60 fertilization treatment increased 

nodule number per plant significantly as compared to the 
other treatments. But the higher rate of N fertilization 
(N60Р90К60) suppressed the nodulation process in soybean. 
Similarly, maximum values of soybean seed yield (2.990 t 
per ha) were observed by the combined application of 
N30Р90К60 fertilization with B. japonicum inoculation, 
indicating a synergistic effect of these chemical and 
biological factors. 

 

 
Figure 5. Soybean protein content (%) as affected by B. japonicum inoculation and N fertilization (averaged across 2018 and 2019 
growth seasons). Bars show means of three independent replications (n = 3) separated by lower case letters (a and e) in each column 
are significantly different at P≤5%. 

 

 The five essential fatty acids (palmitic, stearic, oleic, 
linoleic, and linolenic) were studied in the soybean seed oil 
under the eight fertilization treatments during the two 
growing seasons (Table 7). The predominant average 
content (56.52%) of linoleic acid was observed among all 
the fatty acids, whereas stearic acid showed the lowest 
average content (1.71%). As expected, the studied fatty 
acid contents increased with increasing N fertilization rate, 
while the N30Р90К60×B. japonicum combination exhibited a 
synergistic effect. An application of nitrogen at a rate of 60 
kg per ha with the seed inoculant increased palmitic acid 
level by 28.7%, stearic acid level by 113.4%, oleic acid 
level by 11.5%, linoleic acid level by 6.99% and linolenic 
acid level by 62.6% as compared to the control. In most 
cases, the highest level of the studied fatty acids was 
observed at the N30Р90К60 fertilization treatment in 
association with B. japonicum inoculation, whereas no 
significant differences were found between the highest N 
rates with and without B. japonicum inoculation. 

When the seed inoculant was applied, the higher rates 
of N (60 kg N per ha) fertilization significantly decreased 
the total seed yield of soybean. Previous reports have well 
discussed that high levels of inorganic N, especially nitrate 
N, inhibit nodule formation in legumes, plant growth, and 
economic soybean seed yield with a good quality product. 
Results of this study also showed that all fatty acids 

contents varied with highly significant differences between 
the highest and the lowest N rates, indicating N fertilization 
plays a key role in generating fatty acid composition. This 
variability in the seed quality is linked with the supply of 
nutrients due to the desirable N fertilization in conjunction 
with the beneficial bacteria strain as a seed inoculant 
(Zhang et al., 2014; Mourtzinis et al., 2017). Basically, one 
of the aims of improving legume seed quality is to improve 
growth condition through enhancing soil nutrients 
availability depending on their BFN ability in symbiosis 
with Bradyrhizobium (Gebauer et al., 2006; Khaitov et al., 
2020). The enhanced seed oil, protein and fatty acid 
contents due to the specific agricultural practice are 
absolutely valuable indicators which are necessarily needed 
for healthier human nutrition (Chalon, 2006; Israilov et al., 
2012). Despite the solid knowledge that N fertilization 
plays a major role in improving soybean seed composition, 
the current study points out the great contribution of the 
specific crop nutritional technology on improving seed 
quality parameters under saline aquifer.  

CONCLUSIONS 

This study showed the significance of using inorganic 
and organic amendments as an environmentally friendly 
approach for soybean production in saline soils. Despite 
soybean growth and nutrient content parameters of 
increased with increasing N fertilization rate, a synergistic 
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effect of B. japonicum inoculation was substantial. In fact, 
a significant increase was observed in the seed oil, fatty 
acid and protein contents at the highest N fertilization 
treatment (N60Р90К60) with the seed inoculation. However, 
N fertilization at a rate of N30Р90К60 in conjunction with B. 
japonicum inoculation showed a balanced supply of 
nutrients for soybean growth and yield components. In 
addition, the proliferation of the bacterial strains in the 
soybean root was positively affected by B. japonicum 
combined with the adequate N supply, indicating the proper 
use of N might be helpful for bacterial existence. The 
highest yield and seed quality parameters were observed at 
the N30Р90К60×B. japonicum treatment which indicates this 
valuable agricultural practice might be used to the 
contribution of soybean production in saline areas.  
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