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Abstract. An experiment was conducted during 2017 growing season in Debrecen, Hungary to investigate the effects of inoculation and N fertilization on the 
seed yield and protein concentration of soybean [Glycine max (L.) Merr.] cultivar (Boglár) under three irrigation regimes: severe drought (SD), moderate 
drought (MD) and control with no drought stress (ND). Three N fertilizer rates were applied: no N (0N), 35 kg/ha (35N) and 105 kg/ha of N fertilizer (105N). Half 
of the seeds in each treatment were inoculated with Bradyrhizobium japonicum inoculant. The results showed significant differences in the seed yield 
associated with both inoculation and irrigation, whereas there were no significant differences in the seed yield associated with fertilization. When seeds were 
inoculated, yield was increased when (35N) was applied compared to (0N); however, high rate (105N) reduced the yield to a level even less than (0N). When 
seeds were not inoculated, the highest rate of N increased the yield the most compared to the other two N fertilizer rates under drought. Under severe drought, 
inoculation was positively and significantly correlated with yield; however, adding N fertilizer increased the yield of non-inoculated plants compared to the 
inoculated ones, regardless of N-fertilizer rate. Protein concentration in the seeds was significantly affected by irrigation and by fertilization, but not by 
inoculation. Protein concentration increased as N fertilization rate increased, regardless of inoculation or irrigation; moreover, increasing N rate reduced the 
correlation coefficient of protein concentration with irrigation. It was concluded that adding N-fertilizer is not always recommended, especially when seeds are 
inoculated before being sown; however, it is very important under severe drought stress to sustain yield. Enhanced protein concentrations could be achieved by 
applying N fertilization, whether the seeds were pre-inoculated or not.
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Introduction

Using mineral fertilization is increasing worldwide. It is well 
known that obtaining high yields of agricultural crops is due to this 
type of fertilization. However, negative impacts of mineral 
fertilization on soil and environment are becoming more obvious, 
with alternative methods being more necessary and applicable, 
especially with the current climatic changes, which has imposed 
serious abiotic stresses, such as drought (De Paola et al. 2014).

Soybean [Glycine max (L.) Merr.] is an important grain legume. 
It is known as the main source of plant oil and protein (Lei et al., 2006; 
Maleki et al., 2013). 60% of human vegetable protein comes from 
soybean (Rosenthal et al., 1998; Allen et al., 2009). The interaction 
(genotype×environment) determines the ratio of protein and oil in 
soybean seeds (Fehr et al., 2003; Wilson, 2004). Generally, high 
rate of protein in soybean seeds is negatively correlated with yield 
(Liang et al., 2010).

Changes in morphology and physiology are among many 
changes that occur within the soybean plant as a response to abiotic 
stresses such as drought stress (Bray, 1993; Cushman and Bohnert, 
2000; Sekiet al., 2003; Yamaguchi-Shinozaki and Shinozaki, 2006); 
for example, changes include increased stomatal closure to reduce 
water loss, reduced leaf area and deeper and denser roots to 
enhance water absorption (Imsande, 1992); drought stress also 
decreases the number of soybean nodes by decreasing the rate of 
main stem nodes production (Frederick et al., 1989). Among crops, 
soybean is the highest drought stress sensitive (Maleki et al., 2013). 

Nitrogen is one of the most important macronutrients for plant 
growth and yield; it is essential for total chlorophyll content and 
protein synthesis. N is essentially needed for the soybean vegetative 
growth in order to produce optimum biomass (Fabre and Planchon, 
2000; Fageria and Baligar, 2005). Soybean plants have a large N 
harvest index compared to other legumes (Lawn, 1989).

This research aims at investigating the effects of inoculation 
and N fertilization, solely and in interaction on the yield and the 
protein concentration of soybean [Glycine max (L.) Merrill, cultivar 
Boglár] under three different irrigation regimes.

Material and methods

Soybean cultivar Boglár, was grown on Debrecen University 
o oexperimental site (Látókép) (N. latitude 47 33', E. longitude 21 27') in 

2017. The soil type is calcareous chernozem. Half of the seeds were 
inoculated with Bradyrhizobium japonicum, and the other half was 
not inoculated. Three N fertilization rates (no N – 0N; 35 kg/ha N – 
35N and 105 kg/ha N – 105N) under three different drought stress 
conditions; severe drought (no irrigation, just the precipitation 
amounts), moderate drought (precipitation + 2*25 mm irrigation at 
R2 and R4 stages) and no drought (precipitation + 2*50 mm irrigation 
at R2 and R4 stages) were applied in four replications. The 
experimental design was split-split plot design with the drought 
severity as the main plots, the inoculation as the sub-plots and the 
fertilization rates as the sub-sub-plots; each plot area was 67.5m² 
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(2.7*25 m). The statistical analysis was made using SPSS ver.22 
software, and two-way ANOVA was used to compare the means and 
significances.

Results

Yield
Significant differences in the seed yield associated with overall 

inoculation, irrigation and the interaction between them, whereas 
there were no significant differences in the seed yield associated 
with overall fertilization treatments alone or in interaction with overall 
inoculation or irrigation or both. When there was no drought, and 
considering the inoculation as the only source of N (without any N 
fertilizer engaged), the yield of inoculated treatment was increased 
to 5062.8 kg/ha from 4901.8 kg/ha of the non-inoculated counterpart 
(Table 1).

When there was no drought, a slight addition of 35 kg/ha of N 
fertilizer increased the yield of the inoculated plants to 5378.8 kg/ha 
compared to 5062.8 kg/ha without any addition of N fertilizer; 
however, the high rate of N fertilizer (105 kg/ha) decreased the yield 
to 4696.8 kg/ha, which is even less than the control yield. On the 
other hand, the yield of non-inoculated plants increased as the N rate 
increased.

Under drought (whether severe or moderate) conditions, 
adding N fertilizer increased the yield of the non-inoculated plants 
compared to the inoculated ones, regardless of the amount of N. 
Moreover, adding relatively high amount of N to the non-inoculated 
plants resulted in the best yield (Table 1).

Regardless of inoculation, the mean yield of the three 
fertilization rates was better when the water amount increased. More 
specifically, severe drought stress reduced the seed yield of 
soybean more than moderate drought stress; the severe and the 
moderate drought decreased the yield by 25.6 and 5.9%, 
respectively, compared to the control. When not inoculated, the yield 
was the highest when 105 kg/ha of N was added, regardless of the 
irrigation scheme. This emphasizes the importance of N fertilizer to 
provide the N amounts needed by soybean with the absence of N  2

fixation process.

Protein concentration
Protein concentration in the seeds was significantly affected by 

overall irrigation and fertilization treatments, but not by overall 
inoculation treatments (Table 2). Under severe drought stress 
conditions, adding 35 kg/ha of N to the inoculated plants did not have 
an effect on the protein concentration (35.1% compared to 35.2% for 
the control – 0N), whereas the addition of relatively high amount of N 
(105 kg/ha) resulted in a noticeable increase (36.7%) in the protein 
concentration. On the other hand, the protein concentration 
gradually and noticeably increased with increasing the N rate 
addition to the non-inoculated plots (34.9, 35.4 and 36.4% for 0N, 
35N and 105N treatments, respectively).

Under moderate drought stress, both the inoculated and the 
non-inoculated plots exhibited similar attitude; increasing the N rate 
turned out to increase protein concentration; the difference was 
significant between the (0N) and the (105N) treatments. Moreover, 
the effect was always higher on the non-inoculated plots compared 
to their counterpart inoculated plots. Similar results were observed 
when the drought was eliminated, however, there were no significant 
differences recorded among the three fertilization treatments (Table 
2).

Discussion

Yield
In our experiment, under no-drought conditions, with the 

inoculation being the only source of N, the yield of inoculated 
treatment was better than the non-inoculated counterpart (Table 1). 
Rurangwa et al. (2017) reported a yield increase by 19, 19 and 25% 
of inoculated soybean plots in three different sites compared to their 
non-inoculated counterparts. Albareda et al. (2009) established that 
inoculation with two different inoculants [Sinorhizobium (Ensifer) 
fredii SMH12 and Bradyrhizobium japonicum USDA110] resulted in 
significantly higher yields of 6071 and 6318 kg/ha, respectively, 
compared to 3715 kg/ha obtained from the non-inoculated control. 
Moreover, they reported that plants inoculated with one of the 

Table 1.The yield of the studied soybean cultivar under 
different irrigation regimes, and different N fertilizer rates

* The same letter in each column within a particular 
irrigation regime indicates no significant difference 
at 0.05 level

Irrigation 
regime

Yield (kg/ha)

Inoculated Non-inoculated

Severe 
drought 
(SD)

N Fertilizer rate
 (kg/ha)

0 N
35 N

105 N

a3854.0 
a3659.0 
a3753.3 

a4371.3 
a4351.3 

 a4566.8

Moderate 
drought 
(MD)

0 N
35 N

105 N

a4576.0 
a4716.8 
a4957.0 

a4712.8 
a4793.8 
a5067.0 

No drought 
(ND)

0 N
35 N

105 N

a5062.8 
a5378.8 
a4696.8 

a4901.8 
a5030.0 
a5047.5 

Table 2. The protein concentration of the studied soybean 
cultivar under different irrigation regimes, 
and different N fertilizer rates

* The same letter in each column within a particular 
irrigation regime indicates no significant difference 
at 0.05 level

Irrigation 
regime

Protein concentration (%)

Inoculated Non-inoculated

Severe 
drought 
(SD)

N Fertilizer rate
 (kg/ha)

0 N
35 N
105 N

a35.2 
a35.1 
a36.7 

a34.9 
a35.4 
a36.4 

Moderate 
drought 
(MD)

0 N
35 N
105 N

a34.9 
ab35.8 
b36.9 

a35.3 
ab36.3 
b37.5 

No drought 
(ND)

0 N
35 N
105 N

a36.1 
a36.5 
a37.0 

a36.2 
a36.5 
a37.1 
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inoculants yielded higher than the non-inoculated plants which was 
fertilized by 200 kg N/ha, which is consistent with our findings as the 
yield of the inoculated plants without any N fertilizer addition was 
higher than all of the yields of the non-inoculated plants, regardless 
of the N rate provided (Table 1). Similar findings were published by 
Seneviratne et al. (2000), who reported the soybean cultivar Pb1 to 
yield 1458 kg/ha without inoculation and without N fertilization, 
whereas the sole N fertilization led to a yield of 2693 kg/ha, and the 
sole inoculation resulted in a yield of 2882 kg/ha. Zimmer et al. 
(2016) tested three early maturing soybean varieties in combination 
with four different Bradyrhizobium inoculants and compared with a 
non-inoculated control in two experimental sites: an organically 
managed site and a conventionally managed site; the average grain 
yield of the effectively inoculated soybeans increased by 57% and 
16% in the two sites, respectively, compared to the non-inoculated 
control. Also, applying low rate (35 kg/ha) of N-fertilizer enhanced 
the yield of the inoculated plants compared to (0N) treatment, 
whereas the high rate (105 kg/ha) decreased the yield to a level even 
less than the control yield. On the other hand, increasing N rate 
resulted in increased yield of the non-inoculated plants (Table 1). 
Kaschuk et al. (2016) found that N fertilizer did not lead to enhanced 
yield quantity of two different soybean cultivar groups (determinate 
and indeterminate) which were inoculated. Harper (1974) and 
Imsande (1992) reported seed yield to be enhanced when N  fixation 2

is associated with N fertilizer. Mac Kenzie and Kirby (1979) 
concluded that the yield was linearly correlated with N fertilizer 
amounts up to 90 kg/ha.

Under drought conditions, adding N fertilizer increased the yield 
of the non-inoculated plants compared to the inoculated ones; 
adding relatively high amount of N resulted in the best yield (Table 1), 
so, adding relatively high amounts of N fertilizer might be very 
important under severe drought stress. It was previously reported 
that N fertilizer is very important under drought stress conditions 
(Lyons and Earley, 1952; Obaton et al., 1982). Addition of N fertilizer 
to soybean increased drought tolerance as it enhanced the 
accumulation of both shoot nitrogen and shoot biomass under 
drought stress conditions, whereas under well-watered conditions, 
N decreased yield to 2597 kg/ha relative to 2728 kg/ha (Purcell and 
King, 1996).

The mean yield of the three fertilization rates was better when 
the water amount increased, regardless of inoculation. Many papers 
reported soybean seed yield to be decreased under drought stress 
conditions (Karam et al., 2005; Dogan et al., 2007; Bajaj et al., 2008; 
Gercek et al., 2009; Kokubun, 2011; Sadeghipour and Abbasi, 2012; 
Li et al., 2013). More specifically, severe drought stress reduced the 
seed yield of soybean more than moderate drought stress (Dornbos 
and Mullen, 1992), which is consistent with our results, as the severe 
and the moderate drought decreased the yield by 25.6 and 5.9%, 
respectively, compared to control (Table 1).

Applying high rate of N-fertilizer to the non-inoculated plants 
resulted in the highest yield, regardless of the irrigation regime 
(Table 1), which emphasizes the importance of N-fertilizer to provide 
the N amounts needed by soybean with the absence of N  fixation 2

process. Salvagiotti et al. (2008) previously reported biologically 
fixed N  and mineral N to be the two main sources of N needed in 2

soybean. If there is some deficiency in fixed-N  amounts, other 2

sources (mainly through N fertilization) must be available (Yinbo et 
al., 1997; Fabre and Planchon, 2000), or else the N from leaves will 
be remobilized to the seeds, which in part will lead to decreased 
photosynthesis and eventually reduced yield (Salvagiotti et al., 
2008).

Protein Concentration
Under severe drought stress conditions, the addition of high 

rate of N-fertilizer to the inoculated plants resulted in a noticeable 
increase in the protein concentration compared to the control, 
whereas the addition of low rate did not. On the other hand, the 
protein concentration was gradually and noticeably increased with 
increasing the N rate addition to the non-inoculated plots (Table 2). 
Previously, it was reported that protein content is increased when N 
is increased (Ham et al., 1975), whether the source of N is mineral 
fertilization or N  fixation. Harper (1974) and Imsande (1992) 2

concluded that N  fixation, associated with N fertilizer, enhanced 2

seed protein content. Moreover, Miransari (2016) concluded that N 
fertilizer rate has a significant effect on the seed protein content; the 
rate of 100 kg/ha increased seed protein just by 2%, whereas the 
rate of 200 kg/ha resulted in 14% increase in seed protein.

Conclusion

Although our experiment is a one-year experiment, we could 
come out with some initial conclusions concerning the combined 
effect of drought and N fertilization on yield and protein 
concentration; we could emphasize that adding N fertilizer is not 
always recommended, especially when seeds are inoculated before 
being sown as previously reported by some researchers; however, 
adding relatively small amounts of N fertilizer, along with inoculation 
may result in an increase in the yield, probably because the early 
vegetative stages need a starter amount of N as the symbiosis 
process wouldn't be initialized at those stages yet. On the other 
hand, adding N fertilizer is highly recommended when there is 
severe drought stress in order to maintain reasonable yield; this 
could be explained as an alleviation of drought negative effects by N. 
Moreover, the results suggest, under drought, not to inoculate 
soybean seeds; instead, to add relatively high rates of N fertilizer. 
Regardless of inoculation, enhanced protein concentrations could 
be achieved in our experiment by applying N fertilization, which 
emphasizes the important role of N in protein synthesis. Extending 
the experiments over the next years will lead to more precise results 
by involving the effect of different years by means of on-field weather 
conditions.
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followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of  
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
f o r  A n i m a l  S c i e n c e  a n d  H e a l t h , 
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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