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Abstract. Legume seed inoculation prior to sowing is a well-known practice in agriculture. Nitrogen fixation, 
due to the symbiotic relationship between legumes and rhizobia, improves the productivity of legumes. 
Rhizobia strain specificity can be observed very often, leading to differences in the total protein content. In this 
study two faba bean cultivars (‘Karmazyn’ and ‘Bartek’) and five pea cultivars (‘Retrija’, ‘Zaiga’, ‘Lāsma’, 
‘Vitra’ and ‘Bartek’) were tested using various rhizobia strains. In addition, strain effectivity was observed 
in four different soil types. Overall, the protein content increase was observed after seed inoculation with 
Rhizobium sp. Rhizobia strain and plant cultivar interaction specification was observed. Plant cultivar appeared 
to have a decisive role in the formation of protein content when inoculated with Rhizobium sp. From these 
pilot experiments, it can be concluded that, when choosing Rhizobium sp. strains for legume inoculation, soil 
type also should be considered. Rhizobia has the potential to be used as a commercial preparation intended for 
increasing legume protein content, alongside with increased legume yield; however, different rhizobia strains 
should be mixed together to achieve the optimal result.
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Introduction
Despite the high nutritious value of legumes, the 

total yield of beans and peas worldwide has decreased 
over the past decade. At the same time, the use of 
peas in agriculture in Europe has increased by 16% 
(calculated using data from FAOSTAT; Food and 
Agriculture Organization of the United Nations, 
2016). It is known that legume growth is improved 
because of their ability to fix nitrogen from the 
atmosphere, due to their symbiotic relationship 
with rhizobia bacteria. The symbiotic relationship 
between legumes and rhizobia benefits also the next 
crops, as the nitrogen level in soil is enhanced, this 
way eliminating the need for chemical fertilizers 
(Deshpande & Deshpande, 1991; Lindström et al., 
2010; Voisin et al., 2014). As the role of rhizobia is 
very crucial when growing legumes, research on this 
subject is of great importance.

Legume yield increase is not always the main 
factor, when looking at the crop productivity. 
Improvement of food and feed quality over quantity 
should be considered more, especially in the 

developed countries. High protein content is one of 
the main reasons why legumes are such an important 
crop in agriculture (Voisin et al., 2014). Protein 
content, together with plant yield and seed weight 
is an integral part of food and fodder; therefore, we 
should look at the protein content in legumes and the 
possibilities to increase it by using biological agents 
like rhizobia.

Legumes tend to produce as many seeds as 
possible, notwithstanding the available nitrogen level. 
This might be done at the expense of protein content 
of the seed. Protein content, together with plant yield 
and seed weight, increases in legume seeds with the 
increase in the availability of nitrogen in the root zone. 
Increased protein content can be achieved by using 
nitrogen fertilizers or through seed inoculation with 
the appropriate strains of rhizobia (Ahmed, 2013; 
Ahmed et al., 2007; Aslam et al., 2010; Elsheikh & 
Elzidany, 1997; Hadi & Elsheikh, 1999; Kantar et al., 
2003; Miller, Kaiser, & Ogle, 2010; Minta & Tsige, 
2014; Rasool, Tatla, & Ali, 2006; Zahran, 1999). 
Several environmental factors affect Rhizobium sp. 
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performance, including temperature and soil quality 
(Albareda, Rodríguez-Navarro, & Temprano, 2009; 
Boonkerd & Weaver, 1982; Kirova, Ananieva, & 
Tzvetkova, 2013; Zahran, 1999), thereby these factors 
indirectly affect protein content of legume seeds.

It has been suggested that legume yield and and 
the protein content stored in legume seeds increase 
depending on the genotype of Rhizobium sp. strain 
used for inoculation (Ahmed et al., 2007; Bourion et 
al., 2007; Saleh, Zaman, & Kabir, 2013). Commercial 
rhizobium inoculants are available, specially selected 
to match the specific species to reach the optimal 
nitrogen fixation activity (Lindström et al., 2010). 
Although legume seed inoculation with rhizobia 
prior sowing is a long-practiced method in Latvia, 
in the recent years a question about differences in 
strain efficiency within the same species of rhizobia 
has been raised; therefore, several Rhizobium sp. 
strains that have been isolated in Latvia, were tested. 
The aim of this study was to compare these strains, 
using protein content as a measurement of strain 
efficiency. Rhizobium sp. strain efficiency was tested 
on two bean cultivars and four pea cultivars to test 
whether the same bacterial strain retains its efficiency 
between cultivars and between different genera. In 
addition, three different soil types were pilot-tested to 
apprehend the impact of this environmental factor on 
strain efficiency.

Materials and Methods
Experimental Conditions

Experiments were carried out at the Latvia 
University of Agriculture, Institute of Soil and Plant 
Sciences. Four experimental fields with different 
mineral element (Table 1) and granulometric content 
(Table 2) were used: loamy sand (Soil A), peat 
(Soil B), sand (Soil C) and another sand field (Soil 
D). Soil samples were sent for mineral element and 
granulometric content analyses to the Institute of 
Biology, University of Latvia. Soil samples were air-
dried and extracted using 1 M HCl (Riņkis & Ramane, 
1989). 
Rhizobium sp. Strains

Rhizobium sp. strains used for seed inoculation 
were obtained from the Collection of Rhizobia of 
Latvia University of Agriculture. Strains RP023, 
RP202, RP001 and RP003 have been isolated from 
Pisum sp., but RV110, RV407, RV505 from Vicia 
faba. All strains used are streptomycin resistant.
Plant Material

Faba bean cultivars ‘Bartek’ and ‘Karmazyn’, 
obtained from Torseed® (Poland), and pea 
cultivars ‘Retrija’, ‘Bruno’, ‘Vitra’, ‘Lāsma’ and 
‘Zaiga’, obtained from the collection of Institute of 
Agricultural Resources and Economics (Latvia), were 
used in experiments.

Before sowing, seeds of experimental plants were 
soaked in rhizobia suspension with a concentration of 

Table 1
Mineral element content (in 1 M HCl solution, mg L-1) of the four different soil types used in this study, 

where “Soil A” – loamy sand, “Soil B” – peat, “Soil C” – sand, “Soil D” – sand

N P K Ca Mg S Fe Mn Zn Cu Mo B
Soil A 78 523 170 161450 3850 65 1920 170 10.5 6.5 0.08 0.4
Soil B 62 959 155 11450 2970 23 1080 160 26.0 8.5 0.06 0.8
Soil C 94 916 170 3365 465 11 1220 185 16.5 10.0 0.09 0.5
Soil D 66 267 81 1275 160 8 375 17 4.5 1.6 0.04 0.2

Table 2
Granulometric content of the four different soil types used in this study,  

where “Soil A” – loamy sand, “Soil B” – peat, “Soil C” – sand, “Soil D” – sand

pHKCl Electrical conductivity (EC), mS cm-1

Soil A 7.60 0.60
Soil B 6.97 0.67
Soil C 6.70 0.38
Soil D 5.40 0.18
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bacteria of 109 cells per mL for 20-30 minutes. Size 
of each experimental pot was 1 m2. Experiments were 
done in 3 replicates.
Experimental design

This experiment serves as a pilot test with the aim 
to observe the effectivity of above mentioned rhizobia 
strains. This trial includes four different pilot tests – 
one for faba beans and three for peas (Table 3).
Meteorological Conditions

Vegetation period of 2013 was characterized 
with warm May (3.6 degrees above the long-term 
average) and June (2.9 degrees above the average). 
Temperatures in July and August were close to average 
data. June, July and August were relatively dry; the 
precipitation was 71, 79 and 86%, respectively, which 
was less than average long-term data.

Vegetation period of 2014, in comparison with 
long-term data, had relatively cool June, July and 
August; temperatures were by 1.7, 0.7 and 0.8°C, 
respectively, lower in comparison with average. All 
vegetation period was characterized with higher 
precipitation than average (123-220% from long-term 
data), but at the beginning of flowering stage, water 
deficit in the soils (all except soil B) was observed.
Protein Content Determination

Protein content in pea and faba bean seeds was 
determined using mature, dry seeds. For protein 
analyses the average sample of all replicates was 
used. Protein content was determined in two replicas 
using Kjeldal method (LVS EN ISO 5983-2:2009).
Statistical Analyses

All statistical analyses were done using Excel 
(Microsoft Corporations, Redmond, Washington, 

USA). Obtained data were processed using Analyses 
of Variance (ANOVA).

Results
All data obtained in these pilot experiments were 

analyzed using ANOVA to examine the interaction of 
strains and different faba bean or pea cultivars. No 
statistically significant differences were observed 
between different rhizobia strains. Only trends of some 
more superior strains over other could be observed. 
The error bars used in the figures represent the errors 
within the method of protein content determination. 
Protein Content in Faba Beans

On average, the protein content of faba bean  
seeds grown in soil C was 12.8% higher compared 
to protein content in seeds of faba beans grown 
in soil B (Figure 1). Seeds of faba bean cultivar 
‘Bartek’ contained an average of 31.6% protein, 
while ‘Karmazyn’ seeds contained an average of 
28.6% protein. Analyses of the average data showed 
significant (p<0.05) impact of faba bean cultivars 
on the content of protein in seeds (data not shown). 
The most effective strain in terms of protein content 
for faba beans appeared to be RV110 for cultivar 
‘Karmazyn’ and RP023 for cultivar ‘Bartek’. The 
efficiency of these strains differs depending on the 
soil variant. For instance, ‘Karmazyn’ inoculated 
with strain RV505 in soil B shows higher protein 
content than control, but in soil C the amount of 
protein content is at the same level as control plants. 
Contrary, ‘Karmazyn’ inoculation with strain RV110 
results in protein content as in control plants in soil 
B, while the protein content exceeds control level if 
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Table 3
Experimental setups of four different pilot experiments (No. 1. – 4.).  

Properties of soil type (A, B, C, and D) are described in Table 1 and Table 2

No. Soil type
(A, B, C, D)

Plant Material Rhizobium sp. strains

Faba bean cultivars Pea cultivars Isolated from V. faba Isolated from 
Pisum sp.

1. B
C ‘Karmazyn’ ‘Bartek’ -

RV110
RV407
RV505

RP023

2.

A -

‘Retrija’, 
‘Zaiga’, 
‘Lāsma’, 
‘Vitra’, 
‘Bruno’

-

RP023
RP202
RP003

3. D - ‘Retrija’
‘Zaiga’ RV407 RP023

RP003
4. A - ‘Vitra’ RV407 RP023

RP001



5

grown in soil C (Figure 1). The most effective strain 
in soil B was RV407.
Protein Content in Peas

Protein content in peas was tested in soil A in 
two separate trials (Figure 2, Figure 4) and in soil 
D (Figure 3). In soil A (Figure 2) protein content 
in the seeds of peas fluctuated from 22.3 to 27.8%. 
Significant effect of the cultivar on the protein content 
in peas was observed. The highest amount of protein 
was seen in the seeds of cultivar ‘Vitra’ – with an 
average of 26.2%, followed by cultivar ‘Bruno’ and 
‘Zaiga’ with 25.6 and 25.0%, respectively (Figure2). 
The lowest protein content was observed in the seeds 

of ‘Retrija’. Seed inoculation with rhizobia strain 
RP023 or RP003 resulted in a higher protein content 
tendency, compared to strain RP202 for cultivars 
‘Zaiga’ and ‘Vitra’. However, ‘Lāsma’ showed the 
highest protein content if treated with RP202 or 
RP023, compared to RP003 (Figure 2). Unfortunately, 
this pilot experiment was designed to test the protein 
content in different pea cultivars inoculated with one 
of three rhizobia strains, and did not include a control 
variant without any treatment. 

Two pea cultivars, ‘Retrija’ and ‘Zaiga’, were 
tested in soil D. In this trial test pea seeds were 
inoculated with three different rhizobia strains prior 
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Figure 1. Protein content (%) in mature, dry seeds of faba beans, depending on the cultivar (‘Karmazyn’ and 
‘Bartek’) and Rhizobium sp. strain (RP023, RV110, RV407, RV505) used for inoculation. Control – plants 

without inoculation. The level of protein content (%) is referred to the average sample from all the replicates. 
Soil B – peat, pH 6.97; Soil C – sand, pH 6.7. Error bars represent the error within the protein content 

determination method.

Figure 2. Protein content (%) in mature, dry seeds of peas grown in soil A (loamy sand, pH 7.6), depending 
on bean cultivar (‘Retrija’, ‘Zaiga’, ‘Lāsma’, ‘Vitra’, ‘Bruno’) and Rhizobium sp. strain (RP023, RP202, 

RP003) used for inoculation. The level of protein content (%) is referred to the average sample from all the 
replicates. Error bars represent the error within the protein content determination method.
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sowing. ‘Retrija’ reached the highest protein content 
in soil D when treated with strain RP023, while 
‘Zaiga’ had no significant effect of rhizobia treatment, 
compared with control (Figure 3).

An additional pilot test was done using pea 
cultivar ‘Vitra’, testing the effectivity of three 
different rhizobia strains in soil A. The highest protein 
content for ‘Vitra’ in this experiment was obtained 
when inoculated with RP023. Inoculation with strain 
RV407 resulted in a decreased protein content (Figure 
4).

Results from these pilot trials indicate faba bean 
and pea seed protein content dependence on mainly 
the cultivar of the species. Rhizobia strain used for 

seed inoculation and the soil type show a trend of 
possible impact on protein content. 

In all trial fields, including the control plants, the 
presence of nodulation could be observed on the root 
zone.

Discussion
Protein Content in Faba Beans

Obtained results showed that protein content 
in faba beans is affected at some level by all three 
investigated factors – plant cultivar, Rhizobium sp. 
strain and soil properties. However, as stated before, 
no significant differences could be observed, only a 

Figure 3. Protein content (%) in mature, dry seeds of peas grown in soil D (sand, pH 5.4), depending on 
pea cultivar (‘Retrija’ and ‘Zaiga’) and Rhizobium sp. strains (RV407, RP023, RP003) used for inoculation. 

Plants without bacteria inoculation served as a control. The level of protein content (%) is referred to the 
average sample from all the replicates. Error bars represent the error within the protein content determination 

method.

Figure 4. Protein content (%) in mature, dry seeds of pea cultivar ‘Vitra’ grown in soil A (loamy sand, pH 
7.6), depending on Rhizobium sp. strains (RV407, RP023, RP001) used for inoculation. Plants without 

treatment served as a control. The level of protein content (%) is referred to the average sample from all the 
replicates. Error bars represent the error within the protein content determination method.
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trend that indicates a possible strain specificity within 
the species. In most variants, higher protein content 
was detected in plants that were grown in soil C, 
which contained less organic and mineral elements. 
Rhizobia strain efficiency showed dependence on 
soil properties. For instance, ‘Bartek’ plants treated 
with strain RP023 showed lower efficiency in soil B, 
compared to strain RV407, while exceeding RV407 
efficiency in soil C.  The differences in protein content 
can mostly be explained with the cultivar used. For 
instance, in soil B, both ‘Karmazyn’ and ‘Bartek’ 
show higher protein content compared to control if 
treated with strain RV407; however, ‘Bartek’ shows 
higher protein content in general, if compared to 
‘Karmazyn’ in both – soil B and soil C (Figure 1). 
Ability of rhizobia to increase the protein content 
in faba bean seeds has been observed previously 
(Elsheikh & Elzidany, 1997). Soybean, belonging to 
the same Fabaceae family as faba bean, also shows 
higher protein content, when seeds are inoculated with 
rhizobia before sowing (Ahmed, 2013). The highest 
protein content, however, has shown to be achieved, 
if rhizobia inoculation is supplemented with nitrogen 
fertilizer (Elsheikh & Elzidany, 1997). It has been 
shown that chickpea seeds under nitrogen fertilizer 
treatment show the highest protein content (Aslam et 
al., 2010). However, protein content in seeds was still 
higher if treated with rhizobia compared to control 
variant, therefore authors suggest supplementing 
seed inoculation with Rhizobium sp. with the use 
of nitrogen fertilizer, to achieve the optimal protein 
content. In our pilot study, the aim was to select 
the most efficient rhizobia strain out of the rhizobia 
collection, and nitrogen fertilizer was not included in 
the study. However, for further strain efficiency test, 
nitrogen fertilizer should be included.
Protein Content in Peas

Contrary to the results obtained with faba 
beans, no significant effect of soil properties was 
observed in the case of peas (Figure 2, Figure 3, 
Figure 4). However, a trend of host specificity was 
visible. Rhizobia strains isolated from pea nodules 
(RP023, RP202, RP001 and RP003) showed higher 
protein content by more than one percentage point 
in comparison with isolates from bean nodules  
(RV110, RV407, RV505; Figure 2, Figure 3, Figure 
4). In soil A (Figure 2, Figure 4) and soil D (Figure 
3) the best results were obtained using rhizobia strain 
RP023. Strain RP202 was the least effective for all 
analyzed cultivars. Overall, RP023 showed the most 
promising results for all cultivars tested in both tested 
soil types. 

An interaction (or a trend of interaction) between 
cultivar, rhizobia strain, and soil could be detected. 
An increase of protein content in ‘Retrija’ seeds could 

be observed if treated with rhizobia in both, soil A 
(Figure 2) and soil D (Figure 3); ‘Zaiga’ showed no 
response to inoculation with rhizobia in soil D (Figure 
3), while in soil A (Figure 2) differences in protein 
content could be observed after inoculation with 
rhizobia. 

Previous study has shown that the choice of pea 
cultivar is of great importance, as the variation of 
protein content depends on the genetic information 
encoded in the plant (Bourion et al., 2007). This type 
of variation can be also observed in the current study, 
when under the same conditions and treatments, 
differences in protein content are due to the pea 
cultivar (Figure 2, Figure 3). In addition, it has been 
shown that mature seed protein content can be directly 
related to the use of rhizobia, as higher protein content 
has been observed in peas with higher nodulation of 
the roots (Bourion et al., 2007). Our trial study shows 
a trend of strain specificity, when inoculating peas. 
Similar results have been shown previously, when 
certain Rhizobium sp. strains used for seed inoculation 
show significantly higher protein yield in mature 
seeds (Ahmed et al., 2007). Like peas (Bourion et al., 
2007) also in chickpea plants a correlation between 
increased nodulation and higher protein content of 
seeds can be observed (El Hadi & Elsheikh, 1999). 
This study (El Hadi & Elsheikh, 1999), similar to 
our study, shows Rhizobium sp. strain specificity. 
Contrary to it, a study on chickpeas (Aslam et al., 
2010) did not find significant differences between 
different Rhizobium sp. strains used for inoculation.

Although no significant differences were detected 
between the different rhizobia strains used for 
inoculation, in many cases a clear trend was visible, 
where some strains seem to be more superior over 
others. This trend is worth to explore in further 
experiments, increasing the replication number. 
Interestingly, some rhizobia strains reach higher 
activity in one soil type, while showing a decreased 
activity in other. Furthermore, there was not one clear 
soil type favored by all rhizobia strains, in fact, some 
strains showed better results in one soil type, while 
other strains showed the same trend of higher protein 
content in different soil type.

Previous studies (Aslam et al., 2010; El Hadi 
& Elsheikh, 1999) suggest specific Rhizobium sp. 
strain use; however, this is not the best solution for 
the use in commercial agriculture. To overcome soil 
specificities and increase concurrence ability with 
the native rhizobia, it can be suggested that a mixture 
of Rhizobium sp. strains for faba bean and pea 
inoculation is used. This mixture could be potentially 
developed into an effective commercial product used 
in agriculture. It has been proposed previously that 
plant exposure to a higher rhizobia strain diversity 
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can lead to formation of a successful plant–rhizobia 
symbiosis (Lindström et al., 2010).

Conclusions
Protein content depends on plant genus and 

cultivar. For faba beans, higher protein content in 
seeds was detected in cultivar ‘Bartek’ – average of 
31.6%, while ‘Karmazyn’ seeds contained an average 
of 28.6% protein. The highest amount of seeds’ 
protein was in the pea of cultivar ‘Vitra’ – with an 
average of 26.2%, followed by cultivar ‘Bruno’ and 
‘Zaiga’ with 25.6 and 25.0%, respectively. The lowest 
protein content was observed in the seeds of ‘Retrija’ 
– 22.3%.

For faba beans interaction of rhizobia strain and 
soil was observed. The most effective strain in peat 
soil was RV407. In sandy soil interactions between 
soil, Rhizobium sp. strain and faba bean cultivar could 
be observed. The most effective strain in terms of 
protein content for faba beans appeared to be RV110 
for cultivar ‘Karmazyn’ and RP023 for cultivar 
‘Bartek’.

For peas, no significant effect of cultivar or soil 
type was observed. Rhizobia strains isolated from pea 
nodules (RP023, RP202, RP001 and RP003) showed 
higher protein content by more than one percentage 
point in comparison with isolates from bean nodules.

To ensure an effective symbiosis between host 
legumes and inoculant, the use of Rhizobium sp. strains 
isolated from the same host genus is recommended.

To obtain the most effective symbiotic system 
in different soil types, an association from rhizobia 
strains can be used.
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