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Abstract

Rhizobium bacteria play a pivotal role in soybean (Glycine max L.) cultivation through their ability to perform
biological nitrogen fixation. The effectiveness of Rhizobium in increasing crop yield is influenced by the soybean
variety and the inoculation dose applied. Therefore, the application of Rhizobium inoculants appropriate to
soybean varieties has the potential to increase the efficiency of nitrogen utilization in a sustainable and
environmentally friendly manner. This study aims to determine the effectiveness of Rhizobium strain doses on the
growth and production of two soybean varieties. The study was conducted using a factorial Randomized Block
Design (RBD), consisting of two factors: soybean varieties (Anjasmoro and Dega 1) and Rhizobium doses
(control/without Rhizobium, 10 g/kg seed, and 15 g/kg seed). Data were analyzed using analysis of variance
(ANOVA) and continued with Duncan’s Multiple Range Test (DMRT) at a significance level of 5%. The results
showed that the interaction between soybean varieties and Rhizobium doses had a significant effect on leaf area.
The best treatment combination was obtained with the Dega 1 variety and a Rhizobium dose of 15 g/kg of seeds.
The Dega 1 variety had a significant effect on seed weight per plant and per plot. This variety demonstrates
superior physiological capabilities and adaptability in utilizing growing resources for seed biomass accumulation,
thereby contributing to increased national soybean yields. A Rhizobium dose of 15 g/kg seed had a significant
effect on the number of root nodules and the number of soybean pods. Therefore, this dosage is recommended as
the standard in soybean cultivation using inoculation technology.
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1. Introduction especially on marginal land,

so farmers are highly

Soybeans (Glycine max L.) are a strategic food
commodity with high economic and nutritional value.
According to the national food balance sheet projections,
Indonesia’s domestic soybean demand in 2024 is estimated
to reach 2.64 million tons, while the estimated domestic
production is only 291,401 tons, a figure that shows a
downward trend in national production every year
(Rachmawati 2024). One of the factors causing low
domestic soybean productivity is low nutrient content,
particularly nitrogen (N), which is an essential element for
the vegetative growth of legumes. Nitrogen deficiency
inhibits chlorophyll formation, reduces the rate of
photosynthesis, and has a direct impact on pod formation
and seed vyield (Hungria and Mendes 2015). The
availability of nitrogen in the soil is often limited,
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dependent on inorganic fertilizers as a source of N.
However, efforts to increase soybean productivity
through the application of synthetic nitrogen fertilizers face
serious obstacles. The price of nitrogen fertilizers is
becoming increasingly expensive due to rising prices of
natural gas, the main raw material for urea production, and
global market fluctuations (Nations 2022), 2022). This
situation has increased farmers' production costs, while
profit margins remain low. As a result, many farmers are
reluctant to expand or intensify soybean cultivation,
making it difficult for national production to keep up with
demand. To reduce this gap, intensification efforts continue
to be carried out, ranging from the use of superior varieties
to the application of appropriate cultivation systems, one of
which is utilizing Rhizobium bacteria to fix N2 in the
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atmosphere, with the aim of increasing the quantity and
quality of soybean yields.

Rhizobium bacteria play an important role in the
soybean cultivation system, forming a mutualistic
symbiotic relationship with soybeans by infecting soybean
roots to form root nodules as centers for the biological
fixation of nitrogen (N2) in the atmosphere, converting it
into a form of nitrogen that is available to soybean plants,
such as ammonium ions (NH, * ) (Kiptiyah, Soeparjono,
and Sa’diyah 2025; Nakei, Venkataramana, and Ndakidemi
2022). In addition, the integration of Rhizobium bacteria in
soybean cultivation practices offers an environmentally
friendly approach to reducing dependence on synthetic
nitrogen fertilizers. The application of Rhizobium also has
the potential to support increased plant growth in both the
vegetative and generative phases, thereby having a positive
impact on productivity (Abd-alla, Al-amri, and El-enany
2023). According to Novriani (2011), under optimal
symbiotic conditions, nitrogen fixation by Rhizobium can
reach more than 80 kg N, per hectare per year.

The success of nitrogen fixation by Rhizobium is
influenced by various variables such as soybean variety,
microbial strain compatibility, the amount of inoculant
applied, and environmental factors where the plants are
cultivated.

The soybean root system follows an allorhizic pattern,
in which the primary root develops from the hypocotyl and
forms a strong taproot. Lateral roots grow transversely
from the main root, and functional root hairs are found
around the tips of both taproots and lateral roots. In
addition, a special structure called a nodule forms on the
lateral roots as a result of interaction with Rhizobium
bacteria, where the nitrogen fixation process takes place
(Fatima, Kataria, and Jain 2024). The formation of root
nodules in soybean plants begins with infection by
Rhizobium bacteria that enter the root hair cells through
infection threads. These threads develop in the cytoplasm
of the root cells, then penetrate the root cortex layer and
initiate the formation of nodule primordium structures. The
primordium cells, together with uninfected cortex cells,
then undergo division and differentiation into mature root
nodules capable of biological nitrogen fixation. This
process generally occurs within 12-18 days after infection.
Auxin is key in nodule formation, as nodule growth is
stimulated by the presence of the compound tryptophan,
which is a precursor to the hormone auxin (IAA). Both
plants and bacteria produce IAA, and the local
accumulation of this hormone at the site of nodule
formation is essential for nodule initiation and development
(Jaiswal et al. 2021). Although nodules stop developing
after reaching 29-37 days after planting (DAP), nitrogen
fixation activity continues until the nodules begin to
senesce around 50 to 60 days. Visually, active nodules
appear pink when cut open, while dead or inactive nodules
turn blackish brown.
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The novelty of this study lies in its applied approach,
which tests the effects of three levels of Rhizobium
inoculant dosage (0, 10, and 15 g/kg of seeds) on the
growth and production of two soybean varieties (Dega 1
and Anjasmoro). This study not only observed the
formation of nodules as a physiological response, but also
evaluated the agronomic implications in terms of the
number of nodules, number of pods, seed weight per plant,
and seed weight per plot. Thus, this study bridges theory
and practice: while previous studies focused more on
hormonal mechanisms (IAA) in nodule formation, this
study adds a new dimension in the form of soybean variety
response and Rhizobium inoculant dose effectiveness,
thereby  producing practical recommendations for
farmers.This study aims to determine the effectiveness of
Rhizobium strain doses on the growth and production of
two soybean varieties.

2. Material and Methods

This research was carried out in the greenhouse of the
Faculty of Agriculture, Islamic University of North
Sumatra, Jin. Karya Wisata, Gedung Johor, Medan Johor
District, Medan City, North Sumatra Provincewith
coordinates 3°33'03.8“N 98°40'13.1”E and an altitude of
25 m above sea level. The duration of the research is from
March to September 2024.

The materials used in this study were Anjasmoro and
Dega soybean seeds, Rhizobium japonicum bacteria, and
polybags. The tools used in this study were hoes, watering
cans, measuring tapes, knives, labels, calculators, analytical
scales, paper, and leaf stalk applications.
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Figure 1. Research Flow Diagram

The design model used was a factorial randomized
block design (RAK), consisting of two factors, namely
soybean varieties (Anjasmoro and Dega I) and Rhizobium
strain doses (control/without Rhizobium, 10 g/kg of seeds
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and 15 g/kg of seeds). The variables observed in this study
included analysis of soil nutrient content before planting
and after the end of the study, namely: organic C (%), total
N (%), P -Bray | (ppm P) and K-dd (me/100 mg), as well as
measurements of agronomic components, including plant
height, leaf area, number of root nodules, number of pods,
seed weight per plant, and seed weight per plot.

The agronomic component data were analyzed using
analysis of variance and further tested with Duncan's
Multiple Range Test (DMRT) at a significance level of
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5%.The analysis was performed using the BM SPSS
Statistics program in 2025.

3. Results and Discussion

The results of the analysis of initial soil nutrient
content (before Rhizobium inoculation) and final soil
nutrient content (after harvesting) for several nutrients,
namely: organic C (%), total N (%), P-Bray | (ppm P), and
K-dd (me/100 mg), are presented in Table 1.

Table 1. Results of initial soil nutrient content analysis (before rhizobium inoculation) and final analysis (after Rhizobium

inoculation)
Soil samples before (initial) and after Rhizobium inoculation with various doses (final)
No Type of Analysis . Final
Initial 09 10g 5g
1 C-Organik (%) 0,22 0,15 0,28 0,32
2 N-total (%), 0,24 0,14 0,25 0,30
3 P-Bray | (ppm P) 5,14 4,14 4,76 4,07
4 K-dd (me/100 mg) 1,99 1,72 2,35 2,55

Source: Soil Laboratory, North Sumatra Agricultural Instrument Standardization Agency

The results of the analysis of initial soil nutrient
content after Rhizobium inoculation showed an increase in
organic C%, total N (4.2%), and K-dd (18.1%), but a
decrease in P-Bray | of 7.4%. This was because the
phosphorus contained in the soil could be absorbed by
soybean roots for soybean growth and production

A comparison of initial and final soil analysis results
shows that the higher the Rhizobium dose applied, the
greater the increase in organic carbon (27.3% - 45.5%),
nitrogen (4.2% - 25%), and potassium (18.1% - 28.1%)
content. However, phosphorus content decreased (7.4%-—
20.8%).

The application of Rhizobium to soybean fields has
been proven to have a positive impact on increasing the
content of organic C, total N, and K-dd in the soil after
harvest. This phenomenon is not only related to the main
function of Rhizobium as a nitrogen-fixing agent, but also
involves complex biological and biogeochemical
mechanisms in the soil, which contribute to improving soil
quality and fertility.

The increase in organic C (27.3%-45.5%) was mainly
due to the greater contribution of plant biomass in the
Rhizobium-inoculated treatment. The symbiosis formed
between Rhizobium and soybean roots increased the plant's
ability to obtain sufficient nitrogen to support vegetative
and generative growth. More extensive root growth also
produces root exudates in the form of simple organic
compounds, such as organic acids, sugars, and amino acids,
which act as a carbon source for soil microorganisms. After
harvesting, plant residues in the form of roots, stems, and
leaves that remain will undergo decomposition, thereby
increasing the soil's organic matter reserves. Thus, there is
an increase in organic C content, which is directly related
to biological activity and plant biomass accumulation

Jurnal Agronomi Tanaman Tropika Vol. 7 No. 3 September 2025

(Hungria and Mendes 2015). This is in line with the
statement by Ladha et al. (2016), that an increase in organic
C can be attributed to the contribution of root biomass, root
exudates, and decomposed plant residues during growth.
Furthermore, the increase in soil total N is the main
effect of the biological nitrogen fixation process by
Rhizobium, through the activity of the nitrogenase enzyme.
Rhizobium is able to convert atmospheric nitrogen (N, )
into ammonia (NH; ), which is then utilized by soybean
plants to form organic nitrogen compounds such as amino
acids, nucleotides, and proteins. Not all of the fixed
nitrogen is absorbed into plant tissues; some returns to the
soil through leaf fall, root exudates, and the decomposition
of plant residues after harvest. This process ultimately
increases the total Nitrogen content of the soil, which is not
only beneficial for soybean cultivation but can also be a
source of nitrogen for subsequent crops in the rotation
system (Namkeleja, Mtei, and Ndakidemi 2016).
Meanwhile, the increase in K-dd (exchangeable
potassium) in soil with Rhizobium application occurs
indirectly. Better plant growth due to nitrogen availability
encourages more intensive root activity, thereby increasing
the release of root exudates, including organic acids. These
compounds play a role in dissolving soil minerals, which
then release K* ions from clay fractions and primary
minerals. In addition, soybean plant residues are also an
important source of potassium. When plant residues
undergo decomposition, the potassium contained in plant
tissues is released back into the soil in a form that is
available and exchangeable (Meena et al. 2017).
Rhizobium indirectly promotes the accumulation of organic
matter through increased plant growth and the addition of
organic matter to the soil. This organic matter also
improves soil physical properties and provides energy for



Pardede et al. 2025

soil  microorganisms, thereby enhancing nutrient
mineralization, including K-dd (Lal 2015).

The 18.1%-28.1% increase in K-dd was due to
improved soil structure and microbial activity that released
potassium from soil minerals through biological weathering
(Basak et al. 2017). Therefore, soil K-dd content increased
after soybean harvest in treatments with Rhizobium
inoculation.

Overall, the results of this study indicate that
Rhizobium not only acts as a biofertilizer to increase
nitrogen availability, but also contributes significantly to
improving soil quality

through the accumulation of organic matter, total
nitrogen, and exchangeable potassium. The improvement in
these three indicators suggests that the use of Rhizobium in
soybean cultivation systems has the potential to be an
environmentally friendly, sustainable nutrient management
approach that supports long-term increases in land
productivity.

The decrease in phosphorus content (7.4%-20.8%) is
caused by increased phosphorus uptake by soybean plants
during vegetative and generative growth. In addition,
phosphorus is also used in energy (ATP) formation in the
nitrogen fixation process, so that some of the available
phosphorus is taken up for the metabolic needs of plants
and symbiotic microbes (Vance et al. 2003). On the other
hand, phosphorus availability in the soil is greatly
influenced by soil pH and interactions with other ions, so
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even though total phosphorus may not change, the available
form (P-Bray 1) may decrease.

Overall, Rhizobium application not only contributes to
an increase in total N, but also improves organic C and K-
dd content, although additional strategies such as the use of
phosphate fertilizers or phosphate-solubilizing biofertilizers
are needed to compensate for the decrease in available P in
the soil.

The results of agronomic component measurements
during the vegetative and reproductive growth phases are
presented in Table 2. The results of the analysis of variance
and Duncan's 5% mean difference test showed that the two
varieties studied differed significantly in terms of seed
weight per plant and seed weight per plot. The Dega 1
variety produced higher seed weight per plant and seed
weight per plot than Anjasmoro.This is in accordance with
the description issued by Balitkabi (2014), where Dega 1 is
a short-maturing superior variety, a cross between
Grobogan and Malabar, which can be harvested at 69-73
days after planting. Its main characteristics include large
seeds, bright in color and oval in shape, with a weight of
100 seeds around 22.98 g, approximately 29 pods per plant,
and high productivity with a potential yield of 3.82 tons/ha.
Anjasmoro is a nationally recognized superior variety
known for its large seeds, with a weight of 100 seeds
around 14.8-15.3 g, a potential yield ranging from 2.03-
2.25 tons/ha, and can be harvested at 82-92 days after
planting.

Table 2. Average plant height, leaf area, number of root nodules, number of pods, seed weight per plant, and seed weight

per plot for soybean varieties and rhizobium dosages

Number of Root

Number of

Treatment Plant Height Leaf A;rea Nodules Pods Seed Weight Seed weight per area
(cm) (cm?) per Plant (g) (9)
Soybean Varieties (V)
Anjasmoro 54.1+1.24 48.6+0.9 124.0+14.03 49.3+0.87 85.7£1.56 b 257.0+4.69b
Dega 1 54.8+1.24 48.7+0.9 145.9+14.03 50.8+0.87 96.7£1.56 a 290.2+4.49 a
Rhizobium Dosage (R)
0g/kg 55.4 +1.52 48.0+0.11 84.9 £17.19c 48.6+1.06 b 90.0+1.91 269.945.75
10 g/kg 52.4+2.14 47.0+0.15 138.4 £24.30b 48.1+1.50 b 88.4+2.70 265.1+8.13
15 g/kg 55.5+1.52 50.0+0.10 181.6 £17.19a 53.4+£1.06 a 95.3+1.91 285.8+5.75
V x R Interaction
V1RO 56.0+3.26 50.0+0.22ab 78.0£20.57 50.1+3.67 85.849.33 257.5+28.06
V1R1 52.5+3.61 49.0+0.45ab 129.0+3.53 49.1+2.32 85.6+11.07 256.8+33.29
V1R2 53.8+4.12 47.0+0.29 b 165.0+28.31 48.6+2.78 85.6+6.57 256.8+19.80
V2 RO 54.8+0.56 46.0+0.43 b 91.8+12.33 47.04£5.35 94.149.63 282.3+28.89
V2 R1 52.3+3.61 45.0+0.46 b 147.8+28.89 47.146.92 91.248,76 273.5+26.28
V2 R2 57.2+3.30 53.0+0.21 a 198.3+26.23 58.3+2.11 104.943.38 314.8+10.14

Remarks: The mean values within the same column followed by similar small letter are not significantly different at 5% DMRT.

However, these two varieties did not have a significant
effect on plant height, leaf area, number of root nodules,
and number of pods. Although descriptively, the
Anjasmoro variety had a greater average plant height (64—
68 cm) than the Dega variety (53 cm) (Balitkabi, 2014),
this genetic expression was highly dependent on growing
conditions. Factors such as water availability, light, and soil
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fertility can suppress the expression of genetic potential, so
that both varieties show relatively similar plant height
growth (Haque and Haque 2016). Vegetative growth
parameters such as plant height, leaf area, and root nodule
formation are generally greatly influenced by
agroecological conditions. The environmental conditions at
the time of the study were relatively homogeneous. The
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plants were grown in polybags with soil of the same
fertility level, placed in a greenhouse, and managed
uniformly. Therefore, there were no significant differences
in growth response between varieties (Taiz et al. 2015).
The number of pods is the result of the interaction between
genetic factors and the physiological condition of the plant.
However, in many cases, environmental factors such as
water availability during the reproductive phase are more
decisive than variety factors. Therefore, although the
Anjasmoro and Dega varieties have different agronomic
descriptions, relatively uniform environmental conditions
mean that the number of pods between varieties does not
differ significantly (Board and Kahlon 2011).

The results showed that Rhizobium application at
various doses had a significant effect on the number of root
nodules and soybean pods. An increase in the Rhizobium
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dose was shown to stimulate the formation of more root
nodules, especially at the highest dose (15 g/kg of seeds)
(Figure 2). The increase in the number of root nodules due
to higher doses of Rhizobium can be seen from the linear
regression graph in Figure 3, with the equation ¥ = 6.29x +
82.55, and a correlation coefficient of 0.983 (Figure 3).
This can be explained by the fact that the higher the
amount of inoculant given, the greater the chance for
Rhizobium bacteria to infect soybean root hairs. The
infection then forms infection threads that develop into the
root cortex, and subsequently stimulate the formation of
nodules as centers of nitrogen fixation activity. In other
words, increasing the inoculation dose increases the

population of effective bacteria that symbiotically interact
with the roots, thereby significantly increasing the number
of root nodules (Hungria and Mendes 2015).
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Figure 2. Root nodule growth with various combinations of variety and rhizobium dosage treatments (Source: Research

Collection)
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Figure 3. Linear regression graph of Rhizobium dose against number of root nodules

Meanwhile, in terms of pod number, higher doses of
Rhizobium also showed a positive effect, although not all
treatments were significantly different. A dose of 10 g/kg
of seeds showed no significant difference from the control,
while a dose of 15 g/kg of seeds produced higher pod
yields. This indicates that pod formation is not only
influenced by the number of nodules formed, but also by
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nodule efficiency, the availability of other nutrients such as
phosphorus and potassium, and environmental conditions
(water, light, and temperature) during the generative phase
of the plant (Kaschuk et al. 2010; Board and Kahlon 2011).
Thus, an increase in the number of root nodules due to high
Rhizobium doses is not always directly proportional to an
increase in the number of pods. This is because not all
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nodules are active in fixing nitrogen, and plant reproductive
outcomes are more complexly influenced by the sink-—
source balance, which is the relationship between the
availability of assimilates from photosynthesis (source) and
the needs of the generative organs (sink) (Voisin et al.
2003).

Research by Pattipeilohy and Sopacua (2014) shows
that Rhizobium inoculation can increase the number of root
nodules. Some of the advantages of using Rhizobium as a
biological fertilizer include: increasing the availability of
nutrients, especially nitrogen, without causing negative
impacts; its efficiency can be improved so that the risk of
environmental pollution can be minimized; the cost of
application is relatively low; and the application technology
is quite simple and easy.

The results of research by Alam et al. (2015) reported
that the application of rhizobia to soybean plants resulted in
a higher number of pods compared to plants without
rhizobia. This increase in the number of pods due to
rhizobia was caused by better plant growth as a result of
high nitrogen absorption in the plants. The application of
rhizobia to leguminous plants such as soybeans causes an
association between rhizobia and plants to fix nitrogen (N,)
from the air, which can then be utilized by plants to
enhance plant growth (Prakamhang et al., 2015).

The interaction between soybean varieties and
Rhizobium doses only had a significant effect on leaf area,
while it had no significant effect on plant height, root
nodule count, or production variables. The 5% DMRT
results showed that the interaction between the Dega 1
variety and a Rhizobium dose of 15 g/kg of soybean seeds
(V2R2) produced the highest leaf area (53.0 cm2). The leaf
area is the morpho-physiological component that responds
most rapidly to increased N availability due to the effects of
biological nitrogen fixation by Rhizobium. This response is
often influenced by genotype x environment x Rhizobium
inoculant specific factors, so that interactions are easily
detected in leaf area characteristics, compared to other
characteristics such as plant height.

The results of a cross-location study by Tamagno et al.
(2018), show that leaf area index (LAI) and canopy
components are more sensitive to N/inoculation treatments
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