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Abstract: Nontoxic polymers PVP and Na-alginate may provide a favorable environment for the
survival of bacteria. Therefore, PVP and Na-alginate were added to a growth medium to develop a
liquid inoculant of Bradyrhizobium japonicum strain. The strain was identified by 16S rDNA sequencing.
The addition of PVP (1.8%) and Na-alginate (0.2%) in the medium promoted a better survival
(1.93 × 109 cells mL−1) of B. japonicum strain compared to the control (3.50 × 102 cells mL−1) after
6 months of storage. The combination of PVP and Na-alginate ensured 1.53 × 107 cells mL−1 up to
12 months of storage under ambient temperature (28 ± 2 ◦C), whereas PVP (1.8%) or Na-alginate
(0.2%) alone produced similar cell counts only up to 8 months and 6 months, respectively. Consecutive
field experiments proved the efficacy of the liquid inoculant on nodulation and yield of soybean. The
combination of PVP and Na-alginate-based inoculation of B. japonicum strain significantly increased
the nodule number per plant, number of pods per plant, number of seeds per pod, seed yield, and
yield per hectare (p ≤ 0.05). Thus, the combination of PVP- and Na-alginate-based inoculation of B.
japonicum has great potential to popularize the organic cultivation of soybean.

Keywords: Bradyrhizobium japonicum; biofertilizers; soybean; nodulation; crop yield

1. Introduction

Soybean, one of the essential legume crop plants and a source of the major plant-
based protein and oil, is widely grown around the world [1,2]. Rhizobium bacteria can fix
atmospheric nitrogen by symbiotic association with legume plants in the agro ecosystem
and increase the growth and yield of crop plants [3]. Previous study demonstrates that half
of the nitrogen in the agricultural ecosystem was fixed by legume–Rhizobium symbiosis [4].
Soybean–Rhizobium symbiosis is one of the promising legume–Rhizobium interactions in
the agriculture ecosystem and may fix up to 50% N via its symbiosis with Bradyrhizobum
japonicum [4–6]. B. japonicum recognizes soybean as the host plant when present in its vicin-
ity in the soil. Specialized structures known as nodules form on soybean roots following
successful colonization by B. japonicum [7]. The bacteria are housed inside the nodules,
where they produce ammonia (NH3) from atmospheric nitrogen (N2) and deliver it to the
soybean plant. In large-scale soybean cultivation, it is necessary to inoculate soybean seeds
with high-quality Rhizobium to get the maximum yields. Furthermore, the application
of inorganic fertilizer adversely affects the soil environment and increases product cost.
Therefore, eco-friendly and cost-effective agro-technologies such as legume–Rhizobium
technologies are required to increase soybean production.
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Previous studies reported that abiotic factors such as drought and high temperature
negatively affected the nodule formation because of the low survival of inoculated bacte-
ria in the soil and root system [8,9]. Previously, several carrier substrates were used for
the development of carrier-based formulation of Rhizobium to increase the survival and
nodulation performance in the agro ecosystem [10–12]. However, the major constraints of
these formulations were the shorter shelf-life of the substrates used and low survival of
Rhizobium after seed coating because of high temperature in different climate regions [13].
A previous study also reported that low water availability decreased the survival of peat-
based Rhizobia inoculants and nodulation performance [14]. Furthermore, Rhizobium in
the peat carrier is not very practicable for wide adaptation by farmers. The bulk peat soil
is more difficult to transport and store compared to liquid inoculants. Furthermore, it is
difficult to sterilize peat soil with gamma radiation as the facilities are limited and heat ster-
ilization is not only expensive but may also produce toxic substances. Hence, the selection
of liquid carriers suitable for Rhizobium bacterial inoculants should consider some essential
factors such as cost-effective transport, nontoxic property, and bacterial survival ability [15].
Substantial innovation and improvement in inoculant technology are required to develop
commercially available biofertilizer products for farmers in the world. These products
need to be highly effective in the field and should possess a good shelf-life at room temper-
ature [16]. Previously, different polymers such as PVP, PEG, gum arabic and Na-alginate
have been used for liquid inoculum production to increase the survival of inoculated
bacterial as well as shelf-life of the formulated inoculum [17,18]. PVP and Na-alginate may
provide a favorable environment for the survival of Rhizobium bacteria because of their
high water-binding capacity and heat-resistant ability, respectively [17,19]. Furthermore,
PVP can protect the bacteria from toxic factors because of its colloidal property [20]. In this
study, we developed a combination of PVP- and Na-alginate-based liquid inoculant of B.
japonicum, evaluate nodulation, and subsequent impact of the soybean growth and yield
compared to chemical fertilizers. Therefore, this study has particular significance for the
development of a suitable liquid-based inoculant of B. japonicum for the increasing demand
of soybean production in Bangladesh as well as in the rest of the world. The aim of this
study was to (i) evaluate different carriers for B. japonicum inoculum preparation, (ii) test
the survival and electiveness of PVP- and Na-alginate-based inoculation B. japonicum, and
(iii) test the agronomic performances of liquid inoculants of B. japonicum compared to the
inorganic fertilizer. We hypothesized that the PVP and Na-alginate addition would increase
the survival of B. japonicum in liquid inoculum and enhance the nodulation, growth and
yield of soybean.

2. Materials and Methods
2.1. Isolation, Characterization, and Identification of B. japonicum

Nodules were collected by trapping the soil sample from the root collected from
Boroibari, Gazipur, Bangladesh from soybean plants. These were surface-sterilized with
70% ethanol for 30 s and then 2% Chloramine T (C7H7ClNO2SNa) for 30 s. The surface-
sterilized nodules were then crushed with a glass rod. These nodule-crushed extracts were
streaked on CRYEMA media (HiMedia Laboratories LLC, PA, USA) containing Congo red.
The composition of the media was mannitol (10 g/L), K2HPO4 (0.5 g/L), MgSO47H2O
(0.2 g/L), NaCl (0.1 g/L), yeast extracts (1 g/L), agar (20 g/L), and Congo red solution
(0.025 g/L). The pH of the medium was adjusted to 6.8 and sterilized at 15 psi (15 min). The
plates were incubated at 28 ± 2 ◦C for 24–48 h. Most Rhizobia, including Bradyrhizobium,
lack the ability to absorb Congo red from the YEMA medium [21]. Rhizobium colonies
remained white, transparent, eminent, and mucilaginous after 24–72 h, whereas other
bacteria turned red [22]. Single colonies were then selected and re-streaked on YEMA
media (HiMedia Laboratories LLC, PA, USA) to get pure cultures (Figure 1A). Soybean
seedlings were grown with an isolate pure culture of Bradyrhizobium with N-free Hoagland
nutrient solution in a pot under controlled conditions. The composition of N free nutrient
solution is the same as Hoagland nutrient solution [23], except without N supplement
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element. The soybean seeds were sterilized with 70% ethanol and allowed to germinate on
water-soaked filter paper in a sterile chamber. Sterilized germinated seedling of soybean
was co-inoculated with isolated pure culture broth in a pot containing sterilized soil
supplemented with N free Hoagland nutrient solution and incubated in a growth chamber.
Inoculated seedlings grew and produced nodules, while the control seedlings failed to
form nodules (Figure 1B).
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Figure 1. (A) Pure culture of B. japonicum strain (APEXBJ2); (B) Nodule formation of B. japonicum
strain (APEXBJ2) in soybean seedling grown in pot supplemented with N2 free nutrients.

B. japonicum was identified by sequencing the first 500 bases of 16S rDNA. Briefly,
Genomic DNA was isolated from a single colony from a fresh streak plate isolate of B.
japonicum using PrepMan®Ultra Sample Preparation Reagent Kit (Applied Biosystems,
Foster City, CA, USA). PCR was performed in a MyGeneTM Series Peltier Thermal Cycler
(LongGene Scientific Instruments Co., Ltd, Hangzhou, China) by using isolated genomic
DNA from of B. japonicum as a template DNA and 2X PCR Master Mix of Fast MicroSeq®500
16S rDNA PCR Kit (Applied Biosystems, Foster City, CA, USA) according to the manu-
facturer’s instructions. We also used sterile deionized water as negative controls during
the PCR. PCR products were checked in 1.2% agarose gel in 1 X TAE buffer and purified
with an E.Z.N.A Gel Extraction Kit (Omega Bio-Tek, Norcross, GA, USA). No DNA bands
were observed in negative controls. The sequencing of the purified PCR product was
done at ICDDRB Mohakhali, Dhaka, Bangladesh using Genetic Analyzer 3130 (Applied
Biosystems, Foster City, CA, USA). The sequence of the first 500 bases of 16S rDNA was
analyzed using ChromasPro v2.0 and blast in NCBI to determine similar sequences. A
phylogenetic tree was constructed based on the Neighbor-Joining [NJ] method by using the
p-distance model with 1000 replicates to produce bootstrap values in MEGA 6, including
the representative sequence obtained during the current study and the reference sequences
downloaded from the gene bank [24]. The representative sequence of B. japonicum 16S
rDNA sequence has been deposited in the NCBI gene bank database and was assigned the
accession number KF279677.

2.2. Development of Liquid Inoculant
2.2.1. Microbial Production Media and Cell Culture in Fermenter

A synthetic medium (BJ production media) containing glycerol (12 g), monosodium
glutamate (1.0 g), yeast extract (1.0 g), K2HPO4 (0.5 g), NaCl (0.1 g), KNO3 (0.9 g),
(NH4)2HPO4 (0.4 g), MnSO4 (0.01 g), and FeSO4.7H2O (0.05 g) was used as a basal pro-
duction medium for the liquid inoculant formulation. B. japonicum was cultivated to a late
exponential/early stationary growth phase at pH 6.8 to 7.0 and 30 ◦C constant temperature.
High cell counts (CFU 5.0 × 109 to 1.2 × 1010) were produced after culturing in BJ medium
for 57–62 h in a fermenter using 2% pure seed culture.
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2.2.2. Liquid Inoculant Preparation

Nontoxic polymers such as PVP (1.8%) and Na-alginate (0.2%) were then mixed with
the harvested culture and finally packaged into sterile HDPE bottles. The survival of B.
japonicum was evaluated at monthly intervals up to 1 year by serial dilution and plate-
count techniques [25]. The peat-based carrier was sterilized by gamma-irradiation and
formulated according to Roughley et al. [26].

2.3. Field Evaluation
2.3.1. Field Trial with Different Carrier Based Inoculation

Geographically the experiment was conducted in January 2014 at the research field of
Apex Bio-fertilizer & Bio-pesticides Ltd., Gobindaganj, Gaibandha, Bangladesh (25◦11′ N,
89◦28′) to study the effect of liquid biofertilizer on the yield of soybean (Glycine max L.
Merr.). The soybean seeds were collected from Bangladesh Agriculture Research Institute
(BARI). The soil of the experimental field was comparatively neutral in reaction, having soil
pH 6.85 and soil organic matter 1.82%. The fore crop was paddy in this experimental field.

The experiment was laid out in a randomized complete block design (RCBD) with
five replicates. The size of each plot was 3 m × 2 m. The distance between any blocks
was 1 m. The distance between plots was 1.5 m within each block. Seven treatments were
used as experimental variables and assigned randomly in each with five replication. The
schematic of the treatment plots is illustrated in Figure 2A. Applied chemical fertilizers
were calculated for soybean using the fertilizer recommendation guide 2012 [27]. The 100%
application doses of chemical fertilizer for each block were: urea (N): 30.26 g; triple super
phosphate (TSP): 148.29 g; muriate of potash (MOP) (K): 101.33 g; gypsum (S): 33.48 g;
boric acid (B): 0.80 g. Among the seven treatments (T1–T7), uninoculated fresh seeds
were used in two treatments (T1 and T2), and for the other five treatments (T3–T7) seeds
were coated with the same strain of B. japonicum in different formulations (liquid-based
or peat-based). The treatments T1 and T2 were 100% inorganic fertilizers and 25% urea
+ 100% other inorganic fertilizers, respectively. The other treatments, T3–T7 were T2 +
Peat with B. japonicum, T2 + Na-Alginate with B. japonicum, T2 + PVP with B. japonicum,
T2 + Na-Alginate + PVP with B. japonicum, T2 + Cell culture of B. japonicum, respectively.
Seeds were inoculated in the field using 3-month-old inoculant. The distance between
seed-shown rows was 30 cm and between plants was 7.62 cm for proper development and
growth of the plants. The seeds were shown on 10 January in furrows at an approximate
depth of 2 cm. The crop was harvested at the maturity stage. Ten comparative plants
were selected randomly from each unit plot for recording all data of morpho–physiological
traits and yield attributes. Data of nodule number and nodule dry weight were recorded at
mid-flowering stage (20 days after first flowering). Grain yield of soybean was determined
by harvesting an area of 1 m × 1 m and converting the grain yield value to ton ha−1 at 12%
moisture content.
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2.3.2. Field Trial with Different Nitrogen Doses

The formulation selected from the above experiment (B. japonicum liquid inoculant)
was then evaluated in December 2014 by conducting two field trials at Bangladesh Institute
of Nuclear Agriculture (BINA) substations at Noakhali and Rangpur on growth, nodulation,
and yield of soybean. The experiments were laid out in a split-plot design, each with three
replicates. The size of each plot was 6 m × 4 m. The detailed layout of the experimental
plots with treatments is illustrated in Figure 2B. Treatments comprise control (no inoculant
(I0) and no nitrogen (N0)) and five treatments (T1–T5) with (I) or without B. japonicum liquid
inoculant (I0), and three levels of nitrogen viz. without nitrogen (N0), 20 kg Nitrogen ha−1

(N20), and 40 kg nitrogen ha−1 (N40) were used in the study. The treatments T1–T5 were
I0 + N20, I0 + N40, I + N0, I + N20, and I + N40, respectively. TSP, MOP, gypsum, zinc
sulfate, and boron were applied as a basal application at the rate of 25, 60, 15, 2, and
1 kg/ha P, K, S, Zn, and B, respectively, at final land preparation. Seeds were shown
in mid-December 2014. The seeds-showing line distance in each plot was 30 cm, and
plant-to-plant distance was 5–7 cm. All fertilizers except urea were applied as a basal dose
during final land preparation. Different nitrogen doses (urea) were used to determine
the amount of nitrogen fertilizer that the inoculant can replace. We wanted to find out
whether the inoculant can replace 100% of the recommended dose of nitrogen fertilizer or
whether there is a synergistic effect if the inoculum is used with a low dose of nitrogenous
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fertilizer, to determine what should be recommended to the farmers about the use of the
inoculum. Data on nodule number and dry weight were recorded at the mid-flowering
stage. Yield-contributing parameters and yield were recorded at harvest.

2.4. Statistical Analysis

All statistical analyses were conducted in R program, version 2.15.1 [28]. Tukey’s
honestly significant difference (HSD) test was used to examine the significant difference
of soybean plant growth parameters, nodulation, and yield parameters among different
treatments with different carriers added to the liquid inoculum. Two-way analysis of
variance (ANOVA) was used to explore the influence of fertilization, liquid inoculant
and their interactions on the soybean plant growth parameters, nodulation, and yield
parameters, if the data satisfied the normality of distribution and homogeneity of variance
among treatments before and after logarithm or root square transformation. Significant
differences among different treatments were further tested using Tukey’s HSD test at
p < 0.05 level. For the data that did not satisfy the normality of distribution or homogeneity
of variance after transformation, a nonparametric Kruskal–Wallis test was used to examine
the effect of fertilization and liquid inoculant, followed by Conover’s test using the ‘post-
hoc.kruskal.conover.test’ function in the PMCMR package [29].

3. Results
3.1. Identification of the B. japonicum (APEXBJ2) Strain

The isolated B. japonicum strain was identified by sequencing the first 500 bases of 16S
rDNA. The sequence obtained showed 94% query cover and 98% identity with B. japonicum
reference sequences after blasting in NCBI database. The phylogenetic tree illustrated that
the representative sequence of B. japonicum strain in the current study shared the common
clade with the sequences of B. japonicum from the gene bank, thus confirming the strain
identity (Figure 3).
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3.2. Survival of B. japonicum (APEXBJ2) Strain in Liquid Formulation

The survival of the B. japonicum strain in liquid formulation stored at 28 ± 2 ◦C in the
dark was studied. The results showed that the formulation containing PVP and Na-alginate
supported more than 1.93 × 109 bacteria mL−1 after 180 days of storage. The die-off of B.
japonicum strain slowly occurred in the harvested culture in the control medium. No viable
cells were detected after 240 days in this medium. The liquid inoculum formulated with
the combination of PVP and Na-alginate supported an acceptable survival of B. japonicum,
and provided more than 1.53 × 107 bacteria mL−1 at the end of the assay. The formulation
that contained PVP only had the highest number of viable cells for the first 120 days, but at
the end of the assay (in 360 days), the formulation containing both the additives (PVP and
Na-alginate) was the best maintenance of high populations/survival of this strain (Table 1).

Table 1. Survival of B. japonicum in liquid formulation at ambient temperature 28 ± 2 ◦C.

Liquid
Carrier

Colony Forming Units (CFU)/mL

Initial
CFU

120
Days

180
Days

240
Days

300
Days

360
Days

Control 5.67 × 109 4.53 × 105 3.50 × 102 - - -

Na-
Alginate
(0.2%) +

PVP (1.8%)

5.30 × 109 2.53 × 109 1.93 × 109 6.10 × 108 5.10 × 107 1.53 × 107

PVP (1.8%) 5.47 × 109 4.91 × 109 8.40 × 108 1.63 × 107 1.44 × 106 7.25 × 105

Na-
Alginate

(0.2%)
5.38 × 109 3.70 × 108 6.80 × 107 4.60 × 106 3.90 × 105 1.96 × 105

3.3. Field Experiments
3.3.1. Evaluation of Carrier-Based Formulations

Results showed the effects of different carrier-based formulations of B. japonicum
strain on nodulation, yield contributing characters, and yields of soybean (Figures 4 and 5).
The inoculants had no or a diminutive effect on field stand (Figure 4A), plant height
(Figure 4B), and seed size (100 seed weight, Figure 5B), but significantly increased the
total number of nodules per plants (Figure 4D) and nodules on taproot over uninoculated
treatments (Figure 4E). Seed inoculations promoted root nodulation that subsequently
influenced the growth and yield of soybean. The highest number of branches was recorded
when seeds were coated with liquid carrier Na-Alginate 0.2% and PVP 1.8% (Figure 4C).
Liquid carrier (Na-Alginate 0.2% + PVP 1.8%) inoculated treatment gave the significantly
higher number of pods plant−1, seeds pod−1, seed weight plant−1, and finally the yield of
soybean compared to the uninoculated treatments (Figure 5). However, the values were
not significantly different from those of the peat-carrier-inoculated treatment. The lowest
yield (1.20 ton ha−1) was observed in the treatment with 25% urea fertilizer, and the highest
yield (2.45 ton ha−1) was observed in the treatment where the seeds were inoculated with
Liquid Carrier (Na-Alginate 0.2% and PVP 1.8%) (Figure 5).
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3.3.2. Evaluation of Liquid Formulation with Different Nitrogen Doses

Results of the trials of liquid formulation with different nitrogen doses showed that
the liquid inoculant of B. japonicum (PVP + Na-alginate based) significantly increased the
plant height, nodule number, nodule dry weight, grain yield, and straw yield of soybean
compared to the uninoculated control (Figure 6). Nitrogen application showed significant
effect on grain yield and straw yield but no significant effect on nodule number and dry
weight. Furthermore, the higher dose of nitrogen with inoculant showed a negative effect
on nodule number and dry weight (Figure 6B–E). For instance, grain yield and straw yield
increased significantly due to nitrogen application. A dose of 40 Kg N ha−1 application
showed the highest grain and straw yield of soybean (Figure 6D,E). Inoculation without
nitrogen recorded similar grain and straw yield as with 40 kg N application without
inoculation (Figure 6D,E). Significant interaction effect of fertilization and liquid inoculant
was observed in plant height, grain, and straw yield at Rangpur and the Noakhali location
(Figure 6A,D,E).
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letters indicate significant differences in different treatments in the Rangpur and Noakhali area at p < 0.05, respectively.

4. Discussion

The liquid inoculum of B. japonicum formulated with the additives PVP (1.8%) and
Na-alginate (0.2%) in the culture medium promoted long-term survival of B. japonicum.
It had a better shelf-life (1.93 × 109 cells/mL) compared to control (3.50 × 102 cells/mL)
after 6 months of storage. It also maintained 1.53 × 107 cells/mL after 12 months of
storage under ambient temperature (28 ± 2 ◦C). A safe storage period of 6 months at room
temperature is desirable in a commercial inoculant [30]. These results are similar to those of
many investigators [17,18,25,31,32], who also reported better survival of microorganisms
in liquid formulations amended with polymeric substances. Use of B. japonicum liquid
formulation, with 5.30× 109 cells/mL initial counts, may be highly efficient as it is effective
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in lower volumes per unit seed weight. Liquid formulations with similar cell counts were
also reported in a previous study [33].

The formulations containing single polymeric material of either PVP (1.8%) or Na-
alginate (0.2%) recorded 7.25 × 105 and 1.96 × 105 cells/mL, respectively, up to 12 months,
but no viable cells were detected in the negative control after storage at 28 ± 2 ◦C for
6 months. Rapid cell death in negative control may be the result of continued cell growth,
which may occur if the temperature exceeds 30 ◦C, depleting nutrients and accumulating
toxic metabolites [17]. PVP is a synthetic vinyl polymer that helps B. japonicum to sur-
vive [34] while alginate allows cells to be stable at higher temperatures [35,36]. PVP also has
adhesive properties, possibly due to its high water-binding capacity, which may maintain
water around the cells aiding their metabolism [34,36,37]. PVP has been reported to protect
cells against toxic seed coat factors [37]. Furthermore, the high water-holding capacity of
PVP slows down the drying rate of media, thus maintaining the moisture level in the media.
PVP also has an ability to bind bacterial toxins that were constantly released into the media,
when bacterial cells were in stationary phase [37]. Alginate formulations are nontoxic,
biodegradable and able to limit heat transfer, and possess high water activities [38,39].

High cell counts of the strain at ambient temperature for the desired period of 6 months
was due to multiple factors such as the selected strain, the developed BJ production media
containing glycerol as a carbon source [31,34,40], and the use of the two additives. The
indigenous strain had better survival capacity in prevalent subtropical temperatures. The
BJ production medium was optimized for high cell counts and also played a role in
improving the long-term survival of the strain. The use of both PVP (1.8%) and Na-alginate
(0.2%) in this liquid formulation in minimal amounts enhanced the survival capacity
of the strain over formulations containing either of them. Field studies demonstrated
that liquid carrier (Na-Alginate 0.2% + PVP 1.8%) increased yield over the control when
applied with 25% urea, and even showed a significant yield increase (42%) over the
100% chemical fertilizer treatment (Figure 5). This result suggests that a low dose of
N fertilizer application with Rhizobium inoculation stimulates the Rhizobium–soybean
symbiosis and subsequently increases soybean growth and yield. Grain yield was higher
with the liquid inoculum compared to that of peat carrier control, but the difference was
not statistically significant. The nodule number in primary root and taproot increased
over peat carrier-based treatment. The increased nodule number indicates that the liquid
carrier (Na-Alginate 0.2% + PVP 1.8%) inoculant probably supported more viable cells
between seed inoculation and root emergence, the time when colonization and infection
by the inoculant occur [34]. Several studies done in widely distributed parts of the world
have shown that liquid inoculants applied on seed can produce seed yields similar to those
obtained with peat-based inoculants [17,34,41,42]. Different liquid formulations of the
same strain used in the same location produced different yields in our trials. Soybeans
inoculated with liquid formulations containing either PVP (1.8%) or Na-Alginate (0.2%)
gave lower seed yields than the peat inoculant, although the reduction was not statistically
significant. The performance of a liquid inoculant in the field depends on the survival of
the bacteria during storage and after seed coating. Survival can be aided by production
media composition and the use of combined additives. The ability of the selected strain to
compete with indigenous Rhizobium, the efficiency of the strain, tolerance of the strain to
fluctuations in soil and climatic conditions are also crucial. Liquid inoculant formulations
have been found to perform better for slow-growing strains such as B. japonicum [17].
However, many other authors did not obtain as good results with liquid formulations as
with the solid ones [43–46]. The difference may be due to the formulations of the liquid
inoculants they used.

In our study, similar yield increases were also obtained at the field trials of the liquid
inoculant with different nitrogen doses. Nodule number and dry weight increased by
17.9% and 31 times over uninoculated control. Grain yield was 30% higher compared to
uninoculated control, whereas straw yield was 19% higher over control at Rangpur, and 27%
higher grain yield and 10% higher straw yield was obtained at Noakahali. Similar results
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were reported in a previous study [47,48]. Furthermore, our results showed that there is no
significant difference between the yields of the 100% nitrogen control and the treatment in
which the inoculum was used without any nitrogen. Moreover, the application of higher
doses of nitrogen negatively affected the nodule number and size. We have established that
this formulated liquid inoculant can maintain a similar or higher count of microorganisms
compared to peat during storage and application. It can therefore be used as an alternative
to peat for soybean inoculation under field conditions. It has also been found to be able to
withstand the subtropical temperatures in Bangladesh as well as other regions of the world.
Depending on agronomic practices, and soil, environmental, and climatic factors, the liquid
inoculant has been able to replace chemical nitrogen fertilizer completely in our trials.

5. Conclusions

Legume inoculation technology has been available in the agricultural sector for
decades. Many constraints limit its dissemination. Combined use of polymeric com-
pounds PVP and Na-alginate enhances the survival of B. japonicum in liquid formulation.
In our study, a comparatively higher nodulation and yield of soybean was obtained in a
field trial of this formulated liquid inoculum over the peat carrier-based treatment. De-
pending on agronomic practices, and soil, environmental, and climatic factors, the liquid
inoculant was able to replace chemical nitrogen fertilizer completely in our study. In the
future, this technology can be used to develop Rhizobium inoculants as well as formulations
of other beneficial microbes, which will be effective in different adverse environmental
conditions for sustainable agricultural productivity under global climate change scenarios.
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PEG Polyethylene glycol
HDPE High density polyethylene
BARI Bangladesh Agriculture Research Institute
BINA Bangladesh Institute of Nuclear Agriculture
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