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Abstract - Rhizobium is a soil habitat, gram negative

bacterium associated symbiotically with the roots of
leguminous plants. Rhizobium helps in the process of nitrogen
fixation. Screening and selecting the most effective strain play
a key role in the process of biological nitrogen fixation. The
present work was undertaken to bring into light different
characteristics, growth, isolation, and secretion ofrhizobial
strains (bradyrhizobium). These are found in the root region of
the leguminous plants where it forms nodules and fix nitrogen.
The study revealed that the species used was non-spore
forming, rod-shaped, motile, aerobic, gram- negative soil
bacterium. These rod-shaped bacteria are 0.8um in diameter
and 2um in length, and often have flagellae. These species are
non-pathogenic to humans. The rhizobium bacteria were
grown on three different types of medias namely — nutrient
broth, CRYEMA( Congo Red Yeast Extract Mannitol Agar), and
modified media containing jaggery. The common ingredients of the
culture media includedPeptone, Meat Extract, Mineral Salts,
Carbohydrates and Water. Growth analysis, substrate
estimation and biomass estimation was done and yield
coefficient was calculated. Rhizobium was then applied as a

biofertilizer for good improvement in plant growth and yield.

Key Words: Biofertilizers, Biological Nitrogen Fixation,
Bradyrhizobium, Inoculants, Leguminous plants, Optimized
Media.

INTRODUCTION

Legumes can establish ecologically important symbiosis which
can lead to the development of new plant organ in response to
nitrogen fixing bacteria. The leguminous plants are a kind of
cash crops. Nearly one-third of human dietary protein is
obtained from the grain legumes[1]. Along with being a rich
source of protein, legumes are important because they have the
ability to produce good amounts of organic nitrogen through
the help of symbiotic biological nitrogen fixation[2]. Biological
Nitrogen fixation is a process by which atmospheric nitrogen
(N2) is converted into ammonia and subsequently available for
plants. Legumes such as beans, clover, soybean and pea help to
feed the meat producing animals as well as humans. The
family Rhizobiaceae currently involves six general Rhizobium,
Sinorhizobium, Mesorhizobium, Allorhizobium,
Azorhizobium and Bradyrhizobium, which are collectively
referred to as Rhizobia. It has been estimated that 1g of soil
may contain a community of 10° microorganisms with
Rhizobia representing around 0.1% of soil microbes or 106 g*
soil. Nitrogen is important for maintaining and improving crop
yield[3]. The
agriculture has created several

long-term use of chemical fertilizers in
environmental impacts
including degradation of soil fertility, deterioration ofthe
organic matter of soil, and decreased water and nutrient holding
capacity[4]. Due to these ill effects, the use of biofertilizers is
increasing day by day.Beneficial free-living soil bacteria are
commonly referred to as a Plant Growth Promoting
Rhizobacteria (PGPR). Soil temperature, acidity and rainfall
areimportant conditions required by Rhizobia for its growth
and development[5]. Biological fertilizers could potentially
play key roles in the productivity and sustainability of soil.

Biofertilizers are cost-effective and eco-friendly. The use of
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biofertilizers improves soil fertility by fixing atmospheric
nitrogen, solubilizing insoluble phosphates, producing plant
growth-promoting substances in the soil, and promoting
nodulation ability, which increases yield by 16-60%[6].
Biofertilizers are known as microbial inoculants, which are
artificially multiplied cultures of certain soil microbes that can
improve soil fertility and crop productivity[7]. They are organic
products containing living cells of different types of
microorganisms, which have the ability to convert nutritionally
important elements from unavailable to available form through
biological process [8]. Keeping in view the importance of
Rhizobium in legume plants, the present study was undertaken
to characterize and study different medias usedfor Rhizobium

production.

As per the guidelines issued in the biofertilizer manual by the
Japan Atomic Industrial Forum (JAIF) there are certain
parameters that are followed in
biofertilizer[9].

the production of

METHODOLOGY: -
ISOLATION: -

The Rhizobium isolates were obtained from the root nodules of
the leguminous plant. Nodules located on the roots were
spherical (2-4 mm) and pink in color. Root nodules were
sterilized in 95% (v/v) ethanol for 10 seconds and then washed
7 times with sterile distilled water. Individual nodules were
crushed using sterile glass rod and streaked on Yeast Extract
Mannitol agar containing 0.0025% (w/v) Congo red. After
incubation for 2-3 days at 30°C, single colonies were selected
and transferred on Yeast Extract Mannitol Agar (YEMA) agar

for pure culture.[10]

= -
- = — .

Figure 1

Figure 3

Rhizobium colonies cultured on different medias. Fig 1
indicates the growth of rhizobium on Congo Red Yeast Extract
Mannitol Agar (CRYEMA) media. Fig 2 indicates the growth
of rhizobium on nutrient broth and Fig 3 shows the growth of

rhizobium on modified media.
PREPARATION OF MICROBIAL CULTURE: -

Freshly prepared 30 ml Cryema media was sterilized and then
it is used as a enrichment liquid media. Inoculation was done
with 5 loops of bacterial growth on preserved spread plate into
30 ml media. Cell count was taken after 24 hours. Average
4.165 x1077cells/ml were counted and 1 ml of mother
inoculumwas dispersed into each flask containing different

medias.
SHAKE FLASK FERMENTATION: -

Shake flask method is different from the method of surface
culture. Since the microorganisms are suspended in the culture
broth, the oxygen concentrations are low. Shake Flask
Fermentation method was used for the production of

biofertilizer from Rhizobium bacteria.
GROWTH ANALYSIS: -

The bacteria (rhizobium) show exponential growth. The
cells show 2nmultiplication rate. (Where n is the number of

cells).

The bacteria (rhizobium) grow exponentially in CRYEMA
media and all four phases were observed, namely: - lag phase,

log phase, stationary phase, and death phase on 24 hrs. basis.
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SUBSTRATE ESTIMATION: -

Substrate estimation is done in order to estimate the amount of Graph 2. Standard Curve for substrate estimation

substrate consumed at a particular interval of time, and with the

. . . ] . Calibration curve Y0802 00715
help of this the yield is calculated, and from this the best media e e
can be selected for the growth of the desired bacteria. 06 _
The method used for substrate estimation in this project is £ .. a2
Phenol Sulphuric (Phenol H2SO4) method.[11] = e -
The basic principle of this method is that carbohydrates, when "o 02 04 06 08 1 12

. . . . Glucose concentration (mg/ml)
dehydrated by reaction with concentrated sulfuric acid, produce
Linear (Absorbance at 490nm)

furfural derivatives. Further reaction between furfural

derivatives and phenol develops detectible color.

OBSERVATIONS: - Table 1 Comparison of readings at different intervals of time for

N . substrate estimation.
Graph 1. Growth Curve of Rhizobium on the 3 medias.

Growth Curve Concentra | Absorba | Absorba | Absorba | Absorba
2 tion nce at nce after | nce after | nce after
Ohr 24hrs 48hrs 72hrs

Sample 1 0.301 0.245 0.216 0.074

Sample2 | 0.216 0.179 0.135 0.121
0 1 2 3 4 5 & 22 23 24
Tima In howrs Sample 3 0.236 0.234 0.195 0.136

Cryma NB Modified media

BIOMASS ESTIMATION: -
For Growth curve of Rhizobium on three different medias

Lag Phase :- Between 0 —3 hrs. Centrifugation Drying the Determination
of biomass at biomass in hot
. of dry cell
5500 rpm for air oven at Soht
Log Phase:- Between 3 — 6 hrs. 5 minutes 70°C for 1 hr Welg

Stationary Phase:- Between 6 — 24hrs.

e Biomass Estimation was done using centrifugation
method.[12]

o Weigh the empty centrifuge tube.

e  Centrifuge the slurry (with biomass) at suitable rpm

for required time.
o Decant the supernatant after centrifugation.

e  Weigh the centrifuge tube along with biomass.
Subtract the weight of emptybiomass tube from it,

this will give you the wet weight of the biomass.
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e Alternatively, the biomass can be dried in hot air

oven at specific conditionsof temperature and time

and then the weight of biomass.

Table 3 Comparison between estimated readings of biomass and

substrate for 3 medias.

( X =biomass and S=substrate)

: : : - Ti | X(9) S X(9) S X(9) S
Table 2 Comparison of observation for biomass estimation.
me | Crye | (mg) | Nutri | (mg) | Modif | (mg)
Time After 24hrs. After 48 After 72hrs. ma | Crye ent Nutri ied Modif
hrs. ma | Broth ent | Media ied
Broth Media
Sample 1 3.08g 4.629 4.869
biomass Ohr | 0 |[5403| 0 |38 | 0 |42185
(For 300 ml) 3 8
Sample 2 2.05¢ 3.01g 3.12¢ 24h | 3.08 | 4386 | 2.05 | 3.064 | 1.03 4.179
biomass r
(For 300 ml) 48h | 462 | 385 | 301 | 2.356 | 2.02 | 3.461
Sample 3 1.03g 2.02¢ 3.01g r
biomass
72h | 486 | 1.247 | 3.12 | 2106 | 3.01 2.374
(For 300 ml)
r
YIELD COEFFICIENTS: - )
Table 4 Calculated Yield based upon Table 3.
The yield coefficient is also known as the substrate to biomass
ratio. It is used to calculate the growth rate of a Time (hrs.) | Cryema NB (g/l) Modified
microorganism within a productand also to calculate the mass (9/m) Media
of the product with the increase in the cell growth. @)
Yxs = Xfinal - Xinitial
24 0.7022 0.64 0.246
Sfinal — Sinitial
48 1.2 1.277 0.5836
72 3.897 1.42 1.2699
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RESULTS: -

Table 5 Results of Samples for substrate estimation.

Conc. of Sample 1 at 0" hour 5.4033 mg/ml

Conc. of Sample 2 at 0™ hour 3.8566 mg/ml

Conc. of Sample 3 at 0™ hour 4.2185 mg/ml

Conc. of Sample 1 after 24 4.389 mg/ml
hours

Conc. of Sample 2 after 24 3.164 mg/ml
hours

Conc. of Sample 3 after 24 4.179 mg/ml
hours

Conc. of Sample 1 after 48 3.85 mg/ml
hours

Conc. of Sample 2 after 48 2.356 mg/ml
hours

Conc. of Sample 3 after 48 3.461 mg/ml
hours

Conc. of Sample 1 after 72 1.247 mg/ml
hours

Conc. of Sample 2 after 72 2.106 mg/ml
hours

Conc. of Sample 3 after 72 2.374 mg/ml
hours

The concentrations of the samples of the three medias at
different intervals of time were estimated using the Phenol
Sulphuric acid to determine the sugar content consumption at
different intervals of time. The bacteria use sugar for growth
and thus the consumption determines the growth of microbes
in the sample. This also helps to determine the yields on

different methods.

CONCLUSION: -

It was observed that when the medias were formulated for
300ml, CRYEMA - the selective media of Rhizobium culture
showed high yield i.e., 3.897¢, than the other medias NB 1.42g
and modified media 1.26g.

COSTING: -
Table 6 Cost of 1L biofertilizer.
Sr. Chemical Quantity Total Cost (Rs)
No. required (1L) (iL)
1. Mannitol 10g 15.19
2. | Yeast Extract 0.4g 5.06
3. NaCl 0.1g 10.13
4. | MgSo04.7H,0 0.2¢9 10.13
5. K2HPO, 0.5¢ 4.05
6. Sucrose 8g 0.4
Total - - 45

The above given cost is applicable for the production of 1 liter

of biofertilizer.

REFERENCES

1. Qi Wang, Jinge Liu, Hongyan Zhu, [March 2018]; Genetic
and Molecular Mechanisms Underlying Symbiotic Specificity

in Legume-Rhizobium Interactions., 9:313.

2. Hamdi Hussein Zahran, [December-1999]; Rhizobium-
Legume Symbiosis and Nitrogen Fixation under Severe
Conditions and in an Arid Climate., 63(4):968-989.

3. Lucia Maria Carareto Alves, Jackson Antonio, Marcondes

de Souza, Alessandro de Mello Varani & Eliana Gertrudes de

© 2023,IJSREM | www.ijsrem.com

DOI: 10.55041/IJSREM17900 |

Page 5


http://www.ijsrem.com/
https://pubmed.ncbi.nlm.nih.gov/?term=Zahran%20HH%5BAuthor%5D

@?g 38

' Iﬂiﬁg@ International Journal of Scientific Research in Engineering and Management (IJSREM)

Volume: 07 Issue: 03 | March - 2023

Aot

Impact Factor: 7.185 ISSN: 2582-3930

Macedo Lemos, [November 2014]; The Family Rhizobiaceae.,
419-437.

4. Oluwaseun Adeyinka Fasusi, Cristina Cruz & Olubukola
Oluranti Babalola, [February 2021]; Agricultural Sustainability:
Microbial ~ Biofertilizers in

11(2):163.

Rhizosphere  Management.,

5. Weiwei Lin, Data curation, Formal

analysis, Investigation, Writing — original draft,®?> Manhong
Lin, Data curation,>® Hongyan Zhou, Formal

analysis,* Hongmiao Wu, Writing — original draft,%? Zhaowei
Li, Formal analysis, Project administration,>?" and Wenxiong
Lin, [May 2019]; The effects of chemical and organic fertilizer
usage on rhizosphere soil in tea orchads., 14(5):e0217018.

6. Rachel Backer, J.Stefan Rokem, Gayatri lllangumaran, John
Lamont, Dana Praslickova, Emily Ricci, Sowmyalakshmi
Subramanian & Donald L. Smith, [ October 2018]; Plant Growth
Promoting Rhizobacteria: Context, mechanisms of Action, and
Roadmap to Commercialization of Biostimulants for Sutainable
Agriculture., 9:1473.

7. Deepak Bharadwaj, Mohammad Wahid Ansari, Ranjan
Kumar Sahoo & Narendra Tuteja, [May 2014]; Biofertilizers
function as a key player in sustainable agriculture by improving

soil fertility, plant tolerance and crop productivity., 13:66.

8. Elizabeth Temitope Alori & Olubukola Oluranti Babalola,
[September 2018]; Microbial Inoculants for improving crop
quality and human health in Afrrica., 9:2213.

9. Biofertilizer Manual by FNCA Biofertilizer, [ May 2006 ];

Japan Atomic Industrial Forum.,

10. Zeenat Wadhwa , Vivek Srivastava, Raj Rani , Tanvi ,
Kanchan Makkar and Sumit Jangra, [September 2017]; Isolation
and Characterization of Rhizobium from Chickpea (Cicer
arietinum), 6(11):2880-2893.

11. Tatsuya masuko , Akio minami , Norimasa Iwasaki ,

Tokifumi Majima, Shin-Ichiro Nishimura, Yuan C.Lee, [May

2005]; carbohydrate analysis by phenol sulphuric acid method in
microplate format, 339(1):69 -72.

12. Gunnar Bratbak and lan Dundas bacterial dry matter

content and biomass estimation june 1984

13. Eduardo K. Mitter, Micaela Tosi, Dasiel Obregon, Kari E.
Dunfield & James J. Germidga, [ February 2021]; Rethinking
Crop Nutrition in Times of Modern Microbiology: Innovative

Biofertilizer Technologies.

14. (Jordan 1984), (Jordan, 1982), (Kuykendall et al., 1992),
(Xu et al., 1995), (Vinuesa et al., 2004), Saito et al., 1998,
Sawada et al., 2003, van Berkum and Eardly, Willems, [ March

2020]; Inoculant for Biofertilizers

15. Abhinav Singh,  Shahina

Tabassum.lIsolation, [June 2015 ]; Characterization and Growth

Dattal, Ravi Kant

of Rhizobium Strains underOptimum Conditions for Effective

Biofertilizer Production.

16. Aung Zaw Htwe, Seinn Moh Moh, Khin Myat Soe, Kyi
Moe, Takeo Yamakawa, Aung Zaw Htwe, Seinn Moh Moh,
Khin Myat Soe, Kyi Moe,
2019];Effects of Biofertilizer Produced from Bradyrhizobium

Takeo Yamakawa, [January

and Streptomyces griseoflavus on Plant Growth, Nodulation,
Nitrogen Fixation, Nutrient Uptake, and Seed Yield of Mung

Bean, Cowpea, and Soybean.

17. Mukundraj G. Rathod, [ March 2022 ]; Formulation Of
Rhizobium Biofertilizer.

18. Komal Gomare, M. MESE, Y. SHETKAR, [ March 2018

]; Rhizobium Biofertilizer.

19. Swarna Shome, Alak Barman, Zakaria M. Solaiman, [July
2022 ]; Rhizobium and Phosphate Solubilizing Bacteria
Influence the Soil Nutrient Availability, Growth, Yield, and
Quality of Soybean.

20. MS Islam1l, M Ahmed2, MS Hossainl, H Akterl, S
Aktarl, [ March 2017 ]; Response of soybean to Rhizobium
biofertilizer under different level of phosphorus.

21. Abhilasha Talekar, Ashwini Dudhal, Rupali Chitale*,
Prasad Bankar, [ July 2021 ]; The study of Rhizobium,

© 2023,IJSREM | www.ijsrem.com

DOI: 10.55041/IJSREM17900 |

Page 6


http://www.ijsrem.com/
https://pubmed.ncbi.nlm.nih.gov/?term=Lin%20W%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Lin%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Lin%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Zhou%20H%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Wu%20H%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Li%20Z%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Li%20Z%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Lin%20W%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Lin%20W%5BAuthor%5D

gl \3;‘
IJSREM . . . e . . .
%ﬁ International Journal of Scientific Research in Engineering and Management (IJSREM)
w Volume: 07 Issue: 03 | March - 2023 Impact Factor: 7.185 ISSN: 2582-3930

Azotobactor bio-fertilizer effect on Zea mays and Vigna
Radiate.

22. Kavita Kulkarni, Aishwarya Chawan, Anand Kulkarni,
Sandip Gharat, [October 2022 1]; Bioremediation of
midacloprid using Azospirillium biofertilizer and Rhizobium

biofertilizer.

23. K Bhavya, R Subhash Reddy, S Triven, [ April 2017 ];
Influence of carrier and liquid rhizobial biofertilizer on
nodulation, nitrogenase activity and yield in mungbean crop by

different method of applications.

24. MA Baset Mia, ZH Shamsuddin, [ June 2010 ]; Rhizobium
as a crop enhancer and biofertilizer for increased cereal

production.

25. KM Khalequzzaman, [ September 2015 ]; Seed treatment
with Rhizobium biofertilizer for controlling foot and root rot of

chickpea.

26. Gosal SK, [June2019]; Molasses growth medium for

production of Rhizobium sp. based biofertilizer.

27. Abere Mnalku, James Watiti, Getahun Mitiku, [ June 2018
1, Application guideline for rhizobial biofertilizer

technologies.

28. Sonam Paliya, Ashootosh Mandpe, Sunil Kumar, M
Suresh Kumar, [ June 2019 ]; Enhanced nodulation and higher
germination using sludge ash as a carrier for biofertilizer

production.

© 2023,IJSREM | www.ijsrem.com DOI: 10.55041/IJSREM17900 | Page 7


http://www.ijsrem.com/

