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ABSTRACT
Background: Low yields of pulses in India are mainly due to the use of poor-quality seeds, cultivation on marginal soils with low
inputs, inadequate pest and disease management, moisture stress and unscientific post-harvest and storage practices. In this
context use of alternative sources of plant nutrients such as bio-fertilizers and organic sources is the need of the time.
Methods: The present study aimed to evaluate the response of biochar and biofertilizers on productivity and profitability of mung
bean (Vigna radiata L.) in Semi-arid Eastern Plain Zone of Rajasthan. A field experiment was conducted during kharif season (2021)
on mung bean at SKN College of Agriculture, Jobner (Rajasthan). The experiment was laid out in factorial randomized block design
with three replications, Consisted of four levels of biochar (control, 2.0, 4.0 and 6.0 ton/ha) and four treatment of biofertilizers
(Control, Rhizobium, PSB and Rhizobium + PSB).
Result: The results revealed that the application of biochar @ 4.0 ton/ha produced significantly higher number of pods/plant, number
of seeds/pod, pod length, seed yield (1151 kg/ha), straw yield (2547 kg/ha) and biological yield (3816 kg/ha) and net returns
(`49910/ha) of mung bean over control and application of biochar @ 2.0 ton/ha. However, it was at par with 6.0 ton/ha biochar for
almost all parameters. Further, the B: C ratio of mung bean decreased as biochar levels increased and highest B:C ratio was obtained
in control. Results further showed that seed inoculation with Rhizobium + PSB significantly increased the number of pods/plant,
number of seeds/pod, pod length, seed yield (1158 kg/ha), straw yield (2564 kg/ha) and biological yield (3722 kg/ha), net returns
(`57311/ha) and B: C ratio (2.36) of mung bean.
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INTRODUCTION
Pulse crops play an important role in Indian agriculture
and India is the largest producer and consumer of pulses
in the world. Pulses contains high percentage of quality
protein nearly three times as much as cereals (Upadhayay
et al., 1999). Thus, they are cheaper source to overcome
protein malnutrition among human beings. Pulses are
drought resistant and prevent soil erosion due to their deep
root and good ground covers, because of these good
characters, pulses are called as “Marvel of Nature”. Mung
bean [Vigna radiata (L.) Wilczek] is an important pulse crop
in India grown principally for its protein rich edible seeds. It
belongs to the sub-family Papilionaceae under the family
Leguminaceae. India is the largest grower of mung bean
with cultivating area 40.70 lakh ha as well as producer with
an annual production and average productivity statistics of
19.01 lakh tons and 472 kg /ha, respectively (Anonymous,
2019). In Rajasthan, total area under mung bean was 25.60
lakh hectares with the production of 9.05 lakh tonnes and
productivity of 354 kg/ha (Anonymous, 2021). Despite of
being such an important crop, the average productivity of
mung bean in the state is quite low compared to its
production potential which is a matter of serious concern.

The factors attributed for low yields of pulses in India
as compared to the world productivity are non- availability
of quality seeds of improved and short duration varieties,

growing of pulses on marginal and less fertile soil with
low inputs and without pest and disease management,
growing of pulses under moisture stress, unscientific post-
harvest practices and storage under unfavourable
conditions. More over injudicious use of chemical fertilizers
enhanced the soil and plant health problems. In this context
use of alternative sources of plant nutrients such as bio-
fertilizers and organic sources is the need of the time. In
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recent years, biochar has emerged as an organic
amendment with mineral nutrient elements and hold
promise to improve the soil quality and yield of crops. The
biochar is found to have positive impact on soil fertility,
resulting in an increase in crop yield without causing hazard
to soil and water environment. Biochar produced from varied
technological methods of pyrolysis can convert agriculture
crop residues like coconut shells, arecanut husks, maize
cob, cereal-pulse crop husks, grasses, forestry products,
animal and poultry manures to biochar. Looking at the
potential use of biochar in agriculture, there is a need to
assess the suitability of such feed stocks which otherwise
are type of waste material.

On the other hand, use of biofertilizers can have a
greater importance in increasing fertilizer use efficiency.
Biofertilizer is a matter of living micro-organisms that are
applied to plant surfaces or soil, grains, colonize the
rhizosphere or the inside of the plant and promote growth
through increasing availability of primary nutrients to the
crop plant. The seed of pulses is inoculated with
Rhizobium with an objective of increasing their number in
the rhizosphere, so that there is substantial increase in
the microbiologically fixed nitrogen for the plant growth.
The inoculation of seeds with suitable Rhizobium culture
increased the green pod yield over un- inoculated control
(Athul et al., 2022). Most soil of Rajasthan is poor in
phosphorus supply and low in organic matter. Seed of
pulses when inoculated with phosphate solubilizing
bacteria, PSB secret acetic substances and solubilize
unavailable soil phosphorus. The inoculation with
phosphate solubilizing bacteria biofertilizer may increase
yield of crops by 7-14 per cent (Mohapatra et al., 2024).
Therefore, the present study was planned to assessment
of how various combinations of biochar and biofertilizer
applications impact growth parameters, yield components
and economic returns of mung bean (Vigna radiata L.).

MATERIALS AND METHODS
A field experiment was conducted at Agronomy Farm, SKN
College of Agriculture, Jobner, Rajasthan (26 05 N,
7528E, 427 m AMSL) in loamy sand soil during Kharif
2021. The experiment was conducted in factorial
randomized block design and replicated thrice. Treatments
Consisted of 4 biochar levels (0, 2.0, 4.0 and 6.0 t/ha) and
4 biofertilizer treatments (Control, Rhizobium, PSB ,
Rhizobium + PSB). Mung bean variety MH-421 was sown
on 20th July. The climate of this region is typically semi-arid,
characterized by extremes of temperature during both
summers and winters. During summers, the temperature
may go as high as 48C, while in winters, it may fall as low
as -1.0C. The average annual rainfall of this tract ranges
between 400-500 mm, most of which is contributed by the
South west monsoon during July and August. There is hardly
any rain during winter and summers. The maximum and
minimum temperatures during the crop season ranged
between 30.9C to 38.2C and 13.0C to 25.7C,

respectively. A total of 311.7 mm rainfall was recorded during
the cropping season. The relative humidity Vary between
50 to 89 per cent, while the average sunshine hours ranged
between 1.5 to 9.9 hrs/day. Standard crop management
practices were adopted. Observations were recorded for
yield attributes, yield and economic parameters. MH-421
variety of mung bean was released by CCSHAU, Hisar in
2014. Its average plant height is 50-70 cm and this variety
matures in 60 to 65 days. Its average yield is 1000-
1200 kg/ha. The variety is tolerant to yellow mosaic disease.
The variety is suitable for north western plain zone of India.
Lantana camera-based biochar was collected from
Udaipur. The nutrient  content of the biochar was
determined one week before application to ascertain the
amount of nutrients applied. Biochar applied according
to the treatments two week before sowing. However with
regard to application, Seed treatment with liquid based
biofertilizers was done by taking the liquid culture of
biofertilizer @ 5 ml of formulation and dissolved in
sufficient quantity of water to treat one kg seed. The seeds
are well coated with the solution and dried under the
shade before sowing.

RESULTS AND DISCUSSION
Effect of biochar and biofertilizers on yield attributes of
mung bean
Application of biochar and biofertilizers significantly
influenced key yield attributes of mung bean. Biochar at
4.0 t/ha consistently resulted in the highest number of pods
per plant, seeds per pod and pod length, Which was found
to be at par with 6.0 t/ha and significantly better than lower
doses and (Table 1). Application of 4.0 t/ha biochar
increased pods/plant by 34.4%, seeds/pod by 19.6% and
pod length by 17.4% over the control. Similarly, seed

Table 1: Effect of biochar and biofertilizers on yield attributes of
              mung bean.

Pods/ Seeds/ Pod 100
Treatment plant pod  length seed

(cm)   weight (g)

Biochar (t/ha)
Control 16.6 9.1 6.6 34.2
2.0 19.7 10.0 7.1 35.0
4.0 22.3 10.8 7.7 35.4
6.0 23.2 11.0 7.8 35.6
SEm() 0.5 0.3 0.2 0.9
CD (5%) 1.5 0.7 0.4 NS
Biofertilizers
Control 17.7 9.0 6.65 34.3
Rhizobium 21.1 10.4 7.38 34.8
PSB 20.2 10.1 7.25 35.4
Rhizobium + PSB 22.7 11.4 7.90 35.7
SEm() 0.5 0.3 0.16 0.9
CD (5%) 1.5 0.7 0.45 NS
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inoculation with Rhizobium + PSB significantly enhanced
yield attributes compared to individual inoculations and
control. This treatment improved pods/plant by 28.7%,
seeds/pod by 25.7% and pod length by 18.8% over the
control. However, neither biochar nor biofertilizer treatments
Recorded significant effect on 100 seed weight. These
findings Emphasis synergistic role of biochar and
biofertilizer combinations in improving mung bean
productivity under semi-arid conditions. The combined use
of biochar and biofertilizers showed promising potential in
improving mung bean productivity under semi-arid
conditions. The results of the present investigation
corroborate the findings of Joshua et al. (2025); Budhina
et al. (2014); Agegnehu et al. (2015); Ndor et al. (2015) and
Glodowska et al. (2017). This favourable effect of bacterial
inoculation could be attributed to increased solubilization
of mineral phosphates and other nutrients and also
increase nitrogen and phosphorus supply in inoculated
plot due to nitrogen fixation and phosphorus solubilization
ability of these bacteria and which is ultimately increased
all the yield attributes of mung bean. The result of present
study in close conformity with the findings of Tilak and
Annapurna (1993); Wayase et al. (2014); Hadiyal et al.
(2017); Beenish et al. (2019) and Parmar et al. (2020).

Effect of biochar and biofertilizers on yield of mung bean
Application of biochar and biofertilizers significantly
enhanced the seed yield, straw yield and biological yield of
mung bean (Table 2). Among biochar treatments, 4.0 t/ha
and 6.0 t/ha recorded the highest seed yield (1151 and
1186 kg/ha, respectively), with increases of up to 47.6%
over control. Straw and biological yields also improved
notably, with 4.0 t/ha biochar resulting in 44.2% increase in
straw yield and 45.2% increase in biological yield over
control. Similarly, seed inoculation with Rhizobium + PSB
produced significantly higher seed yield (1158 kg/ha), straw
yield (2564 kg/ha) and biological yield (3722 kg/ha) than
individual inocu lations and control. The respec tive
increases in seed yield, straw yield and biological yield
over control were 36.0%, 33.2% and 34.1%. However,
harvest index remained statistically unaffected by both
biochar and biofertilizer treatments. A positive effect of
biofertilizer inoculations on seed and straw yields might
be due to more population of Rhizobium and phosphate
solubiliz ing bacteria, bet ter survival of inoculated
microorganisms in the rhizosphere and seed surface due
to presence of cell pro tectan t chemicals such  as
polyvinylpyrro lidone and trehalose. Application  of
bio fertil izer enhanced high number o f cells in the
rhizosphere, multiplication and subsistence of cells due
to availability of carbon and energy sources. The use of
biofertilizers may lead to higher availability of macro and
micronutrients that promoted growth and development and
ultimately resulting in higher yields. These results are in the
line with the findings of Kumar et al. (2018); Kalita et al. (2019);
Mane et al. (2019); Samant (2020); Aglawe et al. (2021) and
Parmar et al. (2021); Arun and Thippeshappa (2023).

Effect of biochar and biofertilizers on economics of mung
bean
It is evident from the presented in Table 3 that net returns
of mung bean were influenced to a great extent due to
different levels of b iochar as compared to control.
Significantly h ighest net returns (`49910/ha) was
obtained with application of 4.0 ton biochar/ha over control.
It is obvious because higher seed and straw yields
obtained with th is treatment. However, B : C ratio
decreased with an increase in the level of biochar
incorporation in soil due to its higher cost. Similarly,
Shahzad et al. (2018) also revealed that despite the
benefits of biochar on yield, it was not economically
prof itable due to high  application rates and pr ice.
Application of bio-fertilizers brought about a significant
improvement in net returns (`57117/ha) and B: C ratio
(2.36) of mung bean (Table 3). The highest net returns
and B: C ratio recorded under inoculation of seeds with
Rhizobium + PSB. This might be due to increased yield
in these treatments. These finding are similar to the

Table 2: Effect of biochar and biofertilizers on yield of mung bean.

Seed Straw Biological Harvest
Treatment yield yield yield index

(kg/ha)   (kg/ha)   (kg/ha)   (%)

Biochar (t/ha)
Control 780 1766 2546 30.7
2.0 973 2226 3199 30.4
4.0 1151 2547 3698 31.1
6.0 1186 2630 3816 31.1
SEm() 21 54 72 0.4
CD (5%) 61 157 208 NS
Biofertilizers
Control 852 1925 2776 30.7
Rhizobium 1050 2348 3399 30.9
PSB 1030 2331 3361 30.6
Rhizobium + PSB 1158 2564 3722 31.1
SEm() 21 54 72 0.4
CD (5%) 61 157 208 NS

Table 3: Effect of biochar and biofertilizers on economics of
               mung bean.

Treatment Net returns (`/ha) B:C ratio

Biochar (t/ha)
Control 44678 2.70
2.0 48396 2.20
4.0 49910 1.92
6.0 39127 1.57
Biofertilizers
Control 30408 1.76
Rhizobium 48010 2.16
PSB 46381 2.12
Rhizobium + PSB 57311 2.36
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results obtained by Joshi et al. (2018); Kalita et al. (2019);
Aglawe et al. (2021) and Jerusha et al. (2021).

CONCLUSION
The application of biochar at 4.0 ton per hectare significantly
increased mung bean seed yield by improving soil structure,
water retention, nutrient availability and microbial activity.
This treatment was economically viable for farmers in semi-
arid regions. Inoculating mung bean seeds with Rhizobium
and Phosphate Solubilizing Bacteria was the most effective,
producing the highest seed yield of 1158 kg/ha and
maximum net returns of ` 57,311 per hectare, along with the
highest benefit-cost ratio of 2.36, indicating excellent
profitability. The yield increase is attributed to improved
nitrogen fixation and phosphorus availability, enhancing root
development, pod formation and overall plant vigor.

ACKNOWLEDGEMENT 
The present study was supported by the Department of
Agronomy, SKN Agriculture University Jobner, whose
valuable resources and technical assistance greatly
contributed to the successful completion of this research.

Disclaimers 
The views and conclusions expressed in this article are
solely those of the authors and do not necessarily 
represent the views of their affiliated institutions. The
authors are responsible for the accuracy and 
completeness of the information provided, but do not accept
any liability for any direct or indirect losses  resulting from
the use of this content. 

Informed consent 
All animal procedures for experiments were approved by
the Committee of Experimental Animal care  and handling
techniques were approved by the University of Animal Care
Committee. 

Conflict of interest 
The authors declare that there are no conflicts of interest
regarding the publication of this article. No funding or
sponsorship influenced the design of the study, data
collection, analysis, decision to publish,  or preparation of
the manuscript. 

REFERENCES
Agegnehu, G., Bass, A.M., Nelson, P.N., Muirhead, B., Wright, G

and Bird, M.I. (2015). Biochar and biochar-compost as
soil amendments: Effects on peanut yield, soil properties
and greenhouse gas emissions in tropical north Queensland,
Australia. Agriculture, Ecosystems and Environment.
213: 72-85.

Aglawe, B.N., Waghmare, Y.M. and Ajinath, B. (2021). Effect of
biofertilizer on growth, yield and economics of sesame
(Sesamum indicum L.). The Pharma Innovation Journal.
10(10): 437-439.

Anonymous (2019). Agricultural Statistics at a Glance, Government
of India, Ministry of Agriculture and Farmers Welfare,
Department of Agriculture, Cooperation and Farmers
Welfare, Directorate of Economics and Statistics.

Anonymous (2021). Rajasthan Agricultural Statistics at a Glance
Department of Agriculture, Pant Krishi Bhawan, Jaipur,
Rajasthan.

Arun, K.B.R., Thippeshappa, G.N. (2023). Carryover effect of
biochar and cow dung manure on the productivity of
green gram (Vigna radiata L.) in Typic haplustalf. Legume
Research. 46(10): 1361-1365. doi: 10.18805/LR-4755.

Athul, P.P., Patra, R.K., Sethi, D., Panda, N., Mukhi, S.K., Padhan,
K., Sahoo, S.K., Sahoo, T.R., Mangaraj, S., Pradhan,
S.R. and Pattanayak, S.K. (2022). Efficient native strains
of rhizobia improved nodulation and productivity of
French bean (Phaseolus vulgaris L.)  under  rainfed
condition. Frontiers in Plant Science. 13: 1048696.

Beenish, O., Singh, R. and Lal, E.P. (2019). Impact of nutrient
management system on growth, yield and quality of Indian
mustard (Brassica juncea L.) cv. Rani variety. Journal
of Pharmacognosy and Phytochemistry. 8(3): 4391-4394.

Budhina, K. and Janardhan, Y. (2014). Effects of PGPR blended
biochar and different levels of phosphorus on yield and
nutrient uptake by chickpea. Annals of Agri-Bio Research.
19(3): 408-412.

Glodowska, M., Schwinghamer, T., Husk, B. and Smith, D. (2017).
Biochar based inoculants improve soybean growth and
nodulation. Agricultural Science. 8: 1048-1064.

Hadiyal, J.G., Kachhadiya, S.P., Ichchhuda, P.K. and Kalsaria, R.N.
(2017). Response of Indian mustard (Brassica juncea
L.) to different levels of organic manures and bio-fertilizers.
Journal of Pharmacognosy and Phytochemistry. 6(4):
873-875.

Jerusha, K., Singh, V. and Tiwari, D. (2021). The effect of plant
growth hormones and bio-fertilizers on growth and
economics of summer sesame (Sesamum indicum L.).
Biological Forum-An International Journal. 13(2): 552-
556.

Joshi, E., Gupta, V., Sasode, D.S., Tiwari, S., Sikarwar, R.S. and
Singh, N. (2018). Liquid biofertilizer and inorganic nutrients
application impact on quality traits and physiology of
kharif groundnut (Arachis hypogea L.). National Conference
on Current Trends in Plant Science and Molecular Biology
for Food Security and Climate Resilient Agriculture held
on 15-16 February on pp. 67-74.

Joshua O. I., Chinemerem R. Ohoro, Victor E., Ojukwu, Mutiat O.,
Shaikh, W.A., Biswas, J.K., Seth, C.S., Mohan, G.B.M.,
Chandran, S.A., Rangabhashiyam, S. (2025). Biochar
for ameliorating soil fertility and microbial diversity: From
production to action of the black gold. iScience. 28(1):
2589-0042.

Kalita, N., Bhuyan, S., Maibangsa, S. and Saud, R.K. (2019). Effect
of biofertilizer seed treatment on growth, yield and
economics of toria (Brassica campestris  L.) under
rainfed condition in hill zone of Assam. Current Agriculture
Research Journal. 7(3): 332-336.



 Volume  Issue 5

Kumar, N., Kumar, A., Shukla, A., Ram, A., Bahadur R. and Chaturvedi,
O.P. (2018). Effect of application of bio-inoculants on
growth and yield of Arachis hypogaea L. and Sesamum
indicum L. International Journal of Current Microbiology
and Applied Sciences. 7(1): 2869-2875.

Mane, S.F., Aglave, B.N., Lande, K.U. and Waghmare, S.S. (2019).
Studies on growth, yield and quality of sesame (Sesamum
indicum L.) as influenced by chemical fertilizer and liquid
biofertilizer. Bulletin of Environment, Pharmacology and
Life Sciences. 8(10): 43-45.

Mohapatra, M., Sahoo, R.K. and Tuteja, N. (2024). Phosphate
solubilizing bacteria, Pseudomonas aeruginosa, improve
the growth and yield of groundnut (Arachis hypogaea
L.). Physiology and Molecular Biology of Plants: An
International Journal of Functional Plant Biology. 30(7):
1099-1111.

Ndor, E., Jayeoba, O.J. and Asadu, C.L.A. (2015). Effect of biochar
soil amendment on soil properties and yield of sesame
varieties in Lafia, Nigeria. American Journal of Experimental
Agriculture. 9(4): 1-8.

Parmar, N., Jat, J.R., Malav, J.K., Kumar, S., Pavaya, R.P. and Patel,
J.K. (2020). Effect of different organic and inorganic
fertilizers on nutrient content and uptake by summer
sesamum (Sesamum indicum L.) in loamy sand. Journal
of Pharmacognosy and Phytochemistry. 9(3): 303-307.

Parmar, P.K., Desai, N.H., Rabari, K.V. and Chaudhary, P.P. (2021).
Effect of phosphorus, sulfur and biofertilizers on growth,
yield and quality of Moth bean. Journal of Pharmacognosy
and Phytochemistry. 10(1): 1434-1437.

Samant, T.K. (2020). Effect of biofertilizers and sulphur on growth,
yield, economics and post-harvest soil chemical properties
in sesame (Sesamum Indicum L.). Chemical Science
Review and Letters. 9(34): 475-480.

Shahzad, K., Abid, M. and Sintim, H.Y. (2018). Wheat productivity
and economic implications of biochar and inorganic
nitrogen application. Agronomy, Soils and Environmental
Quality. 110(6): 1-9.

Tilak, K.V.B.R. and Annapurna, K. (1993). Bacterial fertilizers.
Proceedings Indian National Science Academy. 59: 315-
324.

Upadhayay, R.G., Sharma, S. and Drawal, N.S. (1999). Effect of
rhizobium inoculation and graded level of P on the growth
and yield of green gram. Legume Research. 22: 277-
279.

Wayase, K.P., Thakur, B.D. and Bhalekar, M.D. (2014). Influence of
chemical fertilizer and biofertilizer application on yield
contributing characters of sesame. World Journal of
Agricultural Sciences. 10(3): 91-94.

Effect of Biochar and Biofertilizers on Productivity and Profitability of Mung Bean (Vigna radiata L.) in Semi-arid Eastern Plain...


