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Introduction 

Black gram (Vigna mungo L.), also referred to as ‘urad bean’ or 

‘black lentil,’ is a vital pulse crop belonging to the family 

Leguminosae. It serves as an important source of dietary protein, 

particularly for vegetarian populations in many countries. Despite 

the increasing per capita net availability of food grains, which rose 

from 144.1 kg year-1 in 1951 to 179.6 kg year-1 in 2019, the availability 

of pulses has declined significantly, from 25 kg year-1 in 1961 to 17.5 

kg year-1 in 2019 (1). This decline poses a serious risk to the 

nutritional security and agricultural sustainability. Besides its role in 

human nutrition, black gram is nutritionally rich, providing 25.2 g of 

protein, 18.3 g of dietary fibre and essential minerals such as 

calcium (138 mg), magnesium (267 mg), phosphorus (379 mg), 

potassium (983 mg) and zinc (3.35 mg) (2). It is cultivated over an 

estimated 46.33 lakh hectares, with a production of 27.76 lakh 

tonnes and an average productivity of 599 kg ha-1 (3). The crop 

thrives in hot and humid climates and is well-suited for multiple 

cropping systems and intercropping due to its short duration. 

 The global agricultural landscape is facing unprecedented 

challenges with the world projected to reach a global population of 

9 billion people by mid-century. Conventional agricultural systems 

that are historically dependent on excessive available synthetic 

chemical fertilizer and pesticides have resulted in the stagnation of 

agricultural production and a significant decline in environmental 

quality (4, 5). Consequently, soil productivity is on a persistent 

downward decline as evidenced by the widespread shortage of 

micronutrients and the loss of important soil physical and biological 

parameters. This has created an urgent necessity for a shift to 

sustainable and ecological farming systems that can remediate soil 

productivity without compromising or increasing agricultural output.  

 In response to these increasing challenges, organic and 

natural farming systems emerged as potentially effective strategies 
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Abstract  

As the second most significant food after cereals, pulses are high in protein and serve a vital role in Indian agriculture. By improving the 
nitrogen levels, they encourage long term fertility and maintain system sustainability. The present study evaluated the impact of varied 

organic nutrient sources on black gram growth, yield attributes, soil health and economic returns. The application of biofertilizers 

(Rhizobium + PSB) in combination with vermicompost and vermiwash resulted in a 12.3 % reduction in days to flowering compared to 
absolute control, while physiological maturity remained unaffected. Plant height increased by 20.4 % under the same treatment. Yield 

attributes such as pods per plant (21.2), seeds per pod (7.1) and primary branches per plant (6.5) improved significantly, with increases of 

24.7 %, 26.2 % and 24.6 %, respectively. Seed yield increased by 43.5 % in comparison to treatment without application of any organic 

fertilizer. Significantly highest seed yield of 1193 kg ha-1 was recorded due to the combined application of biofertilizers (Rhizobium and 
PSB), vermicompost @ 7.5 t ha-1 and vermiwash (1:10). Post-harvest soil nutrient availability showed significant improvement, with 

increases in available nitrogen, phosphorus and potassium owing to substantial increase in microbial population by 36.9 % bacterial 

count, 39.3 % fungal count and 34.7 % actinomycete count compared to absolute control. This corresponds to an increase in enzymatic 

activity (4.8 µg TPF g-1 soil h-1) as well as soil microbial biomass carbon (132.8 4.8 µg g-1 soil). The findings highlight the potential of 
integrated organic nutrient management for enhancing crop productivity, soil fertility and economic sustainability but also for fostering 

resilient agricultural systems. The combined application of different organic nutrient sources offers a viable and environmentally sound 

solution to maintaining log-term ecological balance while also contributing to food security. 
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and practices to alleviate soil degradation and support agricultural 

resilience over time. Organic and natural farming systems endorse 

the rational use of farm based resources, such as fertilizers prepared 

from cow dung and cow urine. They also promote the holistic 

health of the soil, the success of nutrient cycling and have been 

shown to vastly increase the water holding capacity of soils (6).  

Although the advantages of such approaches are becoming 

increasingly accepted, detailed studies investigating their individual 

influence on black gram pulse crops, especially regarding their 

effects on the soil properties, yield characteristics and economics of 

their production under varying agricultural conditions in India, are 

still limited. A positive impact of the combined application of 

farmyard manure and Ghanajiwamrita on the growth of cowpea 

whereas the application of vermicompost to mung bean resulted in 

44.9 % increase in the yield (7, 8).  

 Given these challenges and the growing need for 

sustainable agricultural practices, the present study was 

undertaken to evaluate the effects of organic and natural farming 

based nutrient sources on soil properties, yield attributes and the 

yield of black gram. By assessing the impact of organic fertilizers 

and biofertilizers on crop performance, soil fertility and economic 

viability, this research aims to establish a sustainable and cost-

effective nutrient management approach that benefits both 

productivity and environmental health. 

 

Materials and Methods 

Experimental site 

The field experiment was conducted during the kharif season of 

2021 at Model Organic Farm, Department of Organic Agriculture 

and Natural Farming, C S K Himachal Pradesh Krishi 

Vishvavidyalaya, Palampur, India. The experimental site is located 

at 32°06’17” N latitude and 76°32’33” E longitude and at an 

elevation of 1290.8 meters above mean sea level. The soil sample 

collected from 0-15 cm depth was processed and subjected to 

chemical analysis to estimate available nitrogen, phosphorus and 

potassium using alkaline KMnO4 method (9), Olsen’s method (10) 

and neutral ammonium acetate method (11), respectively. The soil 

at the experimental site was acidic in reaction (pH 5.7) (12), silty clay 

loam in texture (13), low in available nitrogen (227.4 kg/ha), medium 

in available phosphorus (18.5 kg/ha) and medium in available 

potassium (196.7 kg/ha).  

Treatment details 

The experiment was laid out in Randomized Complete Block 

Design (RCBD) with eight treatments and replicated thrice (see 

below). Black gram variety UG 218 was sown at an inter row 

spacing of 30 cm and plant to plant spacing of 10 cm. The seed 

rate used was 20 kg ha-1, whereas the plot size was 9 m2 (3 m x 3 

m). The application rate of Bijamrita, used for seed treatment, 

was 100 mL kg-1 while the soil application of Jiwamrita was done 

at the rate of 500 L ha-1. 

Statistical analysis 

The data were statistically analysed using a Randomized Block 

Design and the Analysis of Variance (ANOVA) (14). Treatment 

means were compared at a 5 % level of significance, with post-hoc 

comparisons performed using Fisher's Least Significant Difference 

(LSD) test. Data visualization was achieved using the R packages 

"agricolae," "ggplot2," "ggpubr" and "ggsci" within RStudio 

Version 2024.04.0+735. 

 

Results and Discussion  

Effect on growth attributes 

The nutrient application using varied organic input sources 

significantly influenced days to flowering and plant height, 

whereas days to physiological maturity remained unaffected     

(Fig. 1). Significantly taller blackgram plants were recorded under 

T7 (biofertilizers in combination with vermicompost and 

vermiwash) during the period of crop growth, though this 

treatment was at par with T6 (biofertilizers in conjunction with 

farmyard manure and vermiwash), T5 (farmyard manure along 

with Rhizobium) and T4 (sole application of farmyard manure) 

(Table 1). The treatment where no nutrients were applied, T8 

(absolute control), had the longest duration to achieve flowering. 

In contrast, T7 resulted in a significant reduction in the duration to 

achieve flowering. This finding aligns with the understanding that 

robust nutrient availability supports accelerated plant 

development. Flowering is an important process wherein crop 

plants move from the vegetative phase to the reproductive phase 

(15). The application of phosphorus has been reported to result in 

flowering a day ahead in rice, while potassium application 

resulted in flowering 1-3 days ahead of schedule (16). The 

application of nutrients from organic sources not only provides 

macronutrients but also micronutrients that help sustain plant 

growth and development. Previous results reported a significant 

influence of organic nutrient sources on the days to flowering in 

okra crop (17). Although the days to physiological maturity 

remained unaffected by treatments, T8 attained maturity 2-4 days 

later than other treatments, further underscoring the importance 

of adequate nutrition for optimal crop development. 

Effect on yield attributes and yield 

The yield attributes, with the exception of test weight, were 
significantly influenced by various organic inputs (Fig. 2). 

Significantly higher number of pods per plant (21.20), number of 

seeds per pod (7.12) and number of primary branches per plant 

(6.5) were recorded under T7 (Biofertilizers (Rhizobium + PSB) 

applied in association with vermicompost and vermiwash) as 

compared to other treatments. Though this treatment was found 

to be statistically at par with T6 (biofertilizers applied in 

association with farmyard manure and vermiwash), T5 

(combination of farmyard manure and Ghanjiwaamrita), T4 (sole 

application of farmyard manure) and a combination of natural 

Treatment Details 
T1 Bijamrita + Jiwamrita (5 %, 10 %, 10 % and 10 %, respectively at time of sowing, 21, 42 & 63 DAS) + mulching (10 t/ha) 
T2 Bijamrita + Ghanajiwamrita (250 kg/ha) + mulching (10 t/ha) 

T3 Bijamrita + Jiwamrita (5 %, 10 %, 10 % and 10 %, respectively at time of sowing, 21, 42 & 63 DAS) + Ghanajiwamrita (250 kg/ha) + 
mulching (10 t/ha) 

T4 Farm yard manure (10 t/ha) 
T5 Farm yard manure (10 t/ha) + Ghanajiwamrita (250 kg/ha) 
T6 Biofertilizers (Rhizobium + PSB) + farm yard manure (10 t/ha) + vermiwash at 15, 30 & 45 DAS (1:10) 
T7 Biofertilizers (Rhizobium + PSB) + vermicompost (7.5 t/ha) + vermiwash at 15, 30 & 45 DAS (1:10) 
T8 Absolute control 
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Fig. 1. Effect of different treatments on days to flowering and physiological maturity in black gram. 

Table 1. Effect of different treatments on the plant height of black gram 

Treatments 30 DAS 60 DAS At harvest 
T1 10.5 ± 0.2 23.7 ± 1.3 43.8 ± 2.6 
T2 10.8 ± 0.4 24.2 ± 0.6 44.7 ± 0.6 
T3 11.0 ± 0.2 25.5 ± 1.6 46.0 ± 2.9 
T4 11.4 ± 0.6 26.9 ± 1.5 47.6 ± 1.3 
T5 11.5 ± 0.2 27.3 ± 0.9 48.3 ± 1.2 
T6 11.8 ± 0.1 28.5 ± 1.7 49.8 ± 0.6 
T7 12.1 ± 0.7 30.1 ± 1.4 52.2 ± 3.2 
T8 9.8 ± 0.9 21.8 ± 0.2 41.5 ± 1.2 
LSD 1.7 5.4 7.4 

Fig. 2. Effect of different treatments on the yield attributes of blackgram. 
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  farming formulations (T3: Bijamrita + Jiwamrita + Rhizobium + 

mulching). The yield of black gram was significantly influenced by 

organic formulation, resulting in significantly higher seed and 

straw yield under T7 (1192.9 kg ha-1 and 2455.09 kg ha-1, 

respectively), though this treatment was at parity with T6 (Fig. 3). 

Significantly lower yields were recorded under T8 (absolute 

control), where no formulations were applied. The organic 

fertilizers tend to improve the soil chemical and biological 

properties, thereby providing a continuous supply of nutrients, 

resulting in improved yield attributes (18). The treatments with 

inoculation of biofertilizers further enhance the microbial 

population leading to improvement in nitrogen fixation. The 

additional nitrogen and solubilized phosphorus from the bacterial 

population improve the yield attributes, hence the yield of black 

gram (19, 20). This is consistent with findings by previous works, 

who reported an 11.25 % and    9.28 % increase in grain yield of 

corn when organic fertilizer was applied partially replacing 

chemical fertilizers as compared to local conventional fertilizer 

practices (21). 

Effect on soil chemical properties and nutrient uptake 

The post-harvest soil analysis demonstrated significant variations 

in organic carbon and available nutrients, whereas pH remained 

relatively stable (Table 2). The pH ranged from 5.62 to 5.66, 

suggesting a limited impact on soil acidity due to the short-term 

application of organic fertilizers and biofertilizers. The treatment 

with combined application of biofertilizers, vermicompost and 

vermiwash (T7) resulted in the highest organic carbon (0.77 %) 

and available nutrients (235.20 N, 24.50 P and 240.20 K kg ha-1). 

Though this treatment was found to be at par with the conjoint 

application of biofertilizers, FYM and vermiwash (T6). The nutrient 

uptake (58.9 N, 7.1 P and 15.6 K kg ha-1) was highest when nutrients 

were applied to the crop through T7 (Table 3). The higher values of 

available nutrients might be attributed to the application of 

biofertilizers, which enhanced nutrient mineralization and 

solubilization from vermicompost and FYM (22, 23). This resulted in 

increased availability of nutrients to the crop plants, leading to their 

higher uptake. Furthermore, nutrient uptake is inherently 

influenced by the crop yield; higher yield also contributed to higher 

uptake of the available nutrients under the aforementioned 

treatments (24). Due to the enhanced population of beneficial 

microorganisms, T7 significantly contributed to carbon 

sequestration (25). T8 (absolute control) recorded the lowest values 

across all the parameters, unequivocally implying the critical need 

for organic fertilizers for sustaining soil fertility. 

Effect on soil biological properties 

The microbial population in the soil, including bacteria, fungi 

and actinomycetes, was significantly influenced by different 

organic and biofertilizer-based treatments (Table 4). Among the 

Fig. 3. Effect of different treatments in the seed and straw yield of black gram. 

Table 2. Effect of different treatments on the soil chemical properties 

Treatments pH 
Organic carbon 

(%) 
Available nutrients (kg ha-1) 

Nitrogen Phosphorus Potassium 
T1 5.63 ± 0.39 0.70 ± 0.01 207.83 ± 1.77 17.10 ± 1.08 189.40 ± 3.61 
T2 5.62 ± 0.38 0.70 ± 0.03 209.30 ± 7.26 19.30 ± 1.05 192.08 ± 4.27 
T3 5.64 ± 0.11 0.71 ± 0.02 219.01 ± 6.11 20.70 ± 0.90 200.82 ± 13.30 
T4 5.64 ± 0.25 0.73 ± 0.01 228.70 ± 3.15 22.40 ± 0.38 214.02 ± 8.50 
T5 5.66 ± 0.06 0.74 ± 0.03 231.50 ± 2.63 22.90 ± 0.92 220.02 ± 1.16 
T6 5.63 ± 0.25 0.75 ± 0.02 234.10 ± 3.47 23.70 ± 1.34 234.55 ± 6.43 
T7 5.63 ± 0.16 0.77 ± 0.03 235.20 ± 6.65 24.50 ± 1.72 240.20 ± 9.09 
T8 5.62 ± 0.10 0.68 ± 0.01 207.40 ± 1.72 13.24 ± 0.27 186.50 ± 5.43 
LSD - 0.08 21.62 6.81 35.62 

Table 3. Effect of different treatments on the uptake of primary macronutrients by black gram 

Treatments 
Nitrogen uptake 

(kg ha-1) 
Phosphorus uptake 

(kg ha-1) 
Potassium uptake 

(kg ha-1) 
T1 43.2 ± 1.3 4.8 ± 0.2 11.9 ± 0.3 
T2 45.2 ± 1.5 5.0 ± 0.1 12.6 ± 0.2 
T3 47.1 ± 2.1 5.2 ± 0.1 13.3 ± 0.1 
T4 49.6 ± 0.4 5.8 ± 0.3 13.8 ± 0.2 
T5 53.2 ± 1.9 6.2 ± 0.2 14.4 ± 0.8 
T6 56.5 ± 1.7 6.7 ± 0.1 15.0 ± 0.3 
T7 58.9 ± 0.4 7.1 ± 0.2 15.6 ± 0.6 
T8 38.7 ± 2.0 4.22 ± 0.1 11.3 ± 0.3 
LSD 11.5 1.6 2.6 
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treatments, combined application of biofertilizers, vermicompost 

and vermiwash (T7) exhibited the highest microbial counts across 

all three groups, with bacterial, fungal and actinomycete 

populations reaching 29.8 × 10⁵, 8.9 × 10² and 27.3 × 10³ CFU g-1 

soil, respectively. This increase can be attributed to the 

application of vermicompost and vermiwash, which provide 

readily available organic matter and microbial inoculants that 

enhance microbial proliferation and enzymatic activity (26). The 

addition of biofertilizers (Rhizobium + PSB) further promoted 

microbial growth by enhancing nutrient cycling, particularly 

nitrogen fixation and phosphorus solubilization (27). This was 

followed by T6 (combined application of biofertilizers, FYM and 

vermiwash), which also supported a relatively high microbial 

population, with bacteria (27.0 × 10⁵ CFU g-1), fungi (8.4 × 10² CFU g-

1) and actinomycetes (25.8 × 10³ CFU g-1). The combination of FYM, 

biofertilizers and vermiwash likely created a nutrient-rich 

environment that sustained microbial communities. In contrast, 

T8 (Absolute control) exhibited the lowest microbial counts 

(bacteria: 18.8 × 10⁵ CFU g-1, fungi: 5.4 × 10² CFU g-1, actinomycetes: 

17.8 × 10³ CFU g-1), significantly lower than the organically treated 

plots. The absence of organic inputs likely led to reduced 

microbial proliferation due to limited nutrient availability and 

poor organic matter inputs, restricting microbial diversity and 

enzymatic activity. 

 The soil biomass carbon and dehydrogenase activity 
were significantly impacted under the influence of treatment-

based inputs (Fig. 4). Soil biomass carbon (132.8 μg g-1 soil) and 

dehydrogenase activity (4.8 μg TPF g-1 soil h-1) were highest with 

the conjunctive application of biofertilizers, vermicompost and 

vermiwash (T7). Though T7 was found to be at parity with 

treatments comprising of T4 (FYM), T5 (combination of FYM with 

Rhizobium) and T6 (Biofertilizer in combination with FYM and 

vermiwash). However, the treatment devoid of organic inputs (T8) 

had the lowest mean microbial biomass carbon and 

dehydrogenase activity. The better performance of treatments 

with biofertilizers and organic amendments can be explained by 

the multistep mechanism of action of biofertilizers. Biofertilizers, 

namely Rhizobium and Phosphate Solubilizing Bacteria (PSB), 

increase the availability of nutrients. Rhizobium forms nodules 

with legume roots and fixes atmospheric nitrogen, converting it to 

plant available forms (Nitrogen fixation), which directly increases 

nitrogen supply to the crop (28). Similarly, PSB solubilize insoluble 

soil phosphates into potentially absorbable forms, increasing 

phosphorus availability (29). Organic amendments like 

vermicompost, vermiwash and FYM contribute by giving a good 

substrate for the establishment and proliferation of microbial 

communities. Organic amendments provide a readily available 

substrate of carbon, energy, macro and micronutrients, which 

increase microbial communities (30). The increase in microbial 

biomass (bacteria, fungi, actinomycetes, etc.) also increases 

enzymatic activity. Dehydrogenase is one such important enzyme 

generated by living microbial cells and serves as a good indicator of 

soil biological activity and health. A higher amount of 

dehydrogenase in organic treated soils indicates a high level of 

microbial metabolism and nutrient cycling. These microorganisms 

have also been shown to release humic substances through their 

steady-state decomposition of organic materials while promoting 

soil aggregation and soil physical qualities, improved water 

retention and improved nutrient retention (31). The integration of 

organic amendments plays a crucial role in sustaining crop 

cultivation systems by enhancing soil health, particularly the 

biological properties such as microbial biomass carbon (32, 33). 

Furthermore, enzymatic activity such as dehydrogenase, showed 

significant improvements with the regular application of organic 

substrates, indicating their role in fostering microbial activity and 

overall soil fertility (34, 35). 

Effect on economics 

Table 5 revealed that applying organic inputs can improve gross 

and net returns in comparison to no organic input treatment (T8). 

Gross returns ranged from 58847 to 105252 INR ha-1, whereas net 

Treatments 
Bacteria (x 105) 

(CFU g-1) 
Fungi (x 102) 

(CFU g-1) 
Actinomycetes (x 103) 

(CFU g-1) 

T1 20.3 ± 1.0 6.3 ± 0.1 20.8 ± 1.0 
T2 21.4 ± 1.3 6.7 ± 0.3 22.6 ± 1.1 
T3 23.5 ± 1.5 7.0 ± 0.2 23.1 ± 0.2 
T4 24.4 ± 1.7 7.2 ± 0.4 23.9 ± 1.6 
T5 25.9 ± 1.8 7.9 ± 0.4 25.2 ± 0.4 
T6 27.0 ± 0.9 8.4 ± 0.5 25.8 ± 0.5 
T7 29.8 ± 0.8 8.9 ± 0.5 27.3 ± 1.4 
T8 18.8 ± 1.3 5.4 ± 0.2 17.8 ± 0.9 
LSD 6.5 2.0 5.5 

Table 4. Effect of different treatments on the soil microbial 
population post-harvest 

Fig. 4. Effect of different treatments on soil biomass carbon (μg g-1 soil) and soil dehydrogenase activity (μg TPF g-1 soil hr-1). 
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returns ranged from 22640 to 45142 INR ha-1. Applying 

vermicompost in conjunction with biofertilizers and vermiwash 

(T7) improved the gross and net returns by 46405 and 20295 INR ha-

1, respectively, compared to T8. In terms of returns per Indian rupee, 

a higher value under T6 (combined application of biofertilizer, FYM 

and vermiwash) (1.86) was mainly because of less cost of inputs 

involved in their production. Thus, owing to the low cost of inputs 

and comparable yield with T7 (Table 5), T6 has greater potential to 

uplift the economic status of marginal farmers. 

 

Conclusion 

The findings of this study revealed that the use of bioinoculants 

(Rhizobium + PSB) with vermicompost and vermiwash (T7) 

increased significant growth parameters. This combination of 

inputs resulted in fewer number of days to flowering and the crop 

showed increased height because of using bioinoculants and 

organic inputs, indicating that the plant had developed better 

early vegetative stage growth patterns. From this improved 

growth potential, the crops had also better yield parameters. 

Ultimately the positive effects on growth and yield in combination 

gave significantly higher yields of seed and straw, showing the 

ability of biofertilizers to enhance nutrient management systems 

in terms of both efficiencies and overall productivity. 

 In addition to the short term crop performance potential, 

outcomes of the study indicated significant long-term soil health 

benefits as well. Soil samples conducted post-harvest consistently 

indicated large improvements in agricultural chemical and 

biological properties with organic treatments. Importantly, the 

treatment incorporating biofertilizers, vermicompost and 

vermiwash (T7 treatment) produced the highest levels of microbial 

biomass carbon and enzymatic activity (i.e., dehydrogenase 

activity).  

 In addition, the economic assessment further supports 
the viability of the adopted organic approaches. Organic 

treatments consistently produced significant profitability and 

demonstrated greater gross and net revenue. The combined 

application of biofertilizers, vermicompost and vermiwash had 

the greatest gross and net revenues, but we found that T6 

(biofertilizers, FYM and vermiwash) had a much greater return 

for each unit invested. Factors such as reduced input costs and 

higher gross revenues contributed to this economic benefit. 

Overall, the economic analysis supports the promise integrated 

organic nutrient management holds to potentially enhance the 

economic status of marginal farmers with respect to a cost 

effective, productive and sustainable farming strategy.  
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