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ABSTRACT

Background: Indigenous organic formulations, such as Beejamrutham, Jeevamrutham and Panchagavya are widely used in
sustainable agriculture to enhance soil fertility and crop productivity. These formulations are rich in microbial diversity, which plays
a crucial role in nutrient cycling and plant growth promotion. Understanding the dynamics of microbial populations during the storage
period of these formulations is essential for determining their optimal usage period on crops. This study aims to characterize the
microbial diversity of indigenous organic formulations to identify the best period for their application on crops.

Methods: Experiments were conducted to analyze the microbial populations of Beejamrutham, Jeevamrutham and Panchagavya
over different storage periods. The microbial diversity was assessed by counting the populations of phosphate-solubilizing bacteria
(PSB), potassium-releasing bacteria (KRB), total bacteria, yeast, and actinobacteria at various time points. The biochemical properties,
including total nitrogen, phosphorus, potassium, total sugar, reducing sugars, non-reducing sugars, pH, electrical conductivity,
organic carbon, gibberellic acid (GA), ascorbic acid and indole-3-acetic acid (IAA), were also measured to evaluate the nutritional
content of the formulations.

Result: The study revealed that in Jeevamrutham, PSB and KRB counts increased until the 10" day post-preparation and then
decreased, while total bacterial counts continued to rise. In Panchagavya, total bacteria and PSB populations peaked on the 24" day
after preparation before declining and KRB, Actinobacteria, and yeast populations also increased with aging. Beejamrutham
showed a decrease in microbial population over time, suggesting immediate use after preparation for optimal benefits. Biochemical
analysis indicated that Panchagavya had higher total nutrients and IAA content, while Jeevamrutham had greater GA and ascorbic
acid concentrations compared to the other formulations. Beejamrutham showed higher non-reducing sugars, IAA content compared
to other organic preparations.
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INTRODUCTION
Green Revolution technologies, including high-yielding crop
varieties, mechanized tools and synthetic inputs like
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fertilizers, herbicides, pesticides, and irrigation, have greatly
increased agricultural output and improved global food
security over recent decades. However, these advancements
have had negative impacts on soil health, human health
and the environment, leading to soil degradation,
groundwater pollution and ecological imbalances.
Addressing the need for sustainable agricultural practices
is crucial to meet the growing global food demand (Singh,
2000; Sarkar et al., 2021; Pathak et al., 2022).

Organic farming, which emphasizes using on-farm
inputs, has gained traction for promoting biodiversity and
soil biological activity. This approach focuses on green
manures, crop rotations, animal manures, biofertilizers,
and cow-based organic preparations like Beejamrutham,
Jeevamrutham, and Panchagavya, which are effective
substitutes for synthetic inputs (Amareswari and
Sujathamma, 2014). Indian agriculture has historically
relied on cows, providing essential resources such as milk,
dung, urine, and their derivatives (Radha and Rao, 2014;
Shyamsunder and Menon, 2021).
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Demand for environmentally friendly organic
formulations has increased due to their benefits in
sustaining agricultural output while maintaining soil
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nutrient status. Beejamrutham, Jeevamrutham and
Panchagavya, made from cow products like dung, urine,
milk, curd and ghee, are cost-effective and eco-friendly
alternatives (Khadse et al., 2018). Beejamrutham, an
indigenous biofertilizer, is used primarily for seed treatment
and protects crops from pathogens during germination
(Shyamsunder and Menon, 2021). Jeevamrutham, rich in
beneficial microbes and nutrients, promotes plant growth
by enhancing soil microbial diversity (Devakumar et al.,
2014; Nandhini et al., 2023). Panchagavya, a Vedic
concoction, improves soil health and plant growth through
its rich microbial content and nutrients (Kumar and Singh,
2021; Bhowate et al., 2023).

These organic preparations support sustainable
farming by providing beneficial microbes, essential nutrients,
and growth-promoting substances (Bhadu et al., 20283;
Mathukia et al., 2023; Orozco-Mosqueda et al., 2023). These
preparations play a vital role in rapidly enhancing soil fertility
by stimulating the activity of soil microflora and fauna (Sutar
et al., 2019). The present study was conducted to analyze
the cultivable microbial population beneficial
microorganisms, along with the physical, chemical,
biochemical properties and to identify the best period for
their application on crops of indigenous organic formulations
viz., Beejamrutham, Jeevamrutham and Panchagavya.

MATERIALS AND METHODS
Preparation of indigenous organic formulations

Beejamrutham, Jeevamrutham and Panchagavya were
prepared following established indigenous methods
(Pathak and Ram, 2005). Locally available organic
materials including cow dung, cow urine, jaggery, banana
and coconut water were used as substrates for
fermentation. The formulations were prepared in separate
containers under controlled conditions to maintain
uniformity and consistency in the preparation process.

Microbial analysis of beejamrutham, jeevamrutham and
panchagavya

The total microbial count of indigenous organic
preparations (Beejamrutham, Jeevamrutham and
Panchagavya) was determined at different intervals using
the serial dilution spread plate technique. Various agar
media were employed: nutrient agar for total bacteria,
Pikovskaya's agar for phosphate solubilizing bacteria,
Aleksandrow agar for potassium solubilizing bacteria,
Kenknight's medium for Actinobacteria and Sabouraud
dextrose agar for yeast.

Freshly collected samples (10 mL) were mixed with
90 mL sterile distilled water in a 150 mL Erlenmeyer flask
and shaken at 120 rpm for 15 minutes to create a
homogeneous solution. Serial dilutions (up to 10°) were
prepared by transferring 1 mL of the solution into 9 mL of
sterile water. A 0.1 mL sample from each dilution was
spread on agar plates using a sterilized glass spreader.
The plates were incubated in an inverted position at 28+

2°C for 2 to 6 days. Colony counts were averaged and
multiplied by the dilution factor to determine the number of
cells per mL of the formulations.

Physio-chemical analysis of beejamrutham, jeevamrutham
and panchagavya

The pH was measured using the pH meter method
(Jackson, 1973). Electrical conductivity (EC) was
determined by the conductivity meter method (Jackson,
1973). Organic carbon was assessed through the Walkley
and Black wet digestion method (Walkley and Black, 1934).
Total nitrogen was quantified using the Microkjeldhal
method (Jackson, 1973). Total phosphorus was measured
by nitric-perchloric (9:4) digestion and spectrophotometric
analysis using the vanado-molybdo phosphoric yellow color
method (Jackson, 1973). Total potassium was determined
by nitric-perchloric (9:4) digestion followed by flame
photometry (Jackson, 1973). Total reducing sugar was
analyzed using the DNS method (Asana and Saini, 1962).
Total non-reducing sugar was also measured using the
DNS method (Malhotra and Sarkar, 1979). Indole acetic
acid was measured using the spectrophotometric method
(Ahmad et al., 2005). Gibberellic acid was determined by
the spectrophotometric method (Cho et al., 1979). Ascorbic
acid content was assessed using the titrimetric method
(Sadasivam and Manickam, 1992).

Statistical analysis

Experiments, conducted with a minimum of three
replications, presented mean + standard deviation of three
replicates. Tukey’'s test at a 5% significance level
determined significant differences among treatments.
Pearson correlation coefficient assessed the correlation
between microbial population and various physical,
chemical and biochemical parameters in Bheejamarutham,
Jeevamarutham, and Panchagavya. All the figures were
created using Origin Pro 2024b, version 10.0.5.157.

RESULTS AND DISCUSSION
Microbial analysis of beejamrutham, jeevamrutham and
panchagavya

The microbial population of Beejamrutham was analyzed
and the high colony-forming units of total bacteria (102 x 10°
CFU/mL), phosphate-solubilizing bacteria (58 x 10° CFU/
mL), potassium-releasing bacteria (22 x 10° CFU/mL),
actinobacteria (160 x 10® CFU/mL) and Yeast (50 x 10°
CFU/mL) in Beejamrutham were observed on the day of
preparation, with populations decreasing over the next four
days as shown in Fig 1a. This decline is attributed to nutrient
depletion and the production of inhibitory substances
during fermentation. Devakumar et al. (2014) also reported
similar findings, noting higher microbial populations on
the day of Beejamrutham preparation followed by a
decrease over time.

Different storage periods significantly influenced the
microbial populations, including total bacteria, PSB, KRB,
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Fig 1: Microbial population dynamics in (a) Beejarutham, (b) Jeevamrutham and (c) Panchagavya during different days post
preparation.
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actinobacteria and yeasts in Jeevamrutham and the results
are presented in Fig- 1b. The high populations of total
bacteria, PSB, and KRB were recorded on the 10" days
post-preparation (DPP), peaking on the 14" DPP (246 x
10® CFU/mL). Yeast populations decreased as
Jeevamrutham matured, while actinobacteria peaked on
the 4" DPP (180 x 10° CFU/mL) and then declined. The
steady increase in total bacterial, PSB, and KRB populations
over time is attributed to the nutrient-rich composition of
Jeevamrutham, including cow dung, cow urine, legume
flour, jaggery, and fertile soil, which serve as initial inoculum
and support microbial growth. Similar results, with higher
beneficial microbial populations observed in Jeevamrutham
between the 9" and 12" days after preparation (DPP), were
reported by Devakumar et al. (2014) and Ram et al. (2018).
Additionally, Rameeza et al. (2016) recorded higher
populations between the 10" and 12" DPP, while Kulkarni
and Gargelwar (2019) reported higher populations
between the 8" and 12" DPP.

Different storage periods significantly affected the
microbial community in Panchagavya, including total
bacteria, PSB, KRB, Actinobacteria and yeasts. The Fig 1c
shows a peak in total bacterial population on the 24" DPP
(120 x 10® CFU/mL), which then declined. Similar trends
were observed for PSB, while KRB, Actinobacteria, and
yeast populations increased with storage time. The
presence of beneficial microorganisms like Azospirillum,
Azotobacter, Phosphobacteria, Pseudomonas and
Lactobacillus in Panchagavya is attributed to its nutrient-
rich constituents such as milk, curd, coconut water and
cane juice, which foster microbial growth during
fermentation. This fermentation process is enhanced by
microorganisms in curd and accelerated by sugarcane
juice and coconut water. Higher colony-forming units (CFU)
in Panchagavya with increased storage were also reported
by Ram et al. (2018) and Rameeza et al. (2016) and Pathak
and Ram (2013) noted more beneficial microorganisms
under higher acidity, promoting a disease-suppressive soil
environment. Among the three indigenous organic
preparations the microbial populations followed the order
Jeevamrutham> Panchagavya> Bheejamrutham. Similarly,
Jadhav et al. (2022) reported the highest microbial
population in Jeevamrutham (19.1x10% CFU/ml) followed

Biochemical properties of beejamrutham, jeevamrutham
and panchagavya

The biochemical properties of Beejamrutham, Jeevamrutham,
Panchagavya was assessed and results were presented
in Table 1. Jeevamrutham exhibited the highest
concentrations of gibberellic acid (GA) at 18 pg mL* and
ascorbic acid at 0.4 mg mL?, compared to Beejamrutham
with 12 pg mL*GA and 0.34 mg mL-*ascorbic acid, followed
by Panchagavya with 7.8 pg mL* GA and 0.2 mg mL™
ascorbic acid. In contrast, Panchagavya recorded the
highest amount of indole acetic acid (IAA) at 12.5 pg mL?,
followed by Beejamrutham at 10.4 pg mL™* and
Jeevamrutham at 8 pg mL?. Similar findings were reported
by Parvathi and Ushakumari (2017) and Dhanoji et al.
(2018), who also observed these biochemical properties
in Panchagavya and Jeevamrutham. These results
underscore the presence of essential macronutrients,
micronutrients, vitamins and growth-promoting substances
like IAA and GA, as supported by Sreenivasa et al. (2010);
Mathukia et al. (2023); Orozco-Mosqueda et al. (2023).

Physico-chemical properties of beejamrutham,
jeevamrutham and panchagavya

The mineral nutrient content of Beejamrutham,
Jeevamrutham and Panchagavya are presented in Table 2.
The chemical composition of organic formulations such
as Beejamrutham, Jeevamrutham and Panchagavya
varies depending on the materials used, including cow
dung, urine, milk and other ingredients, which can differ in
quality based on cow breed and diet. Panchagavya stands
out with higher levels of macro-nutrients, total sugars and
both reducing and non-reducing sugars compared to
Jeevamrutham and Beejamrutham. While both
Panchagavya and Jeevamrutham exhibit slight acidity,
Beejamrutham is slightly alkaline due to lime, cow dung
and urine content. These formulations provide a rich source
of nutrients, growth hormones, sugars and acids,
supporting microbial growth and diverse populations. The
acidity levels in Jeevamrutham and Panchagavya,
influenced by ingredients like jaggery and milk products,
do not hinder plant growth, as reported by Chakraborty and
Sarkar (2019) and Parvathi and Ushakumari (2017), who
noted the presence of essential nutrients and growth-

by Panchagavya (3.04 x10°8 CFU/ml). promoting factors like IAA, GA and beneficial
Table 1: Biochemical properties of beejamrutham, jeevamrutham and panchagavya.

Parameters Beejamrutham Jeevamrutham Panchagavya
IAA (ug mLY) 10.4 (+0.37) 8 (+0.29) 12.5 (+0.45)
GA (ug mL?) 12 (+0.32) 18 (+0.48) 7.8 (+0.21)
Ascorbic acid (mg mL?) 0.34 (+0.01) 0.4 (x0.01) 0.2 (x0.01)

Total sugars (%) 0.57 (+ 0.001)
0.35 (= 0.001)

0.23 (+ 0.004)

Reducing sugars (%)
Non-reducing sugars (%)

0.71 (+ 0.014)
0.54 (+ 0.006)
0.18 (+ 0.004)

1.32 ( 0.031)
1.02 ( 0.004)
0.3 ( 0.006)

The values in each column represent the mean of three replications + SE (standard error).

IAA: Indole acetic acid; GA: Gibberellic acid.
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Table 2: Physico-chemical properties of beejamrutham, jeevamrutham and panchagavya.

Parameters Beejamrutham Jeevamrutham Panchagavya
pH 7.95 (+0.29) 5.01 (+0.18) 5.14 (+0.19)
EC (dS/m) 4.76 (£0.13) 2.27 (+0.06) 2.58 (+0.07)
OC (%) 0.69 (+0.02) 0.82 (+0.02) 0.87 (+0.02)
Total nitrogen (%) 0.32 (+0.01) 0.46 (+0.02) 0.98 (+0.04)
Total phosphorus (%) 0.14 (x0) 0.25 (+0.01) 0.23 (+0.01)
Total potassium (%) 0.08 (x0) 0.16 (x0) 0.24 (x0)

The values in each column represent the mean of three replications + SE (standard error).

a) Beejamrutham

b) Jeevamrutham

¢) Panchagavya

pH
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Fig 2: Correlation analysis between the microbial population and physico-chemical and biochemical parameters in (a)

Bheejamarutham, (b) Jeevamarutham and (c¢) Panchagavya.

microorganisms in these formulations (Natarajan 2007;
Sreenivasa et al. 2010).

Correlation analysis between the microbial population
and physico-chemical and biochemical parameters in
bheejamarutham, jeevamarutham and panchagavya

Correlation studies were conducted to understand the
relationship between the microbial population and various
physical, chemical and biochemical parameters in
Bheejamarutham, Jeevamarutham and Panchagavya, with
the results presented in the Fig 2. Regardless of the
indigenous organic preparation, the following consistent
patterns were observed across all three preparations: Total
bacteria and actinobacteria exhibited strong positive
correlations with total nitrogen (r ~1.0) in all preparations,
suggesting their crucial role in nitrogen cycling (Hayat et al.,
2010). These microbial groups also showed moderate
negative correlations with electrical conductivity (r ~ -0.58),
indicating a preference for environments with lower ionic
concentrations. PSB and KRB displayed remarkably similar
correlation patterns across all preparations. Both groups
showed strong positive correlations with total sugars (r >
0.7), suggesting a preference for complex carbohydrates
as energy sources. Interestingly, PSB showed only weak
positive correlations with total phosphorus (r ~ 0.14), while
KRB’s correlation with total potassium varied slightly
between preparations. This implies that nutrient availability
alone may not be the primary determinant of these bacterial

populations’ abundance (Jaiswal et al., 2016). Yeast
populations demonstrated strong positive correlations with
growth promoters, specifically gibberellic acid (GA) and
ascorbic acid (r ~ 0.14 to 0.79). This relationship suggests
that yeasts may either produce these compounds or thrive
in their presence, potentially contributing to the plant growth-
promoting effects of these organic preparations.
Additionally, yeasts showed moderate positive correlations
with organic carbon (OC) (r ~ 0.79), indicating their
involvement in carbon cycling within the preparations.

CONCLUSION

Studies showed that Beejamrutham should be applied on
the first day of preparation, Jeevamrutham on the 10" day
post-preparation (DPP) and Panchagavya on the 24" DPP.
The ingredients used in these preparations determine the
fermentation time required to develop a beneficial microbial
population. These preparations are excellent sources of
phosphate-solubilizing bacteria, potassium-releasing
bacteria, and nitrogen fixers, which accelerate the
decomposition of organic matter and increase nutrient
availability. Comprehensive studies highlighted the
significant influence of storage periods on microbial
populations and their correlation with physical, chemical
and biochemical parameters.
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