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Abstract
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Aim: To study the role of microorganisms behind their bioenhancing, biocontrol properties, their enzymatic potential, and characterization of high
performing microbial isolates on molecular basis.
Methodology: Dominant culturable microbes including bacteria and
fungi were isolated from biodynamic preparations and screened on the
basis of plant-growth promoting (PGP) activities viz., ammonia
production, phosphate solubilization, siderophore production,
hydrogen cyanide production, seed germination efficacy and
biocontrol properties. The dominant and effective microorganisms
were screened for enzymes activities viz., pectinase, cellulase and
amylase. The selected bacterial and fungal isolates, exhibiting higher
enzyme activities, were subjected to molecular characterization.

On

Results: Out of 68 bacterial and 25 fungal isolates from 8 biodynamic
preparations (BD 500 - BD 507), 15 bacterial isolates exhibited high
plant growth promoting activities while 10 bacterial isolates exhibited
biocontrol activity against pathogens. Bacillus licheniformis isolated
from BD 504, expressed high pectinase (2.595 U ml-1 min-1), cellulase
(0.308 U ml-1 min-1) and amylase (0.418 U ml-1 min-1) activities. Fungal
isolates with high enzymatic activities, were isolated from BD 500, 503
and 506, respectively.
Interpretation: Microorganism isolates from biodynamic preparations
possessed strong plant growth promoting, biocontrol and enzymatic
properties, which might be responsible for the efficacy of organic
preparations under field conditions.
Key words: Bacillus licheniformis, Biodynamic preparations,
Microbes, Molecular identification, PGP activity

Bacterial (68 no.) and fungal (25 no.) isolates from
Biodynamic preparations (BD 500-507)

Screening of isolates for PGP activities and selection of best
bacterial (15 no.) and fungal (25 no.) isolates

Screening of selected isolates for pectinase, cellulase and amylase
activities and selection of potential bacterial isolates (3 no.) and
fungal isolates (3 no.) showing maximum enzymatic activity

Molecular identification of microbial isolates with
high enzymatic activity

ŸBacillus licheniformis (BD50 4-3)
ŸBacillus subtilis (BD 500-1)
ŸBacillus safensis (BD 502-5)

ŸAspergillus fumigates (BD500-7)
ŸPenicillium rubens (BD 506-1)
ŸPenicillium citrinum (BD 503-4)

These isolates might be potential bio-inoculants available in BD
preparations responsible for enhancing crop yield.
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Excessive use of chemical inputs in the form of fertilizers
and pesticides over the past few decades has resulted in the loss
of natural habitat balance, environment degradation, reduced
food quality and increased cost of crop cultivation (Speth, 1992;
Ahmed et al., 2012). However, the increasing awareness about
the ill-effects of modern agriculture has led to the resurgence of
interest in organic agriculture and demand for organic produce
(King, 2008; Reddy, 2010; Pandey and Singh, 2012). There are
various systems of organic farming, including Permaculture,
Rishi Krishi, Panchgavya, Nauteco, Zero Budget Natural Farming
and Biodynamic Farming, being practiced in different parts of
country and in the world (Nene, 2017). Biodynamics farming is the
one of the oldest organized agriculture farming system started in
Germany by Rudolf Steiner in 1924 (Koepf, 1989).

Materials and Methods
Microbial analysis, isolation and maintenance of microbial
isolates of BD preparations: For microbial analysis and
isolation of dominant microbes, media enrichment techniques
and serial dilution assay (Marvin, 1984) were followed. Nutrient
agar medium and Rose Bengal Chloramphenicol agar were used
for growth studies of bacteria and mould. The microbial isolates
were maintained on their respective growth medium slants and
stored at 4oC for further testing. The isolates were numbered as
follows: Number of BD preparation followed by isolate no., for
example isolate no. 4 from BD 500 was named as BD 500 - 4.

Testing plant growth promoting (PGP) activities: Siderophore
production, IAA production, HCN production and phosphate
solubilization assays were conducted as per method described
by Schwyn and Neilands (1987), Bric et al. (1991), Bakker and
Schipper (1987) and Gaur (1990). Ammonia production test
was carried by the method of Dye (1962). Gram (Cicer
arietinum) seeds were used for testing seed germination
efficiency under in-vitro and in-vivo conditions, as per method
described by Shende et al. (1977). Growth yield parameters like
root length and shoot length were measured after harvesting of
one-month-old gram plant, while fresh weight of root and shoot,
number of leaves per plant were taken immediately after
harvesting of plant. Dry weight of root and shoot were measured
after complete drying of sample in hot air oven at 50oC.
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Today biodynamic agriculture is practiced on farms
around the world, on various scales, and in a variety of climates
and cultures. However, most biodynamic farms are located in
Europe, the United States, Australia and New Zealand (Diver,
1999). Biodynamic agriculture uses specific manure and
fermented herbal preparations as compost additives and field
sprays in comparison to organic agriculture (Proctor, 1989). The
system makes use of eight biodynamic preparations viz. BD500,
501, 502, 503, 504, 505, 506 and 507 (Krichman, 1994). Cow
horns, by virtue of their shape, functioned as antennae for
receiving and focusing cosmic forces, transferring them to the
materials inside (Chalker Scott, 2013). After exhumation, the
contents are diluted with an unspecified amount of water to create
a homeopathic solution, which when applied to soil (Preparation
500) or crops (Preparation 501), was thought to influence root or
leaf growth. Six other compounds (Preparations 502–507) are
extracts of various plants packed either in the skulls or organs of
animals (e.g., deer bladders, cow peritonea and intestines) or
peat or manure, where they age before being diluted and applied
as compost microbial inoculums (Chalker Scott, 2013). BD 500
is used as spray to vitalize the soil, enhance seed germination,
root formation and primary root development, while BD 501 is
sprayed to improve photosynthesis and immunity in plants,
quality of fruits and seeds (Selvaraj et al., 2006). BD 502- 507 is
used for making biodynamic compost.

mostly powered by microbes and their metabolic products, as
these are fermented products. In view of the above, the present
study was conducted with the objective of bio prospecting these
BD preparation for microbiological and biochemical properties,
which in turn might be responsible for improvement in yield and
quality of crops.
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Addition of biodynamic preparations in composting raw
material leads to better stability of organic matter, improves the
chemical and microbial quality of compost with reduced CO2
production and higher enzyme activity (Carpenter-Boggs et al.,
2000a; Fließbach et al., 2000). Biodynamic farming system
promotes and improves the health of the agro-ecosystems
related to biodiversity, nutrient biocycles, soil microbial and
biochemical activities, strongly affect root and vegetative growth
(Raupp and Konig, 1996; Ponzio et al., 2013; Goldstein et al.,
2019), however, the mechanism of action of these BD
preparations needs to be established. An assumption may occur
that BD preparations might posses some supernatural or magical
curing ability, but these preparations work on scientific principles

After harvesting the plants, the pot soil was analyzed for
biological properties following standard protocols, viz. soil
microbial load (Marvin, 1984), dehydogenase activity (Lenhard,
1956), fluorescene diacetate activity (Schnürer and Rosswall,
1982) and physical parameters viz. pH, EC and soil moisture
(Jackson, 1967). Growth yield parameters like length and fresh
weight of root and shoot, number of leaves per plant, were taken
immediately after harvesting one-month-old plant. Dry weight of
root and shoot were taken after complete drying of sample in hot
air oven at 50oC. Antimicrobial activity of isolated microbes was
observed by plate assay method of Boruah and Kumar (2002).

Enzymatic extraction and estimation: Carbohydrate utilization
broth, with 1% pectin/starch/carboxymethyl cellulose as carbon
source, was inoculated with bacterial and fungal isolates and
incubated at 28oC for 72 hrs. For bacterial culture, broth was
centrifuged at 10,000 rpm for 10 min and the supernatant was
used for enzyme extraction. For fungus, culture broth was filtered
through G-1 glass crucible to remove the fungal growth and
filtrate was used for enzyme extraction. One volume of culture
filtrate from bacteria/fungus was added in 4 volume (1:4) of cold
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acetone mixture, kept at -20°C for 20 min, centrifuged at 10,000
rpm for 15 min at 4°C. The supernatant was discarded and the
pellet was suspended in acetate buffer solution (0.2 mM). The
mixture was used as enzyme precipitate for enzymatic analysis
for cellulase, pectinase and amylase activity using carboxy
methyl cellulose, pectin and starch as substrate as per method
described by Miller (1959); Garg and Ashfaque (2010) and Wood
and Bhat (1988), respectively. The enzyme activity was
-1
expressed as U (unit) sugar released ml-1 min of incubation.

Higher ammonia production activity was expressed by
isolate no. BD 500 - 10, BD 502 - 5 and BD 505 – 6, higher
phosphate solubilization were shown by BD 502 - 5 and BD 502 –
7, higher siderophore production was shown by isolate no. BD
503 - 4 and BD 503 – 6, Higher indole acetic acid production was
observed in isolate no. BD500- 9, BD503 - 4, BD503 - 6 and
BD504-16. Higher activity of hydrogen cyanide was exhibited by
isolate no. BD 500- 1, BD 500 - 6, BD 502 - 5, BD502-7, BD 504 - 3
and BD505-6. Similar observation has been reported by Radha
and Rao (2014) where Lysinibacillus xylanilyticus and Bacillus
licheniformis isolates from biodynamic preparations exhibited
plant growth promoting activity like IAA production, P
solubilisation. Similarly, Carpenter – Boggs (2000b) correlated
the use of BD sprays 500, 501 and 508 with higher yield of lentil
(Lens culinaris) per unit plant biomass, higher nitrate content in
soft white spring wheat and greater ammonia concentration in
soil. Out of 25 fungal isolates, 18 showed positive test for
siderophore production. Microbial isolates viz., BD 506-1, BD
500-2 and BD 504-5 exhibited high siderophore production
efficiency of 190, 200 and 285.7%, respectively. Other PGP
activities viz. IAA production, HCN production and phosphate
solubilization were not expressed by any of the fungal
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Molecular characterization of best performing microbial
isolates: Bacterial isolates exhibiting high PGP, biocontrol and
enzymatic activities, and fungal culture exhibiting good
pectinase, cellulase, amylase activity and siderophore production
efficacy were subjected to molecular identification using
techniques viz. 16s rRNA for bacteria and ITS primer for fungi.
Microbial DNA was isolated and its quality was evaluated on 1.2%
Agarose Gel to obtain a band of high-molecular weight. Isolated
DNA was amplified with 16S rRNA Specific primer (8F and
1492R) for bacteria and ITS region specific primer (ITS1 and
ITS4) for fungus using Veriti® 96 well Thermal Cycler (Model
No. 9902). PCR amplicon was enzymatically purified and
further subjected to Sanger Sequencing. The 16S rDNA
sequence and ITS region sequence for bacteria and fungus
were used to carry out BLAST alignment search tool of NCBI
Genbank database. Based on the maximum identity score, first
fifteen sequences were selected and aligned using multiple
alignment software program Clustal W. Distance matrix was
generated using RDP database and phylogenetic tree was
constructed using MEGA6 and 7 for fungus and bacteria,
respectively (Tamura et al., 2011). All the treatments were kept in
triplicate. Statistical analyses were done as described by Panse
and Sukhatme (1967).

microbial population of field and orchard soils after the
application of BD preparations. Veeresh et al. (2010) observed
positive influence of biodynamic microbial consortium on the
microbial population during the conversion of paper mill and
sugar factory sludge into beneficial vermicompost. For screening
the microbial isolates for plant growth promoting activity, out of 68
bacterial and 25 fungal isolates, positive results were exhibited
by 65, 29, 26, 42 and 36 number of isolates for ammonia
production, phosphate solubilization, siderophore, indole acetic
acid and HCN production, respectively.
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Results and Discussion
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Out of eight biodynamic preparations, the highest bacterial
load (CFU ml-1 or g-1) was observed in BD 502 (2.6*109) followed by
BD 504 (1.1*109), BD 503 (7.3*108), BD 506 (7.1*108), BD 501
(5.4*108), BD 507 (3.4*108), BD 500 (3.2*108) and BD 505 (2.7*108).
The highest fungal count (CFU ml-1 or g-1) was observed in BD 503
(2.8*106), followed by BD 500 (5.6*105), BD 504 (4.5*105), BD 506
(3.6*105), BD 505 (3.6*105), BD 502 (3.4*105), BD 501 (1.1*105) and
BD 507 (0.8*105). Higher counts were observed in biodynamic
preparations compared to those reported by Pathak et al. (2010),
which might be due to the fact that biodynamic preparations are
fermented product and microbial load may vary as per
fermentation conditions and quality of raw materials.
However, the observation that maximum bacterial load
was observed in BD 502 and fungal load in BD 503 corroborates
the results of Pathak et al. (2010) who reported the highest
bacterial load was found in BD 502 (3.4*106) and second highest
fungal load in BD 503 (1*105). Giannattasio et al. (2013) reported
microbial load of 2.3*108 CFU g-1 in BD 500. Garg et al. (2004 a,
b) and Ram et al. (2007), reported increase in rhizosphere

Table 1: Effect of inoculation of bacterial isolates from BD preparations
on germination of Cicer arietinum seeds under in-vitro conditions

Isolate no.

Germination
Index (%)

Root length
(cm)

Shoot length
(cm)

Control
BD 500-1
BD 500-3
BD 500-5
BD 500-6
BD 500-9
BD 500- 10
BD 501- 2
BD 502-5
BD 502-7
BD 503- 4
BD 503-6
BD 504- 3
BD 504- 16
BD 505-5
BD 505- 6
CD value

20
8.0
8.0
20
4.0
28
16
20
36
32
24
20
12
12
24
8.0
0.886

3.4
4.1
4.3
4.6
4.6
4.2
4.7
2.9
2.8
3.1
5.3
3.5
4.5
3.6
4.2
3.4
0.909

1.5
0.8
2.1
1.1
1.0
2.1
2.3
1.1
1.3
1.5
1.4
2.0
2.7
2.2
2.2
1.3
0.774
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Control
BD500-1
BD500-3
BD500-5
BD500-6
BD500-9
BD500-10
BD501-2
BD502-5
BD502-7
BD503-4
BD503-6
BD504-3
BD504-16
BD505-5
BD505-6
CD values

Isolate no.

7.0
14.5
13.4
15.8
10.0
4.9
16.1
14.6
10.6
13.0
17.8
9.8
6.6
12.3
11.0
10.9
0.676

Root
length
(cm)

On

13.1
17.5
16.2
19.4
19.5
17.5
20.0
17.7
17.8
16.1
18.4
18.5
23.9
19.7
16.6
18.8
0.724

Shoot
length
(cm)

5.95
4.99
1.78
6.41
2.66
6.35
7.52
8.68
5.14
3.88
4.15
4.67
5.67
3.91
5.51
7.94
0.735

Fresh
weight of
root (g)

Fresh
weight
of shoot (g)

10.91
9.57
6.11
9.66
3.88
6.22
8.13
13.5
7.81
3.16
12.15
13.55
15.51
8.04
11.81
12.95
0.656

1.57
1.30
0.71
1.27
1.30
0.95
1.00
1.39
0.96
1.35
1.63
1.93
2.19
0.91
2.11
1.79
0.67

50
52
78
62
70
72
82
62
62
53
57
71
66
71
67
71
6.43

Dry weight No. of
of shoot
leaves
(g)
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0.45
0.31
0.42
0.29
0.18
0.60
0.44
0.80
0.48
0.08
0.26
0.34
0.50
0.22
0.38
1.00
0.445

Dry weight
of root (g)

Plant growth parameters

30
36
28
32
29
31
23
28
32
28
41
22
23
26
31
31
6.22

Soil EC

85.59
89.04
98.64
84.82
78.92
76.14
87.68
92.64
89.58
79.08
89.62
81.25
86.44
91.94
90.02
88.44
0.80

Moisture
content
(%)
3.32
3.63
3.54
3.38
3.67
2.57
4.34
3.33
3.25
3.81
3.73
4.08
2.40
2.82
4.21
3.93
0.71

DHA
µg
TPF g-1 hr-1

858
734
1002
812
886
895
910
918
1139
815
1040
1018
1031
1167
656
668.2
6.97

FDA
µg g-1 hr-1

1.1*106
2.2*106
2.6*106
3.0*106
1.4*106
1.4*106
2.6*106
3.0*106
2.4*106
1.7*106
2.5*106
1.9*106
1.3*106
2.7*106
2.9*106
3.50*106
0.602

Microbial load
(cfug-1 soil)

Soil biological parameters

Co
py

7.2
7.0
7.0
7.1
7.1
7.1
7.1
7.2
7.2
7.1
6.9
7.0
7.1
7.1
7.0
7.0
2.24

Soil pH

Soil physical parameters

Table 2: Effect of bacterial inoculants from BD preparations on growth parameter of Cicer arietinum and soil physical and biological properties in pot experiment
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-1
Table 3: Enzymatic activities (U ml min ) of selected bacterial and fungal isolates from biodynamic preparations

Isolate no.

Pectinase activity

Amylase activity

Cellulase activity

Bacteria

BD 500-1
BD 502-5
BD 504-3
BD 500-7
BD 503-4
BD 506-1

2.361
2.307
2.595
0.939
0.708
0.678

0.181
0.376
0.418
0.0666
0.0459
0.1107

0.287
0.230
0.308
0.0357
0.1284
0.0843

Fungus

isolates. Fifteen best bacterial isolates, screened from above
PGP activities testing, were tested for seed germination
potential. Under in-vitro conditions, higher seed germination
index were shown by BD 500-9 (28%), BD 503-4 (24%) and
BD 505-5 (24%) in comparison to control (20%). Higher root
length were observed in gram seeds treated with BD 503-4,
BD 500-10 and BD 500-5 in comparison to control. Higher
shoot length was shown by BD 504-3, BD 500-10 and BD 50416 in comparison to control (Table 1). Under pot experiment,
similar trend of seed germination was observed.

seedlings receiving 1% BD-treated compost extract have been
reported to have higher root and shoot biomass (Reeve et al.,
2011). Similarly, Valdez and Fernandez (2008) reported higher
root length and biomass in rice varieties under biodynamic
production system control or pesticide treatment. For biocontrol
efficacy of bacterial and fungal isolates against Fusaium solani,
Colletotrichum gleosporiodium and Pestalotiopsis mangiferae,
out of 68 bacterial isolates, 10 exhibited biocontrol activity against
Fusaium solani, while bacterial isolate BD502-5, later identified as
Bacillus safensis, was found effective against all three pathogens
tested. However, none of the remaining bacterial and all fungal
isolates exhibited biocontrol property. Biocontrol properties of
microbial isolates from BD preparations have been reported earlier.
Rupela et al. (2003) isolated a total of 17 bacterial isolates from BD
500, BD 502-506 showing antagonistic activity against
phytopathogenic fungi Rhizoctonia bataticola, Sclerotium rolfsii,
Fusarium oxysporum and Aspergillus flavus. Similarly, Valdez and
Fernandez (2008) showed that the application of BD 500, 501 and
508 resulted in the disappearance of tungro symptom in rice crops
and recovery of crop vitality. Radha and Rao (2014) reported
antagonistic activity of Lysinibacillus xylanilyticus and Bacillus
licheniformis isolates from biodynamic preparations to Rhizoctonia
bataticolain maize plants.
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Higher root length was exhibited by the seeds treated with
bacterial isolates BD 503 - 4 (17.8 cm), BD 500 – 10 (16.1 cm) and
BD 500-5 (15.85 cm). Table 2 depicts higher shoot length by
seeds treatment with bacterial isolates BD 504 – 3 (23.9 cm), BD
500 - 10 (20 cm) and BD 504 -16 (19.7 cm). The maximum
number of leaves were observed in seeds having treatments of
BD 500-10 (82 no.), BD 500–3 (78 no.) and BD 505-6 (71 no.).
Higher microbial population were observed in soil having seeds
treatments with BD 505 – 6 (3.5*106). Other growth parameters
like fresh weight and dry weight of roots were high in seed
treated with BD 501-2 and BD 505-6. The fresh and dry weight
of stem were found to be high in seed treated with BD 504-3 and
BD 503-6, respectively. This result is supported by Yadav et al.
(2010) where PGPR isolates affected the growth of chickpea
plant by way of increase in length and dry matter of root and shoot.
Other isolates also exhibited improvement in soil physical,
biochemical and biological parameters. This might be due to
improved inorganic nutrient availability as a result of
biodegradative enzyme produced by microorganism present in
BD preparations.

Co
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Type of isolates

The soil physical parameters like pH and EC were not
much affected, while the moisture content ranged between 76.14
to 98.64%. Soil dehydrogenase and soil fluorescene diacetate
activities, indicator of microbial activity, were highest with BD 50010 (4.34 µg TPF g-1 hr-1) and BD 4-16 (1167µg g-1 hr-1),
respectively. Dehydrogenase is an enzyme brings about
oxidoreduction process intracellularly while fluorescene diacetate
assay determines the amount of acetyl esterase in microbial cell.
The microflora of BD preparations might be responsible for
dehydreogenase activity in treated soils. Higher dehydrogenase
activity in BD treated compost and soil receiving organic and
biodynamic preparations has been reported by Carpenter - Boggs
et al. (2000b) and Rana et al. (2015), respectively. Wheat

Microbial isolates showing high PGP activity were
screened for enzymatic activities. Among the three bacterial
isolates, isolate no. BD 504-3 showed high pectinase, cellulase
and amylase activity (Table 3). The isolate was identified as
Bacillus licheniformis. There are several reports of high
enzymatic activities of Bacillus licheniformis. Vengadaramana et
al. (2011) reported high α-amylase activity (32.95 U ml-1) by
Bacillus licheniformis. Nallusamy et al. (2016) reported eight
cellulolytic B. licheniformis strains from compost samples which
were able to utilize xylan, cellobiose, mannose and carboxy
methyl cellulose. Rehman et al. (2015) isolated Bacillus
licheniformis from rotten vegetables that produced higher
pectinase enzyme. Out of 25 fungal isolates from biodynamic
preparations, high pectinase, cellulase and amylase activities
were exhibited by isolate no. BD500-7, BD506-1 and BD503- 4,
respectively (Table 3). High enzyme activity shown by various
fungi, isolated from different BD preparations explains the
degradative powers associated with these preparations.

For molecular identification of high performing microbial
isolates, the bacterial isolates exhibiting good PGP and
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cellulases. Chinedu et al. (2011) reported three fungi, including
Penicillium chrysogenumas potential producers of cellulase
enzyme for degrading wood-waste dump in Lagos, Nigeria. In this
study, high amylase activity was exhibited by BD 503-4 and it was
identified as Penicillium citrinum strain NG12 (Accession Number:
MN272406). Kubilay et al. (2010) reported high amylolytic activity of
Penicillium citrinum in starch agar medium. Fungal isolate no. BD 5045 showing high siderophore efficacy was identified as Alternaria
brassicae strain NG13 (Accession Number: MN272425). Pedras and
Park (2015) also reported siderophores production in cultures of A.
brassicicola containing low and high ferric ion concentrations. This
study provides basis for the beneficial effects of biodynamic
preparations in field conditions. The results clearly indicate that the
microorganisms present in biodynamic preparations possess
strong plant growth promoting activities, biocontrol and enzymatic
properties, which in turn might be responsible for the effectiveness
of organic preparations under field conditions. Efficient
microorganisms present in these preparations are constantly
working as bioinoculums to perform mineralization for restoring or
maintaining soil fertility, act as nitrogen fixers, phosphate
solubilizers, produce some bioactive compounds which promote
plant growth and inhibit soil pathogens.
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