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ABSTRACT
A pot culture experiment was conducted in Agricultural college, Bapatla, Andhra Pradesh to study the “effect

of different sources of biochar and microbial consortium on growth and yield of kharif blackgram in black soils”
during 2015-16. The experimental soil was clay loam in texture, slightly alkaline in reaction, medium in organic carbon,
low in available nitrogen, medium in available phosphorus and high in available potassium. All the available micronutrients
were sufficient with the values above their critical limits except manganese. Sorghum biochar was found to be a rich
source of carbon and nutrients with low in pH, EC and bulk density compared to maize biochar. Powdered biochar
irrespective of source, created most favorable physical properties of soils resulting in higher yield of blackgram. The
microbial consortia were found to be effective in improving nutrient content and performance of blackgram crop.
Combined application of powdered biochar and bacterial consortium resulted in higher yield of blackgram followed by
use of coarse biochar along with bacterial consortium.
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Among the pulses blackgram (Vigna mungo L.) is
one of the main edible pulse crop of India and it ranks
fourth among the pulses. Biochar is a fine grained,
carbon rich, porous product remaining after plant
biomass has been subjected to thermo-chemical
conversion process (pyrolysis) at low temperature (350
0C – 600 0C) in an environment with little or no oxygen.
Microbial consortia are the association of organisms,
which perform the basic biochemical functions viz.,
organic matter decomposition, toxic substance
detoxification, nitrogen fixation and nutrient
transformations in turn improving the soil properties
and crop performance.

MATERIAL AND METHODS
Pot culture experiment was conducted from

August 2015 to November 2015 in green house at
Agricultural College, Bapatla, Andhra Pradesh using
blackgram variety LBG-752 as a test crop. The soil
was clay loam in texture, non- saline with a EC of 0.37
dS m-1, slightly alkaline in reaction with a pH of 7.76,
bulk density of 1.53 Mg m-3, water holding capacity of
40.76% and cation exchange capacity of 31.82 cmol
(p+)  kg-1, low in organic carbon (5.62 g kg-1) and
available nitrogen (171 kg ha-1), medium in available
phosphorus (27.95 kg ha-1) and high in available
potassium (755 kg ha-1). All the micronutrients iron
(5.09 µg g-1), zinc (0.60 µg g-1) and copper (1.20 µg g-

1) were sufficient in the soil with the values above their
critical limits except manganese (1.12 µg g-1).  The
experiment was laid out in factorial completely
randomized design (FCRD) comprising of 15 treatment

combinations with 3 replications using two factors viz.,
biochars (coarse maize biochar, powdered maize
biochar, coarse sorghum biochar, powdered sorghum
biochar and no biochar) were applied at a rate of 5 t
ha-1 (50 g per 20 kg pot) and microbial consortia like
fungal (Oyster and Trichoderma), bacterial (SF1 and
SF2) applied at a rate of 224 L ha-1 (2 mL per 20 kg
pot) and no consortium. Entire phosphorus was applied
as basal dose in the form of single super phosphate,
nitrogen was applied in 2 splits in the form of urea as
per the recommended dose of fertilizers. The influence
of various treatments on soil properties and performance
of blackgram were determined by standard procedures
at different growth stages. Available nitrogen was
determined by modified alkaline potassium
permanganate method (Subbiah and Asija, 1956).
Available phosphorus in soil was extracted with 0.5
NaHCO3 of pH 8.5 and measured in spectrophotometer
(Olsen et al., 1954). The available zinc, copper, iron
and manganese in soils were extracted by DTPA and
measured by using atomic absorption spectro -
photometer (Lindsay and Norvell, 1978). Bulk density
was determined by core sampler method. Water holding
capacity was determined by Keen Raczkowski’s method
as described by Sankaram (1966).

RESULTS AND DISCUSSION
Soil properties
Bulk density

The bulk density of soil (Table 1) at harvest
of crop was not significantly influenced by the type of
biochars, microbial consortium and their interaction.



However, there was a numerical reduction in bulk
density in the soils treated with biochar and microbial
consortium. The minimum bulk density values of 1.47,
1.49 and 1.46 Mg m-3 were recorded in powdered
sorghum biochar @ 5 t ha-1 (S5), bacterial consortium
@ 2 mL pot-1 (M3) and their combination (S5M3) at
harvest respectively. Whereas, the maximum bulk
density of 1.53, 1.51 and 1.53 Mg m-3 were recorded
in no biochar (S1), no microbial consortium (M1) and
their interaction(S1M1), respectively. Due to the high
porosity of biochar application of biochar decreased
the bulk density  S1. Similar observations were made
by Mukherjee and Lal,  2013.

Water holding capacity and CEC
The water holding capacity and CEC of soil

(Table 1) at harvest of crop were found that there was
no significant influence by the type of biochars,
microbial consortium and their interaction. However,
there was a slight increase in water holding capacity
and CEC in the soils treated with biochar and microbial
consortium. Similar interpretation was made by Sun et
al. (2013). Increase in the CEC by adding biochar was
supported by Shenbagavalli and Mahimairaja, 2012 and
Ulyett et al. (2014).

pH and EC
No significant difference was found in soil pH

and EC due to imposed treatments (Table 1) at 30, 45
DAS and at harvest. Lehmann et al. (2011) reported
slight variation in pH (increase or decrease) depending
on pH and liming value of biochar. Similar observations
were made by Chan et al. (2008). The increase in pH
by adding biochar was supported by Cornelissen et al.
(2013). The non significant influence could be due to
non saline nature of biochar. Similar observations were
made by Nigussie et al. (2012). Addition of microbial
consortium increased EC of soil, this was supported
by Sumathi et al. (2012). Slight increase in soil EC by
the combined application of biochar and microbial
consortium (fungi and bacteria) might be the result of
the dissolution of native salts due to the activity of
microbial consortium. Similar observations were made
by Bandara et al. (2015).

Organic carbon
Significant improvement in the organic carbon

content at harvest due to application of biochar,
microbial consortium and their interaction (Table 4).
The highest organic carbon of 6.74 g kg-1 was recorded
in soils treated with powdered sorghum biochar (S5),
which was at par with coarse sorghum biochar (S4)
and powdered maize biochar (S3) treatments and
significantly superior to others. The lowest organic
carbon content (6.07 g kg-1) in soil was recorded with

no biochar (S1) treatment. Regarding microbial
consortium treatments, the maximum organic carbon
of 6.66 g kg-1 was recorded in soils treated with bacterial
consortium (M3), which was on par with fungal
consortium (M2) and superior to no microbial
consortium (M1) treatment. The M1 treatment recorded
the lowest organic carbon content (6.29 g kg-1). The
highest organic carbon of 6.99 g kg-1 was observed in
treatment combination of S5M3 (powdered sorghum
biochar and bacterial consortium). This could be
attributed to the mineralisation of the carbon in biochar
by microbial consortium improving the labile pool.
Significant increase in the organic carbon content by
the addition of biochar was supported by Masulili et
al. (2010) and Islami et al. (2011). The lowest organic
carbon (6.00 g kg-1) was recorded in no biochar and
no consortium (S1M1) treatment. The superiority of
sorghum biochar with respect to the organic carbon
content might be due to the huge surface area of
sorghum biochar, which in turn provides micropores
for beneficial microorganisms thereby increasing the
soil organic carbon content. High amount of organic
carbon in the added biochar might have resulted in
increased organic carbon content of soils at harvest.
This was in corroboration with the findings of Nigussie
et al. (2012).

Growth parameters
Plant height

Plant height was significantly increased by the
types of biochar, microbial consortium and their
interaction (table 2). The treatment powdered sorghum
biochar (S5) was found to be superior to all other
treatments at 45 DAS.  At 30 DAS, the maximum plant
height of 33.18 cm was observed in the treatment
powdered sorghum biochar (S5) whereas, the minimum
plant height of 26.70 cm was observed in no biochar
(S1) treatment. Similar trend in variation of plant height
was observed with respect to imposed treatments at
45 DAS and at harvest. At 30, 45 DAS and at harvest
the maximum plant height of 32.23 cm, 43.22 cm and
48.90 cm, respectively was observed in the treatment
supplied with M3 (bacterial consortium) whereas, the
minimum plant height of 28.63 cm, 39.55cm and 44.14
cm, respectively was observed in the treatment M1 (no
microbial consortium) respectively. The treatment
combination S5M3 (powdered sorghum biochar and
bacterial consortium) was significantly superior to rest
of the treatment combinations at 45 DAS and at harvest.
At 30 DAS the maximum plant height of 35.15 cm
was recorded by the treatment combination S5M3
(powdered sorghum biochar and bacterial consortium),
which was on par with treatment combinations S3M3
and significantly superior to other treatments. The
minimum plant height of 25.71 cm was recorded by
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CEC

(cmol (p+) kg-1) 30 DAS 45 DAS Harvest 30 DAS 45 DAS Harvest

S1 1.53 40.79 32.06 7.77 7.77 7.83 0.4 0.43 0.41
S2 1.52 41.5 32.63 7.78 7.77 7.84 0.41 0.42 0.41
S3 1.49 41.56 32.75 7.79 7.78 7.85 0.4 0.43 0.41
S4 1.49 41.57 32.72 7.8 7.78 7.85 0.4 0.42 0.41
S5 1.47 41.61 32.84 7.83 7.8 7.86 0.41 0.43 0.42
SEm± 0.08 1.21 0.84 0.2 0.25 0.26 0.02 0.02 0.02
CD @ 5 % NS NS NS NS NS NS NS NS NS

M1 1.51 41.33 32.26 7.79 7.77 7.84 0.4 0.42 0.41
M2 1.5 41.4 32.7 7.79 7.89 7.84 0.41 0.43 0.42
M3 1.49 41.49 32.84 7.8 7.79 7.86 0.4 0.43 0.41
SEm± 0.1 1.56 1.09 0.26 0.32 0.33 0.02 0.03 0.02
CD @ 5 % NS NS NS NS NS NS NS NS NS

SEm± 0.04 0.7 0.49 0.11 0.14 0.15 0.01 0.01 0.01
CD @ 5 % NS NS NS NS NS NS NS NS NS
CV % 5.16 2.92 2.58 2.55 3.15 3.27 3.91 4.63 4.12

Microbial consortia

M x S

Treatments
Bulk 

density 
(Mg m-3)

WHC 
(%)

pH EC (dS m-1)

Biochar

Table 1. Influence of biochar and microbial consortium on soil properties

S1= no biochar                             M1= no microbial consortium
S2= Coarse maize biochar @ 5 t ha-1                              M2= Fungal consortium @ 224 L ha-1

S3= Powdered maize biochar @ 5 t ha-1                         M3= Bacterial consortium @ 224 L ha-1

S4= Coarse sorghum biochar @ 5 t ha-1

S5= Powdered sorghum biochar @ 5 t ha-1

the treatment combination S1M1 (no biochar and no
microbial consortium). At 45 DAS and at harvest, the
maximum plant height of 48.22 cm and 52.95 cm was
recorded respectively in the treatment combination
S5M3. The next highest value at 45 DAS was observed
in the treatment combination S3M3, which was on par
with S4M3 and S5M2 whereas, the minimum plant height
of 36.81 cm and 39.81 cm was recorded by the
treatment combination (S1M1) at 45 DAS and at
harvest, respectively. At harvest the next highest
treatment combination was S3M3, which was on par
with the treatment combination S4M3.

Drymatter Production
Drymatter production was significantly

influenced (Table 3) by the types of biochar, microbial
consortium and their interaction at all stages of crop
growth. The influence of biochar on drymatter
production at 30, 45 DAS and harvest showed that the
treatment S5 (powdered sorghum biochar) recorded

maximum values. Whereas, the lowest accumulation
of drymatter was observed in the treatment S1 (no
biochar) at all stages of crop growth. Drymatter
production was highest in M3 treatment, which was
significantly superior to M1 (no microbial consortium)
treatment at all stages. The highest accumulation of
dry matter 17.56, 21.44 and 26.77 g pot-1, respectively
were observed in the treatment M 3 (bacterial
consortium) at 30 DAS, 45 DAS and at harvest,
respectively. Whereas, the lowest drymatter
accumulation of 13.83, 17.69 and 23.17 g pot-1 was
observed in the treatment M1 (no microbial consortium)
at 30, 45 DAS and at harvest, respectively. The
treatment combination S5M3 (powdered sorghum
biochar and bacterial consortium) was significantly
superior to rest of the treatment combinations at 30
and 45 DAS. The highest drymatter accumulation of
20.86, 24.74 and 29.69 g pot-1 was observed in the
treatment combination S5M3 (powdered sorghum
biochar and bacterial consortium) at 30, 45 DAS and
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M1 M2 M3 Mean M1 M2 M3 Mean M1 M2 M3 Mean
S1 6.00 6.07 6.13 6.07 5.33 6.00 6.17 5.84 7.37 7.43 7.54 7.45
S2 6.16 6.41 6.56 6.38 6.15 6.52 6.65 6.44 7.58 7.85 8.04 7.82
S3 6.40 6.58 6.85 6.61 6.55 6.84 7.22 6.87 7.85 8.07 8.45 8.12
S4 6.37 6.56 6.80 6.58 6.38 6.71 7.03 6.7 7.71 8.00 8.23 7.98
S5 6.52 6.71 6.99 6.74 6.65 7.11 7.35 7.04 8.14 8.42 8.86 8.47
Mean 6.29 6.47 6.66 6.21 6.63 6.89 7.73 7.95 8.22

SEm± CD @ 5 % CV % SEm± CD @ 5 % CV % SEm± CD @ 5 % CV %
M 0.11 0.31 0.12 0.35 0.15 0.45
S 0.08 0.24 0.09 0.27 0.12 0.35
M x S 
Interaction

0.05 0.14 0.05 0.16 0.07 0.2

Treatments OC (g kg-1) Seed yield (g pot-1) Haulm yield (g pot-1)

1.29 1.44 1.5

Table 4. Influence of biochar and microbial consortium on soil organic carbon, seed and haulm yield
(g pot-1) of blackgram at harvest

S1= no biochar                             M1= no microbial consortium
S2= Coarse maize biochar @ 5 t ha-1                             M2= Fungal consortium @ 224 L ha-1

S3= Powdered maize biochar @ 5 t ha-1                         M3= Bacterial consortium @ 224 L ha-1

S4= Coarse sorghum biochar @ 5 t ha-1

S5= Powdered sorghum biochar @ 5 t ha-1

at harvest, respectively. The next highest value at 30
and 45 DAS was observed in the treatment combination
S3M3 and was at par with S5M2 treatment combination.
while, the lowest drymatter accumulation of 10.20,
14.05 and 20.25 g pot-1 was observed in the treatment
combination S1M1 (no biochar and no microbial
consortium) at 30, 45 DAS and at harvest, respectively.
Plant height and dry matter were significantly increased
by the imposed treatments at all stages of crop growth.
It might be attributed to the biochar providing better
growing conditions to crop by continuous supply of
nutrients and improvement of soil properties. The
variation in plant height was considered to be due to
variation in the availability of major nutrients.
Inoculation of effective microorganisms in the soils
increases the growth parameters of the crops. This was
supported by Muthaura et al. (2010). Mirl et al. (2013)
observed an increase in plant height and drymatter with
PSB seed treatment as compared to without seed
treatment. Similar increase in crop growth with co-
inoculation of biochar and microbial consortium was
observed by Bandara et al. (2015).

Seed Yield
Seed yield of blackgram crop was significantly

influenced by the types of biochar, microbial consortium
and their interaction (Table 4). The maximum seed
yield of 7.04 g pot-1 was recorded in soils treated with
powdered sorghum biochar (S5), which was at par with
powdered maize biochar (S3) treatment and significantly
superior to others. The lowest seed yield (5.84 g pot-1)

was recorded in no biochar (S1) treatment. Regarding
microbial consortium treatments, the maximum seed
yield of 6.89 g pot-1 was recorded in soils treated with
bacterial consortium (M3), which was on par with fungal
consortium (M2) and superior to no microbial
consortium (M1) treatment. The M1 treatment recorded
the lowest seed yield (6.21 g pot-1). The highest seed
yield of 7.35 g pot-1 was observed in treatment
combination S5M3 (powdered sorghum biochar and
bacterial consortium), which was on par with S3M3
treatment combination and significantly superior to all
other treatments. The lowest seed yield (5.33 g pot-1)
was recorded in no biochar and no consortium (S1M1)
treatment.

Haulm Yield
The haulm yield of blackgram crop was

significantly influenced by the types of biochar,
microbial consortium and their interaction (Table 4).
The highest haulm yield of 8.47 g pot-1 was recorded
in soils treated with powdered sorghum biochar (S5).
Regarding microbial consortium treatments, the
maximum haulm yield of 8.22 g pot-1 was recorded in
soils treated with bacterial consortium (M3), which was
on par with fungal consortium (M2) and superior to no
microbial consortium (M1) treatment. The M1 treatment
recorded the lowest haulm yield (7.73 g pot-1). The
highest haulm yield of 8.86 g pot-1 was observed in
treatment combination S5M3 (powdered sorghum
biochar and bacterial consortium), which was
significantly superior to all other treatments. The yield
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data indicated a significant influence of biochar and
microbial consortium of blackgram. This could be
mainly attributed by nutrients present in the soil and in
the biochar, which were made available to the crop by
the microbial consortium applied to the soil. Balanced
supply of nutrients might have enabled blackgram crop
to produce larger leaf area and higher chlorophyll
content, essential for higher photosynthetic efficiency
to assimilate large quantity of photosynthates and in
turn increased seed and haulm yield. Yooyen et al.
(2015) reported that addition of biochar to soybean
increased the number of seeds per plant. Mirl et al.
(2013) reported that an increase in seed yield and haulm
yield was observed in the PSB seed treatment as
compared to no seed treatment. Esitken et al. (2010)
suggested that root inoculation of Bacillus M3 alone
or in combination with spraying Bacillus OSU-142 or
Pseudomonas BA-8 have the potential to increase the
yield, growth and nutrient content. Soil treated with
bacterial consortium increased the haulm yield of crop.
The better performance of blackgram crop  might be
due to the presence of phosphate - solubilizing bacteria
(PSB) which helps in increasing the phosphorus
availability in soil, thereby improving plant growth and
yield (Viruel et al., 2014). The microbial consortium
applied along with biochar increased the availability of
nutrients to plants by performing different mechanisms,
which in turn increased the yields. Along with increasing
biological nitrogen fixation, biochar also significantly
improved biomass production and yield of common
beans. Rondon et al  (2007) also reported similar
findings earlier with moong bean. Bandara et al. (2015)
observed increased the crop growth and yield by
combined application of biochar x microbial consortium.
The timely availability of nitrogen with the interaction
effect of biochar and microbial consortium might be
responsible for the production of highest seed and haulm
yield. The superiority of sorghum biochar over maize
was due to sorghum biochars was being protected from
further decomposition thereby it could supply longer
and steady source of macro and micronutrient.

CONCLUSION
Powdered sorghum biochar was found to be

arich source of carbon and nutrients with lower PH,
EC and bulk density compared to maize biochar. The
highest organic carbon (6.74 g Kg-1) was recorded with
powdered sorghum biochar and 6.66 g kg-1 organic
carbon was recorded with bacterial consortium and 6.99
g kg-1 organic carbon was observed with combination
of powdered sorghum biochar and bacterial consortium.
Combined application of powdered sorghum biochar
and bactgerial consortium resulted the highest plant
height, drymatter production, seed and haulm yields of

blackgram crop, followed by use of coarse biochar
along with bacterial consortium.
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