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The present study was conducted at the Department of Agricultural Microbiology, GKVK,
University of Agricultural Sciences, Bengaluru-65. Spent mushroom substrate obtained
after the mushroom cultivation was rich in nutrients and it was used as carrier material for
the survival studies of plant growth promoting microorganisms (Pseudomonas fluorescens,
Bacillus megaterium and Trichoderma harzianum) at different time intervals by serial
dilution plate count technique up to 120 days. At all the intervals of population studied,
treatments which received inoculation of single organism showed higher population
compared to the population in consortia which contained all the three plant growth
promoting microorganisms (Pseudomonas fluorescens + Bacillus megaterium +
Trichoderma harzianum). The survivability of plant growth promoting microorganisms on
both oyster mushroom and milky spent substrates were on par each other. From the results
of survivability studies it is confirmed that, spent mushroom substrate can be used as
carrier material for plant growth promoting microorganisms. Among the different plant
growth promoting microorganisms, Trichoderma harzianum showed better survivability.

Introduction
Plant growth promoting microorganisms are a
group of microorganisms, which interact with
plants and influences plant health and soil
fertility. They play an important role in
disease control and plant growth promotion.
Microbial consortia are group of different
species of microorganisms that act together as
a community. The microbial consortia are
much more efficient than single strains of
microorganisms with a diversity of metabolic
capabilities and microorganisms interact with
each other synergistically by providing

nutrients and removing inhibitory products.
Co-inoculation frequently increases growth
and yield compared to single inoculation by
providing the plant with balanced nutrition
and mineral nutrients.
Mushrooms are spore bearing, fleshy fruiting
bodies of the fungi, that are typically produced
above ground soil (Chandulal et al., 2013;
Sharma and Atri, 2014). They are widely
consumed as vegetables and they are also
reported as medical resource (Mortimer et al.,
2012; Bandara et al., 2015). Spent Mycelium
Substrate (SMS) is a valuable by-product of
mushroom cultivation. It consists of partially
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degraded paddy or wheat straw, coconut husk,
bagasse or other agricultural waste. After a
few cultivation cycles, it is bio chemically
modified by fungal enzymes into a simpler
form and enriched with protein. Fresh and
aged mushroom spent substrate has been
applied to propagation of fruits, vegetables,
flower and foliage crops (Robbins et al.,
1986). It is a rich source of carbon, nitrogen
and other elements. Nitrogen content varies
from 0.4-13.7 % and also contains cations like
K+, Na+, Ca2+ and Mg2+, and anions like Cl-,
NO3- and SO42-, all essential for optimal plant
growth development (Chorover et al., 2000),
with this background present study was taken
up to evaluate survivability of plant growth
promoting microorganisms by using spent
mushroom substrate as carrier material.

Chemical analysis of spent mushroom
substrates
Chemical analysis of mushroom spent
substrates was carried out for total N, P, K and
organic carbon content by adopting following
methods.
Organic carbon (%): Dry combustion method
(Mikhailova et al., 2003)
Total nitrogen (%): Micro Kjeldhal Method
(Piper, 1966).
Total phosphorus (%): Vanadomolybdate
yellow color method (Jackson, 1973)
Total potassium (%): Flame Photometer
(Piper, 1966).

Materials and Methods
C: N ratio of the substrates
Collection and multiplication of plant
growth promoting microorganisms
The Plant Growth Promoting Microorganisms
selected were Pseudomonas fluorescens,
Bacillus megaterium and Trichoderma
harzianum. These microbial inoculants were
obtained from the Department of Agricultural
Microbiology, UAS, GKVK, Bengaluru.
A loop full pure culture of Pseudomonas
fluorescens,
Bacillus
megaterium
and
Trichoderma harzianum were aseptically
transferred to 250 ml conical flasks containing
100 ml of the Pikovskaya’s broth, King’s B
broth and Potato dextrose broth respectively
and incubated for 2-3 days at 28 ± 2 °C to
obtain maximum growth. Slant cultures
maintained at 4 °C served as mother cultures
Preparation of mushroom spent substrate
After the mushroom cultivation the leftover
byproduct mushroom spent substrate was
collected, dried and used for further analysis.

C: N ratio of the substrates was calculated by
taking total per cent organic carbon and total
percent nitrogen values of substrates.
Survivability of plant growth promoting
microorganisms
Survivability of plant growth promoting
microorganisms such as Pseudomonas
fluorescens,
Bacillus
megaterium,
Trichoderma harzianum and their consortia
was studied on the spent mushroom substrates
by using it as carrier material.
Twenty five grams of mushroom spent
substrate was taken in polythene bags and
sterilized in an autoclave 121 °C for 15 min at
15 lbs pressure.
After sterilization, substrates were brought to
optimum temperature and moisture condition
and then substrates were inoculated with 4
days old cultures of Pseudomonas fluorescens,
Bacillus megaterium, Trichoderma harzianum
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and their consortia. The survivability of the
microorganisms at different intervals such as
0, 30, 60 and 90 days after inoculation were
determined by dilution plate count method
using King’s B, Pikovoskaya’s and
Trichoderma specific media for Pseudomonas
fluorescens,
Bacillus
megaterium
and
Trichoderma harzianum respectively.
Treatment details
T1 – Oyster spent mushroom substrate +
Pseudomonas fluorescens
T2 – Oyster spent mushroom substrate +
Bacillus megaterium
T3 – Oyster spent mushroom substrate +
Trichoderma harzianum
T4 – Oyster spent mushroom substrate +
Consortia
T5 – Milky spent mushroom substrate +
Pseudomonas fluorescens
T6 – Milky spent mushroom substrate +
Bacillus megaterium
T7 – Milky spent mushroom substrate +
Trichoderma harzianum
T8 – Milky spent mushroom substrate +
Consortia
T9 – Talc + Pseudomonas fluorescens
T10 – Talc + Bacillus megaterium
T11 – Talc + Trichoderma harzianum
T12 – Talc + Consortia
Note: Consortia (Pseudomonas fluorescens +
Bacillus
megaterium
+
Trichoderma
harzianum)

Results and Discussion
Spent mushroom substrates were enriched
with plant growth promoting microorganisms
and their survivability was studied at different
time intervals by standard plate count
technique. The results pertaining to
survivability of plant growth promoting
microorganisms in spent mushroom substrates
are presented in Table 1.
At 0 DAI
The population recorded at different days
intervals (30, 60, 90 and 120 DAI) were
converted to per cent values by keeping initial
values as hundred per cent base and data is
presented in Table 2 and illustrated in Figure
1a, 1b and 1c.
At 30 DAI
At thirty days after inoculation, the population
of plant growth promoting microorganisms
varied
significantly.
Among
different
organisms inoculated, there was a reduction in
the population of Pseudomonas fluorescens
and Bacillus megaterium treated with spent
mushroom substrates and they were same in
case of talc. At the same time, the population
Trichoderma harzianum was increased
significantly in both talc and spent mushroom
substrate. At 30 DAI maximum population
was found in talc carrier material and with
respect to different mushroom spent substrates
used, the maximum population was observed
on milky spent mushroom substrate compared
to oyster SMS.
In case of single plant growth promoting
microorganism inoculation, significantly
maximum population was observed in T9
(Talc + Pseudomonas fluorescens) which
recorded the population of 92 × 108 cfu /g
followed by in Talc + Bacillus megaterium
(75 × 108 cfu /g). Among different spent
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mushroom substrates, significantly higher
population of 55.66 × 106 cfu /g was observed
by Pseudomonas fluorescens in milky SMS
followed by Bacillus megaterium (53.44 × 106
cfu /g) on milky mushroom spent substrate
which was on par with Pseudomonas
fluorescens on oyster SMS (52.78 × 106 cfu
/g). Significantly lower population was
observed by Trichoderma harzianum in both
oyster (36.89 × 106 cfu /g) and milky SMS
(37.67 × 106 cfu /g) and they were on par with
each other.
In consortia, less population was observed by
all organisms compared to single inoculation.
In consortia, significantly the highest
population was observed by Pseudomonas
fluorescens treated with talc (75 × 108 cfu /g)
followed by in Talc + Bacillus megaterium
(66.33 × 108 cfu /g). Among the treatments
which received spent mushroom substrate,
maximum population was recorded by
Trichoderma harzianum in milky SMS (29.33
× 106 cfu /g) which is on par with the same
organism on oyster SMS (27.22 × 106 cfu /g)
and the least population of 21.00 × 106 cfu /g
was observed by Pseudomonas fluorescens on
oyster SMS.
At 60 DAI
After sixty days of inoculation, there was a
statistically significant variation between the
treatments. Reduction in the population of
Pseudomonas fluorescens and Bacillus
megaterium continued from thirty to sixty
days, in spent mushroom substrates. The
population of Trichoderma harzianum has
been increased in both talc and different spent
mushroom substrates.
Significantly higher population of 88.67 × 108
cfu /g was observed in Talc + Pseudomonas
fluorescens followed by in T10 (73 × 108 cfu
/g). Among the different spent mushroom
substrates, the maximum population of 41.44

× 106 cfu /g was observed by Trichoderma
harzianum on milky SMS followed by the
same organism on the oyster SMS (38.44 ×
106 cfu /g) and the lowest population was
recorded in Pseudomonas fluorescens on
oyster SMS (25.22 × 106 cfu /g) which was on
par with the treatment T5 (27.11 × 106 cfu /g).
Similarly, in consortia also Trichoderma
harzianum showed better survivability
compared to Pseudomonas fluorescens and
Bacillus megaterium. In consortia the highest
population was observed with Trichoderma
harzianum in Talc (36.00 × 108 cfu /g)
followed by in milky SMS (31.56 × 106 cfu /g)
which was on par with the same on oyster
SMS (30.00 × 106 cfu /g) and least colonies
were recorded in Pseudomonas fluorescens
(15.55 × 106 cfu /g) in oyster spent substrates.
Among different spent mushroom substrates,
better survivability of plant growth promoting
microorganisms was observed in the
treatments which received milky spent
substrate than oyster mushroom spent
substrate.
At 90 DAI
Survivability of plant growth promoting
microorganisms was observed even after
ninety days of inoculation though there was
drastic reduction in the population was
observed at this stage.
At 90 DAI, Trichoderma harzianum survived
better compared to Pseudomonas fluorescens
and Bacillus megaterium in both consortia and
single inoculation on both oyster and milky
mushroom spent substrates and it was
statistically significant too.
Significantly higher population of 86.00 ×108
cfu /g was observed in Talc + P. fluorescens
followed by in the treatment (Talc + B.
megaterium).
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Table.1 Survivability of plant growth promoting microorganisms on spent mushroom substrate (× 106 cfu /g)
Treatments

30 DAI

60 DAI

90 DAI

120 DAI

T1 – Oyster SMS + P. fluorescens

52.78e

25.22h

10.55ij

2.33i

T2 – Oyster SMS + B. megaterium

50.11f

31.11g

16.22h

5.44h

T3 – Oyster SMS + T. harzianum

36.89g

38.44d

25.67f

11.33g

T4 – Oyster SMS +
Consortia

P. fluorescens

21.00l

15.55j

5.56l

1.44i

B. megaterium

24.00k

16.78j

8.78jk

2.55i

T. harzianum

27.22j

30.00g

20.11g

10.22g

T5 – Milky SMS + P. fluorescens

55.66d

27.11h

12.22i

2.00i

T6 – Milky SMS + B. megaterium

53.44e

35.00f

17.89h

4.89h

T7 – Milky SMS + T. harzianum

37.67g

41.44d

27.56e

13.22f

P. fluorescens

24.67k

16.11j

7.00kl

1.78i

B. megaterium

26.00jk

19.33i

10.11ij

2.11i

T. harzianum

29.33i

31.56g

21.22g

11.22g

T9 – Talc + P. fluorescens

92.00a

88.67a

86.00a

84.00a

T10 – Talc + B. megaterium

75.00b

73.00b

73.00b

71.67b

T11 – Talc + T. harzianum

34.00h

35.67f

33.67d

31.33e

P. fluorescens

75.00b

72.33b

72.33b

69.33c

B. megaterium

66.33c

63.67c

63.67c

62.33d

T. harzianum

33.33h

36.00f

33.00d

30.00e

T8 – Milky SMS +
Consortia

T12 – Talc +
Consortia

Note: Each value represents the mean of 3 replications.
Means with same superscript in column are statistically on par at P ≤ 0.05 by DMRT
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Table.2 Survivability of plant growth promoting microorganisms on spent mushroom substrate (Per cent)
Treatments

0 DAI

30 DAI

60 DAI

90 DAI

120 DAI

T1 – Oyster SMS + P. fluorescens

100

60.66gh

29.00k

12.133i

2.68ef

T2 – Oyster SMS + B. megaterium

100

66.52efgh

41.30hi

21.54gh

7.23ef

T3 – Oyster SMS + T. harzianum

100

111.54bc

116.11c

77.52e

34.20d

T4 – Oyster
SMS +
Consortia

P. fluorescens
B. megaterium

100
100

49.85i
67.33efg

36.9ij
48.85fg

13.20i
25.61fg

3.44ef
7.446ef

T. harzianum

100

113.66b

125.08b

83.84cd

42.75bc

T5 – Milky SMS + P. fluorescens

100

64.38fgh

31.36jk

14.13i

2.31f

T6 – Milky SMS + B. megaterium

100

70.49ef

46.33gh

23.62fg

6.50ef

T7 – Milky SMS + T. harzianum

100

116.91ab

123.25b

81.93cd

39.29c

T8 – Milky
SMS +
Consortia

P. fluorescens

100

59.85gh

39.07i

16.98hi

4.31ef

B. megaterium

100

72.45e

53.83f

28.16f

5.87ef

T. harzianum

100

122.84a

132.12a

88.83c

46.98b

T9 – Talc + P. fluorescens

100

101.48d

100.03e

97.01b

94.75a

T10 – Talc + B. megaterium

100

102.31d

99.56e

99.56ab

97.74a

T11 – Talc + T. harzianum

100

102.23d

107.33d

101.37ab

94.29a

T12 – Talc +
Consortia

P. fluorescens

100

101.37d

97.82e

97.82b

93.75a

B. megaterium

100

101.03d

96.98e

96.98b

95.02a

T. harzianum

100

105.37cd

113.65c

104.43a

94.75a

Note: Each value represents the mean of 3 replications.
Means with same superscript in column are statistically on par at P ≤ 0.05 by DMRT
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Fig.1a Survivability of Pseudomonas fluorescens on spent mushroom substrate
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Fig.1b Survivability of Bacillus megaterium on spent mushroom substrate
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Fig.1c Survivability of Trichoderma harzianum on spent mushroom substrate
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Initial chemical properties of substrates
Substrates

pH

Paddy straw
Sugarcane trash
Paddy straw +
Sugarcane trash (1:1)

7.23
6.85
6.93

EC
(dSm-1)
0.65
0.58
0.61

Among the treatments treated with spent
mushroom spent mushroom, maximum
population (27.56 ×106 cfu /g) was observed
in Trichoderma harzianum on milky
mushroom spent substrate followed by the
same organism on oyster spent substrate
(25.67 ×106 cfu /g) and minimum colonies
were observed in Pseudomonas fluorescens
on oyster mushroom spent substrate. In
consortia also more population of 33.00×108
cfu /g was recorded by Trichoderma
harzianum in talc carrier material followed by
in both milky (21.22 ×106 cfu /g) and oyster
(20.11 ×106 cfu /g) mushroom spent substrate
and they were on par with each other.
Significantly least population of 5.56 ×106 cfu
/g was observed in Pseudomonas fluorescens
on oyster mushroom spent substrate.
As noticed in 30, 60 and 90 DAI, among
different spent mushroom substrates used,
survival of plant growth promoting
microorganisms was better in milky
mushroom spent substrate than oyster
mushroom spent mushroom substrate.

OC
(%)
45.50
68.54
56.45

N
(%)
0.85
0.62
0.74

P (%)

K (%)

0.42
0.22
0.37

1.06
0.42
0.93

C: N
Ratio
53.53
110.55
76.28

survivability plant
growth
promoting
microorganisms (Pseudomonas fluorescens,
Bacillus megaterium and Trichoderma
harzianum) was observed in treatments which
received talc as carrier material.
Significantly maximum population of 84.00
×108 cfu /g was found in the treatment T9
(Talc + P. fluorescens) followed by in T10
(73.00 ×108 cfu /g) i.e., treated with Talc +
Bacillus megaterium. Among the treatments
which received spent mushroom substrate,
Trichoderma
harzianum
recorded
significantly the highest population of 13.22
×106 cfu /g on milky spent mushroom
substrate followed by the population of same
organism on oyster spent mushroom substrate
(11.33 ×106 cfu /g). Slimilarly in consortia,
the maximum population (69.33 ×108 cfu /g)
was observed by P. fluorescens in Talc and
the least population was observed with
Pseudomonas fluorescens in consortia of both
milky and oyster spent mushroom substrates
(1.44 ×106 cfu /g and 1.77 ×106 cfu /g
respectively) and they were on par with each
other.

At 120 DAI
At 120 DAI, decline in population of plant
growth promoting microorganisms was
observed and it varied significantly among the
treatments. At this stage population of
Pseudomonas fluorescens and Bacillus
megaterium was very less in both oyster and
milky mushroom spent substrate, but
Trichoderma harzianum showed good
survivability even at 120 DAI. However, best

At all the intervals of population studied,
treatments which received inoculation of
single organism showed higher population
compared to population in consortia which
contains all three plant growth promoting
microorganisms (Pseudomonas fluorescens +
Bacillus
megaterium
+
Trichoderma
harzianum).
Pseudomonas
fluorescens
showed maximum population at initial stage
and reduced continuously at 30, 60 and 90
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days of inoculation in spent mushroom
substrate. Similar trend was observed in
Bacillus megaterium but population was more
compared to Pseudomonas fluorescens.
In case of Trichoderma harzianum though
initial population was less, at 30 DAI slight
improvements was observed. Similarly at 60
DAI, increase in population was recorded in
both milky and oyster spent substrates. The
population of Trichoderma harzianum started
decreasing after 90 DAI and reduction in
population continued even at 120 DAI.
Significantly very less population of all the
plant growth promoting microorganisms was
observed in 120 DAI, but they survived up to
120 days on both milky and oyster spent
substrates.
Though
survivability
of
Pseudomonas fluorescens and Bacillus
megaterium was best in talc carrier material,
Trichoderma harzianum survived better in
both Talc and spent mushroom substrate.
From the results of survivability studies it is
confirmed that, spent mushroom substrate can
be used as carrier material for inoculation of
plant growth promoting microorganisms.
Among different plant growth promoting
microorganisms, Trichoderma harzianum
showed better survivability. This may be due
to the fact that nutrient content present in
spent mushroom substrate supported the
survival of microbial inoculants during the
storage period. Dinesh et al., (2000) observed
that the spent mushroom substrate acts as an
organic manure rich in nutrients will enhance
the microbial activity.
The obtained results are in confirmation with
the results of Dayananda (2008). He observed
a similar trend of survivability of beneficial
microorganisms in raw coir pith as well as in
milky mushroom spent coir pith. Higher
survivability of beneficial microorganisms
was observed in milky mushroom spent coir
pith compared to raw coir pith.

Sharma and Kumar (2011) also reported that
spent mushroom compost (SMC) favored
good growth of Trichoderma harzianum. The
population T. harzianum was in the range of
104 /g substrate at starting (0 day) and then it
reached 8.72 × 106 /g substrate at the end of
fourth week indicating better growth and
sporulation of T. harzianum in spent
mushroom compost. The spent mushroom
compost of many mushroom species has been
reported to
favour
survivability of
Trichoderma spp.
Similarly, Yohalem et al., (1996) reported
that spent mushroom substrates maintains
higher population of PGPR even after one
month that resulted in less scab affected leaf
area in SMS sprayed treatment. SMS compost
inoculated with P. farinose FL7 might be a
good strategy for biofertilizer preparation.
Conversion of SMS for biofertilizer
production using a stress-tolerant phosphate
solubilizing microorganism P. farinose FL7
demonstrated the tremendous potential for the
reuse of locally available agricultural waste
material (Zhu et al., 2012). In consortia, all
the microorganisms grew without suppressing
each other indicating synergistic interaction
during their growth, similar results were
reported by Anandaraj and Delapierre (2010)
and Belkar and Gade (2012).
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