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Abstract
Phosphate solubilising microbial inoculants are one of the biological tools
that can reduce the input of chemical phosphorus (P) fertilizers, improve P
availability in soil and affect the soil quality positively. The present investigation
evaluates the impact of three rates of seed based wettable formulation (2.650,
5.302 and 10.604 g kg-1 seed) of phosphate dissolving Penicillium bilaii (Jump
Start) and two rates of single super phosphate (60 and 30 kg P2O5 ha-1) on
biological function of field grown mustard soil. Dehydrogenase, fluorescein
diacetate, cellulase, protease, acid and alkaline phosphatase enzymes involved
in major nutrient transformation were measured during crop growth. Biochemical assay of the soil revealed that integrated application of 30 kg P2O5
ha-1 as chemical P and fungal formulation @2.650 g kg-1 seed, improved the
dehydrogenase, protease and alkaline phosphatase activity by 22.0, 18.0 and
27.14% respectively over un-inoculated control at harvest. However, fluorescein
diacetate and cellulase registered an increase of 18.91 and 29.31 % respectively
with 30 kg P2O5 ha-1 as chemical P+ fungi @5.302 g kg-1 seed, compared to uninoculated counterpart, at crop maturity. Acid phosphatase activity titer in soil
fertilized with 60 kg P2O5 ha-1 was at par with 30 kg P2O5 ha-1+ fungal inoculant
@2.650 g kg-1 seed at 120 d sampling. Soil ergosterol recorded its peak value
with 50 % chemical P+ P.bilaii @5.302 g kg-1 seed at maturity. Integrated
application of seed based fungal formulation @2.650-5.302g kg-1 seed+½ the
recommended chemical P can be economical and beneficial for soil biological
health.
Keywords: Enzymes; Ergosterol; Microbial biomass carbon; Mustard;
Penicillium bilaii

Introduction
Soil is one of the most precious natural resources that performs
different ecological functions for the survival and nourishment of
life on earth. To maintain its health is the moral responsibility of
mankind. However, the urge for producing more food, feed and fuel
is causing an irreparable damage to its environment. The excessive
mineral fertilization and modern cultivation practices are adding
to the deterioration of soil quality with negative environmental
outcomes. Environmental and soil concern firmly emphasize the
need to adopt eco-friendly agricultural practices for sustainable food
production. The manipulation of soil microorganisms in the form
of microbial inoculants hold good promise for reducing the input
of chemical fertilizers and optimize crop productivity. A successful
microbial inoculant has to invade, persist in the context of indigenous
microbes and establish a compatible interaction with the host [1].
Regardless of the purpose for which beneficial microorganisms are
introduced in soil, for optimum functionality of the inoculants,
they need to be applied in large amount [2]. Microbial inoculants
are applied (mainly in research) in the forms of liquids (as sprays,
root dips, drenches) or as dry formulations. Seed based application
delivers microorganisms directly to the plant rhizosphere (the narrow
zone of soil that surrounds the roots) where plants interact directly
with microorganisms [3]. Seed bacterization can influence, at least
temporarily, the resident microbial communities. The composition
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of the microbial groups in soil determines the potential for enzyme
synthesis and root exudates modify the actual rate of enzyme
production and their activity. The type of inoculated microorganisms
may result in increase, decrease or no effect on enzyme activity levels.
The impact of microbial inoculation on functional capabilities of the
soil microbial communities needs to be examined and the present
investigation was an attempt in this direction.
Novozymes, the largest suppliers of industrial enzymes and
microorganisms has developed a fungus-based P fertilizer (Jumpstart)
that contains Phosphate Solubilizing Fungus (PSF) Penicillium
bilaii. Actively sporulating fungi is not only a good P mobilizer
but also has a broad ecological range, indicating its potential to be
used as an inoculant for a range of plant production systems [4].
Application of P bilaii for improving P availability, root hair and
root growth has been explored in soil under wheat, canola, and corn
[5]. Seed inoculation with Penicillium sp. +100 % recommended
dose of chemical P improved the P uptake by maize plants at harvest
[6], besides plant biometric parameters. JumpStart® has also been
evaluated for improving P availability and distribution of inorganic
P in different fractions under mustard and wheat soil [7]. However,
effect of P. bilaii inoculation on microbial functional diversity is
lacking. Enzymes (responsible for specific nutrients transformation)
reflect the changes in soil microbial diversity much faster, compared
to chemical parameters and can be used as an indicator of soil
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Figure 1: Dehydrogenase activity of mustard grown soil in response to
P.bilaii inoculation.
T1- 60 kg P2O5 ha-1, T2-30 kg P2O5 ha-1, T3-30 kg P2O5 ha-1+ PSF seed
inoculation @ 2.0651g kg-1 seed, T4-30 kg P2O5 ha-1+PSF seed inoculation
@5.302g kg-1, T5-30 kg P2O5 ha-1 +PSF seed inoculation @10.604g kg-1
seed.

Figure 2: Effect of P.bilaii inoculation on fluorescein diacetate activity of soil
under mustard crop.

biological health. Hence, the present investigation was conducted to
compare the impact of mineral P fertilizer applied at 30 and 60 kg
P2O5 ha-1 with integrated use of 30 kg P2O5 ha-1 + three rates of seed
based fungal formulation, to select the best treatment for improving
soil biological properties under mustard crop. The soil enzymatic
activities, microbial biomass carbon and ergosterol content were
estimated during different stages of mustard crop growth to generate
variation among different P fertilization treatments.

Fungal Inoculants
Penicillium bilaii (commercial product, Jumpstart) was obtained
from Novozymes Asia Pvt. Ltd. Bangalore. It had fungal spores’
population of 7.2 × 108 colony-forming unit’s g-1 (CFU g-1).

Field Experiment
Experimental details
The experiment was conducted during winter season of 2014-15
at the research farm of ICAR-Indian Agricultural Research Institute
(IARI), New Delhi, India, situated at an latitude of 28° 40’ N and
longitude of 77° 12’ E, altitude of 228.6 meters above mean sea level. The
field soil belonged to order Inceptisol, Mahauli series with sandy loam
texture, well leveled, deep percolating and well drained, hypothermic
family of the Typic Ustochrept (old alluvium). The experimental
field soil had a bulk density-1.49 Mg m-3, field capacity-13.9 % (w/w),
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Figure 3: Protease activity of mustard grown soil in response to fungal
inoculation.

wilting point- 5.7 % (w/w), water holding capacity- 39.2 %, an initial
pH- 8.3, EC- 0.26 dS m-1, organic carbon- 0.38 %, alkaline KMnO4
oxidizable N- 66.7 mg kg-1 soil, 0.5 M NaHCO3 extractable P- 26.2 mg
kg-1 soil and exchangeable K- 62.6 mg kg-1 soil. Zinc, copper, iron, and
manganese content of soil was 30.0, 5.2, 620 and 17 ppm respectively.
The mustard (Brassica campestris cv. Pusa M-30) seeds were treated
with the wettable powder formulation of Penicillium bilaii at three
different rates of 2.651, 5.302 and 10.604 g kg-1 seed (as per directions
from Novozyme Asia Pvt. Ltd. Banglore) on 14th Nov, 2014. The
fungus treated seeds (seed rate 4 kg ha-1) were spread on a sheet (in a
flat layer) under shade, and allowed to dry for 2-3 hrs, prior to sowing.
Experiment was carried out on 10 sub-plots of 12 m2 each, with three
replicates, following randomized block design. A row width of 30
cm was observed. Different treatments included T1- recommended
dose of chemical P- 60 kg P2O5 ha-1, T2- ½ the recommended dose
of chemical P (30 kg P2O5 ha-1), T3- 30 kg P2O5 ha-1 + 2.651g kg-1
seed based fungal inoculant, T4- 30 kg P2O5 ha-1 +5.302g kg-1 seed
based fungal inoculant, T5- 30 kg P2O5 ha-1 +10.604 g kg-1 seed based
fungal inoculant. Urea and muriate of postah were used for N and
K fertilization at N80 K40. However, single super phosphate was
used as chemical P. The chemical fertilizers were evenly spread on
the soil surface of each plot on the date of sowing. For proper seed
distribution along the rows, strip paper containing inoculated and
un-inoculated seeds were used. The field was irrigated as and when
required with manual weeding done at regular intervals. The aim
was to expose the crop to three different rates of seed inoculation
with fungal based product and two rates of chemical P fertilization
to generate variability in enzymatic activities of soil. The crop was
harvested in the last week of March 2015.
Soil sampling
Three sub-samples of soil were taken at 60 d and 120 d of crop
growth from different locations of each treatment plot, at a depth of
0-15 cm and mixed together to make a composite sample that was
pooled in a sterile plastic bag and transported to the laboratory. Field
moist samples were passed through a 2 mm sieve and stored in cold
room for enzyme assay, microbial biomass carbon and ergosterol
content.
Enzymes assay
The levels of tested enzyme activities were measured at 60 and
120 d interval. Dehydrogenase Activity (DHA) was assayed by mixing
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Figure 4: Effect of chemical fertilization and P.bilaii inoculation on cellulase
activity of mustard grown soil.

6 g soil with tri-phenyl tetrazolium chloride, followed by incubation
at 30° C for 24 h. Methanol was used as an extractant. Tri-Phenyl
Formazon (TPF) liberated was assayed at 485 nm and DHA activity
was expressed as µg TPF g-1d-1 [8]. The fluorescein diacetate activity
(FDA) was determined by exposing 1 g fresh soil to 200 µl of FDA
solution (1 mg ml-1) and phosphate potassium buffer, (60 mM at pH
7.6) for 1 h at 30° C. Enzyme assay was carried out at 490 nm and
the result for FDA activity was expressed as µg fluorescein released
g-1 soil h-1 [9]. The protease and cellulase (CMCase) activity in soil
was assayed according to the method described by Tsuchida et al [10]
and Wood and Bhat [11] respectively. Modified universal buffer of
pH 6.5 and 11.0 was added to soil to determine the acid and alkaline
phosphatase activity respectively [12]. The quantified activity was
expressed as µg p-nitrophenol g-1soil h-1.
Microbial biomass carbon
The Microbial Biomass Carbon (MBC) of soil was determined
using fumigation-extraction method [13]. Seven g moist soil (on
an oven-dry basis) was split into two portions of 3.5 g each. 3.5 g
was fumigated with chloroform and 3.5 g kept as non-fumigated
treatment. Both fumigated and non-fumigated samples were
extracted with 14 ml of 0.5 M K2SO4. Organic C in the extracts was
measured using dichromate oxidation method [14].
Soil microbial biomass C = Ec/KEC
where Ec is [(organic C extracted from fumigated soil) - (organic
C extracted from non-fumigated soil)] and KEC = 0.45 [15]
Estimation of ergosterol
Ergosterol content in soil was estimated by Microwave Assisted
Extraction (MAE) method [16]. 250 mg of soil was placed into a 25
ml screw capped culture tube, treated with 2 ml of methanol and 0.5
ml of 2 M NaOH. Each culture tube was then placed within screw
capped plastic bottle and tightly sealed. This combination was then
placed at the centre of a microwave oven operating at 260° C for
18 s. After cooling for 15 min, the culture tubes were irradiated for
an additional 17 s at medium power. After cooling, the tubes were
removed from the plastic outer bottle. The contents were neutralized
with 1 M HCl, treated with 2 ml of methanol, vortexed and then
extracted with pentane (3 ca. 2 ml), all within the culture tube. The
combined pentane extracts were passed through a 0.45 mm disc filter
and evaporated to dryness. The residues were then made up to 200
ml in methanol. Ergosterol concentration was determined by HPLC
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Figure 5: Acid phosphatase activity of mustard grown soil in response to
fungal inoculation.

[16].
Statistical analysis
Data were statistically analyzed with the aid of online software
WASP (Web Agriculture soft package) 1.0 and Microsoft Excel
(Windows 2008) using Randomized Block Design.

Results and Discussion
Soil enzyme activities have been proposed as an important index
of total microbial activity and soil quality [17]. They indicate the
nature of perturbations caused to ecosystem function. They reflect
the changes in soil ecology, resulting from the interactions between
inoculants and indigenous microbial population. Mustard grown soil
receiving chemical fertilization and conjoint application of 30 kg P2O5
ha-1 as chemical P + seed based fungal formulation at three different
rates registered variations in the estimated soil enzymes activities.
DHA, FDA and CM Case showed an upward trend in their activity
titer with crop growth, whereas protease activity declined as the crop
matured.
Under field conditions, DHA activity of mustard grown soil was
affected by both the fertilization and the environmental conditions.
Application of P.bilaii improved the DHA activity that recorded high
values at 120 d compared to 60 d crop growth. At crop maturity, DHA
activity in T3 increased by 22 %, compared to T2 (un-inoculated
control). However, both T3 and T5 registered an increase of 5 and 4
fold respectively at 120 d soil sampling, compared to their 60 d values
(Figure 1). Microbial inoculation with Bacillus megaterium has also
been reported to improve the DHA activity of soil under L.dantata
[18]. Higher activity of DHA in soil can be interpreted as a greater
functional diversity of the microbial community. Moreover, the
improved DHA with crop growth may be explained by the favorable
temperature and improved P availability that might have exerted
positive effect on viable microbial population of soil. Inorganic
fertilizers have been reported to either preserve or decrease several
enzyme activities in the rhizosphere, compared to organic treatments
that enhance most enzyme activities in both rhizosphere and bulk soil
[19].
FDA hydrolysis measures the total microbial activity in soils
as it is mediated simultaneously by protease, esterase and lipase
and reflects the activities of these enzymes in soil. FDAse activity
followed a trend similar to DHA activity (Figure 2). The activity titer
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Table 1: Ergosterol and fungal biomass content of mustard soil in response to
chemical fertilization and P.bilaii inoculation.
Ergosterol (µg g-1)

Fungal biomass (µg g-1)

Treatments

Figure 6: Alkaline phosphatase activity of mustard grown soil in response to
fungal inoculation.

Figure 7: Microbial biomass carbon of mustard grown soil in response to
P.bilaii inoculation.

recorded an upward trend towards crop maturity. The maximum
FDAse activity was observed in T4. Exudation of carbonaceous
and nitrogenous compounds by plant roots stimulates microbial
activity and production of extracellular enzymes in the soil adjacent
to rhizosphere [20]. The increased FDA hydrolysable activity could
be related to the metabolic versatility of the microbial groups in
agreement with the reports of Aseri and Tarafdar [21].
Protease showed a trend opposite to DHA, FDAse and cellulase
activity, as the former was higher at 60 d, compared to latter that
registered high activity values at 120 d sampling (Figure 1-4). Protease
activity titers were statistically at par in T1, T2 and T3 treatments at
60 d sampling. As the rate of fungal based formulation increased, the
protease activity decreased in the following days of crop growth. This
may be caused by the fungal degradation of soluble protein to free
amino acids. Microbial inoculants could cause a change in microbial
community and that may result in a decrease or an increase in
functional diversity [22]. The cellulase activity improved towards crop
maturity and recorded its peak value in T4 registering an increase of
29.3 % (Figure 4), compared to its un-inoculated counterpart (T2).
The activity can be triggered when there is C and N starvation toward
crop maturity [23].
Acid phosphatase activity is produced by both roots and
microorganisms whereas alkaline phosphatase activity is produced
only by microorganisms. Acid and alkaline phosphatase activity
in chemical P treated soil (T1 and T2) followed a trend different
from soil that was fertilized with 50% chemical P and fungal based
Submit your Manuscript | www.austinpublishinggroup.com

60 d

120 d

60 d

120 d

T1

10.9

3.94

4387

1585

T2

12.84

3.98

5168

1601

T3

3.71

4.68

1493

1883

T4

5.25

5.38

2113

2165

T5

7.46

4.38

3002

1762

Fungal biomass (µg g-1) = Ergosterol × f × Rf
where f = 250 (1/4 1000, mg biomass µg g-1 ergosterol), and Rf = 1.61 (correction
factor for average percent recovery, 1/0.62).
T1- 60 kg P2O5 ha-1, T2- 30 kg P2O5 ha-1, T3- 30 kg P2O5 ha-1+ PSF seed
inoculation @ 2.0651g kg-1 seed, T4- 30 kg P2O5 ha-1+PSF seed inoculation
@5.302g kg-1, T5- 30 kg P2O5 ha-1 + PSF seed inoculation @10.604g kg-1 seed

formulation (T3, T4, T5). The former showed a steady decline towards
crop maturity, whereas the latter recorded an enhanced phosphatase
activity titer with crop growth (Figure 5,6). The increased phosphatase
activities in fungal formulation treated soil may either be due to
stimulation of microbial activity or depletion of Pi [24]. The increased
soil acid phosphatase activity due to applied soil phosphorus activator
has also been reported in paddy crop at maturity stage [25]. At 120
d soil sampling, acid and alkaline phosphatase activity values did
not differ greatly. Penicillium sp. has been reported to release more
extracellular phytase than phosphatase but at high percentage of
phytin and glycerophossphate [26]. Phosphate-solubilizing fungi are
the potential tools that can support plant growth due to production
of organic acids that dissolve inorganic P and mineralize organic P
due to extracellular production of phytases and phosphatases in
agreement with the reports of Menezes-Blackburn et al, [27]. These
enzymes may also preserve their activity even if complexed with soil
colloids [27].
Soil Microbial Biomass Carbon (MBC) is a sensitive indicator
of changing soil conditions and reflects the state and change of total
soil organic matter. Microbial biomass C may lead to greater nutrient
mineralization and results in an increased availability of N and P. A
significant increase in MBC with inorganic P fertilizer was observed,
compared to fungal inoculated treatments (Figure 7). The high MBC
in T1 and T2 may be attributed to easy availability of mineralizable
C, N and P. Effects of P. bilaii on MBC was less pronounced in T3,
T4 and T5. Fungi with thick cell walls might be less affected by CHCl3
fumigation [28], leading to under estimation of MBC. The results were
in agreement to the findings of Cavagnaro et al. [29], who observed no
significant change in MBC under tomato crop in relation to plant genotype and fertilization practices under on-farm organic management.
The shift in soil pH induced by the application of N and P fertilizer
must be a decisive factor in determining microbial abundance and
community structure. In addition to soil pH, soil mineral N and P
availability also changes microbial community structure [30]. Fungi
introduced in soil may affect the soil microorganisms associated with
their mycelium, leading to the formation of a specific zone of soil
called the myco-rhizosphere, where fungi may exert negative [31],
positive, or no effect on MBC [32].
Ergosterol is a sterol common to many fungi and is used as an
indicator of fungal biomass. A direct relation between MBC and
Austin Environ Sci 4(1): id1036 (2019) - Page - 04
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ergosterol content was observed. In the present study, soil ergosterol
content also recorded much higher values under chemical P
fertilization, compared to integrated application of fungal inoculants
and chemical P at 60 d interval. However, the trend was vice versa at
120 d soil sampling (Table 1). All living fungal species (both native
and introduced) or strains do not grow in a synchronized manner
in soils. Thus, their lag, exponential and stationary growth phases
occur at different rates, and periods that cannot be differentiated with
the methods used to draw and handle the soil samples. Therefore,
ergosterol concentration varied among different fertilized treatments.

Conclusion
The response of introduced microorganisms on ecosystem
processes (regulated by soil biota) is important to understand the
inoculation effect on microbial functional diversity. Specific enzyme
activity is a more accurate measure for comparing the extent to
which different fertilization amendments affect the functioning of
the soil microbial community [33]. Integrated application of ½ the
recommended mineral P + P. bilaii inoculation affected the DHA,
FDAse, protease and cellulase activities positively in mustard grown
soil. These activities increased to a level better than mineral P fertilizer
treatments. The application of phosphate dissolving fungi increased
the soil acid phosphatase activity in soil over the growing season, but
only at the maturing stage. The application rate of wettable fungal
formulation was found to be variable for specific enzyme activity.
Highest dose of 10.604 g kg-1 seed did not result in proportionate
increase in tested enzyme activities. MBC and ergosterol content of
soil under different treatments were highest in soil fertilized with
mineral P and showed a good relation between themselves. However,
with crop growth, the biomass carbon values declined in mineral P
treated soil, compared to fungal inoculated treatments. Thus, seed
based inoculation of P. bilaii @ 2.604 -5.320 g kg-1 seed was good
enough to improve the soil biological health. Being economical and
ecologically safe, this fungal inoculant can protect the soil from ill
effects of overuse of chemical P fertilizer.
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