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ABSTRACT

The use of phosphate solubilizing microorganisms (PSM) as live microbial biofertilizers provides a promising
alternative to chemical fertilizers. In the present study the effect of various doses of PSM culture on growth
of spearmint (Mentha spicata L.) plants were observed.A series of experiments were conducted in pot cultures
in randomised block design (RBD). A commercial consortium of Bacillus megaterium, Pseudomonas putida
and Aspergillus awamori was used as the PSM culture. The various growth parameters such as Fresh and
dry weight, chlorophyll content, Nitrogen content, Phosphate Phosphorous content and potassium content
of spearmint were tested after 60, 90 and 120 DAS. The results were encouraging and demonstrated
significantly positive effect of increasing doses of PSM culture on various growth parameters of spearmint
plants throughout the experiment. Amongst the various treatments, the treatment T3(0.03gm PSM culture
per Kg sterilized soil) proved to be better for harvest at 90 DAS than the remaining treatments.
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Introduction

Phosphorus (P) is one of the essential plant nutrients
that is necessary for plant development and growth
(Alori et al., 2017). Phosphorus is a vital element as
it performs functions in the plant metabolism, struc-
ture, and reproduction. However, Phosphorus, both
native in soil and applied in inorganic fertilizers be-
comes unavailable to crops because of its low levels
of mobility, solubility and its tendency to become
fixed in the soil and hence cannot be utilized by the
plants (Vassileva et al., 1998). The soil microorgan-
isms that colonize the rhizosphere, and solubilize
the unavailable forms of inorganic phosphorous into
soluble forms by releasing a variety of organic acids,
lowering the pH of rhizosphere soil (Sharma et al.,
2013; Shankar et  al., 2013), also by producing en-
zymes like phosphatases and phytases (Richardson

et al., 2000; Tarafdar et al., 2003; Aseri et al., 2009).
The micro-organisms with a capacity to solubilize
inorganic phosphates and make it available to plants
are together known as Phosphate Solubilizing mi-
croorganisms (PSM) (El-Tantawy et al., 2009).
Species of Aspergillus and Penicillium are amongst
fungal isolates identified to have phosphate solubi-
lizing capabilities. Among the bacterial genera,
Pseudomonas, Azospirillum, Bacillus, Rhizobium,
Burkholderia, Arthrobacter, Serratia, Enterobacter,
Acinetobacter, Erwinia, etc. possess phosphate solubi-
lizing ability (Sharma et al., 2013).

Mentha spicata L., commonly known as spearmint,
is an annual herb of the family Lamiaceae
(Labiatae). Spearmint is grown for its aromatic
leaves. It is chiefly employed in cooking as a condi-
ment to flavor the curries, soups, chutneys, sauces,
etc. Spearmint is a useful source of essential oil and
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has been used for a long time in the perfumery, cos-
metic, food and pharmaceutical industry. Being
stimulant, antiseptic, restorative, carminative and
antispasmodic, spearmint oil is used in various
medicines. Due to low menthol (0.5 per cent com-
pared to 40 per cent in peppermint) and menthone
content, these medicines can be safely given to chil-
dren and old people. Spearmint has a great export
potential (Kumar et al., 1997). Thus, there is a need to
focus on the cultivation of spearmint plant to en-
hance its production.

Due to public awareness programs and various
government policies, the farmers have realized the
hazardous effect of chemical fertilizers and hence,
they are increasingly shifting to sustainable agricul-
tural practices which include use of natural re-
sources and organic inputs to get maximum yield
without harming the ecosystem.In the past few de-
cades, PSM have emerged as potential biofertilizers,
a cheap, environmentally friendly alternative to ex-
pensive chemical fertilizers (Kalayu, 2019).

Against this backdrop, the present study was
undertaken to observe the effect of PSM culture on
growth of spearmint (Mentha spicata L.) plants and
also to determine the optimum dose of PSM culture
in order to harness the maximum benefit.

Materials and Methods

The soil used for the experiment, was procured from
Pathare Nursery, Kalyan, India having pH 6.75,
electric conductivity (EC) 0.816 mS, water holding
capacity 112%, organic carbon 1.031%, nitrogen
0.761 mg/g soil, phosphate phosphorous 1.763 mg/
g soil and potassium 0.336 mg/gm soil. A commer-
cial consortium of Bacillus megaterium, Pseudomonas
putida and Aspergillus awamori manufactured by
Niranjan Biotech, Pune, Maharashtra, India, was
used as the PSM culture.

Four doses of PSM culture viz., 0.01g PSM culture
per Kg sterilized soil (T1), 0.02 g PSM culture per Kg
sterilized soil (T2), 0.03 g PSM culture per Kg steril-
ized soil (T3) and 0.04 g PSM culture per Kg steril-
ized soil (T4) were tested separately. Sterilized soil
was used as a control. Four replications of control
pots and four replications of each treatment pot
were maintained. 10 pieces of spearmint suckers
having 1 – 2 inches length were sown in each pot.
Pots were watered on alternate days.

The effect of various concentrations of PSM cul-
ture on the growth of spearmint plants was studied

separately after 60, 90 and 120 days of sowing (DAS)
with respect to various parameters viz., Fresh and
Dry weight, Chlorophyll content (Arnon, 1949), Ni-
trogen by micro-kjeldahl (Sadasivam and
Manickam, 2008), Phosphate phosphorous by colo-
rimetry (Bhargava and Raghupathi, 1993) and Potas-
sium by flame photometry (Bhargava and
Raghupathi, 1993).

The experiment was laid in randomized block
design (RBD) with four replicates of control pots
and four replicates of each treatment pot. Data were
expressed as mean value of these four replicates.
The mean values were subjected to statistical analy-
sis and the one way Analysis of Variance (ANOVA)
was constructed. The test was carried out by refer-
ring the ‘F’ value obtained to the standard ‘F’ value
at 5% level of significance. The standard error and
critical differences were also calculated. All the cal-
culations were made by using data analysis tool
pack for Microsoft Excel 2007 and Windows 7.

Results and Discussion

Fresh weight and Dry weight

Though all the PSM treated plants show higher
fresh weight and dry weight than that of control
plant, the significant results are only obtained after
90DAS (Table 1). The treatment T3 gave significant
results at 90 DAS whereas all the treatments were
significant over the control at 120 DAS.The in-
creased weight in the spearmint plant is attributed
to the greater availability of nutrients to the plant.
Sokhangoy et al. (2012) reported a significant in-
crease in fresh weight of dill plants treated with
PSM (Pseudomonas florescence). Similar trends of ob-
servations were reported by Iwuagwu (2013) and
Shankar et al. (2013), Sandhya et al. (2013) in
Marsdenia volubilis, Madani et al. (2014) in alfalfa
plants and by Manoharacharyet al. (2008) in
Casuarinaequisitifolia.

Total Chlorophyll content

The application of PSM treatments was found to
have beneficial effect on chlorophyll content of
spearmint leaves; however, the treatments did not
exhibit any specific trend. The treatment T3 gave
consistent significant readings for total chlorophyll
content all over the study period.The enhancing ef-
fect of PSM on chlorophyll content may be due to
the increased nutrient status of the spearmint plants
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inoculated with PSM culture. The microorganisms
involved in phosphorous solubilization can enhance
plant growth by enhancing the availability of other
elements (Ngoc et al., 2006). Han et al. (2006) found
out that the integrated treatment of phosphate
solubilizers and application of rock phosphate sig-
nificantly increased leaf photosynthesis. The en-
hanced production of chlorophyll content under
PSM treatments was also reported in Marsdenia
volubilis plants by Sandhya et al. (2013) and in rice by
Ravikumar et al. (2013).

Nitrogen

Nitrogen is an essential nutrient for all forms of life
on earth as it is a key component of proteins, nucleic
acids and other cell constituents (Lenin and
Ravimycin, 2013). All the PSM treated plants
showed higher nitrogen content than that of control
plants.At 90 DAS, all the treatments showed signifi-
cantly higher nitrogen content than that of control
plants whereas at 120 DAS, the treatment T3 contin-
ued to produce significant effect on nitrogen con-
tent. Increased nitrogen content in PSM treated

plants may be due to some of the members espe-
cially Bacillus sp. might have the capacity to fix at-
mospheric nitrogen (Han et al., 2006) which was ab-
sorbed by the spearmint plants. Besides, it is also
known that phosphorus availability in soil is impor-
tant for the uptake of nitrogen from soil and its uti-
lization in plant (Kim et al., 2003). Moreover, phos-
phate solubilizers are reported to enhance root
growth which in turn helps to increase the nitrogen
uptake (Iwuagwuet al., 2013).

Phosphorus

PSM treated plants consistently furnished with
higher phosphate phosphorous content than that in
control plants throughout the study. Statistically, no
significant effect of PSM on phosphate phosphorus
content was observed at 60 DAS. However, all the
treatments were significantly superior over control
at 90 DAS. At 120 DAS, the phosphate phosphorous
content was decreased may be due to dilution effect
(Malik et al., 2012). In spite of low values, the treat-
ments T1 and T2 were continued to produce signifi-
cant result over control after 120 DAS. The higher

Table 1. Effect of various levels of PSM culture on Fresh and Dry weight, and chlorophyll content of spearmint plants

Fresh weight (g) Dry Weight (g) Total Chlorophyll content
Treatments 60 DAS 90 DAS 120 DAS 60 DAS 90 DAS 120DAS (mg per g fresh leaves)

60 DAS 90 DAS 120DAS

C 0.696 0.311 0.405 0.088 0.034 0.054 1.548 2.253 1.612
T1 0.801 0.322 0.771 0.098 0.046 0.093 1.910 2.405 2.327
T2 1.007 0.633 0.782 0.122 0.073 0.098 2.623 2.629 1.808
T3 0.843 0.980 0.770 0.093 0.121 0.123 1.858 3.171 2.731
T4 0.793 0.337 0.682 0.111 0.038 0.088 1.909 2.707 1.761
F Test Non- Significant Significant Non- Significant Significant Non- Signifi- Signi-

Significant Significant Significant cant ficant
S.E. - ±0.183 ±0.093 - ±0.023 ±0.011 ±0.090 ±0.182 ±0.298
C.D. - 0.389 0.199 - 0.049 0.024 0.0192 0.388 0.636

Table 2. Effect of various levels of PSM culture on NPK content of spearmint plants

Nitrogen content (mg per Phosphate phosphorous content Potassium content (mg per
g dry plant material)   (mg per g dry plant material)  g dry plant material)

Treatments 60 DAS 90 DAS 120 DAS 60 DAS 90 DAS 120 DAS 60 DAS 90 DAS 120 DAS

C 17.561 19.222 12.499 0.182 0.237 0.128 1.105 3.689 2.290
T1 25.898 27.573 18.201 0.293 0.781 0.268 1.815 5.396 4.154
T2 28.116 30.302 21.575 0.232 0.622 0.253 1.547 5.150 3.482
T3 19.508 33.908 22.892 0.324 0.467 0.215 3.359 5.425 3.879
T4 24.703 30.818 19.445 0.258 0.487 0.201 3.106 4.770 3.421
F Test Non- Significant Significant Non- Significant Significant Significant Significant Signi-

Significant Significant ficant
S.E. - ±3.294 ±4.645 - ±0.104 ±0.044 ± 0.454 ± 0.420 ±0.430
C.D. - 7.017 9.894 - 0.222 0.043 0.967 0.865 0.917
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phosphate phosphorous content in PSM treated
plants may be due to greater availability of
phosphorousdue to the solubilization of insoluble
forms of phosphorous by PSM. Experiments with
seed inoculation with black gram (Tomar et al., 1993)
and sorghum (Salih et al., 1989) showed that inocu-
lation of PSM significantly increased the available
amount of phosphate phosphorous for absorption.

Potassium

Potassium is a macronutrient that plays an impor-
tant role in many physiological processes (Fenn,
1940). The PSM treatments were proved to be excel-
lent in significantly raising the potassium content of
spearmint plants throughout the experiment. The
PSM treatments T3 and T4 gave consistent significant
results for potassium content throughout the experi-
ment whereas treatments T1 and T2 started present-
ing significant increase in potassium content 90 days
onwards. The significant increase in potassium con-
tent is ascribed to increased availability of
potassiumin PSM inoculated soil. The role of PSM in
dissolution of potassium from soil was also reported
by Anthoni Raj (2004). The potassium solubilizing
ability of Bacillus and Pseudomonas sp. was reported
by Archana et al. (2012). Taipodia and Yubbey (2013)
found application of PSB either alone or in combina-
tion with FYM gave higher potassium content as
well as its uptake in Maize plants.

Determination of Optimum dose

From the present study, it is apparent that the PSM
culture had a stimulating effect on growth, produc-
tivity and quality of spearmint plants throughout
the course of study. 90 DAS stage is considered as
very vital from harvest point of view (Sud and
Kumar, 2004), hence, to determine the optimum
dose of PSM culture, the results obtained at 90 DAS

were analyzed, compared and significant results
were counted (Table 3).

From Table 3, it is clear that treatment T3 (0.03gm
PSM culture per Kg sterilized soil) should be consid-
ered as the best treatment amongst the remaining
ones, as it gave significant results for all growth pa-
rameters tested which are considered as very crucial
for enhancing the healthy plant growth.

Conclusion

From the present study, it was observed that the
PSM culture had a stimulating effect on growth, pro-
ductivity and quality of spearmint plants through-
out the study. It was also observed that to obtain
better growth and yield of spearmint plants, high in-
puts of biological fertilizerswere not needed. PSM
treatment T3were proved to be the better than the
remaining treatments from harvest point of view.
The application of PSM for enhancing the growth of
spearmint plants has promising future. This will not
only reduce the dependence of spearmint plants on
hazardous chemical fertilizers but will also ensure
the maintenance of soil health, owing to eco-friendly
nature of PSM.
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