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Abstract
The effect of two arbuscular mycorrhizal fungi [G. mosseae (G) and A. laevis (A)] with P. fluorescence (Pf)
in the presence of super phosphate (P) fertilization on growth and yield of bell pepper (Capsicum annuum
var. California Wonder) was evaluated in pots under greenhouse conditions, in a completely randomized
design with four levels of phosphorus fertilizer [F0–without P, F1–0.200g pot-1 (half of the recommended
dose), F3–0.400g pot-1 (recommended dose) and F4–0.800g pot-1 (double the recommended dose)] having six
different combinations of bioinoculants. Inoculation of bioinoclulants with F1 increased plant growth and
nutrition to an acceptable level with AM fungi in combination with P. fluorescens. Application of higher dose
of P fertilizer markedly decreased all the growth parameters. The prevalence of AM colonization was highest
in G+A+Pf with F1. Similarly highest yield was recorded for the treatment involving multi inoculation
of G+A+Pf in the treatment of F1 followed by dual inoculation of G+Pf in F0 plants. Thus this finding
suggests the application of efficient bioinoculants (G+A+Pf) along with right dose of P fertilizer (half of the
recommended P) during seedling transplantation to increase overall growth and yield performance of bell
pepper and could be considered as a sustainable substitute to higher phosphorus fertilizer for bell pepper
cultivation.
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Introduction
Horticultural crop species such as bell pepper
(Capsicum annuum L.) is one of the most valuable
crops of India. It has nutritive and medicinal value
as is a good source of vitamin A, C, E and also has
antioxidants property. Phosphorus is known to be one
of the most essential elements for plant growth and
development after nitrogen. The phosphorus status of
Kurukshetra district, Haryana where the experiment
was performed is low i.e., 0–24.7 kg ha–1 which is
not suitable for bell pepper cultivation and needs an
external source of phosphorus fertilizer (Tanwar et al.,
2012).
Due to the low cost of the phosphate fertilizers and their
easy availablility, farmers usually over–fertilize their
field, rather than risk under–fertilizing and suffering
yield lost. The available phosphorus in the soil is
present in very low concentration as large amount is
bound in its inorganic form. On the other hand the
availability of organic forms e.g., Phytate is actually
controlled by its mineralization rate in the soil. The
mobility of this element is very slow in the soil and can
not be replenished due to rapid uptake by plants roots.
That results in the formation of phosphorus depleted
zones near the contact area of roots and soil with in
rhizosphere. Soluble phosphorus can be released
from insoluble phosphates by solublization reaction
involving rhizospheric microorganisms (Kapoor et al.,
1989).
Current strategies adopted for fruit and vegetable
production use fertilizer application regimes that are
aimed to reach maximum volume or weight of yield,
sometimes neglecting the aspects of quality (Oke et
al., 2005). Therefore, the plants need an assisting
system which could extend beyond the depletion
zones and help to absorb the phosphorus from a
wider area by developing an extended network
around root system. Recently the employment of
beneficial microorganisms has gained popularity
(Parkash et al., 2011). The use of organic fertilizer
and microbial inoculants or biofertilizers represents
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a sustainable alternative to high input of chemical
fertilizers used in the conventional production systems
(Kennedy et al., 2004).
The importance of Arbuscular mycorrhizal (AM)
fungi in natural and semi natural ecosystems is
commonly accepted by improved plant productivity
and diversity as well as increased plant resistance
against biotic and abiotic stresses (Smith and Read,
2008). The fungus contributes greatly to phosphorus
uptake (Schnepf et al., 2009), besides the uptake of
other ions. The primary advantage of mycorrhizal
hyphae in P uptake is the ability of hyphae to extend
deeper in the soil beyond P depletion zone of the roots
(Jacobsen, 1995). It has been reported that plant
dependency to mycorrhizal fungi depends on the level
of soil fertility and receptivity of soil to inoculants
(Covacevich and Echeverria, 2008).
Consortium use of AM fungi along with some
rhizobacteria to enhance quantity and quality of plant
production in agriculture is relatively recent technology.
Among the several free–living microorganisms,
plant growth–promoting rhizobacteria (PGPR) have
received special attention, due to their beneficial effect
on plant growth promotion by enhancing mineral
nutrition (Gamalero et al., 2004) and synthesis of
phytohormones (Gamalero et al., 2008). In particular,
Pseudomonas flourscens is considered as an important
member of rhizosphere organism community. The
positive effect of Pseudomonas inoculation on plant
growth has been reported in many research trials
(Constantino et al., 2008, Tanwar et al., 2011; Prasad et
al., 2012; Tanwar et al., 2012; Tanwar and Aggarwal,
2013; Eslamyan et al., 2013).
Hence, this experiment was conducted in a
greenhouse condition to compare the efficiency of
different concentrations of super phosphate fertilizer
in association with AM fungi and Pseudomonas
fluorescens on growth, nutrition and yield of Capsicum
annuum with an aim to reduce the application of
chemical fertilizer for sustainable system.
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2. Materials and Methods
2.1. Isolation and identification of AM fungi
Dominant AM fungi were isolated from the rhizosphere
soil of field grown bell pepper plants by ‘wet sieving
and decanting technique’ of Gerdemann and Nicolson
(1963). The isolated spores were identified using keys
of Schenck and Perez (1990) and Glomus mosseae
Nicol. and Gerd. and Acaulospora laevis Gerd. and
Trappe were found to be the most dominant AM fungal
strains.
2.2. Experimental design
The experiment was conducted in a 4×6 factorial in a
completely randomized design employing four levels
of super phosphate fertilizer (F0–without P, F1–0.200
g pot-1 , F2–0.500 g pot-1 and F3–0.800 g pot-1 ) and
six levels of different bioinoculant combinations i.e.
control (C), G. mosseae (G), A. laevis (A), G. mosseae
+ P. fluorescens (G+Pf), A. laevis + P. fluorescens
(A+Pf), G. mosseae + A. laevis + P. fluorescens
(G+A+Pf) with five replicates of each.
2.3. Bioinoculant preparation
The starter inoculum of each selected dominant AM
fungus was raised by funnel technique of Menge and
Timmer (1982) using Maize as host for three months.
The inoculum of P. fluorescens (MTCC No. 103) was
obtained from Institute of Microbial Technology,
Chandigarh, India and cultured in a nutrient broth
medium incubated at 32ºC for 48 hours to obtain a
concentration of 1x109 colony forming units (cfu)
mL–1.
2.3. Experimental setup
The soil used in the study has sand–64.2%, silt–
21.81%, clay–3.90%, pH–6.8±0, EC–0.25 dS-1/m,
organic carbon–0.40%, total N–0.042%, P–7.30 kg1
acre, K–88 kg-1 acre and S–14.80 ppm. The seeds of
bell pepper (Capsicum annuum var. California Wonder)
were germinated using a shallow tray containing soil:
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sand (3:1) which was autoclaved at 120°C for two
consecutive days before it is used for germination.
Experimental pots were filled with 2 kg sterilized soil
followed by AM inoculation. For single inoculation
10%, i.e., 200 g of air dried AM inoculum (G. mosseae
and A. laevis) containing around 865 spores and 80%
colonized root segments of trap host Maize were used.
For double inoculation, 100 g inoculum and for triple
65 g of AM fungi inoculum was used. Fifteen days after
germination, single seedling was transplanted to each
pot. Similarly, in treatment with P. fluorescens, bell
pepper roots were first dipped in conidial suspension
of P. fluorescens for five minutes and planted in each
pot. Control pots without microbial inoculation were
also maintained.
Four levels of solid super phosphate fertilizers
(0g, 0.200g, 0.400g and 0.800g) were added as a basal
dressing in pots one week before microbial inoculation.
Plants were maintained in greenhouse, watered daily
to maintain the moisture approximately at 60% water
holding capacity of the soil and also fertilized with
Hoagland nutrient solution except for phosphorus
source, after every 15 days.
2.4. Harvest and analysis
Plant development was assessed by measuring plant
height (cm), shoot fresh and dry weight (g) and root
fresh and dry weight (g). Plant height was measured
from soil surface to the growing tip of the plant,
after that, plants were harvested at the fruiting stage
(120 days) by removing the whole plant completely
from the pot. Number of days for flowering and fruit
setting was also recorded upto 120 days. Subsequently
plants were divided into shoots and roots and further
into fruits. Yield of plant was assessed by counting
number of fruits per plant and by evaluating the fresh
weight of fruits. The plant shoot was cut into pieces
of approximately 10 cm size and fresh weight was
taken. Similarly fresh weight of roots was taken for
each treatment. Dry matter was estimated by keeping
the plant in oven at 60 °C then weighed to get the dry
matter for shoot as well as root. Stomatal conductance
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by using porometer (AP4–Delta T devices, cambridge,
UK) and chlorophyll content by using Arnon’s method
(1949). Photosynthesis was measured in mg CO2m–2s–1
using portable Infra Red Gas Analyzer, CIRCAS–I, PP
Systems, UK.
Percent root colonization was assessed by cleaning
the roots with 10% KOH followed by staining with
0.01% trypan blue (Phillips and Hayman, 1970). The
AM spore extraction was done using the procedure
of Gerdemann and Nicolson (1963). The phosphorus
content in shoot and root was determined by Vanado–
molybdo–phosphoric acid yellow colour method, in
nitric acid system outlined by Jackson (1973), which is
actually based on the yellow colour of the unreduced
Vanado–molybdo–phosphoric heteropoly complex.
Total nitrogen was calculated by Kjeldahl method
(Kelplus nitrogen estimation system, supra–LX,
Pelican Equipments, Chennai, India).
2.5. Statistical analysis
The experimental data was analyzed using Analysis of
Variance (ANOVA), followed by post hoc test using
the Statistical Package for Social Sciences (ver. 11.5,
Chicago, Ill.). Means were then ranked at p≤ 0.05 level
of significance using Duncan’s Multiple Range Test
for comparison.

3. Results and Discussion
All different bioinoculats and/or phosphorus
fertilization has significant effect on all measured
plant growth parameters. However, the level to which
growth is enhanced varied between the bio inoculants
and P fertilizer doses.
3.1. Effect on mycorrhization
All the plants inoculated with AM fungi showed
mycorrhizal colonization that was characterized by the
presence of extramatrical hyphae, intraradical hyphae,
arbuscules and vesicles. However, mycorrhizal

Journal of Soil Science and Plant Nutrition, 2013,13(1), 55-66

colonization, arbuscule and vesicle formation
significantly decreased with the increase in fertilizer
application rate. Prominent vesicles of G. mosseae and
A. laevis had formed within the root cell, which shows
the affinity of the fungus with Capsicum annuum.
Similar trend was observed with mycorrhizal spore
number also, but there was no positive correlation
between mycorrhizal spore number and colonization
rate.
After 120 days of inoculation sole application of G.
mosseae produced maximum spore number (93.8±6),
while the application of the same AM fungi along with
P. fluorescens achieved maximum root colonization
(97.62±3.3) at F1 (Table–1). These results are in close
conformity with those of other that the co–inoculation
of AM fungi with P. fluorescens, or other rhizobacteria
increased the capacity of AM fungi to colonize the
plant roots (Boer et al., 2005; Tanwar et al., 2012). The
high rate of P fertilizer application i.e., F2 and F3, lead
to antagonistic inhibition of mycorrhizal colonization
whereas in lower dose, mycorrhiza was able to increase
the root colonization significantly. Similar finding were
reported earlier also that the colonization potential of
AM fungi decreases with increasing P concentration in
the soil (Prasad et al., 2012).
3.2. Effect on plant growth performance
The effect of P on plant growth performance was
contrasting. Some parameters are enhanced with
increasing concentration whereas other parameters
did not show any stimulatory effect. There were
significant differences in plant height, shoot and
root fresh and dry weight and root length between
inoculated and control plants. As shown in Table 2,
G. mosseae colonized plants performed consistently
better than A. laevis alone and also in combination
with P. fluorescens. In our earlier study also we
found G. mosseae as much compatible strain
than the other AM strain used for red bell pepper
production (F1 hybrid, Indam Mamatha) (Tanwar
and Aggarwal, 2013).

Capsicum annuum production with bionoculants
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Table 1. Effect of soil inoculation with AM fungi, P. fluorescens and super phosphate on mycorrhization of bell pepper
plants

Each value is a mean of five replicates, ±: standard deviation, G: Glomus mosseae, A: Acaulospora laevis, Pf: Pseudomonas
fluorescens, F: Super phosphate fertilization. Means followed by same letter within a column are not significantly different over
one another (Duncan’s Multiple Range Test, p≤0.05).

The dual inoculation of Pf with either of the mycorrhizal
fungi showed stimulatory effects by improving plant
growth in comparison to uninoculated control. This
increase can be due to absorbance of more P from the
soil and its accumulation towards shoots, resulting
in increased plant height (67.24±0.53) in G+Pf and
maximum shoot fresh (28.16±1.12) and dry weight
(6.08±2.14) in G+A+Pf at F1. However, G+A+Pf

at F2 showed highest root length (39.62±0.86),
root fresh (9.51±1.02) and dry weight (2.73±0.38).
Gamalero et al. (2004) also documented that the
presence of PGRP (e.g. Attinomyces, Pseudomonas
spp., Bacillus spp.) in mycorrhizal inoculum can
synergistically improve tomato growth. Our finding
is also in agreement with that of Anguilera–Gomez et
al. (1999) that AM fungi increased leaf number,leaf
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area shoot, root and fruit mass at lower concentrations of P
fertilizer as compared to the heavy P fertilization doses that
increased the dry matter of the plant but at the same time
decreases mycorrhizal colonization of the host roots.
3.3. Effect on photosynthetic rate
It seems that higher dose of phosphorus does not play
an important role in enhancement of leaf chlorophyll,
photosynthesis and stomatal conductance (Table 3).

Mycorrhizal inoculation of plants does increase

the chlorophyll content, phosyntesis and stomatal
conductance as compared to the uninoculated control.
Increased chlorophyll content on inoculation with
AM fungi is also reported by Qiao et al. (2011).
The highest increase in photosynthetic rate, that was
measured as chlorophyll a (123.06±2.4), chlorophyll
b (448.5±4.75), photosynthesis (51.06±2.96) and
stomatal conductance both on the upper (0.272±0.0084)
and lower (0.834±0.009) side was markedly enhanced
in G+A+Pf of F1.

Table 2. Effect of soil inoculation with AM fungi, P. fluorescens and super phosphate on plant growth response of bell
pepper

Each value is a mean of five replicates, ±: standard deviation, G: Glomus mosseae, A: Acaulospora laevis, Pf: Pseudomonas
fluorescens, F: Super phosphate fertilization. Means followed by same letter within a column are not significantly different over
one another (Duncan’s Multiple Range Test, p≤0.05).

Journal of Soil Science and Plant Nutrition, 2013,13(1), 55-66

Capsicum annuum production with bionoculants

Plants supplied with optimum P fertilizer (F1) are
more vigorous, as AM fungal hyphae explore larger
soil volume and bridges the gaps between the soil
and roots of host plants, making plant stronger and
stouter (Smith and Smith 2012). As the chlorophyll
content increases in mycorrhizal treated plant there
is simultaneous increase in the rate of photosynthesis
which can be due to more absorption of nutrients
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and increase in gaseous exchange by enhanced
conductivity of leaf stomata. Without P (F0) as well
as increasing P application at F2 and F3 decreased
leaf chlorophyll level, due to reduction in stomatal
conductance and hence photosynthesis. On the other
hand high fertilizer application built up a stress in the
host plants and declines the normal physiological
function, whereas AM has been shown to effectively
enhance the stomatal conductance,

Table 3. Effect of soil inoculation with AM fungi, P. fluorescens and super phosphate on chlorophyll, photosynthesis
and stomatal conductance of bell pepper

Each value is a mean of five replicates, ±: standard deviation, G: Glomus mosseae, A: Acaulospora laevis, Pf: Pseudomonas
fluorescens, F: Super phosphate fertilization. Means followed by same letter within a column are not significantly different over
one another (Duncan’s Multiple Range Test, p≤0.05).
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photosynthetic rate and water use efficiency of their
host during severe stress conditions (Querejeta et al.,
2006).
3.4. Effect on nutrition
Mycorrhizal inoculation alone did not significantly
influence the concentration of plant phosphorus
and total nitrogen (N). However, AM fungi and P
fertilizer together resulted in significant increase
in the concentration of both phosphorus and

nitrogen compared to their respective control but
higher P application doesn’t support the increment
in plant nutrient level (Table 4). These results are
in accordance with the findings of Rakshit and
Bhadoria (2009) that highest phosphorus uptake
occurs in mycorrhizal maize plants with added low
P than non–mycorrhizal as well as plants without
added P. Mycorrhizal inoculation consistently
accumulated more quantities of phosphorus in their
root than shoots.

Table 4. Effect of soil inoculation with AM fungi, P. fluorescens and super phosphate on P and N nutrition of green
bell pepper
Super phosphate
concentration (g/pot)

Parameters →
Treatments ↓

Plant phosphorus content (%)
Shoot
Root

Total nitrogen content (%)

F1
Half recommended
(0.300 g/pot)

Control
G
A
G+Pf
A+Pf
G+A+Pf
Control
G
A
G+Pf
A+Pf
G+A+Pf
Control
G
A
G+Pf
A+Pf
G+A+Pf
Treatments (t)
Fertilizer (F)
t×F

0.28±0.019f
0.40±0.011d
0.37±0.027de
0.31±0.03a
0.51±0.025b
0.59±0.031a
0.31±0.005ef
0.38±0.023de
0.36±0.012e
0.43±0.016d
0.41±0.016c
0.5±0.029b
0.23±0.01f
0.37±0.013de
0.28±0.022f
0.37±0.036de
0.3±0.016de
0.41±0.026c
316.89
582.86
17.8

3.23±0.26e
4.71±0.09b
4.4±0.13c
5.3±0.08a
4.62±0.08b
5.13±0.09a
3.04±0.16e
3.08±0.16e
4.1±0.13c
3.7±0.18d
4.37±0.10c
4.1±0.14c
3.25±0.32e
3.25±0.32e
3.14±0.3e
2.68±0.18f
3.56±0.26d
3.07±0.2e
120.6
541.6
33.66

F2
Recommended
(0.600 g/pot

F3
Double recommended
(1.200 g/pot)

ANOVA(F5, 96)
(F3, 96)
(F15, 96

0.34±0.056f
0.46±0.005cd
0.44±0.004cd
0.79±0.005a
0.66±0.011b
0.77±0.005a
0.37±0.030e
0.45±0.007cd
0.38±0.005e
0.48±0.009cd
0.53±0.004c
0.67±0.012b
0.35±0.013f
0.37±0.01e
0.34±0.013f
0.48±0.065cd
0.41±0.015d
0.51±0.013c
1981.4
1385.2
224.75

Each value is a mean of five replicates, ±: standard deviation, G: Glomus mosseae, A: Acaulospora laevis, Pf:
Pseudomonas fluorescens, F: Super phosphate fertilization. Means followed by same letter within a column are not
significantly different over one another (Duncan’s Multiple Range Test, p≤ 0.05).
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After 120 days of inoculation, the increase in phosphorus
content in shoot was found maximum in plants treated with
G+A+Pf (0.59±0.031) and for root in G+Pf (0.79±0.005)
at F1 as compared to uninoculated control. As shown
in Table 4 it is clear that soil inoculation with
arbuscular mycorrhizal fungi and P. fluorescens
along with different doses of superphosphate
fertilizer markedly improved the total N% in bell
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pepper plants in comparison to uninoculated control.
The highest increase in total N% was observed in
G+Pf (5.3±0.08) of F1. The increase in the nutrient
content of the plants inoculated with Pf is mainly
due to the changes produced in the root morphology
by phytohormones synthesized, that results in an
increase in root surface area (Bashan et al., 2004).

Table 5. Effect of soil inoculation with AM fungi, P. fluorescens and super phosphate on yield of bell pepper plants

Each value is a mean of five replicates, ±: standard deviation, G: Glomus mosseae, A: Acaulospora laevis, Pf: Pseudomonas
fluorescens, F: Super phosphate fertilization. Means followed by same letter within a column are not significantly different over
one another (Duncan’s Multiple Range Test, p≤ 0.05).
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At the same time there is an increase in the activities
of the acid and alkaline phosphates enzymes produced
by the plant roots itself, extraradical hyphae of AM
fungi as well as by P. fluorescens that play an important
role in the cycling of phosphorus from P deficient soils
and helps in the phosphorus nutrition of plants (Tanwar
et al., 2012). Moreover, the AM fungi colonized roots
uses the extraradical mycelium to explore a greater
volume of soil, and translocate nutrients from soil
to the plants more efficiently, resulting in better and
improved plant nutrition (Linderman, 1992). The
enhanced growth and nutritional status of bell pepper
is also related to the percent root colonization apart
from several soil and environmental conditions as
maximum colonization as well as P content was
recorded in the same treatment G+A+Pf at F1.
3.5. Effect on yield
Early flowering and fruit formation was recorded
as a result of inoculation with efficient strains.
Flowering was first observed in the treatment of
G+A+Pf (67.6±1.82) at F1 P followed by G+Pf
(76±1.87) at F0 (Table 5). However, fruit formation
first appeared in G+Pf (78.2±2.1) at F0 followed by
G+A+Pf (84.8±1.92) at F1.
Fruit formation doesn’t occur in some treatments
of F3 fertilized pots and in uninoculated control plants.
This can be due to low AM colonization level and
lesser nutrients accumulation in these plants. At higher
P levels, malformation of apical tip was recorded
that results in stunted growth. Increase in the soil P
is known to suppress the growth and availability of
AM fungi in the soil by reducing root colonization
and also spore density (Fusconi et al., 2005). High P
supply had little or no effect on fruit yield despite
the low mycorrhizal colonization of the roots by
native endophytes. In contrast to this, mycorrhizal
inoculation resulted in significant increase in fruit
yield of bell pepper at F1.
Multi inoculation of G+A+Pf synergistically
increased fruit number (3.8±0.45) and fruit weight
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(26.38±2.2). These results are in close conformity with
other workers that root inoculation of bell pepper with
AM fungi or rhizobacteria significantly increases fruit
yield (Constantino et al., 2008; Tanwar et al., 2012;
Tanwar et al., 2013). This may result from mycorrhizal
enhancement of plant growth and development, which
along with P. fluorescens increased P absorption and
translocation to other parts of the plant (Tanwar et
al., 2012). De Giorgio et al. (2004) also reported that
lower dose of fertilizer (N2) enhances grain yield of
durum wheat when inoculated with AM fungi than
highly fertilized and unfertilized plants.
Reduction in fertilizer input on application
of beneficial microbes has also been reported by
Soleimanzadeh (2010) who suggested use of AM fungi
with 50 percent recommended phosphorus to increase
seed yield and oil production in sunflower.

Conclusion
The present study demonstrated that the dual
inoculation and multi inoculation of bell pepper
plants with G. mosseae, A. laevis and P. fluorescens
increased growth, photosynthetic rate, fruit number,
fruit weight, total nitrogen content and phosphorus
content at F1, below the recommended supplied
P over unfertilized as well as heavy fertilized
plants by enhanced bioavailability and mobility of
plant nutrients. Increased P supply increased some
parameters connected to plant height, shoot fresh
and dry weight but at same time decreased percent
of mycorrhizal colonization and hence P content and
fruit yield. Thus, soil amendment with AM fungi and
P. fluorescens have the potential to possibly reduce
the application of phosphorus fertilizer for crop
improvement, growth, yield and nutritional value of
Capsicum annuum for bell pepper growers.
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