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ABSTRACT

A field experiment was carried out at department of agricultural microbiology, Annamalai University, Chidambaram, Tamil
Nadu, India to evaluate the performance of tomato inoculated with Arbuscular Mycorrhiza (AM) and phosphate solubilizing
bacteria (PSB) when the fertilizer application was reduced to 50% and 25% of the recommended fertilizer dose (RDF). The
results of the study revealed that, inoculation of tomato with AM and PSB significantly increased all the parameters examined
during the study. However, the best results were obtained when the seedlings were inoculated with AM followed by PSB at 50
% of the RDF as evident from 16.6% and 12.6% increase in the total plant dry weight at the respective treatments as compared
to control. Similarly the concentration of nitrogen (N), phosphorus (P), and potassium (K) in the plants inoculated with AM
at 50 % of the RDF was increased by 17.3, 20.6 and 23.2% followed by an increase of 2.5, 11.5, and 12.2% at PSB with 50
% RDF as compared to control. Yield of tomato was respectively increased by 9.7% and 4.4 % when inoculated with AM and
PSB at 50 % of RDF as compared to control.
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INTRODUCTION
Tomato (Lycopersicon esculentum L.) is one of the most
studied fleshy fruits, and it has assumed the status of
“functional food” because of the epidemiological evidence
as regards the reduced risk of cancer and cardiovascular
diseases in relation to its consumption. Tomato fruits
contain high concentrations of antioxidant molecules such
as lycopene, ascorbic acid and carotenoids (Giovannetti
et al., 2012). Tomato (Lycopersicon esculentum L.) is
the second most important fruit or vegetable crop next to
potato (Solanum tuberosum L.), with approximately 182.3
million tons of tomato fruits produced on 4.85 million ha
each year (FAOSTAT, 2019).
AM fungi is the most abundant kind of mycorrhizae found
in association with every taxonomic group of plants and
the list of species not infected is probably far shorter than
the infected ones. These fungal associations are beneficial
to crop plants in many ways, including enhancing the
nutrient availability especially phosphorus, enhancing
water uptake, inducing resistant against diseases and
increasing the yield (Lekberg and Koids, 2005).
Phosphorus solubilizing biofertilizers are carrier based
preparations containing living cells of microorganisms
like bacteria, fungi and actinomycetes which may help
in increasing crop productivity by way of helping in
solubilization of insoluble phosphorus, stimulating plant
growth by providing hormones, vitamins and other growth
promoting substances.
Phosphate Solubilizing Bacteria (PSB) are capable of

hydrolyzing organic and inorganic phosphorus from
insoluble compounds and PSB produce phosphatase
like phytase that hydrolyse organic forms of phosphate
compounds efficiently (Zehra, 2010).
The chemical fertilizers like N, P and K have played a
significant role in increasing the yield and quality of plant
products during early seventies. However, indiscriminate
use of chemical fertilizers has resulted in several problems
like loss of fertility and multiple nutrient deficiencies. In
addition to it, heavy inoculation of inorganic fertilizers
degrade the soil health by adversely affecting the microbial
biodiversity, physical and chemical environment of soil,
water bodies and capital inputs like soil, water and thus
overall ecology which ultimately result in reduced crop
productivity and quality (Ghanti and Sharangi, 2009).
The reason for the increased use of chemical fertilizers
is the increased demand for food and the ability of some
of the mineral elements to get fixed with soil colloids
after application. For example P is an essential macro
element for plants, yet the total concentration of P in soils
ranges from 0.02- 0.5%. Thus, to increase the availability
of phosphorus for plants, large amount of fertilizers are
used on a regular basis, because after inoculation, a large
proportion of phosphorus is quickly transferred to an
insoluble form (Omar, 1997).
The application of biofertilizers has a significant effect
on growth and yield of different vegetables. However,
information on synergism between the different
biofertilizers under reduced fertilizer application is still
lacking. In this perspective it was thought worthwhile
to carry out an experiment to find out the effect of AM
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fungus and PSB on different morphological, quality and
yield parameters of under reduced inorganic fertilizer
application.

ii. Plant dry weight: For calculation of plant dry weight,
samples were oven dried at 80 0C till their weight became
constant.

MATERIAL AND METHODS

iii. Chlorophyll content: Chlorophyll content was
estimated at the time of second picking i.e. 85 DAT.
The procedure developed by Witham et al., (1971) was
followed for chlorophyll estimation.

A field experiment was carried out on department of
Agricultural Microbiology, Annamalai University,
Chidambaram, Tamil Nadu in India. The soil of the
experimental field is sandy loam with an EC of 0.33 µS/
cm and pH 7.3.

iv. Nitrogen (N): N content from the bulbs was determined
by using the method as proposed by Peoples et al., (1989)

Land preparation and fertilizer application

v. Phosphorus (P): P content was estimated from the
bulbs as per the method proposed by Koenig and Johnson
(1942).

The experimental area was thoroughly prepared by
ploughing three times and well decomposed farm yard
manure (FYM) was applied at the rate of 25 t/ha followed
by the preparation of plots. Fertilizers were applied to
the plots as per the treatments as shown in table-1. N
was applied to the plots in two doses, one at the time of
transplanting and second in the month of June, whereas
the entire P and K was applied in a single dose at the time
of transplanting as per the designed treatments.

vi. Potassium (K): K was estimated by flame photometric
method as proposed by Reed and Scott (1962).
vii. Total soluble solids (TSS): TSS of the bulbs was
measured by using the hand refractometer.
viii. Yield: The ripe fruit yield obtained from each plot
was recorded in all the pickings. The yield was calculated
and expressed in tons per hectare.

Treatments
Seven treatments shown in the table-1 were employed
which were laid out in a randomized block design and
replicated thrice. AM was applied in the root zone at the
time of transplanting @ 10 Kg/ha, whereas seedlings
were dipped in a solution of PSB for 45 minutes before
transplanting.

Data reported in this study are the mean values based
on the three replicates. Differences among treatments
were tested by ANOVA and the mean values among the
treatments were compared using Duncan’s multiple range
test at p=0.05.
RESULTS AND DISCUSSION

Table 1: Treatment details
Symbol
T0
T1
T2
T3
T4
T5
T6

Plant height and total dry weight
Treatment
Control
50 % RDF
25 % RDF
50 % RDF + AM
50 % RDF + PSB
25 % RDF + AM
25 % RDF + PSB

Plant height observed a continuous decrease when the
fertilizer application was reduced to 50 % and 25 % of
the RDF. However, the inoculation with AM and PSB
significantly increased the plant height as compared to
control and the non inoculated plants which received a
reduced fertilizer dose (table-2). Data indicates that the
maximum increase in the plant height was observed in
the plants inoculated with AM followed by PSB at 50
% of the RDF. Height of the plants at these treatments
respectively observed an increase of 8.4% and 1.9 %
increase as compared to control. Similar to plant height,
total plant dry weight also followed a decreasing trend
with reduction in the fertilizer application to 50 % and 25
% of the RDF. Total plant dry weight was significantly
increased with inoculation of AM and PSB as evident
from table-2. However, maximum increase of 16.6 % was
observed by inoculating the plants with AM at 50 % of
the RDF followed by an increase of 12.6 % in the plants
treated with PSB at the same level of the fertilizer dose as
compared to control. The results are in agreement with Dar
et al., (2018) and Naik (2014) who reported an increase
in the plant height of onion through inoculation with AM

Intercultural operations
All the required cultural practices such as irrigation,
weeding, pest and disease control etc. were kept constant
and given uniformly in all the experimental plots. Ten
plants were randomly selected from each plot in such a
way that the marginal effect was avoided and data were
recorded on the following parameters at the time of
harvest.
i. Plant height: Plant height was measured with the help
of a scale.
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and PSB at reduced phosphorus application which can be
because of higher solubilization of P brought about by
PSB followed by its increased uptake along with N and K
as is evident from table- 2 of this study. Inoculation with
AM increases the absorbing capacity of the roots favoring
more water uptake by the plants resulting in cell expansion
responsible for the increased plant height (Huixing Song,
2005). It has been found that AM fungus improves the
hydraulic conductivity and water uptake of roots hence
providing a low resistance pathway for radial flow of
water across cortex, and contributing towards better water
uptake by the plants (Kothari et al., 1990). Furthermore,
AM fungus may also regulate the hydraulic properties of
plants through regulation of plasma membrane intrinsic
proteins in combination with phytohormones (RuizLozano et al., 2009). Since nitrogen is a constituent of
chlorophyll, the increase uptake of which might have
resulted in increased synthesis of photosynthetic leading
to better plant growth. The second major nutrient
phosphorus is an essential constituent of cellular protein
and nucleic acid which might have encouraged the cell
division and meristematic activity of plants resulting in
increased plant height and total plant dry weight (Monika
et al., 2006).

table-3 that N content in the plant tissues was decreased
by 55.2 and 68.4 % as compared to control when the
RDF was reduced respectively by 50 % and 25 %. P
concentration at 50 % and 25 % of the RDF was decreased
by 17.3 and 60.8 percent as compared to control followed
by a reduction of 27.9 and 67.4% in K concentration in
the plant tissues at the same treatments. Table-3 clearly
indicates an increase in the concentration of N, P and
K in the plants that were inoculated with AM and PSB.
However the maximum increase was obtained in the AM
inoculated plants treated with 50 % of the RDF. N, P and
K in the plant tissues treated with 50 % of the RDF was
increased by 17.3, 20.6 and 23.2 % as compared to control
followed by an increase of 2.5, 11.5 and 12.2 % in the
plants subjected to inoculation with PSB at 50 % of the
RDF. Similar results have also been found by Talwar et
al., (2016) and Hashem (2015). Microorganisms can
increase the solubility of inorganic P by releasing protons,
H+ and organic acid anions such as citrate, malate and
oxalate (Yousefi et al., 2011).
whereas the AM fungus absorbs the mineral elements like
N, P, K, Fe, Zn etc much faster through physical exploration
of the soil, modification of root environment, increased
movement of various mineral elements into mycorrhizal
fungus hyphae and their translocation to the associated
plant (Turk et al., 2006). AM fungi expand the roots by
adding their own expansive network of absorbing strands
to mine the soil for water and the dissolved minerals
carried therein may also alter the water relations and the
drought tolerance of the plant. It has been found that AM
fungus improves the hydraulic conductivity and water
uptake of roots hence providing a low resistance pathway
for radial flow of water across cortex, and contributing
towards better water uptake by the plants (Kothari et al.,
1990) [12]. Furthermore, AM fungus may also regulate
the hydraulic properties of plants through regulation of
plasma membrane intrinsic proteins in combination with
phytohormones (Ruiz-Lozano et al., 2009). Tinker (1984)
while summarizing the effects of AM on increased water
uptake indicated that the probable reason for increased
water uptake are as the better distribution of absorbing
hyphal network, greater surface area and better extension
rate, altered soil rhizosphere properties, uptake kinetics,
faster water extraction from reduced water potential soils
and hence faster recovery from the water stress.

Chlorophyll content
Reduction in fertilizer application to 50 % and 25 % of the
RDF had an adverse affect on the plant chlorophyll content
(table-2). However, inoculation with AM and PSB led to
increase in the chlorophyll content at all the treatments.
However, the maximum increase was observed in the
plants subjected to inoculation with AM followed by PSB
at 50 % of the recommended fertilizer dose. Chlorophyll
content at these treatments was respectively increased by
12.1% and 9.2% as compared to control.
The AM inoculated plants have shown to have higher
chlorophyll content compared to non AM plants. This
observation has been made by several workers in
different systems (Auge, 2001) and Colla et al., (2008).
In pepper for instance, the chlorophyll content was shown
to be increased by 15-25% to indicate the relevance of
mycorrhizal association in increasing the pigment content
in the leaves (Beltrano et al., 2013). It has been well
recognized that chlorophyll concentration is related to
photosynthetic rate and chlorophyll fluorescence. Thus, in
AM inoculated plants an increased rate of chlorophyll has
been associated with the increased rate of photosynthesis
or with higher magnesium and nitrogen which are major
constituents of chlorophyll (Mathur and Vyas, 1995).

Yield
The yield was severely reduced in tomato due to reduction
in fertilizer application. The yield was reduced by
26.1 % and 50.7 % when the fertilizer application was
reduced to 50 % and 25 % of the RDF. Inoculation with
AM and PSB significantly increased the yield even at the
reduced fertilizer levels. However, AM fungus was found
to have highest effect on the yield of tomato at 50 % of the
RDF where the yield was increased by 9.7% followed by
an increase of 4.4 % at the same fertilizer dose and PSB

Effect on mineral uptake
Mineral uptake observed a continuous decrease with the
reduction in fertilizer application by 50 % and 25 % of
RDF. However, it was significantly improved with the
inoculation of plants by AM and PSB. It is evident from
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inoculation as compared to control. This effect was in
conformity with the results obtained by Subbiah (1994) in
chilli and onion, Nanthakumar and Veeraragavathatham
(2000) in brinjal and Yadav et al., (2005) [in onion. The
significant increase in yield due to biofertilizers may be an
account of its direct role in nitrogen fixation, production
of phytohormone like substances and increased uptake
of nutrients such as nitrogen. The increase in yield by the
AM could be due to the function of mycorrhiza to enhance
the efficiency of nutrient absorption and release of growth
substances. This phenomenon of AM action might have
increased the yield attributing characters in tomato as
has been found by several workers viz., Bagyaraj and
Sreeramulu (1982) in chillies, and Subbiah (1994) in
chilli and onion.

mycorrhiza improves growth and yield of chilli
transplanted in the field saves phosphatic fertilizer.
Plant Soil. 1982; 69:375-381.
Beltrano J, Ruscitti1 M, Arango MC, Ronco M. Effects of
arbuscular mycorrhiza inoculation on plant growth,
biological and physiological parameters and mineral
nutrition in pepper grown under different salinity and
P levels. Journal of Soil Science and Plant Nutrition.
2013; 13:123-141.
Colla G, Rouphael Y, Cardarelli M, Temperini O, Rea E,
Salerno A, Pierandrei F. Influence of grafting on yield
and fruit quality of pepper (Capsicum annuum L.)
grown under greenhouse conditions Acta Horticulture.
2008; 782:359-363
Ghanti S, Sharangi AB. Effect of bio-fertilizers on growth, yield
and quality of onion cv. Sukhsagar. Journal of Crop
and Weed. 2009; 5(1):120-123.

Table 2: Effect of reduced fertilizer application,
arbuscular mycorrhiza and PSB on growth parameters
and chlorophyll content of tomato
Plant
height (cm)

Treatments
Control
50 % RDF
25 % RDF
1/2RDF + VAM
1/2RDF + PSB
1/4RDF + VAM
1/4RDF + PSB
CD (5%)

84.3
63.2
44.5
91.2
85.8
60.3
52.4
4.4

Plant dry
weight
(g)
41.0
27.4
21.2
47.2
45.5
35.2
33.2
1.2

Giovannetti, M. and L. Avio. 1985. VAM infection and
reproduction as influenced by different organic and
inorganic substances. In: Proceedings of 6th NACOM,
(ed.), Molina, R., Foresh Research Laboratory, Oregon
State University, Corvallis, p. 95.

Chlorophyll
(mg g-1 FW)
0.87
0.46
0.23
0.99
0.92
0.65
0.53
0.03

Hashem MM. Impact of Inoculation with arbuscular
mycorrhizal, phosphate solubilizing bacteria and soil
yeast on growth, yield and phosphorus content of
onion plants. International Journal of Soil Sciences.
2015; 10(2):93-99.
Huixing S. Effects of VAM on host plant in the condition of
drought stress and its mechanisms. Electronic Journal
of Biology. 2005; (3):44-48.
Koenig R, Johnson C. Colorimetric determination of phosphorus
in biological materials. Industrial and Engineering
Chemistry Analytical Edition. 1942; 14(2):155-156.

Table 3:
Effect of reduced fertilizer application,
arbuscular mycorrhiza and PSB on quality parameters and
yield of tomato
Treatments
Control
50 % RDF
25 % RDF
1/2RDF
+VAM
1/2RDF
+PSB
1/4RDF
+VAM
1/4RDF
+PSB
CD (5%)

Nitrogen (%)
3.8
1.7
1.2

Phosphorus (%)
0.23
0.19
0.09

Potassium (%)
4.3
3.1
1.4

Yeild (t/
ha)
6.5
4.8
3.2

4.6

0.29

5.6

7.2

3.9

0.26

4.9

6.8

2.3

0.10

2.3

4.2

1.9

0.15

1.9

3.7

0.4

0.04

0.3

0.35

Kothari SK, Marschner H, George E. Effect of VA mycorrhizal
fungi and rhizosphere microorganisms on root and
shoot morphology, growth, and water relations of
maize. New Phytologist. 1990; 116:303Lekberg, Y. and R.T. Koids. 2005. Arbuscular mycorrhizal
fungi, rhizobia available P and nodulation of groundnut
(Archis hypogea L.) in zimbawe. Agric. Ecosys.
Environ., 110: 143-148.
Monika K, Fernando AL, Agustin AG, Hans S. Phosphorus
deficiency decreases cell division and elongation in
grass leaves. Plant Physiology. 2006; 141(2):766-775.
Naik MR. Effect of inorganic fertilizers, PSB and VAM
on growth and yield of onion. Mysore Journal of
Agricultural Sciences. 2014; 48(3):460-463.
Nanthakumar S, Veeraragavathatham D. Effect of integrated
nutrient management on growth parameters and yield
of brinjal (Solanum melongena L) cv. PLR-1. South
Indian Horticulture. 2000; 48(1-6):31-35.
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