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ABSTRACT

A pot culture study was conducted to know the effect of individual and combined microbial
inoculants on growth and yield of ginger has revealed that, combined application of
Azospirillum brasilense + Aspergillus niger + Trichoderma harzianum +Glomus fasciculatum
was best in improving the plant growth. Plant height was recorded at 150 DAP. The
maximum plant height was recorded in the plants supplemented with A. brasilense + A.
niger + T. harzianum + G. fasciculatum (T11) (34.33 cm) which was statistically on par with
the treatment (T10) having A. brasilense + A. niger + T. harzianum + P. fluorescens (34.00
cm). The lowest plant height was recorded in control treatment (T12) having no biofertilizer
application (20.00 cm). Control treatment was statistically on par with the treatment (T1),
where in plants were inoculated with A. brasilense alone (21.67 cm). A similar trend was
recorded with respect to number of tillers at 150 DAP. Among all the treatment combinations,
maximum number of tillers were recorded in the plants of treatment (T11) A. brasilense + A.
niger + T. harzianum + G. fasciculatum (8.00 at 150 DAP) which was statistically on par with
next best treatment (T10) having A. brasilense + A. niger + T. harzianum + P. fluorescens
(7.67 at 150 DAP). Lowest number of tillers were recorded in control treatment (T12) (4.00
at 150 DAP respectively). at 150 DAP with respect to production of leaves per plant. Maximum
number of leaves was recorded in the plants supplemented with A.brasilense + A. niger + T.
harzianum + G. fasciculatum (T11) (57.67). The lowest number of leaves were recorded in
the treatment (T12) having no microbial inoculation (30.67). The leaf length, leaf breadth and
leaf area varied significantly between the treatments. Maximum leaf length was found in the
treatment (T11) having A. brasilense + A. niger + T. harzianum + G. fasciculatum (16.73 cm)
followed by treatment (T10) A. brasilense + A. niger + T. harzianum + P. fluorescens(16.60
cm) and (T8) A. brasilense + A. niger + P. fluorescens (16.53 cm). Plants treated with
Abrasilense + Aniger + T. harzianum + G. fasciculatum (T11)showed significantly higher
leaf breadth (2.77 cm) and leaf area (29.99 cm2) compared to other treatments. The lowest
leaf length, leaf breadth and leaf area was observed in control plants (T12) (13.20 cm, 1.93
cm and 16.32cm?2 respectively).Results showed that above tretment combination was found
best in improving the growth of ginger.
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INTRODUCTION

The crop is commercially grown for its aroma, and the rhizomes are
used as spice and for medicinal purposes. It contains up to 5 per
cent starch and 3 per cent volatile oils with zingiberone as the main
component. These essential oils give the spicy fragrance. Oleoresin
found in ginger is an active ingredient which aids in digestion, serves
as anti-flatulence, anti-tussive, laxative and reduce the severity and
duration of chemotherapy for induced nausea [1]. Ginger is widely
used as spice in culinary, as flavouring agent in beverages, pastries,
cookies, cracker and cakes [2]. Among the nitrogen fixing biofertilizers
asymbiotic N, fixer like Azospirillum plays a significantrole in improving
crop growth of many cultivated crops including spices. Azospirillum
brasilense is known to produce several plant hormones like [AA, GA,
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cytokinins and vitamins. Aspergillus niger is a
potential solubilizer of P, K and Zn. It is capable
of transforming insoluble Cu, Cd, Co, Zn, K and Mn
in to soluble form [3]. Pseudomonas fluorescens,
called as plant growth promoting rhizobacteria
(PGPR) is known to improve plant growth and
helps in disease suppression. [4] revealed that
the Trichoderma is a saprophytic, multifunctional
fungi emerging as a potential biofertilizer and as
a biocontrol agent against many plant/soil borne
diseases especially in controlling wilt disease
[5] and nematode infestation in many cultivated
crops. Arbuscular mycorrhizal fungi helps in
translocation of available phosphorus present
in soil to the plant system besides mobilizing
minor nutrients like Fe, Zn, Cu, Mo, S etc,, for the
crop growth. Its inoculation is known to help
the seedlings to overcome transplanting shock,
several root borne pathogens and water stress
during drought conditions. Inoculation with AM
fungi is known to improve plant growth and helps
in saving the application of phosphatic chemical
fertilizer to an extent of 25-50 per cent in different
crops. In recent days, people are inclining
towards organic farming due to awareness of ill-
effects caused by indiscriminate use of chemical
fertilizers and pesticides in crop cultivation and
in turn their residual effects in plant products
resulting in adverse effects on human health. In
this context, the use of biofertilizers and organic
manures is now a day gaining more importance
in crop cultivation to get higher crop yields and
quality produce. In this study, an attempt was
made to screen an efficient integrated nutrient
approach by using individual and combination of
microorganisms to improve the crop growth.

MATERIALS AND METHODS

ThecurrentstudywasconductedattheDepartment
of Agricultural Microbiology, University of
Agricultural Sciences, Bengaluru, with the goal of
comparing the effects of microbial consortiums
on ginger growth to single inoculation.

Bacterial isolates used:

In this study, N fixers and P solubalizers and
mobilizers were isolated from the rhizosphere
soil of ginger-growing areas of Hassan taluk.
The Azospirillum isolates were isolated by
using Dobreiner’'s medium Malic acid:5.0g,
KOH:4.0g, KZHPO4:0.5g, FeSO4.7H20:O.05g,
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MnSO0,.7H,0:0.01g, MgS0,.7H,0:0.1g,
NaCl:O.OZg,CaCIZ:O.O1g,Na2M004:0.002g,
Distilled water:1000ml,Bromothymol Blue:2ml,
Agar:16.0g, Ph:6.6-7.0. Phosphate solubilizers
were isolated by using Pikovskaya's agar
medium contented Glucose:10g, Ca,(PO,),:5g,
(NH4),S0,:0.5 g, KCl:0.2g, MgS0,:0.1, MnSO,
and FeSO,:Trace, Yeast extract:0.5 g, NaCl:0.1g,
Agar:20gforlitofdistilledwater (Pikovskaya,1948).
Trichoderma. sp and Aspergillus niger were
isolated from Potato Dextrose Agar medium
and VAM: Glomus fasciculatum maintained in
the mycorrhizal collection depository of the
Department of Agricultural Microbiology, UAS,
GKVK, Bengaluru was used in the study. The
isolates were characterized by their cultural
conditions, morphological and biochemical
characteristics (Indole production, Methyl red
test, Voges-Proskauer test, Citrate utilization
test, Catalase test, Oxidase test, Starch hydrolysis,
Gelatine liquefaction, H,S production, Acid and
gas production, Casein hydrolysis, Urease test
and Utilization of different carbon sources) using
standard methods [6].

Mass multiplication of microbial inoculants

Lignite used as carrier material for preparation
of powder based inoculum. The pure cultures
of Azospirullum.sp (N fixer) inoculum was mass
multiplied on nitrogen free bromothymol blue
broth. The broth was subjected to mechanical
shaking on a rotary shaker for constant agitation
for uniform mixing of inoculum in the broth
and for fast multiplication of the introduced
microorganism. and Pseudomonas fluorescens
was multiplied on King’s B broth for 10 days and
after attaining the desired population, Aspergillus
niger isolate was grown in potato dextrose broth.
After inoculation, broth was kept for incubation at
28+ 1°Cfor 10 days and was subjected to frequent
shaking on amechanical shaker for uniform mixing
of nutrients for fast multiplication of introduced
fungi. A small quantity of pure culture grown in
a conical flask was inoculated into Trichoderma
specific medium [7-8] and was incubated at 28+1°
Cfor 10 days, onamechanical shaker with frequent
agitation and Glomus fasciculatum maintained
in the mycorrhizal collection depository of the
Department of Agricultural Microbiology, UAS,
GKVK, Bengaluru was used in the study. The air
dried inoculum contained infected root bits of AM
fungi and chlamydospores served as inoculum.
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The amount of inoculum applied to each plant
was 10g which had 12,500 IP/g.

Preparation of pot culture soil

The red sandy loam soil was used as planting
medium and it was collected from an uncultivated
land at UAS, GKVK Bangalore, Karnataka, India.
It was sieved through 2 mm sieve and mixed
thoroughly to get homogenous mixture. Initial
microbial population viz., Bacteria, Fungi
and actinomycetes cfu/gm respectively were
estimated using standard dilution plate technique
and native AM fungi spore count was estimated as
per the procedure. Chemical properties like soil
pH, Electrical conductivity and Organic carbon
were analysed before conducting the experiment.
PVC flower pots with the capacity of 8 kg were
filled with well homogenized soil along with
recommended dose of well decomposed FYM was
applied 8 days prior to planting and were watered
regularly.

Treatment details

The experiment was laid out in a Completely
Randomized Design (CRD) with twelve treatments
and three repetitions comprising of different
combinations of isolated strains nitrogen fixers,
phosphate mobilizers and biocontrol agents.

Treat-

Details
ments

Azospirillum brasilense

[

Pseudomonas fluorescens

N

Glomus fasciculatum

[

Aspergillus niger

N

Trichoderma harzianum

fn

Azospirillum brasilense+ Aspergillus niger

=

Azospirillum brasilense + Aspergillus niger +
Trichoderma harzianum

R EIEIEIEIEE

=

Azospirillum brasilense + Aspergillus niger +
8 Pseudomonas fluorescens

Azospirillum brasilense + Aspergillus ni-
9 ger + Glomus fasciculatum

Azospirillum brasilense + Aspergillus ni-
T, ger + Trichoderma harzianum + Pseudomonas
fluorescens

Azospirillum brasilense + Aspergillus ni-
T, ger + Trichoderma harzianum + Glomus
fasciculatum

T Absolute Control
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RESULTS AND DISCUSSION
Plant growth attributes
Plant height and Number of tillers

The data on plant height as influenced by the
application of microbial inoculants individually
andincombinationat150daysafterplanting (DAP)
in ginger is presented in Table1l.The maximum
plant height was recorded at 150 DAP in the plants
supplemented with A. brasilense + A. niger + T.
harzianum+ G. fasciculatum (T,,) (34.33 cm) which
was statistically on par with the treatment (T, )
having A. brasilense + A. niger + T. harzianum +
P fluorescens (34.00 cm). The lowest plant
height was recorded in control treatment (T,,)
having no biofertilizer application (20.00 cm).
Control treatment was statistically on par
with the treatment (T,), where in plants were
inoculated with A. brasilense alone (21.67 cm).
The maximum number of tillers recorded 150
DAP. Among all the treatment combinations,
maximum number of tillers were recorded in
the plants of treatment (T ,) A. brasilense + A.
niger + T harzianum + G. fasciculatum (6.00,
8.00 at 100 and 150 DAP) which was statistically
on par with next best treatment (T, ) having A.
brasilense + A. niger + T. harzianum + P. fluorescens
(5.67,7.67 at 100 and 150 DAP). Lowest number
of tillers were recorded in control treatment (T ,)
(2.67 and 4.00 at 100 and 150 DAP respectively).
These observations are in conformity with the
earlier works [9-10] who obtained higher number
of leaves, plant height, and more number of tillers
in turmeric plants treated with Azospirillum
sp. In Coleus barbatus also observed that the
plant growth was increased due to noculation of
Glomus fasciculatum and other beneficial bacteria
[11]. Similar results were obtained by [12-13] in
2020 was application of 100% RPP along with
biostimulants had significant effect on yield
parameters, root parameters and yield of maize.
Higher root length, shoot length, root: shoot, yield
parameters like cob length, number of rows per
cob, number of kernels per row and test weight
was higher in T, treatment receiving 100% RPP
along with microbial consortia and 20% algal
extract. Treatment T, recorded significantly
higher grain and Stover yield of 81.67 and 89.79 q
ha-1, respectively. Similarly in [14] 2019 recorded
significantly higher plant height (41.74cm),
number of suckers (11.67cm), number of branches
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(8.33/plant), number of leaves (136.33/ plant),
plant spread (798.27 cm?) in treatment received
microbial consortia.

Table 1: Effect of microbial inoculants on plant
height and number of tillers at different growth
stages of ginger grown under pot culture
conditions.

Treatments Plant height No. of tillers
(cm)

T, 21.67 5.00
T, 22.00 533
T, 23.67 5.67
T, 23.33 5.33
T, 26.00 6.00
T, 26.33 6.33
T, 32.00 7.33
T, 28.00 6.67
T, 28.33 6.67
T, 34.00 7.67
T, 34.33 8.00
T, 20.00 4.00
F-test * *
SEm + 0.68 0.31
CD (at 5%) 2.00 0.93

Table 2: Effect of microbial inoculants on number
of leaves and leaf area of ginger grown under pot
culture conditions

No. of leaves of Leaf area at

Treatments plant after 150 50% growth
days stage(cm2)

T, 38.00 19.06
T, 39.33 20.87
T, 41.00 22.59
T, 39.67 20.89
T, 42.33 22.93
T, 43.33 25.75
T, 50.33 26.80
T, 46.33 28.74
T, 50.00 26.68
T, 56.00 28.76
T, 57.67 29.99
T, 30.67 16.32
F-test * *
SEm =+ 1.22 0.71
CD (at 5%) 3.56 2.10
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Number of leaves and leaf area

At150 DAP withrespectto production ofleaves per
plant. Maximum number of leaves was recorded
in the plants supplemented with A.brasilense + A.
niger + T harzianum + G. fasciculatum (T )
(57.67). The lowest number of leaves were
recorded in the treatment (T,) having no
microbial inoculation (30.67). The leaf length, leaf
breadth and leaf area varied significantly between
the treatments. Maximum leaf length was found
in the treatment (T ,) having A. brasilense + A.
niger + T harzianum + G. fasciculatum (16.73
cm) followed by treatment (T, ) A. brasilense + A.
niger + T. harzianum + P. fluorescens (16.60 cm)
and (T,) A. brasilense + A. niger + P fluorescens
(16.53 cm). Plants treated with A.brasilense +
A.niger + T harzianum + G. fasciculatum (T,,)
showed significantly higher leaf breadth (2.77
cm) and leaf area (29.99 cm?) compared to other
treatments. The lowest leaf length, leaf breadth
and leaf area was observed in control plants (T ,)
(13.20 cm, 1.93 cm and 16.32cm? respectively).

A similar trend was noticed with respect to
production of leaves and number of tillers per
plant [14] and [15].They observed an increase
in plant height, number of leaves and tillers in
turmeric when combined application of 100 %
NPK + 50 % FYM + coir compost + Azospirillum +
phosphobacteria + 3 % Panchagavya was made
to the plants. reported that among different
treatment combinations treatment having
microbial consortia has recorded maximum
plant height, number of leaves, number of vines
and number of flowers of ridge gourd [16-23].
Significant amount of decrease in disease incident

was found using microbial consortia in pigeon pea
wilt [24-25].

CONCLUSION

Microorganisms in agriculture are the best choice
now accessible in comparison to pesticides for
improving crop growth, yield, and quality, as well
as lowering production costs and maintaining
ecological harmony. Although bio-inoculants
alone will not cover a crop’s nutritional needs,
they can minimise usage and improve nutrient
use efficiency, which, combined with plant
growth promotion mechanisms, leads to a rise
in agricultural and horticulture crop growth and
yield. Instead of employing a single inoculation,
microbial consortia produce greater results since
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they interact with one other and with the crop
plant.
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