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ABSTRACT

Plant growth promoting rhizobacteria (PGPR) are a group of beneficial bacteria that actively colonize
rhizosphere and plant roots, besides enhancing plant growth. Phosphate-solubilizing and N-fixing bacteria
were isolated from rhizospheric soil and root nodules of horsegram [Macrotyloma uniflorum (Lam.) Verdc.].
Isolated bacteria were screened for their efficiency. Solubilization of phosphate in broth was highest with
strain D5 (2012), whereas D55 demonstrated the highest nitrogenase activity, response to indole acetic
acid and siderophore production. The isolates D55 (2012) and D55 were identified as Bacillus and Rhizobium,
respectively, using biochemical and molecular methods. Seeds of horsegram were subjected to four different
treatments. Under pot conditions, the treatments were : (i) seeds inoculated with Rhizobium (T1), (ii) seeds
inoculated with Bacillus and soil supplemented with 50 g of tri-calcium phosphate per pot (T2), (iii) seeds
inoculated with Bacillus (T3) and (iv) control (T4). Treatments T1, T2 and T3 significantly improved growth,
yield, chlorophyll content, total protein content of seeds and nutrient uptake by plants, over the control.
The seed yield increased by 105.39, 73.33 and 76.47% in T1, T2 and T3, respectively, over the control.
Compared with the control, in treated plants, maturation period in horsegram was shortened by 15 days,
which suggested that rhizobacteria could be used as potent bio-fertilizers. Treatment of seeds and soil
with Rhizobium culture proved better than that with Bacillus.
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INTRODUCTION

Deficiency in nitrogen limits plant growth, as
it is a major component of proteins, hormones,
chlorophyll, vitamins and enzymes. Inoculation
with plant growth-promoting rhizobacteria
(PGPR) helps fix atmospheric nitrogen through
two mechanisms : symbiotic and non-
symbiotic, and has beneficial effects on plant
growth (Gupta et al., 2015). Besides nitrogen,
phosphorus is also an important nutrient that
plays a significant role in plant growth and
development. It is involved in important
activities, such as cell division, photosynthesis,
breakdown of sugars, and nutrient uptake and
transport (Gouda et al., 2018). There is a large
amount of organic and inorganic phosphorus
present in nature. 90-95% phosphorus present
is in the insoluble, immobilized, or precipitated
forms; therefore, it is difficult for plants to

absorb it (Gouda et al., 2018). About 70% of
phosphate fertilizers are converted into
insoluble complexes, such as calcium
phosphate, aluminum phosphate and iron
phosphate, which get precipitated and
adsorbed to the soil surface. Therefore, even
after a frequent use of chemical fertilizers,
phosphorus (P) is regarded as a limiting
nutrient in agricultural soils. Phosphate-
solubilizing bacteria are known to convert
insoluble soil P to soluble P, which is enabled
by secretion of organic acids, chelation and ion
exchange, thus making P available to plants
(Gupta et al., 2015; Singh, 2018).
The PGPR are a group of beneficial bacteria that
actively colonize the roots and rhizosphere and
stimulate plant growth directly or indirectly
(Gouda et al., 2018). Indirect stimulation of
plant growth includes a variety of mechanisms
by which the bacteria prevent phyto-pathogens



from inhibiting plant growth and development
(Gupta et al., 2015). Direct stimulation may
include providing plants with fixed nitrogen,
phytohormones, siderophores, soluble
phosphate and 1-aminocyclopropane-1-
carboxylate (ACC) deaminase enzyme that can
lower the levels of ethylene in plants (Gupta et
al., 2015).
Rhizobia are symbiotic bacterial partners that
form nitrogen-fixing nodules in legumes. These
bacteria share characteristics with PGPR, infect
and colonize the roots and produce a large
number of molecules, such as auxins,
cytokines, gibberellins abscisic acid,
lumichrome and, riboflavin that promote plant
growth and increase yield (Dakora et al., 2015).
Various species of Bacillus have been studied
for the promotion of plant growth. Phosphate-
solubilizing Bacilli can solubilize insoluble
phosphates in the soil by secreting various
types of organic acids that lower the pH in the
rhizosphere, besides producing phytohormones,
such as indole acetic acid (IAA) (Saxena et al.,
2015; Zahid et al., 2015; Sharma et al., 2019).
Horsegram is an important grain legume and
fodder crop cultivated in dry areas of India as
well as in Sri Lanka, Burma, Malaysia, Africa,
Australia and West Indies (Duke, 2012).
Sprouts of horsegram are being increasingly
included in the human diet, as raw seeds are a
rich source of polyphenols, flavonoids and
protein. Moreover, horsegram also possesses
the ability to scavenge free radicals (Tiwari et
al., 2013). Use of horsegram seeds has also
been shown to be effective in dissolving kidney
stones in human patients (Sharma et al., 2019).
However, the information on the effect of PGPR
on growth of horsegram is quite scanty (Kala
et al., 2011; Singh et al., 2013). Their potential
as bio-fertilizer needs to be assessed to promote
organic farming as well as to enhance crop
production. The limited information on the
performance of horsegram using Rhizobium and
Chryseobacterium species warrants the need
to explore other species of PGPR that may
enhance both plant growth and yield of
horsegram. Therefore, we wanted to identify the
PGPR that colonize the rhizosphere and roots
of horsegram, besides assessing their effect on
overall performance of the crop. The aim of this
investigation was to isolate niche-based novel
strains of rhizobacteria from horsegram and
to test their efficacy as biofertilizers. Our
additional objective was to evaluate the effect

of efficient strains on growth, yield, chlorophyll
content, nutrient uptake by different plant
parts, and proteins in seeds of horsegram.

MATERIALS  AND  METHODS

Phosphate-solubilizing bacteria (PSB) were
isolated from the rhizosphere of horsegram
grown in Bhimtal (29o21′N, 79o24′E; 1346 m
above mean sea level). Soil samples were
collected from different sections of the
rhizosphere of horsegram from a depth of 10-
15 cm and mixed thoroughly to make
composite samples. Serially diluted soil
samples were placed on selective Pikovskaya
medium (Pikovskaya, 1948). The PSB were
visually identified from the formation of a clear
halo zone around their colonies after four days
of incubation at 28±2°C. Six strains of PSB
were isolated and screened for phosphate
solubilization following the method of Subba
Rao (1993). Isolates that formed a
comparatively larger zone of solubilization
were further tested in liquid medium
containing Ca3(PO4)2 as an insoluble source of
phosphorus at a concentration of 5 g/l.
Isolates were grown in 20 ml liquid medium
at 28±2°C for 24 h. After 24-h growth, 100 µl
of culture was transferred to a 250 ml flask
containing 100 ml medium, whereas the
controls were inoculated with 100 µl of broth
without the inoculum. Three Erlenmeyer
flasks per isolate were incubated over a
rotatory shaker at 28±2°C for 10 days.
Samples were collected from each flask at
intervals of 2, 4, 6, 8 and 10 days. Soluble
phosphorus and pH were determined in the
spent medium collected on said days as per
Subba Rao (1993). Organic acids produced by
an efficient PSB were analyzed via gas
chromatography (GC-2010 Plus, Columbia,
Maryland, USA) equipped with a hydrogen
flame ionization detector (FID). Organic acids
were identified by comparing the retention
time of the standards (Sigma, Aldrich, St.
Louis, Missouri, USA).
Symbiotic N2-fixing bacteria were isolated from
the fresh root nodules of horsegram using yeast
extract mannitol agar (YEMA). Plates were
incubated at 28±2°C for 3-7 days. Isolated
typical single colonies were sub-cultured on
freshly prepared YEMA plates to obtain pure
cultures. Isolated four strains were confirmed
as Rhizobium via Congo red dye absorption test,
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ketolactose test, growth on bromothymol blue
(BTB) and growth on glucose peptone agar
(Subba Rao, 2006). Nitrogen fixation of all four
strains was quantified by measuring the
ethylene production using acetylene reduction
assay (ARA). Ethylene was analyzed via gas
chromatography (GC) (GC-2010 Plus,
Shimazdu) using the Rtx® 1MS column
equipped with a flame ionization detector
(Detector Channel 1 FID). The GC was
conducted at an oven temperature of 60oC,
injector temperature of 150oC and detector
temperature of 160oC. The flow of N2 and H2
gases, and air, was maintained at 30.0, 40.0
and 400.0 ml/min, respectively. A 2 µl sample
of ethylene gas was injected and the area of
ethylene was calculated against the standard
ethylene (Sigma-Aldrich, St. Louis, Missouri,
USA). Strains were also analyzed for IAA using
Salkowaski reagent (Gordon and Weber, 1951).
Experiment for the analysis of IAA from each
strain was conducted in triplicates. The mean
IAA value of triplicates for each isolate was
calculated. Quantitative estimation of IAA was
made by spectroscopic absorbance
measurements at a wavelength of 535 nm.
Siderophore production by all four N-fixing
isolates was tested by chrome azurol S (CAS)
assay (Schwyn and Neilands, 1987). The strains
were spread across YEM agar and incubated
at 28°C for 48 h. After incubation, a thin layer
of CAS reagent in 0.7% agar was spread on the
bacterial growth and plates were again
incubated at 28°C for 24 h.
Total genomic DNA was isolated from the
efficient strain of PSB and N-fixing bacteria,
following the method of Sambrook and Russell
(2001) with slight modifications in
centrifugation speed (5000 rpm at 4° for one
hour). Denaturation of the template was carried
out at 95°C for 5 min, followed by 30 cycles at
95°C for 60s, 58°C for 90 s and 72°C for 120 s
and a final extension of 10 min at 72°C.
Amplified PCR products were resolved on 1%
agarose gel and visualized under UV light. The
nucleotide sequence of the purified DNA was
obtained by outsourcing to Eurofins
(Luxembourg, Germany). Sequence analysis
was carried out using NCBI ORF finder program
(http://www.ncbi.nlm.nih.gov/gorf/gorf.html).
Partial 16SrRNA gene sequences of the isolated
PSB and N-fixing strains were submitted to
NCBI, Gene Bank database.

Pot Experiments

For pot experiments, the seeds of horsegram
variety ‘VLG-15’ were obtained from
Vivekananda Parvatiya Krishi Anusandhan
Sansthan, Almora, India. Seeds were surface-
sterilized by immersing in 0.1% solution of
HgCl2 for 3 min and rinsed with sterile distilled
water three times.  Seeds were soaked for 3 h
in respective broths containing 3 × 106 colony
forming units/ml of Rhizobium and Bacillus as
per the treatments, whereas the seeds for
control treatment were soaked in sterile broth.
Earthen pots containing equal proportions of
farm yard manure and soil (1:1 ratio) were used
for sowing seeds. Treated seeds were sown at
12 spots; each spot contained four seeds and
1 ml of efficient inoculum, either Bacillus or
Rhizobium, was placed around each seed. Ten
days after sowing, thinning was done and only
12 seedlings per pot were retained. There were
48 replicates for each treatment. Four
treatments included : seeds inoculated with N-
fixing bacteria (T1), seeds inoculated with PSB
and soil supplemented with 50 g tri-calcium
phosphate (TCP) per pot (T2), seeds inoculated
with PSB (T3) and seeds treated with broth
without bacterial strain served as control (T4).
Among different treatments, the treated and
control plants were examined for growth
parameters (root and shoot length; fresh and
dry weight of plants and number of primary
branches per plant) at 30 and 120 days after
sowing (DAS). From each treatment, including
control, eight plants were randomly selected
for recording data on nodules/plant, agronomic
traits (grain weight/plant, number of seeds/
pod, number of pods/plant, pod length and
1000-seed weight) and biochemical parameters
(nutrient concentration in different plant parts
and protein content of seeds) at the time of
harvest (120 DAS). Eight plants were randomly
selected from each treatment to record the data
on number of days required after sowing for
first flowering and pod maturation.
Chlorophyll a and b, and total chlorophyll in
leaves were determined at 30 DAS. Fresh leaf
discs (500 mg) were cut and placed in a test
tube containing 10 ml of N, N-dimethyl
formamide (DMF) and stored for 24 h at 4°C.
The absorbance was read at 647 and 666 nm
(Labomed, Inc., Los Angeles, CA, USA) with
DMF as blank, as per Moran and Porath (1980).
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Nitrogen (N) and phosphorus (P) in soil and
plant samples were determined at 120 DAS.
Soil used for all treatments, including control,
was regarded as zero-day soil (T0). Soil samples
were collected at the time of harvesting from
the rhizosphere in different treatments dried
at room temperature and passed through a 2.0
mm sieve (Olsen et al., 1989; Subbiah and
Asifa, 1956). The leaf, stem and root samples
were decontaminated by washing in a 0.2%
mild detergent solution, followed by treatment
with 0.1N hydrochloric acid (HCl), and finally
washing twice in distilled water (Bhargava and
Raghupathi, 1993). Samples were air-dried and
powdered separately and passed through a 5.0
mm sieve to obtain homogeneous samples.
Nitrogen in plant samples was estimated via
the Kjeldahl method and phosphorus was
determined spectrophotometrically using the
vanadomolybdophosphoric acid method
(Bhargawa and Raghupathi, 1993). Total
protein content was estimated in fresh seeds
following the Bradford method (Bradford, 1976).
Data were subjected to analysis of variance
(ANOVA) using Crop Stat program for Windows
(7.2.2007.2 module), developed by the
Biometrics Unit, IRRI, Philippines. To declare
differences among treatment means as
significant, 5% probability level was used.

RESULTS  AND  DISCUSSION

In Pikovskaya medium, PSB formed a discrete
halo zone around the colonies. From the
rhizosphere of horsegram, six strains were
isolated and these cultures solubilized
phosphate to different degrees. Among six
isolates, phosphate-solubilizing efficiency was
more than 3.9 and 4.5 fold in G8 and D5 (2012),
respective ly. In solution, phosphate
solubilization by G8 and D5 (2012) was
significantly higher (P0.01) than that of the
control. In G8, phosphate solubilization was
highest on the eighth day (632.7 µl/l), whereas
in D5 (2012), it was highest on the sixth day
(791.7 µl/l) (Fig. 1). A sharp reduction in pH of
the solution on the second day (from 5.57 to
3.79) was observed, with a gradual decrease
up to 10 days (Fig. 2). D5 (2012) demonstrated
the best phosphate solubilization ability in the
medium. Therefore, it was used as inoculums
in horsegram to test its efficiency. Efficient
strain D5 (2012) was further tested for acid
production, as it produced both volatile and

non-volatile organic acids. These were identified
by GC, comparing the retention time of
standards viz., propionic, lactic and citric acids.
The retention time of strain D5 (2012) by GC
analysis demonstrated the presence of both
volatile (propionic) and non-volatile (lactic)
organic acids.
Four strains, MR-1, MR-2, MR-3 and D55 were
isolated from the root nodules of horsegram.
Since Agrobacterium  spp. are common root-
nodule contaminants, along with Rhizobium
spp., 3-ketolactose test was performed to test
for the presence of Agrobacterium. The reaction
involved the oxidation of lactose to form 3-
ketolactose. Presence of Agrobacterium spp. was
diagnosed using this test. All isolates were not
able to oxidize lactose and gave a negative test,
indicating the absence of Agrobacterium sp. as
a contaminant. Isolates did not absorb Congo
red dye when grown on YEMA plates. All strains
were allowed to grow on YEMA medium
enriched with bromothymol blue (BTB) (25 µg/
ml). The appearance of moist and gummy
colonies with surrounding medium was yellow
on account of acid production, which indicated
that they might be Rhizobium. Further, isolates

Fig. 1. Estimation of phosphate solubilized by G8
and D5 (2012) strains in Pikovskaya broth.

Fig. 2. Lowering of the pH of the medium due to
secretion of organic acids by G8 and D5
(2012) strains in Pikovskaya broth.
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were streaked on glucose peptone agar plates
and no colonies were observed, as growth of
Rhizobia is not supported by this medium. All
four N-fixing isolates were analyzed for
measuring the reduction of acetylene via
acetylene reduction assay (ARA), as described
in Materials and Methods. Among the four
isolates, D55 showed the highest level of
nitrogenase activity, whereas MR-2 had the
least activity (Fig. 3). All N-fixing strains were
also analyzed to determine the IAA production.
Among the four strains, D55 exhibited the
highest production of IAA after 48 h of
incubation, whereas MR-2 produced the lowest
amount of IAA (Fig. 3). Of the four N-fixing
isolates screened for siderophore production on
CAS agar, three strains (D55, MR-3 and MR-1)
showed yellow-orange coloured halo around the
colonies. A larger halo was formed around D55

colonies than around MR-1 and MR-3 strains
after 24 h of incubation (Supplementary Fig.).
On the basis of nitrogenase activity, and IAA
and siderophore production, D55 was selected
as an efficient N-fixing strain for the
bacterization of horsegram seeds. Molecular
characterization revealed that D5 (2012)
(Accession No. JQ796784) resembled Bacillus
sp. (Khatri et al., 2016) and D55 resembled
Rhizobium sp. (Accession No. JQ780058).

Plant Growth Promotion

Seeds and soil treated with efficient strains D5
(2012) and D55 were evaluated for different
growth parameters and yield attributes of
horsegram. Effects of Rhizobium (T1), Bacillus
+ TCP (T2) and Bacillus (T3) with respect to
growth (root and shoot length; fresh and dry
weight; number of primary branches/plant and
nodules/plant) are summarized in Table 1 and
yield related parameters (number of pods/
plant; number of seeds/pod; pod length, seed
weight/plant and 1000-seed weight) are
provided in Table 2. The number of days
required for first flowering and maturation of
pods are presented in Table 2. Influence of
different treatments (T1, T2 and T3)  on
chlorophyll content in leaves, nutrient
concentration in different plant parts and
protein content in seeds are given in Table 3.
Physico-chemical properties of the soil collected
from the rhizosphere of treated (T1, T2 and T3)
and non-treated (T4) plants are given in Table
4.
All treatments showed non-significant
differences for root length, except T3, where root
length was significantly higher than that of the
control at 30 DAS. All treatments significantly
improved shoot length; the best treatment was
T1 followed by T2 and T3 (Table 1). There was a
significant increase (2.0-3.0 fold) in fresh and
dry weight of plants in T1, T2 and T3 treatments
as compared with the control (Table 1). At 30
DAS, treatment T3 produced the largest fresh
weight; whereas at 120 DAS fresh weight was
highest with T1. The same trend was observed
for dry weight. The plant dry weight was
increased by 206.8, 115.9 and 113.6% in T1,
T2 and T3 treatments, respectively, over the
control.
In all treatments, the number of branches was
significantly higher than that of the control
(Table 1). Among the treatments, T3 exhibited

Fig. 3. Indole acetic acid (IAA) production and acetylene
reduction assay of N-fixing strains isolated from
the root nodules of horsegram.

Supplementary Figure : N-fixing strains isolated from the
root nodules showing halo around colonies resulting from
siderophore production on CAS (chrome azurol S) agar.
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the largest effect and number of branches was
nearly the same in T1 and T2 treatments. Root
nodules were counted at the time of harvesting
(at 120 DAS). Data presented in Table 2
revealed that T1 and T2 treatments significantly
influenced the formation of nodules. The largest
number of nodules was produced by T1 (3.5
fold higher than the control).
The fewest number of days required for first
flowering was 49.2 DAS in T1, followed by 55.5
DAS in T2 and 55.7 DAS in T3. The number of
days required for first flowering was
significantly less only in treatment T1 as
compared with the control (Table 2). All
treatments significantly reduced the number
of days required for first-pod ripening. First-
pod ripening duration was 76.5 DAS (T1), 76.6
DAS (T2), 77.5 DAS (T3) and 92.1 DAS (T4) (Table
2). All inoculation treatments (T1, T2 and T3)
improved all attributes significantly (P≤0.01) in
relation to the control (Table 2). Pods per plant
were significantly higher in all treatments, but
highest number of pods was obtained with T1,
whereas the number of pods was same in T2
and T3. Pod length, number of seeds per pod
and 1000 seed weight showed a similar trend
(T1>T2>T3). The values for these characters were

highest following bacterization of seeds with
Rhizobium (T1), followed by T2 and T3. Data
recorded on seed weight per plant indicated that
all the treatments had a positive influence on
this trait and trend was T1>T3 >T2. The seed
yield increase was 105.39, 73.33 and 76.47%
in T1, T2 and T3, respectively, over the control.
The highest production was obtained with T1
treatment, which was almost double to that of
the control (Table 2).

Nutrient Analyses

Physico-chemical properties of the soil are
presented in Table 4. Conductivity
significantly decreased in all treatments,
including the control, as compared with the
zero-day soil (T0). The pH, nitrogen (N) and
phosphorus (P) contents of all the soil samples
increased significantly after seed sowing.
Further, pH and concentration of nutrients
(N and P) were higher in T1, T2 and T3
treatments as compared with T4 (control).
Nutrient status of plant parts improved as a
result of the treatment of soil and seeds with
rhizobacteria. The N and P contents of roots,
stems and leaves were significantly higher

Table 1. Effect of different treatments on growth characteristics of horsegram

Treatment DAS T1 T2 T3 T4 SE P 5% LSD
(N=8)

Root length (cm) 30 14.25 14.25 20.25* 14.75 0.7961 £0.05 2.34
120 34.93 49.95 24.63 25.41 12.8133 £0.05 37.7

Shoot length (cm) 30 56.40* 45.50* 41.5* 29.40 1.3829 £0.05 4.1
120 64.61* 51.57* 50.32* 37.61 1.5291 £0.05 4.5

Fresh weight (g) 30 14.86* 12.32* 18.98* 6.99 0.8499 £0.05 2.50
120 70.90* 55.60* 57.3* 25.9 1.6049 £0.05 4.72

Dry weight (g) 30 3.150* 3.22* 3.89* 1.24 0.1633 £0.05 0.48
120 13.50* 9.50* 9.4* 4.4 0.371584 £0.05 1.1

No. of primary branches 30 8.30* 8.00* 11.3* 5.3 0.4091 £0.05 1.2
120 14.30* 15.0* 20.8* 8.3 0.610547 £0.05 1.8

No. of nodules 30 19.00* 10.1* 7.6 5.8 1.0641 £0.05 3.1

*Significant at P=0.05 level.

Table 2. Effect of different treatments on yield and yield related characteristics of horsegram

Treatment T1 T2 T3 T4 SE P 5% LSD
(N=8)

Grain weight per plant (g) 18.699* 15.780* 16066* 9.104 0.359345 £0.05 1.057
1000-seed weight (g) 28.724* 26.774* 25.998* 24.456 0.36678 £0.05 0.490
No. of seeds/pod 6.375* 6.250* 5.875* 4.875 0.166481 £0.05 0.490
Pod length (cm) 7.183* 6.708* 6.529* 5.389 0.10454 £0.05 0.307
No. of pods/plant 73.250* 65.125* 65.125* 52.750 1.32597 £0.05 3.900
DAS 1st pod maturity 76.500* 76.625* 77.500* 92.125 1.04902 £0.05 3.085
DAS for 1st flowering 49.250* 55.500 55.750 56.500 1.19647 £0.05 3.519

*Significant at P=0.05 level.
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(P≤0.01) in all treatments than those in the
control, except P concentration in stems with
T2 treatment (P≤0.05) (Table 3).Total protein
content in seeds significantly increased in all
three treatments. Compared with the control,
protein content in seeds increased by 31.8,
25.4 and 26.8% in treatments T1, T2 and T3,
respectively. Best results for nutrients and
protein content were obtained with T1
treatment (Rhizobium). There was a significant
increase (2.6 to 4.7 fold) in chlorophyll content
of all treatments over the control (Table 4).
Chlorophyll content was highest in T1 and
lowest in T2 treatment.
Studies exist that support the finding that seed
treatment or soil inoculation with PSB promotes
plant growth under field conditions (Jha et al.,
2012; Singh et al., 2013). There are reports
where Bacillus sp. with the ability to solubilize
phosphate and act as growth promoters has
been isolated from the rhizosphere of various
plant species (Saxena et al., 2015; Bilal

Rahmounea et al., 2017; Gouda et al. 2018).
Reduction in pH, which is indicative of
acidification of the culture medium, suggested
that phosphate had been solubilized. Isolated
strain of PSB (Bacillus) produced non-volatile
lactic acid and volatile propionic acid, which
might be responsible for the solubilization of
insoluble phosphorus. Zahid et al. (2015) also
showed a drop in pH of the culture broth with
increased level of soluble orthophosphate,
which indicated the significance of organic acid
production in the solubilization process. The
PSB have been shown to excrete organic acids,
which dissolve phosphatic minerals or chelate
cationic partners of the phosphate ions and
directly release phosphorus in the soil (Singh,
2018).
The bacterization of seeds with Bacillus sp.
used in this study was capable of enhancing
plant growth, yield, chlorophyll content and
nutrient (N and P) uptake in different plant
parts and total protein content in seeds to a
great extent. Under pot culture, the positive
influence of Bacillus on plant growth suggested
that the strain was an efficient rhizosphere
colonizer and that there was a strong
relationship between root colonization, P
uptake and growth promotion. These findings
are in agreement with those of Singh et al.
(2013), who reported positive effect of PSB
(Chryseobacterium sp. PSR10) on agronomic
parameters, chlorophyll content, nitrate
reductase activity and phosphorus content of
horsegram in both sterilized and unsterilized
soils. The present study revealed that the
Bacillus sp. performed very well both in

Table 4. Effect of different treatments on nutrient concentration (120 DAS) and chlorophyll content (30 DAS) in horsegram

Treatment T1 T2 T3 T4 SE P 5% LSD
(N=3)

Nutrients (%)
Nitrogen
Leaves 3.72* 3.16* 3.38* 2.98 0.0119 £0.05 0.041
Stem 3.59* 3.02* 3.16* 2.72 0.0392876 £0.05 0.13
Roots 3.08* 2.79* 2.99* 2.19 0.036119 £0.05 0.12
Phosphorus
Leaves 0.38* 0.32* 0.35* 0.25 0.0081 £0.05 0.03
Stem 0.24* 0.21 0.26* 0.18 0.061285 £0.05 0.06
Roots 0.19* 0.15* 0.20* 0.11 0.012909 £0.05 0.04
Chlorophyll (mg/g FW)
Chlorophyll  a 4.72* 3.50* 3.73* 2.31 0.233482 £0.05 0.81
Chlorophyll  b 5.09* 2.73* 2.82* 1.02 0.196253 £0.05 0.68
Total 4.51* 2.458 2.53* 0.94 0.0167412 £0.05 0.58

*Significant at P=0.05 level.

Table 3. Physico-chemical properties of the soil collected of
rhizosphere of different treatments

Soil sample EC (ms/cm) pH N (kg/ha) P (kg/ha)

T1 0.200* 7.20* 519.3* 508.30*
T2 0.223* 6.70* 489.9* 550.93*
T3 0.430* 7.10* 489.5* 458.43*
T4 0.687* 6.76* 370.4* 329.20*
T0 1.090 6.30 263.3 310.10
SE (N=8) 0.0198466 0.0859587 4.45765 2.03327
P £0.05 £0.05 £0.05 £0.05
5% LSD 0.065 0.28 14.54 6.63

*Significant at P=0.05 level.
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presence and absence of TCP, as evidenced
by the enhanced growth and yield of
horsegram. Improvement by T2 and T3
treatments was identical for certain characters
e. g. dry weight of plant, number of pods per
plant and DAS for first flowering. Treatment
T3 was better than T2 in increasing number of
branches, grain weight/plant, nutrient
concentration (N and P) in plant parts,
chlorophyll content of leaves and total protein
in seeds. Number of root nodules per plant,
shoot length, 1000-seed weight, number of
seeds per pod and pod length were higher for
treatments where PSB were inoculated with
TCP (T2) than for PSB inoculation without TCP
(T3). These findings support the observations
of Jha et al. (2012), who demonstrated
improvement in growth and nutrient uptake
in mung bean after single and dual inoculation
of PSB with and without TCP in P-deficient
soils. Our results corresponded with those of
Saxena et al. (2015), who showed a significant
increase in chlorophyll content, pods per
plant, pod weight and yield of chickpea
following individual and combined inoculation
of Bacillus sp. RM-2 and Aspergillus awamori
S-36. Among all treatments, bacterization of
seeds with Bacillus (T3) showed the highest
concentration of P in stem and root samples;
in soil samples, P was the highest in T2
treatment (Bacillus+TCP). The increase in
available P might be attributable to the
activities of introduced PSB, which might have
dissolved chemically fixed inorganic phosphate
compounds. This might be attributed to
increased amount of soluble P in the soil and
to greater uptake of P by the plants.
The results of this investigation indicate that
N2-fixing bacteria positively affected all
parameters of horsegram as a two-to three-
fold increase was recorded and T1 was found
to be the best treatment. This direct growth-
promotive effect has been shown to involve
plant growth regulators, such as indole-3-
acetic acid and cytokines (Reviewed in Gouda
et al., 2018, Sharma et al., 2019).
Improvement in growth (shoot length,
biomass, number of primary branches and
root nodules), yield (grain weight per plant,
1000-seed weight, number of seeds per pod
and number of pods per plant), chlorophyll
content and nutrients (N, P and total protein)
could be attributable to better colonization of

roots by Rhizobium. Namvar et al. (2011)
observed a positive influence of seed
inoculation with Rhizobium and inorganic
nitrogen fertilization on agronomic (plant
height, number of primary and secondary
branches, number of pods per plant, number
of grains per plant, grain and biological yield)
and physiological traits (chlorophyll and
protein content in grains) of chickpea. The
results of the present study are also in close
conformity with the findings of Bejandi et al.
(2012), who observed that seed inoculation of
chickpea with Rhizobium had a positive effect
on emergence percentage, plant height,
nodulation, maturity time, pods per plant,
grain yield, chlorophyll content and seed
protein. Nitrogenous compounds resulting
from N2-fixation are moved from root nodules
and translocated to the leaves where they are
catabolized and used for the biosynthesis of
chlorophyll and proteins essential for
photosynthesis (Bejandi et al., 2012). Among
all treatments, inoculation of soil and seeds
with Rhizobium  exhibited the highest
concentration of N in the soil and different
plant parts, and the same treatment
influenced protein content of seeds the most.
Nitrogenase enzymes, which occur in N2-fixing
bacteria, are capable of fixing atmospheric
nitrogen. The biological fixation of nitrogen
into ammonia makes it available for synthesis
of nucleotides, DNA, RNA, amino acids and
proteins.
According to Brear et al. (2013) legumes, which
develop a symbiosis with Rhizobium, have
increased demand for iron and it is required
for the synthesis of leghemoglobin and
nitrogenase. Deficiencies in iron can affect
initiation and development of the nodule. In
this way, there is a relationship between
siderophore production and efficiency of
nitrogen fixation by rhizobia. In this study, we
observed a bigger halo around the colonies of
D55 because siderophore production
corresponded with higher nitrogenase activity
of isolate. Both strains isolated from the
rhizosphere and root nodules of horsegram can
stimulate protein accumulation in seeds of
horsegram. Our findings indicate that isolated
rhizobacteria had competitive ability to survive
and affect the growth of inoculated plants in
the presence of indigenous micro-flora in
unsterilized soil.
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CONCLUSION

The use of PGPR to improve the soil fertility
and yield of important crops is a significant
alternative to chemical fertilizers in sustainable
agricultural production. Pot experiments have
demonstrated that D5 (2012) (Bacillus) and D55
(Rhizobium) strains could be used effectively
as PGPR with legumes. The application of these
rhizobacteria proved to be highly effective in
inducing variability in almost all growth,
agronomic and physiological traits of
horsegram. To the best of our knowledge, this
is the first report on the effect of Bacillus and
Rhizobium on the overall growth of horsegram.
We have tested these strains on a non-
leguminous crop (Setaria italica) as well and
their inoculation improved overall performance
of the crop (Khatri et al., 2016). Thus, there is
much scope for the development of possible bio-
inoculants for nutrient-poor soils to enhance
production and nutritive value of crops, and
fertility of soil, especially nitrogen and
phosphorus.
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ABSTRACT
To perpetuate the quality of the food in order to attain the paramount boon and sustenance values there are 

various food preservation techniques. Some of the main targets of food preservation are to produce value-added food 

products, to improve food variation in the diet and to improve agriculture planning. The primary reason of food spoilage 

is due to the broad range of biochemical and chemical reactions. There are some conventional and fundamental 

techniques of food preservation like chilling, drying, pasteurization and freezing in order to slow down or hamper the 

chemical reactions and deterioration of food products by microbes. In the past years, such techniques to encounter food 

spoilage have deliberately transformed to multidisciplinary science. Some advanced technologies such as high-

pressure technology, hurdle technology and irradiation are broadly used to preserve food products. This review focuses 

mainly on the methods, applications of various food preservation methods and have illustrated several chemical, 

physical and microbial aspects that are responsible for spoilage of food items. In this review, we have encountered the 

challenges of food preservation that are faced by the food industry and have mentioned few advanced techniques based 

on such challenges.
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Introduction

Foods are essential components that are consumed 

for nutritious means. The origin of foods is primarily 

from the plants or animals and it comprises of moisture, 

carbohydrate, lipid, minerals, protein and organic 

components. The deterioration of food is mainly due to 

physical, chemical and microbial actions. The texture, 

color, edibility and nutritional values of foods are 

vulnerable to spoilage (Rahman MS, 2007). It is 

necessary to preserve food products in order to maintain 

the quality of the food for a longer duration. Food 

preservation is generally defined as the techniques or 

processes initiated to retain external and internal aspects 

that may lead to food spoilage. The prime aim of food 

preservation is to enhance the shelf life of the food 

products by preserving the texture, color, flavor and its 

nutritional values.

The background of food preservation during the 

ancient times when the primordial group of mankind 

acknowledged the need of preserving the food items after 

the hunt of an animal, that was not adept to consume at a 

time. The first and foremost step during the ancient times 

was to learn and enhance the techniques of food 

preservation to increase the shelf life of the food. The 

primary techniques for preserving food products used by 

mankind from various cultures are mostly the same 

(Nummer BA, 2002). Traditional methods of food 

preservation include freezing, canning, refrigeration, 

pickling, sugaring, fermentation, chilling, drying, 

pasteurization, whereas modern methods of preserving 
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food products are freeze-drying, vacuum packing, 

pasteurization and pascalization. In the interdisciplinary 

science, the technology or methods for food preservation 

has been updated to new techniques namely hurdle 

technology, irradiation and high-pressure technology 

(Blum D., 2012 and Freedman D. H., 2011). The food 

preservation process comprises of growing, harvesting, 

processing, packaging and distributing of food items. 

Therefore, an advanced techniques would be beneficial 

for preserving food products during the processing and 

production phases.

Food preservation process is to control or improve 

the quality of the food by inhibiting the growth of 

microbes that causes food borne diseases, to evade 

rancidity (oxidation of fats) and to sustain the nutritional 

values, flavor, color and texture of the food (

). The 

microbes, enzymes and chemicals found in the food 

mainly leads to the deterioration of the food items. 

During the transportation of the organic food and food 

products from one location to another often causes 

spoilage of food, reduces morphological attraction and 

Sancho-

Madriz M. F., 2003 and Lianou A., et al., 2016

decreases the nutritional benefits of the food. Hence, it is 

necessary to focus on preserving the food for a longer 

duration, and also to maintain the color, texture, stability, 

taste and morphological attraction (

).

In conventional method, the microbes are wiped 

out or killed by boiling the food and to reduce the water 

content, sugar is added to the food product to inhibit re-

growth of microbes, and the food is sealed in a air tight 

container to avoid contamination. The International 

Agency for Research on Cancer accredited by the WHO 

(2015) announced that the use of salt, fermentation, 

smoking and curing in processed meat forms carcinogens 

in the meat.

Several conventional and modern techniques for 

preserving food have been illustrated in this review that 

are considered to lower food poisoning and other diseases 

(Fig. 1). In the present time, food preservation plays an 

important role in fulfilling the shelf life of food products 

and in some developing countries food preserved are 

often obtained during shortage if food. 

Sharif, ZIM et al., 

2017

Fig. 1: Flow chart of commercial aspects of food processing and preservation (Amit et al., 2017)
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Classification of foods

Foods are widely classified based on the shelf life, 

nutrient value, processing and functions.

1. Based on shelf life

Food deterioration is a natural occurring process in 

which the food product slowly loses its texture, color, 

flavor, edibility and nutrient values. Consuming spoilage 

foods often leads to health illness, and in some cases it 

may cause death. Based on the shelf life, food products 

are categorized as perishable, semi-perishable and non-

perishable ( ).

i. Perishable foods: The shelf life of the food items 

vary between days to around three weeks. For 

examples: meats, eggs, milk and dairy products, 

sea-foods.

ii. Semi-perishable foods: The shelf life of such 

foods have a longer duration for about six months. 

For examples: cheeses, potatoes.

iii. Non-perishable foods: Foods classified under 

non-perishable category have an infinite shelf life 

such as processed foods. These types of food 

products can be kept for several years. For 

example: Nuts, canned fruits, dry beans, 

mayonnaise, peanut butter.

2. Based on nutrient values

On the basis of the nutritional values, foods can be 

categorized into :

i. Protein rich foods.

ii. Carbohydrate rich foods.

iii. Minerals and vitamin rich foods.

iv. Fat rich foods.

To sustain the food products, it is necessary to 

enhance the preservation techniques for prolonged use of 

the food and also in concern to the commercial supply. 

Various conventional preservation methods are available 

such as drying (to reduce the moisture content), foods 

stored in vinegar (food items stored under acidic 

conditions inhibits the microbial growth). In some cases, 

due to improper preservation of food products, millions 

of vegetables and fruits undergoes deterioration and are 

not available for consumption during the off season. In 

concern to this, even meat and fish are preserved also 

known as processed foods

Doyle MP, 2009

Microorganisms such as bacteria, yeasts and fungi 

causes food spoilage making it unhealthy for 

consumption. The primary reasons of deterioration of 

food because of the chemical and physical changes in the 

food products are:

1. Presence of microbes like bacteria, moulds, and 

yeats.

2. The enzymatic process that naturally appear in the 

food items.

There are also some non-enzymatic reactions that 

occurs in the food such as mechanical injury (rodents and 

insects) and oxidation process. To improve food security 

and availability of food various food preservation 

methods are used over the years. 

Significance of food preservation

1. Boost the shelf life of the food.

2. Availability and consumption of seasonal foods.

3. Stability in the cost of the food items.

4. Enhances the quality of the food.

5. Maintains the flavor and texture of the food.

6. Stores the nutritious values present in the food.

7. Maintains the original food color.

During the preservation process, a preservative 

agent is required such as sugar, salt, vinegar.

Fundamental of food preservation

1. Interruption of microbial decomposition

i. By evading microbes in order to prevent 

contamination in the food.

ii. Elimination of microbes from the food through 

membrane filtration.

iii. Blockage of microorganisms activity through 

dehydration, refrigeration, chemical preservative 

agents.

iv. Killing the microbes through boiling or irradiation.

2. Detention of self decomposition food product

i. Inactivation of the enzyme activity (blanching).

ii. Preventing the chemical reactions such as 

antioxidant activity.

Few points based on the research about food 

preservation

Roman et al., (2009) reported about advanced 

technologies of food preservation that comprises of pulse 

electric field processing, high pressure processing, cool 
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plasma, UV light processing, and thermal processing. 

Sadat Kamal Amit et al. (2017) mentioned about the 

Malhotra et al., (2015) reported about antimicrobial 

packaging of food products that included technologies 

related to packaging and antimicrobial applications. 

mechanism and commercial conditions of food 

processing and preservation. Harry E. Goresline (1959) 

studied about microbes that were present in the food and 

also reported about certainty of storage food. Sharif et al 

(2017) reviewed about the longevity of the preserved 

food.

Fig. 2: Flow chart of classification of food preservation (Ohlsson T., 2002, Karel M., 2003 and Drake MA et al., 2008).

Methods of Food Preservation

These are the procedure that are used to prevent 

food from spoilage and can increase the shelf life. Fig. 2 

shows different methods of food production that are 

discussed below:

1. Drying

Drying is the one of the effective methods for 

preserving food. During the drying process, the moisture 
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content in the food is reduced thus preventing the 

development of the microbes. Both wind and sun are used 

for drying and applications like Freeze drying, spray 

drying, household broiler are used. Natural occurring 

fruits such as apricots, grapes, apples are few foods the 

are preserved using the drying technique.

2. Freezing

In this method, the food is stored for a long period 
o oand temperatures vary between -10 C to -80 C. During 

the freezing period, most microbes cannot survive, but in 

case any microbe that survived could not multiply. Food 

products in such conditions are required to heat above 75 
oC. In most countries, food preserved by freezing 

technique is usually for long term storage. Some 

processed foods namely waffles made from potatoes are 

stored in freezer but the potato tubers (raw material) are 
o o

kept in a cold room between 0 C to 10 C.

3. Smoking

Smoke acts as an antimicrobial and cancer 

preventing agent and usually fishes and meats are smoked 

and then consumed. Some smoking methods includes 

cold smoking, hot smoking, smoke preparing and smoke 

cooking. 

4. Pickling and salting 

These are called food preservation methods, 

salting which is also called curing that eliminates 

dampness from nourishments like meat it draws moisture 

from meat through osmosis. Pickling is a food 

preservation method for edible antimicrobial liquid, there 

are two types of pickling chemical pickling and 

fermentation pickling. During pickling food is protected 

in brackish water (with salt arrangement) or marinated in 

vinegar (with acidic corrosive) and in Asia, oil is used to 

protect nourishments. Salt executes and restrains 

development of microorganisms at fixation rate of 20%. 

Compound pickling and aging pickling are different 

strategies for pickling. For expanding timespan of 

usability in business pickles sodium benzoate or EDTA 

(Ethylenediaminetetraacetic acid) is added.

5. Sugaring

It is a process of dehydrating food (desiccating) 

then pack it with pure sugar. Sugar is utilized in syrup 

structure to save natural products or in solidified 

structure. Another utilization is for coated organic 

product that gets shallow covering of sugar syrup. The 

fruits or food material to be preserved are cooked in liquid 

sugar or raw sugar until being crystallized and the 

resultant food is dried and preserved. Sugar is similarly 

utilized with liquor to safeguard extravagance 

nourishments like organic product in cognac (kind of 

brandy). 

6. Canning and packaging 

Canning and packaging imply fixing prepared 

food in sterile jugs and jars. The compartment is bubbled 

and these slaughters or debilitates microorganisms. 

Nourishments are cooked for different lengths or time. 

Once the cane or bottle is opened the food can again be 

deteriorated or spoiled.

7. Pulsed Electric Field Processing

Pulsed Electric Field Processing is another method 

for food preservation in which short pulses of electricity 

is used for inactivating microorganisms and have the 

tendency to cause vey less damaging effect on food 

quality and provides high quality food to consumers. This 

technology find to be more superior than traditional 

thermal methods as it reduces harmful changes in 

properties of food.

8. High Pressure Food Preservation

High pressure food protection is a strategy that 

squeezes nourishments inside a vessel by applying 

70,000 pounds for each square inch or a greater amount of 

weight. This incapacitates microorganisms and forestalls 

deterioration; however, food holds its appearance, 

surface, and flavor.

CHALLENGES

Food processing industries are facing various 

challenges which are as follows:

Insufficient Infrastructure Facilities :

As per the review the insufficient infrastructure 

that is that the biggest block in increasing the food process 

industry, including investment and exports i.e. long and 

disjointed offer chain, inadequate cold storage and 

repositing facilities and transportation. It lacks modern 

supplying infrastructure includes supplying parks, 

integrated cold chain, last mile connectivity, dependence 

on road over rail, tailored transportation, RFIDs and 
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barcoding as a technical enhancement and government 

support which is much needed.

Absence of policy and laws on food processing sector :

There is no comprehensive national level policy on 

food processing which contains tax breaks for this sector 

and can adopt several measures in terms of promotion, 

legislation. The review shows this is the second most 

important issue hampering Industry's growth. Food 

industry in India is ruled by different acts instead of one 

comprehensive act at state level as well as central level 

this led to illogicality and discrepancy in food sector 

regulation. The review identified food safety laws is the 

third important factor hindering food Industry's growth.

Lack of training in the food processing workplace :

According to survey done by FICCI it is showed 

that the lack of adequately trained employees and staff 

impacting the Indian food business because they did not 

match the specific skills required for a particular task in 

the food processing industry which result to low rates of 

production, low quality food products.

Top Challenges that are faced by the food processing 

industries :

Conclusion

· Insufficient infrastructural facilities

· Comprehensive national level policy on food 

processing sector

· Food safety Laws

· Discrepancy in central and state policies

· Accessibility of skilled manpower

Apart from the above major challenges hindering 

the growth of food industries, the respondents also 

identified constraints in raw material production, 

taxation, access to credit, processing plants with outdated 

technologies, lack of applied research etc. as other major 

challenges for the growth of food processing industries.

Since the center Ages, process of food preservation 

is applied all around the world. It is believed by ancient 

people that if any dirty garments are left in an exceedingly 

corner, there is a possibility for the growth of rats therein 

place. In these times, individuals failed to knew 

concerning germs or microorganism for particular 

disease caused by food. Today, germs and microorganism 

area unit wide referred to as unsafe and hugely risky. 

Individuals are highly dependent on refrigerators and 

freezers in our day to day life. Various ancient ways were 

defined to preserve meats, fruits, and vegetables for a 

protracted time, and these are the process to keep them off 

from microorganism. Once experiencing the processes of 

food preservation, it absolutely was discovered that it's a 

fun, enjoyable, and funky method. It absolutely was 

learned that specific or acceptable utensils and cookery 

"machines" might improve food quality and period by 

many procedures.

There is a significant change in food processing 

industries over the past few years. Along with this, food 

packaging is equally important for keeping the food fresh 

and suitable for eating. Primarily industries faces various 

problems during food processing but they overcome 

through numerous outstanding approaches by following 

proper laws and orders. 

If the suitable instrumentality is employed, the 

outcomes will also be in purest form and can be utilized 

by consumer without any health problems. Food 

preservation is essentially the appliance of sanitation, 

hygiene, cleanliness within the food to avoid its 

contamination with microorganism. By non-time 

overwhelming and easy steps, one can enrich the flavour 

of foods, maintain them clean, and build them last longer.
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Abstract: Banking Sector is swiftly adopting new technologies to satisfy customers need by 

providing them new products and schemes. Digital India Campaign by the Government in 2015 is 

the beginning of India’s digital economy which enables the Indian banking sector to adopt latest 

technologies to simplify the banking system. Digitalization in today’s world becomes a need of hour 

in all sectors for any successful economy and development of society. The main objective behind this 

paper is to examine and analyze the awareness about Fintech in banking sector and different 

innovative technology in banking sector. For this study both primary and secondary data has been 

used. This will also focus on challenges and opportunities in banking sector. 

 

Keywords:  Digitalization, Fintech, Banking, Innovative and Customers. 

 

Introduction 

With the emergence of new technology the banking sector is rapidly adopting new to technologies to 

draw the attention of customers towards attractive bank products and various schemes. Indian 

banking system follows global banks but today India works on one agenda that is to provide banking 

services in time bound manner with latest technologies. In simple term Fintech means to provide 

financial services by using latest technology like Artificial Intelligence, Specialized Software, Big 

Data and smart phones to understand the customer needs.From decades Indian banking system 

follows traditional way of functioning. Fintech are now modifying the role by providing digital 

technologies in an economically feasible manner. The use of smart phones for    mobile banking 

investing in digital currencies are some examples of technologies that offer financial services to 

general public .The use of different apps for cashless transactions, Adhaar Card, KYC  are some of 

technology that accelerates the growth of digitization of banking in India. India has highest Fintech 

adoption rate globally of 87% which is significantly higher than the global average of 64%1. 

24.57% 

CAGR of Fintech market size in 2005 

25% 

 Growth in number of deals from 2021 H1 as 

compared to 2018 H1 

37% 

CAGR in growth in Digital payments 

transactions from F19-21 

29% 

Highest Expected ROI On Fintech payments 

globally 

Source: Investia.gov.in.  

Initiatives by Government for Fintech Revolutions 

 Jan Dhan Yojna has been aimed at increasing financial inclusion in India by helping in new 

bank account for benefitting direct benefits transfer and accessibility of financial services. 

 Financial Literacy is the possession of the set of skills and knowledge that allows an 

individual to make informed and effective decisions with all of their financial resources. 

 E-RUPI is seamless one –time payment mechanism enable users to redeem the voucher 

without a card, digital payments app or internet banking access, at the merchants accepting 

UPI E –Prepaid vouchers. 

 India Stack is aimed at building public platform to promote public and private digital 

initiatives. 

 ADHAAR Enabled Payment System allows individuals to conduct financial transactions on a 

Micro-ATM by furnishing their ADHAAR number and verifying it with the help of finger 

print. 

mailto:bushra17mateen@gmail.com
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New Age Innovations 

 Robotic Process Automation: with robotic process automation bankers can make quick, large 

scale and quality decisions by predicting customers’ actions. It does repetitive tasks without 

human intervention in a more efficient manner. 

 Cloud Computing :Cloud Computing is an important instrument in delivering services and helps 

bank in finding new business opportunities and access to new distribution channels. It also 

secures online payments, digital money transfers, wallet payments etc. 

 Cyber Security: with the increase use of technology in banking, cyber risks are also rising with 

the increase use of technology in banking, cyber risks are also raising. Banks are becoming more 

alert concerning about cyber security.   

 Biometrics: Through biometrics customers can pay within seconds by simply verifying their 

identity through their finger and faces. 

 Wearable Smart watch: These give customers a unique digital payments experience. A rapid rise 

in their usage amongst the Millenial and Gen-Z generation will surely revolutionize the digital 

Payment arena.  

 Zero Trust Security Model: Banks and customers are losing their trust in old IT models. Zero 

trust security models are the way to deal with the growing cyber risk. It ensures strict adherence 

to the user and device authentication across network without relying on implied trust. 

 
Source: www.statista.com 

        The data given above shows the value of digital transaction in Trillion Indian Rupees in 

financial Year 2021 and 2021, with estimates until 2026.Ith shows that there is a continuous increase 

in digital transactions in 2021 it was 42 which rose to 60 in 2021. In further year there is a 

continuous increment in number of digital transactions. This shows that in future customers will 

switch to cashless transactions which will help in making India digitally empowered. 

 

Objectives – 

The objective of the Study 

Primary Objective to study the relationship between demographic variables with awareness and 

knowledge about financial technology among students of higher educational institutes in        

Govt.P.G.College Ranikhet (SSJ University Almora 

1) To study awareness about fintech in the banking sector. 

2) To study the impact of different age groups on fintech services 

3) To suggest opportunities and threats in fintech services. 

4) To give suggestions for betterment. 

 

Review of Literature 

 P.Krishna Priya, K. Anusha (2019) Fintech Issues and Challenges in India the article focuses 

on the basic types of financial technologies and their functions and also discusses the opportunities 
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and challenges it has in the Indian business environment. Observing the pace of fin techs’ 

emergence, the fact that India has enormous entrepreneurial potential cannot be denied. Around 

1500 FinTech start-up firms are operating in India, and of these, nearly half were started in the past 

two years. Both technically and financially the fintech firms need to be groomed well. We can see a 

majority of successful start-ups in the payments space and it is expected the same with the other 

financial segments as well. The Fintech industry needs to be encouraged further with different 

initiatives by the government and other regulatory bodies 

Dr.P.Rajeswari, Dr.C.Vijai (2021) - Fintech Industry in India: The Revolutionized Finance 

Sector This research paper analyses the Fintech Adoption, Fintech News Network, Indian Fintech 

Industry Structure, Fintech Start-up in India, and Fintech Trends in India. This study provided an 

overview of the Indian Fintech Industry, and government-supporting initiatives in the fintech 

industry their performance in today’s scenario. Fintech offers consumers faster financial services 

and products. Therefore, the fintech industry development is necessary for both the global and 

Indian financial sectors. Fintech technologies that are developing shortly in the financial sector 

Kavyashree M,(2021)-Fintech Industry in India: The Digital Transformation of Financial Services 

The world is changing rapidly with the advancement in technology. Its impact can be seen in the 

financial sector as well. Money is also increasingly becoming digital or electronic with the advent 

of e-wallets and mobile wallets. The word ‘FinTech’ is an amalgamation of financial services and 

information technology. Emerging as a term referring to the technology used by large financial 

institutions, it has expanded to include technological innovation in the financial sector, including 

innovations in financial literacy and education, retail banking, investments, etc. However, the 

interlink age of financial services and technology has a long history with three different eras. The 

first is the analog Context second is the digitalization of finance in the late twentieth century and 

the present era of digital transformation. We analyze the FinTech industry in India and the future of 

financial services. 

Malini A, Dileep G Menon (2017) The goal of the paper is to identify ten important innovative 

solutions in the banking sector and analyze them in the context of assumptions of the paradigm of 

relationships and features of product orientation related to technology. Banking is a rapidly 

changing industry. The biggest paradigm shift that has occurred is the digitalization of banks which 

aim at providing customers with a broad scope of benefits. Technology-based innovations will be 

the key determinant in offering diversified and customized banking services to their varied 

customer portfolios, at a reduced cost. Even if it is convergent with the assumptions of the paradigm 

of relationships, it should be indicated that some banking products are based on advanced solutions 

that may surpass real market demands. We examine the development of technology in the banking 

sector. 

Khurana N (2018)- A Study of Impact of Financial Technology on Banking Sector in India. 

Traditional Banks and Financial Institutions have noticed technology as the potential to empower 

business propositions, rather than originating new business propositions themselves. Financial 

Technology (FinTech) Companies however are modifying that role by gratifying digital 

technologies to establish new business propositions and target new market segments which 

precedent were not possible. Even, RBI is enabling the development of the Fintech sector to 

multiply the reach of banking services for the unbanked population. FinTech is progressively 

becoming a foremost center of attraction for all the key stakeholders in the India Financial Services 

industry – Regulators, Traditional Banks, NBFCs, Payment Banks, Investors, Payment Service 

Providers, Broking, and Wealth Management Companies, Insurance providers, and pure-play 

FinTech players. So, the impetus of this paper is to confer on various facets of Fintech in India 

        Kukreja G, Bahl D, Gupta R- This chapter covers the development, opportunities, and 

challenges of financial sectors because of new technologies in India. This chapter throws the light 

on opportunities that emerged because of demographic dividend, high penetration, access to the 

latest and affordable technology, affordable cost of smart phones, and Government policies such as 
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Digital India, Startup India, Make in India, and so on. Lastly, this chapter portrays the untapped 

potential of Fintech in India. 

Kavuri, A. S., & Milne, A (2018) new financial technologies (Fintech) have erupted around the 

world. Consequently, there has been a considerable increase in the academic literature on Fintech 

over the last five years. Research tends to be scantily connected with no coherent research agenda. 

Sign - cant research gaps and important questions remain. There is much work to be done before 

this area becomes an established academic discipline. 

Thakor, A. V (2019) this paper is a review of Fintech and its interaction with banking. Included in 

Fintech are innovations in payment systems (including crypto currencies), credit markets (including 

P2P lending), and insurance, with block chain-assisted smart contracts playing a role. Allen et. Al 

(2020) Fintech, particularly the block chain, has the potential to be disruptive to financial systems 

and intermediation. Our aim in this paper is to provide a comprehensive Fintech literature survey 

with relevant research studies and policy discussion around the various aspects of Fintech. 

Anjan V. Thakor This paper is a review of the literature on Fintech and its interaction with banking. 

Included in Fintech are innovations in payment systems (including crypto currencies), credit 

markets (including P2P lending), and insurance, with Block chain- assisted smart contracts playing a 

role. 

Goswami S, Sharma R.B., Chouhan V (2022) this paper investigates the critical success factors 

influencing the adoption of disruptive financial technology for financial inclusion in rural India. 

Present research empirically measures the impact of technology in promoting entrepreneurship in 

under-developed regions for future adoption of financial technology in rural areas. 

Fintech in India A global growth story Joint publication by KPMG in India and NASSCOM 

10,000 Start-ups focus through this report is on the seven key themes, which are creating 

transformational waves across the financial ecosystem in India. These fintech Themes serve a dual 

purpose. While they help financial institutions renovate their back-end processes and provide a 

competitive edge, they also offer customers a smooth user experience, unexplored value-added 

services, and an interactive marketplace. Some of these themes such as next-generation payments and 

financial inclusion are quite mature in India in terms of fintech start-up ecosystems, government 

regulations, and steps taken by the incumbent market participants. While P2P lending, Robo 

advisory, Bank in a Box, security, and biometrics are striding fast towards mass-market 

implementation, blockchain has just marked its entry with a promising future in the financial 

services arena. 

Allen et. al (2020) FinTech, blockchain, in particular, has a great potential to be disruptive to 

financial systems and intermediation. This Research paper aims to provide a comprehensive Fintech 

literature survey with relevant research studies and policy discussion around the various aspects of 

Fintech. 

Sullivan B. Winesett (May 2019) FinTech continues to grow in the banking sector, it is important 

to understand the strategies of startups from both a traditional bank perspective and the perspective 

of startups themselves. By understanding the risks and advantages that affect both sides in different 

parts of the world, the two can decide the best way to continue operations into the future. 

Ms.K.Alameleu (1996) suggested that banks should become technology friendly by investing in 

technology a bank can carve a niche for itself. Well-furnished premises are a must for the 

satisfaction of both employees and customers. Professionalized. Well-trained and motivated 

employees will improve the marketability of a bank.’” 

Leblanc G (1990) studied customer motivations towards the use and nonuse of an Automated 

Teller Machine (ATM) for customers of a financial institution. An analysis of results based on 

demographic variables revealed significant differences between users and nonusers in terms of 

education only. Results also show that the convenient accessibility of a financial institution and 

avoidance of waiting lines is the principal reasons for using the automated teller. 

         Goel M (2013) Technology had changed the way people obtain financial services. It has also 
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saved time and money allowing people to conduct banking efficiently. Technology has helped 

banking transform from bulk paper and waste to paperless communication and means of transferring 

funds. The technology evolved includes telephone banking (telephone technology), credit cards, debit 

cards (money transfer technology), electronic money, and automatic teller machines. 

IMF Working Papers, Yoke Wang Tok and Dyna Heng (2022) These findings imply that 

Fintech alone may not be sufficient to close the gender gap in access to financial services. Fintech 

development may need to be complemented with targeted policy initiatives aimed at addressing the 

gender gap directly, and at changing attitudes and social norms across demographics. This paper 

draws three conclusions. First, Fintech has a positive correlation with financial inclusion, and the 

correlation is greater when digital financial inclusion measures are used as compared to traditional 

measures. Second, Fintech has played a positive role in bridging the digital access gap between rural 

and rich-poor populations. Third, Fintech does not correlate with the gender digital gap. 

Jagpat M.(2018) The banking landscape is changing. In new wave. Technology is revolutionizing. 

The way customers interact. Interact with their finance. From social. Mobile capabilities. Banks are 

Reconsidering. There way. Doing business to offer a better customer experience and remain 

competitive. By looking at the scenario, exiting now in India. One can find that people are now 

taking more and more advantages of the digitalization in case of banking. Traditionally, banking 

practice used to focus on protecting posts, rather than understanding how best to delight its customers 

in recent. In recent times, banks are keen to become more customers centric with the help of 

digitalization. Indian banks are now not only getting more customers but also delivering Top-notch 

Service As efficiency counts as well. 

Vasiljeva and Lukanova (2016) state that “FinTech is an industry-oriented toward arranging 

financial services for private individuals and industries to provide customer- oriented solutions most 

efficiently and at the lowest cost possible, ensuring this via innovation and technology” 

Dr. Disha Mehta (2021) this paper focuses on customers’ responses concerning adoption, 

inclination, and attitude toward FinTech technologies. Research has been supported by a survey 

from a wide variety of retail customers of financial products and services, and also based on a 

thorough assessment of the literature. Key research gaps have been covered with questions that could 

form the basis of academic study on fintech in India as less number of users of FinTech are there as 

of now and people like to access financial services through mobile. Customers are interested in 

using FinTech services like Robo advisors and online lending. FinTech should work on these 

services where other financial services are not up to the mark. Fast services, easy accessibility, and 

cheap service are the major factors contributing to the use of FinTech by customers. 

Tomasz kurczyk (chief digital and transformations officer, AXA)- Financial Literacy and Risk-

awareness many of unbanked households are low-income families living in remote, rural 

areas. As FinTech moves towards a new era, inclusive FinTech – FinTech for financial 

inclusion – is bridging the banking gap in underserved regions and proving a game-changer 

for traditional banking. However, once these individuals overcome learning gaps, they can 

take accountability for their finances, stay aware of their risks, and use money as a tool for 

economic development. As it those are significant barriers for product adoption and growth, 

inclusive FinTech companies are vested in experimenting with a variety of strategies to 

provide financial education, raise risk awareness, and achieve financial inclusion on a large 

scale. 

Saniya Sameer Paddalwar, Dr. Lakshmi.P (2022) The FinTech industry has been a boom in the 

financial sector of India and will continue to contribute to the growth of the Indian economy in 

terms of National income, GDP, Employment opportunities, and much more. Due to the Covid-19 

Pandemic, the Indian economy had taken a hit, which resulted in the ambiguous contribution of the 

FinTech industry to the Indian economy. The FinTech industry will continue to grow exponentially 

over the next five years.  

Gozman and Willcocks (2018) - Risk and regulations There’s a framework theory for deciding 



 

 

Dogo Rangsang Research Journal                                                        UGC Care Group I Journal 

ISSN : 2347-7180                                                                      Vol-12 Issue-10 No. 03 October 2022 

Page | 190                                                                                            Copyright @ 2022 Authors  

when to engage strategically with, or avoid Cloud technologies. This helps executives balance the 

need to innovate with the need to manage compliance risk and then detail emerging effective 

practices for managing Cloud based innovation on a sustainable basis. 

Junger and Mietzner (2019) A household's level of trust and comfort with new technologies, 

financial literacy, and overall transparency Households with low levels of trust, good financial 

education, and preference for transparency are characterized by a higher probability of adopting 

FinTech. In contrast, household price perceptions do not appear to significantly impact switching 

probability. 

Susilo et al (2019) User acceptance It is actually harder to identify the basic role of factors that will 

contribute to user decisions, especially for applications that they do not have to pay. In other words, 

we cannot identify user judgment prefer one over than other using the basic Technology Acceptance 

Model (TAM) model. It is important to find out the other factors to include in the basic model of 

TAM. 

Digital payment adoption in India (2020) this article is A high-quality push towards empowering 

users (as opposed to extolling product features or generic advantages of digital payments), with 

specific “how to use” knowledge, helplines for learning as well problem-solving and safeguard 

features that help the user ‘stay safe’, can make India race towards being a less-cash society. It is 

today well past the early adopter stage and the mainstream majority is adopting it. What is even more 

heartening is that the lower income group is also a part of this movement to digital. 

 

 Research Hypothesis 

 There is no association between awareness of fintech and gender of respondents. 

 There is no association between awareness of fintech and education level of respondents 

 There is an association between awareness of fintech and education level of respondents 

 

1.10- Research Methodology 

The universe of the study consists of the students of higher educational institutes in 

Govt.P.G.College Ranikhet (SSJ University Almora) in various age groups. This research study is 

only based upon descriptive research designs where the researcher has no control over the 

variables; we can only report what has happened.The proposed study is conducted on the 

awareness and knowledge among students of higher educational institutes in Govt.P.G.Collage 

Ranikhet(SSJ University Almora). A convenient sampling method has been used as a sampling 

design and data is collected from primary sources through survey questionnaires. The type of data is 

primary data collected through questionnaire. For the present study 100 respondents were selected 

in Govt.P.G.Collage Ranikhet (SSJ University Almora) various tools and techniques have been 

used for the analysis by using Chi- Square Test and MS EXCEL. 

A self-developed questionnaire was used to gather primary data from 100 respondents. 

Table 1.1- Sample design 

 

Criteria Categories Frequency % 

Age a) 16-20 48 48% 

 b) 20-25 44 44% 

 c) Above 25 8 8% 

Gender a) Male 60 60% 

 b) Female 40 40% 

Stream a) Commerce 45 45% 

 b) Science 30 30% 

 c) Arts 25 25% 

Education Level a) Graduate 60 60% 

 b) Post Graduate 40 40% 
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Results and Discussions 

 Are you familiar with the term FinTech? 

Table - familiar with fintech 

Response Frequency Percent 

Yes 24 24% 

No 76 76% 

Total 100 100% 

The Table shows the frequency of respondents familiar with the term FinTech. According to data 

20(20%), respondents were familiar with the term of fintech and 80(80%) respondents were not 

familiar with the term fintech. 

 
H0 – There is no association between awareness of fintech and gender of respondents . 

Table - Observed Frequencies 

 Male Female Total 

Yes 15 (AB) 9 (aB) 24 (B) 

No 39 (Ab) 37 (ab) 76 (b) 

Total 54 (A) 46 (a) 100 (N) 

                                                                              Table 4.4- Chi-Square Calculation 

 fo Fe (fo-fe) (fo-fe)2 (𝒇𝒐 − 𝒇𝒆)𝟐 

[ ] 

𝒇𝒆 
AB 15 12.96 2.04 4.1616 0.321111 

Ab 39 41.04 -2.04 4.1616 0.101404 

aB 9 11.04 -2.04 4.1616 0.376957 

Ab 37 34.96 2.04 4.1616 0.119039 

     𝝌𝟐 =0.91851 

The calculated value of Chi Square 0.91851 is less than the table value (3.841) at 5% level of 

significance and 1 degree of freedom. Hence the null hypothesis is accepted and it may be 

concluded that gender and awareness regarding fintech are not associated. 

Hypothesis 2 

 There is no association between awareness of fintech and stream of study of respondents 

Table - Observed Frequencies 

 Commerce Non- Commerce Total 

Yes 13 11 24 

No 32 44 76 

Total 45 55 100 

Table - Expected frequency 
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 Male Female Total 

Yes 10.8 (AB) 13.2(aB) 24 (B) 

No 34.2 (Ab) 41.8 (ab) 76 (b) 

Total 45 (A) 55 (a) 100 (N) 

 

Chi Square Calculation 

 fo Fe (fo-fe) (fo-fe)2 (𝒇𝒐 − 𝒇𝒆)𝟐 

[ ] 

𝒇𝒆 
AB 13 10.8 2.2 4.84 0.448148 

Ab 32 34.2 -2.2 4.84 0.14152 

aB 11 13.2 -2.2 4.84 0.366667 

ab 44 41.8 2.2 4.84 0.115789 

     𝝌𝟐 =1.072125 

The calculated value of Chi Square 1.072 is less than the table value (3.841) at 5% level of 

significance and 1 degree of freedom. Hence the null hypothesis is accepted and it may be concluded 

that stream of study and awareness regarding fintech are not associated. 
 

Hypothesis 3 

H0 – There is no association between awareness of fintech and education level of respondents 

Table - Observed Frequencies 

 Graduation Post-Graduation Total 

Yes 14 10 24 

No 48 28 76 

Total 62 38 100 

 
 Expected frequency 
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 Male Female Total 

Yes 14.88 (AB) 9.12(aB) 24 (B) 

No 47.12 (Ab) 28.88 (ab) 76 (b) 

Total 62 (A) 38 (a) 100 (N) 
 

10 Chi Square Calculation 

 fo Fe (fo-fe) (fo-fe)2 (𝒇𝒐 − 𝒇𝒆)𝟐 

[ ] 

𝒇𝒆 
AB 14 14.88 -0.88 0.7744 0.052043 

Ab 48 47.12 0.88 0.7744 0.016435 

aB 10 9.12 0.88 0.7744 0.084912 

Ab 28 28.88 -0.88 0.7744 0.026814 

     𝝌𝟐 =0.180204 

The calculated value of Chi Square 0.1802 is less than the table value (3.841) at 5% level of 

significance and 1 degree of freedom. Hence the null hypothesis is accepted and it may be 

concluded that education level and awareness regarding fintech are not associated. 

 Fintech products and services easy to use? 

Table - Easefulness’ of Fintech 

Response Frequency percent 

Agree 38 38% 

Strongly agree 16 016% 

Disagree 18 18% 

Strongly disagree 5 5% 

No opinion 23 23% 

Total 100 100% 

 
The table shows the fintech product and services easy to use for respondents. According to data 

38(38%), respondents agree to the fintech product and services easy to use, 16(16%) of 

respondents are strongly agree to the fintech product and services easy to use, 18(18%) of the 

Respondent disagree to the fintech product and services easy to use,5(5%) of the respondent are 

strongly disagreed to the fintech product and services easy to use and 23(23%) of the respondent are 

no opinions. 

 

 Fintech products and services are beneficial? 

Table - Usefulness of Fintech 

Response Frequency Percent 

Agree 37 37% 

Strongly agree 14 14% 
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Disagree 25 25% 

Strongly disagree 8 8% 

No opinion 16 16% 

Total 100 100% 

The table show the fintech product and services are beneficial of the respondents. According to the 

data 37(37%) of respondents are agree, 14(14%) respondents are strongly disagreed,25(25%) 

respondent are disagreed,8(8%) respondents are strongly disagree and 16(16%) respondent are no 

opinion. 

 
 Fintech services are better than traditional banking? 

Table - Relative usefulness of Fintech 

Response Frequency percent 

Agree 36 54% 

Strongly agree 13 35% 

Disagree 19 8% 

Strongly disagree 8 3% 

No opinion 24 0% 

Total 100 100% 

The table show the fintech services are better than traditional banking.36(36%) respondents are 

agree,13(13%) respondents are strongly agree,19(19%) respondents are disagree,8(8%) 

respondents are strongly disagree and 24(24%) respondent are no opinion. 

 
 Do you Know about crowdfunding? 

Table - Awareness regarding crowdfunding 

Response Frequency percent 

Yes 21 21% 

No 79 79% 

Total 100 100% 

The table show the do you know about crowdfunding. According to the data 21(21%) respondents 

are yes and 79(79%) respondents are no. the conclude tha data majority of respondent not about 

crowd funding. 
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 Do you Know about artificial intelligence (AI) and its usage in banking and 

finance? 

Table - Awareness regarding AI 

Response Frequency percent 

Yes 22 22% 

No 78 78% 

Total 100 100% 

The table show Do you know about artificial intelligence and its usage in banking finance. 

According to the data 22(22%) respondents are response to yes and 78(78%) respondents are 

response to no. 

 
 Do They have any FinTech apps on their smartphone such as Paytm, PhonePe, 

Google pay? 

Table - Usage of Fintech Mobile Application 

Response Frequency percent 

Yes 81 81% 

No 19 19% 

Total 100 100% 

Tha table show do they have any fintech apps on their smartphone such as paytm, phonepe, 

google pay. According to data 81(81%) respondent are response is yes and 19(19%) respondents 

are response no. tha conclude the data majority of respondent use paytm, phonepe, and google pay 

 

 
 How frequently do you use or practice the fintech method in your daily business? 
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Table 4.17- Usage of Fintech in daily life 

Response Frequency Percent 

Frequent 35 35% 

Sometimes 40 40% 

Rare 25 25% 

Total 100 100% 

The table show is how frequently do you use or practice the fintech method in your daily 

business. according to data 35(35%) respondents are frequently use fintech ,40(40%) respondents 

are sometimes use fintech and 25(25%) respondents are rare use fintech. 

 
 If you Ever practiced. Fintech in your daily life, in what Aspect Do you use the 

most? 

Table - Various means of using fintech 

Response Frequency Percent 

Mobile payment 78 78% 

Investment 13 13% 

Wealth management 0 0% 

Crowdfunding 2 2% 

Never practice 7 7% 

Total 100 100% 

The table show If you ever practiced. Fintech in your daily life, in what Aspect Do you use the 

most. According to data 78(78%) respondents are practiced mobile payment, 13(13%) 

respondents are practiced investment ,0(0%) respondents are practiced wealth management, 

2(2%) respondents are practiced crowdfunding and 7(7%) respondents are never practice 
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 What is the influence or attractiveness of using FinTech applications? 

Table 4.19- Reasons for using fintech Mobile Applications 

Response Frequency Percent 

Easy and smart 47 47% 

Less cost and save time 42 42% 

Reword and cash point 13 13% 

Total 100 100% 

The table shows the what is the influence or attractiveness of using FinTech. According to data 

47(47%) respondents are response to easy and smart, 42(42%) respondents are response to less cost 

and save time,13(13%) respondents are response to reword and cash point. 

 
 Why did you not practice the FinTech application? 

Table - Reasons for not using fintech mobile application 

Response Frequency percent 

Lack of knowledge 47 47% 

Default and have no internet 

connectivity 

33 33% 

No interested to use 8 8% 

Other 12 12% 

Total 100 100% 

The table show the why did you not practice the fintech application. according to data 47(47%) 

respondents are response to lack of knowledge, 33(33%) respondents are response to default and 

have no internet connectivity, 8(8%) respondents are response to no interested to use and 12(12%) 

respondents are response to other. 

 

Conclusions 

In present scenario, people go with innovative technology to get their work done in much smarter 

and faster way. Fintech are emerging as an important tool in providing services at faster rate. The 

technological revolution taking place throughout the world enable the banking sector to transform 

it traditional way of functioning. Private Banks and public banks have adopted the technological 

innovation in their working. The Indian banking sector has evolved but customers have not 

adopted it completely. There is a need to develop awareness among customers about using these 

fintech Services. The awareness will improve which will lead to better adoption of new 

technologies. in coming years the banking sector will grow by providing  better facilities with 

innovative technologies. In conclusion, based on the data collected from the level of understanding 

and awareness on FinTech practices, the respondents still do not know clearly what FinTech is and 

aware about it practices especially in the financial transaction services. The data collected from 

survey questionnaires also showed unsystematic findings from each question to another. Even 

many students answered that they practiced FinTech mostly in aspect of mobile payment; they 
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may be confused with the practice of Fintech. This proved that the respondents which are students 

in Govt.P.G.College Ranikhet (SSJ University) still not aware and lack of knowledge on what 

FinTech is and how it applies in our daily business especially in financial transactions services. 

Thus, it is very crucial to give them more understanding on what FinTech is until them able to 

apply and practice it in their daily business. 

In term of level of knowledge on the general rules of FinTech practices, the students mostly 

not aware and know about its general rules. The data collected also showed their confusion on the 

rules of financial transactions through FinTech practices. Thus, it is a need to let them know about 

all this rules regarding the use of FinTech applications in financial transactions services. 

Moreover, it is important to increase the high level of awareness and knowledge on financial 

technologies for both practices and its general rules among students. As a student, the need of 

following the new trend and development of technology is a priority. This dissertation aims to 

know how far students in Govt.P.G.College Ranikhet (SSJ university) aware and know about 

FinTech and its general rules. The results of the study conclude that some students still do not 

know what FinTech is in detail and are also not able to practice any FinTech applications in their 

daily business. 

 

 SUGGESTIONS 

There are several suggestions to overcome the problems. First, encourage students to do financial 

transactions through Fintech applications in their daily business such as sell and purchase. 

Govt.P.G.College Ranikhet (SSJ university) has provided a platform to practice FinTech for their 

payment settlement for financial transactions through FinTech apps, and that is why it should be 

introduced and strongly let the students aware about it. They may apply their smartphone by 

installing Fintech Apps and try to use it during pay any foods or beverages or investment etc. 

In order to make it reality, it is very important to give an enough knowledge and education for both 

seller and students. The awareness and knowledge about FinTech need to be fully explained to them 

clearly until they know how to practice it in their daily business. However, the way to deliver the 

knowledge may be various. The cooperation from the management of university is needed in order 

to provide an effort towards a paperless transaction such as rules and guidelines on how to practice 

it. It is also a necessary on the behalf of university to run or set up any seminar, forum and 

discussion, talk and others to distribute the information and to expose the students about the 

knowledge of financial technologies and its general rules. 

The practical knowledge on how FinTech works also very important. The awareness campaign 

maybe can help students to practice it in practical way. So that, it will be more understandable and 

clearable.. It also can be implemented by adding it as a course subject or may be  apply in selected 

subject. 

Thus, may all of these suggestions can improve the awareness and knowledge among students. To 

make a digital campus life become reality, an action must be taken and try to implement it step by 

step. The government such as the Ministry of Higher Education also plays a major role to support all 

the efforts in implementing this suggestion. 

Overall, this dissertation has achieved the objectives of the study and provides full information 

needed to know the level of awareness on FinTech practices among students and its general rules. 

The researcher realized that using the method of Microsoft Excel for such field might lead to get a 

better result. It is suggested an interview session with some of the respondents should be conducted 

in order to know their perceptions and understanding on FinTech practices and its general rules 

verbally. 
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