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Endophytic bacteria exhibit a complex web of interactions with host plants and have been
extensively studied over the last several years as prolific sources of new bioactive natural
products. The present study was conducted for isolation of endophytic bacterial population
of Ocimum sanctum and Aloe vera and their evaluation for enzymatic activity and plant
growth promotion. Morphological characteristics of the bacterial endophytes confirmed
that all the bacterial isolates were either gram positive or gram negative rods and cocci.
The biochemical study of the bacterial isolates confirmed their abilities to show
extracellular enzymatic activity for urease, pectinase, cellulose, catalase, lipase, casienase,
gelatinase and chitinase enzymes. Bacterial isolates were also able to show plant growth
promoting traits like phosphate solubilization, IAA, siderophore and ammonia production.
On the basis of plant growth promoting traits four potential bacterial endophytes were

Article Info screened and further evaluated for their plant growth promotory (PGP) potential through

seed vigour assay with green gram var. Pant Moong- 4. The results of the seedling vigour
Accepted: assay confirmed that bacterium AVJR71l showed highest influence on seed germination
20 May 2018 and subsequent seedling growth followed by TNR15, TKR2Il and AVJL6II bacterial
f‘(‘)’iﬂﬁs'gﬁg“”e: treatment. Therefore, these bacterial strains could be developed as potential PGP

candidates for sustainable agriculture and might be utilized as bioinoculant for organic
farming after further evaluation.

Introduction

Endophytes are microbes that reside within
living plant tissue for all or part of their life
cycle without causing substantive harm to
their host. Endophytes enter the plant tissues
primarily from the rhizosphere through the
root zone and become localized at the point of
entry or are able to spread throughout the

plant. One of the major contributions of these
microorganisms towards plant growth is the
production of auxin-like molecules (Spaepen
et al., 2007) which is shown to be produced by
many root associated bacteria including
Enterobacter sp., Pseudomonas sp. and
Azospirillium sp. (El-Khawas and Adachi,
1999). In addition to the IAA production,
plant growth promoting bacteria (PGPB) are
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also shown to exhibit other properties like
ACC deaminase, phosphate solubilization,
siderophore production, etc. Plant associated
bacteria can also have the capability to
solubilize non-available phosphate to available
form and there by enhance plant growth and
yield (De Freitas et al., 1997; Singh et al.,
2013). Besides these mechanisms, plant-
associated microorganisms improve nutrient
acquisition by supplying minerals and other
micro/macro nutrients from the soil (Singh et
al., 2017; Singh and Singh, 2017). Therefore,
isolation and characterization of endophytic
bacteria with various properties from
unexplored hosts will have many applications
to improve plant growth promotion (Patten
and Glick, 2002).

Microbial enzymes are always part of great
importance in agriculture, industry and human
health. Entrance of endophytic bacteria to
plants through natural openings or wounds, is
also seen to appear by utilizing hydrolytic
enzymes like cellulases and pectinases for
actively penetrating plant tissues. Since these
enzymes are also produced by pathogens, as a
result, more knowledge is required for their
regulation and expression to distinguish
endophytic bacteria from plant pathogens.
Very few studies are conducted on isolation of
endophytic bacteria and their enzymes
production potential from indigenous plants.
Jalgaonwala et al., (2011) recorded highest
proteolytic activity in bacterium Lactobacillus
fermentum recovered from leaves of Vinca
rosea, which is considered superior to non
endophytic proteases. However, Yadav et al.,
(2015) examined the enzymatic activity of
endophytic fungi isolated from Ocimum
sanctum and Aloe vera in India.

The medicinal plant, Ocimum sanctum
(“Tulsi”) belongs to the family Lamiaceae and
on the other side Aloe vera (“Aloe”) is an
important and traditional medicinal plant
belonging to the family Liliaceae. These

medicinal plants have high therapeutic values.
Different parts of the plant (root, stem and
leaves) have been recommended for the
treatment of various diseases. The leaves of
these two plant have been used as a
prophylactic to control vomiting, malarial
infection, diabetes mellitus, fungal infection
and skin diseases (Prakash and Gupta, 2005).
In the present study, Ocimum sanctum and
Aloe vera were selected on the basis of their
wide medicinal importance and therapeutic
values. The aim of the present study was to
find extracellular enzymatic activity and plant
growth promoting (PGP) potential of the
selected endophytic bacteria from Ocimum
sanctum and Aloe vera.

Materials and Methods
Plant samples

Healthy plants of Tulsi (Ocimum sanctum) and
Aloe (Aloe vera) were collected from two
different places of G.B. Pant University of
Agriculture and Technology, Pantnagar,
Uttarakhand (India) i.e.  Medicinal plant
research and development centre (MRDC) and
Garden section. All the samples were kept in
sterile zip lock polythene bags and used as
source material for the isolation of endophytic
bacteria.

Isolation of bacterial endophytes

Endophytic bacteria were isolated from roots,
stems and leaves of healthy plants of Tulsi and
Aloe vera. The root, stem and leaves were cut
into small pieces by using sterile blade.
Sections of root, stem and leaves of the plant
were surface sterilized using the five step
procedure described as; 3 min wash in 5%
NaClOs, followed by a 10 min wash in 2.5 %
Na,S,03, a brief wash in 75 % ethanol, then a
10 min wash in 10 % NaHCO;3; and finally
rinse in sterile distilled water for 5-8 times
(Tiwari et al., 2010). After final wash the
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plant sections were transferred on nutrient
agar plates to check the sterility of plant
tissues and incubated at 28 + 2°C for 24 h.
After sterility check, each sample was
macerated in a sterile pestle and mortar with
sterile distilled water. Macerated tissues were
serially diluted up to 10° dilutions. Three
dilutions (107, 10, 10°) of macerated tissues
were plated on three different medium i.e.
Nutrient agar, Jensen’s media and King’s B
media (Tejera et al., 2006). The plates were
incubated for 48 h at 28+2°C.
Morphologically distinct and isolated colonies
were transferred to the respective media and
purified  thereafter  following  standard
protocols (Holt et al., 1994). Pure culture of
the bacterial isolates were maintained on
nutrient agar slants at 4°C for regular use and
in 20% glycerol stocks for long-time
preservation at —20°C.

Morphological characterization

The cellular characterization of screened
bacterial cultures was based upon cell shape
and Gram’s staining (Olympus microscope).
The colony characteristics of bacterial cultures
were carried under stereoscope microscope
(Olympus, SZH 10) to get shape, edge,
elevation, surface and chromogenicity.

Determination of hydrolytic enzymes

All the bacterial cultures were characterized
for hydrolytic enzyme production such as
protease, lipase, chitinase, cellulose, amylase
and pectinase were detected on respective agar
plates with variable substrates (Hankin and
Anagnostakis, 1975;  Cappuccino  and
Sherman, 2002; Kasana et al., 2008). The
bacterial isolates were inoculated on qualified
agar plates and incubated at 28+ 2°C for 3-4
days. Development of halo zone around the
bacterial ~ colonies  indicated  enzyme
production for protease, lipase and chitinase
enzymes. However, cellulose production was

confirmed through stained with 0.1% congo
red solution and destained with 1M Nacl for
15 min. While, amylase and pectinase agar
plates were flooded with 1% iodine in 2%
potassium iodide to confirm.

The laccase production was confirmed by the
conversion of colourless medium into blue due
to oxidation of 1-napthol by laccase. However,
the urease production was confirmed through
inoculation of bacterial strain in christen’s
urea broth (Cappuccino and Sherman, 2002).
The conversion of medium colour from yellow
to red indicates urease production.

Plant growth promotory traits
IAA production

The Indole-3-Acetic Acid (IAA) productions
by the bacterial strains were qualitatively
determined by the method of Patten and Glick
(2002). The endophytic bacterial isolates were
grown in Luria broth supplemented with L-
tryptophan (1pg/ml) and incubated at 28 + 2°C
for 72 h. Afterwards, bacterial cultures were
centrifuged at 10,000g for 10 min and the
supernatant was collected. One ml of this
culture filtrate was allowed to react with 2ml
of Salkowski reagent (Iml of 0.5 M FeCls in
50 ml of 35% HCIO,) and incubated at
28+2°C for 30 min. At the end of the
incubation, development of pink colour
indicates the production of IAA.

Siderophore production

Quialitative productions of siderophore by the
bacterial cultures were detected on the
Chrome-azurol S medium (CAS-medium) as
described (Schwyn and Neilands, 1987). Each
endophytic bacterial isolate was inoculated on
the surface of CAS agar plates and incubated
at 28 £ 2°C for 72 h. The plates were observed
for colour change i.e. orange to yellow halo
zone around the bacterial colonies.
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Phosphate solubilization

Ability of bacterial endophytes to solubilize
the major plant nutrients i.e. phosphate (P)
was investigated on Pikovskaya agar containg
tricalcium phosphate as insoluble phosphate
source (Pikovskaya, 1948). Each bacterial
endophyte was spot inoculated in the centre of
Pikovskaya agar plate and incubated at 28 +
2°C for 72 h. The plates were observed for the
appearance of halo zone around the bacterial
colonies.

Ammonia production

Bacterial endophyes were tested for the
production of ammonia in peptone water as
described by Cappuccino and Sherman (1992).
Freshly grown cultures were inoculated in 10
ml peptone water separately and incubated for
48-72 hrs at 28 + 2°C. After completion of
incubation, Nessler’s reagent (0.5 ml) was
added in each test tube. Development of
brown to yellow colour was a positive
indication for ammonia production.

Plant growth promotion assessment

The plant growth promotion potential of the
selected endophytic bacterial isolates were
carried out through seed vigour assay. This
assay was carried out according to In between
paper (BP) method. To compile this assay the
seeds of green gram (var. Pant Moong-4) were
selected, which were free from obvious
damage and surface sterilized by soaking in
ethanol (95% v:v) for 30 sec and then a
sodium hypochlorite solution (1.2% w:v) for 5
min, followed by 10 rinses with sterile tap
water (Carrillo et al., 2002). Afterwards,
bacterial cultures were inoculated into flask
containing 75ml nutrient broth and incubated
overnight at 28 + 2°C. After end of incubation,
surface sterilized seeds were transferred into
bacterial culture flask. Flasks were then
shaken for 6 hours to allow bacteria to adhere

on seed coat. Hundred bacterial treated seeds
were sown aseptically in between paper (B.P)
then kept at 25°C in germinator. Seeds were
daily analysed for germination up to 8 days of
incubation. This experiment had designed with
4 replicates per treatment. One un-inoculated,
surface sterilised disinfected seed treatment
was used as a control.

Observation recorded

(i) First count: Four replications of hundred
seeds were taken for each treatment. Seeds
were sown in between paper (BP) then
samples were kept at 25°C in germinator.
Only normal seedlings were counted on the 5™
day of test.

(if) Standard germination: Hundred bacterial
treated seeds of green gram (variety Pant
Moong-4) were placed with four replications
in between paper (BP) and incubated at 25°C
in germinator. The normal seedlings were
counted on 8™ day as final count.

(iii) Seedling root length: Ten normal
seedlings were randomly selected on 8th day
of the start of germination test from each
replication. The length of radicle (in cm) was
measured with the help of measuring scale and
the mean root length was calculated.

(iv) Seedling shoot length: The shoot length
(in cm) was measured with the help of a scale
on 10 randomly selected seedlings from each
replication. The value was obtained by
calculating mean of 10 seedlings for each
replication.

(v) Seedling length: The total length of
seedlings (in cm) was obtained by adding
shoot and root length as recorded earlier.

(vi) Seedling fresh weight: Seedling fresh
weight was recorded at the end of seed
germination test on 8" day. The 10 normal
seedlings were randomly taken from each
replication and were weighted and the seed
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fresh weight was measured on an electronic
balance in milligram.

(vii) Seedling dry weight: At the end of seed
germination test on 8" day, the 10 normal
seedlings were randomly taken from each
replication. Seedlings were dried in the oven
at 80°C for 24 hrs. The dried seedlings were
weighed on an electronic balance and
expressed in milligram.

(vii) Seedling vigour index: The seedling
vigour index was calculated by two different
methods.

(@) Seedling vigour index-1: Calculated
as-

Seed Vigour Index | = Standard germination
(%) x Seedling Length (cm)

(b) Seedling vigour index-11: Calculated as-
Seed Vigour Index Il = Standard germination
(%) x Seedling dry weight (mQ)

(ix) Speed of germination: In this test, four
replications of 100-seeds were taken from
each treatment and placed in between paper
(BP) and then kept at 25°C in germinator.
After the seed began to germinate, they were
checked daily at approximately the same time
each day. Normal seedlings were removed
from the test, when they reached a
predetermined size. This procedure was
continued until all seed that were capable of
producing a normal seedling had germinated.
An index was computed for each treatment by
dividing the number of normal seedling
removed each day by the corresponding day of
counting.

(x) Relative growth index (RGI): Relative
growth index was calculated according to the
evaluation of Brown and Mayer (1986) as
under-

No. of Seeds germinated at first count

" No.of Seeds germinated at final count

(xi)Germination index (Gl) - Germination
index was calculated as described in the
association of official seed Analysts (2002)
using the following formula-

No.of germinated seeds No.of germinated seeds

Germination Index =

Days of first count Days of final count

(xii) Mean germination time (MGT): Mean
germination time (MGT) was calculated by
the equation of Ellis and Roberts (1981) as

¥ Dn
MGT = ——
¥n

Where, n is the number of seeds which were
germinated on day D and D is the number of
days counted from beginning of germination.

(xiii) Time to 50% germination (T50): The
time to 50% germination (T50) was calculated
according to the following formula of
Coolbear et al., (1984) modified by Farooq et
al., (2005) as under

N
bl

n; — M,
Where, N is the final number of germination
and ni, nj be the cumulative number of seed
germinated by adjacent counts at time ti and tj,

when ni < N/2 < nj.

[Tsu] =t;+

(xiv) Germination value: Calculated as =
Peak value x Mean daily germination

(xv) Mean daily germination: Mean daily
germination was calculated according to
following formula:

Final germination percentage
Total No.of days

Mean daily germination =

(xvi) Peak value: Peak value was calculated
according to following formula:

Final germination percentage

Peak Value = : —
No.of days to reach maximum germination
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Statistical analysis

Statistical analysis was done by completely
randomized design (CRD) using STPR3
programme. All experiments were performed
in four replications. The critical difference at 5
per cent level of significance was calculated to
compare the mean of different treatments.

Results and Discussion
Morphological characteristics

A total 10 bacterial cultures were isolated
form roots, stem and leaves of O. sanctum and
Aloe vera, those are presented well in tablel.
Morphologically these all bacterial isolates
were distinct to each other and confirmed
through gram’s staining and cultural
characteristics. During gram’s staining 8
bacterial isolates were either gram positive
rods or cocci and remaining 2 were gram
negative short rods (Table 1).

Extracellular enzyme activity

During biochemical studies most of the
bacterial  isolates showed extracellular
enzymatic activity and exhibited amylase,
caseinase, cellulase, chitinase, pectinase and
urease activity by producing clear halo zone
on respective agar plates. Extacellular
enzymatic activities of most of the bacterial
culture were positive for amylase, cellulose
and chitinase activity. However, enzymatic
activity of caseinase, pectinase and urease
were limited for some of the bacterial cultures
and mentioned in table 2. During investigation
none of the bacterial isolates were positive for
laccase, lipase and gelatinase activity (Table
2). These results are agreement with the
finding of Yadav et al., (2015) who described
the extracellular enzymatic activity of the
endophytic fungi isolated from O. sanctum
and Aloe vera. In other hand Vijayalakshmi et
al., (2016) reported the enzymatic activity of

bacterial endophytes from medicinal plants.
They found that most of the strains exhibited
reasonable enzyme activity for amylase,
cellulase and protease on LB agar plates
amended with 1% substrate, however no
lipase activity was observed in any of the six
bacterial endophytes. Singh et al., (2012) and
Sharma et al., (2013) reported the extracellular
enzymatic activity of the bacteria recovered
from mushroom compost and described the
functional status of these enzymes through
solid state fermentation.

Plant growth promotory traits

All the bacterial isolates were further studied
for plant growth promoting traits like
siderophore, 1AA, ammonia production and
phosphate solubilization (Table 3). The results
of the study confirmed that out of 10 bacterial
isolates only 3 isolates i.e. TNR15, TKR 1 II,
and AVJR7 Il having the ability to produce
siderophore on Chrome-azurol S medium
(CAS-medium) by producing orange to yellow
halo zone around the bacterial colonies under
iron limiting conditions. Ramanuj and Shelat
(2018) characterize the siderophore producing
plant growth promoting potential of bacterial
endophytes from medicinal plants.
Siderophore production form bacterial strains
are considered one of the direct mechanisms
of plant growth promotion. This characteristic
one of the known and important characteristics
of root associated PGPB/R (plant growth
promotory bacteria/rhizobacteria) under iron
deficient conditions. Indole-3-Acetic Acid
(IAA) production is one of another plant
growth promoting mechanisms of plant
growth promotory bacteria. 1AA is a plant
growth regulatory hormone, known as auxin
and involved in various physiological
processes in plant development like cell
division and elongation, tissue differentiation
and root initiation (Gravel et al., 2007). The
results of the present study confirmed that 3
bacterial isolates i.e. TNR15, TKR 2 Il and
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AVJL6 1l were able to produced indole-3-
acetic acid (IAA) (Table 3). This finding also
agreed with the findings of Ullah et al., (2018)
who confirmed IAA production potential of
bacterial endophytes from two medicinal
plants of Pakistan.

It is well known fact that phosphorous (P) is
an important plant macronutrient, making up
about 0.2 percent of plant dry weight and plant
cannot survive without a reliable supply of
this nutrient (Singh and Prasad, 2014; Singh et
al., 2018). Among all the bacterial isolates

only 2 isolates i.e. TNR 15 and AVKL 2 II
were able to solubilize phosphate efficiently,
that was evident by a clear halo zone around
the bacterial colony on Pikovskaya agar plates
(Table 3). Phosphate deficiency in soil can
severely limit plant growth and productivity
(Singh, et al., 2010, 2010a, 2010b, 2011,
2013; Singh and Goel, 2015). Microbial
phosphate solubilization is a complex
phenomenon that depends on many factors
like nutritional, physiological and growth
conditions of the bacterial cultures (Reyes et
al., 2002).

Table.1 Morphological characteristics of bacterial isolates

Bacterial

Cellular characteristics

Colonial characteristics

isolates
Gram Cell shape Edge Elevation Surface
Reaction
TNSt7 +ve Cocci Entire Convex Smooth
TNR15 +ve Cocci Entire Raised Glistening
TKR10 +ve Cocci Entire Convex Smooth
TR +ve Long rods Filamentous  Flat Wrinkled
TKR1II +ve Cocci Entire Raised Smooth
[ TKR21I +ve Long rods Entire Convex Smooth
TKL5II +ve Long rods Entire Convex Glistening
[0 Avkeai +ve Cocci Entire Raised Glistening
[0 AvaLen -ve Short rods Entire Flat Glistening

Table.2 Extracellular enzymatic activity of endophytic bacteria isolates

0 TNSt7
TNR15
TKR10
TIRY

TKR1II

+ +

TKR2II

+ + + + +

TKLSII -
AVKL2II

+ + + +
1

+
AVJLSII +
AVIRTII +

= ~N|l o] o] & w] N
S :

Bacterial Catalase Amylase Gelatinase Caseinase Cellulase Chitinase Pectinase Laccase Lipase Urease
Isolates test Test Test Test Test Test Test Test Test Test
- + - - - + r - = =

5 - - - - -
- + + - - +
- + + - - -
- - 4 - - -
- + - - - -
= + + - - -
- + - - - -
+ + - - - -

2320



Int.J.Curr.Microbiol.App.Sci (2018) 7(6): 2314-2326

Table.3 Plant growth promotory traits of endophytic bacterial isolates

Z’- BACTERIAL Siderophore Phosphate Ammonia IAA
- ISOLATES
1. - - -
2 + + +

TNSt7
TNR15

1. |

2. |

TKR10 - ,
TJR9 - -
5. TKR1II + )
6. | TKR2II - -
TKL5II - ,
8. | AVKL2II - +
9. | AVILS6II - ;
AVJIRTII + B,

+ 4+ + A+ ++
1

Table.4 Effect of bacterial treatment on plant growth parameters of green gram

Lengtb Lengtp Lengtb WeigrltWeigrl Vigour* Vigour*
(cm) [ (mg) | (mg) | Index 1 |Index Il

TR 8225 895 5.85 11.36 17.16 1450.0 210.0 1534.7 18.8
76.25 855 586 219 27.8 18550 1825 23819 15.6
75.25  82.25 569 21.41 27.07 16425 1875 2227.3 15.6
905  95.25 440 2057 2497 13975 1950 2378.8 18.6
67.25  75.25 219 656 872 9625 1550 657.0 13.18
1.06 0.71 0209 027 036 1894 57 38.3 0.21

“Each value is the mean of four replicates.
Data were analysed statistically at the 5% (p<0.05) level of significance

Table.5 Effect of bacterial treatment on plant growth parameters of green gram

Time for [Germination| Mean daily | Peak

value” |germination |value

Tso (days)”

TNR15 26.3 91.8 27.4 3.6 36.2 332.2 1115 298
24.3 89.1 25.7 3,7 31.3 303.2 10.6 28.4
24.10 91.4 25.1 3.6 30.0 279.8 10.2 27.3
29.05 94.9 29.9 35 32.6 375.4 11.8 31.7
20.91 87.3 22.09 3.8 29.1 219.2 9.3 24.7
0.32 1.2 0.18 0.49 1.6 6.0 0.96 0.19

“Each value is the mean of four replicates.
Data were analysed statistically at the 5% (p<0.05) level of significance
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The results of the present study confirmed
that all the bacterial cultures were good
ammonia producers (Table 3). Potential of
ammonia production assumed that
exploitation of such bacteria may able to
enhance the plant growth as a result of their
ability to fix nitrogen (N,) to ammonia (NHs)
making, which is an available nutrient for
plant growth and development (Hayat et al.,
2010). These results of ammonia production
are agreement with the study of Sansanwal et
al., (2018) who described the maximum
number of endophytic bacteria isolated from
green gram were able to excrete ammonia.

Plant growth promotion assessment
Seed germination assay

In the present study the plant growth
promotion  potential of the selected
endophytic bacterial isolates were carried out
through seed vigour assay on green gram
seeds by using In between paper (BP)
method. On the basis of plant growth
promoting traits 4 best potential bacterial
isolates i.e. TNR15, TKR2Il, AVJL6II and
AVIRTIl were selected for the seed vigour
assay. After 8 days of incubation period for
green gram the number of germinated seed
were determined. The results of the study
confirmed that all these selected bacterial
endophytes were able to improve seed vigour
significantly throughout all the observations
over un-inoculated control (Table 4). The
first count, standard germination and shoot
length, of the seedling were maximally
improved by AVJR7II bacterial treatment i.e
90.5%, 95.25% and 20.57cm, respectively,
while the value for un-inoculated control were
67.25%, 75.25% and 6.56cm, respectively
(Table 4). Maximum enhancement in root
length, seedling length and fresh weight of the
seedling were achieved by TKR2II bacterium
treatment, while fresh weigh was increase
maximally by TNR15 bacterium treatment.

The numbers of normal seedlings recorded in
the first count express the population of fast
germinating seeds and thus function as a
vigour measurement. The seed lot showing
the higher standard germination is considered
to be more vigorous (Abdul-Baki and
Anderson 1973). These results are agreement
with the study of Yadav et al., (2016) who
reported the effect of endophytic fungi on
seed vigour and germination on green gram
seeds. On the day of final count (i.e. 8" day),
ten normal seedlings were taken out carefully
at random from each treatment and measured
from the tip of primary root to the tip of
apical shoot. The average length of ten
seedlings was calculated and expressed as
mean seedling length in centimetres. The root
length, shoot length, seedling length and fresh
weight of seedling were highly influenced by
TKR2II bacterium over un-inoculated control
(Table 4). A vigour index reveals a seed lot’s
ability to withstand a variety of different
stress factors. The data depicted in Table 4
showed the influence of bacterial isolates on
seed vigour index of green gram and it is
evident that the treatment TKR2Il was
significantly enhanced vigour index-I with
value of 2381.9 followed by AVIRT7II,
AVIL6I1I and TNR15, while the un-inoculated
control achieve least value of 657.0 (Table 4).
However, maximum value for seedling vigour
index 1l was 18.8, which was achieved by
TNR15 bacterium treatment followed by
AVIJIRTII (18.6), AVJL6II (15.6) and TKR2II
(15.6) over un-inoculated control (13.18)
(Table 4). Seed germination and their
establishment as a normal seedling are
determining features for the propagation of
plant species, and both are economic and
ecologic important. Due to its high
vulnerability to injury, disease, and
biotic/abiotic stress, germination is considered
to be the most critical phase in the completion
of plant life cycle (Rajjou et al.,, 2012).
Germination is a complex phenomena during
which the imbibed mature seed must quickly
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shift from a maturation to a germination
driven program of development and prepare
for seedling growth (Nonogaki et al., 2010;
Prasad et al., 2016). The bacterium AVJR7II
was more effective in rest parameters of seed
vigour assay except mean germination time
parameter. Speed of germination, relative
growth index (RGI), germination index,
germination value, mean daily germination
and peak value were highly influenced by
AVJRT7II and achieve value 29.05, 94.9, 29.9,
375.4, 11.8 and 31.7, respectively, while the
least value were recorded with un-inoculated
control i.e 20.91, 87.3, 22.09, 219.2, 9.3 and
24.7, respectively (Table 5). However, value
of mean germination time and time for 50%

germination (Tsg) of seedling highly
influenced by TKR2Il and TNR15 bacterial
treatments, respectively  (Table 5).

Germination parameters were best way to
know the extent of completeness of
germination, rapidity and peak value of
germination, which reflects the seeds and
seedling quality. On the basis of seed vigour
assay all the selected screened bacterial
endophytes of Ocimum sanctum and Aloe
vera were able to enhanced seedling vigour of
green gram seeds up to certain levels.
However, the values for all the parameters
were varied with the bacterium treatments.
Shah et al., (2018) described the potential and
prospect of plant growth promoting
rhizobacteria in lentil. On the other hand
Singh et al., (2010b) studied the effect of
plant growth promoting rhizobacteria (PGPR)
on improving seed germination and seedling
vigour of lentil.

In conclusion, collective summarized analysis
of all the experiments done in the present
study highlighted the effect of the isolated
endophytic bacterial strains on enzymatic
activity and plant growth promotion
assessment which could be a valuable
resource for applied agriculture and
agricultural industries. All the selected

bacterial endophytes with PGP properties viz.
P solubilization, production of hydrolytic
enzymes such as cellulase, protease, chitinase
and lipase responsible for endophytic
colonization, production of IAA and
siderophore which may be helpful directly or
indirectly to enhance seed vigour, which
reflects the seeds and seedling quality. The
information acquired from these strains could
open the door and exploit the valuable data
for the benefit of mankind. Finally, the study
concluded that the isolated bacteria have
numerous plant growth promoting and
enzymatic activities which directly or
indirectly promote plant growth. These
isolates can be developed as new inoculants to
utilize in agro industrial sector after further
evaluation.
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