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ABSTRACT
The importance of plant growth promoting microbes in plant growth promotion has been documented.
However, reports of effective endophytes from the mahua flowers are limited. In this study, total seven
bacteria and two yeast endophytes were isolated. One bacterial isolate (MSB1) and two yeast isolates
(MSY1 & MSY2) were found to be most persistent and dominant among all on cultured media. MSB1,
MSY1 and MSY2 isolates were further studied for their multiple plant growth promoting traits viz; indole
acetic acid, siderophore production, phosphorous solubilization and nitrogen fixation. Isolates MSB1,
MSY1 and MSY2 were able to produce 18.57, 15.14 and 39.64 μg/ml of indole acetic acid, respectively.
Phosphate solubilising activity was found in both yeast; MSY1 (12.24 μg/ml) and MSY2 (10.79 μg/ml).
Bacteria (MSB1) produced 47.80% of siderophore unit. Based on microbiological and molecular
characteristics, microbes showing PGP traits were identified as Bacillus amyloliquefaciens (MSB1),
Rhodotorula sp. (MSY1) and Pichia kudriavzevii (MSY2). In vitro study using greengram as an indicator
crop revealed that inoculation of individual strain increased shoot length, root length and vigour index of
greengram seedling. This study suggests that these isolates have potential to be used as bioinoculants
for greengram production.
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(Himedia, India) supplemented with 0.1% L10
tryptophan.
Bacterial and yeast isolates were
incubated at 90 rpm for 24 h at 37˚C and 72 h at 30˚C
respectively. The supernatant of the culture was
obtained by centrifugation for 10 minutes at 10,000 rpm.
Salkowski reagent (35% HClO4, 50 ml; 0.5 M FeCl3, 1
ml) and the supernatant were mixed in the ratio of 2:1
and incubated in the dark for 30 minutes. After
incubation, the absorbance was recorded by
spectrophotometer at 530 nm. The IAA concentration in
the culture was estimated based on the IAA standard
curve.

INTRODUCTION
Madhuca longifolia is commonly known as mahua,
belonging to the family of Sapotaceae. Mahua tree is
widely distributed among the dry deciduous forest of
India. In India, tribal peoples use the leaves, root, bark,
fruit, flowers and seeds of mahua tree because of its
beneficial and eco-friendly importance in the field of
agriculture and medicine. It is reported that the tribal
peoples used different parts of mahua tree like
fermented waste of flower and seed cake as fertilizer to
1, 2
increase the fertility of soil.
In nature, microorganism
plays an important role in plant growth promotion (PGP)
3
and as a biocontrol agent. Endophytes are consistently
reported in the root, stem, leaf, fruit, and tuber tissues of
a wide range of agricultural, horticultural, and forest
4
species. Colonization of bacteria and yeast within plant
tissues have been studied intensively for many plants
but not for mahua. Being a rich source of sugars, mahua
flower can act as outstanding natural habitat for a wide
5
range of microbial diversity. Further, the reports on
mahua endophytic bacterial and yeast isolate, and their
use in plant growth promotion is scarce. Thus, the
present study was conducted to evaluate the PGP
activities of endophytes of the mahua flower, on the
growth of greengram [Vigna radiata (L.)] seedlings.

Estimation of phosphate solubilisation
Qualitative estimation of phosphate solubilisation was
performed using Pikovskaya agar medium (Himedia,
11
India). After 72 h incubation Phosphate Solubilisation
Index (PSI) was culturing by dividing phosphate
solubilization zone by growth diameter of spot
inoculants. For quantitative analysis, the bacterial and
yeast isolates were cultured into the Pikovskaya broth at
90 rpm for 24 h at 37˚C and 72 h at 30˚C respectively.
Culture supernatant was harvested by centrifugation at
10,000 rpm for 10 minutes and subjected to measure
the soluble phosphate by vanadomolybdophosphoric
12
acid. One ml of supernatant was mixed with 2.5 ml of
Barton’s reagent followed by addition of distilled water to
make the final volume up to 50 ml. After 10 minutes, the
intensity of yellow color was measured with
spectrophotometer at 430 nm. The soluble phosphate
concentration was estimated based on the dihydrogen
potassium phosphate standard curve.

MATERIAL AND METHODS
Sample collection and surface sterilization
Flowers of the mahua were collected from the Valsad,
India (20˚32’N Latitude 73˚18’E Longitudes). Flowers
were surface sterilized by washing the samples in
running water for two minutes and treated with 70%
ethanol for one minute, followed by an immersion in
2.5% of sodium hypochlorite solution for two minutes.
Samples were then rinsed three times with sterile
6
distilled water.

Estimation of siderophore
Qualitative detection of siderophore was performed
13
using Chrome Azurol S (CAS) agar medium. To detect
siderophore production, isolates were inoculated on
same medium and incubated at 30˚C for 72 h to observe
the orange halo surrounding the colony. Zone was
calculated by dividing the color zone on CAS agar by
total diameter of colony. For quantification, isolates were
inoculated into the iron free M9 broth and incubated for
48 h at 30˚C with constant shaking at 90 rpm. After
centrifugation at 10,000 rpm for 5 minutes, 1 ml of
culture supernatant was mixed with 1 ml of CAS reagent
and incubated for 15 minutes and color change was
measured with spectrophotometer at 630 nm.
Siderophore content was calculated by using the
formula,
siderophore
unit
(%)
=
where, Ar means absorbance
of reference CAS solution and As means Absorbance
14
of sample solution.

Isolation of bacteria and yeast endophytes
Enumeration of endophytic bacterial and yeast was
6
performed using culture method. Initially, surface
sterilized flower tissues were ground in 10 ml of normal
saline (0.85% NaCl, pH 7.0) under aseptic conditions.
-5
Serial dilution technique was performed up to 10
dilution. An aliquot of this suspension was spread on
Nutreint agar (NA) and Malt Extract Glucose Yeast
extract Peptone (MGYP) agar (Himedia, India) plates
7
supplemented with 100 mg/L of chloramphenicol, and
incubated for 24 h 37°C and 72 h 30°C respectively.
After incubation, Colony Forming Units (CFU) per gram
8
was calculated. The strains, which were most dominant
among the endophytic bacteria and yeast populations,
were selected for further study.
Evaluation of plant growth promoting traits
PGP characters viz; Indole Acetic Acid (IAA) production,
phosphate solubilisation, siderophore production and
nitrogen fixation were performed for selected
endophytes.

Detection of nitrogen fixing activity
Qualitative detection of nitrogen fixing activity was
performed on the nitrogen free Jensen's agar medium
15
(Himedia, India). Isolates were inoculated on the same
medium and incubate for 5 days at 30-37˚C. Growth of
isolates on plate indicates qualitative evidence of
16
atmospheric nitrogen fixation.

Determination of IAA production
9
IAA production was estimated using Salkowski reagent.
IAA produced by the isolates was estimated by cultured
them in yeast extract peptone dextrose (YEPD) medium

Effect of endophytes on seed germination and
vigour of greengram
Preliminary study on effect of isolates was performed on
17
greengram using standard roll towel method.
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(MSB1) gave positive response to siderophore
production by producing orange color halo (0.9 ± 0.1
mm). Qualitative assay using CAS solution shows that
bacteria MSB1 produce 47.80 ± 1.93 percentages of
siderophore units. While both the yeasts showed
negative results for siderophore production. None of the
test isolates were able to grow on nitrogen free medium.

Greengram seeds were treated with each of the isolated
culture (OD 1.0 at 660 nm) and incubated at 27°C with
80% relative humidity. The root and shoot length of
seedlings were measured at sixth day and the
percentage of germination and Vigour Index (VI) were
18
calculated using the formula.
Morphological,
biochemical
and
molecular
characterization of the isolates
Morphological,
biochemical
and
molecular
characterization of the isolates was performed according
19-21
For the molecular
to the standard procedure.
characterization, cultured cells were subjected to the
genomic DNA extraction following supplier’s protocol
(Saffron Life science, India). 16S universal primers (5’AGAGTTTGATCCTGGCTCAG-3’
and
5’CGGTTACCTTGTTACGACTT-3’) and ITS primers (5’TCCGTAGGTGAACCTGCGG-3’
and
5’TCCTCCGCTTATTGATATGC-3’) were used to amplify
16S rRNA from bacteria and the fragment of Internal
transcribed spacer (ITS) region of yeast, respectively.
The resultant sequence from bacterium (MSB1) and
yeasts (MSY1 & MSY2) was compared with NCBIBLASTn homology search tool. Based on the maximum
identity score, sequences were selected and aligned
22
using multiple alignment software program Clustal W.
A distance matrix was generated and the phylogeneitc
23
tree was constructed using MEGA 7
and the
evolutionary history was inferred by using algorithm for
24
Neighbour-Joining.

In-vitro evaluation of isolates on seed germination
and vigour
Effect on seed germination and vigour index of
greengram seeds was varied with different isolates
treatment. All treatments had a significant effect on root
length, shoot length and vigour index, compare to
control. Isolates were found to increase the vigour index
by 16.56 to 59.61%, but rate of enhancement was
varied with different treatments (Table III). Highest
vigour index was found with yeast MSY2 (1605.40)
followed by MSY1 (1290.40) and bacteria MSB1
(1172.40).
Identification of bacteria and yeast isolates
Identification of all three endophytic isolates was carried
out using morphological, biochemical and molecular
approaches. Microbiological observation showed isolate
MSB1, as aerobic, motile, gram-positive rods and spore
forming. Colony was found intermediate, irregular,
undulate, opaque and dull white on NA. Biochemical
tests such as catalase, nitrate reduction, starch
hydrolysis, Voges-Proskauer, gelatin liquefaction, casein
hydrolysis and fermentation of glucose, lactose,
maltose, sucrose were positive. Test for urease, H2S
production, methyl red, and indole production were
reported negative. MSY1 isolate produced intermediate,
round, regular, convex, moist, smooth, orange colony
while in contrast to it, MSY2 isolate produced
intermediate, round, regular, convex, moist, smooth,
opaque, white colony. Both the yeast showed, bud tied
to the mother cell but ascospore was observed only in
MSY2. Isolate MSY1 was found positive for glucose,
maltose, sucrose, glycerol, and nitrate assimilation while
MSY2 was positive only for glucose and glycerol. Test
for urea hydrolysis was found positive only for MSY2. All
above data confirmed that both yeast isolates (MSY1 &
MSY2) were from different division under eukaryotic
classification.The identity of isolates was confirmed by
sequencing of amplified fragments of rDNA and ITS
regions of the isolates and NCBI-BLAST (Basic Local
Alignment Search Tool), online homology search
program, where MSB1, MSY1 and MSY2 significantly
aligned with Bacillus amyloliquefaciens (Figure. I),
Rhodotorula sp. and Pichia kudriavzevii, respectively
(Figure. II). Based on nucleotide homology, the tree is
drawn with the bootstrap (5000 replicates) and the
evolutionary distances were computed using the pdistance method. The 16S rDNA gene sequences of B.
amyloliquefaciens and ITS gene sequences of
Rhodotorula sp. and P. kudriavzevii determined in this
study were deposited in GenBank database under
accession number KY680541, KY680542 and
KY680543 respectively.

RESULTS
Isolation of endophytes from the flower of mahua
Total seven bacteria and two yeast endophytic strains
were isolated on NA and MGYP agar medium
respectively, from the flower of mahua. Among all,
MSB1 (3.04 ± 0.13 CFU/g), MSY1 (2.99 ± 0.09 CFU/g)
and MSY2 (2.95 ± 0.16 CFU/g) were found to be
persistent and recurrent (Table I) that indicates its
dominancy in the mahua flower. Thus, bacteria MSB1
and yeast MSY1 and MSY2 were selected for further
study.
Plant growth promoting traits of endophytes
Bacteria (MSB1) and yeast (MSY1 and MSY2) were
screened for their plant growth promoting abilities, i.e.
IAA production, siderophore production, phosphate
solubilisation, and nitrogen fixation. IAA production
among the isolates ranged from 15.14 to 39.64 μg/ml
(Table II), where highest production of IAA was recorded
in MSY2 (39.64 ± 1.78 μg/ml). Qualitative assay for
phosphate solubilisation shows that yeast endophytic
strains MSY1 and MSY2 were able to produce clear
zone on Pikovskaya agar medium. The highest
phosphate solubilisation index was recorded 1.6 ± 0.1
mm for MSY1 followed by MSY2 (1.5 ± 0.2 mm).
Further, quantitative assay indicates that yeast strain
MSY1 and MSY2 shows 12.24 ± 0.38 μg/ml and 10.79 ±
0.28 μg/ml phosphate solubilisation, respectively but,
MSB1 did not show phosphate solubilisation. Results of
CAS agar assay indicated that only bacterial isolate
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Table I
Endophyte isolates from the flower of mahua
Serial
number.
1
2
3
4
5
6
7
8
9

Total Endophytic population
(Colony Forming Unit/g)

Endophytic
isolates
MSB1
MSB2
MSB3
MSB4
MSB5
MSB6
MSB7
MSY1
MSY2

Bacteria
3.43 ± 0.13

Yeast
3.28 ± 0.07

Colonization level (Colony
Forming Unit/g)
3.04 ± 0.13
2.46 ± 0.15
2.39 ± 0.36
2.56 ± 0.24
1.59 ± 1.38
2.33 ± 0.35
1.79 ± 1.56
2.99 ± 0.09
2.95 ± 0.16

The figures in the column are the mean value of 3 replicates ± Standard Error (SE).

Table II
Plant growth promoting properties of isolates
Isolates

Plant growth promoting properties
Phosphate solubilisation
Siderophore

IAA
Quantitative (μg/ml)
MSB1
MSY1
MSY2

18.57 ± 1.04
15.14 ± 0.80
39.64 ± 1.78

Qualitative
(mm)
1.6 ± 0.1
1.5 ± 0.2

Quantitative
(μg/ml)
12.24 ± 0.38
10.79 ± 0.28

Qualitative
(mm)
0.9 ± 0.1
-

Quantitative
(%)
47.80 ± 1.93
-

Nitrogen
fixation
Qualitative
-

The figures in the column are the mean value of 3 replicates ± Standard Error (SE). (−) indicate negative test

Table III
Effect of isolates on seed germination and
seedling vigour of greengram (cv. Pusa Vishal)
Treatment
Control
MSB1
MSY1
MSY2
SEM
C.D at 0.05
C.V %

Germination (%)
100
100
100
100
0
NS
0

Shoot length (cm)
d
7.75
c
8.53
b
9.56
a
12.43
0.09
0.26
2.04

Root length (cm)
d
2.31
c
3.20
b
3.35
a
3.62
0.05
0.14
3.35

Vigour index
d
1005.80
c
1172.40
b
1290.40
a
1605.40
9.44
28.28
1.66

Data are mean of four replicates; data followed by same letter in a column are not significantly different (p = 0.05)

The evolutionary history was inferred using the Neighbour-Joining method with 5000
replicates and branch length 0.15688505

Figure I
Phylogeneitc tree for evolutionary relationships
of bacterial isolate MSB1.
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The evolutionary history was inferred using the Neighbour-Joining method with 5000
replicates and branch length 1.13515784

Figure II
Phylogenetic tree for evolutionary relationships
of yeast isolates MSY1 & MSY2
strain is different from the previously reported B.
10
amyloliquefaciens strain.
In the current study IAA
producing yeast Rhodotorula sp. MSY1 and Pichia
kudriavzevii MSY2 were also isolated, and found to
produce 15.14 μg/ml and 39.64 μg/ml, respectively. This
particular aspect agrees with the results obtained in
similar researches on different plant species where
three endophytic Rhodotorula yeast species and P.
kudriavzevii LM128 were isolated, identified and
evaluated for their capability to produce IAA and among
them P. kudriavzevii LM128 were able to produce 27.1
26
μg/ml IAA.
Phosphorus (P) is one of the major
essential macronutrients for plants growth and most of
27
the cultivated soils are deficient in available forms of P.
Microorganisms are situated at the central position of
the soil P cycle and play a significant role in mediating
the transfer of P between different inorganic and organic
soil P fractions, subsequently releasing available P for
28, 29
plant acquisition.
Bacteria and yeast isolates were
screened for phosphate solubilization. Unlike, B.
amyloliquefaciens (CM-2 & T-5) phosphate solubilisation
was not observed in MSB1, this further proves that
30
MSB1 is novel strain of B. amyloliquefaciens.
Captivatingly, both yeast strains showed positive results
for phosphate solubilisation. The production of soluble
phosphate from Ca3(PO4)2 was higher 12.24 μg/ml in
MSY1 strain compared to MSY2 strain (10.79 μg/ml). It
is in agreement with the previous work on Rhodotorula
31
sp. PS4. Role of siderophore in plant growth promotion
32,
is well documented for bacteria as well as for yeasts.
33
In the present study, only bacterial isolate B.
amyloliquefaciens MSB1 but no isolated endophytic
yeast strains produced siderophore. Thus, it confirms
that the ecological roles played by endophytic microbes
could be diverse and varied depending on the source
and site of isolation. Those strain which have high
potential for plant growth could be used as biofertilizers
through the production of IAA,
production of
siderophore and N2 fixation, as well as by converting
insoluble phosphorous to soluble one, making it
accessible to plant absorption. Therefore, research that

DISCUSSION
India being an agricultural country, it is a great challenge
for the nation to increase the food production for the
escalating population which is growing at immersion line
rate against food. Usage of chemical fertilizers is greater
than never before, and the heavy dependence on costly
chemical fertilizers is strongly linked with health hazards
and environmental pollution. Therefore, eco-friendly
techniques are needed for agriculture sustainability.
There has been a large body of literature describing
potential uses of plant associated microbes as agents
stimulating plant growth and managing soil and plant
25
health. Therefore, isolation and identification of novel
endophytes with plant growth promoting microbes is
need of the nation. Traditional knowledge of tribal
farmers to use mahua flower, seed cake and fermented
waste as organic manures for crop improvement
provided a prospect to this study. Importantly, reports on
PGP endophytes of mahua flower is limited thus;
enumeration of dominant endophytic bacterial and yeast
population having PGP properties was isolated and
identified from flower of mahua. Interestingly, the
population densities of cultivable bacteria found in the
present study was similar to the previous study in
6
grapevine flowers, berries, and seeds. The dominance
of endogenous yeast flora within mahua flowers was
1
expected.
Role of these mahua flower endophytic
microorganisms was unknown. Therefore, role of
cultivable endophytes for PGP traits such as production
of IAA and siderophore, nitrogen fixation and phosphate
solubilization were evaluated. IAA is the most common
growth regulator produced by PGP microbes and is
responsible for plant growth. Production of IAA found
commonly in the strains belonging to Bacillus sp., which
have an effect on plant growth attributes. In the current
study, we found that isolate B. amyloliquefaciens MSB1
produced 18.57 μg/ml of IAA in presence of Ltryptophan, which was much higher than the previous
report where strain of B. amyloliquefaciens FZB42
produced 0.051 μg/ml IAA this also confirms that our
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amyloliquefaciens MSB1) and two yeast (Rhodotorula
sp. MSY1 and Pichia kudriavzevii MSY2) endophytic
strains with PGP traits and positive effect on plants were
isolated and in vitro characterized.

involves those endophytes which have more than one
feature for promoting plant growth is important for a
better understanding of their interaction with the plant.
Thus, in vitro study with greengram seed treated with
bacteria (MSB1) as well as yeast (MSY1 and MSY2)
was carried out. Treated seed significantly increase the
green gram root length, shoot length and vigour index of
seedling over control. Similar results were reported in
34
previous study with B. amyloliquefaciens as well as for
yeast species belong to Rhodotorula genus that shows
35
beneficial effect on plant growth in field condition. To
best of our knowledge presence of yeast belongs to
Rhodotorula genera within mahua flower, was not
reported previously. Thus, our investigation extends the
spectrum of endophytic organism of mahua with PGP
traits.
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