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Abstract

In the present study, indole-3-acetic acid (IAA) producing plant growth pro-
moting fungus was isolated from rice field of Purba Bardhaman district,
West Bengal, India. Among the isolated 6 strains, AP2 (Aspergillus fumigatus)
was selected as best-performing plant growth promoting fungal strain as it
was an efficient indole-3-acetic acid producer as well as exhibits different
plant growth promoting ability viz, phosphate solubilization, siderophore
production, ammonia and hydrogen cyanide production etc. Media and
different growth conditions (pH, temperature, concentration of sodium
chloride) were optimized for augmentation of the indole-3-acetic acid pro-
duction. The genus of the selected isolate AP2 was identified as Aspergillus
fumigatus both by 18S rDNA sequence-based homology and MALDI-TOF
analyses of ribosomal protein. Plant growth promoting ability of Aspergillus
fumigatus has been confirmed by measuring different morphological and
biochemical growth parameters in Trigonella foenum-graecum L. So, AP2
(Aspergillus fumigatus) can be considered as novel plant growth promoting
fungal strain that can be applied as bio-inoculants on agricultural field.

Keywords

Aspergillus, 1AA producing fungi, indole-3-acetic acid, plant growth promot-
ing fungi

Introduction

Now-a-days, pesticides and chemical fertilizers are excessively used in crop
production (1). Although, these chemical fertilizers may increase crop nutri-
ent in adverse condition but it has many negative impact in our environ-
ment (2). Chemical fertilizer made up of phosphate, potassium, nitrate salts
are potential source of heavy metals and radio-active elements that may
accumulate in soil and may enter into plant body (2). In this point, there is
an extreme thrust for an alternative eco-friendly and environmentally sus-
tainable method. A sustainable agricultural practice significantly reduces
the use of hazardous chemical input to the agricultural field to ensure pro-
tection of the environment but should maintain the nutrient quality of crops
(1).

Current research has focused on different soil borne plant growth
promoting microbes that can be a good alternative of the harmful chemical
fertilizers (1). Several rhizosphere fungi plays important role in growth and
productivity of host plant (3). Different fungal stains that inhabit in rhizo-
sphere region of host plants are able to increase the plant growth and
productivity in various ways (4). Some commonly reported plant growth
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promoting fungi (PGPF) strains are Fusarium, Trichoderma,
Aspergillus, Pho-ma, Penicillium that can increases plant
growth in considerable amount (5-7). Plant growth pro-
moting fungi can solublize insoluble form of different nu-
trient like, phosphate, zinc, potassium, sulphur, iron that
stored in the soil and make it available to the plant by pro-
ducing organic acid (4). Many PGPF strains have reported
to play important role in plant disease management viz,
Aspergillus sp. reduce pathogenicity of plant root knot
nematode Meloidogyne incognita (8). Apart from that,
PGPF stimulate plant growth by secreting secondary me-
tabolites like hydrogen cyanide, ammonia and plant hor-
mones, mainly indole-3-acetic acid (IAA) (9). IAA has a
great role in cell divisions, cell elongation, lateral root for-
mation and root hair development that helps in nutrient
uptake (9). IAA produced by fungal strains can build up
immune response of plant and make the plant resistant
against pathogenic microbes (9, 10). Considering the novel
applications of PGPF in plant growth, our main objective
was to search some potent plant growth promoting fungal
strains and to check the potentiality of isolated fungal
strain as plant growth promoter so that it can be used as a
potent biofertilizer in crop field. Our present work deals
with isolation, screening, characterization and identifica-
tion of plant growth promoting fungal strain from rice field
of Purba Bardhaman district in West Bengal, India; with
special emphasis on their IAA production ability. Growth
promotion capacity of isolated PGPF strains has been
checked on Trigonella foenum-graecum L.

Materials and Methods
Collection of rhizosphere soil sample

Rhizosphere soil sample was collected from rice field of
Purba Bardhaman district (Latitude- N 23°14°20.86", Longi-
tude- E 87°51’45.743”). The rice plants were uprooted and
the soil attached to the roots was stored in sterile poly-
thene bags.

Characterization of collected soil sample

Physico-chemical properties of collected rhizosphere soil
were checked using the standard method (11). Organic
carbon, total nitrogen, total phosphorus, total sulphur and
salinity, pH, electrical conductivity was estimated.

Isolation of plant growth promoting fungi (PGPF)

Potato dextrose agar media [Potatoes; infusion from-200
g.L}, Dextrose- 20 g.L, agar- 20 g.L*, pH-6.5+0.2] was used
to obtain pure culture by dilution plate technique (12). 0.5
g of collected soil was diluted to 10 ml of distilled water in
a test tube which served as stock solution. 9 ml of water
were added to remaining 10 test tubes. 1 ml of stock solu-
tion was transferred to 9 ml of sterilized distilled water
yielded 10* dilutions and the series continued up to 10
"dilutions. Then, the plates were incubated at 30 °C for 48
hr. After the incubation, fungal colonies of distinct mor-
phology were selected for further study.

Morphological characterization of isolated PGPF strains

Colony features like shape, surface, colour and margin
were recorded of the 3-day old colony.

In vitro characterization of plant growth promoting
traits

Estimation of indole acetic acid production

Fungal strains were allowed to grow in potato dextrose
broth [Potatoes infusion-200 g.L, Dextrose- 20 g.L, pH-
6.5+0.2] supplemented with 0.5% L-tryptophan for 96 hr.
After that, cultures were centrifuged at 6000 rpm for 15
min. 3-4 drops of orthophosphoric acid was added to 2 mL
supernatant of each sample along with 2 ml of Salkowsky
reagent [1% 0.5 M FeCls in 35% perchloric acid]. Then, the
reaction mixture was kept at dark condition in the incuba-
tor (27 °C + 2 °C) for 20 min. Appearance of pink colour in-
dicated the production of IAA and the absorbance of each
sample was recorded at 533 nm (13). The concentration of
IAA was estimated against the standard curve of IAA
(Sigma Aldrich).

Nitrogen fixing ability of the fungal isolates

The ability to fix atmospheric nitrogen was tested by inoc-
ulating the isolate in the Asbay’s mannitol agar media
[Mannitol-20 g.L, di-potassium phosphate-0.2 g.L!, mag-
nesium sulphate-0.2 g.L %, sodium chloride-0.2 g.L, potas-
sium sulphate-0.1 g.L, calcium carbonate-5.0 g.L, agar-
20 g.L %, final pH (at 25 °C) 7.410.2] because Ashby’s manni-
tol agar media is devoid of any ready nitrogen source. Iso-
lates were allowed to incubate at 27+2 °C temperature for
96 hr. Occurrence of fungal colony indicates its ability to fix
atmospheric nitrogen.

Quantitative estimation of phosphate solubilization of
insoluble calcium phosphate

This was done following ammonium-molybdate method
(14). 96 hr old fungal culture grown in Pikovskaya broth
media was used. After centrifugation at 6000 rpm for 15
min, 1 ml of culture filtrate was taken out and mixed with
2.5 ml Barton’s reagent [solution A: ammonium molybdate
(25 g) was dissolved in 400 ml distilled water; Solution B:
ammonium metavanadate (1.25 g) in 300 ml boil distilled
water and cooled then 250 ml concentrated HNO3; was
added. Solution A and B were mixed and the volume was
made up to 1000 ml with distilled water] and volume made
up to 5 ml. After 20 min, OD value of each sample was tak-
en at 430 nm wave length and concentration of solubilized
phosphate were determined with the standard curve of
KHPO..

Hydrogen cyanide (HCN) production

Potato dextrose agar media [potatoes; infusion from-
200 g.L!, dextrose- 20 g.L?, agar- 20 g.L!, pH-6.5+0.2]
supplemented with 4.4 g.L* Glycine was used to de-
termine HCN producing ability of fungal isolates. Fun-
gal strains were streaked into the plates and What-
man no.1 filter paper was dipped in 2% sodium car-
bonate in 0.5% picric acid solution which was placed
at the inner surface of the lid of the Petri dishes.
Plates were carefully covered with parafilm and incu-
bated at 27+2 °C for 7 days. Development of orange to
brown color in the filter paper indicated that the iso-
late have the capability to produce hydrogen cyanide
(15).
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Ammonia production

Fungal isolates were inoculated in peptone water and in-
cubated for 96 hr at 27+2 °C, after that, 0.5 ml of Nesseler
reagent was added to 1 ml of each culture. The develop-
ment of yellow to dark orange color indicated the positive
result of ammonia production (16).

Siderophore production

The siderophore activity of selected isolates was deter-
mined following the Chrome Azural S (CAS) agar plate
method (17). To prepare 1 | of blue agar, solution | [6.05 mg
CAS was dissolved in 5 mL of distilled water and mixed
with 1 ml of iron (lll) solution (1 mM FeCls, 6H.0 in 10 mM
HCl) with stirring. This solution was slowly added to 7.29
mg HDTMA dissolved in 4 ml water] and solution Il [90 ml
CAAB media (casamino acid- 5 g.L?, K;HPO4,1.18 g.L?,
MgS04.7H,0- 0.25 g.L*, pH-5.6); was prepared and 2g.90mL
T agar was added after adjustment of the pH of CAAB medi-
um. 3.024 g PIPES buffer powder was mixed with the 90 ml
media]. Solution | and Il were autoclaved separately. After
that, both solutions were cooled down to 50 °C and solu-
tion | was added along the glass wall of the Erlenmeyer’s
flask with enough agitation to achieve mixing without the
generation of foam. Then, finally prepared blue-CAS gar
media poured in petridishes maintaining the volume of 25
ml and fungal strains were inoculated in the petridish. Si-
derophore production was quantitatively estimated by the
CAS-shuttle assay of Pyne (18). The percentage of sidero-
phore production was calculated by the following formula:

% of siderophore production = [%} x 100

Where, Ar = absorbance of reference (blank minimal media
+ CAS assay solution) and As = absorbance of sample.

Exo-polysaccharide (EPS) production

EPS production was estimated following phenol sulphuric
acid method (19). Fungal isolates were inoculated in pota-
to dextrose broth [potatoes infusion from-200 g.L!, dex-
trose- 20 g.L?, pH-6.5+0.2], after incubation of 96 hr, cul-
tures were centrifuged at 6000 rpm for 15 min. Then, the
supernatant were again resuspended with 3 ml of Acetone
and re-centrifuged, this process were repeated for 3 times.
After that, supernatant was suspended with distilled wa-
ter. 1 ml of 5% aqueous phenol was added to 1 ml of this
suspension along with 5 ml concentrated H.SO4 and kept
for 15 min. Development of orange red colour indicates the
presence of exo-polysaccharides. OD value was measured
at 490 nm wave length and concentration was determined
using the standard curve of glucose.

Selection of best-performing PGPF strain

Considering the above performed test, one best-
performing fungal strain has been selected and further
experiments carried out with that best PGPF strain only.

Different parameter influencing IAA producing ability

IAA production with growth pattern of the selected iso-
late

Growth curve of the selected isolate was prepared by tak-
ing the dry weight of biomass in 2 day interval up to 10
days. IAA production was measured (13) simultaneously
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with the dry weight of biomass content of the selected
best-performing PGPF strain to study the changes in IAA
production in relation to its growth pattern.

IAA production with different L-Tryptophan concentra-
tion

Fungal isolate was inoculated to potato dextrose broth
[potatoes; infusion from-200 g.L!, dextrose - 20 g.L!, pH-
6.5+0.2] supplemented with different concentration of L-
tryptophan (0.5%, 1%, 1.5%, and 2%) and IAA was meas-
ured in each sample of 8 day culture (13).

Media optimization influencing IAA producing ability of
the selected PGPF strain

To optimize the carbon source of the media for highest
production of IAA, different sugars of monosaccharide
(glucose, galactose, arabinose and fructose) disaccharide
(lactose, sucrose, maltose) and polysaccharide (cellulose
and starch) were used in Czapex Dox broth media. All sug-
ars were given at 3% concentration in Czapex Dox media.
For, furthermore optimization of the most suitable carbon
source, glucose was supplemented with 0.5%-3% concen-
tration in the Czapex Dox broth media. Same as that, for
the selection of the best nitrogen source to get highest
amount of IAA, different nitrogen source were used
(peptone, asparagine, glycine, L-glutamic acid, ammonium
sulphate, sodium nitrate and potassium nitrate) in 0.2%
concentration instead of sodium nitrate. Again peptone
was supplemented with 0.2% to 1% concentration in the
media as peptone was found to be the most suitable nitro-
gen source. IAA was measured in each condition following
the standard method (13).

Optimization of growth parameter of the selected strain

The selected best-performing fungal strain was allowed to
grow in different pH (4-8) and temperature (4 °C, 20 °C, 25 °
C, 30 °C, 37 °C, 50 °C) and in different NaCl concentrations
(2%, 4%, 6%, 8%, 10%) to optimize the growth parameter
and simultaneously production of IAA by the selected
strain was also checked.

Identification of the selected best-performing strain
18S rDNA sequencing

The selected fungal strain was identified using 18S rDNA
sequencing method. Standard phenol/chloroform extrac-
tion method (20) was used to isolate genomic DNA, fol-
lowed by PCR amplification of the 18S rRNA gene using
universal primers 16F27 [5'-CCAGAGTTT GATCMTGGCTCAG
-3'] and 16R1492 [5'-TACGGYTACCTTGTTACGACTT-3']. The
amplified 18S rRNA gene PCR product was purified by PEG-
NaCl precipitation and directly sequenced on an ABI®
3730XL automated DNA sequencer. Sequencing was car-
ried out from both ends using additional internal primers
so that each position was read at least twice. Assembly
was carried out using Laser gene package followed by
identification using the NCBI database. Jukes and Cantor’s
methods was used for constructing phylogenetic tree in
MEGA X software. The significance of branch point was
calculated by 1000 boostrap resamplings of the data (21).
This strain was sent to National Centre for Microbial Re-
source (NCMR), Pune for general deposition.
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MALDI-TOF analysis

MALDI - TOF analysis was done following the standard
method (22). The spectra were calibrated externally using
the standard calibration mixture (Escherichia coli extracts
including the additional proteins RNase A and myoglobin ,
according to the instruction manual of Bruker Daltonik
GmbH, Germany).MALDI Biotyper 3.1 (Bruker Daltonik
GmbH, Germany) and FlexAnalysis version 3.4 (Bruker Dal-
tonik GmbH, Germany) software was used for strain identi-
fication. The strain showing =1.7 log value with strain in
database were confirmed as the member of that genus
and strains showing =2.0 log values were confirmed as the
member of that species.

Plant growth promoting assay on Fenugreek (Trigonella
foenum-graecum L.) using the selected

Mature Fenugreek (Trigonella foenum-graecum L.) seeds
were surface sterilized with 1.5% sodium hypochlorite
(NaOCl) for 10 min, followed by successive washing with
sterile distilled water and then the water was decanted.
The seeds were then kept on sterilized moist blotting pa-
per and incubated in dark at 25+2 °C for 2 days and then
those are transferred in a growth room [RH- 70-80%, temp.
27 °C 2 °C, illumination 270 mE m2 s (for 12 hr)]. 5 ml of
conidial suspension at a cell density of 1 x 108 spore.mL™! of
AP2 (Aspergillus fumigatus) and PS1 was separately added
in two sets of petridish (treated set). Then, the inoculated
seeds were placed in rotary shaker for 6 hr at 27 °C +2 °C to
facilitate the penetration of inducer inside the treated
seeds. Non-inoculated seeds were treated with sterile dis-
tilled water.

Several plant growth parameters like, germina-
tion percentage, dry weight and fresh weight of the seed-
ling, root and shoot length, amount of chlorophyll were
measured in 15 days seedling in each set.

Germination percentage (GP) was calculated following this
formula:

GP =

[ Total no.of germinated seeds ]x 100
Total no.of seeds in all replicates

For extraction of chlorophyll, 2g of fresh leaf tissue was
taken from each set and ground with 80% acetone and
then centrifuged at 10000 rpm for 10 min, this process was
repeated for 3 times until the precipitate become colour-
less. Then, 3ml of supernatant was taken out and absorb-
ance was taken against acetone at 645 nm and 663 nm
(23). The amount of chlorophyll a, chlorophyll b and total
chlorophyll was calculated by this formula:

Total Chlorophyll (mg.g™* F.W):

[20.2(4645) + 8.02(A663)] X total volume of filtrate

X tissue weight
1000

Chlorophylla (mg.g* F.W):

[12.7(4663) — 2.69(A4645)] X total volume of filtrate
1000
Chlorophyllb (mg.g* F.W):

[22.9(4645) — 4.68(4633)] X total volume of filtrate
1000

¥ tissue weight

X tissue weight

Estimation of IAA, total sugar and total protein of the
seedling

For extraction, 1 g of seedling from each set was homoge-
nized in 10 mM ice-cold 50 mM Na-phosphate buffer (pH-
6.8+0.2) containing 0.1 mM EDTA, 0.1 mM phenylme-
thanesulfonyl fluoride (PMSF) and 1% polyvinylpolypyrrol-
idone phosphate (PVPP). After centrifugation at 10000 rpm
for 15 min, concentration of IAA and total sugar were esti-
mated by the standard method (13, 19). Total protein con-
tent was measured (24). Then, 5 ml of Bradford reagent
was added to 0.1 ml of supernatant. Development of blue
colour occurs and OD taken at 595 nm. Known quantity of
Bovine serum albumin was used to prepare standard curve
of protein.

Statistical analysis

All data presented in the result were the means of 3 repli-
cates. All the means was analyzed by single way ANOVA
and compared at 5% significance level.

Results
Isolation and screening of PGPF

Six fungal colonies (AP1, AP2, PS1, PS2, PS3 and PS4) with
distinct morphology were obtained from the rhizosphere
soil of rice plant. The physico-chemical characters of soil
indicate the soil was slightly saline and neutral (Table 1).
Morphological colony characteristics of 6 isolated fungal
colonies were recorded (Table 2). Different plant growth
promoting traits like solubilisation of phosphate, IAA pro-
duction, N, fixation, NH; and HCN production, siderophore
production were tested in the six isolated strains (Table 3).
AP2 (Aspergillus fumigatus) was found to produce a copi-
ous amount of IAA followed by PS1 and AP1 (Fig. 1A). AP2
(Aspergillus fumigatus) solubilize the insoluble calcium
phosphate of Pikovskaya media most efficiently followed
by PS1 (Fig. 1B). Siderophore and polysaccharide produc-
tion of AP2 (Aspergillus fumigatus) and PS3 was highest
compared to other four isolates (Fig. 1C, 1D). AP2
(Aspergillus fumigatus) was selected as best PGPF strain as
it showed best result in all above mentioned plant growth
promoting traits (Table 3).

Table 1. Physio-chemical properties of the soil.

Characters Soil sample

Electrical conductivity (dS.m) 0.045

pH 73

Organic carbon (%) 0.68

Total nitrogen (ug. g* dry weight) 0.74

Total phosphorus (ug. g* dry 0.48

weight)

Total sulphate (mg. g* dry weight) 0.65

Parameter influencing IAA production of AP2
(Aspergillus fumigatus)

When monitoring IAA production ability with dry weight of
AP2 (Aspergillus fumigatus), it was found that the IAA pro-
duction after a little lag phase increased simultaneously
with the biomass content of AP2 (Aspergillus fumigatus)
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Fig. 1. Different plant growth ability of six isolates [(A) IAA production; (B) Solubilisation of insoluble phosphate; (C) Siderophore production; (D) EPS produc-
tion]. Different letters indicate statistically significant differences between groups (Mean + SD, n=3, one way ANOVA, p <0.05).

Table 2. Colony characteristics of the fungal isolates.

Fungal Shape Surface Margin Colour
=@ Biomass dry weight (g/L) —#— Concentration of TAA (pg/ml)
AP1 Round Smooth Smooth Deep
brown 1.2 - d - 1200
AP2 Round Rough Wavy Green = =
- 1 - 1000 =5
. 4 o0
PS1 Irregular Smooth Wavy Reddish- = =
brown %iy 0.8 - 800 o
PS2 Round Rough Wavy Light £ é
Green = 0.6 - 600 °
PS3 Round Smooth Smooth White Z .g
S04 - 400 £
s =
PS4 Irregular Smooth Smooth Reddish- & o
brown 0.2 - 200 g
5
Table 3. Plant growth promoting traits shown by fungal isolates. 0 0
Fungal Nitrogen ~ Ammonia HCN pro- EPS pro-
. - . - ;i 0 2 4 6 8 10 12
isolates fIX.II’.lg production duction duction Culture age (Days)
ability Fig. 2. Growth curve of selected AP2 strain (Aspergillus fumigatus) and Indole
APL N P N P -3-acetic acid (IAA) production (ug.ml?) by the same up to 12 days in 2-day
AP2 P P P P interval. Different letters indicate statistically significant differences between
groups (Mean £ SD, n=3, one way ANOVA, p <0.05).
PS1 N P N P
PS2 N N N N upto 8™ day. In the 8" day, biomasses as well as amount of
2431 : E E : IAA production were highest, and then both started to decline

(*‘P”indicates positive result;'N’ indicates negative result)

(Fig. 2). It has been seen that, while dealing with the media
optimization for IAA production, AP2 (Aspergillus fumigatus)
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Fig. 3. Media optimization of AP2 (Aspergillus fumigatus) for IAA production [(A) with different carbon sources; (B) with different nitrogen sources]. Different
letters indicate statistically significant differences between groups (Mean + SD, n=3, one way ANOVA, p < 0.05).
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Fig. 4. Optimization of selected carbon and nitrogen source percentage for IAA production [(A) percentage of glucose in media; (B) percentage of peptone in
media]. Different letters indicate statistically significant differences between groups (Mean + SD, n=3, one way ANOVA, p < 0.05).

used glucose as carbon source most efficiently followed by
arabinose; peptone was found to be as best nitrogen
source for production of IAA (Fig. 3A-B). The production of
IAA was more in 1% glucose and 0.5% peptone supple-
mented media (Fig. 4A-B).

Optimizing growth parameter of AP2 (Aspergillus fumiga-
tus)

IAA production was accelerated with increasing its precur-
sor L-tryptophan concentration and the production of in-
dole acetic acid was highest using 1.5% concentration of L-
tryptophan, but above this concentration of L-tryptophan,
the production of IAA started to decreased (Fig.
5A).Optimum temperature for AP2 (Aspergillus fumigatus)
growth was 25 °C though it can grow in temperature range
of 20 °C to 30 °C. (Fig. 5B). AP2 (Aspergillus fumigatus) had
pH tolerance range of 4-8, but pH 7 was optimum for its
growth (Fig. 5C). AP2 can tolerate NaCl upto concentration
of 6%, after which AP2 (Aspergillus fumigatus) failed to
grow further (Fig. 5D). IAA production was decreasing with
the increasing concentration of NaCl. In 2% NacCl concen-
tration, IAA production was somewhat similar to control
set, after that production was sharply declined (Fig. 5D).

Identification and phylogenetic analyses of AP2 as an
Aspergillus sp.

Microscopic view of fungal isolate AP2 (Fig. 6A) showed
entire, smooth, hyaline hyphae with conidiophore (width

3.8-5.6 um), round vesicle (radius 10.4-13.41 um) and phi-
alide (length 2.88-7.1um); Conidia were round, smooth with
radius 0.98-1.31pum resembling the genus Aspergillus. Scan-
ning electron microscopy of AP2 was shown in Fig. 6B-C.
The molecular characteristics of AP2 were given in Table 4.
The length of 18S rDNA sequence of the AP2 strain is 756
nucleotide bp. The 756 bp nucleotide were compared to
recorded data in the nucleotide bank showed the closest
neighbour of the AP2 strain was Aspergillus fumigatus ATCC
1022 (NR_121481.1) having 99% sequence similarity. MALDI
-TOF analysis of ribosomal protein indicated that the strain
AP2 belongs to the genus Aspergillus sp. (Fig. TA) as it
showed log value above 1.7 confirming its genus identity as
Aspergillus sp. 18S rDNA sequence from type strains of all
Aspergillus sp. with more than 98% sequence similarity was
used to carried out phylogenetic analysis and it has been
indicated the position of AP2 within the genus Aspergillus.
(Fig. 7B). AP2 in the phylogenetic tree formed a clade within
the cluster represented by Aspergillus fumigatus
(HQ026746) and Aspergillus fumigatus (KR023997). The
strain AP2 showed 100% sequence similarity to Aspergillus
fumigatus (MT297633), Aspergillus fumigatus (KR023997 ),
Aspergillus  sp.(KF367498) and Aspergillus fumigatus
(HQ026746) followed by 99.86% sequence similarity to As-
pergillus sp. (MG674824) and Aspergillus fumigatus.
(MK439477). The strain AP2 was deposited in Microbial Cul-
ture Centre (MCC) with the accession number MCC 1721.
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Fig. 5. Effect of different factors on growth and IAA production of AP2 isolate (Aspergillus fumigatus) [(A) Effect of different L-tryptophan concentration; (B)
Effect of temperature; (C) Effect of pH; (D) Effect of NaCl]. Different letters indicate statistically significant differences between groups (Mean + SD, n=3, one way

ANOVA, p <0.05).
Table 4. Molecular characteristics of AP2.

Molecular characteristics of AP2 strain

MALDI-TOF analysis of ribosomal protein

Molecular identification by 18S rDNA

Identification of MALDI score of Identification of MALDI score of Closest similari- Pairwise simi- Strain
the strain (best the strain the strain (second the strain ty [EzTaxon seq. larity sequence
match) (second match) match) (second match) acc. no.] (%) accession
Aspergillus fu- Aspergillus fu- Aspergillus fu-
migatus 45_I1 VML 1.753 migatus 43_d VML 1.726 migatus
ATCC1022 99 MCC 1721

Response of T. foenum-graecum L. seedling after inoculation with
AP2 (Aspergillus fumigatus) strain compared to non-inoculated and
PS1-inoculated seedlings

The inoculation of AP2 (Aspergillus fumigatus) on Fenugreek seedling
showed satisfactory promotion in terms of plant growth compared to
non-inoculated and PS1-inoculated seedlings. The germination per-
centage, morphological parameter of root (root fresh weight, root dry
weight, root length), shoot morphological parameters (shoot fresh

weight, shoot dry weight, shoot length) and chlorophyll content
showed highest result in Aspergillus fumigatus (AP2)-inoculated seed-
ling followed by the seedlings treated with PS1 strain, summarized in
Fig. 8A-D. In case of I1AA, total sugar and total protein content, all pa-
rameters are increased in seedlings that were treated with
selected AP2 strain (Aspergillus fumigatus) and PS1 strain
compared to control set, but AP2-treated seedling gave
most promising result (Fig. 9A-C).
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Discussion

Excessive use of chemical fertilizers accelerates rapid
growth of plant but nutrition become very poor in plants
grown in this way (25). In recent years, a technique has
become popular to use plant growth promoting microbes
(mostly bacteria and fungi) in agricultural field to pro-
mote plant growth and also to increase stress tolerance
response (26). Though plant growth promoting bacteria
are extensively studied in recent years but the investiga-
tion on fungal strains as plant growth promoter is lim-
ited. The Rhizosphere is the biologically active zone
where plant-microbe interactions take place (27). Plant
roots releases a wide range of chemical exudates that is
the key factor of the rhizosphere plant-microbial interac-
tion (27). Plant growth promoting fungi (PGPF) are soil-
borne fungi that mimic the extensively-studied plant
growth-promoting rhizobacteria (PGPR) by increasing
plant growth and development by various means (26, 28-
30). PGPFs are able to solubilize insoluble forms of phos-
phate, producing siderophore and IAA, HCN, ammonia
production etc., thereby directly or indirectly contrib-
uting to the plant growth enhancement (29-31). IAA con-

tributes to plant growth to large extent, and also helps in
microbial colonization by loosening the cell wall of plant
(32-34), thereby while screening for selection of best-
performing fungal strain, the ability of in vitro IAA produc-
tion can be taken as an important criterion.

In our study, AP2 (Aspergillus fumigatus) was se-
lected as ideal PGPF strain among the six isolated fungal
strains on the basis of its huge IAA producing ability as
well as considering other plant growth promoting abili-
ties. The growth of AP2 (Aspergillus fumigatus) was high-
est in 8" day of incubation and IAA production was also
reached the maximum level at the same day. Many other
reports supported this outcome as there also maximum
amount of IAA was recorded in stationary phase of fungal
growth curve (10, 35-36).

In this study, optimum temperature for maxi-
mum IAA production by AP2 (Aspergillus fumigatus) was
25 °C that showed the similarity with previous other re-
ports that revealed that optimum temperature of IAA pro-
duction by fungi lies between 25 °C to 30 °C (35, 37-41).

In our study, IAA production by AP2(Aspergillus
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fumigatus) was at peak at pH 7, our result is in accord-
ance with an earlier study (42), where maximum IAA
production was at pH 7.5 in case of Pseudomonus
putida UB-1 and in a study (43), maximum production
was observed in pH 7.2. In one study (44), pH 8 was the
optimum pH for highest IAA production which is very
similar to our result.

In our study, it was found that, higher amount
of IAA was obtained at 0% and 2% NaCl concentration
and higher amount of NaCl tend to inhibit the IAA pro-
duction as well as fungal growth. This report is con-
cordant with an earlier studies (45, 46), in which IAA
production was decreased with increasing salinity.

Several studies revealed that, L-tryptophan is
the precursor of 1AA, so that, adding the L-tryptophan
in the culture media increase the production of I1AA (47
-49). In this study, IAA production was highest with
1.5% L-tryptophan concentration after that the pro-
duction rate slows down. This report matches many
previous study reports that also proved that IAA bio-
synthesis is greatly affected by L-tryptophan concen-
tration as in study (40), in which the amount of 1AA
production by Colletotrichum fructicola CMU-AU 006
and Tulasnella sp. CMU-SLP 007 was increased with
increment of L-tryptophan concentration upto a cer-
tain level and then decreased. The optimum concen-
tration of L-tryptophan was found to be 1 mg.mL" for
production of IAA by Pleurotus ostreatus (50).

Different carbon sources in culture media
were reported to affect the amount of microbial I1AA
production (42, 46, 48, 51). In this study, different
monosaccharide (Glucose, galactose, Arabinose,
fructose) disaccharide (lactose, sucrose, maltose)
and polysaccharide (cellulose and starch) were
used to check their efficiency to accelerate IAA pro-
duction, among all glucose was recorded to be the
best-used carbon source at 1% concentration by
AP2 (Aspergillus fumigatus) for IAA production. It
was revealed that, sucrose was the most efficiently
used carbon source by Pseudomonus putida for IAA
production (42). Similar to our study, another study
showed that, for IAA production, glucose was re-
ported to be the best carbon source for strain
MJHN10 and other 2 strains MJHN1 and MBN3 used
sucrose and mannitol most preferably as carbon
source for maximum IAA production (52). In another
report (51), it was found that PGPR strain Rhizobium
used mannitol and L-glutamic acid most suitably.

Many study reported that, like carbon sources,
nitrogen sources in culture media also influence mi-
crobial IAA production (51-53). In our study, different
nitrogen sources (peptone, asparagine, glycine, L-
glutamic acid, ammonium sulphate, sodium nitrate
and potassium nitrate) were used to evaluate their
effect on amount of IAA production and peptone at
0.5% concentration was used most preferably by AP2
(Aspergillus fumigatus) as nitrogen source for maxi-
mum |AA production. Yeast extract was most suitable
nitrogen source (54-56) and ammonium sulphate was
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in an earlier study (42). Study report on media optimi-
zation with different carbon and nitrogen sources for
highest production of IAA by fungal sources are very
limited.

Apart from IAA producing ability, AP2
(Aspergillus fumigatus) also found to be a tremendous
phosphate solubilizer, it can solubilize 677+8.14 3ug/
mlinsoluble phosphate. This finding was supported by
the study of Banerjee et al. where it proved that PGPF
can solubilise insoluble phosphates (12). Phosphate
solubilization by PGPF was also supported by an earli-
er report (57). AP2 (Aspergillus fumigatus) can grow in
Ashby’s mannitol agar media which is devoid of nitro-
gen source indicated that AP2 (Aspergillus fumigatus)
can fix atmospheric nitrogen. Nitrogen fixation by fun-
gal strain was also found in an earlier study (19). As-
pergillus fumigatus produced ammonia and HCN; these
traits of PGPF were also reported (12). AP2 secreted a
good amount of exo-polysaccharides (998+6.11 pg.ml-
1) that may help to tolerate stress (58-60). According to
the reports, fungal strains can produce good amount
of exo-polysaccharides (19, 61). The fungal strain AP2
(Aspergillus fumigatus) synthesized a huge amount of
iron chelating siderophore (72+4.35 pg.ml?) that helps
in iron uptake of plants (62). The ability of fungi to
produce siderophores was proved earlier (19, 61).

The selected PGPF strain AP2 has been identi-
fied as Aspergillus sp. on the basis of its microscopic
characteristics, MALDI-TOF analyses and 18S rDNA se-
quence homology. Previously, many reports proved
that different species of Aspergillus are capable of
plant growth promotion. (63-64).

Inoculating the seeds of Trigonella foenum-
graecum L. with AP2 (Aspergillus fumigatus) strains
showed overwhelming enhancement in germinability,
root length, dry and fresh weight of root, shoot length,
dry and fresh weight of shoot and chlorophyll content
of the seedlings. As AP2 (Aspergillus fumigatus) pro-
duced huge amount of IAA, it helps in root growth (65).
Total IAA content of seedlings was enhanced signifi-
cantly in AP2 (Aspergillus fumigatus) treated set, mi-
crobial effect on IAA content was also reported in an
earlier study (66). Total sugar, total protein content of
the host plant was more in case of PGPF treated set
compared to control set, this finding was supported by
the report, where also enhanced nutritive content was
seen in the fungi-treated (Aspergillus japonicas) set
(67).

In conclusion, AP2 (Aspergillus fumigatus) was
IAA producing novel PGPF Aspergillus sp. having differ-
ent plant growth promoting trait viz., phosphate solu-
bilization, Ammonia production, HCN production, si-
derophore production etc. Aspergillus fumigatus suc-
cessfully promoted seed germination, seedling growth
and nutritive values of the host plant. Hence, AP2
(Aspergillus fumigatus) can be a good alternative of
chemical fertilizers and pesticides minimizing the en-
vironmental pollution.
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Conclusion

Considering the result, AP2 which was identified as Aspergillus fu-
migatus, can be easily considered as a potent PGPF strain that has
many plant growth promoting characters proved both in in vitro
condition and in plant growth promoting assay on Trigonella foe-
num-graecum L. Aspergillus fumigatus produce copious amount of
IAA influencing the growth of the plant. As now-a-days, crop science
is focussing on biofertilizers considering the harmful effects of chem-
ical fertilizers, in that case, AP2 can be used as efficient biofertilizer in
agricultural field for development of sustainable way of crop pro-
duction.
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