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Endophytic fungi are little known for their role in
gibberellins (GAs) synthesis and abiotic stress resistance
in crop plants. We isolated 10 endophytes from the roots
of field-grown soybean and screened their culture filtrates
(CF) on the GAs biosynthesis mutant rice line - Waito-C. CF
bioassay showed that endophyte GMH-1B significantly
promoted the growth of Waito-C compared with controls.
GMH-1B was identified as Penicillium minioluteum LHL09
on the basis of ITS regions rDNA sequence homology and
phylogenetic analyses. GC/MS-SIM analysis of CF of P.
minioluteum revealed the presence of bioactive GA4 and
GA7. In endophyte-soybean plant interaction, P. minioluteum
association significantly promoted growth characteristics
(shoot length, shoot fresh and dry biomasses, chlorophyll
content, and leaf area) and nitrogen assimilation, with and
without sodium chloride (NaCl)-induced salinity (70 and
140 mM) stress, as compared with control. Field-emission
scanning electron microcopy showed active colonization
of endophyte with host plants before and after stress
treatments. In response to salinity stress, low endogenous
abscisic acid and high salicylic acid accumulation in
endophyte-associated plants elucidated the stress mitigation
by P. minioluteum. The endophytic fungal symbiosis of
P. minioluteum also increased the daidzein and genistein
contents in the soybean as compared with control plants,
under salt stress. Thus, P. minioluteum ameliorated the
adverse effects of abiotic salinity stress and rescued soybean
plant growth by influencing biosynthesis of the plant’s
hormones and flavonoids.
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Endophytic fungi, either ascomycetes or basidiomycetes,
live inside roots or tissues of the host plants without
causing any disease symptoms or injury [4, 16, 33, 42].
These poorly known fungi represent a trove of unexplored
biodiversity and are a frequently overlooked component of
forest [5] and crop ecologies. In mutualistic mode, endophytic
fungi increase plant fitness by dissuading herbivory and
pathogenic attacks while also facilitating plant growth
through nutrients uptake, water use efficiency, and curtailing
of environmental stresses [6, 9, 38, 42, 52]. The endophytic
fungi, in return, obtain access to the host plant’s nutrients
and dissemination to the next generation (e.g., members of
Clavicipitaceous and Dikarya) [4, 24]. Endophytic fungi
produce a wide array of biochemically important metabolites.
Among these, endophytic fungi have been reported for
synthesis of various plant hormones such as gibberellins
(GAs) reported by Khan et al. [26, 27], Khan et al. [28],
and Hamayun et al. [18, 19]. Currently, 136 GAs have
been identified, and more than two dozen fungi, pathogenic
and nonpathogenic, associated with plants and/or soil,
have been reported as GAs producers [1, 7].
Salinity stress prevails throughout our agriculture lands
affecting crops and their productivity. With the human
population expanding, food demands have been at a sturdy
rate and therefore, minimizing such stresses would be an
urgent issue to resolve. Salt stress induces ionic and
osmotic imbalance inside plant cells. Accumulation of attuned
osmolytes transduces signals to aggregate phytohormones
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like abscicic acid (ABA) and salicylic acid (SA) [23, 31].
Salinity has been reported to significantly limit the growth
of leguminous plants, especially soybean [19]. Chlorideinduced toxicity causes symptoms of leaf chlorosis, stunting,
and biomass reduction in soybean plants [45]. Soybean
contains various classes of flavonoids, especially daidzein
and genistein. Flavonoids are considered as signaling
molecules during endo- or ecto-mycorrhizal colonization
[49]; however, studies have shown their role as regulatory
compounds during fungal association [39, 46]. Although
studies have been conducted on the plant-fungus association
and flavonoid biosynthesis, the effects of the endophytehost relationship under stressful situations have yet to be
elucidated. Similarly, ample literature is available on salt
stress in relation to phytohormonal response, whereas lesser
work has been credited to understand their role in relation
to endophytic fungi, especially those that produce GAs.
Thus, interest has been developed to isolate and screen
bioactive endophytic fungi from the roots of field-grown
soybean using a GAs-pathway-deficient mutant rice
cultivar, Waito-C. The bioactive strain was then analyzed
for the presence of GAs in its pure culture. Endophytesoybean plants association has been assessed at two levels
of salinity stress (sodium chloride, NaCl; 70 and 140 mM) to
measure responses of plant growth and flavonoids (daidzein
and genistein) production. Field-emission scanning electron
microcopy was used to view the colonization of endophyte
with host plants before and after stress treatments. The
experiments were carried out to determine the endophyte
fungus role in abiotic stress damage control.

MATERIALS AND METHODS
Isolation, Screening, and Identification of Endophytes
Roots were collected from field-grown soybean and washed thoroughly
with tap water. The roots were consecutively treated with 1% Tween
80 solution, 1% perchloric acid, and autoclaved double-distilled
water (DDW) for 5 min in a shaking incubator (120 rpm) [28]. The
contaminants, rhizobacteria, and mycorrhizal fungi were removed
during surface sterilization. Secondary root pieces (0.5 cm) were
selected and carefully placed on Hagem medium plates (0.5%
glucose, 0.05% KH2PO4, 0.05% MgSO4·7H2O, 0.05% NH4Cl, 0.1%
FeCl3, 80 ppm streptomycin, and 1.5% agar; pH 5.6±0.2) to isolate
endophytes, as described by Hamayun et al. [18] with some
modification. The newly emerged fungal spots were separated under
sterilized conditions and grown on potato-dextrose agar medium
plates for further use and storage.
To assess the plant growth promoting/inhibiting capacity of the
fungal isolates, culture filtrates were analyzed by performing screening
bioassay on Waito-C rice, a gibberellin biosynthesis mutant line. It
can be grown and assessed easily in sterilized hydroponic condition
to know the effect of a fungal culture filtrate. Czapek culture broth
(1% glucose, 1% peptone, 0.05% KCl, 0.05% MgSO4·7H2O, and
0.001% FeSO4·7H2O; pH 7.3±0.2) was used as the growing medium
of 10 fungal isolates, for 7 days at 30oC at 120 rpm. The culture

filtrate (CF) was harvested by centrifugation at 5,000 ×g at 4oC for
15 min. Harvested pellet and supernatant were kept at -70oC and
lyophilized (ISE Bondiro Freeze Dryer). The pellet was used for
identification of fungal isolate, while the supernatant was diluted in
1 ml of autoclaved DDW to perform the screening experiment on
Waito-C rice. Waito-C seeds were surface-sterilized with 2.5%
sodium hypochlorite for 30 min, rinsed with autoclaved DDW, and
then incubated for 24 h with 20 ppm uniconazol to obtained equally
germinated seeds. Germinated rice seedlings were transplanted to
autoclaved pots containing 0.8% water-agar medium and kept in a
growth chamber for further growth. After attaining the two leaves
stage, 10 µl of supernatant solution of fungal CF was applied at the
seedling apex. After one week of treatment, the shoot length, chlorophyll
content, and shoot fresh and dry weights were recorded and compared
with negative (treated with DDW) and positive (Gibberella fujikuroi)
controls. The wild-type strain of G. fujikuroi KCCM12329, provided
by the Korean Culture Center of Microorganisms, was used as the
positive control and the same conditions of growth and treatments
were used as mentioned above.
DNA Extraction and Fungal Isolate Identification
Genomic DNA isolation and PCR were performed according to an
established protocol [28]. Bioactive endophytic fungal isolate was
identified by sequencing the internal transcribed spacer (ITS) rDNA,
using universal primers ITS-1 (5'-TCC GTA GGT GAA CCT GCG
G-3') and ITS-4 (5'-TCC TCC GCT TAT TGA TAT GC-3') [47].
The BLAST search program (http://www.ncbi.nlm.nish.gov/BLAST)
was used to compare the sequence homology of the nucleotide of
the 18S ITS region of fungi. The closely related sequences obtained
were aligned through CLUSTAL W using MEGA version 4 software
[48], and the maximum parsimony tree was constructed using the
same software. The bootstrap replications (1,000) were used as a
statistical support for the nodes in the phylogenetic tree.
CF Analysis for the Presence of GAs
CF of bioactive endophyte, as revealed from the Waito-C screening
bioassay, was grown in Czapek culture broth. After seven days,
50 ml of CF was harvested by centrifugation at 5,000 ×g at 4oC for
15 min. GAs were extracted and quantified by following an established
protocol of Lee et al. [29] and Ahmad et al. [1]. CF of bioactive
endophytic fungi was chromatographed on a 3.9×300 m Bondapak
C18 column (Waters Corp., Milford, MA, USA) and eluted at
1.5 ml/min with the following gradient: 0 to 5 min, isocratic 28%
MeOH in 1% aqueous acetic acid; 5 to 35 min, linear gradient from
28% to 86% MeOH; 35 to 36 min, 86% to 100% MeOH; 36 to
40 min, isocratic 100% MeOH. Forty-eight fractions of 1.5 ml each
were collected. The fractions were then prepared for gas chromatography/
mass spectrometry (GC/MS) with selected ion monitoring (SIM)
(6890N Network GC System, and 5973 Network Mass Selective
Detector; Agilent Technologies, Palo Alto, CA, USA). For each GA,
1 µl of sample was injected in a 30 m×0.25 mm i.d., 0.25 µm film
thickness DB-1 capillary column (J & W Scientific Co., Folsom,
CA, USA). The GC oven temperature was programmed for a 1 min
hold at 60oC, and then to rise at 15oC/min to 200oC followed by
5oC/min to 285oC. Helium carrier gas was maintained at a head
pressure of 30 kPa. The GC was directly interfaced to a mass
selective detector with an interface and source temperature of 280oC,
an ionizing voltage of 70 eV, and a dwell time of 100 ms. Full-scan
mode (the first trial) and three major ions of the supplemented [2H2]

SALINITY STRESS RESISTANCE BY ENDOPHYTIC FUNGAL INTERACTION

GA internal standards (obtained from Prof. Lewis N. Mander,
Australian National University, Canberra Australia) and the fungal
GAs were monitored simultaneously. The retention time was
determined using hydrocarbon standards to calculate the KRI
(Kovats retention index) value, and the GA quantification was based
on the peak area ratios of non-deuterated (extracted) GAs to deuterated
GAs. Two replicates per treatment were used for determination of
GAs.
Bioactive Endophyte-Host Association
Experiments comprised controls, endophyte-inoculated plants, controls
for NaCl stress (70 and 140 mM), and endophyte-inoculated plants
with same NaCl stress. Isolated bioactive endophyte fungal strains
were inoculated in Czapek broth medium (250 ml) and incubated
for 7 days at 30oC at 120 rpm. Soybean seeds before sowing in
autoclaved pots were surface-sterilized as described in Waito-C
sterilization. Soybean plants were grown in the growth chamber
(day/night cycle: 14 h at 28oC±0.3; 10 h at 25oC±0.3; relative humidity
60-65%; 15 plants per treatment) and irrigated with distilled water.
Autoclaved pots (200 g/pot of substrate) containing one-week-old
soybean seedlings received 200 mg of endophyte mycelium [52].
The endophyte and soybean were grown together for three weeks in
a growth chamber. After three weeks, NaCl solution (200 ml/plant)
was used for induction of salinity stress of 70 mM and 140 mM for
seven days.
The growth parameters (i.e., shoot length, shoot fresh and dry weights)
were measured for harvested soybean plants, while the chlorophyll
content of fully expanded leaves was analyzed with the help of a
chlorophyll meter (SPAD-502 Minolta, Japan). Dry weights were
measured after drying the plants at 70oC for 48 h in an oven. Total
leaf area was measured with a Laser Leaf Area meter (CI-203 model;
CID Inc., USA). Each reading was repeated three times. Plant
samples were oven-dried at 65oC and then ground to pass through
1 mm mesh sieves and analyzed for N using a CNS analyzer (CarloErba NA1500; Carlo Erba Instruments, Milano, Italy).
Microscopic Analysis
The dried roots of endophyte-treated plants 3 days after inoculation
and 7 days after salinity stress treatments were analyzed using a
field emission scanning electron microscope (FE-SEM). The incised
dry roots (5 mm) were sputter-coated with gold (JFC-1100E ion
sputtering device; EG&G, USA) and were photographed by FESEM (Hitachi S-4300, Japan).
Endogenous ABA and SA Analysis
Endogenous ABA contents were extracted following the method of
Qi et al. [36]. The extracts were dried and methylated by adding
diazomethane for GC-MS SIM (6890N network GC system, and
5973 network mass selective detector; Agilent Technologies, Palo
Alto, CA, USA) analysis. For quantification, the Lab-Base (ThermoQuset,
Manchester, UK) data system software was used to monitor responses
to ions of m/e 162 and 190 for Me-ABA and 166 and 194 for Me[2H6]-ABA.
SA was extracted and quantified as described previously [43].
Briefly, all the treated samples were harvested and immediately
transferred to liquid nitrogen and then -70oC. The samples were
kept in an ISE Bondiro Freeze dryer for 4-6 days to obtain freezedried plant sample. The leaf tissue samples were grinded to powder
form and 0.1 g was sequentially extracted with 90% and 100%
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methanol by centrifuging at 10,000 ×g. The combined methanol
extracts were vacuum dried. Dry pellets were resuspended in 2.5 ml
of 5% trichloroacetic acid the supernatant was partitioned with ethyl
acetate: cyclopentane: isopropanol [100:99:1 (v/v)]. The top organic
layer containing free SA was transferred to a 4 ml vial and dried
with nitrogen gas. The dry SA was again suspended in 1 ml of 70%
methanol. High performance liquid chromatography (HPLC) analysis
were carried out on a Shimadzu having fluorescence detector (Shimdzu
RF-10AXL, excitation and emission 305-365 nm, respectively) fitted
with a C18 reverse-phase HPLC column (HP hypersil ODS, particle
size 5 µm, pore size 120 Å, Waters). The flow rate was 1.0 ml/min.
Daidzein and Genistein Analysis
Daidzein and genistein were extracted and analyzed through standard
methods [34]. In brief, 0.2 g (dry powder) was added to 10 ml of
80% ethanol and incubated in an ultrasonic bath (Kodo Co., Korea)
at 50oC for an hour. Samples were placed in a shaking incubator
(150 rpm) at 50oC for 15 h and then filtered through a 0.45 µm
syringe (PVDF; Millipore Corporation, Billerica, USA). A sample
(10 µl) was injected in the HPLC column (Totalchrom V6.2.0.0.1)
using gradient solutions. acetonitrile and 0.1% of acetic acid in
water. The HPLC system was fitted with an LC control (PerkinElmer
series 200; USA) and a Col-Choice C-18 column (4.6 mm × 150 mm;
5 µm). The solvent flow rate was 1.0 ml/min. The elution was
monitored by UV absorption (series 200 UV/vis detector) at 260 nm.
Identification of both isoflavones was based on comparisons with
retention times of genuine standards of daidzein and genistein
(Sigma Chemical Co, USA).
Statistical Analysis
All set of experiments (ABA, SA, N assimilation, daidzein and
genistein, and plant growth attributes) were repeated three times
except for CF GAs. Graphs were prepared using Graph Pad Prism
software (version 5.0; San Diego, CA, USA). The differences among
the mean values were determined using Duncan’s Multiple Range
Tests (DMRT) at P<0.05 (Statistic Analysis System, SAS 9.1).

RESULTS
Bioactive Endophytic Fungi Isolation and GAs Analysis
To search for growth promoting or inhibiting endophytic
fungi, root pieces of soybean plants were grown on Hagem
minimal media for seven days. Pure cultures in petri plates
were grouped on the basis of colony shape, height and
color of aerial hyphae, base color, growth rate, margin
characteristics, surface texture, and depth of growth into the
medium [5]. Among 19 different endophytic fungi isolated
from the roots of soybean, 10 were selected on the basis of
morphological trait similarity. The CF bioassay was performed
to identify GAs-producing strains. A GAs-deficient mutant,
rice cultivar, Waito-C, was used to differentiate growth
promoting/inhibiting and GAs secreting strains. Results
showed that CF of seven fungi exhibited growth stimulatory
effects and three had inhibitory effects. In the growth
promotive strains, CF of endophyte GMH-1B exhibited
significant stimulation in the shoot length of Waito-C rice
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Table 1. Effect of CF of endophytic fungal strains on the growth of Waito-C rice seedlings.
Strains
Control GF
Control
GMH-1e
GMH-2f
GMH-1B
GMH-3g
GMH-2c
GMH-1b (P)
GMH-3i
GMH-1A
GMH-2j
GMH-3b

SL (cm)

CC (SPAD)

SFW (g)

8.10±0.51b
6.37±0.53d
8.78±0.34a
8.29±0.29ab
9.33±0.35a
8.40±0.65ab
8.44±0.11ab
7.43±0.71c
6.19±0.34e
8.63±0.37ab
6.67±0.41d
8.66±0.15ab

31.1±0.63ab
29.11±1.3b
29±1.31b
26.6±1.45de
31.7±0.13a
31.45±0.58a
27±1d
27.13±1.9d
27±1.1d
29.6±0.89b
28.33±0.87c
29.6±0.75b

0.67±0.03b
0.53±0.13c
0.71±0.11ab
0.49±0.08c
0.89±0.09a
0.77±0.07ab
0.67±0.11b
0.70±0.08ab
0.46±0.1c
0.70±0.08ab
0.55±0.12bc
0.63±0.08b

SDW (g)
0.101±0.03ab
0.089±0.03b
0.103±0.04ab
0.097±0.02b
0.209±0.01a
0.112±0.02ab
0.113±0.01ab
0.118±0.02a
0.091±0.02b
0.114±0.03ab
0.093±0.01b
0.102±0.01ab

SL = shoot length; CC = chlorophyll content; SFW = shoot fresh weight; SDW = shoot dry weight; GF = CF of wild type Gibberella fujikuroi treated rice
seedlings. Control = autoclaved double-distilled water-treated Waito-C rice seedlings. In columns, treatment means having different letter(s) are significantly
different at the 5% level by DMRT. Values in the table refer to mean ± SE (n=3). The bold in the table represent significant growth promoting effect on the
growth of Waito-C rice in comparison with GF and Control.

seedling’s growth, at 16.47% and 46.47% compared with
both positive and negative controls, respectively. GMH-2j
and GMH-1b(P) inhibited the Waito-C growth in comparison
with positive control, whereas GMH-3i exhibited suppressive
effects in comparison with negative control (Table 1).
Endophyte GMH-1B CF application also improved the
chlorophyll contents and shoot fresh and dry weights.
GMH-1B registered significantly higher growth promotion
(P>0.05) compared with positive controls (Table 1). The
growth promotive response of GMH-1B suggests that
there might be some growth enhancing substances that
have ameliorated the Waito-C rice seedlings growth and its
allied growth characteristics.
For this purpose, the CF of the GMH-1B was subjected
to GAs analysis. During the GAs analysis of GMH-1B
using GC/MS SIM technique, only GA4 and GA7 were
found. The amount of GA4 was 12.84±2.11 ng/ml and GA7
was 48.912±3.64 ng/ml.
To identify the GAs-secreting GMH-1B endophytic fungal
strain, we performed phylogenetic analysis of the sequence
obtained from ITS regions rDNA. Phylogenetic analysis
of GMH-1B was carried out through Mega 4.0 using the
maximum parsimony (MP) method to make a consensus
tree from 11 (10 references and 1 clone) aligned ITS1 and
ITS4 with 1,000 bootstrap replications. Results of BLAST
search revealed that fungal strain GMH-1B has 99%
sequence homology with Penicillium minioluteum. In the
MP dendrogram, GMH-1B formed 65% bootstrap support
with P. minioluteum. On the basis of sequence homology
and phylogenetic analysis, fungal isolate GMH-1B was
identified as P. minioluteum LHL09. The 18S rDNA
sequence was submitted to NCBI GenBank and was assigned
Accession No. HM771268.

P. minioluteum Association with Soybean Plant Under
Salinity Stress
To determine the effect of endophyte P. minioluteum
association with host plants under salinity stress, a
randomized block experiment was conducted. Soybean
plants were treated with P. minioluteum and its growth
attributes were recorded after seven days of salinity stress.
P. minioluteum promoted the growth of soybean host plants
at both with and without salt stress (70 and 140 mM). The
shoot growth results revealed that endophytic interaction
of P. minioluteum increased the shoot length up to 10.08%

Fig. 1. Influence of NaCl stress on shoot length, with and
without endophyte-host association (GMH-1B).

Each value is the mean ± SE of 15 replicates per treatments. NST refers to
no stress treatment. For each set of treatment, the different letter(s)
indicates significant differences between endophyte-host and without
endophyte-host treatments at P < 0.05 level by DMRT. *,** refers to a
significant difference between the control and GMH-1B at P<0.05 and
P<0.01, respectively.
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Table 2. Influence of salt stress on the growth attributes of the P. minioluteum soybean host plant and controls.
Growth attributes
Shoot fresh weight (g)
Shoot dry weight (g)
Chlorophyll content (SPAD)
Leaf area (cm2)

Control without stress

70 mM NaCl stress

140 mM NaCl stress

Control

GMH-1B

Control

GMH-1B

Control

GMH-1B

7.05±0.19b
1.29±0.16b
30.01±0.88b
22.27±0.89b

7.53±0.30a
1.9 ±0.03a
31.70±0.39a
23.39±1.23a

6.13±0.14b
0.85±0.16b
29.20±1.13a
18.53±1.22bc

6.57±0.14a
1.19±0.02a
30.48±0.64a
22.53 ±0.92a

4.71±0.39b
0.45±0.05b
27.33±0.76bc
17.35±1.0bc

5.64 ±0.44a
0.76 ±0.7a
29.81 ±0.61a
23.35 ±2.1a

For each set of treatment, different letters indicate significant differences between endophyte-host and control treatments at P < 0.05 level by DMRT. Each
value is the mean ± SE of 15 replicates per treatments.

in comparison with control (Fig. 1). In salinity stress, the
endophyte facilitated the plant to tolerate salt stress of 70
and 140 mM and promoted the plant shoot up to 13.8%
and 22.75%, respectively, compared with plants with no
fungal interaction but with salt stress. Growth features like
chlorophyll contents, leaf area, and shoot fresh and dry
weights were observed to be significant in fungal-inoculated
plants than non-inoculated ones. Similar trends were
recorded in plant growth with endophytic facilitation when
NaCl-induced salt stress (70 and 140 mM) was applied.
Increased growth characteristics were observed for all
parameters under salt stress, thus elaborating the active and
beneficial symbiosis of P. minioluteum (Table 2). The FE-

Fig. 2. FE-SEM micrograph of the soybean root treated with
salinity stress and endophytic fungi.
FE-SEM image (A) 3 days after the soybean plants inoculation; the
endophyte was found with root surface. Scale bar = ×300. B. The arrow
depicts the presence of fungal mycelium underneath the epidermal cells.
Scale bar = ×1.2K.

SEM analysis showed the presence of active association
of endophyte with the plant root surface and inside the
cortical cells (Fig. 2).
P. minioluteum Host Association and Effect on Nitrogen
Assimilation
The N percentage was highest in host-endophytes plant
than control (Fig. 3). In 70 and 140 mM NaCl stress, N
percentage was 2.664% and 2.52% compared with control
plants (i.e., 2.42% and 2.41% respectively).
Influence of P. minioluteum on ABA and SA Under
Salinity Stress
ABA and SA have been known to play essential roles in
plant growth under abiotic stress signaling. To understand
the effect of endophytic interaction and its role in stress
resistance, ABA and SA contents were analyzed of plants
treated with or without salinity stress. ABA content was
almost similar in soybean plants treated with P. minioluteum

Fig. 3. Effect of endophyte-host association on nitrogen assimilation
under NaCl stress.
Each value is the mean ± SE of 3 replicates per treatments. NST refers to
no stress treatment. For each set of treatment, the different letter(s) indicates
significant differences between endophyte-host and without endophytehost treatments at P < 0.05 level by DMRT. ** refers to a significant
difference between the control and GMH-1B at P<0.01.
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Fig. 4. Quantitative changes in ABA contents after the induction
of NaCl stress, with and without endophyte-host association
(GMH-1B).
Each value is the mean ± SE of three replicates per treatments. NST refers
to no stress treatment. For each set of treatment, the different letter(s)
indicates significant differences between endophyte-host and without
endophyte-host treatments at P < 0.05 level by DMRT. *,**, *** refer to
a significant difference between the control and GMH-1B at P<0.05,
P<0.01, and P<0.001, respectively.

and control without NaCl stress (Fig. 4). In 70 mM salt
stress, endophyte-host plants had 36.94% lower level of
ABA content compared with non-endophytic host plants.
In 140 mM NaCl salt stress, endophytes-applied plants had
42.53% lesser ABA quantity in comparison with control
plants. The ABA quantity was recorded lower in endophytehost plants compared with control plant with or without
salt stress.
In the present study, endogenous free SA levels were
found to be almost similar in plants treated with P.
minioluteum and control (Fig. 5). However, in plants having
P. minioluteum association and induced to salinity stress

Fig. 6. Changes in daidzein contents after the application of salinity
stress, with and without endophyte-host association (GMH-1B).
Each value is the mean ± SE of three replicates per treatments. NST refers
to no stress treatment. For each set of treatment, the different letter(s)
indicates significant differences between endophyte-host and without
endophyte-host treatments at P < 0.05 level by DMRT. *, *** refer to a
significant difference between the control and GMH-1B at P<0.05 and
P<0.001, respectively.

(70 mM and 140 mM), the quantity of SA became
significantly higher than their respective controls (Fig. 5).
Effect of P. minioluteum on Daidzein and Genistein
Under Salinity Stress
The effect P. minioluteum inoculation on the regulation of
endogenous daidzein and genistein was determined to
assess the role of endophyte in activation of essential
secondary metabolites under salinity stress. Endophytic
symbiosis significantly promoted the production of daidzein
and genistein metabolism in salt stress compared with
control plants (Fig. 6 and 7). The quantity of daidzein in

Fig. 5. Effect of NaCl stress on endogenous SA contents in the
presence of endophyte (GMH-1B).

Fig. 7. Effect on genistein quantity when salt stress was applied
with and without endophyte-host association (GMH-1B).

Each value is the mean ± SE of three replicates per treatments. NST refers
to no stress treatment. For each set of treatment, the different letter(s)
indicates significant differences between endophyte-host and without
endophyte-host treatments at P < 0.05 level by DMRT. *,** refer to a
significant difference between the control and GMH-1B at P<0.05 and
P<0.01 respectively.

Each value is the mean ± SE of three replicates per treatments. NST refers
to no stress treatment. For each set of treatment, the different letter
indicates significant differences between endophyte-host and without
endophyte-host treatments at P < 0.05 level by DMRT. **, *** refers to a
significant difference between the control and GMH-1B at P<0.01 and
P<0.001 respectively.
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endophyte-host plants was recorded lower (54.52 ng/g
DW) compared with control plants (75.11 ng/g DW) (Fig. 6).
In 70 mM NaCl stress, a significant increase (99.32 ng/g
DW) in daidzein content was observed under endophytic
association plants compared with control (70.37 ng/g DW).
After application of 140 mM salt stress, the quantity of
daidzein in endophyte-inoculated plants was highly significant
(138.51 ng/g DW) compared with control (94.81 ng/g DW)
(Fig. 6).
Contrary to daidzein, the quantity of genistein was
significantly higher (68.3 ng/g DW) in endophyte-inoculated
plants compared with control (39.0 ng/g DW) (Fig. 7).
After 70 mM salt stress induction, significant increase in
the quantity of genistein was observed in P. minioluteuminoculated plants (109.6 ng/g DW) compared with control
plants (64.50 ng/g DW). However, in response to 140 mM
salt stress, the genistein content was similar in both treatments.

DISCUSSION
Various plants species are poor in their response to mediate
salt stress. Salinity amplifies ionic imbalance inside cellular
organs and creates water deficit, arresting plant growth and
productivity. However, mutualistic fungal association with
a host plant intervenes the same physiological processes
and improves plant tolerance to avoid or prevent stressful
situations [9, 33, 42]. There are numerous reports available
on the favorable role of plant growth promoting fungi in
plant metabolism [1, 9, 15, 18, 24, 28]; however, very few
examples were found in the case of endophytic fungi with
crop plants [26, 27, 52]. In the present study, a significant
growth promotive endophytic fungus was selected for
further identification and host-plant association. Results
from this study support and significantly strengthen the
concept of beneficial endophytic interactions with the host
soybean plants, which showed enhanced growth under
abiotic circumstances. The FE-SEM micrograph of endophyteinoculated roots before and after stress treatment exhibited
the presence of fungal association. P. minioluteum not only
increased the shoot length of soybean but also helped the
plant to tolerate salt stress of 140 mM, compared with
control plants. Growth attributes like chlorophyll contents,
shoot fresh and dry weight, and leaf area were significantly
higher in fungal-associated plants with and without NaCl
stress than in non-inoculated and NaCl-stressed plants.
Similarly, higher N assimilation in endophyte-host plants
under stress has greatly reciprocated the active role of
P. minioluteum [38]. Earlier reports also showed higher
nitrogen assimilation in fungus-associated plants compared
with non-fungus control plants. Higher N uptake by the
host plant during mutualistic symbiosis might have helped
to reduce adverse effects of sodium (Na+) ions during
NaCl stress [6, 38]. Thus, accumulation of Na+ was avoided
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to indirectly maintain chlorophyll contents of the plant
during stress. However, the exact mechanisms of N uptake
by fungi under salt-stress conditions have not been clearly
understood [6, 38]. The results of the present study are in
conformity with previous reports [1, 15, 16, 18, 28].
Previously, a strain of Penicillium citrinum was reported
to significantly promote plant growth, and secreted bioactive
GAs in the pure culture [28]. An endophytic fungus, P.
commune, was isolated from roots of Sesamum indicum
and was found to produce active GAs [10]. Similarly, an
unidentified species of Penicillium sp. MH7 was also
reported to synthesize biologically active GAs in its pure
culture [18]. Another report exhibited the presence of GAs
as well as indole acetic acid in the CF of P. funiculosum
LHL06 [26]. In the present study, a new strain of P.
minioluteum LHL09 was identified to secrete GA4 and
GA7 in its culture medium, suggesting that some of the
strains of Penicillium have an active GAs biosynthetic
pathway [7]. In the fungus, GA12-aldehyde is 3b-hydroxylated
to GA14-aldehyde and then oxidized to form GA14. The
subsequent conversion of GA14 to GA4 is comparable to
the production of GA9 and GA20 in plants. Desaturation of
GA4 results in the formation of GA7 and then GA3, which
is the main product reported from G. fujikuroi [7]. The GC/
MS-SIM was used for the analysis of GAs present in the
CF of P. minioluteum. In comparison with non-MS detectionbased chromatographic techniques (HPLC-DAD, GC-FID),
where only compounds targeted by a special analytical
protocol are found, GC/MS provides interesting and
unexpected new knowledge regarding a particular extract
[14]. There is still a lot of endophytic fungal wealth to be
explored for their active potential in GAs production. In
the current study, we used Waito-C rice for screening,
which is a known dwarf rice cultivar with reduced GA
biosynthesis. Since the Waito-C rice growing medium is
devoid of any nutrients, the sole effect of CF can be
estimated. Seedlings shoot stimulation or suppression can
be attributed to the activity of plant growth promoting or
inhibiting secondary metabolites in the CF [18]. Our
finding of Waito-C rice growth promotion by CF of P.
minioluteum was later rectified as the CF of the fungus
containing physiologically active GAs.
In abiotic stresses, the protective effect of ABA is
pivotal for plant growth, as it promotes stomatal closure to
minimize water loss and then mediates stress damage
through activation of many stress-responsive genes, which
collectively increase the plant stress tolerance [51]. It is
widely described that ABA contents increase under gradient
salt stress [51]. However, in the current study, the ABA
production was decreased in the presence of endophyte
symbiosis, even when plants were exposed to salt stress of
70 and 140 mM. The role of ABA is regulation of signaling
pathways involved in plant growth and development, both
processes, of which can be affected by the presence of fungal
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interaction [20, 21]. Other studies suggest that fungal
association development increases the ABA content in
leaves and roots compared with non-fungal treated control
plants [20, 30, 32]. However, the effect may fluctuate
among different classes of microorganisms and plant
species, as some earlier reports have elaborated [30]. There
are several studies that narrate the same findings of low
ABA levels under stress and fungal association. Similarly,
some reports [19, 25] elucidated low levels of ABA
contents after exogenous GA3/GA4 in NaCl-induced salinity
stress. A reduction of ABA in leaves may reflect the
consequence of endophyte on improved water relations of
NaCl-stressed plants. Higher ABA has been regarded to
affect leaf expansion and shoot growth, while both of the
factors in the present study were significantly higher in
endophyte-treated plants than control, suggesting the
active role of endophyte in stress resistance. SA on the
other hand induces systemic acquired resistance against
pathogenic attack in non-infected plant parts [35, 40].
However, under mutualistic relationship, SA production
initiates induced systemic resistance [35]. Recently, AlonsoRamírez et al. [2] have reported that enhanced SA
biosynthesis can modulate the inhibitory effects of different
adverse environmental conditions in seed germination and
seedling growth of Arabidopsis. Iqbal and Ashraf [24] also
observed the same trend. Thus, the enhanced SA levels not
only induce systemic resistance to the plants but also help
the plant to mediate the adverse effects of salinity stress.
These endophytic fungal strains significantly promoted
growth of their respective host plants. The growth promoting
ability of these fungi might be an advantage for plants
under environmental stress condition, such as those grown
under stressful conditions.
Exogenous hormone application reveals hormonal crosstalk on a gross scale but seldom mimics the temporal and
spatial deployments of endogenous phytohormones [14].
The GAs-secreting P. minioluteum has evidently influenced
the signaling of plant hormones mainly ABA and SA.
Previous reports suggest the down-regulation of the ABA
biosynthesis pathway upon exogenously applied GAs [19,
21, 25, 41]. Similarly, reports indicate the GAs role as SA
biosynthesis modulation in ameliorating the oxidative and
salt stress [2].
Two of the best-studied functions involved in plantmicrobe interactions are defense and symbiosis. Daidzein
and genistein are the main chemical compounds that plants
deploy to combat pathogens and disease [8, 11]. These
compounds can induce a series of physiological changes in
plants that eventually lead to nodule morphogenesis and
N2 fixation. Among the biological effects of Nod factors,
isoflavonoid biosynthesis is highly induced, presumably
creating positive signal feedback cycles between the plant
and the microbe [11, 50]. This feedback response is essential
in establishing a symbiotic relationship, because other

plants may also secrete flavonoid compounds from the
roots, but only legumes distinguish themselves by responding
to Nod factors with increased isoflavonoid secretion [50].
Besides providing plant protection to disease and herbivory,
it is possible that isoflavones may also enhance symbiosis
between roots and rhizobial bacteria. Previous work has
shown that specific flavonoids, including daidzein, promote
intercellular root colonization of Arabidopsis [17]. Various
studies suggest that the abiotic stress and microbial
association (bacteria or fungi) can bring adjustment in the
expression of enzymes involved in flavonoids biosynthesis
[44-46]. Thus, regulation of such enzymes can affect
responsible genes whilst influencing the quantities of
metabolites, as our results also portray [44]. Fungal symbiosis
has also been correlated with quantitative changes in
genistein or daidzein (or iso/flavonoids) contents, for example
in Trifolium pratense (red clover) [39] and Medicago
sativa [8]. Our results are in correlation with the previous
studies; however, it has been reported for first time that the
quantity of both the isoflavones increased even at highest
salt stress (140 mM) in endophyte-host relationship compared
with control.
In conclusion, endophytic association of P. minioluteum
has significantly ameliorated the negative effects of abiotic
salinity stress damage and enabled the soybean plant to
progress its growth and metabolism. The low level of ABA
and high level of SA in endophyte-treated soybean plants
in comparison with untreated under salinity stress suggest
favorable effects of P. minioluteum association. Besides
that, it enhanced the accumulation of daidzein and genistein
in NaCl-induced salinity stress. Cross-talk between these
chemical signaling pathways is very common in plant
responses to abiotic and biotic factors. Understanding such
endophytic interactions can therefore help to improve the
quality and productivity of agricultural crops.
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