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Abstract Trichoderma asperellum (NAIMCC-F-03167)
and Hypocrea nigricans NAIMCC-F-03168) were isolated
from the acidic soil of the vicinity of Litchi orchard,
Ranchi, Jharkhand and were characterized on the basis of
morphological, molecular and biochemical features. Both
strains are fast growing, light to dark green, highly
sporulative and have ability to cover 90 mm Petri dish
within 96 h of inoculation. Biochemcial estimation of both
isolates indicated significant cellulase and phosphate sol-
ubilisation activity. Highest cellulase activity was observed
in T. asperellum (5.63 cm) followed by H. nigricans
(5.10 cm) and phosphate solubilisation index was observed
maximum in 7. asperellum (1.93) followed by H. nigricans
(1.39). Moreover, these isolates were molecularly identi-
fied on the basis of ribosomal DNA based sequences
database and phylogenetic analysis in NCBI GenBank as
T. asperellum (NCBI-KM 438015) and H. nigricans
(NCBI-KJ910335). Negetive effect on sporulation of Lead
(Pb) and Cadmium (Cd) was observed while in heavy
metal scavenging potential, T. asperellum (88.9% Cd)
showed highest scavenging potential followed by H. nigri-
cans (87.2% Cd) while in Pb scavenging potential, H. ni-
gricans (88% Pb) followed highest scavenging potential
followed by T. asperellum (81.30% Pb) after 21 days of
inoculation from 30 pg/ml heavy metals concentrated
broth medium. If both potential bioagents can apply in Cd
and Pb affected soil/water will be helpful in scavenging of
heavy metals as well as management of phosphorus defi-
ciency and soilborne fungal diseases.
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Introduction

The rhizosphere is a dynamic interface between plant and
soil harbouring numerous microbial populations valued for
releasing chelating agents, acidification, phosphate solu-
bilisation and rhizoremediation through multifaceted mode
of actions including mycoparasitism, plant growth pro-
motion, organic substrate decomposition, nutrient solubil-
isation, mobilization of nutrient and heavy metal
scavenging. Heavy metals are well known hazardous
environmental toxicants and a potential threat to the very
life of ecosphere ranging from microbes to human as
causing DNA breakage, failure of vital organs like kidney
and damage of brain tissues in the human being [1-3].
Higher concentrations of heavy metal in soil are potential
threat to human health as they get entered into food chain
through plant uptake [4] and persistent long term exposure
of heavy metals like cadmium may reduce human life span
up to 10-30 years [5]. Besides, they influence germination,
growth and development of the annual as well as perennial
crop plants [6]. Zaltauskaite and Sodiene [7] further elab-
orated the negative impact of Cadmium (Cd) and Lead (Pb)
on the growth, reproduction and survival of the earthworm
(Eisenia foetida). A report indicated that maximum lead
toxicity is common in soils receiving sewage water for
irrigation, industrial effluents waterway and high traffic
areas [8]. Krishnaveni et al. [9] extended the negative
impact of Lead toxicity on biochemical and amino acid
contents in Vigna unguiculata. Srinivasan et al. [10],
reported the negative consequence of lead toxicity that
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include leaves chlorosis, rapid inhibition of root growth,
stunted plant shoot, inactivation of oxidative enzymes etc.
Moreover, several reports extended the negative impact of
lead toxicity to reduced seed germination, root/shoot
growth, tolerance index and dry mass of root and shoots
[11]. Verma and Dubey [12] precisely quantified that
1 mM of lead may cause 14-30% reduction in seed ger-
mination and 13-45% retardation in crop seedling growth.
It also inhibits chlorophyll synthesis by impairing plant
uptake of essential elements like Mg and Fe [13]. Ling
et al. [14] highlighted affects of heavy metal toxicity par-
ticularly Hg on seed germination, coleoptiles growth and
elongation in vegetable crops.

All these literatures comprehensively outlined emerging
contours of threat domain emanating from heavy metal
toxicity in our surroundings and warrants immediate sci-
entific intervention to reduce their burden below threshold
limits. Although over decades, number of approaches
including chemical precipitation, filtration, electrochemical
treatment, evaporation, ion exchanges and reverse osmosis
process were reported by several workers to rectify the
problem [15, 16]. However, scavenge heavy metals from
contaminated soil by the above mentioned processes found
practically difficult and economically unsustainable. The
limitation inspired to explore using bacteria, yeast, fungi,
algae and higher plants to scavenge heavy metals from the
environments and many such microbes found eco-friendly,
cost effective and economically sustainable [17]. Phytore-
mediation/bioremediation of heavy metals in contaminated
soil and water by plants is a potential alternative cleanup
strategy promising for moderate and low contamination
level of heavy metals. There efficiency could be further
enhanced by inoculation of selected rhizospheric microbes
in the plant rhizosphere [18, 19]. Petrovic et al. [20] iso-
lated a Cu tolerance Trichoderma species capable of
scavenging toxic Cu from the soil. Preliminary success
inspired several researches to search novel yet potential
microbial inoculants which have multifaceted mode of
action including scavenging of heavy metals toxicity from
the contaminated soil and water. Among the microbial bio-
inoculants, Trichoderma species (Teliomorph: Hypocrea)
widely used as bio-inoculants in agriculture for the man-
agement of soil borne phytopathogens, cellulase activities
and plant growth promotion. However, there potential to
scavenge heavy metals and solubilising been explored
fully. In this backdrop present study conducted with three
objectives namely: (1) to establish molecular identification
of novel bioagents isolated from acidic soil ecosystem, (2)
to verify the heavy metal scavenging potential and cellu-
lase activity of the selected potential bioagents and (3) to
assess the ability of selected biogents to check soil borne
fungal phytopathogens as part of their multifaceted/broad-
spectrum actions.
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Materials and Methods
Isolation of Bio-control Agent from the Soil

Rhizospheric soil (1 g) at tertiary root region of litchi trees
was collected and then serial dilutions (10_3) were made
for isolation of fungal mycoflora. During isolation 6 fungi
were predominantly observed in the rhizopsheric soil viz.,
Trichoderma sp., Aspergillus sp., Penicillium sp. Mucor
sp., Rhizopus sp. and Fusarium sp. Among the fungal
mycoflora, Trichoderma and Hypocrea species were iso-
lated, purified and selected for further experimentation.
Identification of the Trichoderma and Hypocrea isolates
was done on the basis of colony morphology, microscopic
features and on molecular basis.

Molecular Analysis of T. asperellum and H. nigricans

Pure cultures of the selected fungal isolates were grown on
liquid Potato Dextrose Broth medium for the isolation of
genomic DNA from fungal mycelium. The total genomic
DNA was extracted from both the fungal isolates namely
T. asperellum NAIMCC-F-03167 and H. nigricans
NAIMCC-F-03168 based on cetrimide tetradecyl trimethyl
ammonium bromide (CTAB) mini extraction method of
Cramer et al. [21] with minor modification. Three micro-
litre of the DNA sample was then analyzed by gel elec-
trophoresis using 1.0% agarose with ethidium bromide at
110 V for 45 min and the DNA bands were visualized
under UV trans-illuminator.

PCR Amplification of ITS Region of T. asperellum
and H. nigricans

The internal transcribed spacer (ITS) regions of the rDNA
repeat from the 3’end of the 28S and the 5’end of the 28S
gene were amplified using the two primers, ITS 1 primer:
5'-CCTCCGCTTATTGATATGC3’ and ITS4 primer:
5'GGAAGTAAAAGTCGTAACAAGG3 which were syn-
thesized on the basis of conserved regions of the eukaryotic
rRNA gene [22]. The PCR-amplification reactions were
performed in a 50 pl mixture containing 50 mM KCl,
20 mM Tris HCl (pH 8.4), 2.0 mM MgCI2, 200 uM of
each of the four deoxynucleotide triphosphates (dNTPs),
0.2 mM of each primer, 40 ng/ul of template and 2.5 U of
Taq polymerase. The cycle parameters included an initial
denaturation at 94 °C for 5 min, followed by 40 cycles of
denaturation at 94 °C for 1 min, primer annealing at 55 °C
for 2 min and primer extension at 72 °C for 3 min and a
final extension for 10 min at 72 °C. Amplified products
were separated on 1.2% agarose gel in TAE buffer, pre-
stained with  ethidium bromide (1 pg/ml) and
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electrophoresis was carried out at 110 volts for 45 min in
TAE buffer. One Kb ladder (HiMedia, India) was used as a
marker. The gel was observed in a UV transilluminator.
Amplified PCR products using ITS specific primers were
freeze dried (CHRIST ALPHA [-2LD) and custom
sequenced (ABI PRISM 310™ Genetic Analyzer, Applied
Biosystems, USA) using same upstream and downstream
primers (Xcelris Labs Limited, India).

Nucleotide Sequences Analysis of T. asperellum
and H. nigricans

The 18S rDNA sequences of fungal isolates were identified
using online Blast program from NCBI (http://www.ncbi.
nih.gov/blast). Twenty-eight 18S rDNA sequences of
T. asperellum and H. nigricans with high sequence simi-
larity were selected for sequence comparison from the
Gene Bank Nucleotide Database, NCBI, USA. The sub-
mitted sequences along with selected sequences were
aligned by the ClustalW program using website http://
www.ebi.ac.uk/clustalw/. The evolutionary history was
inferred using the Neighbor-Joining method [23]. The
bootstrap consensus tree inferred from 1000 replicates is
taken to represent the evolutionary history of the taxa
analyzed [24]. All positions containing gaps and missing
data were eliminated. There were a total of 533 positions in
the final dataset. Phylogenetic analyses were conducted
using MEGA version 6 [25]. The best fitting model was
chosen based on lowest BIC score values (3452.255) using
MEGA version 6 to find best DNA/protein models.

Antagonistic Efficacy Against Different
Phytopathogens

Four different plant pathogens, S. rolfsii, S. sclerotiorum,
F. oxysporum f. sp. pisi and R. solani were isolated, from
their respective host collected from the experimental field
of the Research Centre, Ranchi. The isolates of 7.
asperellum NAIMCC-F-03167 and H. nigricans NAIMCC-
F-03168 were evaluated for their bio-control potentials
through dual culture technique. The mycelial bits of 5 mm
diameter of T. asperellum and H. nigricans were placed
opposite to each pathogen on Petri plates containing ster-
ilized PDA and were incubated at 27 4+ 2 °C. Data on
radial mycelial growth of the targeted fungal pathogen was
recorded after 24 h interval. The inhibition (%) of mycelial
growth over control was calculated using following equa-
tion [26].

1% =C—-T/C x 100

where, I = Inhibition of targeted fungal pathogen (%),
C = Growth (mm) of targeted fungal pathogen in control,

T = Growth (mm) of targeted fungal pathogens in
treatment.

Phosphate Solubilizing Activity of T. asperellum
and H. nigricans

Phosphorus is a plant nutrient which is rapidly made
immobile and less available for plant even addition to the
soluble phophoric fertilizers. As we know, phosphate solu-
bilising microorganisms may be able to improve the P
nutrition of plants as well as it stimulates plant growth pro-
motion. An In vitro study was conducted to test the inorganic
phosphate solubilisation potential of the selected biocontrol
agents, T. asperellum NAIMCC-F-03167 and H. nigricans
NAIMCC-F-03168. A disc of 5 mm of the fungal mycelium
of T. asperellum and H. nigricans was placed on PVK agar
medium (Glucose-10gm, Ca (PO)4-5gm, (NH)SO,4-0.5gm,
NaCl-0.2gm, MgS0,4.7H,0-0.1gm, KCI-0.2gm, Yeast
extract-0.5gm, 4Mn SO,.7H 0-0.002gm, FeSO,.7H,0-
0.002gm, Agar-15gm, Rose Bengal-0.0018gm, Distilled
water-1L) in Petri dishes and incubated for 3 days at
25 4+ 2 °C and data on colony diameter and halo zone for-
mation was recorded. Solubilizing Index was calculated
using the formula:

Solubilizing Index = Halo Zone (mm)/Colony Diameter (mm)

Cellulase Activity of T. asperellum and H. nigricans

Qualitative evaluation of cellulase activity of the selected
T. asperellum NAIMCC-F-03167 and H. nigricans
NAIMCC-F-03168 were also studied on Carboxymethyl
cellulose (CMC) agar media (Carboxymethyl cellulose-
0.5gm, NaNO;-0.1 gm, K,HPO4-0.1g, KCI-0.1gm,
MgS0,4-0.05gm, Yeast extract-0.05gm, Glucose-0.1gm,
and Agar-1.7% w/v) were evaluated using agar plate based
clearing assays [27]. Two wells of 5 mm diameter were
prepared on solidified CMC agar media; wells were further
loaded with culture filtrate of T. asperellum and H. nigri-
cans (100 pl) separately and other with sterile water
(control). The loaded culture filtrates Petri plates were
incubated for up to a week at 25-30 °C and then after Petri
dishes were flooded with Congo red solution (0.1%) for
15 min, and then de-stained with the NaCl solution for
10-15 min. Unstained areas indicated where the CMC has
been broken down to b 1-4 glucans that contain seven or
fewer glucose residues. The diameter of the clear zone
(mm) was measured to provide a quantitative comparison
of cellulolytic activity.
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Heavy Metal Scavenging Potential of 7. asperellum
and H. nigricans

Screening of heavy metal scavenging potential was asses-
sed by Atomic absorption spectroscopy. Both fungal
bioagents, T. asperellum NAIMCC-F-03167 and H. nigri-
cans NAIMCC-F-03168 were grown in 250 ml Erlenmeyer
flasks containing 100 ml of PD broth amended with a non-
inhibitory concentration of two heavy metals in triplicates
i.e. Cadmium and Lead separately (@ 10, 20 and 30 pg)
and were incubated at 25 4 2 °C. Mycelial mat were
harvested at 7, 14 and 21 days intervals in order to deter-
mine their dry weights and culture filtrates were retained in
order to measure the metal concentration in the filtrates.
The standard concentrations (5, 10 and 15 pg) of Cadmium
(Cd) and Lead (Pb) were prepared from Cadmium nitrate
and Lead nitrate, respectively. The available heavy metals
like Cd and Pb in culture filtrate was estimated with the
help of Atomic Absorption Spectrophotometer (ECIL;
Model—AAS4141).

Cd and Pb in broth samples = AAS reading (mg L — 1)
x dilution

Metal uptake was estimated as the amount of metal (mg)
per unit of mycelium dry weight (g) [28] as:

Q= [(Ci—Cy)/m]V

where, Q = Metal uptake (mg metal/mg biomass),
C; = Initial metal concentration (mg/L), C; = Final metal
concentration (mg/l), m = quantity of dry biomass (mg),
V = suspension volume (ml).

Results and Discussion
Isolation of T. asperellum and H. nigricans

T. asperellum NAIMCC-F-03167 and H. nigricans
NAIMCC-F-03168 were isolated from the acidic soil (pH
4.4-5.5) collected from the vicinity of Litchi (Litchi chi-
nensis) plants, ICAR-Research complex for Eastern
Region, Research Centre, Ranchi, Jharkhand (23°16'48” N
Latitude and 85° 24’ 41" E longitude, 650 M altitude). The
soil characteristically contains low organic carbon ranging
from 0.9 to 1.2%. Isolated bioagents were comprehensively

Fig. 1 Competitive saprophytic ability of both bioagents with the
roots of bottle gourd after 21 days of inoculation. a non-inoculated,
b Inoculated with T. asperellum NAIMCC-F-03167, ¢ Inoculated
with H. nigricans NAIMCC-F-03168

Table 1 Periodical growth of
T. asperellum NAIMCC-F-
03167 and H. nigricans

NAIMCC-F-03168 on PDA
medium at 27 £+ 2 °C

Isolates Periodical growth (mm)

24 h 48 h 72 h 96 h
T. asperellum NAIMCC-F-03167 23.33 £+ 2.08 68.0 £+ 2.64 82.0 £ 3.60 90.0 £ 0.0
H. nigricans NAIMCC-F-03168 21.0 £ 1.00 66.67 £ 2.51 79.0 £+ 4.04 90.0 £ 0.0

+ Standard error of mean
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characterized on the basis of their morphological, molec-
ular and biochemical features. Isolates of both T. asperel-
lum and H. nigricans were deposited at National
Agriculturally Important Microbial Culture Collection at
NBAIM Mau, Uttar Pradesh, India and allotted national
identity number namely, T. asperellum NAIMCC-F-03167
and H. nigricans NAIMCC-F-03168, respectively.

Antagonistic, Competitive Saprophytic Ability,
Cellulase and Phosphate Solubilisation Efficacy
of T. asperellum and H. nigricans

Both isolates namely 7. asperellum NAIMCC-F-03167 and
H. nigricans NAIMCC-F-03168 found fast growing
microbe covers 90 mm Petri dishes on PDA within four
days of inoculation (Table 1),

Both of them recorded strong antagonistic efficacy
against four dreaded soil borne phytopathogens viz.,
F. oxysporum f. sp. pisi, S. rolfsii, S. sclerotiorum and
R. solani under in vitro as well as in vivo (applied in the
field after 21 days of inoculation) (Fig. 1). Highest cellu-
lase activity was observed in NAIMCC-F-03167 (5.63 cm)
followed by NAIMCC-F-03168 (5.10 cm) by forming a
clear zone in corboxy methyl cellulose medium (Table 2,
Fig. 2). For phosphate solubilisation index 1.93 value
scored by T. asperellum NAIMCC-F-03167 while 1.39 was
recorded by H. nigricans NAIMCC-F-03168 (Table 2,
Fig. 3).

Trichoderma species comprise a well known cos-
mopolitan soilborne fungal bioagent naturalised across
ecosystems through acquiring broad spectrum environ-
mental adoptability. They are fast growing and colonize in
their habitats by utilization of the available substrates,
secreting antimicrobial metabolites besides extracellular
enzymes as reported in other strains of Trichoderma spe-
cies [29, 30]. These advantages associated with isolates of
Trichoderma encouraged researchers to utilise the microbe
in agriculture for the management of soilborne diseases,
plant growth promotion and bioremediation of waste
management. Several species of Trichoderma likewise,
T. viride, T. harzianum, T. atroviride, T. virens etc. showed

Fig. 2 Cellulase activities of tested isolates in CMC amended
medium indicating positive reaction by hallo zone formation
a T. asperellum NAIMCC-F-03167, b H. nigricans NAIMCC-F-
03168

Fig. 3 Phosphate solubilisation activities of the tested isolates in the
PVK medium forming halo zone indicating positive reaction
a T. asperellum NAIMCC-F-03167, b H. nigricans NAIMCC-F-
03168

strong mycoparasitic and antagonistic ability against sev-
eral soilborne phytopathogenic fungi, viz., Fusarium,
Rhizoctonia, Sclerotium, Pythium, Phytophthora and
Botrytis [31-33]. A report indicated that 7. harzianum was
found an effective bioagent which has ability to recycling
and bioconservation of solid waste [34].

Morphological Characteristics of 7. asperellum
and H. nigricans

Both isolates are very much frequent and readily isolated
from the rhizosphere of the organic carbon rich acid soils

Table 2 Qualitative analysis of cellulose activity and phosphate solubilisation by 7. asperellum NAIMCC-F-03167 and H. nigricans NAIMCC-

F-03168
Isolates Cellulase activity Phosphate Solubilisation Phosphate solubilisation
index
Diameter of clear zone Diameter of colony growth  Diameter of halo zone
(mm) (mm) (mm)
T. asperellum NAIMCC-F-  56.33 + 2.88 9.00 & 3.46 17.33 + 6.02 1.93
03167
H. nigricans NAIMCC-F- 51.0 £+ 2.64 833 £ 1.15 11.67 £+ 2.88 1.39
03168

+ Standard error of mean
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of Jharkhand. As per morphological characteristics, both
isolates of T. asperellum and H. nigricans are compact,
light—dark green, fast growing, and covering 90 mm within
72-96 h. Both strains are initially whitish green which later
turn dark green in colour with high sporulation patterns
were observed in both isolates of 7. asperellum NAIMCC-
F-03167 and H. nigricans NAIMCC-F-03168.

Molecular Identification of 7. asperellum
and H. nigricans

185 rRNA gene sequencing of both T. asperellum
NAIMCC-F-03167 (KM 438015) and H. nigricans
NAIMCC-F-03168 (KJ910335) internal transcribed spacer
1, partial sequence; 5.8S ribosomal RNA gene and internal
transcribed spacer 2, complete sequence; and 28S riboso-
mal RNA gene, partial sequence. Homology analysis of
both fungal bioagents which have heavy metal scavenging

activity with the blastn program, GenBank, NCBI revealed
that T. asperellum KM 438015 showed maximum homol-
ogy with maximum identity 99%) that’s why its identified
as T. asperellum while H. nigricans KJ910335 showed
maximum homology with Maximum identity 100%) that’s
why its identified as H. nigricans KJ910335. 28 S rRNA
gene nucleotide sequences of these bioagents were sub-
mitted to Gene Bank database under accession number KM
438015 (T. asperellum) and KJ910335 (H. nigricans). The
bold letter indicates the phylogenic position of T. asperel-
lum (KM 438015) and H. nigricans (KJ910335). They
phylogenetically belong to ancestral of the mycoparasitic
genus Trichoderma (Teleomorph Hypocrea, Ascomycota,
Dikarya) and species asperellum (T. asperellum, KM
438015) while H. nigricans KJ910335 phylogenetically
belongs to ancestral of the genus Hypocrea and species
nigricans (H. nigricans KIJ910335). Neighbor-joining
phylogenetic tree of the identified fungal isolates and their

68
26
62

[

Trichoderma asperellim strain SBT-028 (KF766523)
Trichoderma asperellum (KM438015)
Trichoderma asperellum strain SBTT-076 (KF804099)

—

Trichoderma asperellum strain T42 (JN128894)
Trichoderma asperellum strain CEN201 (KC561057)
Trichoderma asperellum strain GJS 05-328 (EU264001)
Trichoderma asperellum strain GJS 06-292 (GU198304)
Trichoderma asperellum strain GJS 05-328 (GU198318)
Trichoderma asperellum strain GJS 05-199 (GU198303)

Trichoderma asperellum strain 433.97 (AF278788)
Trichoderma asperellum strain TUB F-755 (4Y857217)
Trichoderma asperellum strain T34 (EU077227)
Trichoderma asperellum strain CEN162 (KC561056)
Trichoderma asperellum strain ASP5 (KC898194)
Trichoderma asperellion isolate SI14 (KJ432865)
Hypocrea nigricans strain NBRC 30611 (JN941681)
Hypocrea nigricans strain NBRC 31285 (JN941680)
Hypocrea muroiana strain NBRC 31293 (JN941682)
Hypocrea lixii (JOQ806366)

Hypocrea atroviridis strain SMF-H08 (JX242484)
Hypocrea nigricans (KJ910335)

Hypocrea nigricans strain NBRC 31286 (JN941679)

—_
0.1

100

Hypocrea nigricans strain NBRC 31289 (JN941678)
Hypocrea koningii strain JH (EU722404)

Hypocrea jecorina strain RutC-30 (AF548103)
Hypocrea litea (AB027338)

Hypocrea sp. (FJ716243)

Hypocrea jecorina strain QM 9414 (AF548102)

Fig. 4 Neighbor-joining phylogenetic tree of the identified fungal
isolates and their gene accession number with 7. asperellum
(KM438015) and H. nigricans (KJ910335) based on 18S rDNA
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gene accession number 7. asperellum KM 438015) and
H. nigricans (KJ910335) based on 78S rDNA sequences
(Fig. 4).

The ribosomal DNA genes (tDNA) possess character-
stics that are suitable for identification of fungal isolates at
species level. DNA are highly stable and exhibit a mosaic
of conserved and diverse regions within the genome [35].
They also occure in multiple copies up to 200 copies per
haploid genome, arranged in tandem repeats with each
repeat consisting of 18S small subunit (SSU), and 5.8S and
28S large subunit (LSU) genes [36]. Internal transcribed
spacer (ITS) regions have been successfully used to gen-
erate specific primers capable of differentiating closely
related fungal species [37]. In the present study, the test
fungal strains isolated from the soil samples were subjected
to molecular analysis for identification. ITS region of
rDNA were amplified using genus specific ITS 1 and ITS 4
primers. When the 18S rDNA sequences (838 and 565 bp)
of these isolates were compared using the ‘Blast’ analysis
tool on NCBI, the samples were found to be T. asperellum
KM438015 and H. nigricans KJ910335 with 99% and
100% sequences similarity respectively (Table 3). The ITS

sequence was submitted to the NCBI GenBank, USA.
From the sequence aligment obserevd between isolates and
homologus sequences, phylogenetic tree was constructed
based on maximum likelihood algorithm with Kimura
2-parameter method of analysis see the Fig. 4 [38]. In
conclusion, above results indicate both isolates NAIMCC-
F-03167 and NAIMCC-F-03168 were identified as
T. asperellum and H. nigricans respectively on the basis of
similar 18S rDNA based sequences database of NCBI
GenBank and phylogenetic analysis through BLAST and
registered in NCBI as NCBI-KM438015 and NCBI-
KJ910335.

Effect of Heavy Metal and Scavenging Potential
of T. asperellum and H. nigricans

Toxicological effect of heavy metals (Lead and Cadmium)
on the biomass accumulation and sporulation of
T. asperellum NAIMCC-F-03167 and H. nigricans
NAIMCC-F-03168 were also recorded during the experi-
mentation. Cd and Pb caused negative effect on biomass
accumulation and sporulation at higher concentration. Cd

Table 3 Listed NCBI GenBank

. GenBank accession no.
accession numbers of

Identified as

Country of origin  Identity (%)

T. asperellum and H. nigricans

; KF804099 Trichoderma asperellum strain SBTT-076 India 99
strains were used for homology . . .
and phylogenetic analysis of the IN128894 Trichoderma asperellum strain T42 India 99
isolated bioagents KJ432865 Trichoderma asperellum isolate SI14 Pakistan 99
KF766525 Trichoderma asperellum strain SBTT-028 India 99
KC898194 Trichoderma asperellum strain ASP5 Egypt 99
KC561056 Trichoderma asperellum strain CEN162 Brazil 99
KC561057 Trichoderma asperellum strain CEN201 Brazil 99
EU077227 Trichoderma asperellum strain T34 Spain 99
AY857217 Trichoderma asperellum strain TUB F-755  Austria 99
AF278788 Trichoderma asperellum strain 433.97 Austria 99
GU198318 Trichoderma asperellum strain GJS 05-328 USA 99
GU198303 Trichoderma asperellum strain GJS 05-199 USA 99
GU198304 Trichoderma asperellum strain GJS 06-292 USA 99
EU264001 Trichoderma asperellum strain GJS 05-328 USA 99
IN941680 Hypocrea nigricans strain NBRC 31285 Japan 100
IN941679 Hypocrea nigricans strain NBRC 31286 Japan 100
IN941678 Hypocrea nigricans strain NBRC 31289 Japan 100
IN941681 Hypocrea nigricans strain NBRC 30611 Japan 100
JX242484 Hypocrea atroviridis strain SMF-HO8 China 100
JQ806366 Hypocrea lixii Sweden 100
IN941682 Hypocrea muroiana strain NBRC 31293 Japan 100
EU722404 Hypocrea koningii strain JH Korea 100
AF548103 Hypocrea jecorina strain RutC-30 Sweden 100
AF548102 Hypocrea jecorina strain QM 9414 Sweden 100
AB027338 Hypocrea lutea Japan 100
FJ716243 Hypocrea spp. Ireland 100
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Fig. 5 Effect of heavy metals
on sporulation of T. asperellum
NAIMCC-F-03167 and

H. nigricans NAIMCC-F-03168
in Pb amended medium,
Column 1. T. asperellum,

a Control, b 10 pg/ml, ¢ 20 pg/
ml, d 30 pg/ml, Column 2.

H. nigricans, e Control, f 10 pg/
ml, g 20 pg/ml, h 30 pg/ml
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Fig. 6 Effect of heavy metals
on sporulation of 7. asperellum
and H. nigricans in Cd amended
medium, Column 1.

T. asperellum NAIMCC-F-
03167, a Control, b 10 pg/ml,
¢ 20 pg/ml, d 30 pg/ml,
Column 2. H. nigricans
NAIMCC-F-03168, e Control,
f 10 pg/ml, g 20 pg/ml,

h 30 pg/ml
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Table 4 Biomass accumulation of 7. asperellum NAIMCC-F-03167 and H. nigricans NAIMCC-F-03168 under heavy metal stress condition in

broth medium

Isolates Treatment Dry weight of fungal mycelium (gm)
Cadmium Lead
7 days 14 days 21 days 7 days 14 days 21 days
T. asperellum NAIMCC-F-03167 CONTROL 1.793 1.86 1.948 1.722 1.889 1.914
10 g 1.654 2.325 1.806 2.104 1.919 1.825
20 pg 1.548 2.012 1.662 1.908 1.83 1.842
30 pg 1.555 1.983 1.509 1.544 1.795 1.676
H. nigricans NAIMCC-F-03168 CONTROL 1.905 2.175 1.883 1.745 2.278 1.942
10 pg 1.492 1.87 1.661 1.601 2.683 1.882
20 pg 1.559 2.422 1.59 1.841 2.127 1.865
30 pg 1.494 2.016 1.509 1.537 2.113 1.772

Table 5 Heavy metal scavenging potential of T. asperellum NAIMCC-F-03167 and H. nigricans NAIMCC-F-03168 from the heavy metal

amended broth medium

Isolates Weekly scavenging potential of heavy metals from the broth medium
Initial Cadmium (pg) Lead (pg)
concentration (pg) - -
7 14 21 % Cd scavenging after 7 14 21 % Pb scavenging after
days days days 21 days days days days 21 days
T. asperellum 10 532 637 7.01 70.1 28 633 7.02 702
NAIMCC-F-03167 9 1427 1563 16.66 83.3 7.85 1594 16.06 80.3
30 2395 2554 26.66 88.9 2.84 2338 2439 813
H. nigricans NAIMCC- 10 491 624 697 69.7 136 498 552 552
F-03168 20 1422 1554 1646 823 229 1338 16.19 81.0
30 2395 2529 26.16 87.2 7.83 13.51 26.44 88.1
SD 843 855 8.69 290 6.72 8.60
SEM 344 349 355 1.18 274 351

and Pb (20 and 30 pg/ml) was showed negative effect on
sporulation (Fig. 5, 6) while biomass accumulation was
least affected (Table 4). In the experiment conducted for
studying the heavy metals scavenging potential of
T. asperellum NAIMCC-F-03167 and H. nigricans
NAIMCC-F-03168 in heavy metal amended broth medium,
it was observed that both the isolates have efficacy in
scavenging with varied potential. 7. asperellum showed
highest scavenging efficacy which scavenged 88.9% Cd
while H. nigricans scavenged 87.2% Cd from 30 pg/ml
concentrated medium after 21 days of inoculation. In
20 pg/ml concentrated medium, 7. asperellum scavenged
83.3% and H. nigricans scavenged 82.3 Cd. However,
maximum scavenging potential of lead was observed in
T. asperellum (88%) followed by H. nigricans (81.30%)
from 30 pg/ml concentrated medium after 21 days of

@ Springer

inoculation. After 14 days of inoculation, 81.0% Pb was
scavenged by T. asperellum and 80.3% Pb by H. nigricans
(Table 5).

Report indicated that use of soil microbes in scavenging
heavy metals from the contaminated soil as well as they
also reported that the Pseudomonads have proven as
potential bio-adsorption which has potential to adsorb and
mobilize heavy metals from the polluted effluents. They
also used A. niger (M3) for bioabsorption of Nickel from
the nickel polluted effluents [17]. Paranthaman and Kar-
thikeyen [39] successfully used Pseudomonads for the
bioremediation of heavy metals from the effluents of paper
mill. Besides bacterial microflora, several fungal species
also reported to play important role in scavenging heavy
metals [40, 41]. Moreover, Mcaskie et al. [42] reported that
Citrobactor spp. secretes inorganic metabolic products
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such as sulphide, carbonate or phosphate ions in their
respiratory metabolism which precipitate toxic metals (Cd)
in a form of non-enzymatic detoxification. Fouvert and
Roux [43] also studied the mycelial mat of Mucor niceri,
A. niger and P. chrysogenum and reported their role in
removal of nickel, zinc, cadmium and lead by bio-ad-
sorption. Anand et al. [44] also reported that T. viride
scavenge Cu from the medium by binding with cell wall.
Ng et al. [45, 46] reported that the T. reesei has synergistic
efficacy on the cellulases activity and adsorption of heavy
metals. They also concluded that it has also capacity to
remove toxic Cr(VI) from the aqueous solutions and extend
its role in utilization of tea waste. Several reports also
stressed the role of research in finding ecofriendly tech-
nologies to remove heavy metals from the aquatic system
[47, 48]. Mohan et al. [49] reported that the bio-absorbents
(microbial inoculants) have been considered as the cheap-
est, most abundant and eco-friendly options for removal of
heavy metals from the aquatic system. Besides beneficial
effects in bio-adsorption of heavy metals, it also caused
several negative impacts on microbial growth and devel-
opment. Pb and Cd showed negatively effect on mycelial
growth and sporulation which inhibited more than > 30%
on their growth and sporulation. As per results and litera-
ture reviewed and surveyed biocide market of Eastern
region of India indicated that there are no native formu-
lations available in the market which have multifaceted
mode of action viz., biocontrol potential, scavenging
potential of heavy metals, phosphate solubilisation and
plant growth promotion activity. So, both these novel
fungal organisms viz., T. asperellum and H. nigricans can
be exploited for the management of soilborne phy-
topathogens, plant growth promotion, sustainable man-
agement of phosphorus deficiency and management of
heavy metal toxicity (especially Cadmium and Lead
affected soils) on wider areas to nullified the toxic effect of
these metals on plants, animals and human beings.
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