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Abstract: Whitefly has assumed the status of a serious pest of cotton in north India in recent past due to its severe
attack on cotton crop. The productivity of cotton crop has fallen substantially from 574 kg ha™ of lint in the year 2014
-15 to 197 kg ha™ in the year 2015-16 in Punjab. During extensive epidemiological surveillance of whitefly on cotton
crop in the month of September 2016, mummified whiteflies with fungus were noticed on both abaxial and adaxial
surfaces of leaves of the infested cotton plant at village, Mandi Khurd, Mansa District of Punjab, India and at Punjab
Agricultural University, Regional Research Station, Bathinda, India. The fungus was isolated and purified from the
mummified white fly and characterized at molecular level by sequencing 633 bp D2 region of Large Subunit (LSU)
rRNA gene and identified as Penicillium oxalicum spg1. The gene sequence has been submitted to NCBI, USA with
accession no. KY214238. The microscopic studies (stereo- and scanning electron) of the cotton leaves with mummi-
fied whitefly further strengthen the entomopathogenic potential of P. oxalicum spg1. There are few reports of ento-
mopathogenic potential of P. oxalicum spg1 against other insects and pests. To our knowledge, this is the first report
of isolation and identification of P. oxalicum spg1 from mummified white fly. It's potential as a biocontrol agent
against white fly can be exploited in a promising way with nominal interference with biological equilibrium.
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INTRODUCTION curl virus disease results in incidental damage by white
fly (Mohan et al., 2014).

In north India, the population of whitefly started in-
creasing in the year 2012 but initially it was confined
to Abhor and Fazilka districts of Punjab, India and
Ganganagar district of Rajasthan, India. In the year
2015-16, its attack was severe in entire North India.

Cotton (Gossypium hirsutum L.) is a leading fiber crop
of India that contributes notably to Indian economy. In
the year 2015, a devastating attack of cotton crop by
white fly in Punjab’s malwa region had affected about
2/3rd of standing crop (Anonymous, 2015). White fly

is a polyphagous insect that infest several economica.ll— Due to severe attack of whitefly, the productivity of
ly essential crops (Dubey and Ko, 2008). In India, cotton in Punjab declined from 574 kg ha™ of lint in

whitefly was first reported on cotton at Pusa (Bihar) 2014-15 to 197 kg ha Lin 2015-16. This seriously
and designated as Bemisia gossypiperda M. and L

(Mishra and Lamba, 1929). The life cycle of B. tabaci
includes six stages; the egg, the crawler (1*instar), two
sessile nymphal instars (2™ and 3" instar), the pupari-
um (4™ instar), and the adult or imago (David, 2012).
The life cycle of whitefly get concluded in 24 to 44
days and it can complete at least 15 generations on
cotton in Punjab (Aneja, 2000).

The white fly attack impairs cotton crop in two ways,
essentially by sucking the sap and also by excreting
honey dew on which sooty mould grows. Direct feed-
ing reduces the photosynthetic activities of the plant
and hence the yield. Lint contamination with honey-
dew associated fungi and through transmission of leaf

affected the agricultural economy of the cotton grow-
ing districts of the Punjab state. The Government of
Punjab, India had to distribute Rs.735 crores to cotton
growing farmers of the state as compensation.

The scientists of Punjab Agricultural University, Lu-
dhiana, Punjab, India worked very hard collectively to
curb the menace of whitefly through monitoring and
surveillance of cotton crop throughout the season. Dur-
ing an extensive epidemiological surveillance of white-
fly on cotton in the month of September, 2016 at Pun-
jab Agricultural University, Regional Research Sta-
tion, Bathinda India, mummified whiteflies were no-
ticed on the cotton leaves and similar observations
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were recorded in village, Mandi Khurd, Mansa District
(Fig. 1). The leaves of cotton plants on which mummi-
fied whiteflies were seen, were healthy, with apparent-
ly no infection of any other insect-pest. Keeping in
view, the entomopathogenic potential of fungus the
objective of present research was isolation and charac-
terization of the potential entomopathogenic fungus.
Further the complete identification of the isolate was

also  undertaken  after  requisite = molecular
characterization.
MATERIALS AND METHODS

Isolation of fungus from mummified whitefly: The
mummified flies were collected in sterilized vials. The
whole of mummified whitefly was transferred to pota-
to dextrose agar (PDA) containing chloramphenicol to
inhibit bacterial growth with the help of sterile plati-
num loop under sterilized conditions. The petriplates
were sealed with para-film to reduce dehydration. The
plates were incubated at 25°C and daily observations
were made for 10 days. The emerged fungal biomass
was picked up and transferred to fresh PDA medium
for further investigations.

Morphological characterization of fungus: Macro-
scopic study was done by studying the colour texture
and topography of colony using potato dextrose agar
(PDA) as the standard medium at 25 °C for 5 days.
Microscopic study of fungus was done by preparing
slide stained with lacto-phenol cotton blue dye and
observations were made under light microscope.
Molecular characterization: For molecular character-
ization of fungus, fungal mycelium was prepared from
pure culture using 50 ml of potato dextrose broth in
100ml conical flask and was incubated at 25+ 1°C for
7 days. Mycelia from 50 ml broth were harvested by
filtration through whatman sterile filter paper. DNA
was isolated by xcelgen fungal gDNA isolation kit and
quality was evaluated on 0.8% agarose gel, a single
band of high-molecular weight DNA was recorded.
Isolated DNA was amplified with D2 region Specific
Primer (DF and DR) using Veriti® 99 well thermal
cycler (Model No. 9902). A single discrete PCR am-
plicon band of 700 bp was observed (Fig. 2). The PCR
amplicon was enzymatically purified and further sub-
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Fig. 1. Cotton plant leaf with mummified
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jected to Sanger Sequencing. Bi-directional DNA se-
quencing reaction of PCR amplicon was carried out
with DF and DR primers using BDT v3.1 Cycle se-
quencing kit on ABI 3730xl Genetic Analyzer (Xcelris
Labs Ltd., Premchand Nagar Road, Bodakdev, Ahmed-
abad 380054, India).

Stereo- and scanning electron microscopy (SEM) of
the infested cotton leaf: Leaves with mummified
whiteflies were also studied under stereomicroscope
and SEM. Small discs of (4x4 mm) were cut from the
infested leaf sample and fixed in primary fixative for
24 hours. Later, the samples were placed in secondary
fixative for 45 minutes followed by rinsing and dehy-
dration. The dehydrated sample was sputtered with
gold in ion sputter coater (model Hitachi E1010, Ja-
pan) and viewed in secondary imaging mode in SEM
(model Hitachi s-3400N, Japan).

RESULTS AND DISCUSSION

White fly feed by penetrating the tissues of plants and
sucking sap directly from the vascular bundles. It is not
susceptible to bacteria and viruses that are customarily
transmitted via host feeding on contaminated vegeta-
tion. Most entomopathogenic fungi infect their hosts
by straight forward penetration of the body wall. These
are amidst the most imperative natural attacker of
whiteflies (Lacey et al., 1996). The fungus which was
found on the mummified whiteflies present on leaves
of cotton plant during epidemiological surveillance
was subjected to macroscopic and microscopic studies
followed by molecular characterization. Stereomicro-
scopic and SEM studies of leaves of cotton plant with
mummified whiteflies cadavers were also carried out
to study the entomopathogenic potential of fungi
against whitefly.

Macroscopic and microscopic characterization:
Macroscopic features of fungus on petriplate contain-
ing PDA media showed rapid growth. The fungal
growth on PDA appeared as cottony white mycelia
which turned greenish/ bluish in colour becoming
powdery compact due to production of asexual conidi-
ospores. The rear side of the colony appeared yellow-
ish cream in colour on PDA media. The microscopic

——

Fig. 2. 1.2% Agarose gel showing 700bp amplicon (D2
region) of 28S rDNA. Lane 1: 100bp DNA Ladder and
Lane 2: 700bp amplicon (D2 region) of 28S rDNA.
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Fig. 3. Dendrogram showing the evolutionary relationship
of the Penicillium oxalicum isolate.

Fig. 7. Stereo micrograph showing completely degenerated
cadaver of whitefly with only wings remains in the debris.

Fig. 4. Stereo micrograph showing fungal hyphae trailing
on the surface of the cotton plant leaf.

Fig. 5. Stereo micrograph showing P.oxalicum spg 1
mycelium growing on carcass of whitefly.

Fig. 6. Stereo micrograph showing P.oxalicum spg 1
mycelium growing on carcass of whitefly.

feature of fungus showed smooth hyphae, conidia
with smooth wall in long chain.

Molecular Characterization: Consensus sequence of
633 bp of D2 region of LSU gene was generated from
forward and reverse sequence data using aligner soft-
ware. The D2 region of 28S rDNA sequence was used

Fig. 8. Stereo micrograph showing completely degenerated
cadaver of whitefly with only wings remains in the debris.

Fig. 9. Stereo micrograph showing the fungal network around the
dull orange coloured egglaid on the surface of the cotton leaf.

Fig. 10. Scanning electron micrograph of P. oxalicum
spgl showing dense network of smooth and septate hyphae
on the surface of cotton plant leaf (x 1100).

to carry out BLAST alignment search tool of NCBI
Genbank database. Based on maximal identity score,
first fifteen sequences were preferred and aligned us-
ing multiple alignment software program Clustal W.
Distance matrix was generated using RDP database
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EMNL_PAU 15.0kV 8.4mm x230 SE

Fig. 11. Scanning electron micrograph of P. oxalicum
spgl showing conidiogenesis, conidia of fungus appear to
be arranged in long chains (x230).
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Fig. 12. Scanning electron micrograph of P. oxalicum
spgl on the surface of cotton leaf showing hyphae of fun-
gus climbing the trichome of cotton plant leaf.

EMNL_PAU 15.0kV 34.1rif x100 SE

Fig. 13. Scanning electron micrograph showing vertical
climbing hyphae of P. oxalicum spgl forming hyphal trap-
like structure by trailing over the trichomes of the cotton
leaf" (x100).

and the phylogenetic tree was composed using
MEGAS software algorithm. On the basis of nucleo-
tide homology and phylogenetic analysis, the evolu-
tionary history was inferred using the Neighbor-
Joining method (Saitou and Nei, 1987). The bootstrap
consensus tree inferred from 1000 replicates
(Felsenstein, 1985) was taken to represent the evolu-
tionary history of the taxa analyzed (Felsenstein,
1985). Branches corresponding to partitions repro-
duced in less than 50% bootstrap replicates were col-
lapsed. The evolutionary distances were computed
using the Jukes-Cantor method (Kimura, 1980) and
were in the units of the number of base substitutions
per site. The rate variation among sites was modelled
with a gamma distribution (shape parameter = 1). The
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EMNL_PAU-15.0kV 34.émm x100 S'Ié \ ' 500um N\
Fig. 14. Scanning electron micrograph of dead and de-
cayed cadaver of the whitefly on surface of cotton plant
leaf (x100)

EMNL_PAU 15.0kV 34.0mm %350 SE

100um

Fig. 15. Scanning electron micrograph of dead and de-
cayed carcasses of the whitefly on surface of cotton leaf
showing cuticle penetration, proliferation and colonization
by hyphae of P. oxalicum spgl into the integument of
whitefly cadaver (x350).

analysis involved 16 nucleotide sequences. Codon po-
sitions included were 1°+2"+3™+Noncoding. All posi-
tions containing gaps and missing data were eliminat-
ed. There were a total of 588 positions in the final da-
taset. Evolutionary analyses were conducted in
MEGAS (Tamura et al., 2011). The fungus showed
similarity with Penicillium oxalicum strain 114-2
(Accession Number: KF152942.1). Thus, identified as
Penicillium oxalicum spgl, its gene sequence has been
submitted to NCBI, USA with accession no.
KY214238 (Fig. 3).

Virtually, scanty information is available on control of
whitefly by use of P. oxalicum. P. oxalicum has been
reported to be a pathogenic fungus of the aphid Cerato-
vacuna lanigera, an insect pest on sugarcane
(Michereff ef al., 1995). The volatile compounds pro-
duced from P. oxalicum have been reported to inhibit
the growth of Glomerella cingulata (Pandey et al.,
1993). The successful infection of any entomopatho-
genic fungi depends principally on the attachment and
infiltration strength of a fungus to infect the insect in-
teguments due to secretion of an array of extracellular
enzymes (lipases, proteases and chitinases) that hydro-
lyze the epidermis of the insect (Shahid et al, 2012).
Entomopathogenic fungi can also infect non-feeding
stages, eggs and pupae since fungi do not have to be
ingested by the target insect and can raid their hosts
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directly through the exoskeleton or cuticle (Hussain et
al., 2012). The entomopathogenic fungi further resist
insect immune system response by exploiting nutrient
present in the haemocoel and cause pervasive tissue
damage by production of toxin. Al-Keridis (2015) fig-
ured out the affect of Penicillium sp. to control the rust
red beetle (Tribolium castaneum) by using different
concentrations of fungal extract (10, 30, 50%) and 40
% application of the whole fungal organ against in-
sects. The 50% fungal extract was found to be most
effective against red beetle.

The substantial use of insecticides have resulted in the
development of insecticide defiance among organisms
in addition the residue chemicals affect the human
health. Therefore, an eco-friendly surrogate is needed
to slash the negative effect of pesticides. Entomopatho-
genic fungi as bio-pesticides are influential natural
regulators of insect populations and have potential as
myco-insecticide agents against diverse insect pests in
agriculture (Mazid et al., 2011).

Gindin et al. (1996) displayed the applicability of V.
Lecanii (fungus) as an important element in biological
control of aphids, whiteflies and thrips. Al-Ameri
(2011) also marked the potency of Mycotal
(commercial product) to control the all stages of Be-
misia tabaci when sprayed on plant eggplant.
Commercial production and application of biopesti-
cides demands a few prerequisite such as viability for
longer period of time, high tolerance to variable cli-
matic conditions, abiotic stress associated with trans-
portation, storage and application. In addition biopesti-
cides should be cost effective, easy to handle, no ad-
verse effects on seed germination and plant growth and
should have wide range of effectiveness against multi-
ple pathogens as well as formulations with long shelf
life (De-Vrije et al., 2001).

Stereomicroscopic study of cotton leaf with mum-
mified whiteflies: The stereomicroscopic study of the
cotton leaves showed the occurrence of dead cadavers
of whiteflies either mummified with white cottony
fungal growth or completely decayed whitefly with
only their wings remaining in the debris. This further
provided a valuable insight for the entomopathogenic
potential of P. oxalicum spgl on whitefly. These imag-
es could also help to study the host-pathogen interac-
tion for the first time to our knowledge in case of
whitefly and P. oxalicum spgl. The fungal hyphae of
P. oxalicum were observed to trail on the surface of
cotton leave (Fig.4), and on the insect cadaver (Fig. 5
and 6) further causing decay of the pest body (Fig. 7
and 8) possibly due to production and secretion of hy-
drolytic enzymes by the fungus. Pareek et al. (2014)
also reported enhanced production of chitin deacety-
lase by Penicillium oxalicum SAEy-51 through re-
sponse surface optimization of fermentation condi-
tions. The network of fungus around the dull orange
coloured egg laid on the surface of cotton leaf was also
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observed (Fig. 9).

Scanning electron microscopic (SEM) study of cot-
ton leaf with mummified whiteflies: Scanning EM
has frequently been used to study the mode of patho-
genesis in host pest-pathogen interactions. These stud-
ies have helped in determining the virulence attributes
of fungal strains and in identification of insect barriers
to infection (Vestergaard et al. 1999). The fine mor-
phology of P. oxalicum spgl hyphae as observed in
Fig.10 showed formation of dense network of myceli-
um on the surface of cotton leaf. The hyphae of fungus
found to be smooth and septate. This isolate also ex-
hibited formation of long chains of asexual spherical
spores/ conidiospores on elongated head like conidio-
phores (Fig.11). The vertical trailing of hyphae of P.
oxalicum spgl on trichomes of cotton leaf helped in
formation of a trap network-like structure (Fig. 12 and
13). The entrapment of the whitefly in this hyphae-
trichome network followed by active infection by the
entrailing hyphae on pest surface and tissue might
have led to death of the pest (Fig. 14). The dead and
decayed cadaver of whitefly on surface of cotton leaf
showed the growth of P. oxalicum spgl. Moreover, the
fungal hyphae can be observed growing in the body
cavity of the dead whitefly (Fig. 15). These micro-
graphs further strengthened and established the ento-
mopathogenic potential of P.oxalicum spgl against
whitefly as biological control agent. Biological control
with pathogenic fungi would be a promising alterna-
tive to chemical control. These finding also corrobo-
rated with the findings of Santamarina et al.
(2002) who have extracted metabolites of P. oxali-
cum lineages and indicated their antagonistic effect
against bacteria, fungi and insects. Santamarina et al.
(2003) also showed biocontrol activity of Penicillium
oxalicum agent against species of Fusarium. Sabuquil-
lo et al. (2005) further reported Penicilium oxalicum
Currie and Thom as a promising fungal agent for bio-
logical control of soilborne diseases of tomato. Appli-
cation of a conidial suspension of P. oxalicum by wa-
tering the tomato seedlings in seedbeds 7 days before
transplanting against Fusarium and Verticillium wilts
of tomato plants has been reported by Larena et al.
(2003).

Conclusion

P. oxalicum spgl, a novel fungal bio-control agent
having entomopathogenic significance, could play a
pragmatic role in integrated pest management. Howev-
er, its practical utility as a potential biocontrol agent of
whitefly will require standardization of the following
parameters (i) Optimization of media for growth; (ii)
Carrier for viable fungal spore suspension;(iii) Assay
for the production of cuticle degrading enzymes
(Chitinase, Chitosanase, Chitin deacetylase assay, Pro-
tease and Lipase assay); (iv) bioassay of different
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formulations under in vifro and in vivo conditions and
(v) The animal and human pathogenic aspect of this
culture is required to be probed. The use of Penicilli-
um oxalicum spg 1 in any integrated pest management
programme further need to be tested, until proven safe
for natural enemies and non-target organisms.
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