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Experiments were done to test if Beauveria bassiana can become an endophyte in sorghum and confer
protection from stem borer. Four-week-old sorghum seedlings were treated with B. bassiana. The plants were
examined for endophytic presence of B. bassiana, 30 and 60 days after treatment. Stem cultures from treated
plants showed growth of B. bassiana. PCR amplification using fungal specific primers for a conserved region
of β tubulin gene yielded identical 360 bp products from both B. bassiana and treated sorghum plants. In a
subsequent experiment, B. bassiana treated and untreated (control) sorghum plants were artificially infested
with stem borer (Chilo partellus) larvae 15 days post treatment and the extent of damage was compared.
About 40% of the control plants developed dead heart while no plant in the B. bassiana treated plot did. In the
surviving control plants, stem tunneling by shoot borer was significantly higher compared to B. bassiana
treated sorghum plants.
© Korean Society of Applied Entomology, Taiwan Entomological Society and Malaysian Plant Protection

Society, 2009 Published by Elsevier B.V. All rights reserved.

Introduction

Sorghum bicolor (L.) Moench is a drought tolerant, nutrient rich
millet crop. It is extensively cultivated in poor soils in rainfed fields of
the semi-arid tropics of India and Africa and it is used both for grain
and cattle fodder. Of the several insect pests infesting this crop, the
stem borer, Chilo partellus Swinhoe (Lepidoptera: Pyralidae), is among
themost severe ones, causing an 18–53% yield loss (Gethi et al., 2001).
Stem borer resistant sorghum varieties are not available. Chemical
methods used to manage stem borer are not only ineffective but also
not affordable to the resource poor dry land farmer.

Beauveria bassiana (Bals.) Vuillemin, an entomopathogenic fungus
with no known phytopathogenic activity, establishes endophytically
in corn and confers protection from the stem borer, Ostrinia nubilalis
(Wagner and Lewis, 2000; Arnold and Lewis, 2005). B. bassiana also
establishes endophytically in potatoes, jimsonweed, cotton and
cocklebur (Jones, 1994), tomatoes (Leckie, 2002), opium poppy
(Quesada-Moraga et al., 2006), the bark of Carpinus carolinata (Bills
and Polishook, 1991), Theobroma cacao (Posada and Vega, 2005), date
palm (Gomez et al., 2006), coffee (Posada and Vega, 2006; Posada
et al., 2007) and banana (Akello et al., 2008).

B. bassiana was pathogenic to sorghum stem borer in laboratory
bioassays and in field treatments (Maniania, 1993; Uma Devi et al.,
2001). We determined if the establishment of B. bassiana as an
endophyte in sorghum can be facilitated through artificial inoculation
and if it provides protection from the stem borer.

Materials and methods

B. bassiana isolate ITCC 4688 (Indian type culture collection, IARI,
Delhi, India) that caused ∼80% mortality of the larvae of C. partellus
in laboratory bioassays (Uma Devi et al., 2001) was selected for the
experiment. It was mass cultured on rice as described by Jenkins et al.
(1998). The conidiated rice culture was used directly in some treat-
ments. For spray applications, the conidia on the rice culture were
harvested (through sieving) to make an aqueous conidial suspension.
A sorghum variety, ‘Annapurna’, which is extensively cultivated in
south India and susceptible to shoot borer, was treated. Second
generation larval populations of laboratory bred C. partellus esta-
blished from field collected insects were used in the experiments.

The experiments were conducted twice during Rabi season
(January–April) in 2005 and 2006. Temperatures ranged from 27 to
32 °C (day) and 20 to 26 °C (night). In the first time experiment,
sorghum plants were treated with B. bassiana to test if the fungus was
established in the plant. When it was ascertained that the fungus was
established in the plant with no unfavourable effect on growth or
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yield, the experiment was done the second time with artificial
infestation of sorghum plants with C. partellus larvae post treatment
with B. bassiana, to test if the endophytic B. bassiana deterred damage
of the plant by the borer.

Experimental design

For experiments in the first season, a single plot with three repli-
cates for each treatment with different treatments arranged as split
plots was designed (Lewis et al., 2001). Each replicate treatment
block consisted of 100 plants, for a total of 300 plants per treatment.
To prevent cross contamination by B. bassiana conidia due to wind,
control plants (not treated with B. bassiana) were grown 200 m away
from the treated plot with a rice plot in between. Plants were grown
in rows with spacing of 0.5 m between rows and 1 m between plants.
Usual agronomic practices, including fertilizer application and
manual weeding, were done both in the treated and control plots.
The field was irrigated prior to B. bassiana treatment. This was to
maintain high humidity (favourable for fungal establishment) in the
microenvironment of the plots. B. bassiana treatment was done in the
evening when temperatures were considerably lower (25–28 °C)
than day temperatures.

Treatment with B. bassiana

Four-week-old sorghum seedlings were treated with B. bassiana.
The mean height (base of the stem to the point of whorl) of the plants
at this stage was approx. 18 cm. The plants were treated with either
conidiated culture on rice or with an aqueous conidial spray.

Treatment with conidiated fungal culture on rice substrate
A 14-day-old conidiated culture of B. bassiana on rice (1012 conidia

g−1) was placed in the leaf whorl (5 g/plant). The control plants were
treated with rice (5 g/plant) processed as for mass culture of B.
bassiana but with no fungus.

Treatment with aqueous conidial spray
Each plant was sprayed with approx. 10 ml of an aqueous

conidial suspension (5×109 conidia ml−1) with 1% Tinopal LPW
(Sigma Chemical Co., St. Louis, USA), a stilbene-derived optical
brightener and 0.01%Tween 80. The controls were treated with an
equal volume of water with 1% Tinopal LPW and 0.01% Tween 80.
Tinopal was used to protect conidia from damage caused by UV rays
in sunlight (Inglis et al., 1995). Tween was used to disperse the
conidia and act as a surfactant.

Evaluation for endophytic presence of B. bassiana in sorghum

The endophytic establishment of B. bassiana in sorghum was
tested through stem culture and by PCR reaction. For stem culture,
B. bassiana treated sorghum stems were inoculated on Sabouraud

dextrose yeast agar (SDAY) medium (Bing and Lewis, 1991). PCR
reaction was set up with primers specific for fungal β tubulin gene
with DNA of B. bassiana treated sorghum plants.

To set up stem cultures, 10 plants were randomly selected 30 and
60 days after treatment from each replicate block in the treatment and
control. The plants were uprooted and the covering of leaf bases was
peeled off to obtain the stem. Three-1 cm pieces were cut at different
heights of the stem (Table 1). For PCR, two plants from each replicate
block were selected at random for DNA extraction.

Stem culture
SDAY medium was prepared with 0.01% Chloramphenicol

(0.05 mg ml−1) and Streptomycin (0.05 mg ml−1) (to prevent
bacterial contamination) and 0.1% crystal violet (to provide contrast
for visualizing fungal growth (Chase et al., 1986)). The stem pieces
were surface-sterilized first with 96% ethanol for 1 min, then with
6% sodium hypochlorite (NaOCl) solution for 5 min, followed by 96%
ethanol for 30 s (Luginbuhl and Muller, 1980). To ascertain the
efficiency of the surface-sterilization method, surface-sterilized stem
pieces were imprinted onto SDAY plates. The absence of fungal or
bacterial growth on these slants indicated the fidelity of the applied
sterilization technique (Ganley and Newcombe, 2006). To set up
cultures, each stem piece was cut longitudinally with a sterile
scalpel and plated on SDAY medium (4 pieces/culture slant) with
the pith side touching the medium. The culture slants with
inoculated stem pieces were incubated in an environmental
chamber set at 25±1 °C and 90% RH with no light. They were
examined daily for up to 15 days. When fungal growth and conidia
appeared, the conidia were mounted on a slide and examined under
a microscope. If the conidial morphology resembled B. bassiana, the
fungus was inoculated in a new culture slant with SDAY medium
with antibiotics to obtain a pure culture. The number of plants that
showed endophytic presence of B. bassiana among the total tested
was computed as % value.

PCR amplification using primers specific for fungal β tubulin gene
DNA was extracted from B. bassiana treated sorghum, untreated

sorghum (negative control) and B. bassiana isolate ITCC 4688 used in
treating sorghum (positive control), as described in Uma Devi et al.
(2006). Primers for a conserved region of fungal β tubulin gene
(360 bp) (Bt2a-fwd: 5′-GTAACCAAATCGGTGCTGCTTTC-3′ and Bt2b-
rev: 5′-ACCCTCAGTGTAGTGACCCTTGGC-3′) (Glass and Donaldson,
1995) were used. PCR reaction was set up in a total volume of 25 μl.
The reaction mixture consisted of 1 μl of DNA (50 ng/μl), 2.5 μl of
10×PCR buffer with 15 mM MgCl2, 0.3 μl 5 U Taq polymerase, 2.5 μl
2 mM dNTPs (Metabion, Martinsried, Germany), and 1 μl (20 pM)
each of the forward and reverse primers and made up to a final
volume of 25 μl with sterile double distilled water. PCR reaction was
carried out in aMastercycler® ep Eppendorf thermocycler (Eppendorf,
Hamburg, Germany). The PCR programme was set as follows: an
initial cycle of 94 °C for 3 min, followed by 30 cycles at 94 °C for 30 s,

Table 1
Endophytic colonization of the entomopathogenic fungus Beauveria bassiana in sorghum stems.

Treatment method % Endophytic colonizationa ANOVA (between
different collection
times)

30th day post treatment 60th day post treatment

Height of the stem from the base Height of the stem from the base

3 cm 18 cm 33 cm 5 cm 25 cm 45 cm

Aqueous conidial (B. bassiana)
spray ANOVA (between different heights)

56.67±0.96 71.69±1.00 69.25±2.04 65.86±1.33 82.54±1.09 76.73±1.48 F5,10=33.54,
Pb0.05F2,4=182.23, Pb0.05 F2,4=64.23, Pb0.05

Conidiated B. bassiana culture on
rice ANOVA (between different heights)

45.83±0.47 61.67±0.49 57.57±0.83 48.33±0.47 69.02±1.36 64.17±0.49 F5,10=51.44,
Pb0.05F2,4=44.26, Pb0.05 F2,4=27.88, Pb0.05

ANOVA (between treatments) F1,2=10.33,
Pb0.05

F1,2=43.35,
Pb0.05

F1,2=163.18,
Pb0.05

F1,2=25.66,
Pb0.05

F1,2=26.63,
Pb0.05

F1,2=34.91,
Pb0.05

Values represent mean±SE of 20 plants from each of the three replicates.
a Values are angular transformed (arc sine √percentage) before analysis, back-transformed and rounded.
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55 °C for 1min and 72 °C for 30 s, followed by a final extension at 72 °C
for 2 min.

Following PCR amplification, an aliquot (5 μl) of PCR reaction
mixture from each sample was electrophoresed on a 1% agarose gel
with SYBR safe dye (Invitrogen, Germany). The gel was viewed on
a transilluminator to identify samples with amplification products.
The PCR amplified product of one sample each from DNA of
B. bassiana treated sorghum plants as well as from pure B. bassiana
fungal culture was sequenced. For sequencing, the DNA of the
amplified product was retrieved as follows: the PCR reaction
mixture was run on a 1% agarose gel, the respective amplification
product was visualized on a dark reader (Clare Chemical Research,
Colorado, USA) and cut out. The DNA in the gel piece was purified
using Perfectprep® gel cleanup kit (Eppendorf, Hamburg, Germany)
following the instructions of the manufacturer and DNA concen-
tration was estimated spectrophotometrically. PCR products were
sequenced in both directions on an automated Applied Biosystems
3730/xl/96-capillary DNA Analyzer (PE Applied Biosystems Inc.,
Weiterstadt, Germany) using the same primers as used for the
initial PCR reactions and the BigDye® Terminator v3.1 Cycle
sequencing kit (PE Applied Biosystems Inc., Weiterstadt, Germany).
The sequences were compared to the entries in GenBank database
using BLASTn programme (Altschul et al., 1990) to identify
homologous sequences. Obtained sequences were deposited in
GenBank.

Comparison of similarity between B. bassiana used for treatment of
sorghum plants (ITCC 4688) and B. bassiana retrieved from sorghum
stem cultures through AFLP fingerprinting

B. bassiana occurs naturally as an endophyte in corn (Bing and
Lewis, 1991). To check if the B. bassiana retrieved from stem cul-
tures of sorghum is a natural inhabitant, or the artificially inoculated
strain, a DNA fingerprinting technique (amplified fragment length
polymorphism, AFLP) was applied. The AFLP fingerprints of the
B. bassiana isolate ITCC 4688 used for treating sorghum and three
fungal cultures retrieved from B. bassiana treated sorghum stem
cultures and PCR checked for the amplification of β tubulin
sequence, were generated as described in Uma Devi et al. (2006).
Three primer sets were used — Pst-A/Mse-CAT, Pst-C/Mse-CAT and
Pst-C/Mse-CTA.

Assessment of growth and yield in B. bassiana treated sorghum

The growth (plant height) and yield (grain weight) of B. bassiana
treated and control sorghum plants were compared to determine if
B. bassiana had an adverse effect on the plants. The plant height was
measured 30 days and 60 days after treatment. Twenty plants from
each replicate were measured. The height was measured on the
30th day after treatment from the base of the stem to the tip of the
top most leaf on the main tiller. On the 60th day, the height was
measured from the base of the stem to the tip of the panicle on the
main tiller. To assess yield, mature panicles from 20 plants from
each treatment block were collected. The grain was threshed and its
weight was determined.

B. bassiana treated sorghum plants showed brown spots on leaves.
Myrothecium roridum causes brown leaf spot disease in millets.
Microscopic observations of leaves with the brown spot conformed to
the descriptions of M. roridum spores. The control plants (not treated
with B. bassiana) did not show brown spot symptoms.

Artificial infestation of sorghum with stem borer larvae

For another experiment, six 25 m×25 m (0.25 ha) plots 100 m
apart, each with three replicate blocks (with 100 plants each), were
designed. Each plot was assigned to a different treatment: 1 and 2)
aqueous conidial spray/conidiating fungal culture of B. bassiana

treatments followed by artificial infestation with C. partellus larvae,
3) untreated sorghum artificially infested with stem borer larvae, 4
and 5) two types of B. bassiana treatment and 6) sorghum not
treated with B. bassiana (Table 3). The between row and plant
spacing as well as the treatment of sorghum plants with B. bassiana
was similar to the experiments described above. At the time of
treatment with B. bassiana, the sorghum plants showed a mild
infestation (natural) of aphids. Fifteen days after treatment with
B. bassiana, the plants were artificially infested with stem borer.
First instar larvae of the stem borer were carefully placed with a
camel hair brush in the stem whorl (Lewis et al., 2001). Thirty
larvae were placed per plant. Twenty days after artificial infestation
with larvae, 20 plants from each treatment block were randomly
selected to check if larvae were successful in colonizing the plants.
The number of larvae in the leaf whorl and within the stem
(examined by splitting open the stem) of each plant was noted.
When the plants were 12 weeks old and the panicles were at hard
dough stage, 20 plants in each treatment block were uprooted. They
were split longitudinally from the panicle to the base of the plant,
and the extent of tunneling caused by stem borer was measured by
summing up the length of all the tunnels within the stem. The
number of plants with dead hearts and those which did not bear
panicles was counted in each block. The plant height and grain
yield were measured as described in the first time experiment. The
endophytic establishment of B. bassiana was checked through PCR
of 2 randomly selected plants from each block.

Statistical analysis

The percentage of plants with B. bassiana, plant height, yield,
insects and tunnel length per plant were arcsine percent square root
transformed to normalize the data and the mean±SE of each para-
meter was back-transformed (Gomez and Gomez, 1984). The
statistical significance of the difference between B. bassiana treated
and control plants in themeasured parameters was estimated through
two-way ANOVA. Statistical analysis was done using Statistica soft-
ware package (Statistica 6, 1995).

Results

First season experiment

Evaluation for endophytic presence of B. bassiana in sorghum

Stem culture. B. bassiana was detected in the stem cultures of
treated plants but not in control plants. B. bassiana was found in

Fig.1. PCR products amplified using primers specific for a conserved region of the fungal
β tubulin gene (Glass and Donaldson, 1995) from DNA of 1: sorghum, 2: Beauveria
bassiana, 3: sorghum treated with B. bassiana.
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stem pieces collected from all heights of the plant (Table 1). Fu-
sarium and Aspergillus spp. were also observed in stem cultures.

The proportion of stems exhibiting B. bassiana colonization was
significantly different among samples collected from different plant
heights in both treatment types at both 30 and 60 days post
treatment (Table 1). The stem pieces collected at medium height
(18, 25 cm) had more B. bassiana (Table 1). Endophytic establish-
ment was significantly higher in samples collected 60 days after
treatment than those collected 30 days after treatment (Table 1).
Significantly higher colonization by B. bassiana was observed in
plants treated with aqueous conidial spray than with conidiated
fungal culture on rice (Table 1).

PCR amplification using primers specific for fungal β tubulin gene. PCR
amplified a 360 bp product in B. bassiana and in all six B. bassiana
treated sorghum plants but not in untreated sorghum (Fig. 1). The
PCR amplicons from the two sources, B. bassiana and B. bassiana
treated sorghum, were identical to each other in sequence. In the B.
bassiana treated sorghum, an additional band of 746 bp was also
observed (Fig. 1). The sequences of both the PCR products were
deposited in GenBank with the accession numbers DQ784576 and
DQ871250. The 360 bp sequence showed 92% similarity with the β
tubulin-like (TUB2) gene of B. bassiana strain ARSEF 1640 with an e
value of 4e−59. The 746 bp sequence from B. bassiana treated
sorghum plants matched an 18 bp region in the Cytochrome P 450
gene of M. roridum. Because the sorghum plants in the B. bassiana
treated plot showed brown spot symptoms caused by M. roridum,
the 746 bp sequence is inferred to be from the M. roridum naturally
infecting the sorghum plants.

AFLP fingerprints. AFLP fingerprints of all the three B. bassiana
isolates were identical to the B. bassiana isolate ITCC 4688 with all the
three primer combinations used (Fig. 2). Therefore, the B. bassiana

found endophytically in sorghum is the one added through artificial
inoculation and not a naturally associated strain.

Assessment of growth and yield in B. bassiana treated sorghum
No adverse effect on growth (as measured from plant height) or

yield was observed in B. bassiana treated plants when compared with
the controls (Table 2). All plants had three tillers each. Thus, the
relationship of B. bassiana with sorghum can be inferred as one of an
endophyte and not a pathogen.

Second season experiment

Assessment of effect of artificially infested C. partellus larvae on
B. bassiana treated sorghum plants

The B. bassiana treated plants artificially infested with larvae of
stem borer (C. partellus) had significantly fewer larvae than the
controls (not treated with B. bassiana) 20 days post infestation
(Table 3). About 40% (40.06±1.6) of the control plants that were
artificially infested with C. partellus larvae dried up with dead
hearts. In the surviving control plants, stem tunneling due to
larval activity was significantly more than in B. bassiana treated
sorghum (Table 3). Among the surviving control plants, about 36%
(35.8±1.9) produced a panicle but plant height and grain yield
were significantly reduced (Table 3).

Significant interactions were observed between the main factors:
endophytic establishment×plant height (F29,58=235.21, Pb0.05),
resistance against C. partellus infestation×plant height (F11,22=489.12,
Pb0.05), C. partellus infestation×tunneling length (F5,10=89.28,
Pb0.05) and plant height×yield (F10,20=854.22, Pb0.05).

Assessment of growth and yield in B. bassiana treated sorghum
In the second assessment of the effect of endophytic B. bassiana

on growth and yield, the control plants not treated with B. bassiana

Fig. 2. AFLP fingerprints with three different primer combinations of Beauveria bassiana isolate ITCC 4688 used for treatment of sorghum (1) and B. bassiana isolates (2, 3, 4) retrieved
from stem cultures of B. bassiana treated sorghum. M — DNA size marker.

Table 2
Comparison of growth and yield of Beauveria bassiana treated and control (not treated) sorghum plants.

Aqueous conidial spray Conidiated fungal culture on rice

Plant height (cm)a Yield (kg)a Plant height (cm)a Yield (kg)a

30 days 60 days 90 days 30 days 60 days 90 days

Treated 53.6±0.7 127.4±1.6 203.6±7.3 4.20±0.05 60.8±1 135±1.0 203±2.7 4.17±0.5
Control 53.6±0.8 130.9±1.4 208.3±4.3 4.12±0.07 60.5±1 137±1.2 207±2.1 4.30±0.18
ANOVA (treated vs control)b F1,2=0.012 F1,2=7.7 F1,2=16.55 F1,2=5.16 F1,2=0.22 F1,2=2.46 F1,2=9.54 F1,2=0.41

P=0.92 P=0.1 P=0.56 P=0.15 P=0.67 P=0.25 P=0.09 P=0.58

a Values represent mean±SE of three replicate blocks with measurements of 20 plants from each.
b P value in all comparisons is insignificant.
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showed significantly less growth and yield compared to the treated
plants (Table 3, S. No. 8). The natural aphid infestation of sorghum
plants at the time of treatment with B. bassiana was completely
wiped out within 5 days of treatment with B. bassiana while it
persisted for 30 days in the control plants not treated with B.
bassiana. At later stages, the control plants also showed natural,
mild infestation of Helicoverpa armigera and Mythimna seperata.
These insect pests were not noticed on B. bassiana treated plants.
The effect of the natural attack of these pests in control plants was
reflected in their growth. Treatment with B. bassiana thus bestowed
protection against the naturally infesting insect pests — aphids, H.
armigera and M. seperata.

There were significant differences in growth and yield between
the two controls not treated with B. bassiana — sorghum artificially
infested with C. partellus (Table 3, S. No. 3) and not infested (Table
3, S. No. 7). Artificial infestation with C. partellus resulted in
significantly decreased plant height and yield compared to the
uninfested plants (Table 3, S. No. 10).

Discussion

As reported in earlier studies with different plant species,
treatment of sorghum with B. bassiana did result in its endophytic
establishment. This is the second cereal crop (after maize) found to
harbor B. bassiana endophytically when treated. B. bassianawas found
in samples collected from different heights of the plant indicating its
establishment throughout the plant. B. bassiana is spread throughout
the corn stems by passive movement through xylem vessels (Wagner
and Lewis, 2000).

In sorghum, treatment with aqueous conidial spray was more
effective than treatment with conidiated fungal culture on rice in
facilitating endophytic establishment. In corn, no difference in the
treatments was observed (Lewis et al., 2001).

The sorghum plants examined for endophytic presence of B.
bassiana through PCR amplificationwith fungal specific β tubulin gene
primers gave a positive result. Beta tubulin sequences could be
amplified from the DNA isolated from B. bassiana treated sorghum.
Furthermore, the PCR products from B. bassiana and sorghum treated
B. bassiana were identical in sequence. Using a similar molecular
approach, B. bassiana could not be detected in B. bassiana treated
tomato seedlings, though it was endophytically present (Ownley et al.,
2004). White et al. (1990) attribute the failure in their approach to use
of universal rather than fungal specific primers.

Corn is reported to harbor B. bassiana naturally as an endophyte
(Bing and Lewis, 1991). In our study, the AFLP fingerprints of
B. bassiana used for treatment of sorghum and the B. bassiana
cultures retrieved through stem culture from B. bassiana treated
sorghum plants were identical. It is therefore concluded that the
B. bassiana isolate found endophytically in sorghum is the one

established through artificial inoculation and not a naturally asso-
ciated strain.

In the experiment done in the first season, sorghum plants
treated with B. bassiana showed brown spot disease caused by
M. roridum while the controls not treated with B. bassiana showed
no phytopathogenic infection of M. roridum. However, tomato seeds
treated with B. bassiana had resistance to the phytopathogenic
fungus, Rhizoctonia solani, which causes seedling wilt (Ownley et al.,
2004).

B. bassiana treatment of sorghum not only resulted in its endo-
phytic establishment but also provided effective protection when
challenged with stem borer infestation, as has been reported in corn
(Bing and Lewis, 1992) and banana (Akello et al., 2008). The natural
aphid infestation prevailing on sorghum plants at the time of
treatment with B. bassiana was also decimated. Natural infestation
by other insect pests like army worm and Helicoverpa armigera was
spotted on control sorghum plants but not on B. bassiana treated
plants. All these insects are among the long host list of B. bassiana.

Thus, treatment of sorghum at the seedling stage with the
entomopathogenic fungus B. bassiana can be used as an effective
method for establishing the fungus endophytically to protect from the
plant intruding stem borer as well as other insect pests.
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