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Abstract

Beauveria bassiana (Bals.-Criv.) Vuill. (1912) (EE Genbank No. MH374537) isolated from cucumber
leaves as natural endophyte and B. bassiana (Bals.-Criv.) Vuill. (1912) (ES, Genbank No. MH374538),
isolated from soil samples, were transplanted to pumpkin plants via foliar spray, soil drench, and
seed treatments, among other ways. The results demonstrated that all three inoculation procedures
were efficient in introducing B. bassiana (Bals.-Criv.) Vuill. (1912) isolates as endophytes into the
pumpkin plant, but to varying degrees. B. bassiana (Bals.-Criv.) Vuill. (1912) was recovered from
leaves and stems using foliar spray methods and from leaves, stems, and roots by seed treatment
inoculation method, and only the stem was separated in drench inoculation method.
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1. Introduction

Endophytic fungicolonize interior plant
tissues without causing any symptoms in the
host, living inside the intercellular spaces and
penetrating living cells, and becoming parasitic
only when their hosts are stressed [24]. Some
endophytes have been demonstrated to improve
their host's growth, abiotic stress tolerance, and
pest and disease resistance [14, 16]. There are
estimated one million of such distinct
endophytic fungal species, the majority of which
are ascomycetes and anamorphic fungi [3, 11].

Beauveria bassiana (Bals.-Criv.) Vuill.
(1912) has been found as an endophyte in maize
[4, 27], potato [2], tomato [17], Western white
pineseeds and needles [6], and opium poppy
[21]. Colonization by fungal endophytes can be
systemic [21,8], localized in plant parts [29, 31],
or partitioned [5, 32]. Different taxa of
entomopathogenic fungi, on the other hand, have

been found to be able to inoculate with plants
and become endophytic. Posada et al. (2007)
[20] used fungal spore suspensions delivered as
foliar sprays, stem injections, or soil drenches to
establish the entomopathogenic fungus B.
bassiana (Bals.-Criv.) Vuill. (1912) in coffee
seedlings. Akello et al. (2009) [1] used root and
rhizome immersions to introduce B. bassiana
(Bals.-Criv.) Vuill. (1912) into tissue culture
banana plants. To establish B. bassiana (Bals.-
Criv.) Vuill. (1912) endophytically in the
common bean Phaseolus vulgaris, Parsa et al.
(2013) [22] used two inoculation methods: foliar
spray or soil drench with 10 conidia/mL.
Greenfield et al. (2016) [7] used soil drench as
an inoculation method to transfer B. bassiana
(Bals.-Criv.) Vuill. (1912) and
Metarhiziumanisopliae  to  cassava  roots,
suggesting that Metarhiziumanisopliae has better
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capacities to remain in the soil as an endophyte
in cassava roots over time. Under laboratory
the entomopathogenic fungus B. bassiana (Bals.-
Criv.) Vuill. (1912) in pumpkin plants using
different inoculation procedures.

2. Material and Method

2.1. Preparation of the entomopathogenic
fungusB. bassiana (Bals.-Criv.) Vuill. (1912) ES
was isolated from soil samples collected beneath
fallen litter under plants that act as suitable
hibernation sites for the sunn pest (the most
important insect that attacks wheat crop) from
Gara Mountain (N 37 1.51" E 43 23 34", 2066 m
above sea level) and B. bassiana (Bals.-Criv.)
Vuill. (1912) EE was isolated from cucumber
leaves collected from Amadia district (N
37.0917° E 43.4877°, 1122 m above sea level) in
Duhok city, Kurdistan Region, Iraq.

A commercial animal and fungal DNA
preparation kit methodology was used to extract
DNA from isolates (Jena Bioscience, Germany).
Using universal primers ITS5 and ITS4, genomic
DNA was employed as a template for PCR
amplification of the ITS region [30]. The
sequencing was performed at Macrogen
Company, Korea, and submitted to GenBank
(GenBank accession MH374537 and MH374538,
respectively). Dried and living cultures were
deposited at themycology bank, Department of
Plant Protection, College of Agricultural
Engineering Sciences, Duhok University, BEG22
and BEG23, respectively.

2.2. Testing the potential of the B. bassiana
(Bals.-Criv.)) Vuill. (1912) isolates as an
endophyteFoliar spray and soil drench. The
pumpkin seeds were rinsed with tap water
before being surface sterilized by immersing
them in 70% ethanol for two minutes, then in
2% sodium hypochlorite for two minutes,
followed by 30 seconds in 70% ethanol and
rinsing twice in sterile distilled water for two
minutes [3]. The seeds were then planted in
groups of three in sterilized Peat moss pots in a
growth chamber at 25 *+ 2°C, 50% RH, and a 12-
hour photoperiod.

One week after germination, the two least
vigorous seedlings were eliminated [28]. Every
2-3 days, the seedlings were irrigated with
sterilized distilled water. The plants were
inoculated with suspension of 1x107 conidia/mL
of B. bassiana (Bals.-Criv.) Vuill. (1912) isolates
using two different methods: foliar spray and
soil drench, two weeks after planting.

conditions, this work attempted to demonstrate
the endophytic establishment of two isolates of

When foliar spray method was applied, a
hand atomizer was used to spray the conidial
suspension (treatment) or distilled water
(control) over the upper surface of leaves. To
prevent conidial discharge into the soil, the tops
of the pots were covered with aluminum foil
before spraying. The plants were covered with
plastic bags for 24 hours after spraying to
maintain a high level of humidity, which aided
fungal infestation.

The soil drench method involved applying
15 mL of conidial suspension (treatment) or
distilled water (control) to the surface of the soil
at the plant's base using a graduated cylinder.
The plants were gently removed and rinsed
thoroughly in running tap water after two weeks
of treatment.

Five leaflets, five pieces of root, and five
pieces of stem were chosen at random from each
plant/replicate/ treatment. The samples'
surfaces were then sanitized according to
Arnold's instructions [3]. After that, each sample
(leaflet, stem, and root) was sliced into 3-4 slices
and cultured on PDA for two weeks to determine
whether B. bassiana (Bals.-Criv.) Vuill. (1912)
isolates had established themselves as an
endophyte within the pumpkin leaf, stem, and
root [22].

Pumpkin seeds treatment. According to
Arnold, pumpkin seeds were thoroughly cleaned
and then surface sterilized [3]. The seeds were
immersed in 1x107 spore/mL B. bassiana (Bals.-
Criv.) Vuill. (1912) isolate conidia suspensions
or distilled water (control) for 2 hours, then
removed and allowed to dry on filter paper at
room temperature.

Pots with sterilized peat moss were put in
the growth chamber.

Each pot included three treated seeds,
which were planted and allowed to grow. For
each fungus, six pots were utilized. After 4 weeks
of sowing, the seedling was harvested. Plants
were gently taken from the soil and loose soil
was shaken off [15].

The seedlings were then surface sterilized
after being washed with tap water to remove
any remaining peat moss pellets [3]. To evaluate
the establishment of B. bassiana (Bals.-Criv.)
Vuill. (1912) isolates as an endophyte within
pumpkin plants by seed treatment, the seedling
was cut to acquire sections of leaf, stem, and
root, then cultured on PDA medium and
incubated for two weeks.
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3. Results and Discussions

The quantity and percentage of plants and
plant sections positive for the presence of
B.bassiana (Bals.-Criv.) Vuill. (1912) were
calculated from the endophytic potential of both
isolates. Fungal inoculation procedures such as
foliar spray, soil drench, and seed treatments
were all efficient in introducing B. bassiana
(Bals.-Criv.) Vuill. (1912) into the plant, though
at various levels of efficacy.

In comparison to B. bassiana (Bals.-Criv.)

Vuill.  (1912) EE (Genbankacssesion no.
MH374537) isolate, B. bassiana (Bals.-Criv.)
Vuill.  (1912) ES (Genbankacssesion no.
MH374538) isolate had the maximum

colonization in all inoculation procedures.

According to the data presented in Table 1,
B. bassiana (Bals.-Criv.) Vuill. (1912) ES was
recovered from leaves and stems at 26.7% and
6.67% respectively, when foliar spray was
applied, but only 13.33% of B. bassiana (Bals.-
Criv.) Vuill. (1912) EE was recovered from plant
leaves.

Table 1. The incidence of B. bassiana (Bals.-Criv.) Vuill. (1912) isolates in pumpkin plants using foliar spray, as

inoculation method*

Number of
Inoculation method/ Isolate positive plants Leaves No. ps Stems No. ps Roots No. ps
+ % + % + % + %
B. bassiana (Bals.-Criv.) Vuill.
(1912) EE 1 33.3 2 13.33 0 0 0 0
B. bassiana (Bals.-Criv.) Vuill.
(1912) ES 3 100 4 26.7 1 6.67 0 0
Total / Average 4 66.7 6 1.33 1 0.22 0 0

*There were three replicates (plants)/isolate, within each plant (leaves, stems and roots) 15 segments/part were assessed No. ps= number

of positive segments/plant part.

Both B. bassiana (Bals.-Criv.) Vuill. (1912)
isolates did not colonize plant roots. In
comparison to B. bassiana (Bals.-Criv.) Vuill.
(1912) EE isolate, B. bassiana (Bals.-Criv.) Vuill.
(1912) ES isolate is more efficient for
colonization in pumpkin plants, as after four
weeks of inoculation, 100% of sprayed plants
were colonized by B. bassiana (Bals.-Criv.) Vuill.
(1912) ES compared to 33.3% for B. bassiana
(Bals.-Criv.) Vuill. (1912) EE.

According to the data presented in Table 2,
B. bassiana (Bals.-Criv.) Vuill. (1912) ES and EE
were exclusively recovered from stems in soil
drench in shares of 26.7% and 6.67%,
respectively. Plant leaves and roots were not
colonized by any B. bassiana (Bals.-Criv.) Vuill.
(1912) isolate. The colonization of B. bassiana
(Bals.-Criv.) Vuill. (1912) ES isolate in pumpkin
plants is duplicate (66.6%) to that of B. bassiana
(Bals.-Criv.) Vuill. (1912) EE isolate (33.3 %).

Table 2. The incidence of B. bassiana (Bals.-Criv.) Vuill. (1912) isolates in pumpkin plants using soil drench as

inoculation methods*.

Number of positive

Inoculation method/ Isolate plants Leaves No. ps Stems No. ps Roots No. ps
+ % + % + % + %

B. bassiana (Bals.-Criv.) Vuill.

(1912) EE 1 333 0 0 1 6.67 0 0

B. bassiana (Bals.-Criv.) Vuill.

(1912) ES 2 66.6 0 0 4 26.7 0 0

Total / Average 3 50.0 0 0 5 0.89 0 0

*There were three replicates (plants)/isolate, within each plant (leaves, stems and roots) 15 segments/part were assessed No. ps= number

of positive segments/plant part.

According to the data presented in Table 3,
B. bassiana (Bals.-Criv.) Vuill. (1912) ES was
recovered from stems and roots at 13.3% and
6.67%, respectively, in seed treatment, but only
13.33% of B. bassiana (Bals.-Criv.) Vuill. (1912)
EE was recovered from plant leaves. B. bassiana
(Bals.-Criv.) Vuill. (1912) ES isolate colonization

in pumpkin plants is equal (33.3%) with B.
bassiana (Bals.-Criv.) Vuill. (1912) EE isolate
colonization in pumpkin plants using this
technique of introduction (33.3 %).

In total, 7 out of 90 pieces of sprayed
plants with both B. bassiana (Bals.-Criv.) Vuill.
(1912) isolates yielded positive detection of
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1.33% and 0.22% for leaves and stems,
respectively, during four weeks of inoculation,

stems during the same period of inoculation, and
5 out of ninety 90 segments of plants grown

compared to 4 out of 90 segments of drenched
plants yielding positive detection in 0.89% of

from seed treated with B. bassiana (Bals.-Criv.)
Vuill. (1912) yielded positive.

Table 3. The incidence of B. bassiana (Bals.-Criv.) Vuill. (1912) isolates in pumpkin plants using seed treatment

as inoculation methods*.

Number of

Inoculation method/ Isolate positive Leaves No. ps Stems No. ps Roots No. ps
plants

+ % + % + % + %
B. bassiana (Bals.-Criv.) Vuill.
(1912) EE 1 33.3 2 13.3 0 0 0 0
B. bassiana (Bals.-Criv.) Vuill.
(1912) ES 1 33.3 0 0 2 13.3 1 6.67
Total / Average 2 33.3 2 0.44 2 0.44 1 0.22

*There were three replicates (plants)/ isolate, within each plant (leaves, stems and roots) 15 segments/part were assessed No. ps= number

of positive segments/plant part.

Even though there were no evident
patterns between isolates in their ability to
remain as endophytes, the results showed that
both isolates of B. bassiana (Bals.-Criv.) Vuill.
(1912) employed in this study have varied
capabilities for infection and colonization of
pumpkin plant tissues. B. bassiana (Bals.-Criv.)
Vuill. (1912) has been introduced as an
endophyte in a variety of plants utilizing various
inoculation methods, such as foliar spraying in
potatoes [13], and coating seeds with B. bassiana
(Bals.-Criv.) Vuill. (1912) conidia in tomatoes [18, 26].

To establish B. bassiana (Bals.-Criv.) Vuill.
(1912) endophytically in the common bean,
Parsa et al. (2013) [19] used two inoculation
methods: foliar spray or soil drench with 10
conidia/mL (Phaseolus vulgaris). As inoculation
methods, B. bassiana (Bals.-Criv.) Vuill. (1912)
was delivered to cassava roots by soil drench [7].
B. bassiana (Bals.-Criv.) Vuill. (1912) has been
found to colonize a variety of cucurbitaceous
hosts in earlier research. When inoculated as
conidia, Gurulingappa et al. (2010) [8] found
that B. bassiana (Bals.-Criv.) Vuill. (1912)
colonized the leaves of six crop plants, including pumpkin.

Jaber and Salem (2014) [12] used foliar
spray to introduce B. bassiana (Bals.-Criv.) Vuill.
(1912) into squash plants to provide protection
against the Zucchini Yellow Mosaic Virus
(ZYMV). According to Resquin-Romero et al.
(2016) [23], spraying melon plants with a
conidial suspension of the entomopathogen B.
bassiana caused temporal endophytic
colonization of the leaves, which resulted in
increased death of Spodoptera littoralis larvae.

After 10 days of artificial seed inoculation
with conidial solution of B. bassiana (Bals.-Criv.)
Vuill. (1912), Shaalan and Ibrahim (2018) [25]

demonstrated effective colonization of plant
tissues in cucumber seedlings, achieving 85.3%
recovery in cotyledon and stem, and 50%
recovery in roots. B. bassiana (Bals.-Criv.) Vuill.
(1912) was found naturally on cucumber leaves
in Iraq, according to Hassan et al. (2019a) [9].
Hassan et al. (2019b) [10] tested the
pathogenicity of an endophytic B. bassiana
(Bals.-Criv.)  Vuill. (1912) isolated from
cucumber leaves against several stages of the
squash beetle Epilachna chrysomelina (F.) in the
field and in the laboratory. Rajab et al. (2020)
[22] demonstrated the ability of B. bassiana
(isolate B195) to colonize, survive, and develop
systemically in cucumber plant stem, leaf,
petiole, and root 30 days after artificial
inoculation under indoor settings.

4. Conclusion

Both isolates of B. bassiana (Bals.-Criv.)
Vuill. (1912) employed in this study have varied
capabilities for infection and colonization of
pumpkin plant tissues. The establishment of the
entomopathogenic B. bassiana (Bals.-Criv.) Vuill.
(1912) as an endophyte in pumpkin plant tissues
may play a role in pest population regulation
and control.
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