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Abstract

The search for new microbial agents for pest control is one of the most important goals in the field of
biological control. Some fungal species showed insecticidal activities. Therefore, isolation of more local
fungal strains that would be more adapted to the local pest hosts and possesses greater insecticidal
activities will be of great value. Studies were carried out in Plant Protection Research Institute, Sharkia
branch, Sharkia governorate, Egypt during the period of 2014 to 2015 to survey aphids on some legumes.
Trichoderma asperelliodes was isolated from soil, seeds and aphid insects, and was identified
morphologically by light microscope and genetically using 18-S ribosomal DNA. Effect of different pH
values (5.5, 6.5, 7, 7.5 and 8.5) and temperatures (20, 23, 25, 27, 30, 35 and 40 °C) on T. asperelliodes
mycelial growth rates and activity were also studied. The toxicity of T. asperelliodes spore suspension on
Aphis craccivora under laboratory condition was examined under electron microscopes (SEM and TEM).
The results showed that the optimum environmental conditions for mycelial growth rates of T.
asperelliodes were at 30°C and pH7.5. Also, T. asperelliodes has a significant effect in controlling

legume aphids with LCs, value of 5.4 x 10" spores mI™and LT, value of 5.1 days.
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1. Introduction

Aphides (Homoptera) are one of the most
important groups of insect pests in the world. To
date, about 4000 aphid species have been
described and about 250 species are serious pests
to various crops around the world.

Aphids develop at prodigious rate by
parthenogenesis and have an efficient dispersal
strategy. Their feeding on phloem sap cause
stunting, discolora-tion and deformation of
plants.

Aphids are major vectors of plant viruses.
Although many products belonging to existing
insecticide groups are effective against aphids,
resistance to insecticides that have long history of
use is a serious problem to farmers and the
environment, beneficial insects and natural
enemies [1].

Due to high cost of protecting crops from
these pests with chemical pesticides, the
increasing resistance to many chemical pesticides
[2,3] and reduction of the main predator
populations [4&5] which are responsible for
killing high proportion of egg and larvae of
cotton bollworms through the season [6].

Pest control is a key component of various
strategies aimed at preventing the spread of pests
in order to increase food production. Nearly all
pest control prog-rams depend on the use of
chemical insecticides formulated as direct contact
sprays or dusts.

The commercially available chemical
pesticides in modern agriculture are under
pressure to be removed from the market because
of their hazardous impact on the natural
environment. To face this problem, biological
control  agents, which include effective
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microorganisms and microbial metabolites
products, have long been attracting attention as
alternatives to chemical agents [7].

A control program based on selective
materials, which would allow survival of
beneficial species and cause the mortality of
destructive ones, is desirable. The uses of
bacterial pathogens with known insecticide
activity as microbial insecticide are species-
specific, and that makes it harmless to non-target
organisms and to the environment [8] Well-
known fungal agents which have been used
successfully for insect control are Trichoderma
species.

Aphids are attacked by numerous
entomopatho-genic fungi [9, 10]. So, the search
for new microbial agents for pest control is one
of the most pressing needs in the field of
biological control.

Therefore, isolation and scanning of more
local fungal strains that would be more adapted
to the local pest hosts and possesses greater
insecticidal activities or broader host range is
important for biological control %

The main objectives of this study were to
isolate and explore the usage of Trichoderma
asperelliodes as a biological control agent to
leguminous aphid insects and detect the optimal
environmental conditions for its growth and
higher activity.

2.Materials and methods
1. Aphid insects Survey

Survey studies were carried out on Cowpea
and Beans crops farms located in Meniat El-
Kamh city, Sharkia governorate, Egypt during
2014 and 2015 to survey Aphid insects. The
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farms received normal agricultural practices
and no chemical control was applied. For
sampling, twenty five leaves were picked up
randomly once a weak from each farm and for
all districts. The samples were put in
polyethylene bags and transferred to the
laboratory for carefully inspection. These
samples were examined in the same day by
using stereomicroscope.

2. Isolation, purification and identification of
Trichoderma asperelliodes

Trichoderma asperelloides was isolated from
soil; seeds and insects at modified spasific
Czapek-Dox's agar media containing 1.0%
colloidal chitin as a carbon source [12-14]. The
isolated fungal species was purified and
identified morphologically by light microscope
and genetically was identified according to
molecular biological method by 18S r RNA
gene of DNA (15) at colors-lab, Cairo, Egypt
and it was also kindly confirmed by Plant
Pathology Research Institute, Agricultural
Research Center, Cairo, Egypt. The fungal
isolates were descendant of pure single slant
culture.

The stock culture of the isolated fungal
species were maintained on Czapek-Dox's agar
slants then stored at 40C and renewed at monthly
intervals [16].

2.1 Molecular characterization (sequence of
18S rRNA gene of DNA)

Molecular characterization involved the
following steps according to the protocol [15].

2.1.1 Extraction of DNA by protocol of Gene
jet genomic DNA purification Kit (Thermo)
The procedure of DNA extraction was
applied according to the manufacture Manual.
Maxima ® hot start PCR master mix (2X) was
gently mixed by Vortexing and briefly
centrifuged after thawing.
e The samples were gently mixed by vortexing
and spun down.
e PCR was performed the recommended
thermal cycling conditions
e After that, four pL from the PCR mixture
were added to examine the PCR product on
1%agarose gel against 1 Kb plus ladder
(fermentas).

2.1.2 PCR cleans up of the PCR product
using GeneJet™ PCR Purification Kit
(Thermo)

Sequencing was performed by using Big
Dye terminator cycle sequencing kit (Applied
BioSystems, USA). Sequen-cing products were
resolved on an Applied Biosystems model
3730XL automated DNA sequencing system
(Applied Bio-Systems, USA). Trichoderma
asperell-oides (Hypocrea asperelloides)

ITS1 (TOC GTA GOGT GAA COCT GOG G )
ITS4 (TOC TOC GOCT TAT TGA TAT GO

3. Effect of environmental conditions (pH
and temperature) on the rate of mycelial
growth and activity of Trichoderma
asperelliodes

3.1 Effect of pH values

In this experiment, flasks with the same
amount of modified Czapek-Dox's broth media
(50 ml ) containing 1.0% colloidal chitin as a
carbon source was adjusted to the following pH
values 5.5, 6.5,7,7.5and 8.5 by addition of
varying amounts of 1IN HCI and 1N NaOH
using pH electrode.

The sterilized flasks were inoculated with
the same inoculums of the studied fungal
species and incubated at 25°C for 7days; after
which, the mycelial dry weights and chitinase
activity were determined.

3.2 Effect of incubation temperature

Flasks containing equal amounts of modified
Czapek-Dox's broth media (50ml) containing
1.0% colloidal chitin as a carbon source was
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adjusted to pH 5.0, sterilized, inoculated
with a relatively equal numbers of the fungal
spores and incubated at the following
temperatures, 20, 23, 25, 27, 30, 35 and 40°C.
At the end of incubation period (7days), cultures
were harvested for determining of the dry
biomass.

3.3 Determination of mycelial dry weight

At the end of the fermentation process, the
culture flasks were filtered through preweighted
whatman No.1 filter papers.

The filter papers were washed twice with
distilled water to remove non digested chitin,
dried in an electric oven at 70° C and left in
desiccators to attain room temperature.

The filter papers were then weighted at
regular intervals till the two successive weights
were the same [17].

3.4 Estimation of chitinase activity

The release of reducing sugar (N-
acetylglucosamine) from chitin substrate was
used as the standard method for the assay of
enzyme activity [18].
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3.4.1 Preparation of the crude chitinase

At the end of incubation time, cell-free
cultures filtrates were centrifuged at 5000 rpm
for 20 minutes in a cooling centrifuge. The
clear supernatant was considered as the source
of crude chitinase [19].

3.4.2 Assay of chitinase activity

The chitinase assay was carried out [18] with
some modifications “* ¥ The enzyme reaction
mixture containing 1 ml of crude enzyme
preparation and 1 ml of 1% colloidal chitin in
citrate-phosphate buffer (pH 5.0) was incubated
at 50° C for one hour.

The amount of N-acetylglucosamine of the
enzyme reaction mixture was then determined
[20].

Estimation of N-acetylglucosamine was
carried out as followReagents

Potassium tetraborate: was prepared by
adding the calculated amount of KOH to
HsBO; solution. The pH of the solution was
9.2 when diluted.

P-Dimethyl-amino-benzaldehyde (DMAB)
reagent

10 gm of DMAB (Sigma) were dissolved in
100 ml of analytical reagent glacial acetic acid
which contain 12.5% (w/v) 10N HCI
(analytical reagent).

This reagent could be stored at 2.0°C for a
month. Shortly before use it was diluted with 9
volume of reagent grade glacial acetic acid.

Assay procedure

The released of N-acetylglucosamine in
reaction mixture was determined as follows: 0.1
ml of potassium tetraborate was added to the
reaction mixture. The tubes then heated in a
vigorously boiling water bath for 3 minutes and
cooled in tap water.

Three ml of DMAB reagent then added and
immediately after mixing, the tubes are placed in
a bath and the temperature adjusted at 36-38°C.
After 20 minutes, the reaction tubes are cooled in
tap water. The intensity of the resulting color
solution was measured at 585 nm using spectro-
colorimeter. The chitinase activity was
determined by inference from the standard curve
of different N-acetylgluco-samine concentrations.

Chitinase unit

One unit defined as the amount of enzyme
protein in 1 ml required to produce 1.0 pumol of
N-acetylglucosamine in one hour at 50°C 8 &2
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4. Laboratory evaluation of the
entomopathogenic activity of
Trichoderma asperelliodes on

Aphis craccivora

4.1 Culture of Aphid craccivora

4.1.1 Rearing of the insect

The proper conditions and diet for rearing
laboratory culture of the bean aphid (Aphis
craccivora) and maintenance of aphid colonies
[23]° Serial cultivation of cowpea plants in
plastic pots (50 cm diameter in 25 cm highest)
were prepared under the laboratory conditions.
Samples of infested cowpea plants were
collected from cowpea field, put in paper bags,
and transferred to the laboratory.

The cowpea aphids were transferred from
infested plants to non-infested cultivated ones
by using fine brush.

Aphid colonies were away from any
contamination by placing infested samples in
cages covered with muslin cloth, which were
proved to be advantageous to permit good
ventilation and light penetration and avoid
aphids from parasites and predators [23].

4.1.2 Biological studies

The objective of this experiment was to study
the effect of feeding on some host plant leaves on
biological aspects of A. craccivora under
controlled conditions. Ten adult of A. craccivora
were transferred from sensitive culture in the
laboratory by hair brush to each leaf discs of bean
2 cm diameter and left for a period of 24 hours.

These discs were placed into pads of wet
cotton in Petri-dishes. After 24 hours adults were
removed and the discs with the nymphs. Fifty
nymphs of the same age were individually
transferred by mean of a camel hair brush to leaf
discs of bean.

For conserving host plants leaf discs fresh,
water moist cotton pad below the leaf disc
equipped each Petri-dishes. Duration and
development of alive stage were recorded.

All Petri-dishes were held at the same
conditions of 274+2°C and relative humidity of
65+5%R.H [24].

4.2 Fungal inoculation

Spores of fungal isolate were harvested by
rinsing with sterilized water containing 0.005%
Tween80 from 7days old culture (Dox medium
grown at 25+1°C for T. asperelliodes isolate).
The suspensions were filtered through
cheesecloth to reduce mycelium clumping.

The spores were counted in the suspensions
using a hemocytometer. The concentrations
were adjusted to 10°10°, 10’and10® spore/ml .
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4.3 Effect of spores suspension of T.
asperelliodes on A. craccivora

The effect of the fungus on the infected leaves
was studied at this experiment. Three replicates
each consist of five leaves were used. Each leaf
had fifty individuals of adult A. craccivora.
Leaves were sprayed with two ml of different
spores suspension of T. asperelliodes and the
control was treated with two mL of sterilized
water containing 0.005% tween80 only. The
treatments and control were incubated for 7days
under laboratory conditions (25+1°C, 655 %
RH and 12 hr photoperiod). Adult mortality was
observed after 1, 3, 5, and 7 days. LCs, and
LTsowere calculated after 7 days [25].

5. Examination of the treated Aphid insects
by scanning electron micro-scope (SEM)

The insects of Aphid (adult) were treated by
the Trichoderma asperelliodes culture filtrate to
indicate its effects on the cuticle of the insect, the
growth of the fungus mycelium on the insect
surface, and observe any other symptoms on the
treated insects after 5 days.

The treated insects were examined by
scanning electron microscope (SEM) (JEOLIJSM
5500LV) by using high vacuum mode at the
Regional ~ Center of  Mycology and
Biotechnology, (RCMB) Al-Azhar University.
Cairo, Egypt.

6. Examination using TEM

Tissue specimens of the treated insects
Aphid (adult) cuticle by the T. asperelliodes
culture filtrate were prepared for TEM [22].
Stained sections were examined with a JEOL
1010 Transmission Electron Microscope at the
Regional Center for Mycology and
Biotechnology (RCMB) Al-Azhar
University.Cairo, Egypt.

7. Statistical analysis

The obtained data were statistically
analyzed using [26] statistical analysis
software, Microcomputer program.

Results and Discussion

In this study the isolated fungal species from
soil, seeds and insects were purified and
identified using both morphologically by light
microscope Fig (1&2) and genetically by the
18S r RNA gene of DNA methods as
Trichoderma Asperelliodes Fig (1a, b& c).

Effect of some environmental conditions on
dry weight and the chitinase enzyme
production by Trichoderma asperelliodes
Effect of pH

The results of this study indicated that the
maximum mycelial dry weight and crude
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chitinase enzyme production by Trichoderma
asperelliodes had a peak of activity at pH 7.5
Fig (2). Gradually decreasing in chitinase
activity was clearly observed below or above
pH 7.5 to reach a minimum value at pH 5.5
showing about 22.14% from the maximal
activity obtained.

These finding are consistent with those
previously reported (*”' they found that suitable
pH values for a favorable growth of
Paecilomyces fomosoroseus were obtained in
the range of pH 6 to 9. On the other hand, the
optimum chitinase production and biomass
yield by T. viride, Aspregillus carneus, , T.
harzianum and T. atroviride were reported at
pH 5.0 @ 2 2 30 &) raqpactively. Other
workers reported that most of the fungal
chitinases showed optimum productivity close
to pH 5.0 [18, 32and 33].

Effect of incubation temperature

The obtained data revealed clearly that the
optimum incubation temperature for maximum
mycelial dry weight and crude chitinase enzyme
production by T. asperelliodes was 30C° Fig
(3). Increasing or decreasing the incubation
temperature to 20 and 45 C° resulted in a great
reduction in mycelial dry weight and a
markedly loss in chitinase activity showing
about 22.76% of that obtained at optimal
reactions temperature.

The results were in accordance with those of
[31, 34-36], who found that the optimum
temperature for maximal chitinase productivity
of T. harzianum was 30°C. The same
temperature was also reported as optimal for
maximal chitinase production under control
conditions by other investigators [19, 28, 32
&37].

On the other hand, it was indicated that
the optimum incubation temperature for
optimal production of chitinase enzyme by
A. fumigates was 35°C @ While, 25 °C was
recorded as the optimum incubation
temperature for T. harzianum and P.
fumosorosea [38 & 39], respectively.

Pathogenicity effect of spore’s suspension of
T. asperelliodes on A. craccivora

In this study, the efficiency of T.
asperelliodes spores suspension was tested
against aphid adults by applying different
concentrations of spores (10°-10% spore/mL) at
the laboratory conditions Table (1).

Mortality percentages after 7 days of
application were ranged between 30.0 to 88%
and LCsq value was 5.4 x 1O7spore/ml and LTsg
value was 5.1 days. Previous study showed that
different conidial concentrations of
Paecilomyces fumosorosea (10°-10° spore/mL)
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against larva of Planococcus citri and mortality
percentages after 7 days of application were
ranged between 36.0 to 60% [39].

It was also indicated that the nematode
infection was significantly decreased compared
to control by wusing different conidial
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concentrations of T. harzianum (10%-10°
spore/mL) [40]. Other studies revealed that
inoculums concentration had an important role
on the pathogenicity of entomopathogenic fungi
[41, 42].

mycelium

Fig (1, 2) Trichoderma asperelloides under light microscope.

CTTATTGGGGACGCGGAGGGACATTACCGAGTTTACAACATCCCAAACCCAATGTGAACGTT
ACCAAACTGTTGCCTCGGCGGGGTCACGCCCCGGGTGCGTCGCAGCCCCGGAACCAGGLCGLC
CGCCGGAGGAACCAACCAAACTCTTTCTGTAGTCCCCTCGCGGACGTATTTCTTACASGCTCT
GAGCAAAAATTCAAAATGAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATG
AAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTT
TGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCCGAGCGTCATTTCAACCC
TCGAACCCCTCCGGGGGATCGGCGTTGGGGATCGGGACCCCTCACACGGGTGCCGGCCCCAA
AATACAGTGGCGGTCTCGCCGCACCCTCTCCTGCGCAGTATTTTGA.

Fig (1a) Large subunit partial sequence of 18S rRNA gene of DNA
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Fig (1b) 18S ribosomal RNA gene, partial sequence; internal transcribed spacerl and
5.8S ribosomal RNA gene, complete sequence; and internal transcribed spacer

2, partial sequence.
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Fig (1c) Phylogenetic dendrogram of different fungal strains accessions to isolate (T.asperelloides)
revealed by average linkage cluster analysis based on 18S rRNA partial sequence (similarity 99
%).
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Fig (2) Effect of different pH values on mycelia dry weight and chitinase enzyme production by
Trichoderma asperelliodes.
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Fig (3) Effect of different incubation temperatures on mycelia dry weight and chitinase enzyme
production by Trichoderma asperelliodes.
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Table (1) Mortality percentages of adult Aphis crassivora after application with different concentrations
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of T. asperelliodes spores suspension under laboratory conditions.

Concentration

Mortality percentages of adult of Aphid crassivora per 50 individuals

(Spores/mL) After 1 day After 3 days After 5 days After 7 days

Life Dead Mort Life Dead Mort Life Dead Mort Life Dead Mort

ality ality ality ality

(%) (%) (%) (%)
6x10° 45 5 10 43 7 14 40 10 20 35 15 30
6x10° 42 9 18 35 25 30 29 21 42 23 27 48
6x107 32 18 36 26 24 49 22 28 56 16 34 68
6x10° 22 28 59 15 35 70 11 39 78 6 44 88

SEM and TEM examination

In this study, T. asperelliodes spores
suspension efficiency was tested against aphid
adults. Treated aphids were examined by (SEM
and TEM).

The results of SEM examination showed
the aggregation of T. asperelliodes conidia Fig
(3 & 4) and mycelium Fig (5&86) on the surface

of aphids. In addition, rupture of cuticle layer
was clear in Fig (7). The growth of the fungus
on the cuticle of the infected insects and hyphae
penetration into insect cuticle as well as
proliferation of cuticle were also appeared [43].

In addition, the collection of conidia and
mycelium of Beauvaria basiana on the surface
of Tropionota squalid (adult) was shown in
other study [44].

& (\'

e e ¥
X1, 788 . D888
s o7 ’ '

conidia

Fig (3,4) Conidia of T. asperelliodes on the surface of aphid insects under (SEM)

mycelium

18xm GC08

X1, 788

Fig (5, 6) Mycelium of T. asperelliodes on the surface of Aphid insec
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i1i4ao
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Fig (7) Rupture in cuticle layer of Aphids insect (SEM) as arrow show

Also, TEM examination proved the
invasion and penetration of T. asperelliodes
conidia into the tissue of aphid insects and
leaving fungal spores on the surface Fig (8). The
conidia of T. asperelliodes on the tissue of aphid
insects was also clear Fig (9).

Finally the cells of treated aphid insects
with T. asperelliodes spores suspension were
ruptured due to growth of the fungus inside the
insect cells Fig (10).

In previous studies [43 & 45] the
examination by electron microscopy of adults of
Aphis gossypii insects treated by Trichoderma
hamatum revealed that the spore suspension
brought about massive disintegration and

deformation of the aphid's body and tissues
ended by the development and the colonization
of the fungus inside the insect.

It was reported that the cell organelles of
cotton leaf worm, Spodoptera littoralis have
become malformed and lost their integrity due
to the bacterial infection, while the viral
infection has caused many cell organelles to
disappear and has induced the marker of cell
death [46].

The process of colonization was also
shown in the pupae of Rhammatocerus
schistocercoides and Diatraea saccharalis
treated with Metarhizium flavoviride and M.
anisopliae [47, 48], respectively.

96

Fig(8) Invasion on the

spores (TEM).

tissue with spreading fungle

insect and rupture of the cells (TEM).

Fig (10) Rupture in the cells of Aphids (TEM) as arrow show

Fig (9) Conidia of T. asperelliodes on the cells of Aphid

Benha Journal Of Applied Sciences, Vol.(3) Issue(1) (2018)
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