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Abstract: Among several tested mushroom-related materials, full-grown compost followed by fermented corn cobs and the

compost were the best baits for attracting and catching of both

insects M. halterata and L. ingenua. At the same time, there

was no effect on attracting insects for the wheat straw, unfermented corn cobs, unfermented bran and water (control). The
results proved that the highest attraction in the hunting of the two insects, M. halterata and L. ingenua, was in the treatment
of cut fruit bodies for all studied A. bisporus strains, the highest number was 6.49 and 5.43 insects/bait; in the treatment
of cut fruits of A.bisporus B62, respectively, At the level of mushroom species, the brown strain of A.bisporus showed the
lowest attraction to the studied insects. Chopped fruit bodies and the spawn of some species/strains of oyster mushroom
Pleurotus led to the highest interest in insects, followed by the treatment of mashed fruit bodies; the chopped fruits reached
the highest attraction of insects for P. eryngii, the number of insects, M. halterata and L. ingenua, was 6.56 and 5.32
insects/bait, respectively. In the combination baits that were made from mixtures of the most efficient treatments resulting
from the media and the fruit bodies of the A.bisporus and Pleurotus spp., the results showed that all treatments led to

attracting the two insects at a rate of 4.55 - 8.7 insects/bait for

M.halterata and 4.06 - 7.82 insects/bait for L. ingenue. The

results also showed that there were significant differences in the reduction of both mushrooms A.bisporus and P. ostreatus
infection rate by all types of tested baits; the lowest infection rates were in the combination bait treatment, resulting in 1.86
and 2.17%, respectively, compared to the control treatment (without bait) in which the infection rate was 87.3 and 91.25%,

respectively.
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|
Introduction

The white button mushroom Agaricus bisporus and the
oyster mushroom Pleurotus spp. are mainly edible mus-
hrooms that can provide many essential nutrients, including
protein, vitamins and minerals, and medicinal properties that
have various health benefits for humans'. Mushroom yield
is exposed to many pests and diseases that cause losses in
the quantity and quality of the product. The mushroom flies
belong to some genera, such as Lycoriella sp., Bradysia
sp., Megaselia sp. and others. They are essential flies that
attack most stages of mushroom production, starting from
the nutrient medium and ending with the location of produ-
cing fruit bodies. These insects also infect most commercia-
lly produced edible mushrooms such as A. bisporus, Pleu-
rotus spp., Lentinus edodes and others?®. Mushroom flies
cause damage to the mushroom through various methods,
such as direct feeding of the larvae on the developing frui-
ting bodies and the mycelium growing in compost or subs-
trate (nutrient medium), in addition to competition between
the larvae and the grown mycelium to obtain nutrients in
the mushroom medium. The indirect harmful effects of the
mushroom fly are likely to transmit many pathogens such as
bacteria, fungi, viruses and nematodes?*. It is known that a
significant decrease in the mushroom yield occurs at a den-
sity of only one larva per 125 g of medium®. The infection

of mushrooms such as Agaricus spp. and Pleurotus spp.
with the insect pests, especially Lycoriella sp. and Megase-
lia sp., leads to significant losses in the quantity and quality
of the mushroom yield. Therefore, many studies have used
the applications of control of these insects by chemical,
biological and physical methods*. Several strategies have
been used to control mushroom flies, including the use of
chemical pesticides such as diazinon and imadocloprid®,
cyromazine, diflubenzuron, diazinon, endosulfan and chlor-
fenvinphos’, sex hormones?, chitin synthesis inhibitors®, in
addition, biological control has been used against these
insects such as entomopathogenic nematodes' and larval
predators'. The biological factors were not widely applied
in mushroom farms®'2, Therefore, chemical pesticides re-
main the fastest effective in eradicating mushroom flies,
but there are several problems associated with the use of
chemicals, such as the impact on human health and the en-
vironment as well as the emergence of Pesticide-resistant
strains and their effect on natural organisms that beneficial
for mushroom growth. Furthermore, spraying pesticides is
challenging to apply when insects attack the fruiting bodies
because the larvae move after hatching into the fruits and
protect themselves from the effects of pesticides®'. The-
refore, attention is focused on physical methods, including
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color and sticky traps', as these traps are considered an
inefficient means in the case of mushroom farms because
the smell of fruiting bodies attracts insects to them more
than the colored traps, in addition to the fact that these traps
are not specialized to attract edible mushrooms flies. The
use of plants in the form of plant extracts can benefit from
some of their insect-repellent, anti-nutritive and growth-re-
gulatory properties'. Also, extracts of some plants such
as garlic, onion, neem and eucalyptus were used as alter-
natives to chemical pesticides in the control of Lycoriella
ingenua that parasitizes Pleurotus mushroom. During four
weeks, the insect mortality rate was 40-60%, depending on
the type of plant’®. We did not find in the literature the use of
mushrooms related materials such as compost or the my-
celium and fruit bodies of mushrooms themselves as baits
to attract and get rid of the insect. In Iraq, many of these
pests and pathogens have been studied previously'”, while
mushroom flies, Megaselia halterata and Lycoriella ingenua
were recorded in 2021 for the first time in Iraq'®.

For the importance of mushroom yield, reducing the
infection of the mushroom fly, and reducing the use of
chemical pesticides in controlling them, this study aimed
to evaluate several mixtures of the culture media of these
mushrooms and their fruit bodies for studying their attractive
role in insect traps.

|
Materials and methods

Cultivation of the white button mushroom A. bisporus
and the oyster mushroom Pleurotus spp.

A. bisporus was grown on compost in nylon bags 40 cm
wide x 80 cm long x 20 cm deep (Fig. 1), while oyster mus-
hroom was grown in bags of 30 cm length and 20 cm width
using wheat straw medium supplemented with wheat bran
(10%) and calcium carbonate (2%) (Fig. 1). The steps for cul-
tivating mushrooms were carried out in a typical mushroom
farm at the College of Agriculture, Tikrit University, including
the preparation of the mushroom spawn, compost and all
other processes such as spawning, incubation, and the pro-
duction of fruit bodies according to the previous studies’®?2,
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periments.

Figure 1. Cultivation of A. bisporus and P. ostreatus in the growing room with the distribution of treatments for baits ex-

Mushroom flies

The initial identification of the insects was carried out
by Prof. Dr. Abdullah A. Hassan based on the insect's mor-
phology and confirmed molecularly based on the nucleotide
sequence of the cytochrome oxidase -subunit (1) gene in
mitochondria. They were registered in the NCBI Database
under accession numbers MZ021516.1 and MZ021517.1
for Megaselia halterata and Lycoriella ingenua, respecti-
vely, in our previous study’®.

Study of insect damage on the mushroom fruit bodies

Fruit bodies of Agaricus spp. and Pleurotus spp.
showed symptoms of infection with the studied insects har-
vested from the mushroom farm during 2018/2019. The pa-
thological symptoms of fruit bodies were examined morpho-
logically with the longitudinal and transverse sections by a
magnifying lens.

Preparation of insects traps and baits

Organic baits

The traps were prepared locally using plastic bottles
with a capacity of 2 liters, perforated from the top with holes
of a diameter of 0.5 cm and several 20 holes. These bottles
(traps) were filled with 100 g of the following media (act as
baits) + 100 ml of distilled water then the bottles' nozzles
were closed with cotton stoppers. The organic baits include
the following treatments: Unfermented wheat straw: It was
prepared by soaking the shredded wheat straw (1-2 cm)
using a field grinder with tap water. The soaking time was
24 hours, then the straw was filtered from the excess water
and pasteurized at 70 °C for one hour??, then used directly
in filling the traps after cooling it to the next day. Il; Fermen-
ted wheat straw: The same previous steps were followed,
but the medium, after cooling, was packed in nylon bags,
tightly closed, and incubated for 7 days at a temperature
of 30°C to ferment it with natural flora, after which it was
filled in traps. lll; Unfermented and fermented corn cobs:
The same previous steps were followed on the chopped
corn cobs (1 cm), replacing wheat straw with corn cobs. IV;
Agaricus spp. compost: Pasteurizg_d compost prepared ac-
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cording to Hassan and Mahmoud?' after cooling it to 25°
C, it packaged in insect traps. V; Full growth compost: The
compost medium was inoculated with the A.bisporus spawn
of commercial strain A15. The bags were incubated at 25°C
for two weeks after the mycelium spread into the compost,
it packaged in insect traps. VI; Wheat bran: It was prepared
by the steps of preparing the unfermented wheat straw. VII;
Wheat bran + yeast and sugar: 50 ml of yeast and sugar
solution (1% commercial Saccharomyces cerevisiae yeast
+ 2 g table sugar) were added to 1 kg of pasteurized wheat
bran after mixing well, incubated at 25 °C for 7 days and
then packed in traps. VIII; Wheat bran + local date vinegar:
It was prepared by the same previous steps except adding
100 ml of local date vinegar. IX; Dap fertilizer (Jordanian
Fabco Company) The bait consists of 100 g of dab fertilizer
and 5 g of S. cerevisiae yeast with a liter of water. Use this
bait as a positive control for attracting some insects®. X;
Control treatment: Use only water and XI; The yellow sticky
trap for comparison.

Spawn and fruit bodies baits of Agaricus spp. and
Pleurotus spp.

Spawn and fruit bodies of five strains of A. bisporus
cultured in the mushroom production farm, College of Agri-
culture / Tikrit University, were used. The strains included
brown strain, A15, B62, S11, and the local isolate A. cam-
pestris. Spawn and fruit bodies of six strains of oyster mus-
hrooms cultured in the same mushroom production farm,
including P. ostreatus, P.florida, P.sajor-caju, P.eryngii, P.
pulmonarius and P. ostreatus A19 (local isolate) were used.
Traps were filled with 100 g of the following media (act as
baits for both mushrooms) + 100 ml of distilled water, then
the bottles' nozzles were closed with cotton stoppers; |; The
pure spawn has grown on wheat grains prepared according
to Hassan?, Il; The dried and ground fruit bodies in a pow-
der form. Ill; Fresh cut fruit bodies 1-2 cm2. 1V; Fresh fruit
bodies mashed in a blender in the form of an emulsion and
V; Water: control.

Combination of baits

It included various combinations of previous treat-
ments. The best treatments were used in proportions of 50
g for each bait material + 100 ml of distilled water for the
binary mixtures.

Insect breeding in the laboratory

100 g of the infected Pleurotus ostreatus fruit bodies
with both insects, which show necrosis, tunnels, and larvae,
were placed in plastic cups, their mouths closed with two
layers of gauze, and incubated at 22 °C, 70% humidity and
12:12 light: dark cycle, after 10-14 days the pupation of the
larvae is observed (morphologically similar to both insects)
, and after 3-6 days the adult insects emerge. Adults were
isolated from the pupae separately, placed in plastic cups
containing intact (uninfected) pieces of the P. ostreatus fruit
bodies, and incubated under the above conditions to obtain
the insects of both species separately. For the sustainability
of the insect culture, fresh fruit bodies are constantly placed
in the culture medium. This is the easiest method of bree-
ding the insect recorded for the first time in Irag, and we did
not find it in the international literature.

Execution of the experiment
After cultivation of both Agaricus spp. and Pleurotus

spp. Mushrooms and the baits were immediately distributed
separately in the growing room (Figure 1). 100 adult insect
were released in each experiment. After the end of the mus-
hrooms production cycle, the number of insects was recor-
ded in each trap, then the Infestation rate of mushrooms
fruit bodies was calculated as the following equation:

Infestation rate = number of fruits infected with the in-
sect / total number of fruits x 100

The fruit was considered infected if there were larvae,
necrosis or tunnels caused by the insects in the mushroom
fruit bodies.

Statistical Analysis

Statistical analysis of factorial laboratory experiments
was carried out using the Mini Tap 18 program, and the
means were compared according to Duncan's multiple ran-
ge test® at a probability level of 0.05.

|
Results

Effect of the type of baits on attracting M. halterata and
L. ingenua in traps

Effect of media

The results of table (1) showed the significant supe-
riority of full-grown compost in attracting and catching both
insects M. halterata and L. ingenua, the number was 8.04
and 7.45 insects/bait, respectively, followed by the fermen-
ted corn cobs and the compost, where the number reached
(7.7, 6.83) and (6.11 and 5.3) insect/bait for these two in-
sects, respectively, compared with the dab fertilizer (2.78
and 2) and the yellow sticky trap (1.03 and 0.66) insect/bait,
while there was no effect on attracting insects for the wheat
straw, unfermented corn cobs, unfermented bran and water
(control).

Effect of Agaricus spp. baits on attracting insects

The results of table (2) proved that the highest attrac-
tion in the hunting of the two insects, M. halterata and L.
ingenua, was in the treatment of cut fruit bodies for all stu-
died A. bisporus strains, the highest number was 6.49 and
5.43 insects/bait, in the treatment of cut fruits of A.bisporus
B62, respectively, followed by the attraction of insects in the
treatment of the mushroom spawn. The results showed that
the lowest number was in the treatment of dried fruit bo-
dies (Table 2), while no insect attraction was recorded in
the control treatment (water only). At the level of mushroom
species, the brown strain of A.bisporus showed the lowest
interest to the studied insects.

Effect of oyster mushroom baits on attracting insects

Chopped fruit bodies and the inoculum of some spe-
cies/strains of oyster mushroom Pleurotus led to the highest
attraction to insects, followed by the treatment of mashed
fruit bodies, while the treatment of dried fruit bodies was
less attractive to insects, while the control treatment (water
only) recorded no attraction to insects, the highest attraction
of insects was reached by the chopped fruits for P. eryn-
gii, the number of insects, M. halterata and L. ingenua, was
6.56 and 5.32 insects/bait, respectively (Table 3).

Effect of the combination baits
The results of the combination baits were made from mix-
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Number of insects caught

Attractant

M. halterata

L. ingenua

Unfermented wheat straw 0.0h 12
Fermented wheat straw 437 cd 3.33 de
Corn cobs 0.0h 00h
Provoked corn cobs 7.7a 6.83 ab Table 1. Number of
Compost 6.11 be 530¢ M. halterata and L.
Full growth compost 8.04 a 754 a ingenua caught with
Wheat bran 1.65¢g 0Oh different baits.
Wheat bran+ yeast+ sugar 234 ¢ 2.21 leff
Wheat bran+ date vinegar 52¢ 3.89d
Dab fertilizer 2.78 e 2.0 fg
sticky trap 1.03 g 0.66 h
Water 0h Oh
According to Duncan's multiple range test, the different letters of the alphabet indicate significant
differences (P g.0s).
Bait A.capmestrus A.bisporus A.bisporus B62 A.bisporus S11 | A.bisporus A15
status A26L brown strain
M. h L.i M. h L.i M. h L.i M. h L.i M. h L.i
Dryer 1.2 gh 0j 093h | 1.03¢g 1.05¢g 1.67f | 1.23fg  165f  140fg 1.08¢g
Chopped  3.8bc | 2.1lef @ 0661  145fg  543ab  649a 4.76b 3.71bc  4.80b 4.4bc
Mashed 23 % 1.82 f 0.66 1 1.11 ¢ 243¢ | 3.20cd | 2.12ef | 245¢ | 3.0de | 2.80¢
Spawn 30d | 2.06ef  1.14g  1.06¢g 331¢ 4.56b 30d | 326cd | 3.53c | 3.66¢
Water 0j 0j 0j 0] 0j 0j 0j 0] 0j 0j

According to Duncan's multiple range test, the different letters of the alphabet indicate significant

differences (P ¢.05).

Table 2. Effect of the fruit bodies of Agaricus spp. baits on attracting the two insects M. halterata and L. ingenua.

Bait status | P. osfreafus P P.florida P.sajor-caju P.eryngii P. ostreatus A
pulmonarius 19
M. h L.i M. h [y Mh| Li | Mh| Li | Mh| Li M. h L.i
Dryer 1.12 | 1.33 0 0 0.66 | 0.66 0 0 2.11 | 1.98 0.86 1.11 fg
g fo h h s g h h ef ef g
Chopped 3.0 2,13 | 3:11 | 2.52de | 3:93 | 3:87 | ‘168 | 199 | 532 | 6:56 333 |471bc
d ef cd & c i ef b a &
Mashed 220 | 2.0ef | 1.34 1.09 206 | 221 | 1.55 | 2.0 | 3.19 | 3.44 2.26 297
def f g ef det i ef cd e de
Spawn 233 | 204 | 195 1.66 293 | 3.11 | 2.07 | 212 | 3.0 | 3.16 3.0 3.87
de ef ef f d cd ef ef d cd d c
Water 0Oh 0h 0Oh 0h 0h 0h 0Oh 0h 0Oh Oh 0Oh 0h

According to Duncan's multiple range test (P 0.05), the different letters of the alphabet indicate

significant differences.

Table 3. Effect of the fruit bodies of Pleurotus spp. Baits on attracting the two insects M. halterata and L. ingenue.

tures of the most efficient treatments resulting from the media
and the fruit bodies of the A.bisporus and Pleurotus spp. Ta-
ble (4) showed that all treatments attracted the two insects at
arate of 4.55 - 8.7 insects/bait for M.halterata and 4.06 - 7.82
insects/bait for L. ingénue. The combinations of (A.bisporus
B62 + P.eryngii), (fermented corn cobs + full-grown compost)
and (fermented corn cobs + P.eryngii) achieved the rates of
attraction for these two insects (Table 4).

Infection of A.bisporus and P. ostreatus by M. halterata
and L. ingenue using studied biats

Figure (2) shows the infection rate of the fruit bodies of
A.bisporus and P. ostreatus in the presence of media baits
and the fruit bodies of the A. bisporus and Pleurotus spp.
The results showed that there were significant differences in

the reduction of both mushroom A.bisporus and P. ostreatus
infection rate by all types of tested baits; the lowest infection
rates were in the combination bait treatment, resulting in
1.86 and 2.17%, respectively, compared to the control treat-
ment (without appeal) in which the infection rate was 87.3
and 91.25%, respectively.

|
Discussion

M. halterata and L. ingenua, cause severe damage to
the yield of the edible mushrooms A. bisporus and P. os-
treatus, tunnel digging, necrosis, perforation of fruit bodies
with tissue laceration and the presence of larvae wastes are
the most critical symptoms of these insects, which causes a
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Bait type M. halterata L. ingenua
Fermented corn cobs + Compost 5 2wd 4.76d
Fermented corn cobs + full-growth compost 723 a 6.55b
Fermented corn cobs + wheat bran+ date vinegar 5.58¢ 522 cd
Fermented corn cobs + P.eryngii fruit bodies 6.91 ab 6.74 ab
Fermented corn cobs +A. bisporus b-62 fruit bodies 5.08d 4.584d
compost + full-growth compost 455d 4.06e
Compost + wheat bran+ date vinegar 583 ¢ 4.89d
Compost + P.eryngii fruit bodies 5.92¢ 533cd
Compost +A. bisporus b-62 fruit bodies 6.0 be 6.21b
Full growth compost+ wheat bran+ date vinegar 543d 551d
Full growth compost + P.eryngii fruit bodies 6.11b 5.60 ¢
Full growth compost +A4. bisporus b-62 fruit bodies 5.84c¢ 442d
wheat bran+ date vinegar+ P.eryngii fruit bodies 6.76 ab 6.37b
wheat bran+ date vinegar +A4. bisporus b-62 fruit bodies 6.05 be 6.19b
P.eryngii +A. bisporus b-62 fruit bodies 8.70a 7.82a
Water 0f 0f

According to Duncan's multiple range test, the different letters of the alphabet indicate significant

differences (P 0.0s).

Table 4. Effect of bait combinations on attracting M. halterata and L. ingenua.

W A.bisporus A15 WM P. ostreatus H21
100

90

91.25a
87.3

80

70

60

Figure 2. Infection rates of A.
bisporus and P. ostreatus by

50

the insects M. halterata and L.

40

ingenue in the presence of di-
fferent baits.

Infection Rate (%)

30

20 14.54b 13.93b 13.33b 13.02b 14.04b 1319p

0 -

Substrates baits

A.bisporus baits P. ostreatus. baits

Combination baits

Control

loss of the entire mushroom yield, the infection of the mus-
hroom fruit bodies may be due to the nutritional specializa-
tion of these two insects towards feeding on mushroom fruit
bodies, this agreed with some relevant studies®*%’. To avoid
chemical pesticides in mushroom production farms, which
are among the dangerous factors due to the rapid growth
of edible mushrooms and their high efficiency in absorbing
materials from the media, the research suggested physical,
environmental and biological applications to reduce the im-
pact of these two insects. The synthetic pheromones did
not have completely positive effects in attracting these in-
sects®2°. |n addition, the biological resistance factors are
still under ongoing studies. Cloonan et al.> mentioned the
lack of a wide commercial application of biological agents
to control these insects. By tracking the infection of the A.
bisporus and Pleurotus spp. mushrooms by these two in-
sects in several production cycles, we found that they are
highly attracted to mushroom growth medium, spawn and
fruit bodies, as they are the preferred nutrient sources for
these insects®31,

The baits used in this study were characterized by their

high efficiency in attracting the studied insects. Among the
organic materials, fermented corn cobs and compost were
distinguished by their highest attraction, which may be at-
tributed to the presence of volatile organic compounds
(VOCs) in the compost that attracts insects®. In terms of at-
tracting insects to some mushroom species, the bait made
from the cutting fruit bodies was more attractive than the
dried and mashed fruits; this may be due to the loss of com-
pounds responsible for the distinct aroma and flavor of the
mushrooms (Agaricus, Pleurotus) by drying and mashing
process such as benzyl alcohol, benzaldehyde, benzonitri-
le, methyl benzoate, and phenylacetic acid-like compound,
as well as the distinctive smell of the mushroom itself3334,
The same effect was recorded in the bait of the mushroom
spawn; this is explained by the release of the fungal my-
celium that surrounds the spawn grains, the same volatile
substances for the smell and flavor compounds in A. bis-
porus and Pleurotus spp. mushrooms, conducted by Yin
et al.*® studies, in which he isolated insect-promoting com-
pounds from 6 species of the Pleurotus spp. such as free
amino acids and nucleotides, as well as many volatile com-
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pounds, which included 17 aldehyde compounds, 10 keto-
ne compounds, 14 alcohol compounds, 5 hydrocarbons, 10
cyclic aromatic compounds, as well as some organic acids.
The same study stated that the most important compounds
that distinguish the smell of edible mushrooms are 1-Octen-
3-one, 1-octen-3-ol, and 2-octenal.

A study by Nyegue et al.*® on Pleurotus spp. confirms
the isolation of octen-3-ol, often-3-one, octan-3-one, 3-octa-
nol, n-octanal, (E)-2-octenal and n -Octanol, Benzaldehyde
(almond odor), benzyl alcohol (sweet-spicy odor), phenyle-
thanol (rose odor), derivatives of monoterpenes such as
linalool and linalool oxide, and many aliphatic compounds
among the volatile compounds, which explains the attrac-
tion of these insects to the mycelium of mushrooms and
their fruit bodies.Some mushroom species studied, es-
pecially A.bisporus (brown strain) and P.eryngii, were the
most attractive, perhaps due to the difference in the genetic
composition of these two mushrooms, which is reflected in
their physiological activity in producing more concentrated
insect-attracting compounds or perhaps other substances
that have not been discovered until now. The organic mate-
rials, mushroom fruit bodies and the combinations of baits
proved their efficiency in reducing the number of insects
through a decrease in the infection rate of A. bisporus and
Pleurotus spp., which reached a minimum percentage of
1.86-2.17% in the treatments of combinations of baits as a
result of the success of attracting insects.

|
Conclusions

Through the parasitism of the insects M. halterata and
L. ingenua on the mushrooms A. bisporus and Pleurotus
spp., the most relevant materials for mushrooms were de-
veloped as baits to catch these two insects. Each of fu-
ll-grown compost , fermented corn cobs , compost ,cut fruit
bodies and spawn of A. bisporus and Pleurotus spp. strains
in addition to the combinations included (A.bisporus B62 +
P.eryngii), (fermented corn cobs + full-grown compost) and
(fermented corn cobs + P.eryngii) , were the best baits for
catching these insects and reducing their harmful effect
on mushroom production farms. Using baits to attract and
catch mushrooms is one of the safe ways to control these
insects instead of insecticides and to avoid losses in the
quality and yield of mushrooms.
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