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Abstract

Hammad, M.S., M. H. Mowafi, A.A. Abdallah and M.I. Hassan. 2026. Field Application of Entomopathogenic Nematodes
Against White Grubs Pentodon algerinum on Strawberry Plants in Egypt. Arab Journal of Plant Protection, 44(3):377-
381. https://doi.org/10.22268/AJPP-001409

This study aimed to assess the ability of four entomopathogenic nematode strains (two Steinernematid and two Heterorhabditid) to
control white grubs, Pentodon algerinum (Coleoptera: Scarabaeidae) on strawberry plants in the field, by releasing them through the irrigation
water system during 2021 in El-Qualiobia and El-Behera Governorates. Results obtained revealed that nematode application had a significant
effect against the white grubs by reducing the number of infested plants. All strains used significantly reduced the number of infested plants
after the 2" week of application, and the effect was increased further three weeks after the treatment, and the EGAZ10 strain was significantly
the most effective. Results obtained should encourage workers to further investigate biocontrol agents as potential safe components in pest

management.
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Introduction

Strawberry, Fragaria ananassa Duchesne (Rosales:
Rosaceae), is considered one of the most commonly
consumed fruit crops worldwide, produced mainly in China,
USA, Mexico, Egypt, Tiirkiye and Spain (Talavera et al.,
2019). The world production of strawberry is about 9.11
million tons. Egypt occupied fourth place in strawberries
production worldwide. Strawberry area in Egypt is about
237,73.8 acres producing 464958 tons, with 164,740 tons
exported in 2016, making Egypt the fifth largest strawberry
producer after China, the USA, Turkey, and Mexico
(FAOSTAT, 2023).

Mild weather is suitable for strawberry plants and,
unfortunately also for several arthropod pests. Recently,
white grub Pentodon algerinum is a universal agricultural
polyphagous insect pest, which recently reported to destroy
strawberry crop in Egypt (Samah et al., 2021). White grubs
larvae feed on plant roots, facilitating their infection with
other soil pathogens and subsequent decay. The damage
caused to the roots affect the entire plant, eventually leading
to the plant’s death. White grubs live concealed in the soil
that makes it difficult to control, in addition to their ability to
develop insecticide resistance (Gao et al., 2020). P.
algerinum, larvae are identified as the waste organic manure
larvae (White grubs) with a brown head and a thick large
arched yellowish body, the larvae live around roots of plants
in a curved shape, and feed on organic matter and plant roots,
rapidly causing the plant to wilt and die (Laznik et al., 2012).
Their life cycle has 3 instar larvae and pupates in the soil,
with two generations per year. Hard-back scarab beetles’
mate in spring and remain dormant in the soil during winter.
Adults are nocturnal creatures, more active during the night.
For many years, white grubs have been mainly controlled by
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using chemical insecticides, such as phoxim and chlorpyrifos
(Liu et al, 2017), but their application increased
environmental contamination (Swelam, 2021). Therefore, in
light of growing concerns about environmental and human
safety, there is an urgent need for alternative biological
strategies to control white grubs. Entomopathogenic
nematodes (EPNs) are recognized as potential biological
control agents and have been used to manage a variety of
soil-dwelling insects due to their exceptional ability to
actively seek out hosts (Georgis et al., 2006; Grewal et al.,
2005; Torrini et al., 2020). Entomopathogenic nematodes
(Steinernematidaec and Heterorhabditidae) against white
grubs have been successfully applied (Samah et al., 2021).
The natural habitat of entomopathogenic nematode strains is
the soil where they infect white grubs and kill them within
48 hours (Giimiigsoy et al., 2022).

The present study aimed to evaluate efficacy of the four
entomopathogenic nematode strains against P. algerinum
(Coleoptera: Scarabaeidae) under field conditions in two
Governorates, Egypt.

Materials and Methods

Experimental field design and treatments
Field experiments were conducted on strawberry plants
naturally infested with Pentodon algerinum in Toukh, El-
Qualiobia Governorate and Bader Center, El-Behera
Governorate during 2021-2022 season. Soil type was loamy
in the first location and sandy soil in the second location.
The experimental design followed was the random
complete block design and the plots were planted with
strawberry (Varantoura variety) in September 2021. The
plants were naturally infested with white grubs, and the
infestation rate range was 35-60% on 11/3/2021 before the
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treatment application. An area of one feddan (4000 m*) was
selected for treatments in each Governorate and each
location was planted with 40,000 strawberry plants/feddan.
The experimental area was divided into four blocks, each
block was subdivided into five plots (as replicates) treated
with entomopathogenic nematodes (10000 IJs/plant), with
one left untreated as a control treatment.

Drip irrigation system was utilized. Twenty plants were
randomly examined before treatment to determine the
percentage of infested plants and also 7, 15, and 21 days after
treatment. The reduction in infestation rate was calculated
according to Henderson and Tilton’s formula (Henderson &
Tilton, 1955).

Source of entomopathogenic nematode strains

Nematodes, Steinernema carpocapsae (EGAZ9 and
EGAZ10) and Heterorhabditis spp. (EGAZ1 and EGAZ3)
were obtained from the Pest Physiology Department, Plant
Protection Research Institute, Dokki, Giza, Egypt.
Nematodes were cultured on larvae of the greater wax moth,
Galleria mellonella L. (Lepidoptera: Pyralidae) at 25+1°C.
Infective juveniles (IJs) emerging from the wax moth larvae
were collected twice a week, using white traps (Sikandar et
al., 2021). Nematode viability was assessed under a
stereomicroscope and considered alive when actively
moving or showing response after probing with a needle.
Entomopathogenic nematode suspensions were used for
experiments when most of IJs were viable and active (10000
IJs/plant). All treatments were performed before sunset to
prevent excessive evaporation and direct sunlight.

Calculation of pest reduction rate
The pest reduction rate (%) was calculated according to the
equation of Henderson & Tilton (1955):

number of pest in the treated group after
treatment x number of pests in the
treated group before treatment.
number of pests in the control group
after treatment x number of pests in the
control group before treatment

Reduction
rate (%) =

x 100

Statistical analysis

The data from the field study was analyzed using statistical
methods. The mean and standard deviation were calculated
for the quantitative variables. To compare the differences
among the groups being studied, a three-way and two-way
analysis of variance (ANOVA) was used with the help of
SPSS program. Significance between mean values was
determined by the least significant difference at P=0.05.

Results and Discussion

Data presented in Table 1 and Figure 1 show that the mean
numbers of infested strawberry plants with white grubs, P.
algerinum before and after nematodes application
throughout 3 successive weeks. The infested strawberry
plants of initial records were approximately the same. The
mean numbers of nematode-treated infested strawberry
plants decreased with time compared to the untreated ones.
There was a significant difference among the pest population

decrease in infested plants using the four nematode strains
compared to the control treatment under field conditions in
both locations.

The EGAZ10 entomopathogenic strain produced the
highest significant decrease in white grubs P. algerinum
compared to all other treatments. This strain was the most
effective in reducing white grubs on day 15 and day 21,
whereas the other three strains EGAZ9, EGAZ1 and EGAZ3
had a close effect to each other, in both locations.

Effect of different treatments at both locations
Bader region- The results obtained showed that the number
of plants infested with white grubs began to decrease on the
seventh day due to nematode strains, with no significant
differences among treatments. Reduction rate range was
19.63-26.14% (Tables 1 & 2 and Figures 1 & 2). The
efficiency of nematode strains increased with time, with no
significant differences among them, except for the strain
EGAZ10, which gave the most significant decrease in the
number of infested strawberry plants. The pest reduction rate
by the four entomopathogenic nematode strains was in the
range 38.25-52.77% during the experimental period.
Similarly, the same trend was recorded and the
reduction rate during the twenty-one-day period ranged from
55.64-74.20% (Figure 2 and Table 2) in the four
entomopathogenic nematode strains. The reduction in the
number of pests gradually increased over time.
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Figure 1. Effect of the four entomopathogenic nematode

strains on the reduction of white grubs Pentodon algerinum

in infested strawberry plants compared to the control
treatment under field conditions.
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Table 1. Effect of four entomopathogenic nematode strains (EPNs) on mean number of infested strawberry plants with Pentodon
algerinum compared to untreated plants at Bader and Touch locations.

Time after application (days)

0 7 14 21
EPN strains Control Treated Control Treated Control Treated Control Treated
Location Bader
EG AZ9 27.60 26.80 31.05 25.05 34.30 22.85 38.95 16.50
EG AZ10 29.00 27.00 34.00 24.00 38.00 16.00 40.00 9.00
EG AZ3 28.55 27.13 32.68 25.55 37.40 22.25 42.05 18.50
EG AZ1 31.10 30.95 3545 29.20 38.95 27.30 43.55 23.55
Location Toukh
EG AZ9 22.95 21.90 25.80 20.15 28.55 17.55 31.95 13.75
EG AZ10 24.00 27.00 27.00 25.00 32.00 20.00 37.00 11.00
EG AZ3 25.85 26.10 30.05 24.45 34.05 20.85 37.70 16.55
EG AZ1 29.35 27.95 34.45 26.05 37.70 22.70 41.50 19.30

Table 2. The effect of the four entomopathogenic nematode strains on the reduction rate of white grubs infested plants at 7, 14

and 21 days after treatment.

Reduction rate (%) after application (days)

7 14 21
Nematode strains Bader Toukh Bader Toukh Bader Toukh
EGAZ9 19.63 21.00 38.36 39.48 61.34 56.17
EGAZI10 26.14 24.90 52.77 49.09 74.20 70.37
EGAZ3 20.37 21.48 41.00 44.10 56.94 59.48
EGAZ1 21.65 24.33 38.25 43.26 55.64 58.39
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Figure 2. Decrease in the numbers of white grubs infested plants after releasing the four entomopathogenic nematode strains, 7

(A), 14 (B) and 21 (C) days after treatment.

Toukh region- Similarly, in the Toukh region, the results
showed that the reduction of white grubs ranged from 21.00-
24.90% during the first seven days, but the reduction was not
statistically significant among the four entomopathogenic
nematode strains EGAZ10, EGAZ9, EGAZ1 and EGAZ3.
The reduction of white grub treated with the nematode
strains continued to decrease on day 14, with no significant
difference among them except for strain EGAZ10, which had
the most significant decrease in the number of infested
strawberry plants. The reduction rates ranged by the four
entomopathogenic nematode strains from 39.48-49.09%
during this period. The same trend of pest reduction rate
continued during the 21-day period in the range 56.17-
70.37%, by the four nematode strains (Figure 2 and Table 2).
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In general, the treatment with the nematode strain
EGAZ10 showed the highest pest reduction rate in the
number of infested plants in both regions (Badr and Toukh),
when samples were collected on the 7", 14™ and 21% day
after treatment (Figure 2 and Table 2).

Effect of the control (untreated) treatment

In the Bader region, there was an increase in infested plants,
observed on 7, 14 and 21 days after treatment, with an
increase in infested plants by 13-17% during the first seven
days. Infested plants continued to gradually increase in the
same direction until it reached 24-31% on day 14 after
treatment, and 38-47% on day 21 after treatment. Similar
trends were observed in the Toukh region (Figure 1 and
Table 1). In general, there were no significant differences



between the increases in the number of infested plants in the
two regions (Badr and Toukh) in the untreated plots.

The nematode strains used reduced the numbers of
infected plants with white grubs from 50 to 70%. Especially
EGAZ10 strain was more effective against these white grubs
compared to the other three strains (df =3, F=13.4 and
P=0.0001) after releasing the strains on days 7, 14 and 21.
However, there were no significant differences between both
locations (df =1, F=0.7 and P=0.4176) in (Table, 3).
Generally, the treatment with the four entomopathogenic
nematode strains showed a decrease in the number of plants
infested with the white grub populations 7, 14 and 21 days
after treatment and were highly significant compared to the
control treatment (df=6, F=108.2 and P=0.0001) in both
locations (Table 3).

Based on the results obtained in this study, it is
proposed to control white grubs in strawberry fields by using
entomopathogenic nematodes in irrigation water after sunset.
Entomopathogenic nematodes can play an essential role in
the control of different species of soil-borne pests such as
Pentodon algerinum (Sikandar et al., 2021). In the current
investigation, four entomopathogenic nematode strains
belonging to Steinernematidae and Heterorhabditidae were

found as highly pathogenic agent against larvae of Pentodon
algerinum. Similarly, the tested nematode species were
reported earlier to have significant pathogenicity against
other insect species (Devi ef al., 2020).

Table 3. Three away ANOVA analysis.

Main effects DF F P LSDy.o5
Location 1 0.7 0.4176 2.5
Strain 3 13.4  <0.0001 39

Time after treatment 2 3039 <0.0001 32

It could be concluded that the biological control of the
Pentodon algerinum with four strains of entomopathogenic
nematodes was promising. Further studies to compare the
effectiveness of chemical control agents with biological
control approaches, keeping in mind cost and effect on the
environment. In particular, the application of EPNs to control
soil-borne pests is of significance for ecological planning,
not only in support of biological control approaches, but also
to enhance plant defenses (Helms ef al., 2019).

uadldll

Lo alpdall ddjaad) Jagilell Aial) Gubkil 2026 . Ows Jus el daaag A ae o (ae (Blse sl Lihaas cdeae dia calea
.381-377:(3)44 cdnpd) il 489 o . pae o AgLallf ) @il Ao (Pentodon algerinum) salal) jghil) §3 Jaal) cliy
https://doi.org/10.22268/AJPP-001409

(Heterorhabditid g9 (e Oy Steinernematid g53 (e o) clpiall Lim el fagledll e Y & 3l 8534l o aadi ) duhall sda cidaa
sl ae dupll Lgidlials elldg (Alghall/ judll wbils e (Coleoptera: Scarabacidae) (Pentodon algerinum) salall jghall 53 Jlaall cildy dadlKa e
Jael dls PA (g eliand) Jlaall liy Sea (gina 50 lagilanl] of m3bal cyelal « jan Badlly dusldl) llailae 8 2022/2021 puse Pla (g5
saall oS5 Bl SY) 8 EGAZ10 ADL culS .l o) (Dl Taaly 53l 138 oIS Aabeal 2o Alsie anld 37 Pla elldy Lladl) ol
o 33 iy Byl AnilSe b (hdall Lonjedl 1agilanll @) Dogal) clae¥) oda 2aainY el desdie ill) colS L u€ 550 Alaladl ax Aga)l

O el Jsia 3 lgalasind o aady Lae (el SY) CulS EGAZ10 DL o i) ol LS L Asll dgaall (33),kal)
des clandat cclydall i padl) bygilenll caalall jelall 53 Jlasdl il y (Alshall/ 5l :dalide cilal

dael il Gl S e euhﬂ\&tﬂ)&}mw(])lwdgsm\ w;zdj.!\d,\sglsu'a}: @&\y&;uébm‘*ldmwm;@hu\@h,&
:d.m\‘)AM U_\;LAS ‘?_'1_5)35.‘:)1\ J._.\‘).\j\* . paa c)AJ\}I\ daala ca.c“)")ﬂ ZK:JS 6‘3_’3\.&;\:\“) ‘;‘:\J")ﬂ u‘};&j‘ ?uaﬂ (2) ¢ paa e'é)..g.;.“ s‘_"jﬂ\

References

FAOSTAT. 2023. FAOSTAT Statistics Database. Food and
Agriculture Organization of the United Nations (FAO),
Rome, Italy. Available at:
https://www.fao.org/faostat/en/#data

Gao, L.F., X.J. Zhou, J.D. Shen and Q. Zhao. 2020.
Investigation and occurrence regularity of main insect
pests of honeysuckle in Nanyang City. Bulletin of
Agricultural Science and Technology, 2020(8):211-
213.

Georgis, R., A.M. Koppenhofer, L.A. Lacey, G. Bélair,
L.W. Duncan, P.S. Grewal, M. Samish, L. Tan, P.
Torr and R.W.H.M. van Tol. 2006. Successes and
failures in the use of parasitic nematodes for pest

mismail1968@yahoo.com

control. Biological Control, 38(1):103-123.
https://doi.org/10.1016/j.biocontrol.2005.11.005
Grewal, P.S., A.M. Koppenhifer and H.Y. Choo. 2005.
Lawn, turfgrass, and pasture applications. Pp. 115-146.
In: Nematodes as Biocontrol Agents. P.S. Grewal, R.U.
Ehlers and D.I. Shapiro-Ilan (eds.). CABI Publishing,
Wallingford, UK.
https://doi.org/10.1079/9780851990170.0115
Giimiissoy, A., Y. Ebubekir, O. Goksel, I. Mustafa, C.
Ramazan, A. Mohammed and A.D. Abdelfattah.
2022. Identification and biocontrol potential of
entomopathogenic nematodes and their endosymbiotic
bacteria in apple orchards against the codling moth,

(2026) 3 235 44 Aaa ddy 2l il A5 Alaa 380


https://doi.org/10.22268/AJPP-001409
https://www.fao.org/faostat/en/#data
https://doi.org/10.1016/j.biocontrol.2005.11.005
https://doi.org/10.1079/9780851990170.0115

Cydia pomonella (L.) (Lepidoptera: Tortricidae).
Insects, 13(12):1085.
https://doi.org/10.3390/insects13121085

Helms, A.M., S. Ray, N.L. Matulis, M.C. Kuzemchak, W.
Grisales, J.F. Tooker and J.G. Ali. 2019. Chemical
cues linked to risk: Cues from below-ground natural
enemies enhance plant defenses and influence
herbivore behaviour and performance. Functional
Ecology, 33(5):787-798.
https://doi.org/10.1111/1365-2435.13297

Henderson, C.F. and E.W. Tilton. 1955. Tests with
acaricides against the brown wheat mite. Journal of
Economic Entomology, 48(2):157-161.
https://doi.org/10.1093/jee/48.2.157

Laznik, Z., M. Vidrih and S. Trdan. 2012. The effect of
different entomopathogens on white grubs (Coleoptera:
Scarabaeidae) in an organic hay-producing grassland.
Archives of Biological Sciences, 64(4):1235-1246.
https://doi.org/10.2298/ABS1204235L

Liu, Y.H., X. Lu, H.M. Jia, Z.S. Xin and Y.Z. He. 2017.
Study on efficacy of insecticides against Serica
orientalis in honeysuckle field. China Plant Protection,
37(8):66-69.

Samah, M.M., M.R. Hassan, A.B. Merdan, A.M.E. Abd
El-Salam, M.H. Hussein and M.A. El-Sayed. 2021.
The first study on nuclear polyhedrosis virus

Received: June 26, 2024; Accepted: February 16, 2025

381 Arab J. PL Prot. Vol. 44, No. 3 (2026)

histopathological and morphological effects on the
strawberry pest, Pentodon algerinum (Coleoptera:
Scarabaeidae). Global Journal of Science Frontier
Research, 21(6):81-94.
https://doi.org/10.34257/GIHSSGVOL21IS6PG81
Sikandar, A., R.H. Yuan, X.L. Lian, M.A. Zhen, P. Zhao,
F. Li, XP. Lu and Y.Y. Wang. 2021.
Entomopathogenic nematodes as bioinsecticides — A
review. Applied Ecology and Environmental Research,
19(3):2459-2476.
https://doi.org/10.15666/acer/1903 24592476
Swelam, N.O. 2021. Ecology and biocontrol study on the
white grubs, Pentodon bispinosus, infesting strawberry
roots. Menoufia Journal of Plant Protection, 6(8):63-
69. https://doi.org/10.21608/mjapam.2021.207655
Talavera, M., L. Miranda, J.A. Gomez-Mora, M.D. Vela
and S. Verdejo-Lucas. 2019. Nematode management
in the strawberry fields of southern Spain. Agronomy,
9(5):252. https://doi.org/10.3390/agronomy9050252
Torrini, G., G. Mazza, C. Benvenuti, S. Simoncini, S.
Landi, R. Frosinini, A. Rocchini and P.F. Roversi.
2020. Entomopathogenic nematodes as potential
biocontrol agents against Bactrocera oleae (Diptera:
Tephritidae). Biocontrol Science and Technology,
30(9):909-919.
https://doi.org/10.1080/09583157.2020.1775177

2025/2/16 : 553 o 4381 gal) )5 €2024/6/26 :ad5uN) g


https://doi.org/10.3390/insects13121085
https://doi.org/10.1111/1365-2435.13297
https://doi.org/10.1093/jee/48.2.157
https://doi.org/10.2298/ABS1204235L
https://doi.org/10.34257/GJHSSGVOL21IS6PG81
https://doi.org/10.15666/aeer/1903_24592476
https://doi.org/10.21608/mjapam.2021.207655
https://doi.org/10.3390/agronomy9050252
https://doi.org/10.1080/09583157.2020.1775177

