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Abstract. Subterranean termites, Anacanthotermes ochraceus, are a widely distributed and mainly
recognized in Saudi Arabia as agricultural pests and economically serious insects causing damage to
wood structures. Because termites have a cryptic feeding habit and have developed resistance to several
insecticides, the effectiveness of most synthetic insecticides against them has been diminished. This study
was designed in laboratory using sawdust and sand bioassay to confirm six native entomopathogenic
nematode (EPN) isolates’ effectiveness including Steinernema feltiae NEM-29, S. feltiae AHN,
Heterorhabditis indica NEM-19, H. indica NEM-18, H. bacteriophora NEM-26 and H. bacteriophora
AHN22 against workers of A. ochraceus. Results revealed that termite worker mortality was higher in the
sawdust bioassay than in sand bioassay. At both tested assay methods, S. feltiae had a significantly
greater mortality rate, followed by H. indica and H. bacteriophora. The maximum mortalities (100% and
79.0%) was recorded for S. feltiae AHN at 1000 lJs/termite with lower LCso values of 7.3 and
73.8 1Js/termites at 16 d-post exposure in sawdust and sand assay, respectively. All tested EPN strains
reproduced successfully and emerged from dead A. ochraceus workers in 8-14 days with higher
reproduction rate (22,193 1Js/termite) for S. feltiae AHN in sawdust bioassay. Conclusively, it has been
discovered that native EPNs can control termites more successfully, presumably due to they have the
ability to spread further infections via infected dead individuals and can directly interact with termite
pests in the soil.
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Introduction

Termites belong to the Isoptera order and are recognized by their social behavior. A
termite colony usually consists of workers, soldiers, and a reproductive caste (a queen
and a king). Due to their symbiotic hindgut protozoa, termites are eusocial
detritophagous feeders that consume wood, causing significant damage worldwide
(Novita et al., 2020; Kim and Chung, 2022). Approximately 300 of the 2650 termite
species known worldwide are dangerous pests that severely damage homes and other
wooden structures (Abe et al., 2000). Most termite research in the Arabian Peninsula,
particularly in Saudi Arabia, was documented by Badawi et al. (1986) and Husain et al.
(2023). Temperature has a major impact on termite activity, and as a result of climate
change, more and more invasive termite species are being discovered in new
environments (Buczkowski and Bertelsmeier, 2017; Shim et al., 2021). The increasing
global temperature is clearly a contributing cause to the rise in termite activity and
damage levels worldwide (Pareek et al.,, 2017). The existing reports indicate an
undeniable increasing pattern in termite activity as a consequence of global climate
change, despite the challenges in accurately estimating the economic damages caused
by termite infestations (Lee et al., 2021).

Termite damage includes the expensive cost of pest control and the unexpected side
effects of pesticides, in addition to irreversibly reducing the stability and beauty of
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timber structures (Verma et al., 2009). Five imported wood species that are frequently
found in Saudi Arabia’s local market were previously examined for their inherent
resistance to termites that prefer one host over another. Microcerotermes were attracted
to beech wood, and termites of the genus Microtermes were found on some spruce and
pine stakes that had been damaged. Additionally, one of the damaged stakes of the latter
species, along with the one apitong stake that was infested, displayed indications of
Anacanthotermes attacks (Badawi et al., 1984). Where desert and marginal lands are
irrigated for cultivation in the United Arab Emirates (UAE) and other Arab Gulf
nations, termites are increasing in relevance as pests of structures and crops (Kaakeh,
2005).

Anacanthotermes  ochraceus (Hodotermitidae),  Microcerotermes  diversus
(Termitidae), and Psammotermes hypostoma (Rhinotermititidae) were the most
common termite species. Anacanthotermes termites are found in North Africa along the
northern Sahara from Algeria to Egypt, and southwest Asia, expanding to Turkestan and
the Indian and Pakistani desert borders (Sands, 1998). There have been numerous
reports on termites in the Persian Gulf, particularly in Saudi Arabia (Badawi et al.,
1986; Chhotani and Bose, 1991). Wood from homes and historic structures, forest and
fruit trees, vegetables, noncellulose items, agricultural weeds, and paper were all shown
to have been harmed by A. ochraceus.

While there are a number of efficient termite management strategies in use
worldwide, the most of them rely regarding chemical termiticides use (Lee et al., 2021).
In arid regions as Saudi Arabia, the most common termite control methods, according to
a number of studies, include fumigants, termite baits, and the application of synthetic
termiticides as preservation agents for wood (Kaakeh, 2005; Gordon et al., 2022;
Togaev et al., 2024; Alotaibi, 2024). However, the ongoing use of chemical pesticides
has been repeatedly associated with the possibility of insecticide resistance and
devastating impacts on non-target organisms and human life. Thus, biodiversity is
reduced, environmental health is endangered, and pest outbreaks worsen (Meftaul et al.,
2020; Rezende-Teixeira et al., 2022). On the other hand, termite-killing or repelling
semiochemicals can be applied alone or integrated with biological control agents for
better and more effective control of termites affecting palm trees in Saudi Arabia.
Moreover, alarming or defensive semiochemicals of termites can be counteracted to
suppress their defense mechanisms (Alotaibi, 2024).

As a safer and more effective alternative to synthetic chemical-based termiticides,
entomopathogenic nematodes (EPNSs) are becoming increasingly prominent (Bhat et al.,
2020; Aslam et al., 2023). According to de Oliveira Giannasi et al. (2018) and Viteri et
al. (2018), EPNs are members of the soil biota that occur naturally and provide
advantageous biocontrol solutions for a number of economically important arthropod
pests from several orders of insects. There are about 116 identified nematode species in
the two EPN families, Heterorhabditidae and Steinernematidae to date; some of these
have been successfully marketed as insect pest biocontrol agents in several of global
locations (Acharya et al., 2020; Bhat et al., 2022). After actively searching the soil
profile for a suitable host, the infective juveniles (1Js) of EPNs enter the host’s body
through wounds or naturally occurring openings like the anus, mouth, and spiracles. The
IJs release bacterial symbionts into the host’s body once they have reached the
hemocoel. These symbionts proliferate and produce a variety of toxins and metabolites,
which ultimately cause the host to die from toxemia or septicemia (Stock et al., 2017,
Haq et al., 2021).
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EPNs can undergo multiple generations within the insect body, dependent on the
availability of nutrients, before emerging as IJs from the host cadaver to begin their
biological cycle once more (Dillman et al., 2012). Steinernematid and Heterorhabditid
nematodes survive in the moist, cold, and dark conditions of termites’ preferred habitat
(Glazer et al., 2001). According to preliminary research, certain termites are vulnerable
to Steinernema species (Chouvenc et al.,, 2011). It is known that entomophillic
nematodes exist in a number of termite species. They interact phoretically,
saprophytically, parasitically, and pathogenically with termite hosts. The termite’s head
capsule, thorax, abdomen, and stomach are residence to these nematodes, especially
those belonging to the genus Rhabditis. As infected termites look more lethargic than
uninfected ones, they change the termite’s behavior even if they do not always result in
the host’s death (Carta and Osbrink, 2006).

Based on earlier research, EPNs’ effectiveness against subterranean termites varies.
For instance, in laboratory and field experiments, Steinernema carpocapsae has
demonstrated encouraging promise for managing Reticulitermes tibialis (Epsky and
Capinera, 1988). However, depending on the insect species and stage of development,
EPNs’ pathogenicity against insect pests differs significantly (Platt et al., 2020; Yan et
al., 2020). In order to prevent any negative effects on nontarget organisms and to
accelerate the adoption and importation of novel species, indigenous biocontrol agents
are strongly advised. In many cases, local isolates of EPNs have registered greater
potential in managing significant pests of the region because of their compatibility to
their native habitats (Griffin et al., 2005). In the same context, the isolation of native
EPN as biological control agents against mosquitoes that may spread serious human
diseases has been the subject of numerous investigations (Kovendan et al., 2018).
Similarly, all indigenous EPN isolates at different concentrations had good potentials in
the management of Agrotis ipsilon larvae in two different experimental setup including
filter papers in Petri dishes and soil in plastic containers (Yuksel and Canhilal, 2018).

There is currently little use of biological control agents to combat termites, and more
investigation is required to identify the best biocontrol agent for an instance, even
though the fact that nematode application is generally considered a safe and efficient
management strategy for a variety of insect pests (Yu, 2009). Through certain social
interactions including trophollaxis, caring, and grooming, infected termite workers can
also spread the inoculum to naive colony members due to the slow acting mechanism of
EPNs (Hu and Dhang, 2011). Furthermore, infection of queen nests, which frequently
exist but far from the intended site, is made more likely by such social connections
(Quarcoo et al., 2010).

In Saudi Arabia, termite biological control is still unknown, and there is no recent
evidence of an effective integrated pest management approach in the literature.
Consequently, in the current work the termiticidal activity of six indigenous
entomopathogenic nematodes against subterranean termite, A. ochraceus workers have
been evaluated in-vitro.

Materials and methods
Termite collection and maintenance

Alive colony of Anacanthotermes ochraceus (Burmeister, 1839) was collected
directly by hand picking from their nests in infested agricultural farms located at the
southern area of Taif Governate, Saudi Arabia. After being brought to the Animal
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Research Laboratory, Faculty of Science, Taif Univ., KSA, the individuals received
sorting, mounting, identifying, and conserving. With the guidance of the Chhotani and
Bose (1991) key, termite species were taxonomically identified. Wooden pieces and
moist cardboard were used to sustain the termite colony in plastic boxes measuring
20 x 20 x 40 cm, which were then placed in an incubator (ES-20, Biosan, Dubai,
U.AE) at 27 + 2°C, 75%-80% relative humidity, and 24 h of darkness. Active and non-
injured adult termite workers with a uniform size with an average weight of 3 + 0.5 mg
were carefully removed from rearing containers the day before testing, counted, and
switched to plastic cups with moist filter paper lining to provide humidity and cellulose
feeding. Energetic termites were thereafter selected for the bioassay investigation.

Entomopathogenic nematodes (EPNS)

In this work, six native nematode isolates were taken from the live nematode culture
of Prof. Dr. Ahmed Noureldeen of the Biology Department of the Faculty of Sciences at
Taif University in Taif, Saudi Arabia. They were Heterorhabditis indica NEM-18, H.
indica NEM-19, H. bacteriophora NEM-26, H. bacteriophora AHN22, Steinernema
feltiae NEM-29, and S. feltiae AHN. With little modification, the greater wax moth,
Galleria mellonella L. (Lepidoptera: Pyralidae), was used to cultivate all nematode
strains in its last instar larvae, using the methods outlined by Kaya and Stock (1997). In
brief, 10 G. mellonella larvae were released in a 9x1.5 cm petri dish over two Whatman
No. 1 filter papers delivered with infective juveniles (1Js) kept in distilled water (1 ml
suspension containing approximately 500 1Js) Following sealing, the petri plates were
incubated at room temperature (25=+2°C). Up to 15 d following inoculation, the
cadavers’ emerged IJs were gathered in a white trap (White, 1927), retained in a tissue
culture jar with distilled sterilized water at 15°C, and utilized for the experiments within
two days. A dissecting microscope was used to check the movement viability of the 1Js
following 2 h of warming the EPN culture at 25 + 2°C (Al-Zaidawi et al., 2020).

Bioassays

The effectiveness of six native strains of EPNs against A. ochraceus workers using
two application methods (sand and sawdust) was determined in laboratory experiments.
The first experiment was executed to prevent termites from avoiding nematodes and to
measure termite mortality in simulated natural settings. Additional experiment was
conducted in a medium of sand because nematodes may behave differently against
termites in the presence or absence of sand.

Sawdust bioassay

Active A. ochraceus termite workers were carefully transferred to sawdust (15 g) in
muslin cloth-covered perforated lids in small plastic containers that measure 4 cm in
diameter and height to permit airflow separately for each nematode strain and
concentration (Razia et al., 2012). Each nematode strain was dispersed in 3 mL of
deionized, sterile water, and six concentrations (100, 200, 400, 600, 800, and
1000 1Js/termite) were then distributed to various containers. Following that, the
containers were kept in a desiccator for 2 h, which allowed the sawdust to dry until it
reached a constant moisture content of 10% (w/w) that measured using sawdust
moisture meter GI100W (Gaby Instruments, India). Plastic containers that contained
only sterilized deionized water lacking nematode inoculum served as untreated controls.
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Ten termite workers were released into each container 5 min after the nematode
inoculum was added. In an incubator (ES-20, Biosan) set at 25+ 2°C with relative
humidity of 70 = 5%, the containers holding the test insects and nematode treatments
were placed in a large plastic container wrapped with aluminum foil to create a dark
atmosphere. The experimental trial involving three factors, i.e., nematode strains (S),
nematode concentrations (C), and exposure times (T), was conducted twice, and a
completely randomized design (CRD) was employed, with five repetitions per treatment
(10 termites/replicate). The termite’s mortality was checked at 2, 4, 8, and 16 days.
Dead termite workers were characterized as immobile termites whose color had altered
due to infection. Every day, dead worker cadavers were taken out and put in a white
trap (one worker/dish) at 25 + 2°C until the appearance of IJs verified that nematode
infection was the cause of death. Under a dissecting microscope, the IJs that emerged
from the deceased termites were gathered and counted.

Sand bioassay

In this trial, methods were similar to topic 2.3.1 except that the individuals were
added to Petri dishes layered with 15-g sterilized dry sand (particle size of 0.2 to
0.4 mm), as described by Yu et al. (2008). In separate Petri plates, the equal
concentrations for each EPN strain were added. Sterilized deionized water was the only
treatment given to untreated control plates; no nematode inoculum was applied. Each
Petri dish received ten worker termites after 5 min, which was then wrapped with
Parafilm to allow the EPN IJs to move around while keeping the sand lining wet and
incubated at the same previous laboratory conditions and their mortality was monitored
daily up to 16 days. 1Js that produced in the termites were also collected and
determined.

Statistical analysis

All data expressed as percentages underwent arcsine square root transformation in
order fulfill normality requirements. Furthermore, the mortality percentages were
corrected using the Abbott formula (Abbott, 1925) as follows: Corrected mortality
(%) = % mortality in treatment — % mortality in control x 100 / 100 — % mortality in
control. The mortality data were then subjected to factorial analysis of variance
(ANOVA) to examine the effects of nematode strains, nematode concentrations and
exposure durations. Treatment means + standard errors (M + SE) were compared using
Duncan’s multiple range (DMR) test with a probability of P <0.05. The statistical
analyses for all experiments were performed using GraphPad Prism 8 (GraphPad
Software, La Jolla, CA, USA). The PROBIT routine (Finney, 1971) of SPSS program
(Version 23) was employed to analyze the percent mortality data following corrections
and calculate mean lethal concentration (LCso and LCoo) and lethal time (L Tso), intercept
and slope, X, heterogeneity significance (P), and 95% fiduciary confidence level.

Results
Sawdust bioassay

In sawdust bioassay with 10 termites per plastic containers, the corrected mortalities
of A. ochraceus differed substantially amongst EPN isolates (F=2,988, df =5,
P <0.0001), EPN concentrations (F =1,001, df =5, P <0.0001), and exposure times
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(F=1,037, df = 3, P <0.0001), with the three factors interacting significantly (F = 4.68,
df =75, P <0.000). S. feltiae AHN caused the highest significant mortality percentage
up 97.4% to termite workers among the six EPNs, followed by S. feltiae NEM-29
(93.8%), and H. indica NEM-18 (90.5%), whereas, H. bacteriophora NEM-26 showed
the lowest mortality rate (55.3%) (Table 1). A. ochraceus’s mortality response was
likewise influenced by the nematode strains’ concentration. While the lower
concentration (100 1Js/termite) recorded 65.7% mortality, the higher concentration of
nematode (1000 1Js/termite) recorded 91.8% death for workers (Table 1). The findings
also showed a positive lethality reaction dependent on exposure time was also noted.
With the increase in the exposure period to 16 d, mortality percentage of the tested
termites could significantly induce up to 88.1%, however, exposing the individuals to
EPNs for 2 d achieved mortality percentage value of 69.2% (Table 1). The mortality of
A. ochraceus was shown to be significantly impacted by the interaction of S x C
(P <0.05) and S x T (P <0.05) in relation to the interactions of nematode strains (S),
nematode concentrations (C), and exposure times (S x C x T) (Table 1).

Table 1. Effect of nematode strains (S), concentrations (C), and exposure times (T) on
mortality (%) of A. ochraceus worker in sawdust bioassay method

Factors ‘ Mortality (%) (mean + SE)
Nematode strains (S)

S. feltiae AHN 97.4+095a

S. feltiae NEM-29 93.8+1.82b

H. indica NEM-18 905+1.86¢C

H. indica NEM-19 77.6+3.12d

H. bacteriophora AHN22 64.1+3.72¢

H. bacteriophora NEM-26 55.3+1.19f

Nematode concentrations (1Js/termite) (C)

1000 91.8+0.63a

800 88.7+2.10b

600 82.6+277¢C

400 77.8+2.33d

200 720+ 277¢e

100 65.7+2.05f

Exposure times (d) (T)

2 69.2+3.21a

4 7T1.7+224hb

8 84.1+201c

16 88.1+£0.97d
F-value (S) 2,988 "
F-value (C) 1,001 ™
F-value (T) 1,037 ™
F-value (S x C) 726"
F-value (S x T) 31.5™
F-value (C x T) 376

F-value (S x C x T) 47"

Within a single column with different lowercase letters, significant differences in the treatment averages
were seen at P < 0.05 (DMR test), *** significant at P < 0.0001
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The effectiveness of each EPN strain (S) was considerably affected by the nematode
concentrations (C) employed in the current trial (Fig.1). A. ochraceus mortality was
higher in the cases of S. feltiae AHN and S. feltiae NEM-29 (100%) when the nematode
isolates were employed at 1000 IJs/termite. The two nematode strains, H. indica NEM-
18 and H. indica NEM-19, also produced higher mortality rates (97.4% and 92.2%,
respectively) than H. bacteriophora AHN22 (87.0%) and H. bacteriophora NEM-26
(74.0%), respectively (Fig.1). Regarding the nematode strains, at the remaining
nematode concentrations that were examined (800, 600, 400, 200, and 100 1Js/termite),
the same mortality pattern was also noticed. The impact of each nematode isolate on A.
ochraceus mortality varied considerably based on the exposure times utilized, according
to the S x T interaction. At the 8 and 16-d exposition, greatest mortality occurred for the
S. feltiae AHN and S. feltiae NEM-29, and at 16-d for the H. indica NEM-18 (100%),
followed by the 8-d for H. indica NEM-18 (96.9%), then 4 and 2-d post-treatment with
values 99.0% and 90.6%; 91.0% and 84.4%; 89.6% and 75.3%; 74.0% and 64.9% for
the S. feltiae AHN; S. feltiae NEM-29; H. indica NEM-18; and H. indica NEM-19,
respectively. Moreover, the least mortalities (50.3% and 42.4%) were recorded at 4 and
2-d post-application of H. bacteriophora NEM-26 (Fig. 2).

Concentration (lJs/Termite)
mm 1000 &5 800 &= 600 @& 400 200 CJ 100

Mortality (%)

EPNs

Figure 1. Termiticidal activity of EPNs on subterranean termite, A. ochraceus workers as
affected by EPN strains (S), and concentrations (C) in sawdust bioassay method. According to
the DMR test, bars with distinct lowercase letters were substantially different at P <0.05.
Values for standard error (SE) are shown by vertical bars. SF: Steinernema feltiae AHN; SF29:
S. feltiae NEM-29; HB: Heterorhabditis bacteriophora AHN22; HB26: H. bacteriophora NEM-
26; H118: Heterorhabditis indica NEM-18; and HI19: H. indica NEM-19

1209 Exposure Time (Days)

BN 2 EE 4 =38 E=3 16

100—

Mortality (%)

SF SF29 HB HB26 HI18 HI19
EPNs

Figure 2. Termiticidal activity of EPNs on subterranean termite, A. ochraceus workers as
affected by EPN strains (S), and exposure times (T) in sawdust bioassay method. At P <0.05
(DMR test), bars with different lowercase characters were substantially differ. Standard error
(SE) data are displayed by vertical bars
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Lethal concentrations (LCso and LCg) and lethal time (LTso) were determined by
means of a concentration response and time exposure assay implemented to investigate
the pathogenicity of six native EPNs (Tables 2 and 3). The values of LCso and LCgo
during the exposure periods showed that S. feltiae AHN; and S. feltiae NEM-29 were
the most virulent against A. ochraceus workers, with LCso values of 45.3, 12.6, 8.9, and
7.3; and 61.6, 20.1, 15.5, and 10.2 ls/termite at 2, 4, 8 and 16 d of exposures,
respectively, whereas, it exhibited 163.9, 62.3, 36.3, and 31.5; and 487.5, 253.1, 105.9,
and 80.1 lJs/termite, respectively for the LCqo (Table 2). H. bacteriophora NEM-26 had
the lowest efficacy against A. ochraceus following varying exposure durations, with
LCso and LCg values of 617.4 and 2,499, 348.3 and 2,149, 195.6 and 1,926, and 131.0
and 1,719 1Js/termite, respectively at 2, 4, 8 and 16 d-exposures. With slope values of
1.85, 1.87, 1.95, and 2.12 after 2, 4, 8, and 16 d of exposure, respectively, S. feltiae
AHN and S. feltiae NEM-29 exhibited optimum level of similarity for the population of
A. ochraceus. In contrast, as viewed by the low slope values, the termites’ reaction to
the remaining four EPN isolates varied. The time needed to kill 50% of A. ochraceus
workers showed a similar pattern, as indicated in Table 3. Termite workers were more
susceptible to S. feltiae AHN and S. feltiae NEM-29, as each recorded lower LTso
(0.8 d), however, H. bacteriophora NEM-26 had higher LTso (3.7 d). Additionally,
Table 3 showed that after exposure to S. feltiae AHN, S. feltiae NEM-29, and H. indica
NEM-18, the individual response showed the highest degree of uniformity, with slope
values of 3.41, 2.29, and 2.19, respectively. Conversely, the other nematode isolates that
were evaluated had low slope values, indicating that the responses of termite individuals
to these nematodes were consistent (Table 3).

Table 2. EPNs’ virulence to A. ochraceus worker in sawdust bioassay method

EPNs E;(rzgs(t:jge (Igé(:;oo II_J(s:/Ee_an (':tLe) (Igé(:;oo II_J(s:/Ee_an (':tLe) Slope £ SE | Intercept | X2 P-value
2 453 (6.6-875) | 1639 (69.9-3523) | 185+024| 277 | 722 | 013
. 4 126(04369) | 623(55-10L1) |187+069| -203 | 200 | 072
. feltiae AHN 8 8.9 (0.3-32.5) 36.3(32-80.7) |195+149| -171 | 056 | 097
16 7.3(0.1-29.6) 315(24-769) |212+161| -178 | 055 | 097
2 616 (265-1043) | 4875 (3134-1178) | 137+019| 241 | 808 | 009
. 4 201(0.0-83.9) | 2531(177-382.1) |174+024| -289 | 515 | 027
S feltiae NEM-29 8 155(0.0-50.7) | 105.9(95-186.2) |178+022| -227 | 085 | 088
16 102(0.0-438) | 80.1(56-1214) |1.80+013| -217 | 081 | 086
2 659 (75-111.8) | 1,313 (913.6:2,9934) | 096016 | -174 | 175 | 078
o 4 462 (12.1-813) | 325.4 (53.7-860.9) |126+021| -138 | 1277 | 001
H. indica NEM-18 8 28.4 (0.0-86.1) | 2652 (121.5-411.7) | 144+036| -1.83 | 572 | 022
16 17.7(0.056.8) | 1885(91.4-3331) |154+018| -170 | 078 | 086
2 90.6 (43.0-2013) | 1,395 (1,091-1,738) | 065015 -186 | 3.76 | 044
o 4 67.4(9.0-132.9) | 1,020 (859.9-1,543) | 0.86+0.16 | -1.69 | 494 | 0.29
H. indica NEM-19 8 490 (26-1104) | 751.1(441.9-1212) [097+017| -1.83 | 727 | 012
16 256 (35-77.1) | 2457 (189.8-3116) |1.28+021| 018 | 563 | 023
2 2469 (167.0-324.9)| 1,684 (853.0-3685) | 044=016| -296 | 380 | 043
H. bacteriophora 4 2052 (88.1-313.0) | 1438 (758.3-2,633) | 0.58+0.16 | -3.11 | 10.24 | 004
AHN22 8 1705 (73.7-257.2) | 1,202 (891.2-4,808) | 0.85+0.16 | -2.95 | 814 | 009
16 1013 (61.3-193.1) | 1,195 (750.0-3,021) |0.92+016| -2.82 | 556 | 0.4
2 617.4 (545.3-699.5)| 2,499 (1,306-3,803) | 031=016| -355 | 668 | 0.5
H. bacteriophora 4 348.3 (271.7-436.2)| 2,149 (945.7-3675) |0.46+0.15| -269 | 307 | 055
NEM-26 8 195.6 (107.6-276.5)| 1,926 (1,124-2,834) |079+015| -250 | 426 | 037
16 131.0 (47.1-152.8) | 1,719 (1,247-3543) | 0.87+015| -175 | 026 | 099

The lethal concentrations that kill 50% of termites and 90% of termites, respectively, are known as LCs, and LCqg. Chi-square
value (X?), standard error (SE), lower confidence limit (LCL), upper confidence limit (UCL), and probability (P-value)
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Table 3. EPNs’ LTspagainst workers of A. ochraceus in sawdust bioassay method

LTso (d)

EPNs (95% LCL-UCL) Slope + SE Intercept X? P-value
S. feltiae AHN 0.8 (0.0-1.9) 3.41+3.95 0.31 3.91 0.14
S. feltiae NEM-29 0.8 (0.0-2.1) 2.29+051 0.22 0.62 0.73
H. indica NEM-18 1.0 (0.5-1.4) 2.19+0.39 0.08 0.31 0.86
H. indica NEM-19 1.1 (0.0-2.5) 0.95+0.22 0.08 0.22 0.99
H. bacteriophora AHN22 1.3(0.0-3.3) 0.75+0.19 -0.01 0.01 0.98
H. bacteriophora NEM-26 3.7 (1.9-5.4) 0.39+0.19 -0.42 0.05 0.98

LTso = lethal time needed to kill 50% of insects, P-value = probability, SE = standard error, X? = chi-square value, LCL = lower
confidence limit, and UCL = upper confidence limit

Within 8-14 d, all investigated EPN strains propagated and emerged from A.
ochraceus dead workers (Fig. 3). Results of 1Js that emerged from cadavers in total were
were statistically significantly different among the nematode isolates (F =839.8, df =5,
P <0.0001), concentrations of EPNs (F = 1068, df =5, P <0.0001), and the interaction
between 1Js concentrations and EPN strains (F = 21.3, df = 25, P <0.0001). Among EPN
strains, the highest reproduction rate was recorded for S. feltiae AHN (16,540 1Js/termite),
followed by S. feltiae NEM-29 (15,085 IJs/termite), whereas, the lowest emergency
(9,433 1Js/termite) were obtained from H. bacteriophora NEM-26. However, at
1000 NJs/termite, the highest inoculation level, the average number of 1Js of EPNs
produced from A. ochraceus was 16,450, while the lower concentration (100 1Js/termite)
resulted in 9,356/termite (Fig. 3). When comparing the 1Js that emerged from S. feltiae
NEM-29 (19,102 1Js/termite) and H. indica NEM-18 (16,915 IJs/termite), the maximum
reproduction rate (22,193 IJs/termite) was substantially observed for S. feltiae AHN at
1000 1Js, whereas, H. bacteriophora NEM-26 was the least emerged nematode strain
(11,923 1Js/termite) at the same concentration.
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Figure 3. Infective juvenile production of EPNs in A. ochraceus workers at different nematode
concentrations in sawdust bioassay method. Significant differences were observed between bars
with different lowercase characters at P <0.05 (DMR test). Vertical bars show the values of the

standard error (SE)

Sand bioassay

The results regarding the mortalities of A. ochraceus workers in sand bioassay
method were also varied significantly among EPN strains (F =387.7, df =5,
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P <0.0001), EPN concentrations (F =822.0, df =5, P <0.0001), and exposure times
(F=1145, df =3, P <0.0001), with a non-significant interaction between the three
factors (F=0.47, df =75, P=1.0) (Table 4). Among the six EPNs tested, S. feltiae
AHN did significantly higher in terms of the mortality rate of A. ochraceus (64.9%),
followed by S. feltiae NEM-29 (62.2%), H. indica NEM-18 (58.9%), and H. indica
NEM-19 (54.2%), while, H. bacteriophora AHN22 recorded the least mortality
percentage (39.3%). The mortality response of A. ochraceus was similarly influenced
by exposure durations and nematode strain concentrations, as Table 4 demonstrates.
Individual mortality peaked at the longest exposure (16 h, 59.0%) and the highest
nematode concentration (1000 1Js/termite, 71.6%). Except for the S x C (P <0.0001)
interacting, all potential interactions between S x C x T revealed an insignificant impact
(P > 0.05) on the mortality of A. ochraceus (Table 4).

Table 4. Effect of nematode strains (S), concentrations (C), and exposure times (T) on
mortality (%) of A. ochraceus worker in sand bioassay method

Factors ‘ Mortality (%) (Mean + SE)
Nematode strains (S)

S. feltiae AHN 64.9+3.94a
S. feltiae NEM-29 62.2+4.14b
H. indica NEM-18 58.9+347¢c
H. indica NEM-19 54.2+4.15d

H. bacteriophora AHN22 39.3+£3.74f
H. bacteriophora NEM-26 48.0+6.76 e
Nematode concentrations (1Js/termite) (C)
1000 71.6+3.66a
800 66.1+457b
600 58.9+4.54c¢
400 52.3+3.79d
200 445+ 477 ¢e
100 33.9+5.08f
Exposure times (d) (T)
2 49.2+450a
4 534+4.13b
8 56.7 +4.58 ¢
16 59.0+4.27d
F-value (S) 387.7™
F-value (C) 822.0 ™
F-value (T) 1145™

F-value (S x C) 285"

F-value (S x T) 0.8m™

F-value (C x T) 1.18m
F-value (S x C x T) 0.47 "™

The DMR test revealed that the treatment means with different lowercase letters within a single column
were significantly different at P < 0.05, *** significant at P <0.0001, and ns non-significant

A. ochraceus mortality was greater when S. feltiae AHN and S. feltiae NEM-29 were
employed at 1000 IJs/termite (79.0% and 77.0%, respectively), according to the
interactive impact of S x C. Similar mortality percentages occurred in the other two
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nematode strains, H. indica NEM-18 and H. indica NEM-19 (75.0%, and 70%,
respectively) at the same concentration (Fig. 4). Similarly, S. feltiae AHN showed the
highest mortality (73.0%) at the concentration (800 1Js/termite), followed by S. feltiae
NEM-29 (71.0%). In accordance with the S x T interaction, the impact of each
nematode strain on A. ochraceus mortality varied insignificantly based on the duration
of exposure (Fig. 5). At the longest exposition (16 d), S. feltiae AHN and S. feltiae
NEM-29 further exhibited highest mortality rates (68.0%, and 66.0%, respectively), H.
indica NEM-18 came next (63.0%) and H. indica NEM-19 (60.0%), while the lowest
mortality (34.0%) was obtained from the H. bacteriophora AHN22 at 2-d post
treatment (Fig. 5).
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Figure 4. Termiticidal activity of EPNs on subterranean termite, A. ochraceus workers as
affected by EPN strains (S), and concentrations (C) in sand bioassay method. At P <0.05 (DMR
test), bars with different lowercase characters were substantially differ. Standard error (SE)
data are displayed by vertical bars
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Figure 5. Termiticidal activity of EPNs on subterranean termite, A. ochraceus as affected by
EPN strains (S), and exposure times (T) in sand bioassay method. According to the DMR test,
bars with distinct lowercase letters were substantially different at P < 0.05. Values for standard
error (SE) are shown by vertical bars

The calculated LCso and LCgqo values of the EPNs strains during the exposure
periods differed significantly (Table 5). Probit analysis revealed that S. feltiae AHN
required less numbers (124.9, 114.3, 88.1, and 73.8 IJs/termites), and (1,682, 1,432,
1,301, and 1,240 lJs/termites) for desired mortality of 50 and 90% of A. ochraceus
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individuals at 2, 4, 8, and 16 d, respectively. However, S. feltiae NEM-29 ranked
second with values (194.8, 157.6, 11.4, and 109.6 1Js/termites), and (1,812, 1,611,
1,442, and 1,341 lJs/termites), whereas H. bacteriophora AHNZ22 required more
numbers (729.3, 610.4, 558.9, and 531.5 IJs/termites), and (2,689, 2,316, 2,274, and
2,165 1Js/termites) for LCso and LCgo at the same exposure times, respectively
(Table 5). Likewise, the population of A. ochraceus workers exhibited the greatest
degree of homogeneity for S. feltiae AHN and S. feltiae NEM-29 treatments with
slope values of 1.87, 1.98, 2.21, and 2.04; and 1.28, 1.25, 1.08, and 0.99 at 2, 4, 8, and
16 d post-exposures, respectively, whereas, all of the other treatments had low slope
values, indicating heterogeneity in the termite reaction to these treatments (Table 5).
Regarding the LTso, data in Table 6 confirmed also that the 1Js of S. feltiae AHN were
the most potent to A. ochraceus workers, with LTso value being 0.1 d, followed by S.
feltiae NEM-29 (0.4 d), H. indica NEM-18 (0.7 d), and H. indica NEM-19 (2.6 d),
while H. bacteriophora AHN22 took more time (26.9 d) to kill A. ochraceus
individuals (Table 6). For the A. ochraceus population, the greatest level of
homogeneity was recorded by S. feltiae AHN (0.35) and S. feltiae NEM-29 (0.34);
however, it recorded 0.26 for H. indica NEM-18 and H. indica NEM-19 each.
Conversely, the termites’ low slope values for the other two EPN isolates showed that
their response to them was heterogeneous (Table 6).

Table 5. Pathogenicity of EPNs against A. ochraceus worker in sand bioassay method

Exposure | LCs IJs/termite | LCq IJs/termite 2
EPNs time (d) | (95% LCL-UCL) | (95% LCL—-UCL) Slope £ SE | Intercept X P-value
2 124.9 (30.2-212.7) | 1,682 (590.7-2,443) | 1.87+0.18 -1.15 1.59 0.81
) 4 114.3 (40.2-183.9) | 1,432 (311.5-2,145)| 1.98+0.20 -1.39 3.06 0.55
S. feltiae AHN
8 88.1(26.3-149.9) |1,301 (255.9-1,987)| 2.21+0.20 -1.33 3.04 0.55
16 73.8(36.0-150.1) |1,240 (221.5-1,890)| 2.04+0.19 -1.53 4.36 0.35
194.8 (86.6-292.3) | 1,812 (614.1-2,551) | 1.28+0.16 -1.40 2.08 0.72
) 157.6 (74.8-232.2) | 1,611 (534.9-2,334) | 1.25+0.16 -1.58 2.78 0.60
S. feltiae NEM-29
111.4 (38.7-179.9) | 1,442 (354.7-2,114) | 1.08+0.16 -1.39 3.47 0.48
16 109.6 (44.7-170.8) | 1,341 (225.8-1,998) | 0.99+0.15 -1.54 459 0.33
286.9 (180.2-400.3) [ 1,915 (756.6-2,777)| 0.70+0.15 -1.73 2.01 0.73
o 208.7 (114.9-295.4) | 1,776 (755.8-2,322) | 0.71+0.15 -1.66 3.89 0.42
H. indica NEM-18
155.0 (68.4-232.9) | 1,624 (534.6-1,886)| 0.68+0.15 -1.49 3.99 0.41
16 145.8 (74.9-210.5) |1,543 (515.4-1,777)| 0.80+0.14 -1.74 3.82 0.43
463.3 (359.8-614.2) | 2,012 (822.4-2,888) | 0.94 +0.15 -2.51 0.95 0.92
o 326.4 (230.0-436.8) | 1,865 (700.3-2,566) | 0.81+0.15 -2.04 2.79 0.59
H. indica NEM-19
244.1 (159.2-326.9) | 1,745 (667.5-2,023) | 0.83 £0.16 -1.97 2.31 0.68
16 196.8 (119.5-268.4) | 1,701 (612.8-1,996) | 0.84+0.13 -1.92 3.41 0.49
2 729.3 (545.8-1,157) | 2,689 (1,755-3,434) | 0.67 =0.15 -5.66 9.76 0.04
H. bacteriophora 4 610.4 (542.7-695.4) | 2,316 (1,794-3,305) | 0.69 = 0.15 -6.16 5.09 0.27
AHN22 8 558.9 (493.5-639.8) | 2,274 (1,811-3,467)| 0.77 +0.14 -5.60 3.52 0.48
16 531.5 (465.0-614.1) | 2,165 (1,914-3,943) | 0.55 = 0.15 -5.09 2.87 0.58
2 626.5 (516.3-798.3) | 2,432 (1,557-3,412) | 0.61+0.15 -3.57 5.88 0.21
H. bacteriophora 4 475.2 (392.3-585.5) | 2,112 (1,588-3,333) | 0.72+0.13 -3.35 2.60 0.63
NEM-26 8 392.7 (311.2-492.8) | 1,911 (1,446-3,221) | 0.68+0.15 -2.79 7.02 0.14
16 315.4 (237.7-400.1) | 1,844 (1,324-3,010)| 0.76 +0.17 -2.48 3.87 0.43

50% of termites that killed by a lethal concentration (LCsp), 90% that killed by a lethal concentration (LCy), Lower confidence
limit (LCL), upper confidence limit (UCL), chi-squared value (X?), standard error (SE), and probability (P-value)
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EPNs (95%LI-_r(530L(?)UCL) Slope + SE Intercept X2 P-value
S. feltiae AHN 0.1 (0.05-0.4) 0.35+0.19 0.29 0.28 0.87
S. feltiae NEM-29 0.4 (0.1-1.1) 0.34+0.19 0.11 0.33 0.85
H. indica NEM-18 0.7 (0.2-1.3) 0.26 +£0.17 0.12 0.33 0.85
H. indica NEM-19 2.6 (1.4-3.8) 0.26 +£0.19 -0.14 0.48 0.79
H. bacteriophora AHN22 26.9 (12.5-45.9) 0.22+0.19 -0.46 0.47 0.79
H. bacteriophora NEM-26 7.9 (4.1-13.6) 0.25+0.18 -0.32 0.54 0.77

LTs—lethal time needed to kill 50% of individuals, LCL—lower confidence limit, UCL—upper confidence limit, X>—Chi-
square value, SE—standard error and P-value—probability

Emergence of 1Js was noticed after 10-15 days in the workers A. ochraceus (Fig. 6).
A statistically significant difference existed among the EPN strains (F = 1,504, df =5,
P <0.0001), its concentrations (F=1,423, df=5, P <0.0001), and the interaction
between the concentrations of IJs and EPN isolates (F = 18.5, df = 25, P <0.0001). The
reproduction rates ranged within 10,279-18,926, 9,801-17,754, 8,891-15,877, 8,399-
14,099, 7,544-12,495, and 5,890-10,871 IJs/termite for S. feltiae AHN, S. feltiae NEM-
29, H. indica NEM-18, H. indica NEM-19, H. bacteriophora NEM-26, and H.
bacteriophora AHN22, respectively (Fig. 6). The largest average number of 1Js (per
worker) generated from A. ochraceus was S. feltiae AHN (15,340 IJs), and lowest H.
bacteriophora AHN22 (8,467 1Js). At the higher concentrations (1000 and
800 IJs/termite), the average number of 1Js emerged from A. ochraceus was 15,004, and
13,993/worker, respectively, whereas at the lower concentrations (200 and
100 lJs/termite), it recorded 9,931, and 8,501, respectively. The highest emergency of
IJs was significantly observed from S. feltiae AHN and S. feltiae NEM-29 at 1000 IJs
(18,926 and 17,754 Js/termite), respectively, comparing to H. bacteriophora AHN22
which at the same concentration had lower production (10,871 IJs/termite).
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Figure 6. Infective juvenile production of EPNs in A. ochraceus workers at different nematode
concentrations in sand bioassay method. Bars with different lowercase letters were significantly
different at P <0.05 (DMR test). Vertical bars indicate standard error (SE) values

Discussion

The effectiveness of conventional insecticides against termites has been decreased
due to their underground habitat and unusual eating patterns. Additionally, strong and
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eco-friendly pest management strategies must be implemented urgently given the
current state of insect resistance development. The ability of entomopathogenic
nematodes (EPNs) to transmit secondary inoculum across infected bodies, their high
virulence, their effective host-searching ability, and their target-specific activity have
made them a viable alternative to several traditional methods for controlling pests
(Bhairavi et al., 2021). The nematode infectivity test in sand or sawdust in the current
investigation revealed that the various nematode isolates exhibited dramatically varying
levels of termite-repelling activity. Our findings showed that Steinernema spp. were
more efficient than Heterorhabditis spp. against A. ochraceus, and in contrast to the
sand assay, the pathogenicity among every investigated EPN isolates was more
pronounced in the sawdust bioassay. These findings are consistent with those of Aslam
et al. (2023), who found that the mortality rate Odontotermes obesus workers was
higher in the sawdust bioassay than in the filter paper bioassay. However, the present
findings are particularly similar to those of Mostafa et al. (2022), who demonstrated that
EPNSs increased the mortality of A. ochraceus and Psammotermes hypostoma in Petri
dishes as versus containers with sand/clay/peatmos medium, and that Heterorhabditis
spp. were less effective than Steinernema spp. In contrast, (Changlu et al., 2002) proved
that Steinernema spp. were less effective than Heterorhabditis spp. against two
subterranean termites, R. flavipes and Coptotermes formosanus, and that the LDso of H.
bacteriophora against R. flavipes in containers with vermiculite/sand medium was
higher than in Petri dishes. The symbiotic bacterium Xenorhabdus nematophila, which
is found in the alimentary tract of S. carpocapsae, was also more virulent against G.
mellonella in a sand medium than in a filter paper media (Mahar et al., 2005).
Eppendorf tubes, packed cell volume (PCV) tubes, containers, Petri plates with sterile
sand at the bottom, or wet filter paper were typically used for termite and EPN
laboratory testing. According to Baimey et al. (2017), termites often consume straw
pieces of filter paper and corrugated wood blocks as food in all situations. Since the
moist, cool, and dark environment of EPNSs is similar to that of termites and is generally
best suited for Heterorhabditid and Steinernematid nematode motility and survival, it
may also be the reason for its superior efficacy in the sawdust bioassay (Glazer et al.,
2001; Askari et al., 2012). In addition, termites in our sand assay had a tendency to feed
sparingly and to constantly patrol the Petri dish’s perimeter. On the other hand, termites
in the sawdust assay began chewing the sawdust right away, which raised the chance
that nematodes would infect the termites. Consequently, there was an inverse
relationship between termite activity level and infection rate. When compared to other
species, two steinernematid and two heterorhabditid species showed the best biocontrol
capability in the current study. Against Coptotermes heimi, the same species showed
similar outcomes (Tabassum and Salma, 2020). Compared to the other EPN isolates
studied, S. feltiae AHN showed greater virulence against termite workers in the ongoing
experimental trials. Regression analysis between termite mortality and nematode level
slope, as well as exposure durations, the nematode species’ virulence hierarchy was S.
feltiae > H. indica > H. bacteriophora. S. feltiae AHN and S. feltiae NEM-29 were
significantly more virulent against A. ochraceus than H. indica NEM-18 and H. indica
NEM-19, whereas H. bacteriophora NEM-26 and H. bacteriophora AHN22 were lower
effective against termite workers. Their LCso, LCg0 and LTso values are very low
compared with those of H. indica and H. bacteriophora nematodes species against A.
ochraceus. The present results are in accordance with the previous findings of our group
who stated that the EPNs Steinernema spp. were more virulent than Heterorhabditis
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spp. against the two pomegranate insect pests, Virachola livia and Ectomyelois
ceratoniae. The LCso values of 13.6 and 32.4 1Js/larva of V. livia were recorded for
Steinernema spp. and Heterorhabditis spp. at 72 h post-treatment, respectively, whereas
it recorded 6.6 1Js (Steinernema spp.)/larva and 26.6 1Js (Heterorhabditis spp.)/larva for
E. ceratoniae at the same exposure (Alotaibi et al., 2022). These findings are also
consistent with those of Memari et al. (2016), who observed that mortality percentages
of E. ceratoniae larvae in laboratory tests corresponded to LCso values of 2.02 1J/larva
for S. feltiae, while H. bacteriophora showed low pathogenicity against the larvae, with
an LCsp of 426.92 1J/larva. The effectiveness of three concentrations (100, 300, and 900
IJs/larva) of S. feltiae, for instance, to suppress the Mediterranean flour moth, Ephestia
kuehniella, in stored wheat was also examined (Athanassiou et al., 2008). Although
most of the Steinernematids have ambush behaviours (Kaya and Koppenhoffer, 1996),
the success of our S. feltiae tested isolates could be attributed to the highly mobile
behaviours of termite workers, the easiest and most efficient host, which may increase
the distribution patterns of EPNs and can thus, increase the pest’s mortality.
Furthermore, the capacity of nematodes to infect and reproduce is contingent upon the
behavioral, morphological, and physiological defense mechanisms employed by insects
(Razia et al., 2012). According to Kamali et al. (2013), H. bacteriophora showed a
lower LCso value in a natural soil medium (45.89 1Js/cm?) in contrast to a filter paper
medium (325.68 1Js/cm?). Javed et al. (2021) confirmed these findings, stating that the
mortality rate of Microtermes obesi was significantly higher when exposed to S.
bifurcatum (100%), S. pakistanense (100%), S. siamkayai (85%-87%), and S.
ceratophorum (77%-80%) comparing to H. indica that gave lower mortality (70%—
77%). Maketon et al. (2010) showed the higher potency of S. carpocapsae, reporting
100% German cockroach mortality following exposure to this exact nematode species
as compared to other EPNs. The higher lethality of S. carpocapsae to German
cockroaches in comparison to the H. bacteriophora was also noted by Baker et al.
(2012). According to Al-Zaidawi et al. (2020), S. carpocapsae is the most effective
EPN species for infecting termite workers. This may be because it has a greater capacity
to infect insect pests in their adult stages. Interestingly, the present study recorded the
greater mortality response of termite workers to most of the indigenous EPNs tested.
Because native EPN strains are compatible with their local environment, they frequently
offer efficient control of insect pests that are economically important (Griffin et al.,
2005). A noteworthy finding of the current investigation was the potential of native
EPN species to affect and kill termites under both test methods (sand and sawdust).
These findings, however, contradict those published by Mostafa et al. (2022). They
found that imported nematodes were more virulent against P. hypostoma than A.
ochraceus and more injurious than indigenous isolates of H. bacteriophora.
Additionally, at greater nematode concentrations, mortality% was more apparent. The
aforementioned results align with the findings of Wang et al. (2002), who documented
increased virulence of H. bacteriophora and S. carpocapsae against workers of R.
flavipes in a lab setting. The higher mortality response of termites and other insect pests
with increased dosage rates (1Js) of EPNs species, including S. carpocapsae, S. glaserti,
H. indica, and H. bacteriophora, has been previously verified by numerous researchers
(Baker et al., 2012; Razia et al., 2012; Radhakrishan and Shanmugam, 2017; Aslam et
al., 2023). The pathogenicity of four native EPN species—S. feltiae, S. carpocapsae, H.
marelatus, and H. bacteriophora—against the last instar of Rhagoletis cerasi was also
documented by Kepenek et al. (2015). According to the findings, S. feltiae caused 95%
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mortality at a concentration of 1000 Js/larva, followed by H. marelatus (82%) and H.
bacteriophora (76%). Based on this research and our own, insects parasitized with a
larger concentration of nematodes typically die away faster. Increasing infection levels
cause the developing nematodes to create more toxins (Burman, 1982), which in turn
causes their symbiotic bacteria to worsen septicemia and eventually kill the host more
quickly. Another crucial trait for the EPN population that improves their chances of
effectively establishing and surviving in the host environment is reproduction.
Furthermore, the persistence and efficacy of EPN species in the host habitat—which is
regarded as an effective factor for insect control—are largely dependent on their ability
to reproduce and recycle (Phan et al., 2005). Both sawdust and sand conditions were
favorable for the reproduction of the six EPN isolates employed in this investigation in
A. ochraceus workers. The emergence rate, however, differed between species; in both
plate and container bioassays, S. feltiae produced the most IJs at high 1Js concentrations
(1000 1Js/termite). The outcomes presented by (Salari et al., 2014) are incompatible
with the results of the present research. When used against the Leopard moth borer,
Zeuzera pyrina larvae, in a laboratory setting, they found that the reproduction rate of
H. bacteriophora was higher than that of S. carpocapsae. This could be because of
different methods. The amount of 1Js that penetrate the host determines the rate of
nematode development. According to Lewis et al. (2006), the lower production of 1Js by
Heterorhabditis can likely be attributed to the host’s fraction of the available food
material. Numerous in-vitro bioassays for multiple EPNs strains that belong to
Steinernema and Heterorhabditis have revealed varying reactions against various
termite species over the years (Khan et al., 2016). The type of interactions that occur
between the host insects and the bacteria (Photorhabdus spp. and Xenorhabdus spp.
symbiotically associated with Heterorhabditis spp. and Steinernema spp.) may be the
cause, as these variables primarily affect the many innate virulence factors (Yu et al.,
2010). Because of the ideal environmental conditions and lack of any ecological or
behavioral restrictions, EPN species may generally be more virulent in the lab than in
the field (Gaugler et al., 1997; Yee and Lacey, 2003). Furthermore, compared to
populations maintained for an extended period of time in laboratory settings, outdoor
populations of insect pests typically show higher resistance against various control
tactics, maybe as a result of their ongoing exposure to those pest management
techniques. Temperature changes have a major impact on the infectious ability of EPNs
(Foelkel et al., 2016). However, due to their capacity to adapt to the current ecological
conditions, each EPN reacts to these temperature fluctuations in a unique way (Pervez
et al., 2008). It should be noted that there are few field research employing EPN species
to control termite species, not only in Saudi Arabia but also in other nations worldwide
(Baimey et al., 2015). However, the findings of the present study are contradict those
found by Koppenhofer et al. (2000) who documented that nematodes have less ability to
control subterranean species because of their behavior. Meanwhile, the repellence may
be the key factor influencing the potency of EPN species in the field (Wang et al.,
2002). Also, the outcomes of the current investigation are in contrast with those of
Mauldin and Beal (1989) who discovered that Reticulitermes flavipes was resistant to H.
bacteriophora when 1Js of these nematodes were applied on infested wood under field
conditions. Termites are more active in their natural habitat, which could be a reason of
this outcome. However, Lezama-Gutiérrez et al. (2006) suggest that the foraging
strategy of EPNs may have an influence on their capability to control insect pests. The
moisture percentage might provide suitable conditions to investigate how nematodes
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locate their host with ease. Thus, the sawdust could be importance for improving the
field efficacy of EPNs formulation which provides a better wetting matrix for nematode
activity. This would also be important for further studies on this topic. Integrated
management of termite is still an urgent issue. The results of the current preliminary
study indicated that applying EPNs promise to provide good efficacy against termite,
but further experiments targeting other economically important insect species are
currently ongoing to assess the compatibility of indigenous EPN species with other bio-
agents or selective pesticides that have been registered.

Conclusions

This study concluded that when indigenous EPNs are directly administered to the
inoculating media, like sawdust and sand, they have a positive environmentally friendly
influence on termite workers, making them a good choice for controlling termites in
their various consuming settings. More trials are required in the laboratory and field to
provide accurate recommendations on ideal dosages, treatment timings, environmental
persistence, and formulation development to confirm the potentiality of various native
EPN species either alone or in integrated pest management programs for termites and
other cryptic feeding insects.
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