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ABSTRACT

Steinernema sp. SA a native isolate of entomopathogenic nematodes (EPNs) was extracted for the first time from
naturally infected adult of the red palm weevil (RPW} in Eastern Province in Saudi Arabia. The role of the native isolate
in the biological control of RPW adults was evaluated. Laboratory bioassay studies showed high virulence of the
nematode to adults of the RPW. Half lethal concentration (LCsp) after 3 days was 2077 infective juveniles (IJs)/ml and
the half lethal time (LTso) - using the concentration 500 1}/ml - was 1.95 days. In the Semi-field evaluation Steinernema
sp SA caused over 97% mortality in adults of the RPW in date palm trees under screen cages. The nematode propagated
successfully in all infected insects. In the field, the nematode was sprayed on the basal parts of paim wunks and soil
around them. A single spray of 2x10° infective juveniles (IJs)/tree caused 37.16% reduction in RPW population in date
palm farms after one week of application. However, the effect was reduced to 34.75% in the following week.
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INTRODUCTION

The date palm Phoenix dactylifera L is a strategic food crop in the Arabic region where every part of the
tree is useful. According to the UN Food and Agriculture Organization (FAO 2005), Arab countries produce
over 90% of world production of dates (16,696.56 million tons). Thered palm weevil (RPW),
Rhynchophorus fervugineus (Oliver) (Coleoptera: Curculionidae) is the most destructive pest of the date
palm in the region since its invasion to the United Arab Emirates (UAE) in 1985. It also attacks other palm
species like coconut, oil palms and ornamental palms. It invaded Saudi Arabia 1987, Iran 1990 (Murphy and
Briscoe 1999) and Egypt 1992 Saieh (1992). It went west to Spain 1995 (Barranco ef al. 1995), and Italy
2004 (Sacchetti er.«/.2005). Adults of the RPW attack palm trees and deposit eggs individually in wounded
and soft tissues. The hatched larvae tunnel into the trunk or the terminal bud leading directly to the death of
the trée (Sivapragasam er a/. 1990). Because of the cryptic feeding habit of larvae their control is difficuit.
Primary infestations always escape attention and symptoms may not become evident until extensive damage
has already occurred (Hanounik et al. 2000a). Larval siage lasts 2-3 months with 12 larval instars. The
female may lay 370 eggs during its 2-3 month-life span. The insect has 4 generations annually in Saudi
Arabia (Al Mohanna ef al., 2000). OEPF/EPPO (2008) reported that a complete life cycle of the weevil from
the egg to adult emergence takes an average of 82 days. Males excrete aggregation pheromone that aftract
both sexes for food, shelter and egg deposition.

Management of RPW depends mainly on chemical insecticides (Girgis ef al. 2002). Date palms are
sprayed periodically with chemical insecticides for protection and infested trees are injected for cure.
Chemicais go through the sandy soil to ground water and subsequently to all living organisms causing many
environmental and health hazards.

Biological control, as a safe measure, is strongly recommended for management of this pest. Among
promising biological control agents are EPNs. Heterorhabditis indica HSA was recorded for the first time in
Saudi Arabia (Saleh er al. 2001) and was evaluated -~~ainst larvae and adults of RPW (Saleh and Alheji
2003). EPNs proved high virulence against RPW stages UAE (Abbas ef al. 2001 a&b) and in Egypt
(Shamseldean and Abdelgawad 1994).

Adults of the RPW aggregate in leaf axils of palm trees for resting, mating and oviposition. They also
aggregate at the basal part of the trunk of young date palm trees, below the soil level (Hanounik ef al.
2000a). Abbas et a/ (2000) justified the presence of adults of the RPW in the soil as: up to 20 to 100% of
adults collected from the fields were found to be parasitized with unidentifted nematodes, EPNs could be
isolated from RPW adults and young date palms (<10 years old) were found to undergo severe infestation
below the soil surface. A considerable portion of 35% of R. ferrugineus infestation in date palm trees in
eastern region in Saudi Arabia were found at or below the soil surface (Alkhazal ef al. 2009).

The objective of this work is to evaluate the role of the native isolate of Steinernema sp. SA for biological
control of RPW adults through semi-field and field applications in Saudi Arabia.
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MATERIALS AND METHODS

Nematode isolation

A naturally nematode-infected adult of RPW was brought from Ben-Hammam farm in Qatif, Eastern
Province of Saudi Arabia in October, 2006. This weevil was transferred to the laboratory and placed in a
White trap (White 1927) for nematode extraction. The extracted nematodes were reared on larvae of the
greater wax moth Galleria mellonella L. according to Woodring and Kaya (1988). Primary identification of
the extracted nematodes to the genus level depended on symptoms appeared on nematode-infected host
larvae and the morphology of nematode developmental stages described by Poinar (1990).

Virulence to adults of RPW

Sand barrier bioassay technique (Woodring and Kaya 1988) was used to determine the virulence of the
new nematode to adults of the RPW. The weevils were individually exposed to serial concentrations
(treatments) of the nematode (0,500,1000,2000 and 4000 IJs/ml) in 50cc tubes filled with 9¢ fine sand
damped with 1mil distilled water. Ten replicates were prepared for each treatment. Mortality of the weevils
was recorded daily. Data were “statistically analyzed by plotting regression lines of concentration vs.
mortality and time vs. mortality and values of LCs, and LTs, were calculated.

Semi-field evaluation

Date palm trees -5 years old- were transferred individually to halves of polyvinyl barrels, 80¢m diameter
X 80 cm high, filled with sandy soil. Each tree was covered with a 2 meter-high plastic screen cage to
prevent escape of adult weevils. The cages were arranged outdoors beside the laboratory building in Qatif.
The experiment consisted of 2 treatments (Steinernema sp. SA and control). Each treatment consisted of
4 replicates. Each plot represented by a tree in a cage. The trees were artificially infested with adults of RPW
at a rate of 10 weevils/tree/cage. After 24 hours, the water suspension of the nematode was sprayed on the
basal part of the trees and soil around them at a rate of 2 million 1Js/5 liters /tree. Control plots received only
water. The trees and the soil under cages were inspected.after 5 and 8 days and numbers of dead and alive
weevils were recorded. Dead weevils were transferred to White traps to detect nematode development and
propagation.

Field evaluation

Pheromone-kairomone terrestrial traps described by Hanounik et al (2000a) were used for monitoring
the adult population of the red palm weevil in treated and untreated date palm farms. Capacity of the trap
is 10L with 3 holes in the cover and 6 holes near the upper edge of side walls. A bag containing
the aggregation pheromone (Chemtica International $.A. Costa Rica)} and a bottle containing kairomone
(locally extracted from date fruits) are attached to the cover. The traps were distributed at 100 meters
distance (i.e. 1 trap/ hectare). ‘

A date palm farm of approximately 5 hectares was specified for each treatment. The nematode suspension
was sprayed in the field using a 600 liter-spraying motor at a rate of 2 million IJs/5 liters/tree. The spray was
directed to the trunk base and soil around the trees. Trap catches were recorded weekly in both farms before
and after each treatment. The caught weevils were kept individually with food in 200cc cups in the
laboratory and observed for 3 days and dead weevils were placed in White traps to detect nematode
infections. After field applications dead insects found out traps or inside treated trees were collected,
transferred to the laboratory and inspected for nematode infections.

Populations of RPW in tested farms were represented by mean of weevils/trap/week. Means were
compared by ANOVA test and SE values were computed and given with their means. Percentages of
reduction in the insect population due to different treatments were calculated according the equation of
Henderson and Tilton (1955) as follows:

R = 100 x[l—Ta—"—Cb—]
Th x Ca

Where: R = Percent of population reduction, Tb = Numbers of insects in treated plots before treatment,
Ta = Numbers of insects in treated plots after treatment, Cb = Numbers of insects in control plots before
treatment, Ca = Numbers of insects in control plots after treatment.
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RESULTS AND DISCUSSION

Primary nematode identification

Evidence certify that the nematode belongs to Steinernema were: (1) the pale yellow color of nematode-
infected host larvae, (2) the giant amphemectic females of the first generation found inside host cadavers
three days after infection, (3) the identical shape of the tail of steinernematid IJ, and (4) the identical
appearance of coiled steinernematid IJs. Sample of this new isolate was sent for identification to the species
level by DNA analysis to Kiel University, Germany. Until the complete identification, the nematode isolate
was given the name Steinernema sp SA. This was the first record of steinernematid nematode from Saudi
Arabia.

Nematode virulence to RPW adult stage

Data in table (1) show that mortality in RPW adults exposed to serial concentrations of Steinernema sp.
SA started after 2 days for all used concentrations and reached its maximum (100%) after 4 days for the
concentrations 1000 and 2000 1J/ml and after 5 days for the concentration 4000 IJ/ml. After 5 days,
concentrations above 500 IJs/ml caused 100% insect mortality. A high degree of correiation between the
nematode concentration and the insect mortality (R* = 0.82) was found after 3 days of exposure. The LCsp
after three days of exposure was 1373 IJs/ml. The highest degree of correlation between nematode
concentration and insect mortality (R2= 0.82) was recorded after 3 days of exposure (Figl).The LTsp
measured at the concentration 500 IJs/ml was 1.96 days. The highest degree of correlation between the
exposure time and insect mortality (R’= 1.92) was recorded when the nematode concentration was 500
IJs/ml (Fig 2).

Semi-field evaluation

Steinernema sp. SA was significantly effective for controlling RPW adults under semi-field conditions.
Weevil mortality was 84.79 and 97.5% after 5 and 8 days of treatment, respectively while natural mortality
in control cages during the experimental duration was 7.5-10%. This native nematode was not only efficient
for controlling adults of the RPW, but also able to propagate in the weevil cadavers. Percentage weevils
produced offspring was 66.39% after 13 days of treatment and increased to 100% after 20 days of treatment.

Field evaluation
During the first week post treatment the natura] RPW population in control farm increased from 4 to
6.67 weevils/trap/week recording (+ 2.67 weevils). In the treated farm the single nematode spray suppressed

Table (1): Mortality in adults of Rhynchophorus Table (2): Population reduction in Rhynchophorus

ferrugineus after application of Steinernema sp. ferrugineus adults after application of
SA at different concentrations Steinernema sp. SA in date palm farms in Qatif,
Nematode % Insect mortality after: Saudi Arabia during April 2007
concentration
(Wmy  day 2days 3days 4days  Sdays Dato Weevils/trap/week +SE %
500 0 25 5833 75  83.33 Control Treated  Population
reduction
1000 0 25 75 100 100 10/04/2007 4+0.94 5.67+0.27
2000 0 6667 8182 100 100 17/04/2007  6.6730.72 6+0.94 37.16
4000 0 75  91.67 91.67 100 24/04/2007 5.67+0.27 5.33£0.27 34.75
100 100
% 0 z 30 /4
5 60 £ 601 - N
= = / y=19.16x+12.5
£ 40 % 40 — =8
20 20 * TS0=T.95 days
0+ — T —r— 0 T T T -
0 1000 2000 3000 4000 5000 0 1 2 3 4 5
Concentration (ml) Time (days}

Fig. (1): Concentration-mortality line of Steinernema Fig. (2): Time—mortality line of Steinernema sp SA
against adults of Rhynchophorus ferrugineus

sp. SA

against

adults of Rhynchophorus

Jerrugineus calculated after 3 days of treatment.

calculated at 500 1Js/ml
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the population increase to be only + 0.33 weevils (from 5.67 to 6 weevils/trap/week) in the first week and
to — 0.33 weevils (from 5. 67 to 5.33 weevils/trap week) in the second week. This effect was calculated
according Henderson and Tilton (1955) equation as 37.16 and 34.75% population reduction in the first and
the second weeks, respectively (Table 2).

This work comprised the first record of steinernematid nematodes (Steinernema sp. SA) from Saudi
Arabia. The same authors previously recorded heterorhabditid nematodes (H. indica HSA) for the first time
from Saundi Arabia (Saleh ef al.,, 2001). The steinernematid nematode was isolated from naturally infected
RPW adult in Qatif region. However, Abbas et al. (2001a) could isolate S. abbasi and H. indicus (= indica)
from adults of the RPW in UAE. Like most native EPN isolates obtained Steinernema sp. SA was virulent
against RPW adults. This result agrees with the results of Abbas et al. (2001b) in UAE, Shamseldean and
AbdelGawad (1994) in Egypt, who worked on different native EPN isolates. Shapiro et al. (2002) stated that
choosing the right EPN species against a particular pest in a particular environment is very important for
successful biological control.

Steinernema sp. SA showed high potential for in vivo reproduction on G. mellonella larvae so that a
single larva produced over 600 000 IJs. A key factor in the success of EPN as bio-pesticides is their
amenability for mass production (Shapiro and Gaugler 2002).

The semi-field evaluation showed that Steinernema sp. SA was efficient for controlling adults of the
RPW under cages. The nematode spray was directed to the base of the tree and soil around it where adults of
RPW usually aggregate (Hanounik et al. 2000a). Mortality in adults of RPW in date palm trees under cages
reached 97.5% within one week after a single spray of 2x10° IJ/tree. Hanounik ef al. (2000b) were the first
who targeted adults of the RPW in date palm trees and soil around them with H. indica HSA isolated from
Qatif. H. indica HSA caused 86% mortality in adults of RPW under cages when used with anti-desiccants.
Llacer et al. (2009) in Spain used S. carpocapsae against RPW under cages and obtained mortality around
80% in a curative assay, and up to 98% 1in a preventative treatment. Successful propagation of Steinernema
sp. SA in cadavers of the RPW under the semi-field conditions gives prediction that the nematode will
persist and recycle in date palm fields. Saleh et al. (2004) found that S. carpocapsae remained able to kill
adults of RPW for 16 days in a date palm field in Qatif.

Field spraying of EPNs against adult stage of RPW was mentioned first by Hanounik et al. (2000a) in
Saudi Arabia and Abbas er a/. (2000) in UAE through a project of Biological Control of the RPW (1997-
2007). This work belongs to the un-published results of the same project. The first field study showed that a
single spray of Steinernema sp. SA of 2x10° 1Js/tree in Qatif region during April resulted in 37.16 and
34.75% population reduction in RPW adults in the farm. This steinernematid nematode lasted effectively at
least for two wecks. Temperature in Qatif during April (around 35°C) seemed unsuitable for stronger effect
or longer persistence of the steinernematid nematodes. Saleh ef al. (2004) recorded active persistence of S.
carpocapsae for 16 days in the same region during March,

The present results prove proved that the potential of native EPNs to control R. ferrugineus. The results
give a ready-to-use bio-control program based on EPNs and add evidence to the recommendation of
transferring biological control with EPNs to the IPM programs of RPW.

ACKNOWLEDGMENT

This work was carried cut in Saudi Arabia through the project of “Transfer of bio-control techniques to
management of the red palm weevil in Middle East”, a research project conducted by “The Arab
Organization for Agricultural Development” (AOAD).

REFERENCES

Abbas M.S.T.; M.M.E. Saleh and A.M. Akil 2001a. Laboratory and field evaluation of the pathogenicity of
entomopathogenic nematodes to the red palm weevil, Rhynchophorus ferrugineus (Oliv.). Anz.
Schadlingskunde J. Pest. Science 74, 167-168.

Abbas M.S.T; S.B. Hanounik, S.A. Mousa and M.I. Mansour 2001b. On the pathogenicity of Steinernema
abbasi and Heterorhabditis indicus isolated from adult Rhynchophorus ferrugineus (Coleoptera).
International Journal of Nematology 11(1) 69-72.

Al Mohanna O.E.; S.B. Hanounik; G. Hegazy and M. Salem 2000. Biology of the red palm weevil
Rhynchophorus ferrugineus (Oliv.) Proceedings of first workshop on control of Date Palm Weevil, King
Faisal University, Kingdom of Saudi Arabia, 85-95.



281

Alkhazal, M.H.; L.A. Youssef; M.S. AbdelWahed; A.S. Kassab; M.M.E. Saleh 2009. Factors affecting
infestation pattern of the red palm weevil, Rhynchophorus ferrugineus (Oliv.) in date palm farms in Qatif,
Saudi Arabia. J. Agric. Sci., Ain Shams Univ: Cairo, 17(1) 177-183.

Barranco P.; Delapena J; Cabillo T. 1995. Un Nuevo curculionido tropical para la fauna europra,
Rhynchophorus ferrugineus (Coleoptera: Curculionidae). Bol Asoc. Esp. Ent., 20:257-258.

FAO 2005. Agro-Statistics Database. Available on line at: http://en.wikipedia.org/wiki/
Date (fruit}#Production

Girgis G.N.; A.M. Batt; AM. Okil; S.M. Haggag and M.M. Abdel Azim 2002, Evaluation of trunk injection
methods for the control of red palm weevil Rhynchophorus ferrugineus (Oliver) in date palm trees in
Egypt. 2™ International Conference, Plant Protection Institute, Cairo, Egypt, 21-24 December 2002. Vol.
1,709-711.

Hanounik S.B.; G. Hegazy; M.S.T. Abbas; M. Salem; M.M.E. Saleh; M.I. Mansour; O. El Muhanna; S.A.L
Bgham; R. Abuzuhaira; S. Awash and A. Shambia 2000a. Biological control of RhAvnchophorus
Jferrugineus (Oliv.) as a major component of IPM. Proceedings of first workshop on control of Date Palm
Weevil, King Faisal University, Kingdom of Saudi Arabia, 125-150

Hanounik, S.B., M.\M.E. Saleh; R.A. Abzuhairah; M. Alheji; H. Al Dhahir and Z.H. Al Garrash 2000b.
Efficacy of entomopathogenic nematodes with antidesicants in controlling the red palm weevil,
Rhynchophorus ferrugineus on date palm trees. International Journal of Nematology 10(2) 131-134.

Henderson C.F. and Tilton E.W. 1955, Test with acarides against the brown wheat mite. J. Econ. Entomol.
48, 157-161. ,

Llacer E.;, M.M. Martinez de Altube and J.A. Jacas 2009. Evaluation of the efficacy of Steinernema
carpocapsae in a chitosan formulation against the red palm weevil, Rhynchophorus ferrugineus, in
Phoenix canariensis. BioControl 54(4)559-565

Murphy S.T. and B.R. Briscoe 1999. The red palm weevil as an alien invasive: biology and the prospects for
biological control as component of IPM. Bio control News and Information, 20 (1) 35-46.

OEPP/EPPO 2008. Data sheets on quarantine pests Rhynchophorus ferrugineus. Bull. OEPP/EPPO 38: 55-59.

Poinar G.O. Jr. 1990. Taxonomy and biology of Steinernematidae and Heterorhabditidae. In: Gaugler R and
HK Kaya (eds.) Entoropathogenic Nematodes in Biological Control. Boca Raton, Fl., CRC Press, 23-61.

Sacchetti P.; A. Cameéra; A. Granchietti; M.C. Rosi and P. Marzialetti 2005. Prima segnalazione in Italia det
curculionide delle palme, Rhynchophorus ferrugineus Centro Sperimentale. -per il Vivaismo di Pistoia.
www.pubblicigiardini.it/News/ NewsDet.asp?id=2035.

Saleh M-M.E.; G. Hegazy; M. Salem; S.B. Hanounik; O. Al Mohanna and M.A. Alheji 2004. Persistence of
Steinernema carpocapsae (Nematoda: Steinemematidae) and Beauveria bassiana (Deuteromycotina:
Hyphomyecetes) in soil around date palm trunks and their effect on adults of Rhynchophorus ferrugineus.
Egypt. 1. Biol. Pest Control, 14 (1) 141-145.

Saleh, M.M.E. and M. Alheji 2003. Biological control of red palm weevil with entomopathogenic nematodes
in the Fastern Province of Saudi Arabia. Egypt. J. Biol. Pest Control, 13 (1&2) 12-25

Saleh, M.M.E.; S B. Hanounik; O. Al-Muhanna; H. Al-Dhaher and Z. H. Al-Garrash 2001. Distribution of
Heterorhabditis indica (Nematoda: Heterorhabditidae) in Eastern Saudi Arabia. International Journal of
Nematology 11(2) 215-218.

Saleh, M.R.A. 1992. Red palm weevil Oliver is first record in Egypt and indeed in African continent. List
No. 10634 Africa; Collection No. 22563. International Institute of Entomology, 56 Queen's Gate,
London, UK. _

Shamseldean M.M. and M.M. AbdelGawad 1994. Laboratory evaluation of heterorhabditid nematodes for
control of the red palm weevil. Egypt. J. Appl. Sci. 9(3) 670-679,

Shapiro-Ilan, D.I. and R. Gaugler 2002. Production technology for entomopathogenic nematodes and their
bacterial symbionts. Journal of Industerial Microbiology and Biotechnology 28: 137-146.

Shapiro-Ilan, D.I; R. Gaugler; W.L. Tedders; I. Brown and E.E. Lewis 2002. Optimization of inoculation for
in vivo production of entomopathogenic nematodes. Journal of Nematology 34, 343-350.

Sivapragasam A.; A. Arikiah and C.A. Ranjit 1990. The red strip palm weevil, Rhynchophorus schach Oliv.
(Coleoptera: Curcurlionidae): an increasing menace to coconut palms in Hilir Perak. Planter, 66: 113-123,

White G.F. 1927. A method for obtaining infective nematode larvae from cultures. Science 66, 302-303.

Woodring J.L. and HEK. Kaya 1988. Steinernematid and Heterorhabditid nematodes: A handbook of
techniques. Arkansas Agricultural Experiment Station Southern Cooperative Bulletin 331. 30 pp.



282

il pdiall L paall Steinernema sp. SA 1agdasill A ol
REFCHECTE WY R TOR ¥ WP B PR B LW N

By gl ae & oAl G & TTJR AN G daaa & T pal el e & Tl il daaa 3 gana
s = 5 3ad = bl iy pad ~ & gall o gkl 38 sa
Lo gaaal) Ay ot ALl lgn 134 i e ‘piﬂwhﬂwmgw"

Agh il Aihially Ladh g e gaa) e dpgnadl Ay ad dSlaall i Steinernema sp. SA i hall Lo jaall 13 yllagill ADLu (paDldliud o3
O il gl Alia y Ayfha Claals dlena wistad P e #lpaadl G D g JallSa B ADLL 230 #1d api Gad) 136 cisgdad Sy
Jlad Uadgg £ 50 (5 ginna (it g ey Lpgmaad Lyl Alaaly il pdall Liapaad) bigilagil Ga guindl ¢! Gians g g0 1A
S Ly il Gt A e AV e sl b Wb Steinernema sp. SA ARSI lagilaill cds DNA 535l Gaeall daay
Plasiagi 500 3480 2ie Lagy 195 ( LTsp) (oheaid Cigall (a3 cdlalaall Ga plf 3 day Ja flagilasi 1373 L (LCsg ) (el 308 30
il chial pukih Gjlad i L 13 gl 642000 3aad gl 38 0 £\ il ua BaliSy g Sl padl Sags Sy o st Z DU AL . e
hagilegt cigala 2 Jomas Adaleall gy 97.5% Louguad) ALASH 2 jdiad) ) ga dpes Cilia g 8 aliYf Ciad AV aus Laliuall 3 g5lail 3eligt
G Baaly Ad ) cilia 3id Lud 1) 45 9a 80 A ga il dliaall gsiiudy @RI auily Jpdl £ J e b Lagtiadl dhall qijlad Ay RS /
B3 Tggs B ASLeal (35t BN Sy Augeddl Haa3 B %34.75 5 37.16 » ke Liaki Steinermenma sp. SA 1asasld piaaises
L jaal) 13 gilasitly Lygial AablSall (9933 (o Sl Laf G b dipdy . Jipf gt P& Ally (Nl Ao Alaaal) w0y g1
Udakad A Ayt Cua g glatly gl 4,50y el Supia G0 £ gip Jholy Lalsh i pdall pand gl (Ao (200 Ay shy <l pdal
Bty Apiga skl Apipa il Sliad Aacd gy sl Ugauy 2¢ady Clll Ga 80 Jdyhal 02 iy Ll pdall L jaal) gl LLad

IO ALl LAl mali s Syaa Jal

Ag adl dglad (gl ol paaldl AN f o Ay gea A28 Steinernema Sp. SA i jdall At paadl 13 giailt Ajaliia cilalS
Ay gl





