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Order : Moniliales.

Fam : Moniliaceae.

Fusarium moniliforme J. Sheldon ,laall (s ey 48 blalg.
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Thielaviopsis paradoxa (De. Seyny Hohn ,laallg.

.Chalra paradoxa (De Seyn.) Sacc el daslg -

Ceratocystis paradoxa (Dade) C. Moreau Julsall =il 0yl -
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.Chalara(Thielaviopsisy paradoxa (De Seyn) Sacc ,laall.
Order : Moniliales -
Fam : Dematiaceae.
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Ceratocystis paradoxa (Dade) C. Moreau .
Order : Microascales .

Fam : Ophiostomataceae .
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.Graphiola phoenicis (Moug.) Poit ,laall.
Class: Basidiomycetes .

Order: Graphiolales -

Fam: Graphiolaceae -
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Diplodia phoenicum (Sacc.) Fawceet & Klotz ,la a1l
Order: Sphaeropsidales -
Fam: Sphaerosidaceae -
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:Rectangular Pale Brown Spots gl aaslill Aslall add! - ¥yl

Alternaria alternata (Fr.) Keissler ,laall.
Class: Deuteromycetes .

Order: Moniliales .

Fam: Dematiaceae .
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Drechslera australiensis yaall .

Drechslera spicifera -
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Mycospherella tassiana (de Not.) Johns ,la 2!l
Class: Ascomycetes .

Order: Pseudospheriales -

Fam: Mycospherellaceae .
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Pestalotiopsis palmarum ,laall .
Order: Melanconialas -
Fam: Melanconiacea -

; S eS(
A0 a9 @0 2 Ml duaay Lyl Loy 5 o 21 0yla Uy 9l 6l i B o iy oyl ogiell (e gl
sl e ol aid) Glasgll il (e 419 elag e 9l ials s Lealog Gl Libaeg s sl 2
189 foydig sl o all @ ilye9 Jualgs Joaned (G ¥4 el oyt (A Sayell plaa M1 (e dall (3159 Ldall

30



i

:—T;)@u\

Dedain s ias elyal O9Ea lan dniiy Loyl Blys e dogl 18 Lasn Foygll Bgyal tudlgn pid! Sl
ol yglnn laad 3ol (g 3leydl (3901 35-G Ladlgog Loyl aad )b ralioi! (pa 8ol Sl by (Jsa 2
:3lyg ¥ OILadd ol wo% (655 d plad O it : Lavd s

Pestalotia palmarum -
.Rhabdospora Sp -
.Phoma sp-

Diplodia phoenicum -
Stemphylium botryosum .
Ulocladium atrum -
.Botryodiplodia sp -
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Colletotrichum gloeosporioides ,laall -

Order: Melanconiales .-
Fam: Melanconiaceae .
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Glomerella cingulata (Stonam.) Spoulding & Schrenk .
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.Alternaria sp yJaall.
Class: Deuteromycetes -
Order: Moniliales .
Fam: Dematiaceae.
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Seronomyces phoenicis ,laall .
Class: Ascomycetes .
Seronomyces viriginae .
Seronomyces californicus.
Seronomyces sheari -
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(Ganoderma zanatum(Syn. G. sulcatum. Polyporus lucidus jaall.
(Ganoderma boninese (Syn. G. miniatocinctum.
Ganoderma tornatum .
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Aspergillus fumigatus. Aspergillus japonicus.
.Aurobasidium sp -

.Botryodiplodia sp -

Cladosporium tenuissimum -

Fusarium lateritium -

Fusarium moniliforme .

Paecilomyces sp -

Penicillium sp -

.Syncephalastrum sp -
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ABSTRACT:

This paper includes the distribution. economic importance. description and control measures of
the major Arthropod pests attacking date palm in Arab countries. There are 27 insect pests are recorded as
major insect pests on date palm. These insects belong to order Homoptera (11 insect). order Lepidoptera (2
insectsy and order Coleoptera (14 insectsy. The most important Homopterous insects includes: the Dubas
bug (Ommatissus lybicus). the Parlatoria date palm scale (Parlatoria blanchardi. the red (wax, date palm scale
(Phoenicococcus marlattiy and the giant mealybug (Pseudaspidoproctus hypheniacus). The most important
Lepidoptrous pests of date moths are (Batrachedra amydraula and Aphomia sabellay. The major Coleopterous
borer which causes serious damage to date palm includes the Red Palm Weevil (Rhynchophorus ferrugineus).
the trunk.borer (Jebusaea hammerschmiditiy. the fruit stalk borer (Oryctes agamemnon and O. elegans) and the
rhinoceros beetle (Oryctes rhinoceros). Also. two mite pests belong to order Acariare recorded as major pests of
date palm. these are the old world date mite or dust mite (Oligonychus afrasiaticusyand the red date palm mite

or the frond crimson mite Raoiella indica.

INTRODUCTION:

Thedate palmattacked byalarge number of pests; whether Arthropods. fungi. nematode or phytoplasma.
Numbers of these pests are serious and causes serious damage to date palm plantation. Dubas bug. Ommatissus
lybicus Bergevin. consider to be the most serious and important pest. which need a lot of effort and costing a lot
of money to control in many countries like Oman and Iraq. These serious pests. also includes; the Red Palm
Weevil (Rhynchophorus ferrugineus). which began to spread into many places in the world during the last two
decades. The first record of the red palm weevil in the Gulf Cooperation Council (GCC) countries were in UAE
in (1985y and Qatar(1987). Some other pests are less serious and easier to control. e.g. the longhorn beetle
or round-headed borer (Jebusaea hammerschmidtiiy. the three ‘rhinoceros beetles’ (Oryctes agamemnon. O.
elegans and O. rhinoceros). the Parlatoria date palm scale (Parlatoria blanchardi. the red (wax, date palm scale
(Phoenicococcus marlattiy and the giant mealybug (Pseudaspidoproctus hypheniacus). This paper includes
surveys and studies of the most important Arthropod pests which attacking date palm. The information of the
studies includes the distribution. the economic importance. description and life history of these pests and also
survey of control measures in different countries.
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DISCUSSION:
Order: Homoptera

Distribution:

Dubas bug¢ Ommatissus lybicus Bergevin (Homoptera: Tropiduchidae):«is distributed in
North Africa (Morocco« Algeria« Tunisia¢ Libya and Egypt) Sudan« Iran< and Spain. In addition:
it is widespread in Irag« Kuwaitc Bahrain< Qatar< Saudi Arabia« the United Arab Emirates and the
Sultanate of Oman causing serious damage to date palms«< (Waller and Bridge« 1978) and (El-
Haidari< 1982).

Economic Importance:

Dubas bug (Dubas = honeydew in Arabic): O. lybicus (Homoptera: Tropiduchidae): is a
monophagous species in Oman that is considered as the most destructive sucking insect pest
attacking date palms. This pest causes many direct and indirect damages to an infested date palm
and nearby trees. The direct damages of this pest arise when the nymph stages and adults feed
by sucking the sap from fronds (the green leaflets and rachis) and bunches (stalks« spikes and the
fruits) in spring and autumn. While feeding« both the nymphs and adults excrete a thick substance or
honeydew. However: the indirect damage caused by the females during depositing their eggs inside
the tissue of the biaxial frond surfaces« seems to be as important as that caused by their feeding. Date
palms infested with Dubas bug are easily recognised by the insect’s copious honeydew production:«
which gives the Dubas bug its common name. The honeydew covers the fronds and fruit bunches
and sometimes flows down to the trunks« and drops onto plants below the palms.

Description and life history:

The adult is yellowish brown to greenish. The females distinguished by a strongly toothed-saw
like ovipositor and are usually longer than the males« reaching 56- mm length compared to 33.5- mm
of males. There are two black spots on the front of the heads of both sexes. The male is distinctive
by its wings that are longer than its body and the pointed abdominal end. The egg is ellipsoidal with
the anterior pole sharp and the posterior one rounded; the ventral surface is somewhat concave
while the dorsal one is convex. The egg is 0.5 to 0.8 mm long and 0.28 to 0.32 mm wide. The
nymph stage has five instars< each of which is yellow to greenish yellow.Dubas bug« O. lybicus: is
a bivoltine species and over winters has in the egg stage. It has spring and autumn generations
each year. It was observed that the time of seasonal occurrence of each generation and the duration
of each form; differing from country to country and regionally within the same country« according to
the prevailing weather conditions. The nymphs of Dubas bug emerge in small numbers during early
hatching« both in autumn or spring generations. The rate of hatching increases gradually day by day

to reach up to 75% one month after first hatching.

Control Measures:

1. Cultural Control: The cultural control measures depend upon the following points:

« Spacing between date palms: The distance between the date palm should not be less than 8 x 8
metres to allow the wind movements and the sun light between the palms.
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« Separating the offshoots from the mother palms: The offshoots should be separated from the
mother palms at the right age as their presence around the parent palm increases the relative
humidity« which increases the levels of infestation by the Dubas bug and other pests.

« Irrigation: Moderation in irrigation to prevent the increase in relative humidity around the palms:«
which encourages infestations.

2. Chemical Control:

Chemical control of Dubas bug is still the basis of any control programme to the present.
However«through using the chemical control measure«we should not neglect the other complementary
measures in the Integrated Pest Management (IPM). The use of chemical pesticides is only one
aspect of this management and should be done in liaison and with precise scientific implementation
with other measures. In Oman:« the chemical control is done through ground based spraying or aerial

spraying.

3. Biological Control:

In nature« the Dubas bug has many natural enemies that feed on their different stages. There
are some parasitoids on the Order: Hymenoptera that parasitoids on the eggs of Dubas bug. In
addition« some predator insects are found to naturally prey on the nymphs and adults of Dubas
bug. Among the most important of these predators are the larvae of the common green lacewing:
Chrysoperla carnea Stephens (Neuroptera: Chrysopidae). In addition« there are three species of
lady beetles (Coleoptera: Coccinellidae) reported to prey on the nymphs and adults of Dubas bugs:
Coccinella septempunctata L.« (The seven-spotted lady beetle): Coccinella undecimpunctata L.« (the
eleven-spotted lady beetle) and Chilocorus bipustulatus L. Recently very important egg parasitoid
was recorded on Dubas bug eggs« Pseudoligosita babylonica (Hymenoptera: Trichogrammatidae):
which was first reported and named as Oligosita sp.« (The Natural History Museum« 2002). Viggiani
(2008) then confirmed Oligosita sp. as Pseudoligosita babylonica« while the first identification of
Pseudoligosita babylonica n. sp. was recorded from Iraq (Hassan« et al. 2004). In Oman:« the egg
parasitoids« P. babylonica has shown more than 70% parasitism in some locations and can be

considered as a potential biological control agent of Dubas bug.

Distribution:

Parlatoria date palm scale« Parlatoria blanchardi(Homoptera: Diaspididae):is also called the armoured
scale insect or the white scale. It is widely distributed throughout tropical and subtropical regions
where palms grow. It is present in all date palm growing areas and regions worldwide except in the
USA« where previously heavy infestations were eradicated completely since 1934. This scale insect
spreads widely on the date palms in all the areas and provinces of Oman and other countries like:
Yemen« Bahrain« Qatar< Kuwaitc UAE« Irag¢ Iran< Afghanistan« Palestine« Egypt< Sudan« Somalia«
Libya« Algeria« Morocco« Mauritania« Niger and as far as Argentina in the South American continent.
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Economic Importance:

P. blanchardi¢ is one of the most serious pests on date palms worldwide with the highest
infestations observed on the young date palms ranging from three to ten years of age. It also opts for
the areas with high humidity and shaded spots away from the direct sunrays. P. blanchardi infests
the date palm leaflets¢ fronds< midribs« spines«< bunches and fruits where the nymphs and adults
feed by sucking the sap from the green parts and the dates of the attacked palm most of the year.
As a result« the colour of the infested parts changes from dark green to pale or light green or to the

yellow colour with the appearance of several spots.

Description and life history

The adult female insect is pink-coloured or dark red and 0.8 mm long and oval-shaped with a
flat scale« that is white in colour with a brown tint. There is a dark coloured spot in the centre« which is
actually the exuviae of the last nymphal instar. The female scale of P. blanchardi is subcircular< 11.2-
mm long. Ghauri (1962) recorded that both winged and wingless forms of the adult male have been
observed. The adult males are of three kinds; some have well developed wings« some are apterous
and some are brachypterous. The adult male is 0.7 mm long; its scale is thin< elongated with parallel
sides and smaller than that of the female« which is 1 mm long and 0.4 mm wide. It is white in colour
with a dark spot on one of its ends« being the terminals exuviae. Males tend to aggregate in clusters.
The egg of P. blanchardi is oval in shape« shiny rose in colour and 0.4 mm long. The nymph is dark
rose or deep red in colour and 0.6 mm long« when fully grown.

Reproduction of P. blanchardi is sexual and oviparous throughout the year< (Bénassy:< 1990).
Females lay from 4 to 13 eggsinclustersunderneaththeircoverwitha mean of 9.6 eggs. Hussain
(1985) mentioned that each adult female of P. blanchardi lay from 10 to 29 eggs under its scale.
Upon laying of its eggs« the female dies leaving the eggs under its scale. The eggs hatch and tiny-
sized (around 0.3 mm long)« rose coloured nymphs emerge« which remain under the scale of their
mother for a period that varies according to the weather conditions. Later< the nymphs wander about
or crawl« looking for shaded palm leaflets or fruits. The number of generations of P. blanchardi per
year differs depending on the geographical region. In Oman: it was found that P. blanchardi has four

generation each year« while in Iraq it was reported four overlapping generations per year.

Control Measures:

1. Cultural and Mechanical Methods: Thecultural control can achieve by performing the
following steps:removing the infested fronds and burning them:« taking good care of the date palms
and continuously removing the old fronds by pruning« giving attention to the agricultural cleaning«
ploughing the soil around the palm trunk and the offshoots and moderation in irrigation and Inspection
of offshoots before planting in new groves is considered one of the best methods to restrict the
spread and outbreak of this pest.

2. Chemical Control

The date palm trees should be sprayed after the fruit-setting season and at the beginning of
winter¢« twice each time« to eradicate the insects that would remain until the spring of the following
year (March-April). The aerial spraying programme can be combined with the Dubas bug control

programme as both timings and the insecticides used in both programmes are perfectly matched.
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3. Biological Control

Biological control is the most useful and most successful measure to control Parlatoria date
palm scale« P. blanchardic and it was implemented with great success in many countries. However:
this pest was completely eradicated from the USA:« its distribution has been limited through
implementing a successful quarantine« and control procedures programme that started in 1914 and
continued until 1934.

In Mauritania< Turins et al. (1976) reported that the Coccinellid lady beetle predator:
Chilocorusbipustulatus L.« could control the numbers of Parlatoria insects in six months of release
into new areas with a consequent significant reduction in infestation: if a permanent vegetation cover
is available in the groves. The predator is released at a rate of 400 beetles per 60100- date palm
trees: or per half a hectare. Stansly (1984)< Montaigne et al. (1986) and Khoualdia et al. (1993 and
1997) reported that the release of the Coccinellid predators Chilocorusbipustulatus and Chilocorus
bipustulatus var. iranensis into date palm groves in Mauritania< Niger< and Tunisia« respectively:
provided an acceptable level of control for P. blanchardi. The adult beetle of C. bipustulatus is 3.3-
4.5 mm long« spherical and convex in shape and shiny black in colour with red spots on its wings. It
can be imported from Iran< where a variety of this beetle called Chilocorusbipustulatus var. iranensis
is present and can hence: effectively control the numbers of Parlatoria date palm scale and limiting

their damages.

Distribution:

The red (wax) date palm scale< Phoenicococcus marlatti (Homoptera: Phoenicococcidae):
is widespread in almost all date growing areas in the world. It was recorded in Egypt¢ Palestine«
Jordan« Iraq¢ Saudi Arabia« Bahrain«< Qatar< UAE« and the Sultanate of Oman as well as Tunisia«
Algeria and Morocco. In addition to the date palm« the red date palm scale also infests several

species of ornamental palms.

Economic Importance

The different stages of P. marlatti are found on the bases of date fronds« which are covered
with fibre sheaths: in the cracks on some midribs of fronds and on date fruits spikelet’'s. P. marlatti
insects appear in deep pink to dark red in colour and partly or entirely covered with white waxy

secretion that forms a cottony mass« Nixon and Carpenter (1978).

Description and life history

The adult of the red date palm scale« P. marlatti¢ is red in colour. The female is 0.51- mm long«
while the male is a little shorter< 0.50.6- mm. The adult male is apterous« which is unusual in males
of the scale insects. The egg is shiny rose in colour< has smooth surface and is 0.2 mm long. Nymph
of P. marlatti is oval in shape« around 0.5 mm long and rose in colour. It is light rose colour in the
first instars« while the late instars of the nymphs are darker. The red date palm scale insect does not
cover itself with a scale like most of the armoured scale insects. Instead: the firstand second instars
of both the male and female nymphs and the adult female insects release a white waxy substance

covering their bodies. This wax is made of convoluted shiny white coloured threads that resemble
a piece of cotton around the body of the insect.
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Control Measures
1. Mechanical Control

Carpenter and Elmer (1978) reported that the best measure to control this insect pest is
subjecting the infested offshoots and those separated from the parent palm to a temperature of 50°
C for 65 hours in a heat-insulated room.

2. Chemical Control

The red date palm scale« P. marlattic can be controlled: if absolutely necessary:« by spraying
the infested palms with one of the Organo-phosphorous compounds; Malathion 57% at 23- litres or
Diazinon 60 % at 1.5 litres per thousand litres of water.

3. Biological Control

Many species of the Coccinellidae lady beetles are found to prey on the red date palm
scalec P. marlattic e.g. Cheilomenes sexmaculata (Fabricius)¢ Chilocorus nigritus (Fabricius)«
Pharoscymnusflexibilis Mulsantc Pharoscymnusanchorago (Fairmaire) and Pharoscymnushorni

(Weise).

Distribution

Giant mealybug and false mealybug are among the synonyms of the date palm mealybug:«
Pseudaspidioproctushyphaeniacus Hall. (Homoptera: Margarodidae)c Abu Thuraya (1979) found
that the infestation by the date palm mealybug:«

P. hyphaeniacus« was moderate in Al Dawaser valley in Saudi Arabia. Earlier< Martin (1958) recorded
P. hyphaeniacus in Al Wahat region in Libya. The date palm mealybug was also recorded in the UAE
and Oman.

Economic Importance

The date palm mealybug« P. hyphaeniacus: usually infests neglected date palms and newly
transferred offshoots with bundled and roped fronds. The mealybugs feed on the petiole base and
are rarely found on the leaflets« although in some areas they were found on the fruits. The nymphs of
this species secrete honeydew copiously on which black sooty mould grows leading to contamination
of the dates thereby greatly decreasing their market value. On the green fronds« the presence of
the honeydew secretions and the black sooty mould hinder the process of photosynthesis. It is

interesting to note that the date mealybug lives in symbiosis with a black ant species.

Description and life history

The segments of the female body of date palm mealybug« P. hyphaeniacus« are not clearly
visible. The body is big in size and covered with dense white wax. Legs and antennae are presentin
all developmental stages. The adult female moves like the nymph. No males have been observed in

the date palm mealybug« P. hyphaeniacus. The adult female lays up to several thousands of eggs.
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Control Measures

As already mentioned the date mealybug« P. hyphaeniacus: lives symbiotically with the black
ants. By preventing the black ants from reaching the colonies of the date mealybug: the mealybugs
will suffocate in their own copious honeydew secretions. This can be achieved by painting the palm
trunks with an insecticide.When the infestation is heavy« any of the following insecticide can be used

to spray the infested date palms; Malathion 57 % or Pirimiphos-methyl (Actellic® 50 %).

Distribution:

The Lesser Date Moth (LDM)« Batrachedra amydraula Meyrick (Lepidoptera: Coleophoridae)
is distributed in all date producing countries and has been recorded in Saudi Arabia« Egypt:« Libya«

Palestine< Kuwait< Bahrain« Iran« India< UAE and Oman.

Economic Importance:

LDM:« B. amydraula: is a pest of date fruits. The larvae of the first generation feed on the small
fruits after fruit setting« i.e. “Hababouk” stage. The larvae enter from top between the three carpels
inside the young fruit. Each larva has its independent entry pore in the fruit and may attack from
three to four fruits during its lifetime. Usually« each larva eats more than a third of the fruit and it may
sometimes feed on the entire content and consume seed in varieties in which this is tender« leaving
only the outer fruit skin. These infested fruits wither and are suspended from the stalks by the silk
threads secreted by the larvae or they fall on to the ground. The larvae of the second and third
generations enter inside the fruits near the calyx or through the calyx and they feed on the placenta:«
fruit flesh and the fruit kernel. After some time these fruits become reddish in colour. Hence« the

name Homera is given to the insect: which means red in Arabic.

Description and life history:

The adult female of B. amydraula is a minute moth around 1315- mm in length and it is dull
yellow-white speckled with grey« with a wingspan of about 1013- mm. The forewings are covered
with white scales and have extremely small brown coloured spots. The hind wings are narrow and
light brown in colour. The wings are surrounded with long brownish brittle hairs. The abdomen is
silver in colour« the compound eyes are brown and the antennae are silvery with brown spots. The
adult female lays its tiny eggs on the fruit stalkc and after hatching the larvae enters the young
fruit from the calyx end. The egg is white in colour: circular in shape and around 0.3 mm long. The
fully-grown larva is about 20 to 22 mm in length and milky white or pink in colour. The head and the
first prothorax segment are dark in colour. The larval stage has five instars. Gharib (1968) in Iran:
Michael and Habib (1971) in Egypt and Hussain (1974) in Iraq studied the life cycle of B. amydraula.
They observed that it had from two to three generations per year in Iraq< Egypt and Iran.

Control Measures
1. Mechanical and Agricultural Control

The mechanical and agricultural control measures of the LDM:« B. amydraula« rely on executing the
following measures:
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* Collecting the infested fruits« which are present on the leaves and fruit dropped on the
ground between the date palms and the weeds and then burning them.

* Regular pruning:« fibres removal and cleaning the remains of the previous crop in palm
crown.

* Removing the offshoots or aggressively cutting them.

* When planting a new date palm grove it is recommended to cultivate the varieties that

flower during the same period in one place or sector.

2. Chemical Control:

In Oman« chemical control against B. amydraula« is recommended in the heavy affected areas
by using one of the recommended Organo-phosphorus pesticides. This could be done through a
programme of two consecutive sprayings« with 1521- days interval« and the first spraying must be
applied around 15 days after fruit setting (during March). In Oman: the best time for spraying against

the LDM is in the second week of March.

3. Biological Control:

There are many natural enemies known to attack B. amydraula. The following parasitoids from
family Braconidae (Hymenoptera) on LDM:« were recorded in Iraq« these parasitoids were Bracon
brevicornis Wesmael« Bracon hebetor Say and Phanerotoma ocularis Kohl. In addition« another two
parasitoids were recorded on B. amydraula« i.e.Parasierola sp. (Family: Bethylidae) and Habrocytus
sp. (Family: Pteromalidae). It is believe that the previous parasitoids control the caterpillars of the
LDM naturally in many areas. He also discovered that the larvae of the common green lacewing:«
Chrysoperla carnea Stephens: attack and prey on LDM larvae. In Egypt< Michael (1970) recorded
Hymenobosmina sp. (Hymenoptera: Ichneumonidae) as a parasitoid on B. amydraula. In Omanc
Abbas et al. (2008) found that the parasitoid Goniozus sp. (Hymenoptera: Bethylidae) was the most
common parasitoid of B. amydraula. They mentioned that this parasitoid was reared successfully in
the laboratory on larvae of Galleria mellonella L. (Lepidoptera: Pyralidae) and released in three date
palm orchards as a bio-control agent against B. amydraula. Efficacy of Goniozus sp.« released in
the three date palm orchards against B. amydraula« was assessed using the ratio of “Batrachedra:
Goniozus” (B: G) obtained from the samples of infested date fruits collected from releasing orchards

and control orchards.

Distribution:

The Greater Date Moth (GDM)« Arenipses sabella(Lepidoptera: Pyralidae): is also called
Spathe Borer and is widely distributed in the date palm-growing countries of North Africa« the Middle
East and northern India (Carpenter and Elmer« 1978 and Talhouk«< 1991). It has been recorded in

Oman:c« Iraqg¢ Saudi Arabia« Qatar: Libya« Egypt« Palestine« Iran and India.

Economic Importance:

The GDM:«A. sabella:« causes serious economic damages to date palms in several countries.
The infestation starts in spring and the adult females lay their eggs on or near unopened spathes.
After hatching« the young larvae bore into spathes or petioles of young soft fronds. If spathes are
open: the larvae bore into the non-swollen inflorescence. After the inflorescence is swollen: the
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larvae bore and feed on the small flowers and fruits while they are formed. Thus:« the infested fruit
stalks appear without fruits. The most significant sign of infestation with this pest is the presence of
tunnels filled with the larvae faeces and other plant matter. During feeding on the palm parts:« the

larvae spin silk threads in which the dark coloured faeces are suspended.

Description and life history:

The greater date moth is a medium sized and 18 mm long. Its light brown head and thorax
and silvery white abdomen characterize it. The wingspan is about 33 - 35 mm in the male and wider
in the female 40 - 42 mm. The egg of GDM is creamy white in colour« spherical in shape and 0.20.3-
mm in diameter. The larva is reddish brown with black or reddish brown colour head. The first and
second thoracic rings are dark brown with a long bristle on each. The second abdominal segment
has lateral yellow spots and the remaining segments each have four dark brown spots dorsally each

with a long seta. The fully-grown larva is 20 - 23 mm long and moves quickly.

Control Measures:

1. Chemical Control:

The chemical control programme using against The Lesser Date Moth« Batrachedra amydraula
can be used also against the Greater Date Moth« Arenipses sabella because both insect pests are
present on date palms at the same time. The same pesticides in that programme can be used as

well.

2. Biological Control

There are plentiful of pseudoscorpiones¢« which prey on the larvae of the GDM« A. sabella:
e.g. Chelifer spinipalpis Redikorzev (Family: Cheliferidae). In addition< he mentioned that there
are several species of Braconidae parasitoids were recorded on the GDM: A. sabella< such as

Phanerotoma ocularis Kohlc Macrocentrus sp. and Apanteles sp.

Distribution:

It is believed that the origin of the Red Palm Weevil (RPW)< Rhynchophorus
ferrugineus(Coleoptera: Curculionidae) is India« therefore it is called the Indian Palm Weevil. It is
essentially a pest of different species of palms. RPW is common in the Indian peninsula as well as
South EastAsia thatis why itis sometimes called« “Asiatic Palm Weevil”. Itis presentin India« Pakistan«
Bangladesh« Malaysia« Laos« Cambodia« Indonesia« Sri Lanka« Thailand« Vietnam« Taiwan« Burmac
Philippines and China. During the last two decades: this pest began to spread into many areas in the
world. It is recorded in Iran< Bahrain«< Saudi Arabia¢« United Arab Emirates« Egypt« Algeria and Spain.
RPW was reported from the Canary Islands (Murcia« Islas Baleares« and Islas Canarias) since 2007;
from Jordan and West Bank since 1999; from Italy since 2004 (Campania« Lazio« Puglia< Sardegna«
Sicilia« Toscana)< from Turkey since 2005 (Mersin province)« from Cyprus since 2006« from France
since 2006 (Corse« Provence-Alpes-Cote d’Azur)< and from Greece since 2006 (Kritic Rhodos). In
Oceania< RPW was recorded from Australia (isolated record in Queensland)« Papua New Guinea«
Solomon Islands¢« Western Samoa« and New Caledonia (Wattanapongsiri 1966). Table (1) illustrates
the first record of the red palm weevil in the Gulf Cooperation Council (GCC) countries
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and Egypt. In Oman:« the first record of an infestation by the RPW:« R. ferrugineus« was in 1993 in the
border areas with UAE in Governorate of Al Buraimi in Wilayats (Al Buraimi and Mahdhah). Later
on« other infestations with the RPW were recorded in both Musandam governorate and in some of

the mountain villages in Wilayat Shinas in Al Batinah region.

Table (1): The first record of Rhynchophorus ferrugineus
in GCC countries and Egypt

Country First Area/Location Reference
Recorded Infested
UAE 1985 Rass El Khaima AOAD* (1995)
FAO*™ (1995)
Saudi Arabia 1986 Qateef AL-ABDULMOHSIN
(1987)
Qatar 1989 Doha Abdallah (1997)
Egypt 1992 Ismaelyia and Sharkyia Cox (1993)
Kuwait 1993 Throughout FAO ** (1995)
Oman 1993 Buraimi and Mahdah Al-Kaabi (1993)
1994 Musandam
Bahrain 1995 Bahrain Hamdi (1998)

AOAD * Arab Organization for Agricultural Development
FAO ** Food and Agriculture Organization

Economic Importance:

The RPW:« R. ferrugineus: is considered one of the most dangerous and destructive pests
attacking the date palms. The larvae cause the main damages whereas the adult weevils oviposit
in the available places or dig a little to deposit their eggs« so that they do not cause harmful effects
in comparison to the larvae. The larvae of this pest devour the inner living tissues of the palm trunk
producing tunnels in all directions including all the inner parts of the trunk. After infestation« the
infested palms become brittle and breakable under a gush of wind or other external forces.

Description and life history:

The adult weevils are rusty red in colour< between 3540- mm in length and 1214- mm in
width. It has a long curved rostrum (snout)< which carries on its end the chewing mouthpieces with
the antennae at its base. The head and rostrum comprise about one-third of the total length. The
rostrum upper side is reddish brown in colour and dark brown under side. The adult male can be
differentiated from the female by the presence of a patch of short brownish hairs on the dorsal apical
part of the rostrum of the male« which are absent in the female. The rostrum of the female is also little
longer« more slender and curved than that of the male. On the dorsal thoracic area« there are black
spots¢« which vary in number and shape from one adult weevil to another. The newly emerged adult
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weevils are light orange in colour and their colour turn to reddish brown as they advance in age. The
forewings are deep red in colour and do not cover the whole abdomen.

The larvae have yellowish white colour and are legless with deep red heads and mouthparts that
are well developed and strongly chitinized with extremely powerful mandibles. They are cylindrical
in shape with slightly curved bodies having many curvatures. They are fleshy from the centre with
slightly elongated abdominal ends. The average length of fully-grown larvae is between 50 to 65 mm
and the mean width is 20 mm in the middle. The larval stage has five instars; however: Jaya et al.
(2000) recorded seven larval instars when R. ferrugineus was reared on sugarcane. The fully-grown
larva constructs a cylindrically shaped cocoon out of the palm fibres in which it pupates. The pupal
case can range in length from 50 - 95 mm and in width from 25 - 40 mm. The average length of
pupae is 35 mm and the average width is 15 mm. The pupa is initially cream coloured but later turns
brown. It has a shiny surface« which is strongly furrowed and reticulated. The different stages of the
RPW: R. ferrugineus:« (eggs-larvae-pupas-adults): can be occur simultaneously inside the infested
palm trunk. Murphy and Biscoe (1999) mentioned that the female of the RPW deposits 127 to 350
eggs with an average of 250 eggs during its life span.

Control Measures:

It is worth mentioning that the Ministry of Agriculture and Fisheries (MOAF) in Oman has
implemented immediate and effective measures to combat the RPW:«R. ferrugineus« once discovered
in their sites. If these measures are not taken« then this dangerous pest could spread all-over the
date palms groves in Oman.

One of the most important and effective control measures during the first three years after discovery
of the RPW infestation in Oman was the removal of several infested date palms in these regions.
The total number of eradicated infested date palms was approximately 2782 date palms from 1994
to 2003« of which the greatest number was in the first three years after infestation (from 1994 to
1997). A total of 1604 date palms had been removed with 78% of them (1249 palm trees) eradicated
from A'Dhahirah region in Wilayats Al Buraimi and Mahdhah« which were the regions where RPW
was discovered first. During 10 years« from 1994 to 2003« a total number of 12409 date palms were
treated with chemical pesticides against infestation of RPW.

|. Legislative Control:

In this scope appears the importance of legislations and laws in limiting the spread of the
pest to new areas in the country through transport or import of infested offshoots. The MOAF in
Oman pioneered in issuing legislations and laws since the early detection of this pest in some border
provinces.

[I. Mechanical Control:

1. Removing and burning the heavily infested palms:

All heavily infested date palms should be exterminated to prevent becoming the centre of
spread and transfer of the infestation to intact date palms. Complete burning of the affected date
palms« should result in the killing of all the stages of the RPW living inside the palm. It is observed
that partial burning of the infested palm trunk cutting would not kill the RPW stages inside them.
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2. Collecting and eradicating the adults of RPW« R. ferrugineus

Intensive mass trapping systems can be used to collect large numbers of the adult weevils of
RPW and to kill them. These traps and the used pheromone and baits will be discussed later under
the behavioural control measures. Parts of the trunk of the sago palm in the form of discs can also
be used as traps to attract the adult weevils during their active period to collect and kill them.

3. Collecting the adults of the fruit stalk borers< Oryctes spp.

Because of the finding and observations of many authors that the fruit stalk borers< Oryctes
spp.¢« prepare the entry for thec Rhynchophorus ferrugineus (RPW) infestation« killing them can be
an indirect measure to decrease the infestation. In this respect: light traps can be used to attract and
collect the adult beetles of the fruit stalk borers and then burning them.

V. Chemical Control:

1. Spraying the date palms:

All date palms in the affected places whether infested with RPW or not should be sprayed

after determining the seasons of RPW activity period in each area. The spraying is a thorough rinse
of the date palms trunks in order to penetrate the leaf bases and twigs as much as possible. The
spraying programme should be in the affected area and within an area of one kilometre from the
outermost infested palms« which is the distance expected to be travelled by the adult weevils.
The following are some of the chemical insecticides¢ which can be used in these preventive
programmes: taking into consideration the processes of spraying or dusting: Fenitrothion (Sumithion®
50%) or Isoxathion (Karphos® 50%). The spraying programme should be suspended during the
pollination of the palms and in case of productive palms for a period of not less than two months
before harvesting the dates.

2. Treatment of offshoots

The date palm offshoots are immersed in one of the previously mentioned insecticides« which
used in spraying the date palms:« for 5 - 10 minutes until the offshoots fibres are saturated with the

insecticide in order to kill all the stages of the RPW in the offshoots. The entire offshoot can be
dusted after planting with the insecticides mentioned earlier under dusting palms.

3. Injection of the infested date palms

This programme is used to treat recent and moderate (superficial) infestation. When an
infestation is detected on the date palm trunk in one or more points« three vertical holes are drilled
in the trunk; one in the exudate pore« one above it and the third below itc each at a distance of 20
centimetres from the central hole. A drilling machine using a drill bit of 40 cm length and 1.9 cm
diameter is used to make the holes. Each hole should be from 30 to 35 cm deep and at a 30 degrees
angle from the horizontal. A plastic tube of a length of 45 cm and a diameter of 1.3 cm is inserted in
the hole to pour or to inject the insecticide into the palm at a rate of 50 cm3 for each hole. When the
insecticide solution has penetrated into the trunk:« the tubes are removed and the holes are sealed
with mud.
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4. Root application

This method is used in the beginning of the infestation with RPW. This method is implemented
by digging around the infested date palm to find a major and active root« which is then cut with a
sharp knife in a horizontal and circular manner. The exposed end is placed in a polyethylene bag
filled with a mixture of one of the systemic insecticides in the concentration of 3.5 -4 grams of the
active ingredient with 100 -150 ml water for each root. The root end should be checked for complete
immersion in the insecticide solution in order to properly absorb the insecticide. It was found that the
root could absorb the insecticide in a period of 24- 48 hours.

V. Behaviour Control:

The behaviour control is considered one of the most important elements in the integrated
management (IPM) programme of the RPW. This method depends on trapping large numbers of the
adult weevils in what is called “the mass trapping system” which would lead to actually lower pest
populations. This is done by using special traps with the RPW aggregation pheromone in addition to
Kairomones« which are RPW-attractive food substances.

Pheromone traps to attract the adults of RPW

In Oman« Abdallah and Al-Khatri (2000 and 2005) investigated the effect of the attracting substance
and the shape of the trap on attracting the RPW. They found that the open trap« which is not covered
with burlap« i.e. just a 7 litres plastic container containing the following: attracting material (1 kilogram
dates+5 litres of water+5 grams yeast) + aggregation pheromone of the RPW:« was the best of the
tested traps. It attracted the highest number of red palm weevils (males and females) and was less
costly than the traps covered with burlap and side openings. The distance between one tap and the
next was 25 metres. They also mentioned that the bait should be prepared one day before hanging
the pheromone trap to allow sufficient time for fermentation to start.

VI. Biological Control

Many researches have been conducted to utilise the biological control of RPW as a strategy
to eradicate this pest or at least limit its population« thus decreasing the damages to the date palms.
The following are the major studies conducted in the field of biological control of the RPW« R.
ferrugineus: in various countries.

Distribution:

The date palm stem-borer< Jebusea hammerschmidti(Coleoptera: Cerambycidae) is an
important borer pest in date palm groves in the Middle East and India. It spread in Iraq< Saudi
Arabia« Bahrain< UAE« Egypt¢ Algeria¢ Iran and India. In Omanc« this pest is considered of limited
distribution and can only be found in places with neglected palms or weak palms< which are not
been adequately cared for such as regular irrigation« suitable fertilization« trimming and continuous
cleaning of the palms among other processes.
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Economic Importance:

The date palm stem-borer« J. hammerschmidtic prefers to infest neglected date palms« which
had not undergone pruning« in addition to weak or aged palms. It was found that the lower third of
the date palm trunk is more susceptible to infestation than the middle or upper thirds. As mentioned
earlier« the larvae of this pest are the damaging stage. They burrow their tunnels in the frond base
and go down toward the palm base. Generally« the repeated infestations with the stem borer« J.
hammerschmidtic season after season lead to weakening of the trees due to the larval tunnels inside
the stem. The affected trees become breakable« decreasing their productivity« in addition to lowering
the quality of the wood of the infested palms when used in manufacturing.

Description and life history:

The adult beetles of the date palm stem-borer< J. hammerschmidtic are large with reddish
brown colour and extremely long antennae. The male can be differentiated from the female by the
length of the antennae. In the female« the antenna is as long as the body length while in the male
it is generally longer. The female is 30 to 45 mm long while the male is usually smaller< being 26
to 30 mm long. The egg is elongated in shape and white in colour. It is from 3 to 5 mm long and 2
mm wide. The female lays the eggs individually in any cracks in the date palm trunk or on the frond
bases.

The date palm stem-borer< J. hammerschmidtic is univoltine« i.e.c has one generation each year:
like many of Cerambycidae species. The larval stage lasts from 10 to 11 months« which is the
only harmful stage of this pest. The female cuts a small slit in the bark< where she lays an egg. In
addition:« the female can lays its eggs on the date palm stem inside any crevices or cracks. The eggs
hatch after about 15 days and the legless larva (grubs) directly commences digging inside« feeding
as it digs in the frond bases until reaching the stem. The larvae burrow long tunnels inside the stem:
which sometimes reach the middle of it. The larval stage duration is from 10 to 11 months and has
from 3 to 4 larval instars till fully grown.

The adult beetle stage is the only stage that can be detected and controlled easily« in contrast to the
other stages« which live sheltered in their tunnels inside the date palm trunk and are very difficult
to reach and to control chemically or mechanically. The adult beetles of the date palm stem-borer:
J. hammerschmidtic are attracted strongly to light. So« light traps can be used as a measure to
decrease the pest population during their activity period« which extended from May to August.

Control Measures:

1. Mechanical and Cultural Control:

Because the date palm stem borer« J. hammerschmidtic attacks only the weak or neglected
palms:« the cultural control is considered from the most important measure to depend on in controlling
this pest by applying the following:

* Removal of weak and dead palms as well as the remaining palm trunks and incinerating to
kill any larvae they may contain.

* In areas with severe infestation with the date palm stem-borer frond base pruning should
be done from time to time as it helps in eradicating the larvae and eggs depositing sites of
this pest.

* When planting date palms in new groves« we should leave appropriate distances between
the date palms.
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* Using light traps as a mass trapping system: to collect large number of the adult beetles
during their activity period« which extends from May until August.

2. Chemical Control:

There is no specific chemical control programme to control this pest. However< when
necessary« one of the recommended organo-phosphorous insecticides can be used in spraying
the date palms concentrating on the trunks and crown during the period of beetles activity« which
extended for four months from May until August of each year.

Dechambre (1983) mentioned that there are forty known species of Oryctes. Eighteen occur
in the Madagascan region (Madagascar< Comoros«< and Mascarene Islands). From the genus
Oryctus there are several species known to attack the date palm fruit stalks in the Arab countries.
These beetles are called Fruit Stalk Borers. The rhinoceros beetle also belong to the genus Oryctes:
although it differs in the way it infests the date palms from the fruit stalk borer as will be seen later.
The following are the main species of the fruit stalk borers:

This beetle« Oryctes agamemnon:« infests the date palms in India< Pakistan« Iran< Yemen« Iraq:
Saudi Arabia« Qatar< UAE and the Sultanate of Oman (El-Haidari and Al- Hafidh« 1986). The adult
beetles ofc O. agamemnon:« attack the fruit stalks and feed by digging surface tunnels along the stalk
vein to suck the sap from the tissues« leaving them as dry fibres. This leads to the weakness of the
stalk« becoming breakable by the winds and unable to carry the fruits< which wither« shrivel and stay
green. The fruits fall heavily if the stalk is shaken. The adult beetles of all the species of the genus
Oryctes are attracted strongly to light as they are nocturnal insects. During their active time« they
are seen flying after the sunset and during the night toward any artificial light source in the farms. As
for the larvae« they do not cause any significant damages as they live inside the stems of the weak
or dying palms or may live under the surface of the soil rich in decaying organic matter. However:
it was observed that occasionally the larvae present in the soil make deep holes in the frond bases
covered by soil and feed on them.

Description:

The adult insect is characterized by the presence of a dark coloured horn in the anterior of its
head. This horn is usually long in the male and shorter in the female. The body of the adult beetle
of the fruit stalk borer« O. agamemnon: is wider and more convex in shape and less shiny than the
species O. elegans« which will be mentioned later. The upper surface of the body is not smooth
because of the presence of a number of tiny pits on its elytra. The egg is oval in shape and ivory
white in colour. It is 4 mm long and 3 mm wide.

On the other hand« Abdallah and AL-Khatri (2003) found that the activity of the adult beetles of
the fruit stalk borer< O. agamemnon« extended from April to the end of July. The emergence of
the largest number of the adult beetles was recorded during the period from the end of May to the
beginnings of June. The study also showed that the adult beetles of O. agamemnon disappeared in
the second half of July. Thus« the activity of the adult beetles of the fruit stalk borer< O. agamemnon:
in Al Batinah region in Oman extends only for a period of four months.
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Control Measures

1. Mechanical and Cultural Control

* Getting rid of the weak and dying date palms as they are considered the favourable places
for the pest to raise its offspring.

» Getting rid of the decomposing plant debris in the farm and treating their locations with
insecticides to kill the larvae of Oryctus spp.« if present.

* Turning any piles of organic manure periodically to expose the present larvae to the sun
and / or predators.

« Strengthening the palm trees with organic and chemical fertilization.

* Using light traps to attract and trap huge number of adult beetles of Oryctus spp. during
their active period« which extends between April and September annually: i.e. “mass
trapping system”.

2. Chemical Control

Because the breeding sites of Oryctes spp. are distinct and many: the use of insecticides
is useless and costly. In addition« using of chemical insecticides to reduce the population of these
pests and to control them should not be solely relied upon

3. Biological Control:

A fly species has been recorded as a parasitoid on the larvae of the fruit stalk borer< namely
Microphthalma disjuncta (Wiedemann)« (Diptera: Tachinidae). It was found that the female of this
parasitoid lays its eggs on the surface of the bodies of the larvae. After hatching« the larva of the
parasitoid enters the body of the fruit stalk larva (the host< Oryctes spp.) to nourish upon its internal
parts. It was observed that a single larva of the Oryctus spp. could be attacked by several parasitoid
larvae.

The rhinoceros beetle« Oryctes rhinoceros: is the notorious rhinoceros beetle« certainly one
of the most serious pests attacking coconut palms. This pest belongs to the family of scarab beetles:«
Scarabaeidae« as the rest of genus Oryctes mentioned earlier. The larvae of this family are known
as white grubs. It has been spread into all the areas famous for coconut palm cultivation. For this
reason: it is also known as the “Black Coconut Beetle”.

Distribution:

The rhinoceros beetle« O. rhinoceros(Coleoptera: Scarabaeidae): is endemic to the coconut-
growing regions of South and South-East Asia from Pakistan to the Philippines (CIE¢« 1967). It is
spread into the South of China« Pakistan and the South of the Pacific Ocean. It is also present in
Oman:« being one of the most important pests in the southern region« attacking coconut palms. It
also attacks the date palms in the northern wilayats of Oman.

Economic Importance:

Coconut palm (Cocos nucifera) and African oil palm (Elaeis guineensis) are among the most
favourite hosts of the rhinoceros beetle« O. rhinoceros. Besides: it is also known to attack the date
palm (Phoenixdactylifera). Moreover: it also attacks and feeds on some other fruit trees as banana«
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papaya and pineapple« as well as sugar cane plantations. In Mauritius< Bedford (1980) recorded

O. rhinoceros attacks on some ornamental palms such as the royal palm (Roystonearegia): the
latanier palm (Livistona chinensis): the talipot palm (Coryphaumbraculifera)c and the raphia palm
(Raphia ruffia).The adult beetles feed on the young leaves: spathe sheath« green frond bases and
the tender tissues present on the growing apex. The beetles also bore into the young fronds with
unopened leaflets in the central bud« as they bore in the green and tender frond base near the
centre. Therefore« the fronds open showing triangular gashes in them:« as if the leaflets had been cut
with scissors. Accordingly« the damaged fronds appear like a fan or like the letter V after opening.

Description and life history:

The adult of the rhinoceros beetle« O. rhinoceros: is a large beetle with its length reaching
from 35 to 50 mm and 20 -23 mm wide. It is sturdy and stocky. The dorsal surface is shiny black in
colour while the abdominal side is brownish red. The adult beetle has an observable horn on the
front of the head« which in general is longer in the male than in the female« although in this respect
there may be interchange in the two sexes. The males can be differentiated more accurately by
having a rounded shiny terminal abdominal segment while the female has a relatively more hairy tail
than the male. O. rhinoceros has two tubercles on the thoracic ridge. Kinawy (1986) studied the life
cycle of the rhinoceros beetle« O. rhinoceros« under the conditions of the southern region of Oman.
He mentions that the incubation period of the eggs are 11 to 13 days« while the duration of the larval
stage is 80 to 130 days and the pupal stage takes 16 to 28 days under optimal conditions. He also
mentioned that the adult female lays 90 to 100 eggs throughout its life span of six months. Kinawy
states that under the prevailing weather conditions in the southern region of Oman the adult insects
of this pest become active during March and April.

Control Measures:

1. Mechanical and Cultural Control

The farmers should follow some hygiene procedures« which are considered indispensible
and fundamental in controlling this pest. These practices include the following measures:

* Getting rid of the possible breeding sites for the larvae of the rhinoceros beetle« O.
rhinoceros« from palm grooves« which includes manure piles< animal faeces piles< garbage
piles and the trunks of dead palm trees left in the farm.

* Turning the piles of organic manure from time to time is important to kill the existing larvae
by exposing them to the sunshine or predators.

« Examining the above mentioned breeding sites periodically to get rid of the existing larvae
by collecting and eradicating them.

+ Collecting the adult beetles from the crowns of the infested palms by using a slender iron
rod« 5 mm thick and 80 cm long with a spear-like pointed end. The rod is inserted in the
tunnel of the adult beetles to pull the beetles and kill them.

2. Chemical Control

Because of the distinct behaviour of the rhinoceros beetle and the diversity of breeding sites
in the farms« the use of chemical insecticides is considered as expensive and inefficient. In addition«
one cannot rely solely on the chemical insecticides to control and limit the number of this pest.
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3. Biological Control
* The use of Baculovirusvirus

Kinawy (2004) mentioned that 900 adult-inoculated beetles were released during 1989 at six sites
all-over Dhofar plain in the southern region of Oman. Two months after release the incidence
and spread of the virus to local population of O. rhinoceros using the rapid smear technique was
confirmed. He also added that two years after virus introduction a marked reduction in rhinoceros
beetle damage to coconut palms was recorded. Initially the per cent of fronds damage ranged from
24 % to 37 %« and palm damage ranged from 19 % to 43%:- but three years after virus introduction:
the O. rhinoceros beetle’s damage was dramatically reduced to about half. Then« in the fourth: fifth
and sixth years after virus introduction« the percentage of beetle’s damage continued to decrease.
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1y Disinfestation of Dry Dates Using Gamma Rays.
2y Using either Sterile Insect Technique or Inherited F1 Sterility to Control Ephestia spp. and
E. ceratonia in Date Warehouses.
3y Biological Control Using Egg and Larval Parasitoid Togather in Date Warehouses.
4y Using Mating Disruption System (Dismate PE, for Controlling
Ephestia spp. in Date Warehouses .
5y Using the Organic Insecticide Fytomax N (Azadirachtin 1 % of neem oily for Controlling
Ephestia spp. In Date Orchards.
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INTRODUCTION:

The date palmPhoenix dactyliferal. is considered as major crop grown in the Sultanate of
Oman and all Gulf countries. In Oman . it is grown in an area of about 31.4 thousand hectare
c occupying more than 85% of the total fruit area and about 49% of the total agricultural land
(MAF . 2006). The total number of date palms in the Sultanate is about 7.59 million . of which
6.32 million are productive and they produce about 258.6 thousand tons per year (MOA .
2010y. However ( 50.1% of the production is used for human consumption . 20.6% for animal
feed . 17.2% for industrial consumption ( 2.6% for export and 9.4% for others MOA . 2009).
More than 350 varieties of date palms are grown throughout Oman (MOA . 2010.

Date palm plantations have been suffering from a number of important insect pests. More
than 54 arthropod species (insects and mites) are associated with date palm. Some of them such
as dubas bug Ommatissuslybicus Bergevin (Hemiptera: Tropiduchidae) and parlatoria date
scale Parlatoriablanchardi (TargioniTozzettiy(Hemiptera: Diaspididaejattack fronds . and
some such as lesser date moth Batrachedraamydraula Meyer (Lepidoptera: Batrachedridae, .
old world date mite Oligonychusafrasiaticus McGregor (Acari: Tetranychidaejand saw.
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toothed grain beetle Oryzaephilussurinamensis (Linnaeusy (Coleoptera:Cucujidaejattack
fruits. whereasothersattackthemaintrunksuchasredpalmweevilRhynchophorusferrugineus
Olivier (Coleoptera: Curculionidaejand longhorn stem borer JebusaeahammerschmidtiRe
icheColeoptera: CerambycidaeyElwan . 2000; AlL.Khatri . 2004;Kinawy . 2005; Al.Zadjaliet al.
¢ 2006).

Red Palm Weevil RPW)  Rhynchophorusferrugineus. Impact of its occurrence on date palms
and activities of IPM:

[t is a destructive pest of several palm species of economic importance whereas date palm
is one among them. It was first discovered in the Sultanate of Oman in the Wilaya of Mahdha
of Al BuraimiGevernoment in September 1993 and then subsequently reported in Buraimi and
Sinena of the same Governorate and in the Governorate of Musandam and in the Wilayas of
Shinas . Sohar . Saham and Al Khaborah of Al.BatinahNorth Governorate . and in the Wilayas
of Yanqul and Dhank of A'DhairahGovernorate (Abdallah and Al.Khatri . 2005).

The damage to the date palm is caused by the grubs. These grubs make tunnels in the trunk and
feed on the tissues of the date palm. Decay of the tissues results in the production of a foul smell.
While feeding . the grubs make gnawing sound which is often audible. At the point of attack .
thick reddish-brown fluid is putrid and gives a strong acrid odour. At a later stage of attack .
chewed up fibres are also extruded from this hole. The oozing fluid andsor the presence of these
plant fibres provide external evidence of attack by the RPW (Abdallah and Al.Khatri . 2000b.
In very severe infestation the trunk may be hollowed out and the palm dies and topples over.

Since the introduction of RPW in 1993 till 1997 . 3094 date palms were infested by the pest.
Among the infested trees 1604 date palm were eradicated due to heavy infestation which was
about 51.8% of the infested date palm (Al.Khatri . 2004,.

This accidental introduction of RPW lead to pass a quarantine law in the country to stop an
introduction of any plant material from the plant family Palmae in Oman (Al.Khatri . et al.
1998,. In addition . aggregate pheromone traps were used in 1994 as a method of monitoring
and controlling of RPW in order to reduce the high population. The trap consists of 10 litre
plastic bucket covered with gunny and contain four halls on the lade and six holes on the side
of the backed to allow the entrance of the pest. The trap contains 1 kg fermented date fruit as bait
and RPW aggregate pheromone (MAF ( 1995).

A new trunk injection was implemented as a control method of RPW in date palm in 1998. In
this method of application . three holes were drilled into the palm. One hole was drilled at the
oozing point . the second one 20 cm above and the third one 20cm below it. Into each hole .
50 ml of the insecticide . diluted with water at the ratio of 12 ml insecticide to 38ml water . was
poured. This method resulted in successful treatment of RPW infestation to the extent of 100%
mortality (Abdallah and Al.Khatri . 2000b).
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The population dynamics of RPW was also conducted during 1996.1998 season . and the results
showed that the minimum number of insects was recorded during December and January .
whereas . four maximum peaks were found in March . May . August and October (Fig. 1). The
daily activity of RPW population was also studied and the highest activity was recorded during
sunrise and sunset (Al.Khatri and Abdallah . 2003). In addition . by 1999 . a new RPW trap was
introduced. The trap consists of uncovered 10 litre plastic buckets containing 1 kg fermented
date fruit as bait and RPW aggregate pheromone (Abdallah and Al.Khatri . 2000a).
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Fig. 1.Seasonal fluctuation of RPW at Buraimi during February 1996 to January 1997.

On the other hand . Kairomone attractant was introduced to the Pheromone baited trap which
gave more than double catch of adults consisting more females than male. In addition . the
study also revealed that combination of pheromone and kairomone trap could give similar
catch of Pheromone baited trap (Abdallah and Al.Khatri . 2005).

Field trials conducted during the period from December 2006 to March 2008 studied the effect
of trap colour in attracting RPW resulted highly significant differences between trap colours.
Red colour traps attracted the highest mean number of RPW adults that accounted for 26.9%
of total captured of weevils in all traps followed by Green colour trap with 20.6% . Orange
19.7% . Yellow 18.1% and Blue colour traps 14.7%. Moreover . females were recorded to be
attracted more by the Red  Green and Blue colour traps than males (Al Khatriet al. . 2009,.

Integrated Pest Management (IPM) committee for managing RPW was formed in 1998 by the
Ministry of Agriculture and Fisheries . which was responsible for RPW management to form
strategy and provide the necessary requirement needed to implement the IPM programme in
infested areas. In addition . the committee was responsible to monitor the implementation of
IPM programme of RPW and to overcome any problem facing the programme. The programme
was mainly based on monitoring the villages with infested date palms by using aggregate
pheromone traps for monitoring and catching the adults . and also conducting intensive survey
at prexmaximum peaks of the pest where most of the RPW are larva stage. Further.more .
the objective of the programme was to control the infested date palms and eradicate the heavily
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infested that cannot be treated . in order to reduce the pest status level which would in the long
run eradicate the pest in most villages. The infestation level during 1993. 1997 was 3094 date
palms and 51.8% of them were eradicated. However . the implementation of IPM programme
of RPW in 1998 resulted in the reduction of date palms due to eradication: 19.7% eradiation
out of 1997 infested date palm in 1998 and 9.2% eradication out of 23822 infested date palms
during 1999.2011.

The estimated date palms by the beginning of RPW infestation in 1993 was in the areas where
the pest was reported . was 2809711 . that represented 35.1% of the total date palms in the
country and 60.1% of the total date palm in the infested Governorates. By December 2011
. 28913 date palms were infested by RPW . representing 1.0% of the plants from infested
Governorates . and out of infested date palms 4187 date palms were eradicated representing
0.15%. On the other hand . an average of 876 aggregate traps were used from 1994 to 2011 with
total catch of about 483994 adults. As aggregate pheromone traps attract more females than
male (1 male: 1.8 femaley (Abdallah and Al.Khatri . 2005). More than 268886 female weevils
were trapped as they were able to attack and oviposit on date palm and cause damage.

When RPW was found for the first time . 16Wilayas were reported to be infested with the pest
where they represented 35.1% of date palm plantation in the country. By the end of 2011
threeWilayas that represent 11.0% of date palm plantation were found free from the infestation.
However . the monitoring is still continued to confirm the absence of the RPW in the country.
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 Rhynchophorinae) (8,
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Mitochondrial Genetic Variation and invasion History of Red Palm Weevil (RPW)
Rhynchophorus ferrugineus (Coleoptera: Curculionidae) in Middle-East and Mediterranean
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Genetic Variation of Rhynchophorus ferrugineus (Oliviery (Coleoptera: Curculionidaey Using
ITS2rDNA
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Genetic Comparison among Rhynchophorus ferrugineus and Four Rhynchophorus Species
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Abstract:

The red palm weevil. Rhynchophorus ferrugineus (Olivier)y (Curculionidae: Coleopteray.
is not native to the United Arab Emirates (UAE). Since its arrival in 1985. it has been causing
major damage to date palm trees. A primary control strategy has been the use of pheromone
baited traps. The objectives of this study were to determine the quantity of bait. and the best
trap color. to obtain the maximum catch of R. ferrugineus under field conditions in the UAE.
Traps with 100. 300. or 500g of dates as bait collected the same number of R. ferrugineus adults.
Captures in black traps were significantly higher than captures in red. yellow. or white traps.
Thus. using a black pheromone trap containing 100 g of dates can significantly enhance
R. ferrugineus control efforts. and can help considerably in reducing the red palm weevil’s
deleterious impact on date palm production in UAE.

Introduction:

The red palm weevil. Rhynchophorus ferrugineus (Oliviery (Curculionidae:

Coleopteray, was first reported in the United Arab Emirates (UAE) in 1985 (EL.Ezaby et al. 1998,.
Since then. it has become the most important insect pest on date palm trees in the country. This
pest is not native to UAE. and it was inadvertently introduced into the country with imported
infested oftshoots. R. ferrugineus attacks a broad range of palms in southern Asia Murphy
and Brisco 1999). Because the damaging larval stage is concealed. tree injury is often severe
when it is discovered (Abraham et al. 1998). Traps baited with the R. ferrugineus aggregation
pheromone and date fruits are an effective measure to control R. ferrugineus (Abraham et al.
1999; Faleiro 2000y. Since the discovery of R. ferrugineus in UAE. pest control authorities have
used mainly white (and in limited cases yellow) pheromone baited traps. However. no published
research work recommended the use of these two trap colors.

Other reports indicated that black (Hallett et al. 1999). green (Ajlan and Abdulsalam 2000).

and brown.reddish (Sansano et al. 2008, traps collected more R. ferrugineus adults than white
or yellow traps. In the UAE. a study by ALSaoud et al. 2010y showed that red traps collected
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significantly more R. ferrugineus compared to the white and yellow traps. They indicated that
R. ferrugineus adults were more attracted to dark colors. This prompted the investigation of the
use of dark colored traps, and the optimization of the quantity of bait.

The objectives of the current study were to compare the effect of bait quantity on captures
of R. ferrugineus, and to compare the effect of trap color on captures of R. ferrugineus under
field conditions in the UAE. The importance of this study comes from the fact that it marks
the commencement of using black traps in the control of R. ferrugineus in UAE. Although
this color was reported to be attractive to this pest by Hallett et al. (1999, it was not adopted
in UAE, most likely because the trap design was different. It was also possible that different
R. ferrugineus populations might have different responses. In this regard, Salama and Saker
2002y reported finding major differences in DNA fingerprints among morphologically different
forms of R. ferrugineus collected from date plantationsin Egypt. Such genetic differences could
have effects on the response of the adults to semiochemicals (Faleiro 2006).

Materials and Methods:
Study sites:

The experiments were conducted at date palm plantations at ALLAin (24° 16" N, 55° 36"
E), UAE. Plantations were selected based on two criteria: they contained trees of similar ages,
and R. ferrugineus infestation levels were nearly the same. The second factor was determined
based on data from a one_year pheromone trap. Trees in the plantations were under the same
R. ferrugineus integrated pest management (IPM) practices in UAE.

Trap design and installation:

The trap was a 10 L plastic bucket (Figure 1). Trap height was 26 cm, and the diameters of
the top and bottom were 26 and 20 cm, respectively. Each trap and its lid had four equidistant
rectangular (3 x 7 cmy openings to allow R. ferrugineus entrance. The outer surface of the
trap was rough with projections (3 mm, to help R. ferrugineus climb on and enter the trap. Each
trap contained one pheromone dispenser, (P028 Ferrolure+®) containing 700 mg (ChemTica
Int., Costa Ricay, that was attached to the lower surface of the trap lid by a wire, and replaced
monthly. Traps were buried in the ground to the level of the openings. The distance between
traps was 70 m, and each trap was 3.4 m away from the nearest date palm tree.

Each trap contained dates as bait, and water as a fermentation medium. The dates and water
were changed every 15 days.

Bait quantity experiment:

A total of 60 white traps were installed in five locations in the field. Each location was a date
palm plantation in which four treatments (0,100, 300, and 500 g of dates per trap) were tested.
Each trap contained water as a date fermentation medium. Each treatment was represented by
three traps (replications) per location. Captured insects were collected weekly. The experiment
was conducted from May 2009 to June 2010.
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Trap color experiment:

In the current study, the trap color was the color of the plastic material itself (original
colory, whereas in AlSaoud et al. 2010y, the traps were white and experimentally sprayed with
different paints (painted color). A total of 48 traps were installed in four locations in the field.
Each location was a date palm plantation in which four trap colors (white, yellow, red, and
black) were tested. Each trap color was represented by three traps (replications) per location.
Trap surface color values (L*a*b) were measured by a chromameter (Table 1. The L.value is
the lightness variable, and the a and b values are the chromaticity coordinates (redgreen and
blue.yellow, respectively). These three values can be used to define a point in three dimensional
space that characterizes a color in absolute terms. Each trap contained water and 100 g of dates.
Captured insects were collected weekly. The experiment was conducted from May 2009 to
June 2010.

Figure 1. Red palm weevil trap dimensions (left), tested colors (upper right), and trap inside and lid lower right,. High quality figures
are available online.

600-
w
> a
£
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£  400-
k3
o
°  200-
@
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=

0 100 300 500

Amount of dates (g) per trap

Figure 2. Mean (= SEM) number of Rhynchophorus ferrugineus adults per trap captured in pheromone.baited traps containing
different quantities of dates. Bars labeled with different letters are significantly different (p < 0.05). High quality figures are available
online.

Statistical analysis:

Theexperimental design wasarandomized completeblock. Trap catch datawere subjected
to a one.way analysis of variance ANOVA) using the PROC GLM procedure, and the means
were separated by the least significant difference LSD procedure of the SAS statistical software
(SAS2001,.
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Trap color

Figure 3. Mean (+ SEM) number of Rhynchophorus ferrugineus adults per trap captured in pheromone.baited traps of different
colors. Bars labeled with different letters are significantly different (p < 0.05). High quality figures are available online.

Results:
Bait quantity:

Significant differences in the mean number of captured R. ferrugineus adults occurred
between traps containing bait and traps containing water (no baity (F = 34.06; df-3, 18; p <
0.0004y (Figure 2y. The maximum number of R. ferrugineus was collected in traps containing
300 g of dates (512.3y, and was not significantly different from the catch in traps containing 100
g (482.7y0r 500 g (469.3y (t = 0.63, df - 6, p < 0.55; t = .0.92, df = 6, p < 0.3942, respectively). The
minimum number of R. ferrugineus (103 was collected by the trap containing 0 g of dates, and
was significantly different from the traps containing 100, 300, or 500 g of dates (t = 8.10, df = 6, p
<0.0002; t = 8.73, df - 6, p < 0.0001; t = 7.82, df = 6, p < 0.0002, respectively).

Trap color:

Significant differences in the mean total catch of adult R. ferrugineus occurred among
the four trap colors tested (F = 29.26; df = 3, 18; p < 0.0006y (Figure 3). Black traps captured
the maximum number (707.0y of R. ferrugineus, and the catch in black traps was significantly
different from the catch in red, white, and yellow traps (t = 2.66, df = 6, p < 0.0374; t = .7.19,
df - 6, p < 0.0004; t - 8.11, df = 6, p < 0.0002, respectively. The red traps captured fewer R.
ferrugineus (581.3y than black traps, but significantly more than the white (367.3y and yellow
(324.3) traps (t = -4.53, df = 6, p < 0.004; t = .5.44, df - 6, p < 0.0016, respectively). The yellow
traps caught the least R. ferrugineus, but the number was not significantly different from the
catch in white traps (t = 0.91, df - 6, p < 0.3975).

Discussion:

The results of this study showed that using 100 g of dates per trap was sufficient to achieve
good trapping efficacy; however, the catch was not significantly different from that obtained
with 300 or 500 grams per trap. Given the low quality of dates used in traps, and consequently
their low prices, farmers in UAE could afford to use 300 g of dates per trap. It was evident that
exceeding 300 g did not significantly improve trap catch. Therefore, from these results, it is
recommended to add 100 g of dates per trap for optimum trapping efficacy. Fermented dates
emit volatile chemicals that attract adults of R. ferrugineus. Faleiro (2005y emphasized the
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need for using water along with food baits to maintain trap efficacy. The presence of bait
volatiles has a synergistic effect with the R. ferrugineus pheromone (ferrugineol) placed in
the trap (Hallett et al. 1999). In our study, using water with no dates resulted in capturing
significantly fewer R. ferrugineus, despite the presence of aggregation pheromone. Similarly, in
an experiment in which the quantity of a food bait (coconut petiole) ranged from 0 to 500 grams
per trap, Faleiro (2005y reported that using 200 g per trap was sufficient to maintain good
trapping efficacy. Trap color affects the efficacy of R. ferrugineus pheromone traps (Hallett et
al. 1999; Ajlan and Abdulsalam 2000; Sansano et al. 2008; Al.Saoud et al. 2010y. The results of
this study indicated that black was the most attractive color for trapping R. ferrugineus adults.
The catch in black traps was 1.9 times higher than the catch in white traps. Because white traps
are currently used in UAE date palm farms, these higher capture numbers indicate that using
black traps could almost double trapping efficacy. From an insect management standpoint,
this is a major trapping improvement that is expected to significantly reduce the population
size of this major pest in UAE. According to the chromameter color values, it is likely that R.
ferrugineus adults were attracted to the colors with low L.values. In the current study, black was
the darkest color, and had the lowest Lvalue. Based on these results, trap surfaces with lower
L.values should be tested in future studies in order to determine if darker surfaces can further
improve trap attraction. In conclusion, using a black pheromone trap containing 100 g of
dates can give better control results and, eventually, will likely contribute to a significant
reduction in the population of R. ferrugineus. This trap is an excellent tool in the management
of R. ferrugineus because it is an environmentally sound control device that does not generate
chemical pollution, or lead to insecticide resistance problems.
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Abstract:

Several soilborne fungi were isolated from root rots of date palm trees and offshoots,
including: Fusarium oxysporum, F. moniliforme, F. solani, Thilaviopsis paradoxa,
Botryodiplodia theobromae and Rhizoctonia solani. Invitro testing, the efficacy of plant extract
Marjoram at 100% was the most effective against pathogenic fungi, while garlic as essential oil
at 500 ppm and jojoba as fixed oil at 500 ppm were the most effective against pathogenic fungi.
Plant.Guard at 3.5 ml/L was the most effective against pathogenic fungi. Topsin M70 was the
most effective against pathogenic fungi in vitro. In greenhouse Topsin M70 was the most
effective to decreased root rot of date palm.

Key Words: Date palm, soil borne fungi, root rot, plant extracts, essential oils, fixed oils,
biofungicides, fungicides.

*Corresponding author. E-mail: drkhaledarafat@yahoo.com

Introduction

The mostimportant pathogens ofrootrot (decline) disease in date palm treesand offshoots
(Phoenix dactylifera L.) were Fusarium oxysporum; F. solani; F. moniliforme; F. equiseti;
Phoma sp..; Alternaria sp.; Cladosporium sp.; Macrophomina phaseolina; Thielaviopsis
paradoxa; Diplodia phoenicum; Phomopsis phoenicola, F. semitectium, Rhizoctonia solani
and Chaetomium sp. (El- Deep et al., 2007; Samir et al., 2009; Arafat et al., 2012). Synthetic
fungicides are helpful to sustain crop production by protecting plants from fungal diseases, but
resistance to fungicides is one of critical causes of poor disease control of agriculture Therefore
developing alternative agents for the control of pathogenic fungal diseases in plants (Aguin et
al., 2006). Is needed several researchers have shown that plant extracts may control anamorphic
fungal plant pathogens (Parveen and Kumar, 2000; Bhatm, 2001; Agrios, 2005). Biological
control of fungal plant pathogens appears as an attractive and realistic approach, and numerous
microorganisms have been identified as biocontrol agents. A considerable role in limiting the
populations of these pathogenic fungi inhabiting the aboveground parts of plants is played by
antagonistic microorganisms. Such properties are first of all exposed by the fungi Trichoderma
and Gliocladium. (Kaewchai and Soytong, 2010) mentioned that application of different bio-
agents to the soil under greenhouse conditions, to control the root rotting fungi revealed that
the plant irrigated with water, containing B. subtilis 2.5 gr1.1, decreased the disease severity
over control. Trichoderma is recognized as a successful saprophytic fungus, besides being
reported as a parasite on other fungi. Dhahira and Qadri (2010) found that the conventional
chemical control measures are unable to provide total control. Hence,

161



k

N
’\:T

)
Y7

i

antagonistic microorganisms were evaluated individually and in combinations for their bio-
control potential against Fusarium spp., which caused a serious problem due to rampant
incidence of root rot disease in mulberry trees (Morus indica L.). The best treatment was a
combination of Trichoderma spp. and the treatment was more effective, when the application
of biocontrol agents were taken up at the initial stages of infection. Ammar (2007) reported that,
applied Carbendazim fungicide as soil drench was the most effective in disease severity when
used against Fusarium oxysporum, which caused corm rots and wilt of banana. Srivastava et al.
(2010y reported that, the radial growth of F. oxysporum f.sp. psidiiwas inhibited at high and low
concentrations of carbendazium 50% WP. The aim of this research was to examine some plant
extracts, natural oils, biofungicides and fungicides against root rot disease of date palm.

Materials and methods:

Source of pathogenic fungi:

A pathogenic fungi isolates of Fusarium oxysproum Schlecht, Fusarium solani (Mort.y
sacc, Fusarium moniliforme Sheldon, Botryodiplodia theobrome Pat, Thielaviopsis thielavioides
Peyr. and Rhizoctonia solaniKuhn. obtained by Arafat et al. (2012) from infected root rot of date
palm (Phoenix dactylifera L.yand confirmed as pathogenic fungi were used in present study.

Plant extracts:

Four plant materials were used in this experiment namely, Basil (Ocimum basilicum L.),
Marjoram (Origanum majorana L.y, Peppermint (Mentha piperita L.) and Spearmint (Mentha
spicata L.) as dried leaves. Plant materials were obtained from Gelcy Agro Organic Co. Giza,
Egypt. Derided leaves (2 .8mm) were further homogenized into a paste of each leaf with a blender
and extracted by two methods (cold or hot extracty according to (Wokocha and Okereke, 2005).

Antifungal activity of plant extracts on the mycelial growth inhibition of the pathogenic fungi
in vitro

Five concentrations of each test plant extracts, i. e. (0, 25, 50, 75, and 100%) were used. Effect
of plant extracts (cold or hoty on mycelia extension of the pathogenic fungi were obtained
by placing one disc (5 mm diameter) of active cultures in each of five Petri dishes with PDA
medium and leaf extract. The control was set up with sterile distilled water. Five replicates plates
of leaf extract agar per isolate were incubated at (252°+Cy. Mycelial growth inhibition is taken
as growth of the fungus on the leaf extract agar expressed as percentage of growth on the PDA
as followed: %MGI - DC - DT s DC X 100 Where: %MGI = % Inhibition of mycelial growth,
DC - diameter of control, DT - diameter of test. Extracts were rated for their inhibitory effects
using the scale described by (Sangoyoni, 2004).

Natural oils:

Puregrade of essential oils, i.e. onion (Allium cepa L.y, garlic (Allium sativum L.yand clove
(Syzygium aromaticum L.ywere obtained from Haraz Factory for Natural Oils, Cairo.Egypt.
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Puregrade of fixed oils, i.e. Rocket (Eruca sativa L.y, Sesame (Sesamum indicum L.) and Jojoba
(Simmondsia chinensis L.y were obtained from El Baraka Factory for Natural oils, Hurghada.

Egypt.

Effect of natural oils on mycelial growth inhibition in vitro

Antifungal activity on pathogenic fungi colony development were obtained by dilution method
0, 25, 50, 100 and 500 ppm, of essential or fixed oils in the appropriate culture media.PDA.
The oils were dissolved in 5% Tween 20 and added to the 20 ml of PDA before solidified
into Petri dish. One disc (0.5 cm diametery of mycelial plug, taken from the edge of active
cultures, was placed into the Petri dish. Controls consisted of 5% Tween 20 mixed with PDA
and were handled similarly with the exception of the volatile treatment. Five replications of
each treatment were tested and the average was calculated. Control sets were simultaneously
run without using the essential or fixed oils. Inhibition and efficacy were measure as described
before.

Bioassay of commercial bioagents formulation on growth inhibition of pathogenic fungi in
vitro

Four commercial bioagents were used in this experiments viz., Biozeid (Trichoderma album,
10X106 sporesrml, Bio.Arc (Bacillus megaterium, 25X106 cellsml, Plant Guard (Trichoderma
herzianumy30X106 spores/ml, Rhizo.N (Bacillus subtilusy30X106 cell/ml. Three concentrations
of each test commercial bioagents, i. e, 1.25, 2.5 and 3.5 g s L. for Biozeid and Bioarc; 3, 4
and 5 g L. for Rhizo.N while; 1.25, 2.5 and 3.5 ml s L. for Plant guard, were used. Bioassay of
bioagents activities on pathogenic fungi colony development were obtained by dilution method
different concentrations of bioagents in the appropriate culture media.PDA. The bioagents
were dissolved in sterile distilled water SDW) and added to the 20 ml of PDA before being
solidified into Petri dish. One disc (0.5 cm diameter) of mycelial plug, taken from the edge of
active cultures, was placed into the Petri dish. Controls consisted of SDW mixed with PDA
and were handled similarly with the exception of the fixed oil treatment. Five replications of
each treatment were tested and the average was calculated. Control sets were simultaneously run
without using the bioagents formulations. Inhibition and efficacy were measure as described
before.

Chemical control

Six fungicides were used in this study viz., Thiophanate methyl (Topsin M70/WP
70%), Carbendazime (Kema.Z/WP50%), Carboxin thiram (VitavaxyWP75%,, Hymexazol
(TachigarensWP30%), Flutolanil Moncut/WP25%) and Pencycuron (Monceren WP25%;.

Effect of fungicides on mycelial linear growth of pathogenic fungi:

Six concentrations of each test fungicide, i.e. 5, 10, 50, 100, 500 and 1000 ppm based on the
active ingredient of each fungicide were used in vitro. Effect of fungicides on mycelia extension
of the pathogenic fungi was obtained as mentioned before.
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Date palm root rot disease control with different treatments in greenhouse:

Biological control (abiotic or bioticy and fungicides were used in these experiments. The
most effective bioagent abiotic or bioticy and chemical formulation were applied in greenhouse
according to the results in vitro. The most effective treatments in vitro of plant extracts, natural
oils, biofungicides and fungicides were used in two experiments. All treatments were treated as
a soil drench to control root rot diseases of date palm seedlings var. Zaghloul. The experiment
was divided into two treatments according to the treating time of the control agent and the
pathogenic fungi. In section 1, of treatment, the control agent was applied three days before
pathogenic fungal inoculation. In section 2, of treatment the control agent was applied three
days after the pathogenic fungal inoculation. Control treatments pathogenic fungal inoculation
without any treatments. Data were recorded after complete death of the treated plants in the
control treatment. The recorded data were calculated as disease severity while was previously
explained at the end of the pathogenicity test according to Arafat et al., (2012). The calculated
data were converting into reduction in disease severity percentage according to Abdalla et al.
(2000) and Abdullah et al. (2003a). The experiments were repeated twice. The data was displayed
in means after analysis of the last significant difference at 95% (LSD<0.05) by Co.Stat Program
(version 8.0).

Results:

Antifungal activity of plant extracts on the mycelial growth inhibition of the
pathogenic fungi in vitro:

Evaluation of plant extracts (aqueous by cold water) on root rot disease incidence was
carried out under in vitro conditions. Data presented in Table (1) show that increasing all
plant extracts concentration decreased the myecelial linear growth of pathogenic fungi tested.
Marjoram and basil were the most effective plant extracts against all soil-borne pathogenic fungi
ranged (17.20 and 16.99% reduction mycelial linear growth respectively), while Peppermint and
Spearmint were the least effective plant extracts against all soil.borne pathogenic fungi (12.84
and 4.61% respectivelyy. According to rate plant extracts for their inhibitory effects using the
scale, to determine the efficacy%, Basil, Marjoram and Peppermint were the moderately effective
(++) against pathogenic fungi at 75 and 100% respectively, while Spearmint the slightly effect (+)
at all concentrations.

Evaluation of plant extracts aqueous by hot watery on pathogenic fungi were carried out
under in vifro conditions. Data in Table (2y show that Marjoram plant extract was the most
effective against soil.borne pathogenic fungi, ranged (13.18% reduction growth), followed by
Basil, Peppermint (11.83 and 10.04% respectively), while Spearmint was the weak effective on
pathogenic fungi (3.70%). Marjoram was the moderate effective against soil.borne pathogenic
fungi (%Efficacy ++) at high concentration (100%.
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Effect of natural oils on mycelial growth inhibition in vitro:

Different concentrations i. e., 25, 50, 75 and 100 ppm of three plant essential oils, viz.
Garlic, Onion and Clove were evaluated for efficiency in suppressing growth of the soil.borne
pathogenic fungi. Data in Table (3) show that all tested plant essential oils significantly reduced
the mycelial linear growth of pathogenic fungi tested compared to control. The growth of the
fungi decreased with increasing the concentration of plant essential oils. The most effective
concentration was 500 ppm ranged (60.58% reduction growth,, followed by 100 ppm (44.01%.
While 50 ppm (30.78%;. On the other hand 25 ppm was the least effective on growth of fungi
(18.81%) compared with control. Garlic essential oil was the most effective against growth of
pathogenic fungi ranged (36.02%), followed by clove oil (32.38%,, while the least effect against
growth was the onion oil (24.36%). According to rate of essential oils for their inhibitory effects
using the scale, to determine the efficacy%, Garlic was effective against growth of pathogenic
fungiat 100 and 500 ppm (+++ and +++), while clove moderately effective at 500 ppm (++) and the
least effective was onion at 500 ppm++) moderately effective.

Plant fixed oils, viz. Jojoba, Rocket and Sesame at different concentrations were evaluated for
efficiencyin suppressing mycelial growth of the soil.borne pathogenic fungi tested. Datain Table
4) show that Jojoba was the most effective against mycelial linear growth of pathogenic fungi
ranged (35.99% reduction growth), followed by Rocket (21.06%,, while the least effective on
growth was Sesame (9.44%). On the other hand, all concentrations were significantly reduced
the growth of pathogenic fungi, conc. 500 ppm ranged (45.76%) followed by conc. 100 ppm
(31.26%), conc. 50 ppm (20.56%) and conc. 25 ppm (13.27%) compared with control.

Bioassay of commercial bioagents formulation on linear growth of pathogenic fungi in vitro

Four commercial bioagents formulations were tested to determine the most effective against
soilborne pathogenic fungi. Data in Table (5) indicate that Plant.Guard was the most effective
against growth of pathogenic fungi ranged (41.93% reduction growth), followed by Rhizo.N
(35.19%). On the other hand, Bioarc and Biozeid were the least effective against growth of
fungi (24.44 and 19.86%, respectively). However, mycelial linear growth was decreased with
increasing the concentration of bioagents. Plant.Guard was the most effective at normal and
high contractions (+++), followed by Rhizo.N (++) was moderately effective, while Bio.arc and
Biozeid were the weak effective (++).

Chemical control:
Effect of fungicides on myceial linear growth of pathogenic fungi in vitro:

Data presented in Table 6y indicate that all the tested fungicides reduced the mycelial
linear growth of soil.borne pathogenic fungi in vitro. All the tested concentrations of fungicides
significantly reduced the linear growth of tested fungi compared with the control treatment.
Topsin M70 was the most effective fungicide against growth ranged (66.12% reduction growth,,
followed by kemaz (59.30%), the moderately effective were Tachigaren and Vitavax scored
(53.02 and 46.75% respectively), while Moncut and Monceren fungicides were the least effective
against growth of fungi (25.29 and 24.75%, respectivelyy, compared with control.
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Date palm root rot diseases control with different treatment in greenhouse:
1. Before inoculation with pathogenic fungi:

Results in Table (7) show that all tested fungicides and bioagents (biotic and abiotic,
reduced disease severity of root rot disease on date palm seedlings var. Zaghloul. Soil drench
with the tested materials three days before inoculation by the soil.borne pathogenic fungi
proved to be good treatment in reducing disease severity compared with soil drench after three
days of inoculation. Topsin M70 fungicide was the most effective against pathogenic fungi,
viz. F. oxysporum, F. monliforme, F. solani, T. paradoxa, B. theobromae and R. solaniunder
greenhouse conditions (87.68, 87.16, 86.62, 83.82 72.65 and 59.30% reduction disease severity,
respectively), followed by Kema.Z fungicide, while Jojoba fixed oil was moderately effective,
followed by Vitavax, Tachigaren and Moncut, while Garlic essential oil, Plant-Guard bioagent
biotic, Monceren fungicide and Marjoram plant extract were the least effective against disease
severity, compared with control treatment. On the other hand, all the tested concentrations of
different treatments were significantly reduced the disease severity of tested fungi compared to
control treatment.

2. After inoculation with pathogenic fungi:

Results in Table (8y show that all tested fungicides and bioagents (biotic and abiotic,
reduced disease severity of root rot disease on date palm seedlings cv. Zaghloul. Soil drench
with the tested materials three days after inoculation by the soil.borne pathogenic fungi proved
to be good treatment in reducing disease severity compared with soil drench before three
days of inoculation. Topsin M70 fungicide was the most effective to reduced disease severity
against all fungi tested viz. F. oxysporum, F. solani, F. monliforme, T. paradoxa, R. solani
and B. theobromae under greenhouse conditions (88.44, 85.75, 83.70, 80.94 61.59 and 59.75%
reduction disease severity, respectively), followed by Kema.Z, while Jojoba fixed oil, Tachigaren,
Moncut and Vitavax fungicides were the moderately effective treatments against disease
severity respectively. On the other hand, Garlic essential oil, Moncut fungicide, Marjoram plant
extract and Plant.Guard biotic agent were the least effective against disease severity respectively,
compared to control. On the other hand, high concentration was the most effective against
disease severity.
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Table {1): Efect of some plant extracts aqueous (cold water) on linear growth of pathogenic fungal in witro.
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% thon I lim r h
Plant extracts Conc.™ Iz corys porum JF. En...__u__,ndlmﬂ_hn a“a__un._inﬂ.r EEHMMM; T. Paradoxa | R. solani Mean  [Efficacy
.00 .00 .00 0,04 0.00 000 .04 0.00
(25.00 14.44 10.74 3.70 519 10,74 14,07 9.81 +
Basil 50.00 27.78 16.57 9,26 778 16.30 20.74 16.42 .
75.00 37.41 27.04 2037 14.07 28.52 24.07 25.25 -+
100.00 4630 32.59 2519 18.89 40.00 37.78 33.46 -+
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2500 9.63 9.6 B8.89 889 T.04 B.52 8.7 +
Marjoram 50 0o 11.48 20.37 18.89 11.11 17.42 18.89 16.36 +
75.00 27.79 28.89 2963 27.78 79,26 21.48 27.47 ++
100.00 40.00 32.96 35.93 33.33 31.48 27.04 33.46 -
0.0 0. 00 000 0,04 0.00 000 .00 0.00
B 25.00 3.33 5.93 2,96 0.00 296 12.22 4,57 +
m% Peppermint 5000 6.67 17.41 1333 852 14,07 19.26 13.21 +
= 75.00 17.41 24.07 2037 17.78 20.37 23.33 20.56 -+
3 100.00 28.15 2333 2815 19.63 29.26 26.67 25.87 -
= 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
'WJJ 2500 0. 00 .00 0.0 0.00 000 0.0 0.00 -
2 Spearmint 50000 2.59 3.70 0,00 0.00 0.00 445 1.79 *
Hw 75.00 7.78 7.78 2,96 593 519 15.56 7.53 +
3 100.00 12.22 16.30 7.41 16.67 963 20.00 13.71 +
M Mean 14.65 13.85 1135 978 13.11 14.70 12.91



w,\m%“” Table (2): Effect of some plant extracts aqueous (hot water) on linear growth of pathogenic fungal in vitro
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Plant extracts Conc.% [E axysporum|F. Eﬂ.mﬁﬂ_,ﬂ-wmmﬁ_mﬁ ,“ th_mzni o E________,w, Paradoxa | R.solani Men  ficacy
0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00
2500 1037 4.44 2.22 222 8.15 10.37 630 +
Basil 50.00 1481 8.89 3.70 444 14,07 16.67 10.43 .
7500 2519 13.00 14.81 12.22 22.59 20.00 18.09 +
100.00 30.00 17.04 2424 13.33 271.78 33.70 24.35 -
0.00 0.00 .00 0.00 000 000 0,00 000
25.00 8.15 5,56 7.04 7A1 481 7.04 667 +
Marjoram |59 g 11.11 13.70 12.96 9.26 14.44 16.30 12.96 +
75.00 25.19 1741 1444 19.63 24.07 17.41 19.69 +
100.00 3667 20.74 2185 30.33 25.19 24.81 26.60 -
0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00
25.00 1.85 2.97 2.2 0.00 222 963 315 .
mw Peppermint |50 oo 3.07 13.70 1148 630 12.59 15.19 10.39 .
= 175.00 11.11 19.26 14.81 16.30 17.78 1.1 16.73 .
” 100.00 18.15 2037 20,00 18.15 19.63 23.33 19.94 .
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 :
P! 25.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 Spearmint (5009 2.96 3.33 0.00 0.00 0.00 222 142 .
M 75.00 8.89 4.44 2.22 481 370 13.33 623 .
M 100.00 14.07 9,26 4.44 12.59 8.15 16.67 10.86 .
= Mean 11.08 8.74 7.82 785 10.26 12.39 9.69
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Table (3): Effect of some essential oils on linear growth of pathogenic fungal in vitro

Essentialoils | Conc.ppm F. oxysporum | F. Ecz_,ﬁnhnmm_ﬁ“:nﬂwam_w_h““”uﬂ‘ Paradoxa | R. solani Mean [ fficacy’s
0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 | -
25,00 25.56 22 297 1953 21.85 667 | 1982 | +
Garlic  |50,09 1A 30.75 21.07 36.30 41.48 M85 | 1376 | +
100.00 54.93 50.74 31.48 50,00 52.22 6300 | 5051 | ++
500.00 19.26 .11 46.30 81.11 88.15 9000 | 7599 |
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
25.00 14.81 1333 16,67 10.74 14.81 1414 | 1408 | +
Onion 150,00 181 2889 21.28 2444 19.63 2778 | 2541 | +
100.00 35.56 2926 38.15 3657 36.67 W04 | 3556 | +
500.00 44.07 3704 51.11 47 A1 49.26 5101 | 4667 | +
0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 | -
25.00 29.63 19.26 31.85 1431 18.89 037 | 41| +
Clove 150,09 241 27 1 39.26 2852 21.18 185 | 3281 | +
100.00 56.67 4389 53.33 40.00 38.89 4104 | 4141 | =
500.00 83.70 5407 61.11 4963 50.74 5519 | 5907 | 4+
Mean 34.83 2886 28.04 2928 30.69 3378 | 3082
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Fixed oils | Conc.ppm " X Reducthe a.w.nmw_ Inar grovth — Mean |
F. oxysporum| F. moniliforme | F.solani |B. theobromae| T. Paradoxa | R. solani

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2.0 2148 19.26 1556 3037 19.26 Uy | 119

Jojoba 159 9 27.41 3259 26,67 on 21.78 3630 | 3216

100.00 5296 6135 38.15 5667 35.93 5889 | 504

500.00 84.81 86.30 56.67 9037 52.96 8037 | 7525

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

25.00 297 1451 15.93 1815 16.67 031 | 1482

Rocket 59,09 926 1385 229 2630 2.0 026 | 2198

3 100.00 19,63 3074 2407 3630 21.78 %67 | 2020
w 500.00 28.15 4148 30.37 4104 36.30 5259 | 3992
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
.yw 2.00 037 293 333 2.9 2.59 1.4 3.20
£ Sesame | 50,9 481 741 5.93 6.30 741 333 | 15
3 100.00 10.00 1444 129 963 1407 N85 | 1383
M 500.00 1481 2296 19.26 1414 2.0 0259 | 2266
7 Mean 18.44 B 18.12 2536 1901 821 | 2211
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Table (5): Effect of some bioagents commercial formulation on linear growth of pathogenic fungal in vitro.

Bioagents Cone.J L % Reduction mycelial linear growth Mean Efficacy %
F. 0. F. m. F. s. B.t T.p. R.s.

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .

Bio-zeid 1.26g | 17.78 | 2037 6.30 22.22 | 17.04 9.26 15.50 +
(Trichoderma album) |5 g o 2815 | 3074 | 17.04 | 3889 | 29026 | 1815 | 27.04 ++
3.50 4111 | 3889 | 2667 | 5000 | 3963 | 2519 | 36.92 ++

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -

Bio.arc (Bacillus [1.25g | 1963 | 3074 | 16.67 | 27.78 | 20.37 | 1889 | 2235 s+
megaterium) |5 g g 3074 | 4185 | 3296 | 3519 | 2889 | 2852 | 33.03 ++
359 3852 | 5074 | 4222 | 4407 | 3963 | 3926 | 4241 ++

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -

Rhizo.N (Bacillus |3 g 2026 | 3593 | 36.30 | 41.85 | 30.37 | 2815 | 3364 +
subtilis ) 49 4185 | 4259 | 5296 | 4963 | 4296 | 5074 | 46.79 ++
59 5074 | 5222 | 6222 | 6111 | 7185 | 6370 | 60.31 +++

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -

_whﬂ guard - 11.26ml | 59.63 | 41.85 | 45.93 | 39.26 | 38.15 | 39.26 | 44.01 ++
herzianum ) 2.5ml 64.81 52.96 53.70 52.59 63.33 52.59 56.66 ++4+
3.5ml | 7037 | 6370 | 64.44 | 5815 | 73.33 | 7222 | 67.04 +++

Mean 3079 | 3141 | 2859 | 3255 | 3093 | 27.87 | 30.35
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Discussion:

Date palm trees and offshoots are subjected to infection with different diseases caused by
many fungi causing considerable root rot in the orchard trees (El-Deep, 1994, Arafat et al.,
2012). The aim of this study was to examine some plant extracts, natural oils, biofungicides and
fungicides against root rot disease of date palm. The efficacy of different plant leaf extracts
(basil, marjoram, peppermint and spearminty against soil-borne fungi of root rot date palm were
tested in vitro and in vivo. The results showed that the three (basil, marjoram, peppermint, plant
leaf extracts (prepared by cold watery were significantly (P<0.05) inhibited the radial growth of
all the test fungi with inhibition varying from one extract to another. Percentage inhibition of
radial growth of all the fungi was highest in marjoram extract and lowest in extract from
spearmint. Akinpelu (1999, reported the watersolubleantifungal principlesin the plantsasbeing
responsible for the anti.fungal activities; also, Olufolaji (1999) used aqueous plant extractsin the
control of wet rot of Amaranthus sp. caused by Choanephora cocurbitarum. Suleiman et al.
(2008) mentioned that vegetative growth values for Fusarium sp. at different concentrations of
Senna alata extract were generally low compared to control. All the leaf extracts were effective
in the reduction of the incidence of all the soilborne pathogenic fungi tested except extracts
from spearmint that did not give significant (P<0.05y reduction of the fungi when compared
with untreated control seedlings. This resultindicates that the leaf extracts of basiland marjoram
probably have some fungicidal properties that inhibit the growth of the soilborne fungi. The
crude extracts were more effective in reducing the incidence of fungi than the aqueous extracts.
This is an indication that dilution of the extracts reduced toxic effects of the leaf extracts on the
soil.borne fungi. These results agrees with the findings of Zaman et al. (1997), they reported
that the efficacy of garlic, neem, ginger and onion extracts on seed borne fungi of mustard
declined with increase dilution. The cold water extraction method was the most effective way
in promoting the action of plant extraction compared to hot water extraction method. Bansal
and Gupta (2000) and Srivastava et al. (2010) studied and reported that aqueous leaf extracts of
some medical plants were tested against Fusarium oxysporum. These findings contradicted
with those of Shukla, et al. (2002) they reported that ether extract was more effective in reducing
the population of Alternaria alternata and Fusarium palliodoroseum than the boiling water
extract. Essential oils were tested against pathogenic fungi in vitro and greenhouse. The general
categories of plant natural products are as follows (Kaufman et al., 1999): 1) thelipids, including
the simple and functionalized hydrocarbons, as well as terpenes; 2y aromatic compounds,
including phenols; 3y carbohydrates; 4y amines, amino acids, and proteins; 5y alkaloids; and 6,
nucleosides, nucleotides, and nucleic acids. Garlic was found to be the most effective against
mycelial growth of all the pathogenic fungi tested. These results were in harmony with those
obtained by (Jularat et al., 2009 and Tanovi¢, et al., 2009). The mode of action in garlic oil by the
active compounds of garlic (sulfur compoundsy which destroyed the fungal cells, includes
decreasing the oxygen uptake, reducing cellular growth, inhibiting the synthesis of lipids,
proteins and nucleic acids, changing the lipid profile of the cell membrane and inhibiting the
synthesis of the fungal cell wall (Gupta and Porter, 2001). Fiori et al. (2000) and Farid et al.
(2002) reported that the efficacy of medicinal plants against various species of pathogenic fungi
were dependent on the origin of the medicinal plant and the sensitivity of the target fungi. The
present results showed that essential oils of the plants; onion (Allium cepa L.), garlic (Allium
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sativum L.) and clove (Syzygium aromaticum L.) are able to inhibit the mycelium growth of F.
oxysproum, F. solani, F. monliforme, T. paradoxa, B. theobromae and R. solani, which is a
clear indication of begin a potential alternative source of synthetic fungicides to control these
pathogenic fungi. Fixed oils were tested against mycelial growth. Jojoba oil was the most
effective under in vitro and in vivo conditions against pathogenic fungi tested. Jojoba oil is a
straight.chain wax easter of 36 to 46 carbons in length, an ester bond in the approximate middle
of the chain, used as antimicrobial. Such results are in agreement with those reported by
Leonard and Stephen (2007). Many biological control agents perform poorly under field
conditions and only few biocontrol species have been registered for field use. Biocontrol of
soilborne pathogens has been more successful under controlled environmental conditions
using simplified potting mixtures presumably low in microbial diversity (Fravel, 1999; Copping,
2001). Biological control agents may use a variety of inhibitory and suppressive mechanisms:
(1) competition for resources and space, (2 antibiotic production, (3y removal of pathogenicity
factors produced by the pathogen, 4) production of degrading enzymes that target the pathogen
and (5) the induction of resistance in the host plant (Whipps, 2001). Biological activity of
antagonist fungi and bacteria may partially be associated with production of antibiotic
(Etebarian et al., 2000). The production of antibiotics were; Trichodermin (Godtfredsen and
Vangedal, 1964), ergokonin (Kumeda et al., 1994). Biological control of fungal plant pathogens
appears as an attractive and realistic approach, and numerous microorganisms have been
identified as biocontrol agents. Trichoderma harzianum and Bacillus sublitis, which are
common saprophytic fungi found in almost any soil and rhizosphere micro flora in all
governorates under study, have been investigated as potential biocontrol agents because of
their ability to reduce the incidence of disease caused by plant pathogenic fungi, particularly
many common soil borne pathogens, these findings were in agreement with (El-Katatny et al.,
2006; Dubey et al., 2007). All fungicides tested in the laboratory significantly reduced pathogen
development when compared with the control. Treatment with Topsin M70 had the greatest
inhibitory effect on mycelial growth and re.growth at all concentrations (5, 10, 50, 100, 500
and 1000 ppm). Inhibitory effect of Topsin M70 against many plant soil.borne pathogenic
fungihasbeen reported by manyresearchers. (Ammar, 2003 and Korra, 2005). Under greenhouse
conditions, Marjoram, Garlic and Jojoba were the most effective as abiotic agents to reduce the
disease incidence and disease severity. These results are agree with (Curtis et al., 2004; Satya et
al., 2005). On the other hand, biotic agent’s, viz. Trichoderma harzianum and B. subtilis were
the most effective to reduce disease incidence and severity. These results agree with those
reported by (Boyd-wilson et al., 2000). Also, (Harman, 2006; Abd-El-Khair, et al., 2010y they
reported that Trichoderma spp. utilize various mechanisms including nutrient competition,
antibiosis, antagonism, inhibition of pathogen or plant enzymes; processes of biodegradation,
carbon and nitrogen cycling; complex interactions with plants in the root zone of the
rhizosphere, which involve various processes such as colonization, plant growth stimulation,
biocontrol of diverse plant pathogens, decomposition of organic matter, symbiosis and
nutrient exchange. Topsin M70 fungicide was the most effective to reduce the root rot disease
of date palm under greenhouse conditions. These results agree with those reported by (Rashed,
1998; Srivastava, et al., 2010) they reported that Topsin M70, Kema-Z and Kocide 101 were the
best for the therapy of palm trees diseases especially black scorch disease. The difference gained
among the different pesticides under study could be attributed to one or more factors, as mode
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of action of the fungal cell (Watkins, et al., 1977), degree of permeability of cell wall andsor
plasmalemma of fungi for uptake and passage of the fungicide into the fungal cell (Giffin,
1981), chemical composition of the fungicide (Carnegia, et al., 1990). Application time of the
fungicides played a role in reducing diseases severity of date palm root rot. The results of the
present study revealed that spraying the fungicides before pathogen inoculation caused more
reduction in the disease severity. Such results are in agreement with those reported by El-Morsi
(1999); Ammar (2003); Molan et al. (2003). Finally, this study demonstrate the efficacy of certain
abiotic and biotic agents and fungicides for controlling several pathogenic fungi that cause the
root rot diseases of date palm, which may be applied in an integrated control program for
management of date palm pests and diseases in Egypt.
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By: Mokhtar A. M.
Plant protection expert

Abstract:

Several research works were conducted through the last few decades generating new
approaches dealing with Dubas management on date palm. This contribution reviews some new
approaches concerningidentification of economic threshold, therighttiming of treatments, and
revising the estimation of dosage of used pesticides. One of the reviewed approaches suggesting
using the honeydew produced by Dubas as indicator to estimate the economic threshold. The
idea is based on considering the number of nymphs that can produce honeydew that cover
10% of upper surface of the leaflet is the critical level of infestation. The second approach is
concerning using degree.day to time the treatment of Dubas management. While the third
approach spot on the justification of dosage estimation for any pesticide used against Dubas
on date palm.

INTRODUCTION:

Ommatissus lybicus De Berg.is the most common insect pest on date palm trees Phoenix
dactylifera L., in the Sultanate of Oman. Date palm is the most important crop in Oman from the
economy and culture views. This monophagousinsect has been recorded on date palm in Oman
, Iraq, Iran, United Arab Emirates, Saudi Arabia, Kuwait, Bahrain, Egypt, Sudan and Algeria
(El.Haidari and Al.Hafidh, 1986; Hill and Waller, 1990.

O. lybicus has two generations per annum, one in spring and the second in autumn. The females
of spring generation lay eggs which go for aestivation throughout the hot summer. While the
eggs that deposited by the females of autumn generation hibernate throughout the winter.

This sapfeeder insect Ommatissuslybicus is a monoecious species where all of its stages spend
their life on the date palm trees only. Nymphs and adults causing direct damage to the tree
through sap draining and indirectly by producing honeydew. The profuse feeding of O. lybicus
weakens the tree, while the produced honeydew contaminates the foliage provides a substrate
for growth of black sooty mold that reduces photosynthesis of the frond (compound leaf,.
Following months of Dubas bug infestation, the frond surfaces tend to become chlorotic.
Extremely heavy populations are thought to have caused the death of some palms (Howard et
al, 2001y. Moreover, the dense oviposition cause the green plant tissues where the eggs inserted
get dry. Up to 50% of economic losses were recorded in Iraq due to the infestation on date
palms by this insect (Kranzet al., 1978). Hussain (1985 reported that, dates of infested palms
are to be smaller and to ripen more slowly, with a high percentage of reducing sugars and low
percentage of sucrose.
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The management of Ommatissus lybicus mostly relies on pesticide spray till now in spite of
the inconvenient obtained results. Pesticides alone will not solve the problem of controlling
Dubas which widely spread all over date palm plantations in many countries. Moreover, the
widespread use of pesticides has created many problems, includingdamage to the environment,
hazards to human health, and the risk of increasing resistance of pests to the pesticides.

Integrated Pest Management (IPM) has been developed as a way tocontrol pests without relying
solely on pesticides. IPM is a systematicplan which brings together different tools and tactics
to keep the pest population under economic injury level. Adoption of IPM based monitoring,
assessing pest population, damage, and choosing appropriate actions. In the following part
of this contribution some light will be given to some approaches which should be taken in
consideration to improve Dubas management in date palm plantations.

I. Using honeydew to determinethe economic threshold of Dubas infestation.

The economic threshold is the most frequently applied technique in the field of economic pest
management.Economic threshold defined as the density at which control measures should be
determined to prevent an increasing pest population from reaching the economic injury level
(Weersinket al, 1991). This term means the density of a pest at which a control treatment will
provide an economic return.

The population of pest could be estimated directly by counting such as the number of pest
insects per a certain number of plants, or in its habitat, or indirectly by assessing its products
or its effect (Southwood 1978 and, Banks, and Macauly, 1964). Scale insects and aphids were
efficiently monitored using water sensitive paper to collect honeydew produced by these
species (Dreistadt and Flint, 1995), also honeydew excretion used to determine the population
of ahpids (Henneberry and Jech,, 2001,.

Estimation of Dubaspopulation on the canopy of date palm is very difficult practice and
mostly inaccessible whendealing with tall trees. Mokhtarand AlMjeni (1999) reported a new
alternative method to estimate the population of Dubas. This method based on collecting
and counting honeydew droplets produced by the insect. Water sensitive paper was used to
collect and count the droplets. Honeydew droplets excreted by live nymphs and adults when
fall on watersensitive paper stain blue and can be easily observed and counted. This method is
compared with the conventional technique (direct count of insectsy and a significant correlation
was found between the two methods. This new method is effective, rapid, less hazardous and
saves labor. It has now been adopted to assess the efficacy of control measures against Dubas
in Oman.

Dubas bug produce copious amount of honeydew which provide a substrate on which sooty
mold can grow and interferes with photosynthesis and consequently reduce yield. Whereas
leaflet surface is the block unit of the plant food preparation where the carbohydrates and sugars
are processed. Henceitisimportant to maintain the maximum of this area healthyto insure good
yield. Ebeed and Khulaif, 1998 stated that one mature frond of date palm produces one pound
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of sugar per year. The leaf.bunch ratio is important parameter for dates yield and it is expressed
by many researchers and 10:1 stated to gain good yield in many cultivars (Alrichet al, 1942;
Hasan 1993,.

Mokhtaret al, 2003 quantified in laboratory work the honeydew production of all stages
of Dubas as five nymph instars and adults. The number and diameter of produced droplets
received on water sensitive paper were determined as shown in Table 1.

Based on these results, Mokhtaret al, 2003, suggested determining the economic threshold
of Dubas infestation based on theaverage number of insects per one leaflet that can produce
honeydew droplets cover 10% of the upper surface of the leaflet within one week.

Table 1. Mean number of honeydew droplets produced by nymphs and adults of Ommatissus lybicus per
hour and there average diameters as reported by Mokhtaret al, 2003.

Stage Mean number of Mean diameter () of | Suggested ET (nymphs/
droplets/h = SD droplets + SD leafiet)
Nymphs N1 6.5+ 1.50 157+ 45 10.9
N» 6.4+ 1.96 256 + 35 4.2
N3 7.4+ 1.58 256 + 35 1.0
Ny 7.6+2.12 545+ 135 0.8
N5 7.6+ 1.21 622 + 133 0.6
Female 23+1.28 734 £ 165 1.4
Male 2.9+ 1.50 622 + 148 1.6

Ni-Nv:nymphal instars. ET: economic threshold

From the diameter of the honeydew droplets, Mokhtaret al, 2003 were theoretically calculated
the area of the produced honeydew by different stages of Dubas within one week to estimate
the required time the leaflet area can be covered by honeydew. Then control action should be
taken if the number of insects can produce honeydew sufficient to cover 10% of the upper leaflet
surface.

The calculation of honeydew quantity for each stage was compared to the quantity of honeydew
that produced by first nymph instar (Fig. 1. This ratio demonstrated that forth and fifth nymph
instars were the most honeydew producers among Dubas stages as 49 and 73 times more than
first instar nymph. Therefore, Mokhtaret al, 2003 recommended chemical control at the time
of emergence of forth nymph instar to avoid the high drainage of sap by fourth and fifth instars
and before emergence of adult to avoid egg deposition.
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Fig.1. Quantity of honeydew produced by nymphs and adults compared to the quantity of honeydew
produced by first nymph instar.

Il. Using Degree Days for Time Treatments.

The developmental rate of the insects, as coldblooded species, mainly depends on the
temperature factor (Dent & Walton, 1997). Body temperature and growth of the insects are
affected by their surrounding temperature and every insect requires a consistent amount of heat
accumulation to reach certain life stages (Murray, 2008y.Degree days (DD) is a measurement
of heat units over time, equivalent to the number of degrees that the average temperature is
above a baseline value. Lower developmental threshold (Tjower) (also known as “baseline”) is a
temperature at which insect development begins and it is determined by laboratory studies.

Effect of temperature on development of immature stages of Dubas bug Ommatissus lybicus
was studied by Mokhtar and Al Nabhani, 2010 they have estimated the required degree days
(DDyand lower developmental threshold (Tjower) for all developmental stages of Dubas (Table
2.

Table 2. Degree days and lower developmental threshold for all developmental stages of Dubas (Mokhtaret
and Al Nabhani, 2010).

Developmental stage Degree days (DD) lower developmental
threshold(°C) (Tjower)
Eggs 572.5 12.9
Nymphs N1 119.6 13.6
N2 111.4 11.2
N3 125.0 10.7
N4 133.4 13.8
N5 158.4 13.7
Total nymph stage 648.2 12.9
Egg-Adult 1184.4 13.2

Ni-Nv: nymphal instars
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DD and Tjower are required components to develop a predictable pattern for insect pests
when interpret the heat accumulation to determine treatment timing.Degree days are usually
calculated for 24 hours period as the number of accumulated degree days from a starting point.
It is calculated from daily maximum and minimum temperatures minus Tlower.

[(daily maximum temperature + daily minimum temperature)/2] — T\ower -

In Oman Ommatissus lybicus has a two generations per annum (Abd.Allah et al., 1998).The
first generation called spring generation where its 1St nymph emerges within the first half of
February. The second generation is the autumn generation and its 1St nymph instar emerges
around the beginning of September (Mokhtar and Al.Mjeni, 1999).

The calculation of DD starts from a certain point of time called “biofix”, it can be a identified
by biological event or a calendar date. No matter how it is calculated, the degree day value for
a 24.hour period is added to the prior day’s values, and so on (Murray, 2008).

Practically and to make it easy, the calculation of DD of Dubas, the start point (biofix) could
be 1st of January for spring generation and 1St August for autumn generation. Selecting these
biofix’s as 1stJan and 15t August because thereis typicallynoinsect developmentbefore that time
in both spring and autumn generations, respectively.Fig. 2 shows an example for calculating
degree days where biofix waslst Jan. In this example 310 DD after biofix corresponds to egg
hatch and nymph stage appearance, and 952 DD corresponds to adult emergence. The timing
of chemical control against Dubas should starts before the emergence of adults to avoid the
deposition of new eggs, that time corresponds to 665 DD accumulation after biofix.

X
B
@
v 310 DD 642 DD
Egg stage Nymph stage Adult stage
DD 119 111 125 . 133 158

N1 N2 N3 N4 NS5

T 1T T T T T T T T T T T T T T T T T T T T 1
J JJJFFFFMMMMAAAAMMMDMI T

Fig. 2. Example of degree days (DD) accumulations required for each developmental stages calculated
from January 1 as biofix for the spring generation.
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lll. Revising dosage calculation of used pesticide against Dubas on date palm.

Experience has shown that for low volume sprays with medium size droplets, insecticides
should have a density of not less than 20 to 30 droplets/cm? on the targetedsurface to achieve
satisfactory biological efficacy (Abdul Hamid &abdulMajid, 1988; Hofman and Solseng, 2004,.

To optimize the aerial spraying against Dubas on date palm and make it costeffective, one
should determine the surface of the targeted canopy.The average number of the droplets per
cm?, and their size also are essential parameters for successful application. The canopy area of
date palm varies according to the density of the plantation, the cultivar and the age of the
trees.The calculation of dosage based on acreage area leads to apply under dosage or sub lethal
dose. The following paragraphs demonstrating two different methods of dosage calculation
compared to calculation based on acreage.

1. Calculation based on canopy surface area.

The leaves of date palm tree are distributed among several hurls where the old leaves lie
outside and the younger leaves distributed consecutively in spiral manner toward the hart or
the core of the tree. Due this manner of leaves distribution the canopy resembles half sphere in
shape (Fig. 3).

Fig. 3. The canopy of date palm resembles half sphere in shape due to distribution of the leaves among
several hurls.

Chemical control against Dubas bug date palm usually conducted areally by aircraftorhelicopter
using ULV formulation of insecticides. The recommendation for dosage are given as a number
of literss hectar, acre or feddan (Feddan=4200 m2y, e.g 1.5 ls/feddan.

While the area of the canopy (as half sphery of mature date palm tree with diameter of 8
m equal 100.6 m2. If trees planted in 8 x 8 m spacing, in this case the total number of trees is
66 trees/feddan and the total area of canopies is about 6600 m2. The recommended dosage of
Deltamethrin was given based on flat area of the land as 1.5 litres/feddan, while the required
dosage for the canopy area should be 2.3 litres to have the effective distribution of the insecticide
solution asdroplets of 150 micron and density of 20 dropletsscm2. The rong calculation leading
to apply underdosage and inefficient control.
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2. Calculation based on leaflets surfaces

One mature date palm tree has about 120 leaves each one comprises about 150 leaflets
Alogidi, 2010y, the average surface area of the leflet (40 cm lenth and two sides) is about 80
cm?2,(Mokhtar and Al Nabhani, 2005). The total area of leflets for 66 trees/feddan (8 x 8 m
spacing) is about 9504 m2.The required quantity of the insecticid to cover this area with droplets
of average size of 150 microns and 20 droplets/cm? is 3.4 litres which is much higher than the
dosage calculated based on the accrage area.
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Abstract:

Dubas bug Ommatissuslybicus de Bergevin is considered the most serious insect pest
of date palm plantation Phoenix dactylifera L. in the Sultanate of Oman which causes serious
damage to date palms and significant losses in quantity and quality of dates.Several biological
and ecological studies have been conducted in understanding the biology and ecology of O.
lybicus. The population dynamics of spring and autumn generations were investigated and the
biology of O. lybicus was also studied under laboratory and semidfield conditions for spring
and autumn generations. Insecticide applications are considered as an essential method in
controlling the O. lybicus. However, several biological control agents were recorded on different
stages of O. lybicus such as Aprostocetus sp., Cheilomenessexmaculata, Chrysoperlacarnea,
Bocchushylinus and Runcinia sp. Among the parasitoids, a native egg parasitoid Pseudoligosi
tababylonicaViggiani was found on O. lybicus eggs. The parasitoid P. babylonica has shown
more than 70% parasitism in some locations and could be considered as a potential biological
control agent against O. lybicus.
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Date palm plantations suffer from a number of destructive insect pests. Some attack fronds
and some attack fruits whereas others attack the main trunk. Surveys of insect pests of date
palm conducted so far indicate that there are more than 54 arthropod species (insects and
mites) that attack date palm plantations in the Sultanate. Among those of major economic
importance that affect growth and yield of date palms quantitatively and qualitatively,
are Dubas bug Ommatissuslybicus de Bergevin (Hemiptera: Tropiduchidae), Red palm
weevil Rhynchophorusferrugineus Olivier (Coleoptera: Curculionidae), Lesser date moth
Batrachedraamydraula Meyer (Lepidoptera: Batrachedridaey and Old world date mite
Oligonychusafrasiaticus McGregor (Acari: Tetranychidaey (Elwan, 2000; AlKhatri, 2004;
Kinawy, 2005; Al.Zadjaliet al., 2006).

Dubas bug, Ommatissuslybicus (Homoptera: Tropiduchidae):

The Dubas bug, Ommatissuslybicus (Homoptera: Tropiduchidae), is an oligophagous
insect that considered as the most destructive sucking pest attacking date palms in Oman. It
was first recorded in Oman in 1962 (El.Haidari and EL-Tijani, 1977). It causes serious damage
by affecting growth and yield. In general, Dubas bug has two generations per year, i.e., spring
and autumn generations (Abd-Allah, et al. 1998; El.Haidari and Al.Hafidh, 1986; Elwan and Al
Tamimi, 1999; MAF, 1997; Mjeni and Mokhtar; 1983;Thacker, et al. 2003). During the spring
generation, eggs start hatching from February to April where young nymphs pass through 5
instars to become adults in about 7 weeks. The lifespan of the adult is about 6 weeks and the
female lays an average of about 98.5.119.6 eggs. The eggs aestivate (dormancy during a hot or
dry season) until the autumn generation where they start hatching from the last week of August
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until the last week of October. The nymph stage lasts about 6 weeks after which it develops
into the adult, which lives for about 12 weeks. In autumn, the female lays more eggs than in
the spring generation with an average of 128.6.143.6 eggs (Abd.Allah, et al. 1998; Elwan and Al
Tamimi, 1999; Kinawy, 2005; MAF, 1994; MAF, 1997; Mjeni and Mokhtar, 1983; Thacker, et
al. 2003,.

The female has a strong chitinous saw.ike tool surrounding the ovipositor used to burrow
lane tunnels. Each tunnel is about 0.4 to 0.5 mm deep and contains one egg. The top of the egg
usually protrudes from the tunnel (Hussain, 1963; Abd-Elsalam, 1993,.

Both nymphs and adults suck the sap and produce copious amounts of honeydew over the leaf
surface and fruit stalks resulting in reduction of yield and makes the fruits unacceptable for
human consumption (Mokhtar and Al Mjeni, 1999). In addition, necrotic areas develop on the
surface of fronds due to the scars made during egg laying.

Damage and Economical Importance:

O. lybicus is a monoecious species with all of its life stages on date palms. Nymphs and
adults cause damage directly through sap draining and indirectly by producing honeydew. The
profuse feeding of O. lybicus weakens the tree, while the honeydew contaminates the foliage
provides a substrate for growth of black sooty mould that reduces photosynthesis of the frond
(the compound leaf). Following months of Dubas bug infestation, the frond surfaces tend to
become chlorotic Mokhtar and Al Mjeni, 1999). Extremely heavy populations are believed to
cause the death of some palms (Howard and Wilson, 2001). Moreover, the dense oviposition
causes necrosis of the green plant tissues where eggs are inserted. Up to 50% economic losses
were recorded in Iraq due to the infestation on date palms by this insect (Talhouk, 1977) in
Oman losses of 28% have been estimated (Khan et al., 1983). Hussain (1985) reported that
fruits of infested palms would be smaller and ripen more slowly, with a high percentage of
reducing sugars and low percentage of sucrose. The honey dew produced is relative to the size
of the Dubas bug population (Mokhtaret al. 2003y. Honey dew has been used as an indicator of
Dubas bug populations, based on collecting and counting honeydew droplets produced by the
insect. This method was established to determine the effectiveness of control measures used
against Dubas bug. It is effective, rapid, less hazardous and saves labour and time (Mokhtar
and ALMjeni, 1999).

Control:

The Ministry of Agriculture and Fisheries of the Sultanate of Oman is concerned every
year to control O. lybicus infestation and insecticide applications are considered as an essential
method in controlling the pest. The insecticide application is applied with two methods, aerial
application with aircraft equipped with micronair sprayers for spraying insecticides of the
ultralow volume (ULV) formulation and ground application using hydraulic lance sprayers
for applying insecticides of the emulsifiableoncentrate (ECy formulation. These two methods
were used since the 1970’s (El.Haidari and EL.Tijani, 1977). Since then, several insecticides
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were evaluated and recommended for the control of O. lybicus. In the aerial application,
insecticides used were Nogos® 50 EC (dichlorvos), Malathion®96% ULV (malathion), Somithion
99% ULV (fenitrothion), Somicomdi Alfa® 50% ULV (fenitrothion 1% and esfenvalerate 49%,,
Treon® 30 ULV (etofenproxy and Decis® 12.5% ULV (deltamethriny (El.Haidari and ElL.Tijani,
1977; AlKhatri, 2004; MOA, 2008, 2009 and 2010). In ground application, the insecticides
used were Nogos 50 EC, Elsan 50 EC (phenthoate), Decis® 25 EC, Treon® 20 EC and Somi
Alfa® 5% EC (esfenvaleratey (Al.Khatri, 2004; Al.Khatriet al., 2008 and 2009). Besides synthetic
insecticides, botanical insecticides were also used successfully in controlling O. lybicus such
as 1.Green® EC ;angulatin A: 1% W,V and Pyrethrum® 5 EC (pyrethrins) for ground application
(Al Khatriet al., 2008 and 2009).

Biological Control:

Biological control is one of the essential elements in IPM which have been successfully
implemented in managing several key pests elsewhere in the world. In Oman, surveys were
conducted in different Dubas bug infested areas where several biological control agents were
recorded at the different stages of Dubas bug development. These included Aprostocetus
sp., Cheilomenessexmaculata, Chrysoperlacarnea, Runcinia sp. (Beg et al., 1994y and
Bocchushyalinus (The Natural History Museum, 2007). Among the parasitoids, Pseudoli
gositababylonicadHymenoptera: Trichogrammatiaeywas found to be a parasite on Dubas
bug eggs (MAF, 2004,. It was first reported and named as Oligosita sp. (The Natural History
Museum, 2002). Oligosita sp. was then confirmed by G. Viggiani (personal communication) as
P. babylonica. The first identification of Pseudoligositababylonica was from Iraq (Hassan et al.,
2003).

PseudoligositababylonicaBiology and Ecology:

Based on Hassan’s laboratory observations, the P.babylonica develop in 31 days at 28°C
and RH of 70%. The female requires 2 - 4 minutes to lay its eggreggs in one egg of its host by
inserting the ovipositor in the leaflet tissue in which O. lybicus eggs are deposited. Both male
and female feeds on the honeydew of the host O. lybicus, which affects positively the longevity
Hassan atal., 2003).

In the field, the observations showed that P. babylonica has two appearances, the first in June
and the second from the beginning of October until November. In addition, it showed winter
and summer quiescence stage. The percent of parasitism in the field was 22% for the spring
generation and 17% for the autumn generation (Hassan at al., 2003).

P. babylonica was observed in coastal Hudramout at Yemen throughout the year. The percent
parasitism ranged between 4.1 . 30.4% in date palm plantations of WadiDooan and between
7.1.34.4% in WadiAsid and Shkawee of Yaman (Hubaishan and Baqwaigo, 2010). The survey
conducted in Oman during 2005 - 2008 revealed the presence of P. babylonica in almost all
date palm plantation areas infested with O. lybicus. The percent parasitism varied from 03.
3.5% at Musandam, 0.7 . 50.5% at Al.Batinah, 10.0 . 60.1% at Al.Sharqiyah and 0.8 - 58.8% at
A’Dakhiliyah (AlKhatri, 2008y (Tablel).

191



)/
){é’//\ﬁ'

e

—

Field study on the relationship between Pbabylonica and O. lybicus during the period
between July 2005 and July 2006 resulted two populations emergency of P.babylonica during
autumn generation and four population emergency during spring generation. During autumn
generation, the first population was the highest and was recorded during the period from July to
September, whereas the second population was the lowest and was recorded during the period
from the second half of September and last till the first week of January. The spring generation
was lower in compare to the autumn generation; the first population was recorded in second
half of January, the second population was recorded in the second half of February, the third
population was recorded in the first week of April, whereas the forth population emergency
was recorded during May (Al.Khatri, 2008).

Table 1. The presence parasitism of P. babylonica in some date palm plantation areas infested
with O. lybicus (Al-Khatri, 2008).

Location Parasitism % Location Parasitism %
Musandam Governorate A'Dakhiliyah Region
Mad'ha 33.5 Al-Fath 58.8
Dibah 30.7 Tanuf 34.2
Bukha 3.0 Bin Umair 32.8
Khasab 0 A'Tuwayyah 32.4
Wadi Al-Mu’aiden 31.5
Al-Batinah Region TawiA'Se’dah 249
MisfatA’'Shureqiyyin 50.5 MasiratA’Rawajih 214
Stal 4.5 WadiQari 19.6
Misfat Al-Hatatlah 4.2 Bin Mas’ood 17.3
Al-Manhalil 0.7 Hrumt 15.6
Al-Janah 13.9
A'Shargiyah Region Wisad 8.0
Ghyadhah 60.1 Al-Ain 6.9
Mihlah 52.3 Barkat Al-Mouz 5.9
Al-Hammam 1.1 Al-Jelah 2.9
Bade’atA’Rahbiyyin 10.1 Manal 2.4
Barad 10.0 WadiGool 0.8
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Abstract:

Thedate palmPhoenix dactyliferal. is considered as major crop grown in the Sultanate of
Oman.Surveys of insect pests of date palm indicated more than 54 arthropod species (insectsand
mitesyassociated with date plantation. Amongthose Dubasbug OmmatissuslybicusDeBergevin.
red palm weevil RPW) RhynchophorusferrugineusOlivier and lesser date moth (LDM,
BatrachedraamydraulaMeyer are considered major economicallyimportant pests affecting
growth and yield of date palms quantitatively and qualitatively.Biological studies indicated that
Dubas bug has two generation per year (spring and autumn. Ecological studies indicated that
duringspring generation. nymphs started to appear from the 2"dweek of February and the peak
of emergence was recorded during 2" and 4" week of March and lasted for 48 days. whereas
adult stage started from 2"dweek of April. However.during autumn generation. nymphs started
to appear from the 15tweek of September and the peak of emergence wasrecorded during middle
of October and lasted for 43 days. Adult stage started from 2" week of October.Ecological
studieson the population dynamics of RPW showed that four maximum peaks were recorded
in March. May. August and October. However.the minimum number of insects was recorded
during December and January. Trunk injection method was implemented as a control method
of RPW in date palm where three holes were drilled into the palm. One hole was drilled at
the oozing point. the second one 20cm above this point and the third one 20cm below it. Into
each hole 50ml of the insecticide. diluted with water at the ratio of 1:3(insecticide: water), was
poured. This method resulted in successful treatment of RPW infestation.Biological studies
indicated that LDM had three generation. First and second generation ranged between 27 to 34
days whereas in third generation ranged between 274 . 313 days.Seasonal fluctuation in the
adult population of LDM showed that adult moths emerged from late February and peaks of
infestation were recorded at the 2"d week of March, 2"d week of April and 2nd week of May.
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Introduction:

The date palm phoenix dactyliferaLinnaeus (Arecales: Arecaceae)isamonocotyledonous
dioecious crop.It is considered a major crop grown in Gulf countriessuch as in the Sultanate of
OmanMoustafaet al.. 2004,. It is grown in the Sultanate in an area of about 31.4 thousand
hectares. which occupies more than 85% of the total fruit area and about 49% of the total
agricultural land(MAF. 2006). Date palm plantation reaches about 7.59 million palms with
more than 350 varieties of date palm are grown through.out the SultanateMAF. 2010a).The
production was about 258.6 thousand tons per year (MAF. 2010a). Moreover. 50.1% of the
production is used for human consumption. 20.6% for animal feed. 17.2% for industrial
consumption. 2.6% for export and 9.4% for others MOA. 2009).

Date palm plantations have been suffering from number of important insect pests.Some of
them attack fronds and some attack fruits whereas others attack the main trunk. The survey
of insect pests of date palm conducted in the Sultanate of Oman indicated that there are more
than 54 arthropod species (insects and mites) associated with date plantation (Annual Report.
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1994; Elwan. 2000; Kinawy. 2005; Al.Zadjaliet al.. 2006y. Among those of major economic
importance affecting growth and yield of date palms quantitatively and qualitatively are Dubas
bug Ommatissuslybicus DeB ergevin. red palm weevil RPW) Rhynchophorusferrugineus
Olivier. lesser date moth (LDM, Batrachedraamydraula Meyer and old world date mite
Oligonychusafrasiaticus McGregor.

Dubas bug:OmmatissuslybicusBergevin(Hemiptera: Tropiduchidae):

Is an oligophagous insect that is considered as the most destructive piercingsucking pest
attacking date palms in the Sultanate of Oman. It is known as “Dubas bug” where the word
“Dubas” means honeydew (Dowson. 1936y.Both nymphs and adults suck the sap and produce
honeydew in copious amount over the leaf surface and fruits which gathers dust and leads
to the growth of sooty mould. This reduces the photosynthetic activity of the leaves which
results in reduction of the yield of the palm lowering of the grade of the crop and making the
fruits unfit for human consumption. Since its recording in 1962, the Ministry of Agriculture
and Fisheries takes theresponsibilityof managing the Dubas bug infestation every year. and
thatis by aerial spraying using helicopters equipped with controlled droplet application that was
micronairin large scale application in areas more than 12.5 hectare and ground spraying using
hydraulic lance sprayers in small scale date palm plantations (El.Haidari and ELTijani. 1977;
MAF. 1997; MOA. 2010b.

Both aerial and ground applications have been used since the 1970’s (El.LHaidari and EL
Tijani. 1977). Several insecticides of the UltraLow Volume (ULV) formulation from the
Organophosphoru group such as Somithion 99% ULV (fenitrothion) and the Pyrethroid group
such as Decis® 12.5% ULV (deltamethriny. were successfully used for controlling O. lybicus
(AlKhatriet al.. 2008 and 2009b; MOA. 2010by. In case of ground application the common
insecticides used are of the Emulsifiable Concentrate (ECy such as Decis® 25 EC and Somi Alfa®
5% EC (esfenvalerate) from the Pyrethroid group (Al Khatriet al.. 2008 and 2009b. In addition.
a new method based on collecting and counting honeydew droplets produced by the insect was
developed during 1989 . 1990. This method was established to determine the effectiveness of
control measures used against dubas bug. It was effective. rapid and less hazardous and saves
labour and time (Mokhtar and Al.Mjeni. 1999).

Several biological and ecological studies were conducted in the Sultanate. as from 1994 to
1996 the biological studies of Dubas bug were conducted where the nymphal stages of two
generations (spring and autumn) were determined in the field and in the laboratory. During
spring generation. nymphalstage lasted45 . 52 days in an average of 48 days. whereas during
autumn generation. nymphalstagelasted 37 . 47 days in an average of 43 days (Abd-Allah. et
al. 1998ay.The population dynamics of autumn and spring generations of Dubas bug were
also investigated in 1994 . 1996 season. The results showed that during autumn generation.
nymphs started to appear from the 15t week of September and the peak of emergence was
recorded during middle of October. Adult stage started from 2nd week of October. However.
during spring generation. nymphs started to appear from the 2"d week of Februaryand the peak
of emergence was recorded during 2" and 4" week of March whereas adult stage started from
2"d week of April MAF. 1997,
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However. several biological control agents were recorded on Dubas bug such as Aprostocetus
sp- (Hymenoptera: Eulophidae)y. Cheilomenessexmaculata (Fabriciusy (Coleoptera:
Coccinellidaey. Chrysoperlacarnea (Stephensy (Neuroptera: Chrysopidae). Runcinia sp.
(Araneae: Thomisidaey (Beg et al.. 1994y and Bocchushyalinus (Hymenoptera: Dryinidae,
(NHM. 2007).Never the less. more studies are needed to determinetheir ability to be used in
managing the infestation of Dubas bug. A native natural enemy. Pseudoligositababylonica
Viggiani (Hymenoptera: Trichogrammatidae) was found to be a parasite on Dubas bug eggs
(AlKhatriet al.c 2004). It has shown more than 70% parasitism in some locations and can be
considered as a potential biological control agent of O. lybicus (Al.Khatri. 2008).

The results of these studies supported the Dubas bud management programme which is based
on monitoring the appearance of the pest and then determine the infestation level and then
targeting the 3" instar and the control measures should be completed before the appearance of
the adult stage of the pest with the avoidance of high level of native natural enemies specially
the egg parasitoid. Pseudoligositababylonica. The infestation level is determined by selecting
5 date palms and 3 fronds from each date palm and 20 leaflets and then counting the number
of instar on the leaflets.If average number of instar on a leaflet is 5 or more. the infestation level
is high. and therefore control measures should be applied MAF. 1997).

Red palm weevilc Rhynchophorusferrugineus Olivier (Coleoptera: Curculionidae):

It is a destructive pest of several palm species of economic importance whereas date
palm is among them. It was first discovered in the Sultanate in the Wilaya of Mahdha of AL
BuraimiGevernoment in September 1993.RPW was then subsequently reported in Buraimi and
Sinena of the same Governorate and in the Governorate of Musandam and in the Wilayas of
Shinas. Sohar. Saham and Al.Khaborah of Al Batinah North Governorate. and in the Wilayas of
Yanqul and Dhank of A'Dhairah Governorate (Al.Khatri. 2004; Abdallah and Al.Khatri. 2005).

Larval stage (grub)is known to cause the damage to the palm. They make tunnels in the trunk
and feed on the tissues of the palm. Decay of the tissues results in the production of a foul smell.
While feeding. the grubs make gnawing sound which is often audible. At the point of attack.
thick reddish.brown fluid is putrid and gives a strong acrid odour. At a later stage of attack.
chewed up fibers are also extuded from this hole. The oozing fluid and/or the presence of these
plant fibers provide external evidence of attack by the RPW (Abdallah and Al.Khatri. 2000). In
very severe infestation the trunk may be hollowed out and the palm dies and topples over. The
infestation by the pest was recorded on 3094. since the introduction of RPW during the period
from 1993 till 1997. Among the infested trees 1604 date palm were eradicated due to heavy
infestationwhich represent about 51.8% of the infested date palm (Al.Khatri. 2004).

As the introduction of RPW. a quarantine law was made to stop an introduction of any plant
material from the plant family Palmae in the Sultanate (AlKhatricet al. 1998). In addition.
aggregate pheromone traps were used in1994 as a method of monitoring and controlling of
RPW in order to reduce the high population. The trap consists of 10 litter plastic bucket covered
with gunny and contain four halls on the lade and six holes on the side of the backedto allow
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the entrance of the pest.The trap contains 1 kg fermented date fruit as bait and RPW aggregate
pheromone (MAF. 1995).

Trunk injection method was implemented as a control method of RPW in date palm in 1998.
In this method of application. three holes were drilled into the palm. One hole was drilled at
the oozing point. the second one 20cm above this point and the third one 20cm below it. Into
each hole 50ml of the insecticide. diluted with water at the ratio ofl:3 (insecticide: water)y was
poured. This method resulted in successful treatment of RPW infestation(Abdallah and AL
Khatri. 2000.

The population dynamics of RPW was also conducted during 1996 . 1998 season. and the
results showed that four maximum peaks were recorded in March. May. August and October.
However. the minimum number of insects was recorded during December and January. The
daily activity of RPW population was also studied and the highest activity was recorded during
sunrise and sunset (Al Khatri and Adallah. 2003). In addition. by 1999. a new RPW trap was
introduced. The trap consists of uncovered 10 litter plastic bucket containing 1 kg fermented
date fruit as bait and RPW aggregate pheromone (Adallahand AlKhatri. 2000).Moreover.
the introduction of Kairomone attractant to the Pheromone baited trap and using the red

colour plastic bucketgave more than double catch of adults consisting more females than male
(Abdallah and Al.Khatri. 2005).

The implementation of programme Integrated Pest Management (PM, that was mainly
based on monitoring the villages with infested date palms by using red aggregate pheromone
Kairomonetraps for monitoring and catching the adults. and also conducting concentrated
survey at pre.maximum peaks of the pest where most of the RPW stages are larvae stage.Further.
more. the programme was to control the infested date palms and eradicate the heavily infested
that can not be treated. in order to reduce the pest status level and in the long run eradicate the
pest in most villages. The infestation level during 1993 . 1997 was 3094 date palms and 51.8%
of them were eradicated. However. the implementation of IPM programme of RPW in 1998
resulted in the reduction of date palms due to eradication: 19.7% eradiation out of 1997 infested
date palm in 1998 and 9.2% eradication out of 23822 infested date palms during 1999 .2011.

Lesser date moth« Batrachedraamydraula Meyer (Lepidoptera: Batrachedridae):

Itis known in the Sultanate and elsewhere as Hummeira. It is a very important pest which
attacks date fruits and causes several damages to dates. thus reducing the crop yield. The damage
is caused by the larvae. which bore deep tunnels into the fruit. ultimately the fruit dries and
drops. Infestation can be easily recognised by turning brown and remaining attached to the
fruit stalks by a silken thread. Infestation may cause more than 70% loss of fruits.

Biological studies of LDM were conducted during 1994 . 1995 season. The results indicated
that the duration of each insect stage. total life cycle and annual generation were studied under
laboratory conditions. The duration of egg. larvae. pupal and adult stages of the first and second
generations were 4 .5, 12.17.9 .15 and 4 - 8 days. respectively. However. in the third
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generation, the egg and larval stage lasted 4 . 5 and 8 - 13 days. respectively. The results also
demonstrate that the total life cycle of first and second generations ranged between 27 to 34
days whereas in third generation it ranged between 274 .313 days. It was found that the pest had
three generations (Abd.Allah. et al. 1998b.

Seasonal fluctuation in the adult population of LDM was studied during 1994 _ 1995 season.
Adult moths emerged from late February and peaks of infestation were recorded at the 2nd
week of March. 2" week of April and 2"d week of May. The results indicated that the infestation
levels were generally significantly affected by the temperature as well as the combined effect of
temperature and relative humidity (Annual Report. 1994,.

Field experiments were carried out in 2009 season in order to evaluate the efficacy of some
insecticides against LDM on date palm trees. The results indicated that Trebon® 20% EC
etophenprox) at the rate of 80ml/100L of water and Evisect $°50% WP thiocyclam hydrogen
oxalate) at the rate of 150ml/100L of water gave more than 92% and77%. respectively. reduction
in fruit infestation after 14 days of application (Al.Khatriet al.c 2009a).
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Abstract:

Plantations of Date palm (Phoenix dactylifera L.y in the Sultanate of Oman are infested
by more than 54 arthropod species (insects and mites) affecting growth and yield of date palms
quantitatively and qualitatively. Some of them such as dubasbug OmmatissuslybicusDeBergevin,
attack fronds and some such as lesser date moth (Batrachedraamydraula Meyer) attack fruits
whereas others like red palm weevil (Rhynchophorusferrugineus Olivier) attack the main
trunk. R. ferrugineus was first reported in the Sultanate of Oman in its two Wilayas of AL
BuraimiGevernoment (Mahdha and Buraimiy in 1993. Till 1998 about 5091 date palms were
infested by the pest of which 50.9% were eradicated due to heavyinfestation. Theimplementation
of Integrated Pest Management for R. ferrugineus in 1998 was based on the implementation of
quarantine law to stop an introduction of any plant material from the plant family. Palmae in
the country. through mass trapping using aggregate pheromone baited traps for monitoring
and controlling. extensive surveys to detect the infested date palm and chemical control by
injecting insecticides into the infested date palm or eradicating the untreatable date palm. This
resulted in 9.2% eradication out of 23822 infested date palms during 1999 . 2011. In addition.
more than 401522 adults of R. ferrugineus were trapped and removed from the infested area.
The concerted efforts of IPM resulted in making three of sixteen Wilayas infested by the pest
free from RPW infestation by the end of 2011.
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ABSTRACT:

Date palms under the Egyptian conditions are subjected to infection with different
diseases caused by many soil.borne pathogenic fungi which may cause considerable losses
in the offshoots and trees. A survey was carried out during four years in seven governorates.
Aswan governorate showed the highest disease severity (45.00%). followed by Luxor
(37.50%). Behaera (30.50%). Marsa.Matrouh (25.00%). Ismailia (5.00%). Sharkyia (3.75%,
and Giza (2.50%). Isolation and identification of associated fungi showed that the most
frequent fungi were Fusarium spp. and Thielaviopsis paradoxa. while the least frequent
were Botrydiplodia theomromae and Rhizctonia solani. The most virulent fungi were F.
oxysporum. F. moniliforme. F. solaniand T. paradoxa which were responsible for the root
rotincidence that started with gradual yellowing that reached the palm tip followed by quick
death. All the tested cultivars were susceptible to infection by the isolated pathogenic fungi.
Hayany cultivar was the most susceptible to infection. followed by Sammany cultivar.
While Zaghloul cultivar was the least susceptible.

Key Words: Date palm. root rot. soil borne pathogenic fungi. Fusarium oxysporum. F.
moniliforme. F. solani. Thielaviopsis paradoxa. Botrydiplodia theomromae. Rhizctonia
solani

*Corresponding author. Email: drkhaledarafat@yahoo.com

INTRODUCTION:

Date palm (Phoenix dactylifera L.) roots are liable to attack by several pathogenic soil
borne fungi. that causing serious diseases. Plant pathogens. viz. fungi. nematodes. bacteria.
and viruses can cause diseases or damages in palm trees (Chase and Broschat.. 1991). Several
fungi were recorded as causal pathogens of root rot on date palm. viz.. Fusarium oxysporum;
F. solani; F. moniliforme; F. semitectium; F. equiseti; Phoma sp.; Chaetomium sp.;
Alternaria sp.; Cladosporium sp.; Macrophomina phaseolina; Thielaviopsis paradoxa;
Diplodia phoenicum; Phomopsis phoenicola and Rhizoctonia solani (Abdalla et al.. 2000;
El. Zawahry etal.. 2000; Sarhan, 2001; Suleman. etal.. 2001; EL.Morsi. 2004; Mansooriand Kord.
2006; EI Deeb et al.c 2007; Samir et al.. 2009). This study aimed to throw some light on the
distribution of date palm root rot and its causal agents in different governorates in Egypt.
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Materials and Methods:

Field survey: Roots and soil (rhizospherey samples were collected from naturally infected date
palm and offshoots growing in different locations in seven governorates. viz.; Aswan. Luxor.
Marsa.Matrouh. Giza. Ismailia. Sharkyia and Behara. These were selected depending on. the
large area cultivated. irrigation system. enviromental conditions (during different growing
seasons. summer. autumen, winter and spring) and type of soils (Sarhan. 2001 and Suleman.
2001). Disease incidence and Disease severity Index (DSIy were carried out according to Cooke
et al. 2006y and the scale was suggested by Abdalla et al. (2000).

Isolation and identification: Date palm roots and rhizoshpere (trees or offshoots) were
collected from orchard infested localities and carefully clarified from the large particles of soil.
Samples of roots were taken at least 15.20 cm apart, then maintained in a cool dry state during
transit to the laboratory to minimize contamination with the saprophytic micro.organisms.
Samples were washed carefully with tap water to remove the adhering soil particles. and ten
pieces (10 cm length) representing each sample were sectioned into small pieces (1 cm length,
and surface sterilized with 1% sodium hypochlorite solution for 2 mins.. washed in sterile
distilled water SDW). and then dried between folds of sterilized filter papers. The sterilized
root sections were transferred on potato dextrose agar (PDA) and the plates were incubated at
252°+C. Emerged fungi were isolated and purified using the single spore technique andsor the
hyphal tip method according to Wang and Wen (1997). The frequency of the isolated fungi was
calculated separately from each collected sample. Stock cultures were maintained on PDA slants
and kept in a refrigerator at 5°C. for further studies. Stocks were routinely sub.cultured on fresh
slant every month. The fungal colonies growing in the culture plates were identified according
to their morphological characteristics according to Nelson et al. (1983y; Barnett and Hunter
(1999); John and Summerell (2006). Micro.organisms from root surfaces (rhizosphere) were
isolated according to Bao et al. 2004). The frequency of the isolated fungi from the root rotted
samples and from rhizosphere was separately calculated according to the following formula: %
Fungal frequency- Number of isolates of each fungs/Total number of all isolates X 100

Pathogenicity test of the most frequent isolated fungi: Pathogenicity test of the most
frequent fungi. i.e. Fusarium oxysproum Schlecht. Fusarium solani Mort.y Sacc. Fusarium
moniliforme Sheldon. Fusarium semitectum Berk and Ravenel. Botryodiplodia theobrome
Pat. Thielaviopsis thielavioides Peyr.and Rhizoctonia solani Kuhn.. which wereisolated from
diseased roots was carried out in the greenhouse of Fruit and Woody Trees Diseases Research
Department.Agric. Res. Center. Giza.Egypt. Seeds of Phoenix dactylifera were provided by
a commercial producer. They were surface.disinfested for 10 min in a sodium hypochlorite
solution NaOCI (1.5% available chloriney. soaked under tap water for 24 h. and then sown in
black plastic bags (15 cm, filled with a sterilized mixture of equal portions (v/vy of soil. sand and
clay. The seedlings were allowed to grow for 6 months or to the 23.leaves.stage. Five bags (each
contained one date palm) representing each of the tested varities. viz. Zaghloul. Sammany and
Hayany were used as rreplicates for each tested fungus. Seedlings and soil infested protocol
was carried out by two methods:
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a- Seedlings injection: Six-month-old plants were inoculated as described by Abdalla et al.
2000y by injecting 1 ml of hyphal or spore suspension. and the concentration was adjusted to
1X10% mlusingahaemocytometer Matherand Roberts. 1998). Thehyphaland spore suspension
were injected into the crown using a hypodermic needle and syringe for each fungus. After
inoculation. all plants were covered separately with plastic bags for 48 h to maintain high
humidity. Five plants of each cultivar were inoculated with each isolate. and corresponding
controls were injected with SDW. The pots were arranged in a complete randomized design.
The pathogenicity test was conducted twice. Pathogenicity was evaluated at 30. 45. 60 and 90
days after inoculation and disease reaction was rated as described before.

b- Soil infestation: Soil was infested according to El.Zawahry et al. 2000y by adding 100 ml/
hyphal or spore suspension (4X106/ml) to each black plastic bag representing each pathogenic
fungus. Soil was irrigated every 3 - 4 days to ensure distribution of the tested fungus. After
three months from soil infestation plants were uprooted and their roots were washed by water
to remove soil particles. then percentage of infection and disease severity were recorded. Re.
isolation was carried out from infected tissues.

Varietal reaction: Reaction of the different varieties of date palm (Zaghloul. Sammany and
Hayany, to infection with the different pathogenic fungi. viz. F. oxysproum. F. solani. F.
monliforme. T. paradoxa. B. theobromae and R. solaniwasstudiedbyusinghealthy3.years.old
offshoots. Soil infestation was adopted by adding 1000 ml/hyphal or spore suspension (4X108/
ml) to each pot from each of the pathogenic fungi from active culture. In the other method for
infection. plants were inoculated by injecting 1 ml of hypal or spore suspension (1X108) of the
tested fungi into the crown using a hypodermic needle and syringe. After inoculation. all plants
were covered separately with plastic bags for 48 h to maintain high humidity. Five offshoots
representing each variety were inoculated with each isolate. and corresponding controls were
injected with sterilized distilled water (SDW). The Pathogenicity test was conducted twice.
Pathogenicity was evaluated at 3. 6 and 9 months) after inoculation and disease reaction was
rated as described before. The data were displayed in means after analysis of the least significant
difference at 95% (LSD<0.05y by CoStat Program (version 8.0).

RESULTS:

Field survey: Disease survey carried out during 2005 -2008 growing seasons show clearly that
typical symptoms of date palm root rot was observed in all governorates under study. Percentages
of disease incidence as well as disease severity were found to be different from governorate
to another. even from cultivar to the other. Data. (Table. 1y and (Fig. 1y show the disease
incidence and disease severity percentages of root rot affected all studied cultivars of date palm
in the different inspected locations in all governorates. The percentage of disease incidence and
disease severity values were differed by the locality. The highest percentage of disease incidence
(DI%) and severity (DS%, of root rot were recorded in Aswan (80%DI and 45%DS; followed by
Luxor. Behera and Marsa.Matrouh 65%DI and 37.50%DS). (60%DI and 30%DS) and (50%DI
and 25%DS). respectively. whereas the lowest percentage of disease incidence and severity
were observed in Ismailia. Sharkyia and Giza (20%DI and 5%DS)y. (15%DI and 3.75%DS) and
(10% DIand 2.5%DS). respectively.
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Isolation and identification: Eight fungi. viz. Fusarium sp..Botryodiplodia theobromae,
Thielaviopsisparadoxa. Gliocladiumsp.. Rhizoctonia solani. Aspergillus sp.. Phomopsis
sp.. Stemphylium sp. were isolated from diseased root samples of date palm collected from
different governorates. Also. eight different fungi. viz. Fusarium sp.. Aspergillus sp..
Thielaviopsis paradoxa. Mucor sp.. Cladosporium sp.. Stemphylium sp.. Alternaria sp.
and Rhizoctonia solaniwereisolated from rhizosphere samples of date palm collected from
different governorates. Data in Table (2) show that diseased samples collected from Marsa.
matrouh governorate gave four fungi isloated from roots. viz. F. oxysporum. F. solani.
Phomopsis sp..and Stemphylium sp. 60. 30. 5 and 5%. respectively). Also. gave three
fungi isolated from the rhizosphere. viz. F. solani. Aspergillus sp. and Rhizoctonia solani
(70, 20 and 10%. respectively). Behaera governorate gave three fungi isolated from roots.
viz. T. paradoxa. B. theobromae and F. semitectum (50. 30 and 20%. respectively). Also.
gave five fungi isolated from the rhizosphere. viz. T. paradoxa. F. oxysporum. Aspergillus
sp.. Cladosporium sp. and Mucor sp. (40. 20. 20. 10 and 10%. respectively). Sharkyia
governorate gave two fungi isolated from roots. viz. £ oxysporum and F. semitectum
90 and 10%. respectively). Also. three fungi were isolated from the rhizosphere. viz.
Rhizoctonia solani. Aspergillius sp. and F. semitectum (70. 20 and 10%. respectively,.
Ismailia governorate gave three fungi isolated from roots. viz. F. oxysporum. F. solani
and Rhizoctonia solani (50. 35 and 15%. respectively). Also. four fungi were isolated from
the rhizoshphere. viz. F. oxysporum. Rhizoctonia solani. Aspergillus sp. and Mucor sp.
(70,10, 10 and 10%. respectively). Giza governorate gave three fungi isolated from roots.
viz. F. oxysporum. F. moniliforme and Gliocladium sp. 60. 30 and 10%. respectively.
Also. four fungi were isolated from the rhizosphere. viz. Stemphylium sp.. Aspergillus
sp.. Alternaria sp. and Mucor sp. (30. 30. 20 and 20%. respectively). Luxor governorate
gave three fungi isolated from roots. viz. F. oxysporum. F. moniliforme and Aspergillus
sp. (60. 25 and 15%. respectively). Also. two fungi were isolated from the rhizosphere. viz.
F. semitectum and Aspergillius sp. (70 and 30%. respectively). Aswan governorate gave
three fungi isolated from roots. viz. F. oxysporum. F. moniliforme and F. solani (60.20and
20%. respectivelyy. Also. six fungi were isolated from the rhizosphere. viz. F. oxysporum.
F. semitectum. F. solani. F. subglutinans. F. clamidospores and Aspergillus sp. .being
30. 20, 20, 10. 10. and 10%. respectively. On the other hand. Marsa-Matrouh governorate
showed the highest count of F. oxysporum (60%) from roots. while F. solani (70%) from
the rhizosphere. Behera governorate showed the highest count of T. paradoxa (50 and 40%,
from roots and rhizosphere. respectively. while B. theobromae showed 30% from roots.
Sharkyia governorate showed the highest count of F. oxysporum (90%) from roots. while
R. solani (70%) was from the rhizosphere. Ismailia governorate gave the highest count of
F. oxysporum (50 and 70%) from roots and rhizosphere. respectively. while R. solani (15
and 10%) was obtained from roots and rhizosphere. respectively. Giza governorate samples
gave the highest count of £ oxysporum and F. moniliforme 60 and 30%, from roots.
respectively. Luxor governorate gave the highest count of F. oxysporumandF. moniliforme
60 and 25%) from roots. respectively. Aswan governorate yielded the highest count of F.
oxysporum isolated from the roots (60%) and (30%) from the rhizosphere. In general. the
highest fungus distribution in all governorates under study. was F. oxsporum. followed
by T. paradoxa. while R. solani showed the lowest distibution in all governorates under study.
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Pathogenicity test of the most frequent isolated fungi: Different isolated fungi. viz.
F. oxysporum. F. moniliforme. F. solani. F. semitectum. B. theobromae. T. paradoxa
and R. solanifrom different locations and different governorates were used to investigate their
pathogenic capabilities on young date palm seedlings. originated from seeds of three vars.
Zaghloul. Sammany and Hayany. Data concerning the pathogenicity test on different wounded
varieties of date palm seedlings after three months are shown in Table (3). It is evident that all
tested fungi were able to induce root rot reaction. except F. semitectum. F. oxysporum
isolatel obtained from Aswan governorate was the most virulent one. where it showed 40.6%
disease severity on the three varieties. followed by. F. oxysporum isolate 4 obtained from
Luxor 31.8% DS). While. F. oxysporum isolates 2. 6. 3 and 5 gave 23.4,20.1. 19.9 and 19.7%
DS. respectively on the average. On the other hand. F. solani and T. paradoxa recorded
23.8 and 23.8% DS on the average. B. theobromae. F. moniliforme and R. solanirecorded
19.5. 14.8 and 14.3%DS. respectively on the average for the three vars. Zaghloul variety was the
most susceptible to all the tested fungi. except F. semitectum. followed by vars. Sammany and
Hayany. respectively. Data also show that increased time after inoculation led to increasing the
disease severity for all fungi and cultivars. Data in Table (4, indicate that using the unwounded
method. F. oxysporum isolatel. obtained from Aswan governorate. was the most virulent one.
21.1% disease severity on the average for all three varieties. followed by. F. oxysporum isolate
4 obtained from Luxor (15.0%DS). While. F. oxysporum isolates 2. 5. 3 and 6 gave 10.5. 10.2,
9.9 and 9.1%DS. respectively. On the other hand. F. solaniand T. paradoxa recorded 16.3
and 13.7%DS. on the average for the all three varieties. F. moniliforme. R. solani and B.
theobromae recorded 10.2. 9.6 and 9.4%DS. respectively on the average. Zaghloul var. was the
most susceptible with all the tested fungi. except F. semitectum. followed by vars. Sammany
and Hayany. respectively. Data also show that increased the time after inoculation led to
increasing the disease severity by all the tested fungi and varieties.

Varietal reaction: Date palm offshoots of three varieties. viz. Zaghloul. Sammany and Hayany
were used to study their susceptibility to the pathogenic fungi. F. oxysporum. F. moniliforme.,
F. solani. B. theobromae. T. paradoxa and R. solani. Data in Table (5) show that wounded
offshoots of all the tested varieties were susceptible to infection at different levels. Zaghloul
var. was the most susceptible with the tested fungi. followed by Hayany. while Sammany was
the least susceptible. On the other hand. F. oxysporum and F. solani were the most virulent
(23.01 and 14.35%DS. respectively). while T. paradoxa and F. moniliforme (12.59 and 10.46%
DS. respectivelyy were moderately virulent. as well as B. theobromae and R. solani (9.63 and
8.24%DS. respectively) were the weak virulent. Increasing time after inoculation was significant
with all fungi and cultivars. Data in Table (6) indicate that when unwounded method was used.
all fungi were pathogenic to all varieties of date palm offshoots. F. oxysporum. F. moniliforme
and T. paradoxa were the most virulent to date palm offshoots (13.33, 8.93 and 7.98%DS.
respectivelyy. while F. solani and B. theobromae (6.23 and 5.94%DS. respectively, were
moderately virulent. while R. solani was the weak virulent (3.46%DS,. On the other hand.
Hayany var. was the most susceptible to all pathogenic fungi. followed by Sammany which was
moderately susceptible. while Zaghloul was the least susceptible one. Periods after inoculation
were significant with all fungi and cultivars.
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Table (1): Field survey of root rot of different cultivars of date palm in different governorates.

Governorates Locations Total number Disease Disease
of date palm | %incidence | % Severity
*trees
Marsa-Matrouh [ Siwa 436344 50.00 25.00
Behera Rashid — Edko 1128466 60.00 30.00
Sharkyia Belbeas 1214798 15.00 3.75
Ismailia Al- Ferdan 479766 20.00 5.00
Giza El-Mansoria 514586 10.00 2.50
Luxor Luxor 38393 65.00 37.50
Aswan Abo EI Ryesh- Al 1008429 80.00 45.00
Akab
*Anonymous (2009). Study of Important Indicators of the Agricultural Statistics. Ministry
of Agriculture and Soil Reclamation. Economic Affairs Section« Egypt.
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Fig. {1): Disease incidence and disease severity percentage of root rot of date palm in different governorates.
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Table (3): Pathogenicity test using different varieties of wounded date
palm seedlings after 30. 45. 60 and 90 days after inoculation.
% Disease severity on date palm vars.
Fungi Zagidoul Samunany Hayany Mean
30 days | 45 days| 60 days| 90 days| Mean |30 days |45 days|60 days| 90 days| Mean |30 days |45 days|60 days| 90 days| mean | ™
F. oxysporumn 1 375 | 542 | 583 | 708 | 552 | 254 | 333 | 302 | 421 | 350 | 229 | 263 | 333 | 442 | 317 | 408
F. oxysporuimn? 254 | 333 | 354 | 458 | 350 | 175 | 192 | 204 | 217 | 197 | 125 | 150 | 154 | 188 | 154 | 234
F. wysporumn 220 | 13 | 375 | 75 | 323 | 104 | 133 | 154 [ 79 | w3 | 83 | 125 | 133 | 179 | 130 | 199
F. mys porumnd 333 | 408 | 500 | 583 | 456 | 213 | 225 | 263 | 333 | 258 | 183 | 204 | 238 | 333 | 240 | 38
F. oxysporumns 250 | 354 | 375 | 392 | 33 | 00 | 133 | 12 | w2 | 04 | 17 | 133 | 163 | 163 | 14 | 197
F. oxy's portirhi 250 | 333 | 350 | 392 | 334 | o0 | 158 | 167 | 75 | 125 | 83 | 158 | 167 | 75 | 1w | 204
F. moniifortne 00 | 250 [ 274 | 354 | 219 | 00 | 00 | 158 | 67 | 81 | 117 | 133 | 154 | 167 | 143 | 148
F. solani 00 | 281 | 375 | 469 | 281 | 183 | 188 | 230 | 230 | 208 | 13 | 213 | 230 | 275 | 226 | 238
F. semitectum 00 | 00 [ o0 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00
8. theobr omae 00 | 202 | 333 | 383 | 252 | 158 | 175 | 192 | 204 | 182 | 75 | 133 | 70 | 213 | 150 | 195
T. Paradaxa 00 | 333 | 417 | 479 | 307 | 150 | 175 | 208 | 224 | 189 | 183 | 196 | 229 | 263 | 218 | 238
R. solani 00 | 250 [ 202 | 33 | 214 | 00 | 92 | 133 | 142 | 92 | 83 | 108 | 142 | 158 | 123 | 13
[ean 1A | 307 | 352 | 409 | 302 | 103 | 150 | 187 | 203 | 161 | 122 | 154 | 177 | 213 | 66 | 210
L 5. D. at0.05% Fungi (F) 2.2 F*V 38
Varieties (V) 1.1 F'T 44
Feriod after inaculation (T} 1.3 veT 22
Fv* T T8
Table (4): Pathogenicity test using different varieties of unwounded date
palm seedlings after 30. 45. 60 and 90 days after inoculation.
L Disease severity on date palm vars.
Fungi Zaghlowl Sanmnany Hayany Mo
30 days| 45 days |60 days| 90 days| Mean |30 days| 45 days| 60 days| 90 days| Mean |30 days| 45 days|60 days |90 days| mean | ™
F. ysportm 00 | 268 | 333 | 375 | 249 | 133 | 192 | 208 | 238 | 193 | 133 | 192 | 208 | 238 | 193 | 214
F. weysporm?2 00 | 158 | 200 | 225 | 146 | 00 | 104 | 142 | 158 | 104 | 00 | 83 | &3 | 108 | 69 | 105
F. weysporms 00 | 133 | 192 | 208 | 133 | 00 | 83 | 125 | 46 | 80 | 00 | 83 | 104 | 117 | 76 | 09
F. axyspormd 00 | 229 | 263 | 274 | 194 | o0 | 133 | 188 | 208 | 132 | o0 | 133 | 171 | 208 | 128 | 150
F. axysporims 00 | 183 | 207 | 233 | 158 | o0 | 00 | 133 | w2 | 69 | oo | 83 | 108 | 125 [ 79 | 102
F. ysporme 00 | 125 | 167 | 75 | 117 | o0 | 00 | 138 | 158 | 74 | 00 | 83 | 108 | 133 | 81 | 94
F. moniliforme 00 | 133 | 158 | 200 | 123 | 00 | 83 | 154 | 75 | 103 | 00 | 83 | 108 | 125 | 79 | 102
F. solani 00 | 244 | 281 | 313 | 209 | 00 | 133 | 183 | 206 | 131 | 00 | 179 | 196 | 225 | 150 | 163
F. semitectim 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00 | 00
5. theobromae 00 | 00 | 125 | 133 | 65 | 00 | 125 | 142 | 170 | 109 | 00 | 125 | M2 | 171 | 109 | o4
T. Paradoxa 00 | 00 | 225 | 254 | 120 | 00 | 154 | 192 | 229 | 144 | 00 | 163 | 192 | 233 | w7 | 137
|R. sotani 00 | 00 | 108 | 125 | 58 | 00 | 108 | 146 | 158 | 103 | 00 | 158 | 167 | 83 | 127 | 96
hean 00 | 124 | 189 | 200 | 134 | 41 | 93 | 146 | 166 | 104 | 40 | 114 | 132 | 156 | 103 | 113
L.5.D.2t0.05%  Fungi(F) 15 Frv= 28
Varieties (V) 0.7 F'T= 23
Period after inoculation (T) 0.9 V*T= 15
FeveT 5.1
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Table (5): Pathogenicity test on different cultivars of wounded date
palm offshoots at 3. 6 and 9 months after inoculation.

MY/
N7 g!
=

% Dis exs e severity on date palm vars,
Fun qi Zaghloul Samman Hayan Wakn
1 a ¥ ayany Mean
3 6 9 Mean 3 6 9 Mean 3 6 9 Mean
Months | Months | Months 7 | Months | Months | Menths Months | Months | Months
F. oxysporum 1 2042 | MAT | 4542 | 3000 | 1583 16.67 | 2167 | 18.06 | 18.75 2083 | 23.33 | 20497 23.01
F. solani 16.25 1875 | 21.25 | 1875 | 1167 1292 | 1458 | 13.06 | 1042 1083 | 12.50 | 11.25 14.35
T. Paradoxa 13.33 1542 | 17.50 | 15.42 9.58 11.25 | 1333 | 11.39 | 1042 1083 | 1167 | 1097 12.59
F. moniliforme 10.42 MET | 1542 | 12.50 7.08 B8.75 1083 | 8.89 7.50 1042 | 12.08 | 10.00 10.46
B. theobromae 7.9z 1042 | 1167 | 10.00 792 2917 1125 | 945 B8.33 8.75 1125 | 9.4 963
R.sobni .50 833 10.83 8.89 5.42 5.83 8.33 6.53 8.33 9.7 10.42 9.3 824
Control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 10.83 1268 | 17.44 | 13.65 8.1 9.23 1143 | 9.62 9.1 1012 | 11.61 | 10.28 11.18
L. 5. D at 5%
Fungi (F 0.94 F*V 173
Culthvars (V) 0.62 F*T 173
Period after inoculation (T) 0.62 T*V 1.2
F*Vv"*'T 2.99
Table (6): Pathogenicity test on different cultivars of unwounded date
palm offshoots at 3. 6 and 9 months after inoculation.
“sDisease severity on date palin vais.
Fungi Zaghloul Sammany Hayany Main
3 6 J Mean 3 6 9 Mean 3 b 9 Mean Mean
Maonths | Menths | Months Manths | Months | Months Manths | Months | Manths
F. oxysponnm 1 12.50 14.17 17.08 | 14.58 | 11.67 15.83 1833 15.28 7.92 10.42 1208 | 10.14 13.33
T. Paradoxa 917 11.25 12.92 | 11.11 B.6T 9.08 9.58 9.1 5.83 G2 TA2 G.56 8493
F. solymni 6.25 T .50 8.75 7.50 7.08 8.33 1167 9.03 583 T.92 850 TA2 To98
F. moniliforme 36T 6.33 [ 5.61 3.50 6.25 B.33 6.03 5.33 T.08 8BTS T.05 623
B. theobromae 5.92 633 642 | B.22 5.75 6.17 6.58 6.17 467 542 6A2 5,50 596
R. sokni 3.25 3483 4.25 3.78 2.92 3Aar 3.58 3.22 292 3.33 3592 3.39 JAG
Caontrol 0.00 000 000 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 5.82 706 .04 697 5.66 6.98 8.30 6.98 4.64 5.80 6.73 502 656
L.S.D. at5%
Fungi {F} D.43 F*V 073
Cultivars (V) D.28 F*T 073
Pariod after inoculation (T) 0.28 T*V mn.s.
F*v*T 5.
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Discussion:

Date palmsunder the Egyptian conditionsare subjected toinfection with different diseases
caused by many soil.borne pathogenic fungi causing considerable root rotin the orchards (Abbas
et al.. 1989 and El.Deep. 1994). The present study aimed to carry out an accurate: survey and
identification of fungi associated with root rot of date palm. Many researchers reported that soil-
borne pathogenic fungiare the mostly responsible for root rot diseases which cause considerable
losses of date palm and offshoots (EL. Deep. 1994 and Abdalla et al.. 2000). They mentioned that
F. oxysporum. F. solani and F. moniliforme were isolated from the declined date palm trees.
Root rot caused by soil.borne pathogenic fungi. viz. F. oxysporum. F. moniliforme. F. solani.
B. theomromae. T. paradoxaand R. solani were isolated from root rotted samples collected
from Aswan. Behera. Giza. Ismailia. Luxor. Sharkyia and Marsa-Matrouh governorates. While
other fungi were less frequent. Results of the present study indicated that the root rot diseases
were noticed on date palm grown in different localities belonging to the seven governorates in
Egypt. ELArosi et al. (1983 reported that symptoms on date palm infected by F. moniliforme
and F. solani appeared on root as pale brown discoloration on the adventitious roots. The
occurrence and frequency of the isolated fungi were differed from one location to another; these
differences are probably due to the environmental conditions such as moisture. temperature
and soil type. dissemination factors of fungi in different locations and agricultural practices.
These results are in harmony with those obtained by Fawcett and Klotz (1932). Variations were
recorded on the disease incidence and disease severity percentage in the inspected governorates.
These results are in agreement with those obtained by El.Deep et al. 2007y who mentioned that
these variations might be due to the variation in environmental conditions. It may be also
due to one or more of the following factors; 1. pathogen frequency. 2. climatic conditions which
differ considerably between locations. 3. varietal sensitivity. 4. dissemination factors available
in the locality. 5. it may be also due to the cultural practices (Turner. 1981). Fusarium spp.
were the most frequently isolated fungi from all governorates studied. Also. Fusarium spp.
were the highly prevailed in healthy and infected date palm and offshoots. Mandel et al. (2005,
showed that Fusarium solani and F. oxysporum were predominant in the rhizosphere of
date palm. Fusarium spp. were the most frequently isolated fungi from roots. but they showed
the highest mean recovery of Fusarium spp. from the plantdebris followed by the roots and the
lowest one was occurred in the soil samples. On the other hand. T. paradoxa was consistently
isolated from rotted roots of date palm. these results are in agreement with those obtained by
Al.Rokibah etal. (1998) and Samir et al. (2009). On the other hand. Djerbi (1991, mentioned that
T. paradoxa was not isolated from the roots of naturally infested trees. This may be due to
the presence of various biotypes of the fungus in different regions (ALLRokibah et al.. 1998).
The pathogenic potentialities of the isolated fungi were determined with three date palm vars.
In the greenhouse. all wounded seedlings of date palm varieties were infected with all soil-
borne pathogenic fungi. but with various degrees of susceptibility. The most virulent fungus
was Fusarium oxysporum. followed by T. paradoxa. while F. moniliforme. F. solani and
B. theobromae were moderately virulent. R. soalni was weak virulent to date palm. Hayany
variety was the most susceptible to root rot followed by Sammany var.. while Zaghloul var. was
the less susceptible. These results are in agreement with those obtained by ELDeep et al. (2007).
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