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ABSTRACT: The biological aspects of the red palm weevil,
Rhynchophorus ferrugineus (Olivier), were affected significantly
when larvae fed on three different types of food i.e., sugarcane stem
pieces, date palm tissues and an artificial diet under laboratory
conditions of 27 = 2 °C. and 70 + 5 % R.H. The results obtained
clearly indicate that the mean incubation period of RPW eggs lasted
3.16+0.17, 3.1640.16 and 3.09:0.17 days for sugarcane stem pieces,
date palm tissues and artificial diet, respectively, while hatchability
percentages were 84.1+4.82, 86.5+4.86 and 81.9+4.84 % in case of the
above mentioned diets. Also, the mean larval duration fed on
sugarcane stem, date palm tissues and artificial diet was 67.62+4.16,
37.26+£2.04 and 45.19+2.91 days, successively. The mean total
cocoonal duration (pre-pupal, pupal and adult inside cocoon
periods) significantly differed due to the type of larval food, where
they were 26.06+1.49, 18.66=1.06 and 22.54+1.30 days on sugarcane
stem pieces, date palm tissues and artificial diet, respectively. The
mean percentage of emerged females (sex ratio) was 53.06:4.16,
54.58+3.74 and 51.14+3.48 7 for the three food types, respectively.
Female longevity was significantly affected according to diet type
showing 81.5+6.46 days on sugarcane; 91.3:6.04 days on date palm
tissues and 95.24+6.75 days on artificial diet. The averages of male
longevity periods were 92.4+6.84, 93.4£5.37 and 97.8£5.96 days for
sugarcane stem pieces, date palm tissues and artificial diet,
successively, The highest mean numbers of eggs laid per female
(fecundity) was recorded on the artificial diet and decreased on other
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two diets, where they were 275.0+23.55, 259.4+25.91 and 222.3£22.74

eggs / female on artificial diet, date palm tissues and sugarcane stem

pieces, consecutively. Mean total life cycle and generation periods
were significantly affected by different foods.

Key words: Red palm weevil, Rhynchophorus ferrugineus, development,
diets, laboratory rearing, biological parameters.

INTRODUCTION

The red palm  weevil,
Rhynchophorus fierrugineus (Olivier)
(Coleoptera: Curculionidae), is an
economically important tissue-
boring pest and it is a serious
menace pest for the different
cultivated palms in many parts of
the world. The main recorded host
plants are the coconut palm (Cocos
nucifera), the date palm (Phoenix
dactylifera), the sago palm
(Metroxylon sago), sugar palm
(Arenga  saccharifera), canary
island palm (Phoenix canariesis),
indian date palm (Phoenix
sylvestris), California  palm
(Washingtonia filifera), palmyra
palm (Borassus flabellifera) and
oil palm (FElacis guineesis) that
reported by Banks (1906), Ghosh
(1912), Buxton (1920), Leefmans
(1920) and Rahalkar et al. (1985).
In Egypt, Sharkia Governorate,
this species of palm weevils was
first recorded in 1992 (Saleh,
1992). The insect first record was
in India as a serious pest of
coconut palm (Lefroy, 1906 and
Nirula, 1956). This weevil has
been spread westwards very

rapidly since the mid 1980's
(Gomez and Ferry, 1999), It was
found in the Kingdom of Saudi
Arabia, the United Arab Emirates,
and the Sultanate of Oman in 1985
(Abozuhairah et al., 1996; El-
Ezaby, 1997 and Kaakeh et al,
2001), Savaran region of Iran in
1996 (Faghih, 1996), southern of
Spain in 1994 (Barranco ef al
1996), and Israel, Jordan, Palestine
and the occupied territories in
1999  (Kehat, 1999). The
commercialization of date palm
growing in the Middle East has
created ideal conditions for the
rapid spread of the red palm
weevil among countries in this
region (Abraham ef al, 1998 and
Murphy and Briscoe, 1999).

Eggs are laid in the injured leaf
petioles of soft crown m 5 to 20
years - old date palm trees.
Hatching larvae tunnel through the
soft wood into the heart of the
trunk where they complete their
life cycle. Many gencrations
passed in the same palm.
Therefore, neither the larvac nor
the damage caused can be seen
directly. At times, a brownish
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viscous liquid can be seen oozing
from small holes in the crown/or
trunk. Often the attack by the
weevil is discernible only when
the palm has been extensively
damaged. Previous attempts at
laboratory  for  rearing  of
R. ferrugineus were reported by
Rahalkar et al. (1973, 1978 and
1985); Rananavare et al. (1975);
Faghih (1996); Salama and Abdel-
Razek (2002); Alfazairy, Ahlam et
al. (2003); El - Sebay et al. (2003)
and Kaakeh (2005). The biology
of this weevil species was also
reported by Abraham (1971),
Butani (1975), Giblin ef al. (1989)
and El-Ezaby (1997).

The present study aims to
investigate the effects of natural
plant diets (sugarcane and date
palm tissues) and an artificial diet
on the biological aspects of red
palm weevil, R. ferrugineus, under
laboratory conditions aiming to
find the best diet for the insect
development and reproduction to
be used in the insect mass rearing
for irradiation treatment of newly
emerged adult stage as a new
approach of insect control.

MATERIJALS AND
METHODS
Biological experiments on the

red palm weevil, Rhynchophorus
Sferrugineus (Oliv.) were carried
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out under laboratory conditions of
27 +£2°C. and 70 £ 5 % R.H. at
The Department of  Plant
Protection, Faculty of Agriculture,
Zagazig University.

Different stages of RPW were
collected from highly infested
palm tree orchards at Belbies and
Wadi El-Moullak districts in
Sharkia Governorate, East Delta,
Egypt. Such stages were then
transferred to a rearing room under
conditions mentioned above.
Collected stages were reared on
fresh and soft shred sugarcane
stem tissues and were kept in plastic
containers (22 x 14 x 6.5 cm.).

Rearing on Different Diets

To adapt the collected insects,
newly emerged adults of red palm
weevil from the culture were
reared on both artificial and two
natural diets of sugarcane and date
palm  tissues for  several
generations before using in the
experiments and executed as
tollows:

Rearing on artificial diet

Artificial diet contents are
sugar-cane bagasse, coconut cake,
yeast, sucrose, essential minerals
and vitamins, agar, water and food
preservatives, according to the
method described by Rahalkar et
al. (1985).
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Ten replicates ecach consisted
one pair (male and female) newly
emerged reared on the same diet
were used and put in an oblongate
opaque — white plastic boxes
tightly covered with perforated
covers (12.5 x 9 x 6.5 cm). Insects
were reared on artificial diet as a
site for oviposition and source of
food for adults. The plastic boxes
were checked daily and replaced
with fresh ones. Eggs were
collected by using a fine
moistened brush and arranged on a
dampish filter paper in Petri
dishes.

To study the incubation period
and hatchability of eggs, 10
replicates each consisted of 100
eggs freshly laid were used; the
eggs were kept in darkness under
laboratory conditions, the eggs
were examined daily and the
incubation period and hatchability
were estimated.

100 newtly hatched larvae were
obtained and divided into 10
replicates; each replicate was
consisted of 10 newly hatched
larvae. By means of fine brush, the
larvae are introduced individually
into these rearing cups and then
tightly covered with a perforated
cover. The food was changed
whenever necessary or consumed.
These cups were checked daily, at
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the end of larval development,
some of the palm bark fibers were
placed near the larvae to help them
to pupate.

After cocoons construction,
they were removed from cups and
put in  plastic  containers
(25x14x1! cm) between two
layers of a dampish date palm bark
fibers and covered with a
perforated cover. These containers
were  daily  observed, the
inspection of these cocoons was
carried out by opening each of
them from its posterior end during
inspection - and then enclosed
according to Hussein, 1998. The
followed observations i.e., of pre-
pupal, pupal duration, periods of
adults inside cocoons and natural

mortality percentages were
recorded.
Ten replicates of newly

emerged adults were used; each
replicate of one couple was put in
plastic container (12.5x 9 x 6.5cm)
and tightly covered with a
perforated cover. The artificial diet
served as a site for oviposition and
a source of food for adults. Eggs
were collected on a dampish filter
paper in Petri dishes. Numbers of
eggs laid by each female were
estimated. Pre-oviposition,
oviposition, post-oviposition
periods, longevity of both sexes,
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fecundity of ecggs of the adult
females, life cycle period and
generation interval were recorded.

Rearing on sugarcane

Adults were reared on freshly
shred sugarcane stem tissues as a
site for oviposition and source of
food for adults. The sugarcane
pieces were checked daily and
replaced with fresh ones. Eggs
were collected. 10 replicates each
consisted of 100 eggs newly laid
were used; the incubation period
and hatchability were estimated.

One hundred of newly hatched
larvae were obtained and divided
into 10 replicates; each replicate
consisted of 10 newly hatched
larvae. One  internodes  of
sugarcane stem was longitudinally
cut and make a tunnel at the end of
both sides of the internodes and
put one newly hatched larva, and
then the two halves were closed by
rubber bands. Pieces were
arranged in a plastic tray (50 x 30
x 15 cm) and stored in cages inside
rearing room. Observations were
taken daily and sugarcane pieces
were removed weekly and
replaced with other freshly ones,
(Rahalkar et a/., 1985). Small
plastic tube (3 cm. in diameter and
6 cm. in depths) as an artificial site
for pupation then put in a plastic
containers (25 x14 x11 cm). These
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tubes were examined daily until
emergence of adults. The emerged
adults were taken and each pair
was put in plastic container (12.5 x
9 x 6.5 cm). All biological aspects
mentioned above were estimated.

Rearing on date paim heart
tissues

Pieces of date palm heart
tissues namely aljomara of
Zaghloul variety was used as a site
for oviposition and also as a
source of food for adults. The date
palm pieces were checked daily
and replaced with fresh ones. All
biological aspects mentioned
above were estimated.

Statistical Analysis

Data were analyzed as a
completely randomized design
according to procedure outlined by
Steel and  Torrie  (1980).
Differences in each parameter
were evaluated by analysis of
variance (ANOVA) using F. test.

RESULTS AND
DISCUSSION

Immature Stages
Egg stage
Incubation period

Data presented in Table 1 show
that the mean incubation periods
of RPW eggs lasted 3.16 + 0.17,
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3.16 £ 0.16 and 3.09 + 0.17 days
for sugarcane stem picces, date
palm tissues and artificial diet,
respectively. Insignificant
difference was found between
sugarcane and palm tissues, while
it was significant between artificial
diet and each of the two natural
tested diets. Data obtained agree
with those of Rahalkar ez al
(1985), Faghih (1996), Liao et al.
(1997), Ramachandran (1998),
Muralidharan et al. (2000), Butani
(2002} and Alfazairy, Ahlam et al.
(2003) who found that egg stage of
the red palm weevil lasted 2 - 4, 1-
6, 6-10, 2-5, 2.440.22, 2-5 and 2-3
days, successively.

Abd El-Fattah, et al.

Hatchability

Results given in Table 1 reveal
that mean percentages of eggs
hatching were 84.1 + 4.82, 86.5 =
4.86 and 81.9 + 4.84 for sugarcane
stem pieces, date palm tissues and
artificial diet, respectively. Highly
significant differences were found
between the three tested rearing
diets. The present data are in
agreement with those published by
Kaakeh (2005) who stated that
eggs hatchability on the artificial
diet and palm leaf-base was in the
range from 74.31% to 93.3%, and
also by Kalleshwaraswamy and
Jagadish (2005) on sugarcane,
where hatchability ranged between
73.51 and 76.05 %.

Table 1. Effect of three diets used in the rearing of the red paim

weevil, Rhynchophorus ferrugineus {(Oliv.)) omn some
biological aspects under laboratory conditions (27 + 2 °C.,
and 70 £ 5 % R.H.)
Diets
Biological Sugarcane Datepalm  Artificial LSD
aspects stem pieces tissues diet " F. test
0.05
Mean+S.E. Mean+S.E. Mean+S.E.
Incubation period of eggs  3.16+017a  3.16+0.16z  3.09+0.17b (.03 *
Eggs hatchability 841+482 b 865+486a 819+484¢ 219 ¥
Larval duration 67.62%416a 3726:£2.04c d4519+291b 687  **
Total cocoonal duration 18.66+1.06c 2254+130b 038  **

2606+14%9a
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Larval stage
Larval duration

The results compiled in Table 1
indicate that the larval duration of
RPW fed on sugarcane stem, date
palm tissues and artificial diet
differed significantly from diet to
other as such durations were 67.62
+ 4.16, 37.26 £ 2.04 and 45.19 +
2.91 days, respectively. Generally,
the larvae fed on date palm tissues
had the shortest larval duration,
while it was the [ongest on
sugarcane. Data obtained are in
harmony with the findings of some
investigators such as Butani
(1975) who found that the larval
duration ranged from 24-61 days
on date palm and Rahalkar er al.
(1978 and 1985) who reported that
the larval period of RPW reared on
sugarcane was longer than that
reared on the artificial diet, and the
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durations from egg.to pre-pupa
were 5 1-75, 38-49 days when the
insects were reared on sugarcane
stems and  artificial  diet,
successively. On the confrary, our
results disagree with those of
Kaakeh (2005) who mentioned
that the developmental times of
larvae reared on artificial diet and
palm leaf-base ranged from 70.8 to
102.2 days.

Larval mortality Percentage

Data given in Table 2 clear that
statistical analysis of the results
prove that no  significant
differences were found in the
percentages of the natural larval
mortality of RPW when fed on the
three tested foods i.e., sugarcane
stem pieces, date palm tissues and
artificial diet, where the mean
average percentages of larval

Table 2. Natural mortality percentages of larval and cocoanal stages of
the red palm weevil, Rhynchophorus ferrugineus (Oliv.) under
laboratory conditions (27 +2°C,and 70+ 5 % R.H.)

Diets
Natural mortality Sugarcane stem  Date palm Artificial LSD.
percentages pieces tissues diet ) F. test
Mean=SE. MeanzSE MeantSE
Larval mortality 1201+291  10.06+333 1099+124 - N.S.
Cocoonal mortality 504245 411+266 4.12x266 - N.S.
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mortality were 12.01 = 2.91, 10.06
+ 333 and 1099 = 1.24 %,
respectively. The obtained data
.contradict with those of Hussein
(1998) who mentioned that the
larval mortality of the RPW reared
on date palm under laboratory
conditions for three consecutive
generations throughout one year
reached 79 %, 84.5 % and 85.83 %
in the three generations,
alternatively.

Stages inside cocoon
Total cocoonal duration

As clearly shown in Table | the
mean total cocoonal duration (pre-
pupal, pupal and adult inside
cocoon periods) high significantly
differed according to the type of
larval food. The mean total
cocoonal duration was 26.06 +
1.49, 1866 = 1.06 and 22.54 +
1.30 days, when the larvae were
fed on sugarcane stem pieces, date
palm tissues and artificial diet,
consecutively. Obtained data are
confirmed with those of Butani
(1975) who found that the pupal
duration ranged from 18-34 days
on date palm and also of
Ramachandran {1998) who
reported that the total mean of
cocoonal duration was 26 days
ranged from 18 to 40 days on date
palm.

Abd El-Fattah, et al.

Cocoonal mortality percentage

Data in Table 2 display the
cocoonal mortality and no
significant differences were found
between the cocoonal mortality
percentages of RPW when the
larvae fed on the three tested
foods. The averages percentages of
cocoonal natural mortality was 5.0
+245 411 +2.66and 4.12+2.66
% when the larvae were reared on
sugarcane stem, date pahn tissues
and artificial diet, respectively.
The present results disagree with
those obtained by Hussein (1998)
who showed that the highest pupal
mortality was 51.61% in the 2 ™
generation, while the lowest
mortality 23.53 % was reached in
the third generation and the first
generation exhibited 33.53 %.

Adult Stage
Sex ratio

Sex ratio of emerged adults
measured. as females percent from
the total number of emerged adults
differed and depended on larval
foods where larvae fed on
sugarcane stem pieces, date palm
tissues and artificial diet showing
significant differences Table, 3.
The mean percentages of emerged
females were 53.06 + 4.16, 54.58
+ 3.74 and 51.14 + 3.48 % for the
three aforementioned food types,



Zagazig J. Agric. Res., Vol. 36 No. (6) 2009

respectively. Obtained data agree
with those of Muralidharan (2000)
who mentioned that the sex ratio
(male: female) was 1:1.33.
However, these results disagree
with those obtained by Hussein
(1998) who reported that the mean
percentages of emerged males
were 58.33, 50.0, 50.0 and 60.0 %
when the weevil was reared on
Zagloul, Hayani, Amry date palm
varieties and ornamental palm,
respectively.
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Adult Longevity
Female longevity
Pre-oviposition period

As obviously shown in Table 3,
the mean pre-oviposition period of
emerged females from larvae fed
on artificial diet was significantly
shorter than other two food types,
where the mean pre-oviposition
period was 5.2 + (.52, 4.8 + 0.71
and 3.6 £ 0.37 days for the three

Table 3. Effect of three diets used in the rearing of the red palm

weevil, Rhynchophorus ferrugineus (Oliv) on

some

biological aspects under laboratory conditions (27 + 2 °C,

and 70 £ 5 % R.H.)

Diets
Boogolupets o Drm A
MeanSE. MeanzSE. MeanzSk 0

Sex ratio (% of females) 5306+4.16b 54583742 SL14:348b 0B *
Pre-oviposition period 5240522  48:071a  36x037h 061 ¢
Oviposition period 625+£659b 758+5%9a 80.2:660a 516 **
Post- oviposition period 138+134a 107+091b 114:087b 106  *
Adult longevity :

Female $15:646b 913:604a 95.2+675a 465
Male 9242684 93425378 97HL596a 145 ¢
Rate of oviposition 360021 342+ 0107 343019 - NS
Fecundity of eggs 2223:£22.74b 2594+2581a 2750+2355a 2060 **

Life cycle duration (egg —egg)

98.17+5.19a

6093+241h 7047+498b 1163 *

Generation duration (egg — death of adult) 17447 £ 10568 14743=8.63b 162.07+9.78a 2467 *
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tested food types, successively.
Data obtained was almost in
agreement with those of Kaakeh
-(2005) who mentioned that the
pre-oviposition periods of females
emerged from larvae reared on
artificial diets, sugarcane, palm
heart, and palm leafbase ranged
from 3.15 to 3.61 days showing
significant differences concerning
the three larval foods. Also, Justin
et al. (2008) mentioned that the
female weevil commences
oviposition during 1 to 7 days.

Oviposition period

Data in Table 3 clear that the
mean oviposition periods were
62.5+6.59,75.8+5.99 and 80.2 +
6.60 days when the larvae fed on
sugarcane stem pieces, date palm
tissues and  artificial  diet,
respectively. Analysis of variance
using F. test proved that the
oviposition period differed high
significantly due to the type of

food, where the  shortest
oviposition period {62.5 + 6.59
days) was recorded with

sugarcane stem pieces, but the
longest one (80.2 = 6.60 days) was
on artificial diet. The present
results slightly disagree with the
findings of some authors such as
Muralidharan (2000) who
mentioned that the oviposition
continued 43.9+2.35 days, and
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also with Justin, et al., (2008) who
stated that this period ranged from
25 to 63 days. On the contrary,
similar results were obtained by
Alfazairy, Ahlam et al (2003)
who found that the oviposition
period was 81.5 + 5.9 days (57-
126 days) and 85.5 £ 8.2 days (37-
118 days) for cooked diet and
sugarcane pieces, respectively.

Post-ovipasition period

The post-oviposition period of
RPW females resulted from larvae
reared on different foods are
shown in Table 3. It is clear that
these periods were 13.8 = 1.34,
10.7 £ 0.91 and 11.4 = 0.87 days
for sugarcane stem pieces, date
palm tissues and artificial diet,
consecutively. Statistical analysis
of results demonstrates that the
effect of food type on the post-
oviposition period of RPW female
proved to be significant at 0.05
level of probability. On the other
hand, no significant differences for
such period of females which their
larvae were fed on either date
palm tissues or artificial diet. Data
obtained disagree with the finding
of Alfazairy, Ahlam et al. (2003)
who found that the post-
oviposition period was 29.9 £+ 2.8
days (21-50 days} and 18.2 + 4.5
days (5-52 days)for cooked diet
and sugarcane pieces, alternatively.
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Total female longevity

In respect of mean longevity of
adult females emerged from larvae
of RPW fed on different food
types, the results compiled in
Table 3  show  significant
differences between averages of
female longevity emerged from
larvae fed on sugarcane stem
picces and each the other two food
types. The longest female
longevity was 95.2 = 6.75 days for
adult females emerged from
artificial diet, whereas the shortest
onc was 81.5 £ 6.46 days for
females emerged from sugarcane
stem pieces. The data obtained
disagree with those published by
some investigators such as
Muralidharan (2000) who
mentioned that the longevity of
adult females was 58+3.49 days on
date palm. Alfazairy, Ahlam et al.
(2003) found that adult females
longevity was 113.9 + 8.5 days
(80-180 days) and 106.9 + 5.7
days (44-174 days) for cooked diet
and sugarcane pieces, respectively.
Muthiah and Nair (2006) revealed
that the adult longevity on
different foods varied from 27 to
56 days and this may be due to the
food used of coconut which may
contain some different components
comparing with those in the
present work.
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Male longevity

As clearly shown from the data in

Table 3, the RPW male longevity
high significantly differed as
influenced by food larval types,
where the means of males
longevity were 92.4 £ 6.84, 93.4 +
537 and 97.8 £ 5.96 days for
sugarcane stem, date palm tissues
and artificial diet, successively.
The data obtained are not in
harmony with the findings of
Muralidharan (2000} who stated
that longevity of adult male was
70+£6.95 days on date palm. Also;
Alfazairy, Ahlam et al (2003}
found that adult males longevity
was 1003 + 9.7 days (77-162
days) and 100.1 £ 5.1 days (79-
137 days) for cooked diet and
sugarcane pieces, respectively.

Daily rate of oviposition

Results given in Table 3 clear
that the differences between means
numbers of eggs laid daily by
female were statistically
insignificant. The mean numbers
were 3.60 £ 0.21,3.42 + 0.17 and
3.43 % 0.19 eggs /day/ female for
the females resulted from larvae
fed on the three tested foods
{sugarcane stem pieces, date palm
tissues and  artificial  diet),
respectively.  Meanwhile, the
present results are almostly in
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agreement with those obtained by
Alfazairy, Ahlam et al. (2003} and
Kaakeh (2005). The first author
-found that the daily rate of
oviposition (eggs / day/female)
was 2.7 and 2.8 eggs for cooked
diet and sugarcane pieces,
respectively. The second
investigator mentioned that the
average number of eggs deposited
daily per {female reared on
artificial diet and palm leaf-base
ranged from 1.28 to 3.03 eggs.

Fecundity of eggs

Considering the mean number
of eggs laid per female resulted
from larvae fed on different food
types, the results presented in
Table (3) clearly demonstrate that
the number of eggs laid per female
varied high significantly according
to the type of its larval food. From
the obtained results, it is evident
the insect RPW fecundity of eggs
can be arranged descendingly as
follows: 275.0 £ 23.55, 259.4 +
2591 and 2223 + 22.74 eggs /
female for females emerged from
larvae fed on artificial diet, date
palm tissues and sugarcane stem
pieces, respectively. The data
obtained are in disagreement with
those published by Salama ef al
(2009) who found that eggs
production was the highest for
palm crown being 338 +37.24

Abd El-Fattah, er al

eggs per female, but the lowest
production(117.0 +18.9 eggs per
female) was  obtained on
sugarcane. Whereas, the findings
of some authors such as Butani
(1975), Muralidharan (2000},
Kalleshwaraswamy and Jagadish
(2005) and Justin e al. (2008)
confirm the present resulis.

Life cycle duration

The total period of life cycle
{egg — egg) at different tested food
types were 98.17 + 5.79; 60.93 £
2,41 and 70.47 £ 4.98 days for
sugarcane stem pieces, date palm
tissues and  artificial  diet,
respectively. Such data clear that
the food types significantly
affected the life cycle of RPW.
Similar trends were recorded by
Rahalkar et al, (1985),
Muralidharan (2000) and Muthiah
and Nair (2006).

Generation duration

The data compiled in Table 3
show means of generation period
calculated from the date of eggs
deposition to the death of emerged
female adult. Statistical analysis
showed significant differences
between durations of generation
when the larvae fed on different
food types. The mean durations of
generation were 174.47 + 10.56,
147.43 + 8.63 and 162.07 = 9.78
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days for sugarcane stem pieces,
date palm tissues and artificial
diet, respectively. These results
agree with the findings of Salama
et al. (2009) who found that the
duration of generation was the
shortest on palm crown, but it was
longer on sugarcane. Contrarily,
our results are not in harmony with
those of Kaakeh (2005) who
mentioned that the generation span
for the red palm weevil, reared on
artificial diet and palm leaf-base
ranged from 93.2 d to 131.3 days.
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