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ABSTRACT

Biological studies on Eretmocerus mundus

Mercet, a parasitoid of Bemisia tabaci Genn.,
were carried out on tomatoes at two constant
temperatures, 14 and 25°C. Development from
egg deposition to adult emergence required 44
days at 14°C and 16 days at 25 ° C. Adult females
lived for 11 days at 14°C and 9 days at 25°C,
whereas adult males lived for 5.7 days at 14°C
and 4.5 days at 25 ° C. The pre-oviposition period
ranged from 1.6 to 2.8 days. The average number
of eggs laid per female through its life span was
24 eggs (range: 8-41 eggs). The sex ratio (t:9)
in adult parasitoids was 1:0.7 at 14 ° C and 1:1.5
at 25°C. These results were used for calculating
the rate of increase (rm value) for E. mundus at
the two test temperatures. Consequently, the
practical value for using E. mundus as a bioagent
to control B.. tabaci was discussed.

INTRODUCTION

Biological control of whitefly, Bemisia tahaci
Genn., by releasing the imported parasitoid
Encarsia formosa Gahan, has been started
commercially, on vegetable corps planted under
multispan-cover plastic houses in the Jordan
Valley. Results were satisfactory during the fall
growing season (Oct—Feb), whereas unsatisfactory
results were attributed to many factors; one of
them is temperature (personal communication).

Two hymenopterous parasitoids were
recovered from the puparia of B. tabaci reared on
Lantana camara L. in the Jordan Valley. Of these
E. mundus prevailed in larger numbers than
Prospaltella (= Encarsia) sp. E. mundus accounted
for 71% of the total number of parasitoids
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recovered, whereas 29% accounted for Prospaltella
sp. Parasitization on B. tahaci by both parasitoids
occurred throughout the year and ranged from 26
to 51% (Sharaf, 1982). Some of the factors
affecting parasitization have been dealt with
previously. The availability of whitefly-larvae and
their abundance in relation with weather
conditions greatly affected the degree of
parasitization (Samuel, 1950; Gameel, 1969;
Gerling, 1972; Sharaf, 1982; Karaman et al.,
1983). The effect of certain insecticides on
elimintation of parasitoids was illustrated by
Gamed], (1969) and Sharaf, (1982). Also, the
effect of host plant species harbouring B. tabaci
on the resultant parasitism was shown by Azab et
al., (1969).

However, no work was carried out on the effect
of temperature on parasitization of B. tahaci.
Temperature has been reported to affect the rate
of development, longevity, fecundity and total
activity of both the whitefly Trialeurodes
vaporariorum Westw. and its parasitoid Encarsia
formosa Gahan, with different parasitization
efficiency occuring at different temperatures (Vet
et al., 1980).

The aim of this study was to investigate the
effect of temperature on some biological aspects
of E. mundus. This may help in planning an
effective biological control programme of B.
tabaci.

MATERIALS AND METHODS

Adults of B. tahaci, collected from infested
host plants in the Jordan Valley, were reared on
tomato plants and kept in insect-proof cages in the
greenhouse of the Faculty of Agriculture,
University of Jordan. The cages were made of
wood (1 x 1 x 1 m) and covered with Orchanza
cloth (< 50 mesh) so that whiteflies could not
enter into or get out of the cages. Also, leaves
harbouring parasitized pupae of B. tabaci were
collected from plants infested with whiteflies in the
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Jordan Valley and kept in an incubator at 25°C as
described by Azab et al., (1969) until the adult
parasitoids emerged. Adults of E. mundus were
introduced to tomato plants having 2nd and 3rd
larval instars of whiteflies and kept in insect-proof
cages in an insectary of the Faculty of Agriculture,
University of Jordan.

The biological aspects of E. Mundus were
studied on tomato under laboratory conditions
(RH 42-57%; illumination 12/12 LD; light
intensity 2000 Lux) at two constant temperatures,
14 and 25°C, representing the average daily mean
temperature of winter and spring/ fall months in
the Jordan Valley.

Tomato infestation with the whitefly, B.
Tabaci, was achieved according to a method
described by Wardlow et al., (1972). Tomato
seedlings, from which the leaves were removed
except for the two fully expanded leaves above the
cotyledons, were exposed to heavy whitefly
population for 24 hrs, which is a sufficient time to
deposit eggs of the same age. Adult whiteflies were
then removed by blowing them off the plants.
Tomato seedlings having whitefly eggs were left
until the 3rd larval instar had been reached before
exposing them to E. mundus; since that was the
most susceptible stadium for parasitization
(Gameel, 1969).

At each of the two test temperatures, an
experiment was laid out in a completely
randomized design with 5 treatments (representing
the different immature stages) and 3 replicates, to
determine the duration of each immature stage
and the length of the life cycle of E. mundus.
Tomato plants having recently parasitized 3rd
larval instar of B. tabaci were kept in an incubator
adjusted at the assigned temperature. The
development of each parasitoid stage was followed
by preparing slides daily. Duration of the egg
stage, 1st, 2nd and 3rd larval instars, and pupal
stage were recorded, and their range and mean
duration were computed. Also, mean develop-
mental period from egg deposition to adult
emergence were calculated.

As soon as the adult parasitoids emerged, they
were collected by an aspirator, released on tomato
plants having 3rd larval instar whiteflies confined
in plastic cages, and kept in an incubator adjusted

at one of the two test temperatures. Daily
observations were made until all the released adults
died. Dead adults (108 adults at 14°C and 71
adults at 25°C) were separated according to their
sex, and the sex ratio (OA : 9) was determined.
Also, the range and mean longevity of adult males
and females were calculated from 11 to 19 males
and 17 to 18 females.

To determine the pre-oviposition period, 8
newly emerged couples of adult female and male
parasitoids were released on 8 caged tomato plants
having whitefly 3rd larval instar hosts at the ratio
of one couple per plant. The parasitoids were
removed daily by an aspirator and released again
at the same ratio on other infested tomato plants,
until the female parasitoids deposited their first
eggs. Range and mean duration of the pre-
oviposition period were calculated from the 8
replicates.

Female fecundity was assessed by releasing a
pair of newly emerged male and female adults on
each of the 8 infested tomato plants (8 replicates),
and observing them until they died. At the time of
their death, the number of eggs laid by adult
females was computed, and the range and mean
fecundity per female was calculated.

To determine the sex type of adults developed
from eggs deposited by unmated female
parasitoids, newly emerged unmated females were
released on infested tomato plants. Eggs deposited
through their life span were allowed to develop
until adult parasitoids emerged. Emerged adults
(129 adults at 14°C and 210 adults at 25°C) were
mounted in Hoyer's medium and their sex was
determined using a binocular dissecting
microscope. In addition, longevity and fecundity
of unmated females were recorded.

Data on life history of E. mundus were
analyzed statistically using the least significant
difference (LSD) for means separation. Also, life
fecundity table analysis for comparing the
maximum intrinsic rates of natural and weekly
increase in populations of B. Tabaci and E.
mundus at the two test temperatures was
performed using the two following formulas
described by Southwood, (1966):
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rm = The natural logarithm of the 1/L„ x rri k , (1)

whereby: rm = Maximum intrinsic rate of natural

increase;
L, = Total number of adults divided by

mean female fecundity (N 0 );
mx = L x multiplied by females % (1\1 1 )

Weekly increase = 100 r; weekly r =(N 1 No )/

(No x Life cycle duration)	 (2)

Whereby: No = Number of individuals at the

beginning of infestation;
N 1 = Number of individuals after weekly

intervals from infestation.

RESULTS

The development period of each immature
stage and the total length of the life cycle of E.
mundus differed significantly at the two test
temperatures. Development from egg deposition
to adult emergence required 44 and 16 days at 14
and 25°C, respectively (Table 1).

The effect of temperature on adult longevity
varied according to the type of rearing. In general,
adults reared individually lived for longer periods
than those reared in groups. When they were
reared in groups, there were no significant
differences between longevities for either sex of E.
mundus at the two test temperatures, although
there was a consistant trend suggesting that a
decrease in temperature may have caused an
increase in adult longevity. Female adults lived for
11.3 and 9.1 days at 14 and 25°C, respectively,
whereas male adults lived for 5.7 and 4.5 days at
the same temperatures. However, adults of E.
mundus reared individually differed significantly
in their longevities at the two test temperatures.
Adult females lived for 14.8 and 9.6 days at 14
and 25°C, respectively, whereas adult males lived
for 7.9 and 4.8 days at the same temperatures
(Table 1).

Temperature exerted significant effect on pre-
oviposition period of mated females; it increased
with the decrease in temperature. Pre-oviposition
period lasted for 2.8 and 1.6 days at 14 and 25°C,
respectively. Mean fecundity was somewhat lower
at 14°C (20 eggs/y) than at 25°C (27.4 eggs/ 9),
but the differences were not significant. Female
percentage was also lower at 14°C (41.7%) than at
25°C (60.6%). Only male progeny were produced

from unfertilized eggs deposited by the unmated
parasitoid females at the two test temperatures
(Table 2).

DISCUSSION

Temperatures exerted a profound effect on the
life history of E. mundus. Beside influencing
significantly the speed of development and the
pre-oviposition period, the temperature affected
greatly longevity, fecundity and sex ratio. Thus,
temperature can influence population build up
and parasitization efficiency of E. mundus.

Shorter developmental period of E. mundus
was obtained at 25°C than at 14°C (Table 1). This
is in agreement with the results obtained by other
investigators, who studied the effect of temperature
on the duration of whitefly parasitoids under
laboratory and greenhouse conditions (Burnett,
1949; Gameel, 1969; Stenseth, 1977).

At the two test temperatures, decrease in
temperature tended to increase adult longevity of
E. mundus. Also, the life span of adults reared
individually was longer than those adults reared in
groups (Table 1). These results are in general
agreenient with the results obtained by other
workers. They found that, whitefly parasitoids
li ved • longer at low temperatures than at high
temperatures (Burnett, 1949; Gameel, 1969;
Hussey et al., 1969; Woets and Lenteren, 1976).
However, no explanation could be offered for the
prolonged life span of adults reared individually
as compared to adults reared in groups.

Temperature affected pre-oviposition period,
fecundity and sex ratio of E. mundus.. A higher
percentage of females with shorter pre-oviposition
period and a higher number of eggs per female
were obtained at 25°C than at 14°C (Table 2).
Increase in temperature stimulates the growth of
follicular cells, accelerates the growth of oocytes
and leads to earlier ovulation as compared to a
slow rate of growth of oocytes and to delayed
ovulation at low temperature (Bonhag, 1958). In
addition, low temperature induces lethal effects on
the sperms in parasitic hymenoptera, so that no
fertilization occurs leading to male production
(Flanders, 1956). Also, low temperature is not
suitable for mating, and if it prevails for several
days, some adults may die without leaving
offspring, while others may become less fertile due
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to aging (Avidov and Harpaz, 1969; Atkins,
1978). Similar results on the sex ratio and
fecundity of E. mundus have been obtained by
Gameel, (1969) and Sharaf, (1982) under
greenhouse and field conditions.

Though there was general agreement between
the results obtained in this study for E. mundus
under laboratory conditions and those reported by
other investigators on the same biological aspects
under greenhouse and field conditions (Gameel,
1969; Sharaf, 1982), results of this study should
be taken with care when planning to control B.
tabaci by using E. mundus under plastic house or
open field conditions. B. tabaci thrived best at
25°C with the highest rn, value (0.553) where E.
mundus might parasitize only 16% (rn, value =

0.088) of its available individuals. However, at

14°C E. mundus might prevail in overwhelming
numbers (rn, value = 0.041) to B. tabaci (rn,

value = 0.025) and could parasitize all available
whiteflies (Table 3). This suggests that, the
introduction of E. mundus at the proper ratio to
biologically control B. tabaci during the fall
growing season, with mean average temperature of
14°C, might result in high parasitization efficiency
and in successful results, while its introduction
during the spring growing season (25°C) might
result in very low parasitization efficiency and in
failure results.
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Table 1: Effect of temperature on duration of the different developmental stages, length of
the life cycle, and adult longevity of E. mundus.

Stage Stage duration or adult longevity in days at

14 ° C 25°C

Range Mean Range Mean

Egg 9 — 11 10" 2 — 4 3b

1 st larval instar 5 — 7 6" 1 — 3 2b

2nd larval instar 4 — 6 5" 1 — 3 2b

3rd larval instar 7 — 9 8a 2 — 4 3b

Pupa 14 — 16 15a 5 — 7 6b

Length of the life cycle 39 — 49 44a 11 — 21 16b

Adult females reared in groups 3 — 21 11.3a 2 — 14 9. l a

Adult males reared in groups 1 — 14
5.7a 1 — 9 4.5"

Adult females reared individually 5 — 20 14.8a 4 — 15 9.6b
Adult males reared individually 4 — 13 7.9a 2 — 9 4.8b

* Figures followed by the same letter in each row do not differ significantly at the 5% level of probability
using LSD test.

Table 2: Effect of temperature on pre-oviposition period, fecundity of mated and unmated
females, sex of emerging adults and sex ratio of E. mundus.

Type of
reproduction

Temperature
in	 ° C

Pre-oviposition
period	 (in	 days)

Fecundity Sex	 of
emerging

adults

Sex
ratio

(Cr: V)

Females
%

Range Mean Range Mean
Mated

14 2 — 3 2.8a 8 — 37 20.0" + 9. 1:0.7 41.7
25 1 — 2 1.6a 8 — 41 27.4" t + t . 1:1.5 60.6

Unmated
14 — — 9 — 34 1 8.4a (. —-25 — — 15 — 55 26.3 a e -

* Figures followed by the same letter in each column and in eacn reproduction type do not differ
significantly at the 1c7o level of probability using LSD test.
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Table 3: Life fecundity table analysis for comparing the maximum intrinsic rates of natural
and weekly increase in populations of B. tabaci and E. mundus at the two test
temperatures.

Species Temp-

erature

in °C

Total 	 no.

of 	 adults

Females

c7e.

Mean

female

fecundity

Alive

females

at the

beginning

of gen-

eration

Fertile

females

at the

end of

genera-

tion

'Maximum

intrinsic

rate of

natural

increase

Life

cycle

dura-
tion

.n 	 days

Weekly

increase

(L x ) (rnz) (rm)

B. lalmici* 14 174 0.76 56.4 3.085 2.345 0.025 69.5 0.35
25 47 0.64 76.0 0.618 0.396 0.553 19.3 1.87

E. mundus 14 108 0.42 20.0 5.400 2.268 0.041 44.0 1.32
25 71 0.61 27.4 2.630 1.604 0.088 I 6.0 2.44

Data on B. tubaci were obtained from M Sc. thesis submitted by Y. Batta. under the supervision of Professor N.

Sharaf to the Department of Plant Protection. Faculty of Agriculture. University of Jordan. 1984.
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Evaluation of Some Common Grape Cultivars Grown in Jordan
for Raisin Production

Ali K. Yousif

ABSTRACT

Six common grape cultivars (Salti, Zaini,

Darawishi, Flame and Thompson Seedless) were

evaluated for their suitability for raisin

production. Significant (p �0.05) variations were

observed in the physico-chemical and the

sensory properties of the raisins. Sensory

evaluation showed that seedless grapes were

preferred for raising with an exception for

Darawish: grapes. The moisture level of the

raisins ranged from 12 to 14%, a, from 0.40 to

0.54, total sugar from, 73 to 78%a, and fiber from

2.7 to 5.4%. The produced raisins contained an
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appreciable amount of the important minerals.

Accordingly, it is recommended that the

plantation of Thompson Seedless and Darawishi

grapes be increased in order to promote the

raising industry in Jordan.

INTRODUCTION

Today's consumers want food that supply
nutrients essential for good health and avoid food
with less healthy substances, such as cholesterol,
saturated fat, salt, sugar, preservatives, artificial
flavours and colours. Raisins have qualities that
make them ideally suited to meet the consumers
demands (Cullen, 1985). Many aspects of raisins
such as their types, handling, drying methods,
quality and composition have been reported
(Winkler et al., 1974). A comprehensive study of
raisins from six of the principal producing
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