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Abstract

This study revealed the significance of laboratory rearing of potato tuber moth
(PTM) Phthorimaea operculella egg parasitoid Chelonus phthorimaea. The initial
rearing counts of 50 parasitoid pupae imported from Tunisia were exposed to 270
potato tuber moth P. operculella eggs. During the period of this research the
outcome of 9106 PTM parasitoids resulted in 15394 PTM parasitized eggs out of
34705 reared in 47 cages with an infestation rate of 21-25%. The parasitoid showed
an infestation rate of 17 PTM eggs/female, with an increase of 22% in pupal
parasitism. These findings were in accordance with previous reported studies.
Because of high parasitoid population production, rearing of PTM was limited to
50%. The power of the ordinary least squares (OLS) model was determined for the
rate of parasitoid and the coefficient of determination R2 = 71.31 %. The results
clearly indicated the powerful effect of the oophagous, C. phthorimaea of potato
tuber moth, P. operculella under laboratory conditions.

Keywords: Potato tuber moth (PTM), P. operculella, egg parasitoid, C. phthorimaea

Accepted for publication: 16/8/2016



Effects of Egg Parasitoid Chelonus phthorimaea Gahanon Potato Tuber Moth

waliiuall

@iy adlg pand C. phthorimaea J5a) Jodhll dlasal) dy il daal dul 50l 028 o i
Al gal) A3l ey B A8Y) 028 e 2all S JalaS Phthorimaea operculella (ukUad)
270 s (st o35 Llers Ciaddialy ¢uist (ra anll J3lA) Judlall ehie 50 sae CDlatial o3
Ao Gulallall iy 380 (and JSl) Juadal) yelal L%25 =21 G ad . ulalladll 308 (and
Bl o) %22 saiy puballad) iy 450 )lie Ala 5ol Auig o il U< Ay 17 3l
Ala] Q5 Jglall 9106 gl (AS Auhyall 036 ind) iyl PLA Gand) 138 3 Lgnle Joaial
Ui 47 2l 3813 34705 45 gsana o Jikil) ALlS Gulaladl il 280 dw 15394 5
sy - Jlaal) 138 8 Asal) 2alall Cugadly cilubal) alans aa 3855 Aloa) G Jinading cdus
%50 N 3l Juilall dn i gaia 23 Qo) Jatlall Aleal) Al Aulee (e Anll) ALl A6ESH
ol ikl aill 81 ssil (OLS) lasy) s5all Jalas Jass paiad LS . Jaal) &ujpaiad im il
Jakill Al e a5 (M R = 71.31 aaleall apasill Jalas S5 ¢ adalladl] cliyn 2803 (oan
Jlae A i) o3a Jlaa) & Jladll 31 Y ALYl Llese Foala®y) 28Y) 20 Gian Slo Al

Aol 8 Gl il 2a)dl ALISE) 28K U] (e By genll AadlSA)

Introduction

The potato tuber moth (PTM) Phthorimaea operculella (Zeller), Lepidoptera:
Gelichiidae), is the most damaging pest of potatoes, Solanum tuberosum L.,
Solanacae, in warm temperate and subtropical climates[6]. During the growing
season, the potato tuber moth mines into foliage and stems, while at plant
senescence adults lay eggs in exposed tubers in the soil. At harvest, tubers do not
always show signs of damage but may harbor eggs and early instar larvae. This
may result in severe losses in the absence of adequate control measures [3].

The PTM is the single most significant insect pest of potatoes in the field and
storage in North Africa and Middle East [8]. In Libya as most of other countries,
farmers routinely apply chemical insecticides to protect their crops. This reliance
on chemical insecticides not only increases cost but also has serious deleterious
effects on human health, environment and development of insect resistance to
insecticides.

The Libyan annual potato production is more than 100.000 tons. Potatoes
are grown in two seasons, spring and fall, mainly on coastal areas of Libya.
Potatoes varieties for Libyan market are mainly imported from Europe and
Canada. The domestic availability of potatoes in Libya averages 129.000 tons,
83% is used for human consumption, 12% as seed, and 5% wasted [5, 7].
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Faced with serious pesticide problem, scientists started to seek safer
alternatives such as the use of parasitoids, the agents of biological control, to
replace toxic chemicals in their integrated pest management (IPM) strategies and
tactics. Parasitoids are species whose immature stage develops on or within a
single insect host, ultimately killing the host. According to literature, the larval
parasitoids of potato tuber moth are mainly, Diadegma molliplum, Orgillus
lepidus and Apenteleslitae nixonvar operculella [15,17]. Trichogramma species,
egg parasitoids, are among the most reared and used natural enemies in the world
[12, 17]. Worldwide, 28 Trichogramma species are released in 28 crops including
potato for biological control of P. operculella [11].

Copidosoma koehlri, a small encysted egg-larval parasitoid of the potato tuber
moth, is one of several exotic natural enemies released in Australia in 1940 and
1960's [13]. Of the three parasitoid species established in Australia, C. koehleri is
an egg parasitoid specific to P. operculella [2], appears most suited to mass
rearing for innudative biological control of PTM [13]. In California the PTM,
supports a parasitoid complex that consists of at least 12 species
[10,16]. Of these, C.phthorimaea Gahan, (Hymenoptera: Braconidae) is the only
egg-larval parasitoid. Little has been published on C. phthorimaea subsequent to
the original description by [9] and the brief report by [10] who listed it as C.
sbosboneanorum Vierek. The parasiroid C. blackburni, egg parasitoid, has proved
its worth as a component in the integrated pest management of PTM [4, 1].

Materials and Methods

The potato tuber moth (P. operculella) used in this experiment came from
rearing room for production of the potato tuber moth located at the Agriculture
Research Center, Tripoli, Libya. The egg parasitoid, C. phthorimaea pupae were
imported from the culture maintained at the Institut National de Recherche
Agronomique de Tunis (INRA).

The insect rearing room equipped with: lightning photoperiod program of 12 h
L: 12 h D throughout the study; a constant temperature of 25 + 2 °C with 70 £ 5 %
relative humidity ( RH).

Laboratory Rearing of the Potato Tuber Moth and Egg Parasitoid

Pupae from stock culture were collected, screened and counted. Approximately
350 to 400 pupae/cage were transferred into sterilized cages. The newly emerged
adults (5 to 7 days) in each cage, were fed 10 % sugar solution on soaked wicks.
After mating and oviposition white eggs glued on bands of black cardboard added
inside each cage were collected daily.
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A batch of (3 to 5 kg) of cleaned and sterilized potatoes were punctured on the
surface with a pin brush to facilitate larval first instars entrance within tubers.
Tubers infested with white eggs are glued on black cardboard bands. Eggs hatch
within 7 to 9 days and newly larvae find their way into tuber through entrance
holes.

After larval metamorphosis and development inside tubers within a period of 9
days, infested potatoes were placed in rearing trays containing sterilized sand
layer. Larval fourth instars (16 to 24 days) migrate downwards to pupate in the
sand. Pupae were collected, sieved and removed into sterile rearing cages for
rearing the next generation.

Rearing of egg parasitoid, C. phthorimaea, took place in the same rearing
chamber at similar climatic conditions and needs. For production of the egg
parasitoid, 50 pupae of C. phthorimaea were transferred into special rearing vials
with source of 10 % sugary feeding solution. After a period of 5 to 7 days new
wasps emerged. A quantity of 270 undamaged potato tuber moth eggs were
exposed to C. phthorimaea to be parasitized within 48h. Eggs on paper cards are
then put on sterilized punctured tubers on sandy trays for the insect and/or the
parasitoid development in a time period of 7 to 9 days. Pupae were collected and
evaluated for parasitism. Parasitized potato tuber moth pupae were placed into
rearing vials and emerging wasps fed and exposed to host eggs for new trials.

Results

Table.1 shows the total number of rearing egg parasitoid, C. phthorimaea on its
host eggs PTM and percentage of parasitism for 11 weeks. The initial counts of
the pupal parasitoid were 50 pupae with an 270 PTM eggs. During the first date of
mass rearing and parasitism a total of 119 PTM pupae were parasitized.

By end of the experiment period (Tablel) the data demonstrated that 9106
pupae of C. phthorimaea being able to parasitize a total of 15394 PTM eggs out of
34705 introduced normal PTM eggs. In comparison, 4939 normal PTM eggs were
produced.

The total pupae of both potato tuber moth and C. phthorimaea were 20333
pupae with a loss of 12.5 % of initial egg count.

Due to high effect of C. phthorimaea parasitism on PTM egg counts, rearing
rates of the parasitoid were reduced to 21 % during weeks 9 — 11 in order to
maintain the stock culture of the potato tuber moth for further studies.

Figure 1 reveals the association between the parasitized PTM pupae and the
rate of C. phthorimaea parasitism. Ordinary Least Square (OLS) and exponential
model were used:

Y = ae*- bx
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Where (a, b) as parameters, Y no. of PTM pupae and X as the rate of parasitism.
Therefore, Y =2059.437 * exp (- 0.098 * A1/B1). A1/B1 = rate of parasitism.

Table 1. The total numbers of mass rearing egg parasitoid, C. phthorimaea on its
host PTM, P. operculella and percentage of parasitism.

Week Initial Total Total No.

No. Pupae N%TEI\?IQS No. Pupae | Parasitoid Pr(l)\l d%czléplg'?'M

Parasitoid PTM Produced
1 50 270 157 119 38
2 119 560 323 256 67
3 256 1420 799 626 173
4 626 2205 1329 1032 297
5 1032 3623 2177 1636 541
6 1636 4927 2906 2156 750
7 2156 6180 3560 2666 894
8 2666 13281 7782 5877 1905
9 300 1277 764 595 169
10 150 600 334 266 68
11 115 362 202 165 37

Total 9106 34705 20333 15394 4939

The power of the (OLS) model was determined and the rate of C. phthorimaea
parasitism, the coefficient of determination, was found to be Rz = 71.31. The
results clearly indicate the powerful effect of the oophagous, C. phthorimaea on
PTM eggs under laboratory conditions.

Discussion

Integrated pest management (IPM) involves using several strategies to control
pests by using more than one method together such as biological control with
chemical control. IPM aims to keep or maintain pest population at lowest
level. It relies as much as possible on natural factors to restrict the buildup of
pests. Biological control includes parasitoids, predators and pathogens.

Parasitoids are species whose immature stage develops on or within a single
insect host, ultimately killing the host. Hence, the value of parasitoids as natural
enemies. The most important parasitoid orders are Hymenoptera and Diptera.
There are many species of parasitoids such as: 1. egg parasitoids: Trichgramma
sp. 2. larval parasitoids: Apanteles sp., Bracon sp., Diadegma sp. and Origilus sp.
3. egg larval parasitoids: Chelonus sp. such as, C. caucasicus, C. curvimavulatus,
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C. kellieae, C. phthrimaea, C. blackburni, C. subcontractus, and Copidosoma sp.
such as C. desantsi and C. koehleri.

B2 = 2059.437 * exp( - 0.098 * A1/B1 P=R71
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Fig. 1. Model of relationship between pupal counts and rate of C. phthorimaea
parasitism.

The parasitoid C. phthorimaea has proved its worth as a component in the
integrated pest management of P. operculella [4]. Laboratory studies have shown
that P. operculella is the most suitable laboratory host for rearing C. phthorimaea
due to its short developmental time when reared on this host and also because of
fairly good percent parasitism, longevity, and fecundity observed [1]. In California
the PTM supports a parasitoid complex that consists of at least 12 species [10,
17]. Of these C. phthorimaea is the only egg parasitoid.

The morphology of C. phthorimaea males and females in general are black
with brown-yellow basitarsus, tibia and femur. Wings are hyaline. Both males and
females are approximately 3 mm long. The female's antenna is 14 segmented and
average of 1.64 mm in length. Those of the male are 16 segmented and average
2.64 mm long. These morphological measures are in agreement to those of Gahan
[9].

The C. phthorimaea egg is hymenopteri in form is translucent, cylindrical and
round at both ends. The surface is smooth, not sculptured, and the cephalic region
is larger than the caudal region at oviposition. Laboratory observations revealed
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that the female of the C. phthorimaea positions herself with her abdomen above
the PTM host egg and lowered prothoracic legs. The ovipositor was extended and
penetrated the host egg. After completion of oviposition, the ovipositor was
withdrawn and the abdomen straightened. The female then resumes her search for
more host eggs. This behavior is similar to other species of Chelonus observed by
other workers in this field.

Pupa stage of C. phthorimaea, is exarate. Early pupal stage is pale yellow,

gradually darkening as development progresses. The pupa lies motionless within
the cocoon, which is parchment in appearance. The cocoon, cylindrical to ovoid, is
constructed of glistening white threads. The meconium is located at the caudal
extremity of the cocoon. Pupation occurs 16 days after oviposition.
The population development of the PTM parasitoid C. phthorimaea is different
from field and laboratory conditions. For example, in spring in the beginning of
vegetation period, a typical situation in parasitoid-host-interaction is visible in the
field. The population development of the potato tuber moth precedes the
parasitoids. After planting the potatoes, the parasitizaion starts with the first
symptoms of moth infestation on the leaves. The parasitization rate starts very low
and increases with increasing infestation. The parasitization is independent of the
potato growth stage but depends on planting dates. In the potato growing season
the parasitization is much higher (78-86%) in the fall season in comparison to
spring (18-35%) as reported by Kroschel & Koch [14]. This could be due to
influence of duration of the PTM life cycle and temperature.

This study illustrates the significance of laboratory rearing of PTM egg
parasitoid C. phthorimaea. The initial rearing counts of 50 parasitoids pupae were
exposed to 270 potato tuber moth eggs. During the period of this research the
outcome of 9106, C. phthorimaea parasitoids resulted in 15394 PTM parasitized
eggs out of 34705 reared in 47 cages with an infestation rate of 21-25%.
The parasitoid, C. pthorimaea, showed an infestation rate of 17 PTM eggs/ female
parasitoid with an 22% increase in pupal parasitism. These findings were in
accordance with published studies. Because of the high parasitoid population
production, mass rearing of C. phthorimaea was limited to 50% (Table.1).

The evaluation of the C. phthorimaea mean parasitism was carried out
according to the Ordinary Least Square Model (LSM) and the exponential model
= ae*- bx, where (a,b) as parameters and Y (no. PTM pupae) and X (rate of
parasitism). Therefore, Y=2059.437* exp (-0.098* Al/Bl). A1/Bl = rate of
parasitism.) (Fig.1).
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