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CHAPTER 4: EMBRYO-LARVICIDAL ACTIVITIES OF LUFENURON ON
IMMATURE STAGES OF THE DIAMONDBACK MOTH, PLUTELLA

XYLOSTELLA (L.) (LEPIDOPTERA: YPONOMEUTIDAE).

4.1: INTRODUCTION

The diamondback moth, Plutella xylostella (I..) (Lepidoptera: Yponomeutidae) is one of

the most destructive cosmopolitan pests of cruciferous crops (Shelton et al. 1993; Talekar
& Shelton 1993). The diamondback moth is cosmopolitan in distribution because of its
extreme adaptability to varied ecological and climatic conditions (Thomas & Ferguson
1989). In South Africa, climatic conditions are never unfavourable for the growth of
diamondback moth populations and the moth is active throughout the year (Annecke &

Moran 1982).

The host plants of the diamondback moth includes cultivated crucifers such as
cabbage, mustard, broccoli, cauliflower, brussels sprouts and tumips as well as
uncultivated or alternate host plants such as wild mustard, wild radish, pepper cress and
water cress (Jones & Jones 1981; Annecke & Moran 1982; Reddy et al. 1996). The newly
emerged larval instars mine the leaves of the host plant, leaving the upper epidermis
intact, while the older instars feed on the tissues leading to the skeletonization of the leaf
blades (Jones & Jones 1981). Most of the tissues between the major veins are removed
thus causing a severe damage to the plaﬁts (Jones & Jones 1981; Thomas & Ferguson

1989).
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In tropical and subtropical countries, crucifer production have been severely affected
by the destruction caused by the diamondback moth and it is estimated that 42.2 million
tons of crucifer is destroyed annually all over the world (Shelton et al.1993; Kfir 1996).
The greatest damage occurs when the infestation takes place in young plants (Rivnay
1962; Workman et al. 1980). Sears et al. (1985) reported that the larval instars may move
into newly formed cabbage head, or the larvae may develop on wrapper leaves first, then
invade the head, thus making it more difficult to control the pest. In older plants, when
diamondback moth larvae invade the outer leaves, the quality of the crop is reduced and

this often leads to poor market returns for the farmer (Sun et al. 1995).

The adult moth is grey in colour with three pale triangular markings on the inner edge
of each fore-wing that form a diamond pattern when the wings are folded (Fig. 4)
{Annecke & Moran 1982). Mating occurs a day or two after adult emergence and the
female oviposits small, yellowish-green eggs singly or in small clusters on the underside
of the leaves of the host plant (Rivnay 1962; Annecke & Moran 1982). The eggs are oval
in shape and the incubation period lasts about 3 — 4 days at temperatures of 26 — 29 °C
(Rivnay 1962). The eggs hatch into small, pale-green larvae about 2 mm in length and the
neonates start feeding on the internal tissues of the leaves immediately after emergence
(Rivnay 1962; Annecke & Moran 1982). The larva is very active and when disturbed, it
wriggles rapidly and may fall off the leaf on which it is feeding, remaining suspended to
it by a silken thread (Jones & Jones 1981). The feeding period lasts for about 7 — 10 days
under favourable temperatures and when fully grown, the larva constructs a delicate open

cocoon made of a fine network of white, silken threads for the development of the pupal
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stage (Jones & Jones 1981; Annecke & Moran 1982). After one or two days of
quiescence in the prepupal stage, a light yellow or green pupa is formed (Jones & Jones
1981). Pupation may occur on the underside of the leaves of the plants or beneath fallen
leaves and debris on the ground beneath the plant (Annecke & Moran 1982). The
developmental period from eggs to adult is about 2 — 3 weeks under constant
temperatures of 28 °C and the newly emerged adult is active mainly in the evenings

(Jones & Jones 1981; Annecke & Moran 1982).

Control of the diamondback moth involves the use of insecticides such as
organophosphates, organochlorines, carbamates, pyrethroids and acylureas (Ismail &
Wright 1991). Biological control measures involving the use of biopesticides such as

Bacillus thuringiensis, as well as biocontrol agents such as parasitoids have been used in

different parts of the world to control the diamondback moth (Thomas & Ferguson 1989;

Kfir 1996; Selman et al. 1997).

A particular problem with the diamondback moth is its marked ability to develop
resistance to insecticides (Shelton et al. 1993). Resistance to organochlorines,
organophosphates, carbamates, pyrethroids, and some acylureas as well as to biological
pesticides such as B. thuringiensis has been reported from different parts of the world
(Denholm & Rowland 1992; Shelton et al. 1993; Tabashnik 1994; Perez & Shelton 1996;
Lasota et al. 1996; Baker & Kovaliski 1999). The recent development of resistance to

some acylureas and B. thuringiensis products is of great concern, as these products are
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usually regarded as compatible with natural enemies in integrated pest management

programs (Ismail & Wright 1991).

This study focused on the embryo-larvicidal and residual activities of lufenuron on
immature stages of the diamondback moth. Histological studies were also carried out to

evaluate the effects of this chitin synthesis inhibitor on the newly emerged larval instars.

4.2: MATERIALS AND METHODS
4.2.1: Insects and chemicals

Adult diamondback moths were collected from the colony maintained at the Plant
Protection Research Institute in Pretoria. The moths were put in oviposition chambers (25
cm high and 11 cm diameter) and fed 10 % sugar solution (Moore et al. 1992). The
chambers were labelled and kept at 28 + 1 °C and a photoperiod of 12L: 12D for
oviposition. Eggs laid on waxed paper discs were collected every 12 h for bioassays.
Lufenuron 050 EC as an emulsifiable concentration containing 50 g a.i./l was supplied by
Novartis SA (Pty) Ltd. Dilutions of 0.02, 0.04; 0.08 and 0.12 g a.i./l were prepared with
distilled water. Fresh dilutions were made immediately prior to each assay and controls

were treated with distilled water.

4.2.2: Bioassay procedures
4.2.2.1: Embryo-larvicidal bioassay
Two bioassays were carried out to determine if the susceptibility of diamondback moth

eggs to lufenuron varied with changes in ages of the developing embryos.
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Waxed paper bioassay

Discs (4 cm diameter) were cut from waxed paper (Cut-Rite, Reynolds Metal,
Richmond, VA) and immersed into the appropriate test solutions for 30 seconds, air-dried
and transferred to plastic cages (7 cm high by 12 cm in diameter) (Pons et al. 1999). Eggs
(1-3 d old; n = 400 per age group) were transferred to the treated waxed papers with a
fine camel-hair brush. Each concentration plus its control was replicated four times and
the plastic cages were covered with a nylon netting and kept at a constant temperature of
28 = 1 °C and 12L: 12D photoperiods until larval hatch. Data on egg and first instar
mortality were recorded with a stereomicroscope (16X) 48 h after the controls have
hatched. Surviving larval instars were reared to the adult stage on untreated cabbage
leaves and the experiment was monitored daily until adult emergence. Data on adult

emergence were recorded 3 weeks post treatment.

Data analyses

The embryocidal effect of lufenuron on developing embryos was calculated as the %
of embryos that died in the eggs. Data on percentage mortality (egg and first instar
mortalities) as well as the percentages of adult emergence, were corrected for natural
mortality (Abbott 1925). Where appropriate, the data were arcsine transformed before
analysis of variance (Statsoft 1995). Duncan’s multiple range test was used to evaluate
the differences between the treatment groups (P = 0.05) (Statsoft 1995; Rehimi & Soltani

1999).
























110

In the endocuticle of lufenuron-treated integument, there were clear symptoms of
cellular degeneration and disorganization as well as the presence of scattered globular
materials. In contrast, there were no cellular degenerations or distortions of the
endocuticular layer in the integument of control larvae, and this suggests that the lamellar
structure of the procuticle was not affected by lufenuron (Filshie 1982; Perez-Farinos et
al. 1998; Dean et al. 1999). The lamellar structure reflects a regular pattern of deposition
of the chitin-protein layers and the lack of this structure could lead to an alteration in the
deposition process and this may in turn lead to the death of the embryo prior to eclosion
or immediately after moulting (Leopold et al. 1985; Retnakaran & Wright 1987; Perez-
Farinos et al. 1998). The migration or movement of cytoplasmic contents into the
procuticle as seen in lufenuron-treated integument could be as a result of the destruction
of the epidermal layer due to the lytic activities of lufenuron. Similar results have been
observed in the larval instars of other insect species (Binnington et al. 1987; Hassan &

Charnley 1987; Perez-Farinos et al. 1998).
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Table 5. Residual toxicity of lufenuron to 1 day old Cryptophlebia leucotreta (Meyrick)

eges.

Age of residues

% Egg mortality (mean + SE)

Concentration {g a.i./D)

(days)
0 0.02 0.04 0.08 0.12
1 43+3.1a 92+6.1a 7.8 +4.4a 10.7+4.3a 10.0 +3.6a
2 88+4.0a 113+13a 13.8+2.5a 11.0+3.0a 89+12a
3 6.2+42a 53+22a 11.5+2.8a 13.5+38a 15.9+2.6a
4 70+43a 133+24a 12.8+3.7a 10.6 +3.1a 94+ 14a
5 3.5+29a 49+22a 6.0+43a 43 +3.6a 13.8+2.5a
6 5.0+24a 9.5+2.6a 142+ 33a 12.4 £ 5.6a 17.8£22a
7 4.8+32a 43+3.1a 6.0+ 1.5a 91+14a 80=+1.1a
8 8.0+ 04a 75+ 1.6a 10.5+2.8a 11.34+3.0a 9.8+ 13a
9 7.5+4.1a 83+3.8a 7.3+39a 9.5+38a 9.0=+1.6a
10 101+£37a  12.7+2.6a 10.9+ 1.6a 8.6 + 0.6a 127+2.2a

Means within a column followed by the same letter are not significantly different (P =

0.05; Duncan multiple range test [Statsoft 1995]). Arcsine transformation was carried out

before statistical analysis.
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