CHAPTER 1: INTRODUCTION

The need for alternatives to conventional insecticides for the control of lepidopteran
pests have been sought by farmers and agriculturists all over the world because of the
problems of insecticide resistance, high insecticide costs as well as the harmful effects of
these conventional or traditional insecticides on non-target organisms such as pollinators,
predators and parasitoids (Chandler et al. 1992; Nagesh & Verma 1997; Marco et al.
1998). Resistance to most of these traditional insecticides (organochlorines,
organophosphates, pyrethroids and carbamates) have been reported in the American

bollworm, Helicoverpa armigera (Hiibner) (Lepidoptera: Noctuidae); the potato tuber

moth, Phthorimaea operculella (Zeller) (Lepidoptera: Gelechiidae); the diamondback

moth, Plutella xylostella (L.) (Lepidoptera: Yponomeutidae) and the false codling moth,

Cryptophlebia leucotreta (Meyrick) (Lepidoptera: Tortricidae) (Talekar & Shelton 1993;

Armes et al. 1996; Llanderal-Cazares et al. 1996; Hofmeyr & Pringle 1998). Due to the
phenomenon of resistance in these pest populations as well as the risk of these broad
spectrum insecticides to non-target organisms, insect growth regulators have become the

choice pesticides for the management of the above mentioned pests (Retnakaran &

Wright 1987; Newton 1987; Kim et al. 2000).

Insect growth regulators and insect development inhibitors include an array of
substances such as chitin synthesis inhibitors (acylureas and buprofezin), juvenile
hormone analogues (juvenoids and azadiractins) and ecdysone agonists (Darvas et al.

1992; Pons et al. 1999). These substances interfere with the develpoment and growth of



insects (Darvas et al. 1992; Retnakaran et al. 1985). Chitin synthesis inhibitors, inhibit
the synthesis, polymerization, or deposition of chitin in insect eggs or larvae (Cohen
1987; Meola et al. 1999). The inhibition of chitin deposition in treated insects often
causes a high mortality during moulting, when the procuticle is subjected to the stresses
of ecdysis and cuticular expansion (Dean et al. 1998). The mechanism by which this

inhibition occurs is still poorly understood (Soltani et al. 1984).

Lufenuron (N-[2,5-dichloro-4-(1,1,2,3,3,3-hexa-fluoropropoxy)-phenylaminocarbonyl]
- 2,6-difluorobenzamide} is a relatively new member of the acylurea class of chitin
synthesis inhibitors and it has been shown to be highly effective against the embryonic
and larval stages of many insect pests (Hink et al. 1991; Anonymous 1997; Su &
Scheffrahn 1996; Wilson & Cryan 1997; Kaakeh et al. 1997; Dean et al.1998; Jay &
Cross 2000; Brunner & Skillman 2000). Lufenuron has a low impact on the environment,
wild life, and beneficial insects as well as on human beings (Anonymous 1997; Brunner

& Skillman 2000).

Susceptibility to insecticidal treatment varies in the different insect life stages and in
order to achieve a good insect control measure, the relative susceptibility of the different
developmental stages must be determined (Smith & Salkeld 1966). In most insect groups,
the egg stage is the weakest link or the most susceptible developmental stage and this
also happens to be the least studied stage by entomologists (Smith & Salkeld 1966;
Chalfant et al. 1979). Also, in insect pests such as the American bollworm, potato tuber

moth and the false codling moth; where the destructive stage (larval stage) is often hidden
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inside the food substance, and are thus protected from mortality factors such as
pesticides, predators and parasitoids; the egg stage therefore becomes the obvious stage

to be targeted in a control program (Chaudhary et al. 1983).

Aims and hvpotheses of this study

The aims of this study are: (1) to carry out a laboratory based evaluation on the
embryocidal activities of lufenuron on three identifiable egg stages [white stage or young
eggs (<12 h old), ring stage or older eggs (>48 h old), and the black head stage (toward
the end of the incubation period)] of the American bollworm, potato tuber moth,
diamondback moth and the false codling moth; (2) to determine the impact of lufenuron
on the newly emerged first instars; (3) to evaluate the residual activities of lufenuron on
larval instars that emerged from eggs placed on lufenuron-treated substrates; (4) to
determine the mode of action of lufenuron by examining the cuticular structure of larval
instars that emerged from eggs placed on treated and untreated substrates under the light
microscope. Information from this study would be of benefit to farmers, agriculturists and
entomologists as it would shed light on the importance of pesticide spray timing during a
control program. It would also shed more light on the mode of action of this chitin

synthesis inhibitor against lepidopteran pests.

The hypotheses that will be looked at in this study are: (1) younger embryos of the
American bollworm, potato tuber moth, diamondback moth and the false codling moth
are more susceptible to lufenuron; (2) increasing the concentration of lufenuron in the

bioassay would lead to an increase in embryonic mortality; (3) the residual toxicity of



lufenuron to the developing embryos will decrease as the duration (in days) of exposure
increases; (4) larval death is caused by the inhibitory action of lufenuron on cuticle

deposition.
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untreated tissues were continuous and undamaged. This result agrees with the studies of
Perez-Farinos et al. (1998), who found that the exo- and endocuticular layers of the

integument of the beet weevil, Aubeonymous mariefranciscae (Roudier) (Coleoptera:

Curculionidae) were totally disorganized or eroded when exposed to the chitin synthesis
inhibitor, hexaflumuron. This irregular deposition of chitin-protein layers in the exo- and
endocuticular layers could be responsible for the mechanical weakness and death of the
embryos soon after hatch (Perez-Farinos et al. 1998; Dean et al. 1999). Reports of
endocuticular distortions as well as the obliteration of the cytoplasmic organelles and
other parts of the integument due to acylureas have been reported by Mulder & Gijswijt
(1973). According to Fogal (1977), failure in the formation of the endocuticle of larval
tissues treated with acylureas could lead to a reduction in the strength of muscular
attachments and this might lead to an interference with muscular activities during

ecdysis, larval movement and feeding.

The reason why lufenuron-treated larvae succeed only partly or not at all in casting off
their exuvium is because the newly formed cuticle contains only the epicuticular and
exocuticluar tissues which are not properly attached to the epidermis, and this therefore
makes the cuticle to be very delicate and unable to resist the muscular traction and
increased tugor needed during larval moult (Mulder & Gijswijt 1973; Ker 1977). Dean et
al. (1999), reported a decrease in the amount of epidermal cytoplasm as well as lytic
changes in cytoplasmic organelles in the integument of adult cat fleas, C. felis, fed
different concentrations of lufenuron; while Retnakaran et al. (1997) reported a complete

degradation of the old cuticle as well as changes in the organelles of the epidermal cells
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in the sixth instar larvae of the spruce budworm, Choristoneura fumiferena, (Clemens)

(Lepidoptera: Tortricidae) exposed to different concentrations of RH-5992 insect growth

regulator.

Other results of endocuticular distortions, obliteration of cytoplasmic organelles as
well as the inhibition of chitin biosynthesis in larval instars treated with acylureas have
been reported by Post et al. (1974); Grosscurt & Anderson (1980) and Meola et al.(1999).
Histological findings from this study suggest that distortions of the procuticular layer
(exo- and endocuticle) could have been caused by the incorrect deposition of the chitin-
protein layer or the complete inhibition of chitin biosynthesis in the integument of the
emerging larval instars. This view is supported by the studies of Retnakaran et al. (1987)
and Perez-Farinos et al. (1998). The high mortality of first instars from the lufenuron-
treated bioassays before, during or immediately after larval moult has been attributed to
the fact that chitin biosynthesis is highest during the early part of the larval stadium, and
the distortion of the procuticular layers by acylureas at this stage, could lead to the
incorrect deposition of chitin or a complete inhibition of chitin synthesis (Grosscurt &
Jongsma 1987). This incorrect deposition of chitin during chitin synthesis often leads to
an increase in the death of the neonates (Grosscurt & Jongsma 1987; Retnakaran et al.

1987).
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Table 1. Mortality of different-aged eggs of Phthorimaea operculella (Zeller) after

exposure to lufenuron-treated tubers.

80

% Egg mortality (mean + SE)
Egg age Concentration (g a.i./l)
(days)
0 0.02 0.04 0.12
1 2.5+ 0.6a 51+ 1.1a 25+ 1.7a 23+ 14a
2 1.0+0.7a 23+04a 28+2.1a 1.8+1.8a
3 1.5+ 0.6a 3.4+1.5a 1.3+09a 03+0.3a
4 0.3+03a 1.8+ 0.9a 1.5+ 0.6a 1.8 +0.5a

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.






82

Table 3. Larvicidal activity of lufenuron against first instars of Phthorimaea operculella

(Zeller) after emergence from eggs placed on treated potato tubers.

% Larval mortality (mean + SE)

Egg age Concentration (g a.i./)
(days)

0 0.02 0.04 0.12
08+0.8a 091.8+ 1.0b 94.8 +3.4b 96.5+2.1b
35+ 1.7a 94.5+ 1.6b 90.5+2.9b 953+2.1b
28+12a 90.5 + 0.3b 935+ 1.9b 973+ 2.1b
2.5+ 1.6a 90.3 &+ 3.5b 97.3+£0.9b 975+ 1.2b

Means within a column followed by the same letter are not significantly different (P =
0.05; Duncan multiple range [Statsoft 1995]). Arcsine transformation was carried out

before statistical analysis.
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Table 4. Larvicidal activity of lufenuron against first instars of Phthorimaea operculella

(Zeller) (egg dip bioassay).

% Larval mortality (mean + SE)

Egg age Concentration (g a.i./1)
{(days)

0 0.02 0.04 0.12
0.5+0.3a 1.0+ 0.7a 23+ 1.]la 8.5+3.5a
0.8+ 0.5a 1.5+12a 1.0+£0.4a 6.3+ 1.6a
1.5+ 0.6a 1.3+£0.3a 1.3+0.6a 20+ 1.4a
03+0.3a 1.3+0.3a 1.0£0.7a 0.3+0.3a

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

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

before statistical analysis.



Table 5. Residual toxicity of lufenuron to 1 day old Phthorimaea operculella (Zeller)

eggs.

84

Age of residues

% Egg mortality (mean + SE)

Concentration (g a.i./D

(days)
0 0.02 0.04 0.12
1 1.0+£29a 4.7 + 3.6a 3.8+2.0a 3.8+32a
2 1.5+3.5a 0.5+2.0a 37+42a 5.6+3.8a
3 0.5+ 34a 0.0+0.0a 3.6+44a 2.1+33a
4 0.5+2.0a 32+3.1a 2.1+34a 32+3.1a
5 0.0+0.0a 1.6+ 1.5a 0.5+ 0.6a 1.5+29a
6 0.0+ 0.0a 0.0+0.0a 1.0+£29a 0.5+2.0a
7 0.0+ 0.0a 0.5+2.0a 1.0+23a 2.6+3.7a
8 0.0+0.0a 0.5+2.0a 0.5+2.0a 2.5+3.8a
9 0.0+0.0a 1.0+2.9a 0.0+0.0a 0.5+£2.0a
10 1.0+2.9a 1.9+£3.5a 0.0+0.0a 1.5+2.9a

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.



Table 6. Residual toxicity of lufenuron to 2 day old Phthorimaea operculella (Zeller)

eges.

85

Age of residues

% Egg mortality (mean + SE)

Concentration (g a.i./D)

(days)
0 0.02 0.04 0.12
1 0.5+2.0a 32+3.1a 0.5+3.5a 26+38a
2 2.0+25a 2.1+33a 1.6 +3.5a 2.6+2.0a
3 20+£34a 1.6 +£2.9a 26+27a 0.0+ 0.0a
4 0.5+2.0a 1.5+2.9a 2.6+39a 1.5+29a
5 0.5+2.0a 0.5+£2.0a 05+2.7a 2.6+3.8a
6 0.5+2.0a 0.5+2.0a 0.0+£0.0a 0.0+ 0.0a
7 0.0+0.0a 0.5+2.0a 0.5+2.0a 1.5+£29a
8 0.0+0.0a 0.0+ 0.0a 1.0+29a 1.0+29a
9 0.0+0.0a 0.0+ 0.0a 0.5+2.0a 0.0+0.0a
10 0.5+2.0a 0.0+ 0.0a 0.5+ 2.0a 26+3.8a

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.



Table 7. Residual toxicity of lufenuron to 3 day old Phthorimaea operculella (Zeller)

eges.

86

Age of residues

% Egg mortality (mean + SE)

Concentration (g a.i./1)

(days)
0 0.02 0.04 0.12
1 0.0£0.0a 1.1+£2.1a 0.5+£2.0a 2.1+2.5a
2 0.5+2.0a 1.0+23a 3.6+35a 0.5+2.0a
3 1.0+2.9a 2.6+ 3.8a 32+ 33a 2.1+33a
4 0.0+0.0a 0.0+0.0a 1.0+2.9a 0.5+2.0a
5 0.0+ 0.0a 0.0+0.0a 1.5+2.9a 1.0+ 3.8a
6 1.0+2.8a 0.5+2.0a 0.5+2.0a 0.0+0.0a
7 0.5+2.0a 0.0£0.0a 0.0+0.0a 0.0 £0.0a
8 0.5+2.0a 0.5+2.0a 0.0+£0.0a 0.0+ 0.0a
9 0.5+2.0a 0.0+0.0a 0.5+£2.0a 1.0+29a
10 1.0+£29a 0.0+0.0a 0.0+0.0a 1.0+2.9a

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.



Table 8. Residual toxicity of lufenuron to 4 day old Phthorimaea operculella (Zeller)

eges.

87

Age of residues

% Egg mortality (mean + SE)

Concentration (g a.i./D

(days)
0 0.02 0.04 0.12
1 0.0+0.0a 1.0£29a 1.0£2.9a 0.5+2.0a
2 0.5+29a 1.1+£2.8a 3.6+3.5a 0.5+2.0a
3 1.0+29a 0.0+0.0a 1.5+29a 0.0+ 0.0a
4 0.0+ 0.0a 0.0+£0.0a 0.0+ 0.0a 0.0+0.0a
5 0.0+£0.0a 0.0+0.0a 0.0+0.0a 0.5+2.0a
6 0.0+0.0a 0.0+0.0a 0.0+0.0a 1.0+2.9a
7 0.0+0.0a 1.0+29a 0.5+2.0a 0.0+0.0a
8 1.0£29a 0.0+0.0a 0.0 £0.0a 0.5+2.0a
9 0.0 +0.0a 0.0+0.0a 0.0+ 0.0a 0.0+ 0.0a
10 0.0+0.0a 1.0+2.9a 0.0+0.0a 0.0+0.0a

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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