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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.
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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.
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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.
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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.
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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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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).
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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.

































