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Abstract

The leaf-miner fly, Liriomyza sativae (Blanchard), is one of the major insect pests of vegetable
crops in Iran and other countries. To determine the toxicity (LCso) of bioinsecticides abamectin 1.8% EC,
cyromazine 75% WP and spinosad 24% SC againgt L. sativae, bioassay was done on its larval and adult
stages under 25 + 1°C, 65 + 5% R.H. and a photoperiod of 16: 8 (L: D). The LCs, values found to be 1.5,
1.8, 14.3 ppm for abamectin, 34.8, 38.4, 1295 ppm for cyromazine and 4.4, 12.1, 13.7 ppm for spinosad
againg the first and last larval stages as well as the adults of L. sativae, respectively. The toxicity of the
insecticides on the larval stages was higher than on adults Using a mixture of petroleum oil, as a
synergist, and the insecticides significantly increased the mortality of the first ingtar larvae. The results
indicated that cyromazine is ineffective for the control of adults, while it is proved to be effective against
the leaf-miner's larval stages. It is found that abamectin and spinosad are more efficient insecticides than
cyromazine for the control of all developmental and adult stages of L. sativae.
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Introduction

The leaf-miner flies, Liriomyza trifolii (Burgess), and L. sativae (Blanchard) are
important insect pests on awide variety of vegetable and flower cropsin different countries of
the world, including Iran (Baniameri, 2003). The adults of L. sativae puncture the leaves of

their host plants for feeding and oviposition, resulting in leaves stippling. The feeding
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behavior of larvae reduces the photosynthetic activity of the leaves by mining, ultimately
leads to the defoliation of the infested plants (Parrella et al., 1985). The leaf-miner fly, L.
trifolii is tolerant to many commonly used insecticides especially broad spectrum chemicals
(Ferguson, 2004). It is, therefore, becoming more difficult to control leaf-miner flies
worldwide (Parrella et al., 1985). The accurate identification of L. sativae and L. trifolii is
important because of their specific resistance to different insecticides (Spencer, 1990). The
Neem-based insecticides are effective against L. huidobrensis (Branchard) (Weintraub &
Horowitz, 1997) but they are not cost-effective in non-organic farming. The impact of
chemicals on beneficial organisms (e.g. natural enemies) can be more severe than on target
pests, resulting in pest outbreaks (Oatman & Kennedy, 1976). Many pesticides, including
pyrethroids and organophosphates, have been reported ineffective against L. huidobrensis due
toitsresistance to them (Weintraub & Horowitz, 1995). Although abamectin and cyromazine
are proved to viably control L. huidobrensisin several countries (Hammad et al., 2000), these
chemicals, particularly abamectin, can be harmful to beneficial organisms including
parasitoids (Shipp et al., 2000). The excessive usage of these chemicals has led to occurrence
of complete resistance in leaf-miner popul ations (Ferguson, 2004). Spinosad bel ongs to anew
group of insecticides, which are developed from the fermentation process of the soil bacteria,
Saccharopolyspora spinosa Larson, that can provide a new alternative for the control of L.
huidobrensis on dry beans. Due to its unique mode of action, spinosad might be used as an
active component in insecticide rotation programs (Bueno et al., 2007).

Because of its low damage threshold on some crops, notably vegetables and ornamental
plants, chemical control remains the most common method for the control of leafminer flies
(Cox et al., 1995). Some insecticides retain their effectiveness for two years after their first
application (Leibee, 1981; Parrella et al., 1985), and in some countries, different insecticides
are routinely applied in the control programs of leaf-miner flies (Rauf et al., 2000). Chemical
control can reduce the rate of parasitism and predation by indigenous parasitoid wasps and
flies. Since mid 1980s the following two insecticides have been registered and successfully
used against leafminer pests: cyromazine (N-cyclopropyl-1,3,5-triazine-2,4,6-triamine)
(Trigard), an insect growth regulator (IGR) and abamectin (AgriMek), a GABA agonist
(Ferguson, 2004). An alternative control strategy involving the application of abamectin led to
an effective control of leaf-miner populations without any harmful impact on parasitoids and
predators. It has been suggested that the addition of certain penetrating surfactants may
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increase translaminar movement and insecticidal activity on pests that minewithin leaves and
feed on lower leaf surfaces (Larson, 1997).

This research was intended to study the efficiency of spinosad at low rates in a mixture
with petroleum ail (0.25 %) in comparison with pure spinosad application on L. sativae. The
efficacy of the mixture increased as its concentration increased. The mixtures of abamectin
and cyromazine with petroleum ail provided synergistic effects to the extent that the active
ingredient of the insecticides could be reduced (Guedes et al., 1995).

The translaminar pesticides abamectin and cyromazine are widely used against L.
sativae in Iran. We studied the toxicological influence of the insecticides on both adult and
immature stages of the leaf-miner L. sativae and evaluated its response to the different
applications of cyromazine, abamectin, spinosad and petroleum ail..

Materials and methods
Host plant and rearing of L. sativae

Cowpea (var. Negin) was seeded in 10-cm-diam pots (4-6 per pot) with holes in the
bottom, containing soil, peat moss, vermiculite and sand. Plants were grown at 25 + 1°C, a
photoperiod of 14: 10 h (L: D), until their two true leaves were fully expanded.

The larvae of L. sativae were collected from infested cucumbers in the greenhouses
located in Pakdasht, southeastern Tehran, Iran. They were transferred into a growth chamber
at 25 + 1°C, 60-65% RH until their pupation and then placed in cages containing bean pots.

Insecticides and bioassay

The insect growth regulator cyromazine (Trigard 75% WP, Syngenta Crop Protection,
Greensboro, NC), abamectin (Agrimec 0.15 EC, Agri Evo Crop Protection), a fermentation
metabolite of the soil inhabiting actinomycete Streptomyces avermitilis, and spinosad
(Spinosin 24% SC), a fermentation metabolite of the soil inhabiting actinomycete S spinosa
were used. Their specific mode of action provides excellent crop protection with arelatively
low toxicity to non-target organisms.

The bioassays were carried out according to Cox et al. (1995) method on the larval
stages of the pest. A total of 64 young (10-14-day-old) cucumber plants were caged (in
lumite-screened cages) and exposed to several hundred 3 to 4-day-old flies for an oviposition
access period (OAP) of 4-6 h. The short period for OAP ensured a synchronous egg hatch.
The plants were removed and held in the laboratory (25 + 1°C and ambient light) for 96 h to
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allow eggs to hatch and small mines to develop. Cucumber plants were divided into several
groups containing equal numbers of mines, 75-200 per dose. The leaves and a part of the stem
were treated by 15-second-long submersion into the seria dilution of the insecticides in
distilled water.

Five to seven doses were used in each bioassay. The leaf dipping technique was
employed against first and last instar larvae. Mortality of the larvae was recorded in 24 h
intervals for abamectin and spinosad, and in 72 h intervals for cyromazine. The application of
25 ppm of cyromazine and 9 ppm abamectin and spinosad led to approximately 95% larval
mortality. For the second experiment, the same concentrations of abmectin, cyromazine and
spinosad plus 25% petroleum oil were used to treat the infested leaves with the first instar
larvae, using leaf dipping method. After 24 h mortality of the larvae was calculated. Adults
(24-48 h old) were exposed to pesticide residue on glass. Insecticides were diluted with water
and an excess of the insecticide suspension was applied to the inside wall of a glass tube (3
cm in diameter and 22.3 cm in length). The glass tubes were then placed upright in a fume
hood for at least 6 h., containing ten males and ten females each. The tubes were covered at
both ends with pieces of fine gauze and al so cotton swabs saturated with honey/water solution
were placed outside the tubes next to one end for the feeding of the flies in the course of
experiment. Mortality was recorded 24 h after the onset of exposure.

Preliminary experiments were used to determine the range of concentrations over which
the mortality occurred. Within this range, five concentrations of each pesticide were tested.
Trials were replicated six times and the data was analyzed, using POLO PC software.

Results and discussion

The bioassay data with cyromazine, abamectin and spinosad was based on the LCs
values are presented in tables 1-3. The results indicate that the LCs, value of abamectin for
first and last instar larvae as well as adults were 1.51, 1.81 and 14.3 ppm, respectively with
slop (+ SE) value of 1.6 = 0.25, 24 + 1.19, 1.02 + 0.31 and chi-square value of 0.34, 0.34 and
0.84 (table 1). The toxicity of abamectin was lower in the adults but the slope of the line was
identical among the populations. The results are in accordance with the findings by Mujica et
al. (2000) who reported the LCs, value of abamectin at 1.1 ppm and 1.8 ppm for the first and
the last instar larvae of L. sativae, respectively. The results contradicted with Van de Veire et
al. (2002) who found abamectin LCs, value at 6.7 ppm for first instar larvae of L. trifolii.
According to Ferguson (2004), the LCs, values of abamectin on various populations of the
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leaf-miner L. trifolii were 0.3, 3.7, 5.2 ppm respectively. This disagreement between our
results and theirs can be stemmed from the differencesin leafminer species or the formulation
and concentration of the insecticides.

The LCsvalues of cyromazine were 34.8, 38.4 and 1295 ppm, the slop (+ SE) values
1.4+0.26, 1.09 + 0.36 and 1.3 + 0.31 and the chi-sgquare values 0.18, 0.15 and 0.72 for the
first and last instar larvae and adults, respectively (table 2). There was a difference in the
slope of the line among the first instar larvae. The results showed that cyromazine was only
effective on the larval stages of L. sativae. The LCs; value of cyromazine for the first instar
larvae (34.8 ppm) was close to the reported 35.1 ppm by Ferguson (2004) for the first instar
larvae of L. trifolii, although our results contradicted Prijono et al. (2004) who reported the

LCs value of 12 ppm for the first instar larvae of L. huidobrensis.

Table 1. Toxicity of abamectin against the larval and adult stages of L. sativae.

LC (mg (ai.)/l) (95% CI)

Stage N* LCo LCe LCu Sop+SE df Cs .+ SE
s

Ilarlgval 198 (5.&?4615) (1.1155?11.89) (0.1%—2339) 165025 3 034 o

e 20 (3.4%2"21.3) (1.%{?21.2) (0.01'-208?3) 245110 3 034 Tpo”

Adult 180 (76i5—;84) (9.5%—41'3.4) (0.8'7%.3) 1022031 3 084 Topf

*The number of tested insects; |. = intercept; Cs. = Chi-square.

Table 2. Toxicity of cyromazine against the larval and adult stages of L. sativae.

LC (mg (a.i.)/l) (95% CI)

Stage N* Sop+SE df Cs I.+SE

st LCg LCso LCyp
iarlgval 167 (15;%3’92) (24?3;;186.2) (1.;%?.4) 14+£026 3 018 -26?8i
lava 92 (253?7112) (30.31%10.8) (2.3?120.2) 109+036 3 015 -16?;
Adult 180 (25%2_%1713) (861??7516) ‘@ 431?260) 13£031 3 072 'Gfg *

*The number of tested insects; |. = intercept; Cs. = Chi-square.

The LCx, values for spinosad on the first and last instar larvae and adults were 4.4, 12.1
and 13.7 ppm, respectively, the slop (+ SE) values for the same larval stages and adults were
1.7+0.23, 1.4+ 0.2 and 1.3+ 0.31 and the chi-square values were 0.11, 0.26 and 0.57 (table
3). There was no difference in the slope of the line among the popul ations. This agrees with
the findings of Ferguson (2004), who reported the LCs, value of spinosad at 2.53 and 1.59 for
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the first instar larvae of L. trifolii. Our results show that the toxicity was higher for thelarval
stages, particularly for the first instar than adult stage. It is suggested that abamectin and
spinosad are more effective on the larvae than adult of L. sativae.

The LCx, value of spinosad against first instar larvae was 4.4 ppm and the value was 1.9
ppm when spinosad was mixed with oil and resulted in higher larval mortality (table 4).
Bueno et al. (2007) reported that the use of adjuvant, as the surfactant polyether-
polymethyl siloxanecopolymer (Break Thru®) helped to efficiently control L. huidobrensis,
and significantly reduce the cost of the pest management program and also lower the risk of
harmful effects on the environment. The LCsy of abamectin for the first instar larvae was 1.5
ppm and the value for abamectin mixed with oil was 0.5 ppm. Thus the abamectin mixed with
oil had a higher toxicity on first instar larvae than abamectin used alone (table 5). The LCs,
value for cyromazine for first instar larvae was 34.8 ppm and for cyromazine mixed with oil
was 32.2 ppm, suggesting an insignificant improvement of efficiency for the mixture of
cyromazine with oil (table 6).

The synergistic effect shown by the mixture of oil with abamectin and spinosad leads to
areduction of the commercially registered concentration of these insecticides without any loss
of their efficiency. The reduced cost of the treatments by 1.4% will encourage a higher
number of farmers to include abamectin in their control program of leaf-miner flies (Mujicaet
al., 2000). The inclusion of a penetrating synergist (e.g. petroleum ail) sharply increased the
larval mortality. Mujica et al. (2000) noted that a mixture of oil and abamectin with 1% oil
spray concentration improved the efficiency of the control program and reduced the
commonly used dosage by 75%. The natural bio-pesticides are believed to be safer than
conventional synthetic pesticides for the human and environment as they leave less residues
in the biosphere and do not produce resistance in insect pests, including agromyzid leaf-miner
flies(Mujicaet al., 2000).

Table 3. Toxicity of spinosad against the larval and adult stages of L. sativae.

LC (mg (ai.)/l) (95% ClI)

Stage N* LCo LCu LCu Sop+SE df Cs .+ SE
p

Ilerlgval 218 (1283-5?2) (3.1@.3) (0.252.2) 174023 3 Ol oo

v 25 (24?-11é2) (z.é-zisla.z) (0.352.1) 14502 3 026 o5

Adult 180 (461-%3) (8.::LL—32.(7).7) (0.318-21.9) 135031 3 057 oor

*The number of tested insects; |. = intercept; Cs. = Chi-square.
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Table 4. The LCs, value of spinosad alone and mixed with oil on the first instar larvae of L.
sativae.

LC (mg (a.i.)/l) (95% CI)

Insecticide  N* Slop+SE df Cs. |.+SE

L Cgo L Cso L ClO
) 238 44 038 22+
Spinosad 218 (18-32) (345.3) (04-1.2) 17023 3 011 036
Spinosad + 15.3 19 0.2 -1.3+
ol 306 9708 (0926 (0103 402 3 015 45

*The number of tested insects; |. = intercept; Cs. = Chi-square.

Table 5. The LCx, value of abamectin alone and mixed with oil on thefirst instar larvae of L.
sativae.

LC (mg (ai)/l) (95% CI)

ici + 3 ==
Insecticide LCu LCeo LCu Slop+SE  df Cs. I.+SE
‘ 8.86 151 0.26 216+
Abamectin (59-145)  (119-189) (013039 B6*025 3 034 45,
Abamectin + 7.14 05 0.01 17+
ail (45-12.7) (0108 (0006007 103013 3 021 45

I. = intercept; Cs. = Chi-square.

Table 6. The LCs, value of cyromazine aone and mixed with oil on the first instar larvae of
L. sativae.

LC (mg (ai.)/l) (95% CI)

Insecticide LCo LCe LCu Slop+SE  df Cs. |.+SE
) 253 348 48 248+
Cyromazine  5ea90)  (24.9462)  (17-74)  4¥026 3 018 44
Cyromazine 259.6 32.2 39 -1.87+
+ il (170-3964)  (252-462) (2156  14*034 3 074 4ig

|. =intercept; Cs. = Chi-square.

It is here confirmed that the tested insecticides are effective alone against the larval
stages of the leaf-miner fly, L. sativae, at the commercially recommended dosages. The
addition of petroleum oil to the insecticides heightens their toxicity against L. sativae and
leads to areduction of their usage. Future studies are recommended to determine the potential
of these insecticides and other registered pesticides against Liriomyza species, including L.

sativae, in fields and greenhouses.
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