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Resistance Management from Around the Globe

Arthropod Resistance

Response of Helicoverpa armigera (Hubner) to different insecticides: a brief account

The ability of Helicoverpa armigera to adapt on
the diverse cropping systems renders this as a very
serious pest (Zalucki et al., 1986). The estimated yield
losses vary with the crop and the effect on yield
depends on pest density as well as timing of the
infestation. Insecticides are being used primarily to
control this pest. However, during the last few years,
there have been reports regarding the ineffectiveness of
different insecticides against this pest. Several workers
have reported the development of resistance in this pest
to several insecticides in various parts of the world,
including India. A brief review of literature on the
responses of larval & egg stages of H. armigera to
different insecticides particularly with respect to
development of resistance and/or increased tolerance to
them from various parts of the world is given below.

DIFFERENTIAL SUSCEPTIBILITY OF LARVAE TO
INSECTICIDES Larvae of H. armigera are the most
damaging stage of this pest attacking almost all the
field crops. Continuous and excessive use of
insecticides has resulted into increased tolerance and/or
development of resistance in this pest, against various

groups of insecticides throughout the world.

The Annual Report of Queensland Department of
Primary Industries for 1982-83 for the first time
highlighted the development of resistance to synthetic
pyrethroid insecticides in H. armigera in Emrald
Irrigation Area, Australia from cotton and soybean
fields (Queensland Department of Primary Industries,
1983). Studies under laboratory conditions on a strain
of H. armigera from Australia showed that 3rd-instar
larvae at discriminating concentrations exhibited 15-,
20-30- and 20- fold resistance to cypermethrin,
deltamethrin and fenvalerate, respectively. Resistance
to fenvalerate was found to be as high as 50-fold at
double concentrations (Gunning et al., 1984).

Collins (1986) reported the failure of pyrethroid
insecticides in controlling H. armigera on cotton in
Thailand. Another study from Thailand revealed that
H. armigera had developed 100-fold resistance to
pyrethroids when compared with susceptible laboratory
strain (McCaffery et al., 1986). A third study from
Thailand showed that strain of H. armigera had
developed 102-fold resistance to cis-cypermethrin, 82-
fold resistance to trans-cypermethrin and 125-fold
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resistance to fenvalerate as against susceptible
laboratory strain (Ahmad and McCaffery, 1988).

MccCaffery et al., (1988) also observed resistance
to cypermethrin and fenvalerate wusing topical
application method in strains of H. armigera from
Indonesia. Field collected larvae of H. armigera from
cotton-growing areas of south Sulawesi, Indonesia, in
1987-88 showed 86-, 65- and 20- fold resistance to cis-
cypermethrin, cis/trans-cypermethrin and fenvalerate,
respectively when compared with susceptible
laboratory strain (McCaffery and Walker, 1991).

Gu and Han (1989) reported high levels of
fenvalerate resistance in H. armigera from cotton in
Jiangsu Province, China, in 1985-88. Another study
from China indicated that a strain of H. armigera was
found to show pyrethroid resistance up to 33.3-fold in
1989 and resistance increased up to 88.9-fold in 1990
(Shen et al., 1992). A third study from Hebei Province,
China in 1993 indicated that field-collected H.
armigera larvae exhibited resistance to fenvalerate
(Zhao et al., 1994).

Wei et al. (1993) reported that resistance in H.
armigera  against  fenvalerate, cypermethrin,
decamethrin and cyhalothrin vary between 9.7 to 63.1
times in Guan county, Dinzhou city, Gucheng city and
Handan city of Henei Province, China in 1991-92.
Another report from China indicated that H. armigera
from cotton fields in 1989 had developed resistance to
deltamethrin and fenvalerate (Bin, 1994). Fenvalerate
resistant H. armigera larvae when treated at 3rd instar
stage for 21 generations showed 141.6-fold increased
resistance to fenvalerate (Xianlin et al., 1996).

Jaarsveld (1994) recorded pyrethroid resistance for
the first time in H. armigera in South Africa in 1993.
Results from laboratory bioassays carried out between
1985 and 1996 using 3rd and 4th instar larvae of H.
armigera in Cote d'lvore showed that the pest had
developed more than 12-fold and 22-fold resistance to
cypermethrin and deltamethrin, respectively, when
compared to susceptible strain of 1985 (Vassal et al.,
1997).

The first report of pyrethroid resistance in H.
armigera in India was recorded from Andhra Pradesh
in 1987 (Dhingra et al., 1988). McCaffery et al. (1989)
reported high levels of resistance to the pyrethroids
cypermethrin and fenvalerate in field-collected larvae
of H. armigera from cotton, pigeon pea and chickpea
areas of Andhra Pradesh, India, in 1986-88. Another
study from Guntur region of Andhra Pradesh, India
indicated that the pest had developed 79-fold resistance
to fenvalerate (Venkataiah et al., 1990). A third study
from Andhra Pradesh on field-collected larvae of H.
armigera indicated that the pest had developed
tolerance to cypermethrin, fenvalerate and deltamethrin
(Sudhakar, 1991).

Mehrotra (1990) reported that because of
injudicious use of pyrethroids, H. armigera showed
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high degree of resistance to cypermethrin, fenvalerate
and deltamethrin in India. Populations of H. armigera
from Haryana were found to show increase in
resistance to cypermethrin (Phokela et al., 1990).
Further findings, using the discriminating dose method,
indicated that larvae of H. armigera from cotton,
sorghum, pigeon pea and chickpea growing areas of
Andhra Pradesh exhibited changes in cypermethrin
resistance during 1986-91 (Armes et al., 1992).
Findings of Reddy et al. (1991) revealed that the
strains of H. armigera from Guntur and kurnool
districts of Andhra Pradesh, India were found to have
developed 18.7-, 7.8- and 9.2- fold and 10.5-, 4.8- and
6.4- fold resistance to cypermethrin, decamethrin and
fenvalerate, respectively in comparison with the strain
from Srikakulam district.

Populations of H. armigera from cotton growing
areas of Punjab, India were found 11.6- and 3.2- fold
resistant to cypermethrin during 1990-91 and 1991-92,
respectively in comparison with a population from
Delhi (Mehrotra and Phokela, 1992). Lande and Sarode
(1995) reported that populations of H. armigera from
Maharashtra, India in 1991-92 were found to develop
1.76-, 5.46- and 9.97-fold resistance to cypermethrin,
deltamethrin  and  fenvalerate, respectively in
comparison with a susceptible laboratory population.
However, no evidence of resistance was found in a
study from Hisar, Haryana (Baruah, 1987).

Larval population of H. armigera from Hisar,
Haryana India was found to develop 12.79- and 2.73-
fold resistance to fenvalerate and cypermethrin,
respectively when compared with kaul, Kaithal
population under laboratory condition (Lal, 1998).
Several other workers have also reported the increased
tolerance and/or development of pyrethroid resistance
in H. armigera from other parts of the world viz.
formerly USSR (Sukhoruchenko, 1996), Bangladesh
(Ali, 1994), Nepal (Armes, 1995), New Zealand
(Cameron et al., 1995), Japan (Guilin and Yunxi,
1996), and Pakistan (Ahmad et al., 1997; Ahmad et al.,
1998).

There are also reports of increased
tolerance/development of resistance to organochlorine
group of insecticides in H. armigera larvae.

A strain of H. armigera from South Africa
exhibited 2-fold tolerance to endosulfan as compared
with susceptible laboratory strain (Basson et al., 1979).
H. armigera from Thailand has also exhibited 125-fold
resistance to DDT and 2-fold to endosulfan when
compared with  susceptible laboratory strain
(McCaffery et al., 1986; Ahmad and McCaffery,
1988). Gunning et al. (1990) reported that field
populations of H. armigera were found to show up to
500-fold resistance to DDT during 1974-78. Another
report of Gunning and Easton (1994) from Australia
revealed that field-collected 3rd-instar H. armigera
larvae from New South Wales and Queensland when
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treated topically showed increase in endosulfan
resistance from 50-fold in 1974 to 163-fold in 1984.
The report from south Sulawesi Indonesia revealed that
pest had developed 203-and 5-6-fold resistance to DDT
and endosulfan, respectively in 1987-88 when
compared with  susceptible laboratory strain
(McCaffery and Walker, 1991).

The population of H. armigera from Ghuteli
region, Gujarat, India had developed 2.37-fold
resistance to endosulfan when compared to Anand
population (Mehta et al., 1992). Lal (1998) reported
that larval population of H. armigera from Hisar
region, Haryana, exhibited 0.91-fold resistance to
endosulfan as compared to Kaul, Kaithal population.
Development of resistance/increased tolerance in H.
armigera against organochlorine insecticides has also
been reported from other parts of the world viz.; USSR
(Sukhoruchenko, 1982; Sukhoruchenko, 1996), Nepal
(Armes, 1995), Pakistan (Ahmad et al., 1995; Ahmad
etal., 1998).

Reports regarding tolerance or resistance in H.
armigera to carbamate and organophosphate
insecticides have also been documented by various
workers.

The strains of H. armigera from Thailand
exhibited 27-fold resistance to carbaryl (McCaffery et
al., 1986), 28-fold to DDT and 2-fold to diazinon and
monocrotophos (Ahmed and McCaffery, 1988) when
compared with susceptible laboratory strain.

The population of H. armigera from Anand
region, Gujarat, India had developed 4.58- and 3.52-
fold resistance to carbaryl and monocrotophos,
respectively when compared to Ghuteli region
population while Ghuteli population exhibited 2.37-and
1.67-fold resistance to quinalphos and triazophos,
respectively when compared to Anand region
population (Mehta et al., 1992).

Resistance to quinalphos in 3rd instar larvae of H.
armigera from Hisar, Haryana, India was found to be
2.70-fold when compared with Kaul, Kaithal
population (Lal, 1998). H. armigera populations has
also been reported to develop, resistance from other
parts of the world \viz.; formerly USSR
(Sukhoruchenko, 1982; Sukhoruchenko, 1996),
Australia (Kay et al., 1985), Nepal (Armes, 1995),
Pakistan (Ahmed et al., 1995; Ahmed et al., 1998),
Japan (Guilin and Yunxi, 1996).

DIFFERENTIAL  SUSCEPTIBILITY OF EGGS TO
INSECTICIDES Various workers have reported that egg
stage is the most vulnerable or susceptible stage to the
insecticides having ovicidal action (Smith and Salkeld,
1966; Singh et al., 1982). Stoeva (1979) observed that
methomyl gave 100% mortality of H. armigera eggs at
0.15% under laboratory condition. Ying (1982) found
triazophos and quinalphos to be highly effective
against the eggs of H. armigera. Hargreaves and

Resistant Pest Management Newsletter

Vol. 14, No. 2

Cooper (1984), using spray method against eggs of H.
armigera on tomato in Queensland in 1980 found that
methomyl gave highest ovicidal action at 0.0125-
0.05% concentration followed by fenvalerate and
sulprofos at 0.005 and 0.072%, respectively in
comparison with deltamethrin, endosulfan,
methamidophos, monocrotophos, cypermethrin and
prothiofos.

Laboratory studies carried out in Central Asia,
formerly USSR in 1979-81 by spraying infested cotton
leaves having eggs of H. armigera showed that 3 days
after treatment deltamethrin and fenvalerate caused 100
and 93.3% egg-mortality, respectively (Khodzhaev and
Eshmatov, 1983).

Ovicidal toxicity of insecticides under laboratory
conditions against H. armigera eggs in descending
order were permethrin (89.9%), quinalphos (88.4%),
monocrotophos  (72.3%),  phenthoate  (55.6%),
phosalone (29.0%) and chlorpyrifos (19.6%) (Vekaria
and Vyas, 1985). Watson et al.(1988), reported that
egg mortality decreased with the increase of egg age
and chlorpyrifos was found to have highest ovicidal
effect.

Laboratory tests against eggs of H. armigera
revealed that methomyl, triazophos, monocrotophos
and quinalphos at concentrations of 0.05 and 0.025%
and fenvalerate at 0.008 and 0.004% proved to be very
effective (Ahmad et al., 1990).

Patel and Patel (1989) reported better ovicidal
activity of fenvalerate (0.02%) and quinalphos (0.05%)
than endosulfan, monocrotophos, cypermethrin and
decamethrin against eggs of H. armigera under
laboratory conditions. Methomyl was found to be an
effective ovicide against eggs of H. armigera (Gunning
etal., 1992).

Mala et al. (1993) reported that methomyl
(0.048%), triazophos (0.08%) and thiodicarb (0.75%)
were very effective ovicides (nearly 100% mortality)
against different aged eggs of H. armigera viz. 1-day-
old, 2-day-old and 3-day-old eggs using spray and
dipping method.

Methomyl was found to be more effective ovicide
against eggs of H. armigera compared with endosulfan
and percent hatchability decreased with increased
concentrations (Ramesh and Khan, 1996). Laboratory
studies against eggs of H. armigera revealed that eggs
of 3-day old age were found most sensitive to ovicides
when compared to eggs of early age. Profenofos at 400
ppm gave 95, 70 and 100 per cent egg mortality for O-
24hrs; 24-48hrs and 48-72hrs ages, respectively
(Pachori and Sharma, 1996).

Laboratory tests conducted by Sharma et al.
(1996) using spray method on field-collected freshly
laid eggs reported methomyl 40 SP and profenofos 50
EC as the best ovicides.

CONCLUSION It is evident from the literature reviewed
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that H. armigera has developed resistance/tolerance to
various group of insecticides throughout the world. In
this context, an Integrated Resistance Management
(IRM) strategy seems to be the most promising. The
present day Integrated Pest Management (IPM) still
relies heavily on chemicals intended for controlling the
damaging stage i.e. the larva. However, under field
conditions the observed control is a combination of the
result of toxic action of chemicals on all the stages. The
contribution of ovicidal action to the total effect has
been well studied (Kathuria et al., 2000). In addition,
regular updating of the strategy and tactics of pest
management with the introduction of new concepts and
approaches together with the introduction of new
insecticides (or ovicides) is required in order to have
better management of pests. To achieve this objective a
clear understanding of the factors affecting
susceptibility of H. armigera in response to chemicals,
mechanisms of action of different insecticides (or
ovicides), their scope and limitations etc. is quite
necessary so that these plant protection tools may be
employed more efficiently.
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Efficacy of some pesticides against spider mite, Tetranychus urticae Koch and its predatory mite, Amblyseius
longispinosus (Evans)

ABSTRACT Phytophagous and predatory mites are
available to the plant fauna at the same period.
Vegetable crops are the worst suffer due to these
phytophagous mites. Among the phytophagous mite,
the spider mite, Tetranychus urticae Koch are potential
pests and attack on a wide range of vegetable crops.
Amblyseius longispinosus (Evans) are the potential
predatory mite of T. urticae Koch. The indiscriminate
use of pesticides results to outbreak of T. urticae due to
killing of predatory mites. An field experiment was
carried out to find out the efficacy of some
commercially available pesticides viz. azadirachtin,
dicofol, ethion, endosulfan, fenvalerate,
monocrotophos and wettable sulphur at their
recommended doses against spider and predatory mite
in the laboratory condition on okra crop, variety Arka
Abhay with three replication. The results indicate
maximum mortality in dicofol 81.35% followed by
monocrotophos, endosulfan and ethion 79.72%,
79.37% and 78.00% respectively where as less
mortality was observed in fenvalerate 50.60% followed
by azadirachtin and wettable sulphur 50.84% and
69.70% respectively against the spider mite. Where as
ethion and dicofol responded maximum mortality and
azadirachtin and sulphur responded less mortality
against the predatory mite, A. longispinosus (Evans).
On the basis of this trail azadirachtin and sulphur are
safer to the predatory fauna and eco-friendly also.

KEYWORDS spider mite, predatory mite, vegetable,
pesticides.

INTRODUCTION The spider mite, Tetranychus urticae
Koch are potential pests and attack on a wide range of
vegetable crops including brinjal, beans, tomato, okra,
soybean & cucurbits. Vegetables are important rich
source of minerals and micronutrients. But pest and
disease are important production constraints of
vegetables in tropical & sub-tropical regions. During
recent years the mite damage to vegetable crops has
been recognized as one of the limiting factors in
attaining increased productivity of vegetables
throughout the country (Singh, 1994).

The losses due to mites were reported from Bihar
36.8 to 83.2 per cent in different vegetable crops (Lall
& Dutta, 1959). Here | discuss the mite species that
cause damages to most vegetable crops are T. urticae
Koch. T. macfarlanei Baker & Pritchard, T. ludeni
Zacher and T. neocaledonicus André.

Studies on mite problem in India have gained
importance and growers begun to realize their pest

status. T. urticae Koch. was identified as polyphagous
mite This mite active throughout the year (Rahman &
Sapra, 1990). Tetranychus urticae Koch having wide
range of host affinity of twenty-seven vegetable crops
in India, as well as little potential predatory was also in
the record from the vegetable crops. A. longispinosus.
It was the potential predatory mite on the T. urticae
Koch. in natural condition (Singh, 1994).

MATERIALS AND METHODS The field experiment was
conducted in randomized block design at Vegetable
research farm, Institute of Agricultural Science, BHU,
Varanasi, India. The plot size was 2 x3 mt and row to
row spacing was maintained at 50 cm apart the field in
all three replications and cropped area 176 sg. meters
and 144 sqg. meters respectively. The seven pesticides
were used at their prescribe doses. The control plot was
treated with water. Five okra plants from each plot
were randomly selected tagged. Total ten okra leaves
were taken from upper, middle and lower portion of
tagged plants. The live mite population was counted
with help of stereoscope binocular microscope, after
one, three, seven and fourteen days of treatment. The
corrected per cent mortality was analyzed through
Abbott's formula (1925).

The methods applied to know the relative toxicity
of some selected commonly used pesticide viz.,
azadirachtin, dicofol, ethion, endosulfan, fenvalerate,
monocrotophos and wettable sulphur against T. urticae
Koch and A. longispinosus (Evans).

Test mite pest

T. urticae Koch natural population was
maintaining on okra crop under the field condition for
the pesticidal experiments A. longispinosus (Evans)
was initiated by collecting adults from the field. The
predatory mites were brought to the laboratory and
released onto spider mite in poly-house. The mites
from such culture were used in the laboratory study.

Pesticides

Commercial grade pesticides were prepared at
their recommended concentration for field application
as well as for laboratory trail.

Predatory mite

The leaves were dipped up-to five seconds in the
pesticides solutions to ensure complete welting and
allowed them to dry. The leaves were kept on moist
cotton wool for an adequate period. The adult
predatory mites about 2-5 days old were placed on
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clean and dry treated leave. The treated leaves were
observed and mortality of predatory mite A.
longispinosus (Evans) was recorded after 7, 14, 21 and
up-to 28 hours. The leaf treatments with pesticides
were initiated through Leaf Dipped Method (FAO
Method No. 10a) (FAO, 1980).
Result

The present study was aimed in this direction to
know the relative toxicity of pesticides against T.
urticae Koch and A. longispinosus (Evans) in the field
and laboratory condition.

Effect of pesticides against spider mite Tetranychus
urticae Koch

Azadirachtin (0.03%), dicofol (18.5EC), ethion
(50EC), endosulfan (35EC), fenvalerate (20EC),
monocrotophos (35EC) and wettable sulphur 80 WP
were spayed at their recommended concentration and
responded significant variation in present mortality at
1,3, 7 and 14 days after treatment.

Table. No. 1. Efficacy of various pesticides agamst spider mite,
Tetranychus urdicae Koch at field condition.

Pesticides Concentration Mean percent mortality {in days)

(%o) 1 3 7 14
Azadirachtin 0.03% 023 3646 75.33 T6.8 14.76
(37.14y** | -60.2% | -61.26 | -22.57
Dicofel (18.5EC) 0.04 §1.9 994 100 44.13
-64.82 | -B6.22 | -8B.18 | 4162
Ethien (50EC) 0.05 §3.63 97.93 98.2 32.26
-66.13 | -B2.88 | -83.28 | -34.61

Endosulfan (35EC) 0.05 792 88.13 | 8786 62.3
-62.86 | -T296 | -T257 | 5214

Fenvalerate (20EC) 0.005 45.33 6303 | 6413 299
-42.32 | -52.61 | -53.27 | -33.12
Ionocratophos (36EC) 0.05 85.43 490,63 41.2 41.53
-61.57 | -72.21 | 7783 | 4012

Wettable sulptur (3UWE) 0.25 60.53 37.6 383 424
-51.08 | -69.48 | -T0.07 | -40.62

Control (Water solution) - 906 373 71 083
-17.37 | -17.04 | -153% | -3.03

cD at 1% 5% Significance
Days 3.0%6 2325 5
Pesticides 4322 3288 5
Days z Peshoides 3644 6577 s

* Mean of three replication
** Figure in parentheses is arcsine percentage transformation
#*Eer comparing Pesticides mean

After one day less mortality was observed in
azadirachtin 36.46% and significant difference were
observed monocrotophos (85.43%), ethion (83.63%),
dicofol (81.90%), endosulfan (79.20%), wettable
sulphur (60.53%) fenvalerate (45.33%). Maximum
mortality was recorded with monocrotophos (85.43%)
and ethion (83.63%).

Three days after maximum per cent mortality was
recorded in dicofol (99.40 %) against spider mite.
Ethion and monocrotophos has no significant
difference 88.13 and 87.60 per cent respectively.
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Azadirachtin showed less mortality 75.33 per cent but
the performance was encouraging.

After the seven days the performance of percent
mortality was on the similar pattern as three days after.
But after fourteen days the per cent mortality was
reduced. Endosulfan, dicofol, wettable sulphur and
monocrotophos still they showed their response. They
have proved their residual response. The residual
response of azadirachtin was reduced with in seven
days.

Effect of pesticides against predatory mite
Amblyseius longispinosus (Evans)

Predatory mite, Amblyseius longispinosus (Evans)
adults were exposed all pesticides on same
concentration which was applied on the spider mites at
7,14, 21, and 28 hours.

Table No. 2. Efficacy of various pesticides against predatory mite, Arhlyseizs

1/ {Evans) in the laboratory condition.

Pesticides C'oncentration Mean percent mortality ( in hours)
{ %) 7 14 21 28
Azadirachtin 0.03% 023 18.35 14.10 8.68 -
(25.33) % | (21.94) (17.11)

Dicofol (18.5EC) 0.04 85.51 84.40 7148 30.47
(86.45) (66.76) (57.71) (33.50)

Ethion (50EC) 0.03 8245 79.73 80.31 33.90
(74.07) (76.22) (63.64) (35.58)

Endosulfan (35EC) 0.05 86.48 918 | e | e
(68.56) (17.62)

Fenvalerate (20EC) 0.005 3277 32.06 16.10 0.35
(34.87) (28.74) (28.74) (6.30)

Monocrotophos (36EC) 0.03 £8.50 73.92 7321 10.64
(55.85) (58.30) (58.83) (15.69)

Wettable sulphur (S0WE) 025 14.25 8.93 483 | -
(22.06) (17.33) (12.61)

Control (Water solution) [ ---—- | —o= | ceeem | e | e

CD#** at 1% 5% Significance
Hours 2.993 2.214 5
Pesticides 3.95% 2.928 5
Days x Pesticides 7917 5.859 5

*Mean of three replication in each replication 15 adults was released.
**Figure in parentheses is arcsine percentage transformation
*HHE or comparing pesticides treatment mean

After seven hours very less mortality were
observed of predatory mites in wettable sulphur 14.25
% and azadirachtin 18.35 %. Maximum mortality were
showed in dicofol 99.51 % and followed by ethion,
endosulfan, monocrotophos and fenvalerate i.e. 92.45,
86.48, 68.50 and 32.77 per cent respectively. The per
cent mortality after 14 hours was observed as a same
pattern as 7 hours after. But only the endosulfan was
shown the lowest affect on predatory mites like
wettable sulphur. There was no significant difference
in mortality between wettable sulphur and endosulfan.
After 21 hours the endosulfan showed no mortality.
Ethion, monocrotophos and dicofol performed well and
showed their affect with significant difference 80.31,
73.21 and 71.48 per cent, respectively. Ethion, dicofol
and monocrotophos showed maximum mortality after
28 hours 33.90, 30.47 and 10.64 per cent, respectively.
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These pesticides proved their detrimental performance
to the predatory mites.

DISCUSSION Chemical control of vegetable crops by
using synthetic pesticides has been widely practices in
almost all the third world countries. Summer vegetable
crops suffer various serious by spider mite in India,
Another factor enhancing mite population is the dust
deposition on foliage which are in close proximity to
earthen road and dust from brick Kiln provide medium
for attachment of mite were webs on smooth surface
(Singh, 1994).

Spider mite

It is evident from the result that the increase in
mite mortality is statistically significant even at one per
cent probability level in comparison to control. The
pesticides are arranged on the basis of relative toxicity
in following descending order of performance:
wettable sulphur, fenvalerate, azadirachtin, ethion,
endosulfan, monocrotophos and dicofol.

In the present study, dicofol, monocrotophos,
endosulfan and ethion have been found to be almost
equally effective against spider mite, Tetranychus
urticae Koch which has been supported by many
workers (Bindra & Goyal, 1996; ChannaBasavanna,
1981; Jagdish and ChannaBasavanna, 1983; Sandhu et
al., 1983; Pandey and Reddy, 1983; Singh et al., 1989;
Singh and Singh, 1992).

Hence, plant product as above can be taken
advantage for the evaluation for toxic level against
spider mite. Azadirachtin (0.03%, 5 ml/liter) have been
found effective up-to (76.80%) against Tetranychus
urticae Koch at after seven days (Table 2). These
finding were supported by work of Rai et al. (1993)
and Patel et al. (1993).

Predatory mite

The toxicity of the some pesticides against
predatory mites, Amblyseius longispinosus (Evans)
clearly showed the maximum mortality in dicofol
(99.51 %) in the laboratory condition. Ethion was also
given the parallel response in mortality (92.45 %) and
all pesticides showed significant variation among
themselves in the respect of toxicity to predatory mites.
In the present study ethion, dicofol, monocrotophos
and endosulfan have been found to be equally effective
against predatory mites, Amblyseius longispinosus
(Evans) which has supported by Momen et al. 1997
and Stark et al. 1997. Azadirachtin have been found
less effective on predatory mites, Amblyseius
longispinosus (Evans) (Momen et al. 1997). Thus neem
pesticides may prove to be one of the most promising
botanical pesticides in reference to safer to the
beneficial and predatory fauna (Mansour et al. 1987).
Wettable sulphur and azadirachtin showed eco-friendly
response to the predatory mite.
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Development of Resistance in Helicoverpa armigera (Hubner) to Endosulfan in Jammu and Comparative
Biology of its Resistant, Parental and Susceptible strains

ABSTRACT Selection of 3rd instar larvae of
Helicoverpa armigera to  various sub-lethal
concentrations of endosulfan up to five generations
resulted in maximum mortality at highest concentration
in every successive generation. The resistance ratio for
the fifth generation increased 5.22-fold as compared to
first generation. Various biological and developmental
attributes revealed that oviposition period, fecundity
and female adult longevity differed significantly
among endosulfan-selected, parental and susceptible
strains of the pest. However, all other parameters
remained statistically non-significant.

KEYWORDS Resistance, Endosulfan, Helicoverpa
armigera, Biology

Helicoverpa armigera (Hubner) is one of the most
destructive polyphagous pest that has attained the
national importance as a key pest of various crops like
cotton, chickpea, pigeon pea, maize, sorghum,
tomatoes etc. grown in India. Control of H.armigera
often lies mainly on the use of insecticides due to
which the species has exhibited a propensity to develop
tolerance against them in several countries. The first
report of resistance in India (Reed and Pawar, 1982)
indicated differential susceptibility to different
insecticides among the larvae collected from various
parts of the country. Presently, the development of
resistance in H.armigera stands well documented
(Bhatia, 1986; McCaffery et al., 1988; Mehrotra, 1989)
to carbamates and organophosphates (Kranthi et al.,
2001) and pyrethroids (Arora et al., 2003). Even the
phenomenon of insecticide resistance mechanisms has
been clearly understood (Mehrotra and Phokela, 1986;
Brown and Brogdon, 1987; Roush and McKenzie,
1987). The phenomenon of resistance to almost all the
conventional insecticides used for its control has
extended to almost all the north Indian states viz. Delhi
(Phokela et al., 1990), Punjab (Mehrotra and Phokela,
1992), Haryana (Pedegley et al., 1987) and very less
insecticide use innocent region like Varanasi in Uttar
Pradesh (Singh et al., 1994; Vaishampayan and Singh,
1995).

Though the distribution of this pest is ubiquitous in
all the states of India, yet no work has been undertaken
to assess the level of resistance in this pest to the most

10

commonly used insecticides in Jammu and Kashmir,
inspite of the fact that at many occasions in the past,
farmers have approached the Plant Protection
specialists in Department of Agriculture, Government
of Jammu and Kashmir and the entomologists working
in the Agricultural University with information of
insecticidal control failure against this pest even after
spraying repeatedly at much higher dosage of
endosulfan than recommended for its control in various
crops like chickpea, tomato, cole crops, pea etc. A need
was, therefore, realized to quantify the potential of
development of resistance to endosulfan and the
comparative fitness costs in this pest.

MATERIALS AND METHODS
The insect and its rearing: The culture of H.armigera
was initiated by collecting about 200 larvae from the
farmers' fields in and around Jammu during the last
week of November 2002 in scintillation vials and
brought to the laboratory & maintained at 26 £ 2°C ina
BOD.The larvae were provided with the leaves of
Rumex sp. to feed upon till they attained pre-pupal
stage. After the emergence of adults, one generation of
the pest was reared on artificial diet (Singh and
Rembold, 1992) prior to segregation. After multiplying
the culture in the laboratory for two successive
generations, the whole stock was divided into two lots.
One lot was named as parental stock and the other was
used for exposure to endosulfan. Hundred pupae of
susceptible strain of Helicoverpa armigera were also
procured from the Division of Entomology, IARI, New
Delhi. These pupae were also reared till the emergence
of adults and thus the culture was further multiplied to
be used in the bioassay studies with the same method
as that of field collected H. armigera.

Preparation of insecticidal concentrations: The
proprietary product of endosulfan was used to prepare
one per cent stock solution in acetone from which
further dilutions were prepared subsequently.

Bioassay and Laboratory Selection: Sub-lethal
concentrations of insecticides prepared on the basis of
recommended concentrations of various insecticides
(Simwat, 1994) were applied to the thoracic dorsum of
each 3rd instar larva of susceptible as well as field
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collected strain of Helicoverpa armigera separately
with the help of a Merck micropipette @ 1.0ul per
larva. Six to seven concentrations of endosulfan were
utilized for exposure in each generation. Besides, a set
of control (with acetone only) was also maintained
with each exposure to work out the correct mortalities.
Ten larvae per replicate were treated with one
concentration and three replications were maintained
for each concentration. The treated larvae were housed
in the petriplates (9 cm diameter) individually and were
kept in B.O.D. incubator (26 + 2°C; 12: 12 L/D
period). The mortality data was recorded 24 hours after
the treatment. The survivals obtained at higher
concentrations were shifted to clean rearing trays
consisting of hundred cells each and provided with
fresh artificial diet until pupation. The progeny of the
first surviving lot was termed the F1 generation and the
exposures and the selections were conducted
subsequently up to 5 generations. The parental and
susceptible strains were also maintained through
without exposure to observe the biological parameters.

Quantification of insecticidal resistance: The degree of
development of resistance  through  different
generations was determined by working out LCs
values in each generation by computer aided statistical
programme SPSS 8.0 and computing the resistance
ratio. The resistance ratio for any generation was
worked out by dividing LCs, for that generation with
LCs, value of the parental strain. The observations on
larval mortality were recorded by considering the
larvae as moribund when prodded with a fine camel
hair brush.

Biological studies The newly emerged moths from the
endosulfan-selected, parental, and susceptible strains
were desexed so as to get atleast 10 adults of both the
sexes. The desexing was done on the basis of
morphological characters. These moths were kept in
separate glass jars (15 cm diameter) covered with
muslin cloth and provided with cotton swab soaked in
10 per cent sucrose solution to serve as food to initiate
the studies on the various biological and developmental
attributes of endosulfan-selected, parental and
susceptible strains.

Statistical analysis of the data The mortality data was
analysed to work out LCs, value at 95 per cent
confidence interval by SPSS 8.0. The data on the
various parameters of the biology of the insecticide-
selected, parental and susceptible strains was subjected
to analysis of variance with Tukey's HSD test.

RESULTS AND DISCUSSION Third instar larvae of H.
armigera were selected for five generations to various
discriminating concentrations to obtain maximum
mortality at the highest concentration in each
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generation. The minimum survival of H. armigera
larvae obtained in the 1st generation at 0.35 per cent
concentration (Table 1) was 16.67 per cent among all
the concentrations used. Similarly, the lowest survival
of 13.33, 14.00, 12.00 and 10.00 per cent were
obtained in the 2nd to 5th generation, respectively.
Lande and Sarode (1993) reported a survival of 30.0
per cent at 0.50 per cent concentration of endosulfan.

After subjecting the data to probit analysis, the
results obtained in the Pearson Goodness of Fit chi-
square revealed that heterogeneity in the population of
the test insect was significant (p > 0.05) in the 1st
generation which on the other hand, gave homogenous
response of the population of H. armigera in the
successive generations (p < 0.05) as was evident from
the observed and expected responses. The regression
lines in the 1st generation (slope 6.04 + 0.20) were
significantly different from the other log concentration
- mortality lines obtained in the 2nd to 5th generation
(Fig. 1). The percent LCxq value (Table 2) recorded in
the 1st generation was 0.15795 which subsequently
increased to 0.82463 in the 5th generation and the
insect developed 5.22-fold resistance in the 5th
generation as compared to 1st generation. It clearly
indicated that the H. armigera has propensity to
develop more resistance to endosulfan used on various
vegetable crops in Jammu. Though several workers
(Lal, 1998; Patel and Koshiya, 1999; Kapoor et al.,
2000) have come out with the report of development of
resistance to endosulfan in H. armigera, yet the
information is scanty on generation-wise study on the
potential of development of resistance in this pest.
However, it could be inferred that the potential of
resistance development to endosulfan is extremely high
in Jammu strain of H. armigera and any increase in the
use of this insecticide for the control of this pest in
field may lead to future control failures.

‘ O PFre-ouiposition Period | Oviposition Peried madut Female Longivity

12.29

1277

End vsulfan Parental Susceptible

Figure 1. Differential biclogical attributes in various strains of Helicoverpa armigera
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Table 1. Selection of residual population of Helicoverpa armigere in
various generations exposed to endosulfan

Generation Conc. of Mortality (%) | Residual population
Endosulfan used Rejected(X)
Selected( )
Fi 0.10 50.00 X
015 S6.66 X
0.20 63.33 X
0.25 70.00 X
0.30 7666 X
0.35 23.33
Fy 0.25 46,66 X
0.35 5333 X
0.45 60.00 X
0.55 46,66 X
0.65 7335 X
0.75 20.00 X
0.85 86.66
Fy 0.80 70.00 X
0.85 74.00 X
0.90 78.00 X
0.95 30.00 X
1.00 22.00 X
L.05 86.00
Fy 1.00 63.00 X
1.05 72.00 X
1.10 76.00 X
115 30.00 X
1.20 24.00 X
125 83.00
Fs 1.15 78.00 X
1.25 20.00 X
1.35 g2.00 X
145 34.00 X
1.55 24.00 X
165 30.00

Table 2 Toxicty of endosullan to thisd myiar buvae of Helicoverpa armigens i diflerent generations.
Generation |Heterogeneity | Regression equation | Slope+SE. | Fiducial L0 Eesistance

Pty limits® *a) ration
Yom8 246 | T=-09543+6.04193x | 604+020 | 008315 |0.15795 1
0.21036
o fm;F“ 280 Vo 9744042 564108 | 2.5640.18 029635 | 033002 24
044782
m I\).s. 0493 | Y=168209+2.68030x | 2.68£020 062757 397
v fc'-F‘" s19 | Y=-1.60482+212860x | 2.124028 073358 477

v =i aTe | T=-138626+1.68110% | 1684044 0.82463 522

*a 5% confidence interval

Comparative Biology

Out of eleven biological parameters, only three
parameters, viz., oviposition period, fecundity and
adult-female longevity had been adversely affected in
the endosulfan-selected H. armigera. On the other
hand, no significant differences in other parameters
were observed in all the three strains of test insect.

Oviposition period: The mean oviposition period of
endosulfan-selected and parental strains was 7.96x
0.38and 7.92+ 0.36 days, respectively, whereas the
corresponding figure for susceptible strain was 6.74 +
0.35 (Table 3).Both the endosulfan-selected and
parental strains were significantly different from
susceptible strain of Helicoverpa armigera with respect
to this parameter. These differences are probably due to
the reproductive disadvantages in the resistant female
moths (Dong et al., 1996) and due to the variations
observed by Xia et al. (2001).
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Table 3. Biological attr ibutes of iusecticide-selected. parental and susceptible strains of armigera
Strain Pre Oviposition |Post Fecundity |Incubation |Hatchability | Adult Longevity (daysh
selected | aviposition [Feriod oviposition |(No. of Period

Peiiod Peiiod 228}

days)  [(days) (days) (days) (%) Male |Female
2 604072 954
(17-3.3)

a colurnn are not sigmfscantly different (e 05)

Fecundity: The average fecundity of endosulfan-
selected and parental strains were 356.3 (360-365) and
379.4, respectively (Table 3), whereas, the
corresponding values for the susceptible strain was
703.8 (670-719). It is evident from the data that the
selection pressure of endosulfan resulted in the
considerable reduction of egg laying capacity of H.
armigera as compared to susceptible strain. The
number of eggs laid by the females of endosulfan-
selected strain was at par with that of the parental strain
(Fig. 2) significant differences in the above figures
revealed that the selection with endosulfan for five
generations had ostentatious effect on the fecundity of
this insect. A significant reduction in the fecundity of
resistant females of H.armigera has been reported by
Campanhola (1988) who produced 1200 eggs each as
compared to 2500 eggs per susceptible female. It has
also been suggested that the reduced fecundity was the
consequence of metabolic resistance to insecticides.
Further, it was advocated that the females of this pest
have relatively higher tendency for the development of
resistance to insecticides (Forrester et al., 1993; Glenn
et al., 1994). Recently, these observations have been
further strengthened by striking differences observed
on the effective fecundity of resistant females of this
pest, which was found decreased significantly (Xia et
al., 2001). The present findings, thus, fall in line with
the results of these workers.

Susceptible;
70338, 49%

Endosulan-selected
356.3; 25%

Fig. 2 Differential fecundity among various strains of Helicoverpa armigera

Adult longevity The average female longevity of the
endosulfan-selelected, parental and susceptible strains
was 13.29+ 0.77, 12.77+ 0.78 and 11.61+ 0.55 days,
respectively (Table 3). The female longevity exhibited
significant difference among endosulfan-selected,
parental and susceptible strains of H.armigera. Since
no information is available in literature on this aspect,
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it is opined that such differences might have occurred
due to slight variations in the rearing conditions in the
laboratory ~ which  otherwise  require  further
confirmation.
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The first report of resistance of Colorado potato beetle to phosalon and endosulfan from Iran

INTRODUCTION Colorado potato beetle, Leptinotarsa
decemlineata, was a quarantine pest for Iran. This pest
was introduced to Iran during 1984 probably by
imported potatoes. Nowadays Colorado potato beetle

(CPB) has become the most important defoliator of
potatoes in Iran. CPB in Iran are controlled primarily
with conventional insecticides since there are not any
natural enemies for CPB control. Review of history of
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CPB resistance in other countries shows that this pest
has a powerful mechanism for pesticide resistance.
Many populations of CPB around the world have
developed resistance to nearly all registered
insecticides (Hare 1990; Heim et al., 1990; Roush and
Tingey 1991). It's about 15 years that recommended
insecticides for CPB control have not changed in Iran.
Recommended insecticides in Iran for CPB control are
endosulfan and phosalon. Because of the long-time use
of these insecticides in the fields, it is expected that
CPB shows resistance to them. The current status of
CPB resistance to insecticides is unclear in Iran, but
growers in some regions report failure in CPB control
with endosulfan and phosalon. Many of them no longer
use these insecticides. To test the efficiency of
recommended insecticides, some laboratory bioassays
were carried out.

MATERIALS AND METHODS

Insects- The first generation adults of CPB were
collected by hand from commercial potato fields in
Hamedan province. Tests began <24 h after collection
of beetles.

Chemical- Tests were done with technical grade of
endusulfan (>96%) and phosalon (>95%). The solvent
was pure acetone.

Preliminary tests- Dose selection is a very important
element in each insecticide bioassay test. We did more
than 5 preliminary tests to find proper doses. The
process of dose selection was based on Robertson et al
(1984) and Robertson and Preisler (1991).

Final test- Based on results of preliminary tests and
availability of insects, seven (phosalon) and eight
(endosulfan) concentrations resulting in mortalities of
less than 10 to more than 90 percent and a zero
concentration in each replicate were used as check. Ten
insects were allocated to each concentration. Each
dose-response had three replicates, so we used 240
(phosalon) and 270 (endosulfan) insects as test
subjects. Each replicate was done with a new stock
solution to remove any pseudoreplication (see
Robertson and Preisler, 1991). A 1-pl droplet of
solution was applied underside of the insects between
coxa. For this process a precise microaplicator was
used. All treated insects were placed in little
transparent plastic container with fresh potato leaves
and kept in 25 £ 1°C, photoperiod of 16:8 (L:D) and 70
+ 10 % relative humidity. Dead beetles were recorded
after 24 h. To distinguish between dead and alive
beetles, we used method of Zhao et al (2000).

Data analysis- Dose-mortality regression, LD's and

their confidence Interval were estimated by probit
analysis using POLO-PC software (LeOra Software,
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1987).

RESULTS AND DISCUSSION The table shows the LDsg
for tested insecticides. The recommended field rate for
these insecticides in Iran is 0.525-0.7 kg (Al/ha). The
produced concentration of field recommended rate is
1400 ppm (0.7 kg /500 litters of water). This means
that a 1400 ppm concentration has a potential to kill all
of CPB in the fields. Some new reports in Iran show
that these insecticides, especially phosalon, can control
CPB populations in recommended rate (Aghdam and
Ghanbalani, 2002; Aghdam, 2004; Ranji et al., 2004).
The estimated LDs, for these insecticides was very
high in comparison to recommended field rate.

Table. Toxcity of phosalon and endusulfan to adults of
Lepfinofarsa decemlineafa collected from Hamedan
Provitice, Iran

LDgg* CL 9504 Slope

(SE)

Phosalon 2848 23153425 218
-0.41

Endusulfan 1285 14372315 1.24
-0.64

* nafheetle

The convert of LDses to ppm produces 28465 and
18851 for phosalon and endusulfan respectively. A
simple comparison between these new numbers and
1400 ppm (recommended field rate) shows that control
of CPB is completely impossible with these
insecticides. The proportion rates between LDs, and
recommended rate are 20.3 (28465/1400) and 13.4
(18851/1400) for  phosalon and  endusulfan
respectively.

Although there are not any generalized
relationship between laboratory LDs and field
application rates, the researchers know that minimum
dosage that will cause 90% mortality in the field
(MED90) is more than laboratory estimated LDgg.
Williams 1973 (in Haverty and Robertson [1982])
believed that LDy must be multiplied by 3 to obtain a
field dosage. Haverty and Robertson (1982) show that
this is not a general rule. They show that to find a field
rate of permethrin for the western spruce budworm,
estimated LDgy must be multiplied by 11.91. If we
want to report a filed rate for these insecticides based
on my bioassays, we must multiply LDges by a number;
we suppose that rate of MED90/LDg, is equal to one.
So, the field rates for phosalon and endusulfan become
110231 and 91548 ppm respectively. In some regions
of Iran we controlled CPB with 1400 ppm of these
insecticides but our results show that field rate of them
in Hamedan is very high. In other words, CPB can not
be controlled with recommended field rates of these
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insecticides and this is a good criterion of CPB
resistance to phosalon and endusulfan in the potato
fields of Hamedan.
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Development of a Bioassay to Detect Changes in the Susceptibility of Cotton Aphid, Aphis gossypii Glover, to
Commercial Neonicotenoid Insecticides

ABSTRACT A bioassay was developed to detect
changes in cotton aphid, Aphis gossypii Glover,
susceptibility to commercially available neonicotenoid
insecticides.  Formulated  Intruder  (acetamiprid,
Dupont), Trimax (imidacloprid, Bayer Crop Science),
and Centric (thiamethoxam, Syngenta Crop Protection)
were applied to cotton plants grown in a greenhouse. A
series of rates of each insecticide were applied to plants
in a spray chamber. After 24 h, the uppermost terminal
leaf was removed from each plant and placed in a Petri
dish lined with a 2% agar solution. Five cotton aphid
nymphs were placed on each leaf and mortality was
rated at 24 h. LCs, values averaged 0.0008, 0.0013, and
0.0020 kg ai/ha for acetamiprid, imidacloprid, and
thiamethoxam,  respectively.  This  experiment
demonstrates the utility of utilizing live plant tissues to
measure  cotton aphid  susceptibility to the
neonicotenoid insecticides.

INTRODUCTION The cotton aphid (=melon aphid),
Aphis gossypii Glover, is a pest of many crops
worldwide (Blackmon and Eastop 1984). In the
southern United States, insecticides are applied to a
significant percentage of the cotton acreage every year
for their control. Historically, cotton aphids have

rapidly developed resistance to new insecticides soon
after their release for commercial use. In a paper
modeling the development of insecticide resistance in
Heliothis virescens (F.), Mallet and Luttrell (1991)
categorize pests into three groups depending on their
reproductive potential and likelihood to develop
resistance. They consider cotton aphids in the category
with the potential to develop high levels of resistance
in a relatively short period of time. This is based on the
high reproductive potential of cotton aphids and their
capacity for resurgence after an insecticide application.

Cotton aphid populations are generally maintained
at low levels through the actions of natural enemies
(Weathersbee and Hardee 1994). However, numerous
applications of broad spectrum insecticides are often
made during early- to mid-June in cotton to control
tarnished plant bugs, Lygus lineolaris (Palisot de
Beauvois) in the mid-southern U.S (Scott and
Snodgrass 2000). Historically, pyrethroids, carbamates,
and organophosphates were the insecticides of choice
for those applications. Consequently, outbreaks of
cotton aphid in mid- to late-June were usually the result
of those applications because of the elimination of
natural enemies (Slosser et al. 2001).

Recently, a new class of insecticides, the
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neonicotenoids, has been introduced that is relatively
soft on natural enemies, and provides good control of
both tarnished plant bugs and cotton aphids (Tomizawa
and Casida 2003). Imidacloprid (Trimax, Bayer Crop
Science) was the first neonicotenoid labeled for use in
cotton in the U.S. Since the introduction of
imidacloprid, other neonicotenoids have been
introduced. They include thiamethoxam (Centric,
Syngenta Crop Protection), and acetamiprid (Intruder,
DuPont) (Tomizawa and Casida 2003). Currently,
these insecticides are applied over large acreages
during June because of their activity against both
cotton aphids and tarnished plant bugs. This combined
with the historical ability of cotton aphids to rapidly
develop resistance to new insecticides creates the need
for a proactive program to monitor cotton aphid
susceptibility to these compounds (Kerns and Gaylor
1993).

For a monitoring program to be effective it is
important to develop a bioassay that is cost effective
and can produce rapid results. Programs to monitor
insect susceptibility to the pyrethroids, carbamates, and
organophosphates rely on bioassays that take
advantage of the contact activity of these compounds.
However, the neonicotenoid's have little contact
activity and must be ingested to provide mortality.
Therefore, a bioassay technique was developed using
live plant tissue to determine cotton aphid
susceptibility to imidacloprid, thiamethoxam, and
acetamiprid. Results of these bioassays will be
discussed.

MATERIALS AND METHODS A bioassay procedure was
developed to rapidly screen the susceptibility of cotton
aphids to three commercially available neonicotenoid
insecticides. The insecticides included acetamiprid
(Intruder, DuPont), imidacloprid (Trimax, Bayer Crop
Science), and thiamethoxam (Centric, Syngenta Crop
Protection). Commercial formulations of each
insecticide were used for bioassays. Serial dilutions of
each insecticide were made to obtain six or seven
concentrations along with a non-treated control.
Insecticides were diluted in water to obtain 1000 ml of
solution at the various concentrations and applied to
actively growing plants in a spray chamber calibrated
to deliver 46.8 L per hectare. Plants used for bioassays
were grown in the greenhouse in Jiffy® (Jiffy
Products, Shippagan, Canada) peat pellets until they
had two true leaves. After treatment, the plants were set
aside for 24 hours to allow complete penetration of the
insecticide into plant tissue. After 24 hours, the upper
most terminal leaf was removed from each plant and
placed in a 9.0 cm Petri dish with a 2% agar solution.
Ten Petri dishes were used for each treatment with
three replications.

Cotton aphids used for bioassays were collected
from a large block of non-treated cotton near
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Stoneville, MS. Aphids were collected by removing the
terminals of heavily infested plants. Infested terminals
were transported to the laboratory in plastic bags. In
the laboratory, five late instar cotton aphid nymphs
were transferred to each leaf with a small paint brush.
The dishes were held in an environmentally controlled
room at 26x2°C, 75£5 percent relative humidity, and a
14 hour light to 10 hour dark photoperiod. Mortality of
cotton aphids was rated after 24 hours of exposure to
the treated leaves. Data were log transformed and
analyzed with Probit analysis (PROC PROBIT, SAS
Institute, Version 8.2, Cary, NC). LCsy and LCy values
along with 95% fiducial limits were obtained for each
insecticide.

RESULTS

Acetamiprid: Seven concentrations of acetamiprid were
used to obtain a concentration mortality curve for
cotton aphids. The concentrations ranged from 0.0004
to 0.028 kg ai/ha. The resulting concentration mortality
curve had a slopexSE of 0.61+0.091 (X?=3.15, d.f.=5,
P=0.68) (Fig. 1). The LCs, (95% fiducial limits) and
LCy (95% fiducial limits) values were 0.0008
(0.00050 - 0.00119) and 0.0067 (0.00437 - 0.01321) kg
ai/ha, respectively.

Figure 1. Dose mortality curves for acetamiprid, imidacloprid,
and thiamethoxam against cotton aphids in a spray table
bipassay.
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Imidacloprid: Six concentrations of imidacloprid were
used to obtain a concentration mortality curve for
cotton aphids. The concentrations ranged from 0.0004
to 0.014 kg ai/ha. The resulting concentration mortality
curve had a slope+SE of 1.04+0.133 (X°=1.17, d.f.=4,
P=0.88) (Fig. 1). The LCs, (95% fiducial limits) and
LCy (95% fiducial limits) wvalues were 0.0013
(0.00100 - 0.00160) and 0.0044 (0.00325 - 0.00685) kg
ai/ha, respectively.

Thiamethoxam: Six concentrations of thiamethoxam
were used to obtain a concentration mortality curve for
cotton aphids. The concentrations ranged from 0.002 to
0.056 kg ai/ha. The resulting concentration mortality
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curve had a slopexSE of 0.63+0.114 (X*=2.43, d.f.=4,
P=0.66) (Fig. 1). The LCs, (95% fiducial limits) and
LCy (95% fiducial limits) wvalues were 0.0020
(0.00100 - 0.00295) and 0.0149 (0.00979 - 0.03077) kg
ai/ha, respectively.

DISCUSSION Results from these bioassays demonstrate
the high level of efficacy each of these compounds
have against cotton aphids at relatively low
concentrations. Given the high level of efficacy at low
rates and high reproductive capacity of cotton aphids,
these compounds are likely to provide a high selection
pressure for cotton aphids to develop resistance in the
near future (Polumbo et al. 2001). Therefore, a
comprehensive system to monitor for cotton aphid
susceptibility to these compounds is needed. Results of
the current study establish a relatively simple and rapid
bioassay using live plants grown in the greenhouse as
the carrier for delivery of the insecticides to the insects.
This technique is not the ideal bioassay method for
detecting changes in a population over time. However,
similar techniques been developed to monitor changes
in  whitefly, Bemisia spp., susceptibility to
neonicotenoids in Arizona (Williams et al. 1996).
Historically, bioassays have relied on contact activity
of the insecticide through the use of topical bioassays
or surface treatments (i.e. glass vials/slides). However,
the neonicotenoid insecticides have little contact
activity and are most effective when ingested
(Maienfisch et al. 2001). Currently, methods for
delivering the active ingredients to the target site are
limited. These bioassays demonstrate the effectiveness
of using excised plant tissues from treated plants. With
this bioassay, it will be important to use plant tissue of
the same age and relative physiological condition to
maintain homogeneity over time. Plant tissue age and
physiological condition may influence uptake of the
insecticide; and thereby, influence results of future
bioassays.

In conclusion, this bioassay will provide an
effective means for detecting and quantifying changes
in cotton aphid susceptibility to the neonicotenoids. In
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the future, additional bioassays will be developed and
cotton aphids will be obtained from various regions to
test the repeatability of these techniques.
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Detoxification of Cyclocephala comata Bates (Coleoptera: Scarabaeidae) to Pyrethroide and Phosphorated
Insecticides

INTRODUCTION The State of Jalisco, Mexico is one of
the most representative of this problem with an infested
surface of approximately 200,000 hectares; affecting
mainly the rain and stormwater harvesting areas. Inside
the gender of whitegrubs the larvae of Cyclocephala
comata Bates represent one of the main problems of
phytosanitary character. To this day the main tools that
the farmers have to combat this plague are the cultural
and chemical control being the last one the most
utilized, since in a beginning the organochlorine

insecticides were used which were removed years ago
of the market and to our days the active ingredients of
common use are represented mainly by
Organophosphates, Carbamates and recently the
Pyrethroids have entered the market (PLM 1999 and
PLM 2002). These products have been in the market
for more than 15 years and have been used repetitively
year after year showing high resistance levels since
1993 (Posos et al, 1995). For what to our days the dose
has risen from 15 Kg. of insecticide up to 60 Kg. per
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hectare without obtaining an effective control of the
plague. Due to the fact that the resistance mechanisms
developed by C. comata Bates to detoxification of the
insecticides used in their control are unknown the main
objectives of this work is to determine by the use of
synergists the detoxification routes that C. comata has
developed for the insecticides of the different
toxicological groups used for its control.

MATERIALS AND METHODS The biological material of
the population of C. comata was obtained from San
Martin Hidalgo Jalisco, Mexico of commercial parcels
of cultivations sowed in the region during the cycles
Spring/Summer 2001 and 2002.

In the months of July and August, the collections
of larvae of C. comata Bates carried out, were placed
in black polyethylene bags, in which previously was
added an earth proportion in mixture with organic
matter and/or corn sprouts, so that the larvae had food
and that at the same time similar conditions to their
environment to be transferred to the laboratory. The
biological material collected in field and settled down
in the laboratory was placed in plastic boxes with earth
and organic matter, and provided with food, selecting
the larvae of the third instar according to the size so
that they were the most homogeneous possible. They
were weighed and separated in groups of 20 larvae,
placed in boxes of disposable polypropylene with a
mixture of earth and organic matter. We used the
Technique of Topical Application proposed by the
FAO. The insects were placed in polypropylene boxes
provided with fresh food (Lagunes and Vazquez,
1994).

The evaluated treatments were the following ones:
Chlorpyrifos and Diazinon (Organophosphates),
Bifenthrin and Tefluthrin (Pyrethroids) in turn each one
of the evaluated treatments were blended with the
synergists Piperonyl Butoxide (PBO), Diethyl Maleate
(DEM) and Merphos (DEF) in a proportion of 1:10.

For each insecticide treatment and of the mixture
the active principles were used in technical grade using
8 dose ranges preparing 10 ml of each dose for each
treatment. The active principles were diluted in acetone
at 95% of purity grade reagent.

To be able to identify the detoxification routes
involved bioassays they were run in two senses; The
first ones to determine the lethal Dose 50 (LDsx) of the
applied insecticides diluted only with acetone; in this
case for each one of the involved insecticide treatments
6 dose ranges were run and 20 larvae were used for
each dose range. To determine the second LDs, of the
mixture of the insecticides with the three different
synergists departing from the established LDs, for the
insecticides; bioassay were run with the insecticide
mixture and each one of the synergists, (DEF, DEM
and PBO) in a proportion of 1:10 (1.0 gr a.i. of the
insecticide for 10 gr a.i. of the synergist) having 6 - 10
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smaller dose ranges starting from the determined LDsgy
for each one of the insecticides in question.

For each one of the carried out bioassays, 6
discriminatory doses and a witness without applying
were run. To determine each one of the doses in
question 20 larvae were used by dose. When mortality
was presented in the witness without being applied we
proceeded to calculate the % of mortality by means of
Abbott's formula:

Once the bioassays were carried out, and the data
of mortality calculated, they were analyzed by means
of the Probit analysis method of maximum
verisimilitude proposed by Finey 1971, These analyses
were carried out using the SPSS Version 10.0 computer
software.

RESULTS AND DISCUSSION The symptoms presented by
the larvae of C. comata by means of which the
approach of death was settled down 24 hours after
having applied the insecticides are the following:

Lost of the mobility of the larva 3 hours after
having applied the toxic. After six hours of having
applied the insecticide the larva lost their form of "C"
and took a yellow hyaline coloration. At 12 hours the
larva lost swelling and movement, taking an intense
yellow color. At 24 hours the movement of the larva
was almost null, it turned flaccid and of clear brown
color.

With what concerns to the Organophosphate
insecticides as observed in Table 1 that for the case of
Chlorpyrifos, it is observed that the main detoxification
route is through FOM with a 17X, followed by
esterase's with 9X, it is necessary to point out that in
this case for the Glutation-S-Transferase are not
strongly involved in the resistance mechanism for the
Chlorpyrifos since in this case the synergism
proportion was of only 4X.

Table 1 Lethal Dose average (LD'sg), Synergism proportion and determination cosfficients (R”)
and Tests of Sepuere Chi (XZ) of the Organephosphate insecticides used for the control of T\ comate Bates.

Treatment LDgy Synergism  g* x* Detoxification route
Msig Proportion
Chlorpyrifos 0.9902% 0.88 0.0077

Chlerpyrifos + PBO  0.05707  17.39% 0.88 01184  OXIDASES
Chlerpyrifos + DEF 080532 921X 0.56 01207  ESTFRASES
Chlorpyrifos + DEM 046982 4773 077 00643  G-5

TRANSFERASES
Diazinon 195918 0.88 00383
Diazinon + PBO 057939 2.00X 0.58 0.188 OXIDASES
Diazinon + DEF 14578 1.34% 0.5 0.0368  ESTERASES
Diazinon + DEM 026783 731X 0.96 0.132 G-§

TRANSFERASES

It is necessary to point out that this behavior of the
insect to unfold Chlorpyrifos coincides with the works
carried out by Georghiou et al., 1980 Bisett et al., 1991
and 2000).

For the case of the Diazinon, it is observed that the
main detoxification route is through the Glutation-S-
transferase with a proportion of 7X, what coincides
with the information that reports Lagunes and
Villanueva (1994), and on the other hand Rodriguez et
al., (1999) found that in the glutation-S transferase a
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high frequency exists for this resistance mechanism as
happens in the case of the diazinon.

In the case of Table 2 that corresponds to the
detoxification routes used by Cyclocephala comata to
metabolize the pyrethroide insecticides, it is observed
that the main route used by the insect is through FOM
with a synergistic proportion of 10X for Bifenthrin and
23X for Tefluthrin, followed by the metabolic route of
esterase's with a proportion of 10X in bifenthrin and
14X in Tefluthrin. It is necessary to point out that for
this case bifenthrin has been only one year in the
market and to this day it already presents characteristic
samples of crossed resistance with organochlorine.
What coincides with Bisset and Rodriguez 2000 where
they demonstrated that the main routes of pyrethroid
detoxification are through FOM and Esterasas.

Table 2. Lethal dose average (LD5q), Synergism proportion and determination coefficients (R2)

and Tests of Square Chi (Xz) of the pyrethroid insecticides used for the control of C. comeata Bates

Resistant Pest Management Newsletter

Treatment LDzg Synergism | R? x? Detoxification route
Mg/g Proportion

EBifenthrin 0.58925 0.84 0.0126

Bifenthrin +PBO0.05592 10.533% 0.7 0.2027 OXIDASES

Bifenthrin +DEF | 0.05708 10.323% 0.87 0.085  ESTERASES

Bifenthrin + DEM 0.18746 3.143 07 0.0453 | G-S5 TRANSFERASES

Tefluthrin 0.8035% 0.78 0.034

Tefluthrin + PBO 0.03478 23.103 0.75 0.071 | OXIDASES

Tefluthrin + DEF | 0.17826 14.873 0.82 0.2093 ESTERASES

Tefluthrin + DER 0.05368 45030 0.73 0.109¢ | G-5 TRANSFERASES

CONCLUSIONS

1. Chlorpyrifos this being seriously affected mainly
by Oxidases and in smaller proportion by
esterases.

2. Diazinon this being affected strongly by the
Glutation-S-transferase.

3. Bifenthrin this being affected mainly by Oxidases
and esterases in the same proportion and in a
smaller scale the Glutation-S-Transferase.

4. Tefluthrin this being affected drastically by the
oxidizer system and in smaller proportion by the
esterases and in minimum scale the Glutation-S-
Transferase.

5. The larvae of C. comata have developed
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metabolic and physiologic resistance through
Microsomal Oxidases of Mixed Function and in a
smaller proprcion to the esterases, being these the
main mechanisms of detoxification of the
organophosphate and pyrethroid insecticides.
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Premilinary data on resistance appearance of Pollen beetle PB (Meligethes aeneus F.) to selected pyrethroids,
organophosphorous and chloronicotynyls insecticide, in 2004 year in Poland.

INTRODUCTION Poland is a major producer of rape
(Brassica napus). This plant is cultivated on about 600
000 ha in this country but the average crop is low -
1000 000 t/year. Pollen beetle (PB) (Meligethes aeneus
F.) is the most serious rape pest in Poland (on average
15% of yield losses per year) and considered to be the
pest with the high likelihood of developping insecticide
resistance. All classes of insecticide have been widely
used to control PB in Poland. The long period of
intensive selection pressure has lead to PB resistance to
some chemical classes of insecticide.

For many years pyrethroids (deltamethrin,

cypermethrin, alpha-cypermethrin, beta-cyfluthrin,
bifenthrin, zeta-cypermethrin, lambda-cyhalothrin,
esfenvalerate, fenvalerate, ethofenprox),
organophosphorous (chlorpirifos, phosalone) held the
primary place in the PB control in Poland. Over a
period of 26 years these classes of insecticides have
been most commonly used for controlling PB in Poland
(97% of chemical sprays in rape cultivations).
Nowadays the use of pyrethroids in Poland is
systematically decreasing. The cases of observed PB
resistance to pyrethroides classe under practical
conditions increased.
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Bioassays of alpha-cypermethrin, acetamiprid
(chlotonicotynyls) and chloropiryphos + cypermethrin
for resistance monitoring in PB were performed in
western region of Poland (Institute of Plant Protection
in Poznan) in 2004.

METHODS

Laboratory tests. In laboratory tests the standard

method recommended by Insecticide Resistance Action

Committee (IRAC method nr.7) was used.

The three insect populations originated from
western Poland: Winna Gora, Skoki, Nowy Tomysl
were selected. A representative sample of PB beetels in
selected field populations and sufficient non-infested,
untreated leaves were collected for testing. Chemicals:
« pyrethroide alpha-cypermethrin (Fastac 100 EC) 25,

33, 50 ppm concentrations were tested
(recommended concentration in Poland: 25-50 ppm)

 chloronicotynoide acetamprid (Mospilan 20 SP) 50,
66, 100 ppm concentration were tested
(recommended concentration in Poland: 50-100
ppm)

e phosphoroorganic + pyrethroide chlorpirifos +
cypermethrin 500, 1000 ppm concentration of
chorpirifos were tested (recommended
concentration in Poland: 500-1500 ppm)

Accurate dilutions of the tested active substances
from commercially available products were used in
determined doses.

Rape inflorescence and leaves were dipped in
water for untreated control and other leaves in tested
insecticide concentration liquid for about five seconds
and placed on paper towel to let it dry up. Untreated
and treated dry leaves were placed into a 1 litre jar with
10 cm diameter filter paper and 100 PB beetles were
placed in each jar. 3 replicates were conducted for each
concentration and control.

A final assessment - lethal effects of active
substance of insecticides were determined after 120
hours of application and expressed as percent mortality
at each dose, correcting for untreated (control)
mortalities using Abbott's formula (Abbot 1925).
Untreated mortality was quoted.

At each assessment, beetles were classed as either:
(@) unaffected, giving a normal response (such as
taking a co-ordinated step) when gently stimulated by
touch, or (b) dead or affected, giving an abnormal
response to stimulation. Corrected Mortality = 100 x
(P-C/100-C) where P = % mortality in treatment, C =
% mortality in controls. Testes were performed in the
laboratory conditions: 22-24° C and photoperiod of
16:8 (L:D).

2004 year results and discussion
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Table 1.Susceptibility of PB beetles to pyrethroide - alpha-
cypermethrinin 2004 {laboratory tests)

populations active substance
25 ppm 33 ppm 50 ppm
-% mortality | -% mortality | -% mortality
Winna Gora 25 33 45
Shaoki it 25 30
Moy Tarmeys! 10 20 40

Table 2. Susceptibility of PB beetles to chloronicotinyle
insecticide (acetamiprid, Mospilan 20 SP) in 2004
(laboratory tests)

populations active substance
S0 ppm 66 ppm 100 ppm
-%o mortality | -% mortality | -% mortality
Wiinna Gora 75 g0 895
Skoki 70 83 93
Moy Tomys 75 85 g0

Table 3. Susceptibility of PB beetles to organophosphorous
+ pyrethroide, (chloropingfos + cypermethring Murelle D 550
EC in 2004 {laboratory tests)

populations active substance
500 ppm 1000 ppm
-% mortality -% mortality
Winna Gora 100 100
Skoki 100 100
Mowy Tormys! 99 100

Populations from all three provinces demonstrated
high level of resistance to pyrethroide insecticide, and
some level of resistance to chloronicotinyle insecticide.
In laboratory studies (2004) the pyrethroid insecticide
and chloronicotinyle were less effective in controlling
PB beetle. Survival at 25, 33,and 50 ppm concentration
in case of pyrethroide and 50, 66 and 100 ppm in case
of chloronicotinyle indicated occurence of resistance in
tested populations.

The results indicated that populations tolerant to
pyrethroids and chloronicotinyles were no cross-
resistant to organophosphorous. The widespread use of
pyrethroids in Poland can lead to control failure.
Understanding the conditions which favour the
development, the causes, and the mechanism of
resistance are the crucial challenge for the future of
pyrethroids and chloronicotinyle insecticides use to PB
control in Poland.

The constant monitoring of PB susceptibility level
to insecticides used in Poland and future studies on
mechanisms of PB resistance to them will allow to
enterprise a better strategy for delaying PB resistance.
At present the general principles of strategy involve the
limited use of pyrethroide group and rational
application of all recommended insecticides and their
rotation including different modes of their toxic action.
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Utilization of Trap Cropping, Neem and Nuclear Polyhedrosis Virus - a pest diversionary approach for the
Management of Insecticide Resistance of Helicoverpa armigera (Hubner) in Cotton

ABSTRACT Push-pull strategy was used for the
management of insecticide resistant Helicoverpa
armigera (Hubner) with conjunctive use of trap crops,
neem and Nuclear Polyhedrosis Virus in cotton.
Application of NSKE on cotton leaving trap crops and
restricted application of NPV on okra under trap
cropping system in cotton was highly effective in
reducing the incidence of H. armigera and damage to
fruiting bodies, boll, locule and inter locule basis over
cotton sole crop. The preference of H. armigera was
towards okra as a trap crop compared to cotton.
Application of NSKE on cotton diversified the H.
armigera towards untreated okra. The synthetic
pyrethroids resistance in field survived H. armigera at
the end of the season was reduced from 89.2 - 945
percent to 86.0 - 92.0 percent.

KEYWORDS  Helicoverpa armigera, Insecticide
Resistance Management, push-pull strategy, cotton

INTRODUCTION  American bollworm Helicoverpa
armigera (Hubner) (Lepidoptera: Noctuidae) has
become a very serious threat to cotton production in
many countries. It has developed resistance to several
pesticides used in India (Regupathy et al., 2004). So
there is an urgent need for eco-friendly management
practices to tackle this pest. The basic principle in pest
management through cropping system is that any
change in the vegetation will influence the population
of pests and natural enemies (Altieri and Letourneau,
1982). In recent years use of various neem
formulations are proved to be worthy in reducing
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resistance to different insecticides in this pest
(Regupathy and Ayyasamy, 2004). The virus infection
was found to increase the susceptibility of H. armigera
to the insecticides (Geetha et al., 1999 and Leethial and
Regupathy, 2004). But, use of Nuclear Polyhedrosis
Virus (NPV) on larger scale and on cotton due to leaf
alkalinity possess certain practical problems (Ignoffo et
al., 1972 ; Young and Yearian, 1977 and Mcleod et al.,
1977). Significant beneficial effects can be obtained
when cultural methods, botanicals and biocontrol
agents were combined. Push and pull strategy involves
"pushing" the insects away from the economic crop and
pulling them unto a trap crop where their population is
reduced by a biological control agent. Keeping in view,
investigations were carried out under field conditions
to evaluate the push- pull strategy with conjunctive use
of trap crop okra, neem and NPV for proper
management of H. armigera in cotton.

MATERIALS AND METHODS Field experiment was
conducted on cotton at Agricultural Research Station,
Srivilliputtur, Tamil Nadu Agricultural University,
Tamil Nadu during Summer, 2003 (March-July). The
experiments were laid out in a randomized block
design with three variants viz., trap crop (okra), neem
seed kernel extract (NSKE5%) spray restricted on
cotton (SVPR 2) leaving trap crop and HaNPV spray
restricted on trap crop okra leaving cotton. The
experiment was replicated three times by maintaining a
plot size of 5 m x 5 m. In each plot having 10 rows of
cotton (45 x 30 cm), fifth row was substituted with trap
crop okra (Arka Anamika), which was sown
simultaneously on the other side of the ridge without
any loss to cotton cropped area. The trap cropping
system was compared with the cotton sole crop. All the
plots received recommended agronomic practices of
the region except the treatment operations. NSKE 5%
was applied on cotton leaving trap crop to diversify the
pests to trap crop before each application of HaNPV
commencing from 53 days after sowing (DAS) at
weekly interval upto maturity phase (102 DAS). The
application of HaNPV on trap crop okra / cotton sole
crop (@ 500 LE) was commenced from one week after
the application of NSKE spray (60 DAS) at weekly
interval upto the maturity of the trap crop.

The bollworm incidence was assessed on the basis
of egg, larval population and percent damage on
fruiting bodies (squares, flowers and bolls), open bolls,
locules and inter locules. Eggs and larvae were counted
on 10 randomly selected tagged plants per plot. The
total number of fruiting bodies and those damaged by
bollworms were counted at ten randomly selected
plants per replication. The total number of bolls
collected from ten randomly selected plants per plot at
each picking was assessed for number of damaged
bolls, number of locules damaged, inter locule boring
and percentage was worked out. Kapas were picked out
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at ten days interval from each plot and the yield was
expressed in terms of g/ha. The preference ratio (PR)
of pests on cotton and trap crop okra was worked out
by using the formula given by Saminathan and
Regupathy (2003). The efficacy of HaNPV on trap
crops was assessed by counting total larval population
and virosed larvae after respective treatment from ten
randomly selected plants and the percent mortality was
calculated. The resistance frequency of F1 field
population of H. armigera before first spray and F1
field survived population at the end of the crop to
synthetic  pyrethroids was  monitored  using
discriminating dose (DD) assays and the per cent
resistance was calculated by using the formula given
by Regupathy and Dhamu (2001).

RESULTS AND DISCUSSION In cotton sole crop
(untreated check), the mean egg and larval population
was 20.6 and 18.1 per ten plants respectively and
percent damage of 19.7, 32.1 and 29.1 on fruiting
bodies, boll and locule basis respectively. Combined
use of trap crops, NSKE application on cotton and
NPV application on trap crops reduced the incidence of
H. armigera on cotton compared to cotton sole crop.
Cotton (NSKE treated) + okra (NPV treated) effected
48.1 and 66.3 per cent reduction of eggs and larvae and
35.5, 38.0 and 38.5 per cent reduction of fruiting
bodies, boll and locule damage respectively compared
to cotton sole crop (untreated check). This was
reflected in yield. Cotton (NSKE treated) + okra (NPV
treated) plots recorded the maximum yield of 14.6 g/ha
compared to 7.7 g/ha in cotton sole crop (untreated
check). The efficacy of other treatments in reducing the
incidence and damage of H. armigera was found in
descending order such as cotton sole crop (NSKE and
NPV treated) > cotton sole crop (NSKE treated) 3
cotton (NSKE treated) + okra (NPV untreated) > cotton
(NSKE untreated) + okra (NPV treated) > cotton (NPV
treated) 3 cotton (NSKE untreated) + okra (NPV
untreated) 3 cotton sole crop (untreated).
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Application of NSKE on cotton diversified the H.
armigera towards untreated trap crops. The egg and
larval preference of H. armigera on cotton: okra
increased from 1: 1.45to 1: 3.29 and 1: 1.39 to 1: 3.34
towards okra respectively (Table 2). The percent
recovery of NPV infected larvae on okra and cotton
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ranged from 34.2 to 43.5 and 18.9 to 20.3 per cent in
the respective treated plots (Table 3). The extent of
resistance before spraying was 92.4, 91.8, 92.0, 94.5
and 89.2 per cent to cypermethrin, fenvalerate,
deltamethrin, lambda-cyhalothrin and beta-cyfluthrin
respectively. The resistance of field survived
population at the end of the season was 89.1, 88.0,
86.9, 92.0 and 86.0 per cent to cypermethrin,
fenvalerate, deltamethrin, lambda-cyhalothrin and beta-
cyfluthrin respectively (Table 4).

Table 2 Effect of trap crops and restricted application of NEEE on cotton on the preference

of cotton bollworms (Snvilliputtur, Summer 2003)

Resistant Pest Management Newsletter

MEKE 5% H armigera
Cropping system spray on cotton Crops Ezgs Larvae
E FR E R
Cotton + okra Cotton untreated with NEKE Cotton 1632 - 17 53 -
Okra 2377 01:01.4 2437 01014
Cotton treated with MSKE Cotton 875 - Té -
Olra 2882 01:03.3 2542 01033
Cotton sole crop Cotton untreated with NEEKE Cotton 2062 - 1213 -
Cotion treated with NSKE Cotton 062 793

P — Mean population per ten plants PR — Freference ratio

Push-pull strategy was found effective through
integration of trap crops and bio control agents against
maize stem borer Chilo partellus Surrinae (Swin) and
integration of alarm pheromone and biocontrol agents
against cotton aphid, A. gossypii (Pickett et al., 1986).
In the present study, application of NSKE on cotton in
conjunction with NPV on trap crops under trap
cropping system in cotton was most effective in
controlling H. armigera. In our study okra acted as a
good trap crop for H. armigera and the efficiency of
the trap crop was improved by applying NSKE on
cotton. Similar diversion of A. devastans, B. tabaci, A.
gossypii and semiloopers from cotton to okra was
observed when the non-edible oil formulations were
applied on the main crop (Saminathan and Regupathy,
2003). In the conjunctive use of trap crops, NSKE on
cotton and NPV on trap crops, the resistance of the
field collected population of H. armigera to the
pyrethroids monitored through discriminating (DD)
dose showed lesser percent survival compared to the
survival of the field-collected population before
spraying. This might be due to the NPV infection of H.
armigera collected from the field sprayed with
microbials. The carry over of diseases through adults
plays important role in the vertical transmission of
virus over generations (Nair and Jacob, 1985 and
Subramanian, 2003). Botanicals may be used to
increase the susceptibility of the target pest. The
exposure to a stressor might influence the susceptibility
of the host to an active pathogen. The biologically
active compounds from the plant products penetrate the
gut wall, which allows the easy penetration of the
pathogen into the haemocoel (Steinhaus, 1963). The
non-chemical methods used in the present study in
cotton provide scope for relaxation in selection
pressure of H. armigera to certain extent. Hence, the
percent survival is reduced at the end of the season,
though significant is less than that of survival of larvae
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collected before first spraying. Combined use of
botanicals with microbial pesticides and chemical
insecticides increases the efficacy and also reduces the
cost per application and delay the development of
resistance.

Table . Fffect of HaWPV spray on trap evops and cotton {Srivill Srmmer 2003)
Trontments Trnp coop { cotton | Per cent HPY infected Inrve on tsap ciops / cotton
Cotton (NSKE treated) + okra NPV treated Clhra "y
L H 1 At
13
Cotton (HSKE treated) # obra (NPV untrested) Clkre -
a7
415
Cublon (NSKE unirested) + ohaa (HFY trestad) ™ Ay
1L
Coblon (NSKE untreated) + vlaa (HFY uniested) £ i
07
03
Cotlun (HSKE and HEY lisated) Colton
[riRis
07
C=ntton (MEKE treatad) Gattom =
(el
158
Cattan (HEV treated) Catton
feiid
: 0z
Cottor sole erop tunteeated cheek) Catton ot

Fiigures m paenillsses me arceme banslormed valuss
Mearis m a cohumn full sired by same Ietber(s) e ot ngalicanily diferenl (P<0.05) by DMRT

Table 4. Fffect of push - pull strategy with conjunctive use of trap crops, neem and HaNPV against
vesistance frequency (RF) of H. ammiger to synthetic pyretluoids ( Srivilliputtur, Summer 2003)

% resistance of Fy field % resistance of Fy field survived
Synthetic Pyrethreids D()}i;;;le population before first spray population after last spray
% resistance +3E 90 resistance £3E
Cypermethrin 0.1 924£36 83146
Fenvalerate 0.2 918£39 BR.0£46
Deltamethrin 0.0125 920£38 B6.5£50
Lambda -cyhalothrin 0.025 945+£31 92.0+£38
Beta-cyfluthrin 0.2 892+41 86.0£53

SE- Pooled binomial standard ervor ()
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Studies to Elucidate Antibiosis Resistance in Selected Tomato Accessions against Fruitworm, Helicoverpa
armigera Hubner (Lepidoptera:Noctuidae)

INTRODUCTION Tomato, an important tropical
vegetable crop suffers mainly from tomato fruitworm
(TFW) Helicoverpa armigera (Hubner), a polyphagous
pest. It is the devastating pest of tomato and is capable
of causing up to 88% damage to fruits (Singh and
Narang, 1990). The only practical method to control
this pest is to have a persistent insecticide over the
foliage and fruiting bodies. As tomato is picked at short
intervals, maintenance of insecticidal film is both
uneconomical and hazardous. The ultimate solution to
manage these pests lies in evolving and using insect
resistant varieties which are of immense value in the
integrated pest management programme. We have
attempted to elucidate the antibiosis resistance
mechanism in selected tomato accessions which
exhibited relatively low infestation of TFW.

MATERIALS AND METHODS
Insect and Plant Materials

Larvae of H. armigera were reared on a meridic
diet, prepared from chickpea (Cicer arietinum) flour.
All insects were reared in controlled conditions at room
temperature (25°C-30°C) and humidity (60% to 75%
RH) with 12 h light 12 h dark photoperiod. After
hatching, larvae were placed with diet until the early
third instar. They were then individually reared to
pupation in clear plastic cups (4.5 cm high and 3 cm
wide) with lids. On pupation, they were sexed and
placed in insect cages (120 X 90 X 90 cm) for adult
emergence, from which the larvae were used for
experiments. Tomato accessions, categorized on their
reaction to TFW (Srinivasan, 2003) as being resistant
(LE 355 and LE 1223), moderately resistant (LE 2, LE
10 and LE 104), moderately susceptible (LE 3, CO 3,
PKM 1, LE 18 and LE 887) and highly susceptible (LE
4), were grown in a greenhouse. After six weeks,
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seedlings were transplanted to plastic pots (18 cm dia
and 17 cm in height) and were watered daily. Fruit that
were harvested were used for larval bioassays.

Larval Bioaasays

The third instar larvae were taken from the nucleus
culture, which was maintained on semi synthetic diet
under controlled conditions. The larvae were released
in plastic cups containing known weight of fresh fruits
of different tomato accessions. Test of each accession
were replicated five time involving twenty-five larvae
in each replicate. Before releasing the larvae in the
cups, the initial fresh weight of larvae was taken. The
weight of larvae, uneaten fruits and faecal matter was
taken when the larvae entered fourth instar stage. The
insect's weight gain/loss was calculated by subtracting
its initial weight from its weight at the end of the
experiment. Food ingested was determined by
subtracting the weight of uneaten food from weight of
food provided. All faeces were separated from uneaten
food and weighed. From the results, following indices
were obtained as proposed by Waldbauer (1968).

® Relative growth rate (RGR) = Weight gained by
the larva / (Weight of initial biomass X day)

® Relative consumption rate (RCR) = Weight
ingested by the larva / (Weight of initial insect
biomass X day)

® Efficiency of conversion of ingested food to
body substance (ECI)
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® ECI = [(Weight gained by the larva) / (Weight of
food ingested)] X 100

® Efficiency of conversion of digested food to
body substance (ECD)

® ECD = [(Weight gained by the larva) / {(Weight
of food ingested) - (Weight of faeces)}] X 100

®  Approximate digestibility (AD)

® AD = [{(Weight of food ingested) - (Weight of
faeces)} / (Weight of food ingested)] X 100

RESULTS AND DISCUSSION The growth rate indicates
that the rate at which the digested food is available to
the insect and ultimately the rate of increase in weight
per gram body weight per day. The results on growth
rate revealed that the highest growth rate (1.198) was
recorded with larvae fed on LE 887, which was
significantly superior to all other accessions (Table 1).
This was followed by larvae fed on LE 2, while larvae
reared on LE 355, LE 3, LE 18 and LE 10 recorded
significantly lower RGR values. This indicates that the
accessions LE 3, LE 10, LE 18 and LE 355 are the
most inferior food for the development of H. armigera.
In general, tomato is not preferred by most of the
lepidopteran insects because of its poor nutritional
qualities as well as toxicity due to secondary
metabolites (Singh and Parihar, 1988; Katole, 1992;
Singh and Sehgal, 1993 and Ming and Jun, 2001).

Table 1. Conswnption and utilization of different tomato accessions by larvae
of A armigera
§.No | Cultivar | RGR RCR | ECI(%) | ECD (%) | AD
1 LE4 | o206 | 236% | 1942% | 2400° |go3zt
Co3 | gs512% | s778% | 919% | 1366* |7080%
LE2 | ngo2™ | 11028 | 609® 11.32* | 5978%
LE1223 | g446® | 7.06™ | 7.08% | 2049* | 3736°
FEM1 | 0610% | 5038% | 11.22% | 1516* | 5949
LEBET | 1198° | 10494t | 27% 1273* | 3811°®
LE104 | p29g® | 510 | sa2® 757 | s014!
LE355 | 0.100* | 122* | 2325 | 37.33* |6lse™
1E3 0132* | 3.11% | 444 a90® | 961
LEIB | p11g* | 30 ® 204* 373* | g7

11 LE10 | g150* | 1206° | 11.84% | 2725* | 4398°
Means followed by same letter(s) are not significantly diferent by DMET {p=0.05)

| oo~ o un| I W] oo
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The relative consumption rate (RCR) indicates the
rate of feeding in relation to the weight of insect in a
definite time. The results of relative consumption rate
(RCR) showed that the accession LE 2 recorded the
highest RCR value (11.03), which was significantly
higher to all other accessions. This was followed by LE
887; LE 10 and LE 355 showed the least RCR values
and were significantly different from other accessions.
The highest consumption in LE 2 might be due to the
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presence of tender and juicy fruits. Waldbaeur (1968)
observed that the rate of feeding in insects is limited by
the response to bulk water content and other physico-
chemical properties of whole fresh food. Singh and
Sehgal (1993) also observed a similar trend with
different host plants against Spilosoma obliqua Walker.

The measurement of efficiency of conversion of
ingested food (ECI) indicates the overall efficiency of
the insect to utilize the food for growth. It fluctuates
with approximate digestibility and efficiency of
conversion of digested food. Highest ECI value of
23.25 was observed with larvae fed on LE 355, which
was on par with LE 18 recording 22.04%. The data on
efficiency of conversion of digested food (ECD)
showed that the tomato accessions did not show
statistical variations. However, LE 355 recorded the
highest value of 37.39%. From these results, it is clear
that the accession LE 355 is comparatively superior
host plant to tomato fruitworm, though it has recorded
the lowest RCR and RGR.

Highest digestibility was exhibited for LE 104
(90.14%), which was on par with LE 3 (89.61%). This
was followed by LE 18 recording 87.01%. The least
digestibility was observed in larvae fed with LE 1223
(37.36%), which was on par with LE 887 and LE 10
recording 38.11 and 43.98%, respectively. The
variation in the digestibility of food materials is
dependent on the physical and chemical nature of host
plants. Waldbaeur (1964) had suggested the variation
in digestibility comprise the factors such as nutrient
deficiency, imbalance, and highest content of crude
fibres and deficiency of water. Thus, the results on
consumption rate, growth rate and digestibility
indicated that they did not have any definite,
conclusive patterns with the resistance reaction of the
selected tomato accessions; hence, the resistance
reaction of the selected tomato accessions may
collectively be attributed to secondary metabolites
which are correlated to antibiosis and glandular and
non-glandular trichomes which are correlated to
antixenosis, but with no single factor having control
over the resistance reaction.
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Susceptibility evaluation of termites, Odontotermes obesus (Rambur) against the fungal entomopathogens.

ABSTRACT Subterranean termites, Odontotermes sp. is
identified as an important pest in central and north
India causing damage to the extent of 60 per cent in
several economically important crops like Groundnut,
Maize, Wheat, Sugarcane and Cotton. Increased
environmental concern due to several unintended
repercussions of persistent organochlorines and
cyclodiens like Aldrin, Dieldrin, Chlordane and
Heptachlor though, the most effective and long lasting
insecticides for the control of termites, has prompted
for need of screening of safer, ecofriendly alternative,
like biocontrol agents. Present contribution reports the
in vitro efficacy of two of the most potent fungal
entomopathogens,  Metarhizium  anisopliae  and
Beauveria bassiana along with Chlorpyriphos, the
standard check against assorted population of worker
termites.

Chlorpyriphos, the standards check registered
lowest median lethal concentration and time to inflict
50 per cent mortality in worker termite population.
Beauveria bassiana and Metarhizium anisopliae strain
M.a.-4 showed promising traits as a potent biocontrol
agent, in all the growth phases. The potency of
entomopathogens increased from growth phase |
(21days old culture) to phase 1l (28 days old culture)
and then declined slightly in phase Ill. (34 days old
culture) though, statistically not comparable with
standard check.

INTRODUCTION Subterranean termite is a polyphagous
pest infesting several economically important crops,
agroforestry, human structures and almost all the
human belongings causing damage worth billions of
rupees (Mishra, 1999). Chotani, 1997 reported various
economically important genera of termites including
Odontotermes sp. attacking annual as well as perennial
crops especially in the semi arid and sub humid tropics
inflicting significant yield losses.

Though, application of persistent insecticides at
the site of active infestation is the most recommended
management practice, very little is known about their
toxicity, longevity, vapor pressure, water solubility or
degradability in the environment. (Smith, 1979).
Increased environmental concern about the adverse
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effects of organochemicals has made it imperative to
reveal an effective, economical and safe alternative to
the agro chemicals. (Logan et al., 1990).

Promising  traits of muscardine  fungus,
Metarhizium anisopliae (Metsch.) and Beauveria
bassiana (Bals.) viz., viability of conidia in soil and the
ability of fungal propagules to penetrate the cuticle of
termites (Strack, 2002) along with slow acting nature
like successful chemicals, ability of fungal spores to
spread among social termites and self replicability has
rendered it a status of most potent bio control agent
against termites, Odontotermes sp. (Milner et al., 1996,
Grace et al., 1992).

Thus, present study was framed with an attempt to
evaluate the in vitro bioefficacy of entomopathogenic
fungus against assorted population of worker termites,
Odontotermes obesus (Rambur).

MATERIALS AND METHODS Collection of termites was
done with the help of bucket trap as described by Su
and Scheffrahn, 1986, after location of live termitoria
in the fields from 4 villages of Nagpur district
(Maharashtra). The assorted population of collected
worker termites was maintained in the laboratory,
Department of Plant Pathology, College of Agriculture,
Nagpur on fungus comb (the natural food collected
from termitoria). The culture was maintained at 25 +
2°C with relative humidity of 80 - 90 per cent. Due
care was taken for acclimatization of worker termites
before proceeding for the bioassay (Gurusubramanian
etal., 1999).

Four dilution of each entomopathogenic fungi of
three different growth phases (21, 28, and 35 days old
culture) along with five dilution of Chlorpyriphos, the
recommended insecticides were evaluated for different
bioefficacy = parameters  like  median  lethal
concentrations (LCspg) and median lethal time (LTsg)
against the assorted population of worker termites.
Four strains of M. anisopliae, M.a.-1 (local isolate
from Nagpur region), M.a.-2. (Procured from Central
Institute for cotton Research, Nagpur), M.a.-3
(Procured from Department of Plant Pathology,
College of Agriculture, Nagpur), M.a.- 4(Procured
from Indian Agriculture Research Institute (IARI),
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New Delhi) and one strain of Beauveria bassiana (
Procured from Department of Plant Pathology, College
of Agriculture, Nagpur) were evaluated at spore load of
order 10°, 10°,10" and 10° spores/ml.

Five dilutions of Chlorpyriphos and four dilutions
of entomopathogens were prepared by serial dilution
method in distilled water. The bioassay was carried out
in plastic cup (4.5cm x 6.5cm x 5.0cm) covered with a
black cloth. A wet filter paper was placed at the bottom
of each cup to maintain necessary humidity along with
a layer of sterilized soil and fungus comb as a food
source. A set of 25 worker termites replicated four
times was subjected to each concentration of
entomopathogens and insecticide. The dilutions were
applied to the worker population @ 2 ml/cup with the
help of hand atomizer, whereas, the control set was
sprayed with same quantity of distilled water to record
any natural mortality in worker population.

Termites under evaluation were maintained at 25 +
2°C temperature and 80-90 per cent relative humidity.
The mortality count was recorded at 24 hours interval
for 7 days after application of treatment. The moribund
workers (unable to produce coordinated movement of
body when prodded) were considered as dead.
Bioassay data was pooled and concentration mortality
and time mortality regression was computed by POLO-
PC software for Probit analysis (Anonymous, 1987).

RESULTS AND DISCUSSION Concentration mortality
regression analysis (LCsg) of fungal entomopathogens
against assorted population of worker termites in phase
| (Table 1) reveals significant superiority of Beauveria
bassiana strain in terms of lowest LCs, value (1.5 x 10°
spore/ml). Metarhizium anisopliae strain M.a.-1 was
the next effective treatment, the best strain among four
Metarhizium strains used during the experimental
period. Rest of the strains had LCs, value of 6.6 x 10’
spores/ml (M.a. -2), 7.8 x 10’ spores/ml (M.a. -4) and
5.9 x 10° spores/ml (M.a. -3) in phase | (21 days old
culture), respectively. The Beauveria bassiana and M.
anisopliae strain M.a.-4 inflicted 90 per cent mortality
at a concentration of 4.1 x 10° and 1.3 x 10** spores/ml,
respectively.

Phase Il (28 days old culture) reflected significant
superiority of B. bassiana (by non overlap of fiducial
limits) in terms of lower spore count (4.2 x 10°
spores/ml) to inflict 50 per cent mortality in assorted
population of worker termites over other
entomopathogenic treatments except M. anisopliae
(M.a.-4 strain) with LCs, value of 8.7 x 10* spores/ml,
statistically on par with rest of the entomopathogenic
treatments. The other M. anisopliae strains succeeding
the efficacy trend were M.a. - 1 (9.3 x 10° spores/ml),
M.a.-2 (1.4 x 10’ spores/ml) and M.a.-3 (6.4 x 10’
spores/ml). In phase Il the LCq of effective
entomopathogenic treatments were 2.0 x 10" spores/ml
for B. bassiana and 1.1 x 10° spores/ml in case of M.a.-
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4 strain.
Table 1: Concentration mortality (I.Csp) response of Gdontatermes abesus for phase T, phase T and phase
I,
Phase Treatment n LCy (FL) LCy, (FL) Slope Heter. Chi squie
Phasel [M.a-1 500 16107 43x10"
(3.0x10°-1.3x10% @010 —E0x10% 033:01 193 385
W.a-2 500 GHx107 45x10"
(1.8x10"-8.9%10% (16x10°-61%10" 027+05 0.44 087
M.a-3 500 58,107 9.7x10"
Bax10’ -23x10" (@37x10°-13%10% 034:08 015 031
M.a-4 &00 780100 13210"
(1 6x10°-36x1070) (B3x10° - 1.7x10' 028+01 028 0.56
Bh-1 500 1.8x10° 44x10°
6.0x10°-87x10%  |(1.6x10°— g8x10'y  |039:04 015 03
Chiorpyriphos 600 0.009 0.201
(0.002-0.013) (0.03-13.02) 154001 |22 6.61
Phasel [Ma-1 500 9.3%10° 26%10°

(18x10°— 2531107 @3x10° —81x10"y 043401 03 0.58

.82 500 14x10° 15110
(1.2%10°- 22109 (G7x10° -6.7x10%  |0.24:401 0.62 124

M.a-3 500 64100 3Ex10"
(12x10°-28x10% (30310170 029401 0.85 171

W.a-4 500 a7x10t 11x10°
43x10'-38x%10%) @Bx10° —143%10% 023405 0.08 017,

Bb-1 500 42x10 20100
(1.2x10°-3.2x10)  |01.5x10°—4.5x107 04801 132 263

Chlarpyriphos BO0 0.001 0.49
(0.001 — 0.005) (0.104 —1 58) 1.50+08 ¥:23 37

Phase Il [M.a-1 500 23010° STHI0°
(4 8103 Fixl 0% 4 510°— 230" 0284001 181 362

.82 500 23x10° 18x10" 022 043
{7.0x106-1.2x108) (7.0x106-1.2108) 033407

Ma-3 600 240107 RIS 039 0re
a1 -31%10% @1x107-1.4%10" 026401

M.a-4 500 6.2x10 5.9x10° 014 0.2a
0.0x10'-35x108)  |(1.6%10°-7.9x10%) 02601

81 500 361105 24%10° 047 083
@0x10'-1.3%10% @ex10®—12x10"y 034401

Chlaryriphos 600 0.001 0.142 1.74 521
{00008 —0.003) (0.07 -3.36) 1.65+01

n="No of wotket termite treated LCsq = Median lethal concentration. FL = Fiducial limit
P =005 @4 df= 0458 and 2t 5 df=1L070 and P= 0.1 @ 4 46=7.770 and at 5 dF=0.236
The Chi squae values were compared with table alues st respective degree of freedom to check for any real deviation

Application of M.a.-4 in phase Il (35 days old
culture) proved to be the most effective strain (6.2 x
10* spores/ml) over B. bassiana (3.6 x 10° spores/ml),
the most effective strain in phase | and Il. Rest of the
treatment can be arranged in descending order of their
efficacy as M.a.-1 (2.2 x 10° spores/ml), M.a.-2 (2.3 x
10" spores/ml) and M.a. -3 (3.4 x 10" spores/ml).
Dominance of B. bassiana and M. anisopliae M.a.-1 in
terms of efficacy to inflict 90 per cent mortality at
lower concentration was observed in phase Ill. The
LCq for M. anisopliae M.a.- 4 (5.9 x 10° spores/ml)
and B. Bassiana (2.4 x 10° spores/ml) was much lower
as compared to rest of the entomopathogen treatments.

Application of Chlorpyriphos, the standard check
registered LCs, value of 0.009 per cent, 0.001 per cent
and 0.001 per cent in phase I, Il and IlI, respectively.
The recommended insecticide was able to inflict 90 per
cent mortality in assorted worker population at a
concentration of 0.201 per cent, 0.490 per cent and
0.142 per cent in phase I, Il and 11, respectively. The
steep slopes reflect the homogenous response of the
workers to the pesticide formulation.

The LCs, value of entomopathogenic strains
indicates towards a pattern wherein the potency
increased from phase | to phase Il and then declined in
phase Il (Gurusubramanian et al., 1999). Same
conclusion can be inferred from the data on time
mortality response. Inverse correlation between the
concentration of the entomopathogens used and time
mortality response was also observed indicating
support to the former hypothesis. Swaran and Varma,
2003 reported higher infectivity of soil mixed
Metarhizium anisopliae conidia (LCs, 9.07 X 10°
spores/gm of soil) under laboratory condition.
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Attainment of mortality up to 100 per cent in termite
population with various strains of Metarhizium
anisopliae (Wright et al., 2002) at lethal concentration
like 2 X10" spores/ml (Ramkrishnan, 1999) was in
corroboration with the present findings.

Rosengaus et al., 1999 observed that higher spore
concentration of Metarhizium anisopliae (2.2X 10°
spores/ml) was more lethal to the termite population
whereas significant survival in some of the nymphs
was observed for longer duration when subjected to
lower (10° spores/ml) concentration. Highest infectivity
of both the entomopathogens was observed at a
temperature regime of 25-30°C (Khan et al., 1993a). B.
bassiana, the white muscardine fungus was more
effective in terms of higher mortality, at lower
concentration and in a short span of time ( Khan et al.,
1993b, Wright et al., 2000), in line with the present
findings.

Data in table 2 reflects the time mortality response
of Odontotermes obesus in all the three growth phases
of  entomopathogens. = The  bioassays  with
Chlorpyriphos registered lowest time to achieve 50 per
cent mortality in assorted population of worker
termites. Graded pesticide response registered LTsg
value of 0.97, 1.5 and 1.1 days for 2 per cent, 1.7, 1.9
and 1.6 days for 0.2 per cent, 2.3, 2.5 and 2.0 days for
0.02 per cent, 3.2, 4.1 and 3.1 days for 0.002 per cent,
and 13.5, 13.4 and 12.2 days at a pesticide solution
strength of 0.0002 per cent in phase I, Il and IlI,
respectively. The recommended dose of 0.02 per cent
had the LTs, in the range of 2.0 - 2.5 days. The mediun
lethal time to register 90 per cent mortality was in the
range of 1.6 - 6.4 days (2 per cent), 10.1 - 14.8 days
(0.2 per cent), 14.2 - 18.8 days (0.002 per cent), 36.0 -
44.5 days (0.002 per cent) and 41.1 - 49.9 days for
0.0002 per cent in phase I, 1l and 11, respectively.

In case of entomopathogenic evaluation Beauveria
bassiana took the least time for attainment of 50 per
cent mortality in worker population. The LTg, values at
highest spore load (10% spores/ml) in phase I-111 were
3.4, 2.8 and 2.8 days, respectively. The LTs, at lower
spore load (10° spores/ml) increased significantly to
6.0, 5.1 and 5.9 days in three phases, respectively. The
Metarhizium anisopliae strain, M.a. - 4 recorded lowest
LTso (4.0 days) in phase - | followed by M.a.-1 (4.4
days), M.a. - 3 (5.6 days) and M.a. - 2 (6.3 days),
respectively. The time taken by lowest spore load
screened differed statistically with LTs, of 11.4 days
for M.a.-1, 11.1 days for M.a.-2 and 11.8 days for
M.a.-3 as against 11.5 days for M.a.- 4, the most
effective treatment in phase I.
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Phase Il also had least median lethal time of 2.8
days recorded by B. bassiana at highest spore load
statistically on par with recommended dose of
Chlorpyriphos (0.02 per cent). The lower spore load
reflected LTs, of 3.3 days (10" spores/ml), 4.0 days
(10° spores/ml) and 5.1 days (10° spores/ml),
respectively. M.a.-1 at highest spore load 10° spores/ml
recorded LTsy of 2.8 days on par with B. bassiana
whereas, rest of the M. anisopliae treatments had LTs,
of 3.9 days (M.a. - 4), 4.5 days (M.a.- 2) and 4.7 days
(M.a. - 3), statistically inferior over efficacy of
Beauveria bassiana and M. a.-1 The LTs, at lowest
Metarhizium anisopliae spore load for the treatments
were of the order 6.0, 7.0, 8.6 and 9.3 days,
respectively.

Efficacy of all the entomopathogens declined in
phase Ill. Statistically there was no difference in
efficacy of Beauveria bassiana over other
entomopathogens treatments except at spore load of
10°. The LTso 0f 2.8, 3.4, 4.4 and 5.9 days at spore load
of 10° -10° spore/ml reflected over all superiority of
Beauveria bassiana as a potent entomopathogens
against Odontotermes obesus. The M. anisopliae
strains were also equally potent, especially M.a.-1 and
M.a. - 3 with LTs, value of 4.0 and 4.6 days,
respectively, statistically on par with Beauveria
bassiana. The other M. anisopliae strains M.a. - 2 and
M.a. - 4 registered LTsy of 5.2 days. The control set
had the LTy, of 22.8, 16.8 and 17.7 days in phase I, Il
and 11, respectively, indicating natural mortality trend
in worker termites.

Though variation in strains of entomopathogren
and termite population used reflects different median
lethal time, generally 50 per cent mortality was
inflicted within 3 - 4.8 days after application of the
treatments (Swaran and Varma, 2003, Wright et al.,
2000, Rosengaus et al, 1999). Efficacy of
Chlorpyriphos as a termiticides, for seed treatments or
soil application is beyond doubts. (Mishra, 1999, Su
and Scheffrahn, 1990,1992 and Su et al., 1982. It has
almost replaced the persistent organochlorines and
cyclodienes (Goyal, 1999 and Khoo and Sherman,
1979). The results of the present laboratory evaluation
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of entomopathogens are promising enough to proceed
for further trials, a step towards more ecofriendly pest
management system.
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Evaluation of Rapeseed-Mustard Genotypes for Resistance to White Rust (Albugo candida)

ABSTRACT Out of total 90 genotypes of rapeseed-
mustard evaluated, 38 were found free from infection
and remaining categorized as moderately resistant,
resistant, susceptible and highly susceptible. Both RH-
30 and T-59 cultivar grown on large scale in India were
found highly susceptible.

KEYWORDS Rapeseed, Genotype, Albugo candida,
Resistance

INTRODUCTION White rust is a widely distributed
disease on a large number of cruciferous crops caused
by Albugo candida, an obligate, host-specific pathogen.
Rapeseed mustard (Brassica spp.) is one of the victims
of this disease. The disease, incited by Albugo candida
(Pers. Ex Lev.) Kuntze is an economically important
and endemic one causing considerable losses [up to 47
per cent (Kolte, 1985)]. In view of the above, it is
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important to identify the sources of resistance to the
disease. The present studies carried out deal with
evaluation of rapeseed-mustard genotypes for
resistance to A. candida under artificial epiphytotic
conditions.

MATERIAL AND METHODS Ninety rapeseed-mustard
genotypes were screened against Albugo candida under
artificial inoculation conditions. The entire germplasm
belongs to five species of oleiferous Brassicas, i.e., B.
juncea, B. napus, B. carinata, B. campestris and Eruca
sativa. Each line of germplasm was sown in two rows
of 5m length with checks after every two germplasm
lines. All the germplasm lines were artificially
inoculated. Observations were recorded on 10
randomly selected plants in each line on 0-5 scale and
the screened lines grouped into various categories of
disease severity. Percent disease index was calculated
using formula Percent disease index = [Sum of
individual rating / (No. of leaves assessed X maximum
rating)] x100.

RESULTS AND DISCUSSION The tested genotypes gave a
wide range of resistant and susceptible reaction to A.
candida. Data revealed that out of 90 germplasms, 38
were found immune, 22 highly resistant, 17 resistant
and remaining susceptible to highly susceptible against
A. candida (Table 1). Varieties RH-30, T-59, CSR-721,
RAURD-106, NDR-871, NDR-8601, and CSR-142
were found highly susceptible. Kolte and Tewari
(1980) found YST-6 (yellow sarson), IB-856 (toria)
and BS-15 (brown sarson) least susceptible to downy
mildew and white rust diseases. Singh and Kolte
(1981) reported yellow seeded mustard (B. juncea)
variety YRT-3 and rapeseed variety TOBIN resistant to
white rust pathogen. Saharan et al. (1988) reported 25
genotypes of B. juncea, B. napus, B. carinata and B.
alba as resistant. Verma and Petrie (1978) reported that
all B. napus cultivars examined were immune to A.
candida. Bhardwaj and Sud (1989) evaluated different
lines of four Brassica species against A. candida and
found that all the cultivars of B. carinata, 18 of, B.
napus, 26 of B. juncea resistant. Kour (1992) tested
many lines of Brassica and found none of the mustard
lines immune though she reported B. napus entries to
be free from the disease. In our studies, the entries
belonging to B. napus and B. carinata were found free
from infection. The rapeseed variety 'TOBIN' also
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exhibited resistant reaction. The entries belonging to
Eruca sativa were categorized as immune, though
earlier white rust has been observed on taramira in
Rajasthan. This gives an indication of existence of
physiologic race(s) of the pathogen. Further studies on
variability of the pathogen are needed.

Table 1: Screening of germplasm against 4. candida causing white Tust of rapeseed-mustard

Brassica Immune Highly Resistant Puistam Susceptibl |Highly
species e susceptible
B. junsea DIR-1507, DIR-51%, PWER-9205,|FSK10, RW-3726,|HDR-873, C5-52,|SKM-92-96, |RH- 30,T-5%,
ISH-7-3-2, IMM-WR-3938, PWE-|[RAURD-1009, SKM-|RH-868%, NDR-|[RAURD-  |CSR-721,
9301, TMM-WR-S37, JMM-WE-|90-13, DIE-247, PR-[872,  DOMo-d4,[1002, RAURD-108,
9319, PWR-9314, DIR-573, SKM- (9021,  NDIC-90-2,[RSK-6%, CSR-416,[RAURD-  |NDR-&7I,
9140, DIF-1001, DIR-1001, DLM{SEM-90-4, CSR-448,RSK-73, RAURD-(101, WDR-8501,
43, DWRE-15, DLM-44, RE-8546 [RSK-33,  JMM-WER-(102, PHR-1, FSK-[RAURD-  |CSR-142
9339, PR-998,[64, PUSA BOLD,|108,
DOMO (T), DWRR-75{RH-8688 RWARB-3
52, SEM-91-171
B napus GSE-101, GSL-705, MIDAS, HNS-|HNS-4, TOWER-50
8, GSL-1, EC-174237,
B_carina ta DIR-1510, HC-2, DIR-1523, HC-S001
B campestis| KTC-3 PT-303
Var. Toria
B oampestis [SSE-92-16, NDV-5.2, PYS84l,|EC129126-1EC-  |VST-151,PHS42, |-
Var Sarson SSK-6, $SK-13, SSK-11, SSK-1,  [29131
B oampestis |[KSB-3, BSH-1, KSB-81 R TOBIN
Var Dichotoma
Erccasative  |RTM-1263, RTM-1471 RTH-314 THM 27
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Relative Toxicity of Nine Insecticides to Bracon Kirkpatricki and Polistes Olivaceus

Nine  commonly used insecticides viz.
cypermethrin, endosulfan, carbaryl, dimethoate,
phosalone, parathion, monocrotophos, trichlorphos and
chlorpyriphos were evaluated for their relative toxicity
to the natural enemies Bracon kirkpatricki and Polistes

30

olivaceus, under the laboratory conditions. Insecticides
were tested at field recommended dose according to the
standard method for testing side effects of pesticides on
natural enemies of insect pests. The purpose of this
study was to determine if any of the insecticides
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exhibited low toxicity to the natural enemies tested.
Endosulfan, and phosalone were generally least toxic
to both the natural enemies than were the other
compounds, although the degree of this difference was
quite variable. Parathion and chlorpyriphos were
slightly harmful to the parasitoid as well to the
predator. Trichlorphos was found to be highly toxic to
Bracon kirkpatricki but was moderately harmful to
Polistes olivaceus. Cypermethrin and dimethoate were
slightly harmful to B. Kkirkpatricki but harmless to
Polistes olivaceus. Carbaryl and monocrotophos
exhibited the greatest toxicity to the larval parasitoid
Bracon kirkpatricki as well as to the larval predator
Polistes olivaceus. Thus, a potential approach for true
compatibility of pesticides and biological control
agents with broad implications has been demonstrated.

Conserving natural enemies can provide economic
benefit to growers, as natural enemies help to reduce
pest populations. Studies on natural enemies of insect
pests of chickpea have identified key species and
outlined the role played by them in pest population
dynamics (Verma et. al.,1995). However, their full
potentiality to provide the control of pests in nature
needs to be exploited particularly when integrated with
the use of limited need based insecticidal applications.
Testing of pesticides on natural enemies is important
before field application and their selectivity depending
upon the abundance or inundative release of natural
enemies is imperative for conserving bio-agents and for
maintaining a healthy agro-eco system (Brahman
1988). The larval predator Polistes olivaceus plays a
prominent role in biological control of the Heliothis
species (Lingren et al.1968). Bracon kirkpatricki is an
important larval parasitoid of lepidopteran pests (Bell
and Whitcomb 1962). These key natural enemies can
be important in suppressing insect pest populations and
thus their conservation is a valuable integrated pest
management (IPM) approach in crops. Among the
larval parasitoids Bracon kirkpatricki is very common.
Bracon kirkpatricki Wilkinson, an exotic larval parasite
of gram caterpillar was also found to exercise
satisfactory control of bollworms (Raodeo et al.,1983).
Divakar and Pawar (1982,1987) also reported the
efficacy of Bracon spp. in biocontrol of crop pests in
India. Information on the relative toxicity of different
pesticides against a range of natural enemies is
available from a variety of sources including the long-
term  IOBC-WPRS  working group  research
programme. The increasing indiscriminate use of
pesticides adversely affects such potential natural
enemies (Jones et al., 1998). Therefore, selectivity of
pesticides is important in Integrated Pest Management.
To manage the pest effectively research efforts have
been made during last two decades under All India
Coordinated Pulses Improvement Project (AICPIP).
This research was conducted to evaluate the toxicity of
the nine insecticides to the predominant species of
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natural enemies (noted above) using the laboratory
initial toxicity test.

The following technical grade insecticides were
used in laboratory initial toxicity test: cypermethrin,
Endosulfan,  carbaryl,  dimethoate,  phosalone,
parathion, monocrotophos,  trichlorphos  and
chlorpyriphos. Insecticides were purchased from M/S
Lupin Agro-chemicals (India) Ltd Bombay. Samples of
Bracon Kkirkpatricki and Polistes olivaceus for
experiment purposes were obtained from Sisco
Research Laboratory, Mumbai, India and M\S
Biocontrol Research Lab., Banglore, India respectively.
H. armigera insects were collected from all chickpea
growing areas of Bilaspur, Chhattisgarh and were used
in present study. The larval parasitoid Bracon
kirkpatricki and the larval predator Polistes olivaceus
were regularly reared in the laboratory using the pod
borer Heliothis armigera as host. Insecticides were
tested at field recommended dose according to the
standard method for testing side effects of pesticides on
natural enemies suggested by Hassan et, al., (1985).
While mortality of the parasitoid 48 hrs after treatment
was considered for grading the pesticides, the
efficiency index based on the oviposition of surviving
females was also taken into consideration in case of the
predator.

The insecticides exhibited a range of toxicity to the
natural enemies screened after 48 hrs of exposure
(Table 1). Results presented in tablel indicated that
endosulfan and phosalone are least toxic to both the
natural enemies. Phosalone and endosulfan both had
very little toxicity to both of the species tested,
indicating that these products could likely be used with
very little impact on natural enemy populations in the
field. The present observations on the effect of
phosalone and endosulfan are in agreement with those
of Reddy et al., (1998) on Bracon kirkpatricki and C.
carnea, Krishnamorthy, (1985) on C. scelestes,
Ruberson, et al., (1994) on Microplitis croceipes and
Lewis (1972) on Cardiochiles nigriceps. In earlier
evaluations endosulfan was found to be safe to B.
hebetor and B. brovicornis (Sharma and Sarup, 1982)
but was reported to be toxic to B. Kkirkpatricki
(Hamilton and Attia, 1976, Mani and Nagarkatti 1982).
It is apparent from the tablel that insecticides viz
parathion and chlorpyriphos, were found to be slightly
harmful to the parasitoid as well as to the predator in
the present study. Cypermethrin and dimethoate were
slightly harmful to B. kirkpatricki but harmless to
Polistes olivaceus. Trichlorphos was highly toxic to
Bracon kirkpatricki but was moderately harmful to
Polistes olivaceus. Carbaryl and monocrotophos were
found to be most toxic to both the natural enemies.
These results are in agreement with earlier finding of
Dulmage et al.,(1998) who also reported highly toxicity
of Carbaryl and monocrotophos to Chrysoperla carnea.
Previous laboratory and field research studies have
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shown that major lepidopteran pests are currently being
controlled by the application of broad-spectrum
insecticides such as monocrotophos, endosulfan or
carbaryl four times at weekly intervals during the
growing season. However, these broad-spectrum
materials are highly toxic to insect natural enemies
(Hamilton and Attia, 1976). The results obtained in the
present study showed that all the nine insecticides were
not equally effective to both the bio-agents. Reduction
in pest population and increase in yield following
inundative release of Clubiona sp. has been reported
(Ridgway et. al., 1970). The activity of natural enemies
is often hampered by the high insecticidal pressure
throughout the crop growth and indiscriminate use of
pesticides adversely affects such potential natural
enemies (Armstrong et al., 1996). Pesticides because of
their selectivity are well suited to being key
components in an agro-ecosystem, because they lack
direct activity on natural enemies (Rote, et. al., 1981).
A major problem with pesticides, even modern
selective bioinsecticides, is that they can cause
disruptions to the natural enemy complex by removing
the food/host resource required by parasitoids and
predators. Scientists have suggested that sub-lethal or
slow-killing doses could potentially provide immediate
control of crop damage by a pest while stimulating the
buildup of its natural enemies. The availability of
insecticides that are less toxic to insect natural enemies
will permit growers to conserve natural enemies and
limit problems with secondary pests.

Based on the above observations, it may be
concluded that the endosulfan and phosalone are not
harmful to both the bio-agents tested in the present
evaluation.

Tablel Relative toxicity of mine insecticides to Brecon krkpatricks and Polistes edivacaus

3. Mo. Insecticides Concentration Effecton Effect on

tested Bracon kirkpairicki Polistes olivaceus

Meortality Evaluation Efficiency Evaluation

category index category
1 Cypermethrin 0.01% 659 2 257 1
2 Endosulfan 0.07% 207 L 117 1
3 Carbaryl 0.15% 100 4 100 4
4 Dimethoate 0.02% 60.5 2 47 1
5 Phosdone 0.05% 239 L 38.0 1
6 Parathion 0.10% 535 2 63.9 2
7 Monocrotoghos 0.04% 100 4 99.9 4
g Trichlorphos 0.05% 967 4 885 3
9 Chlorpyriphos 0.05% 24 2 558 ?)

** Efficiency index (E) is calculated as per the formula E=100%-(100-M) R

where Mis larval mortality and R=Egg laying in compati son to contro *Evaluation category.
1=Harmless (less than 50%) 2=Slightly hanmful (50-79%). 3=Moderately hanmful (30-90%)
4=Harmfil (shove 90%)
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Significance of LTso and PT in determining relative residual toxicity of insecticides on jute against Tribolium
castaneum

ABSTRACT The persistence of insecticides, viz.,
malathion (EC), dichlorvos (EC), cypermethrin (EC),
deltamethrin (EC&WP) and bifenthrin (EC&WP)
sprayed on jute surface was studied upto six months
based on their relative residual toxicity (LTsy) values
and persistent toxicity (PT) against adults of
susceptible and malathion resistant strains of rust red
flour  beetle, Tribolium  castaneum  (Herbst)
(Coleoptera: Tenebrionidae). The relationship has been
worked out between the relative efficacies of synthetic
pyrethroids taking into consideration the two criteria
i.e., LTso and PT values at concentration of 10 and 30
mg a.i.m?, respectively. The relationship predicted that
deltamethrin EC showed maximum persistence on jute
surface when LTs, and PT values were considered
against susceptible as well as malathion resistant
strains of T. castaneum.

INTRODUCTION The continuous use of
organophosphates leads to the resistance problem in
most of the stored grain insects against commonly used
insecticides. Focus has been shifted to the more
promising synthetic pyrethroids viz, deltamethrin,
cypermethrin, bifenthrin etc, which are fast emerging
as potent chemicals. Apart from fumigation insect
infestations are controlled by treating storage surfaces
with a persistent insecticide. The residual toxicity of
insecticides can be studied on the basis of two criteria
i.e. PT and LTsy values. The former can be determined
by a criterion developed by Saini (1959) and later
elaborated by various workers (Pradhan 1967; Sarup et
al., 1970). Considering the two criteria, the present
contribution reports the results of residual toxicity of
different insecticides used in storage on jute surface at
various doses.

MATERIALS AND METHODS The laboratory susceptible
strain (S) and a malathion resistant x129 (MR) of
Tribolium castaneum were used. Tests were performed
with Malathion 50EC, Dichlorvos 76EC, Deltamethrin
2.8 EC and 2.5 WP, Bifenthrin 10EC and 10WP and

Cypermethrin 25EC. All formulations sprayed using
atomizer on jute surface of one m™? area at five doses
(100, 150, 250, 350 & 450 and 10, 30 50, 70 & 100mg
a.i.m? for organophosphates and synthetic pyrethroids
respectively). On sprayed surface adults were released
at every 48 hr interval and one month interval for
residual toxicity and persistent toxicity respectively
upto a period of six months or until negligible mortality
was observed.

RESULTS AND DISCUSSION The persistent toxicity of
various insecticides at different doses against
susceptible and resistant strain are given in Table 1.The
results showed that LTs, value of malathion at doses of
100 and 150 mg a.i.m™ for S strain and at 100, 150 and
250 mg a.i.m™ for MR strain could not be calculated as
mortality at these doses was less than 50 per cent (2
days after spray). Similarly, the LTs, value of various
insecticides with doses (mg a.i.m?) in parenthesis were
not calculated as the mortality was more than 50 per
cent upto last day of observation (180th day) i.e.,
dichlorvos (450); deltamethrin EC (30, 50, 70 and
100); bifenthrin EC (50, 70 and 100); cypermethrin (70
and 100); deltamethrin WP (30, 50, 70 and 100) and
bifenthrin WP (50, 70 and 100) in susceptible strain
and deltamethrin EC (100); deltamethrin WP (70 and
100) in malathion resistant strain. Thus it was clear that
the  above-mentioned  insecticides at  their
corresponding doses (of which LTsg, could not be
calculated due to high mortality) were showing more
residual toxicity than the insecticides of which LTg,
were calculated.
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Table 1: Order of persistent toxicity of various insecticides on jute against . castanenmn
Insecticides Doses Susceptible stram IMalathion resistant strain
fmg aim™) PT OPT T OPT
100 545.0 28 66.6 33
150 1245.5 27 £6.6 33
Malathion 250 1701.0 26 734 32
330 10458.0 20 100.0 31
450 12834.0 16 1334 30
100 4200.0 25 2799.0 27
150 4465.8 24 2850.0 26
Dichlorvos 250 6878.4 23 3000.0 25
350 8397.6 21 4332.0 21
450 18000.0 1 £503.0 15
10 10890.0 19 4868.0 20
30 16110.0 9 9684.0 10
Deltamethrin (EC) 50 17745.0 3 13374.0 4
70 18000.0 1 143400 2
100 18000.0 1 16290.0 1
10 10850.0 19 31200 24
30 14580.0 13 6255.0 17
Eafenthrm (EC) 50 16384.0 7 9554.0 11
70 16574.0 6 115338.0 7
100 17820.0 2 13284.0 5
10 8226.0 23 2700.0 28
30 11736.0 18 3825.0 23
Cypermethrin 50 13878.0 15 5585.0 15
70 15876.0 10 8388.0 13
100 17266.0 5 9252.0 12
10 11736.0 18 5652.0 18
30 15154.0 12 7704.0 14
Deltamethrin (WP) 50 16632.0 3 10300.0 3
70 17478.0 4 12168.0 6
100 17748.0 3 13878.0 3
10 8226.0 22 1503.0 29
30 12762.0 17 4284.0 22
Bafenthrm (WE) 50 14148.0 14 6426.0 16
70 15768.0 11 2684.0 10
100 16632.0 3 10458.0 9

PT = Persistent tozicity [Product of P (peried) and T (average toxmcity)]
OPT = Order of persistent toxicity

The value of relative residual toxicity of different
insecticides was calculated by taking LTs, value of
dichlorvos at recommended dose (150 mg a.i.m?) as
unity for both strains (Table 2). Since the LTsq value of
organophosphates in S and MR strain and synthetic
pyrethroids in S strain at recommended dose could not
be calculated, so the residual toxicity of these
insecticides can be predicted based only on PT values.
When the order of efficacy of different synthetic
pyrethroids based on two criteria i.e., LTso and PT
values were compared at 10 mg a.i.m™ dose in S strain
and at 30 mg a.i.m? in MR strain, it was not similar.
The descending order of relative efficacy, based on
LTs, and PT value which is in parenthesis was
deltamethrin (EC) 1.00 (1.00); deltamethrin (WP) 0.99
(1.07); bifenthrin (EC) 0.92 (1.00); bifenthrin (WP)
0.91 (0.75) and cypermethrin 0.72 (0.75) in S strain
(Table-3) and deltamethrin (EC) 1.00 (1.00); bifenthrin
(EC) 0.98 (0.64); deltamethrin (WP) 0.69 (0.79);
cypermethrin 0.59 (0.39) and bifenthrin (WP) 0.16
(0.44) in R strain (Table 4). Deltamethrin (WP)
persisted for longer period compared to other synthetic
pyrethroids whereas deltamethrin (EC) showed highest
LTs, compared to others in S strain. The order of other
synthetic pyrethroids also changed according to these
two criteria's. Similarly in 'R’ strain, the deltamethrin
(EC) was most toxic (according to both LTsy and PT),
but the order of efficacy of other synthetic pyrethroids
varied. Based on 't' test, there were statistically no
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significant differences in the LTs, values of bifenthrin
EC and bifenthrin WP at 10 mg a.i.m-2 in S strain
however, significant differences in the LTs, values
were observed in case of deltamethrin (EC) and
deltamethrin (WP) at 10 mg a.i.m? in S strain and
deltamethrin EC and bifenthrin EC at 30 mg a.i.m? in
MR strain at 50 per cent level (Table 5). Thus, the
relationship between the relative efficacy of synthetic
pyrethroids based on LTsy and PT values were worked
out for S and R strain and depicted graphically (Fig a &
b). The correlation between the LTs, and PT was
worked out as y = 0.984x (at 10 mg a.i. m? for S
strain) and y = 1.039x (at 30 mg a.i.m™ for MR strain).

Table 2: Relative efficacy of various insecticides at five different doses

Doses ceptible Malathion resistant stram
Insecticides (mgaim® [ LTy RRT ORRT LT RRT | ORRT
100 # # # # # #
150 # # # # # #
280 25.04 0.33 168 # # #
380 131.84 172 T 327 0.07 29
Walathion 450 137.6 1.79 4 449 0.09 23
100 69 .38 0a 18 4248 088 24
150 76.79 1 14 48.28 1 22
280 84 .96 111 13 5742 1.19 20
380 87.14 113 12 58.08 12 14
Dichlorvos 450 i E A g1.72 169 12
10 134.1 1.76 4 62.94 13 17
a0 * * 5 103.21 214 8
50 * * * 154.22 3.14 4
70 2 2 5 1741 .61 1
Deltarnethrin (EC) 100 2 2 * ul ki *
10 123.78 161 9 44.56 092 23
30 174.563 227 2 101.08 2.09 9
50 & & A 108.35 224 7
70 " " ® 1503 3.1 8
Bifenthrin (EC) 100 & & kil 158.81 3.29 3
10 97.91 1.27 1 2241 0.46 29
a0 130.87 17 g 60.81 1.26 18
50 1726 228 3 81.38 168 13
70 " " ® 97.08 201 1"
Cypermethrin 100 2 2 * 112.82 234 4]
10 134.22 178 3] 69.06 143 16
30 N N ® 71.69 148 15
a0 * * 5 99.86 207 10
0 = = = = B B
Deltamethrin (YWFP) 100 2 2 3 S b r
10 123.11 168 10 12.58 0.26 27
30 178.03 232 1 1B6.77 0.35 28
a0 & & g 51.38 1.06 21
a0 2 2 A 7534 1.56 14
Bifenthrin (WWF) 100 " " ® 161.55 335 2

LTy — Residual time (days) required to give 50 per cent mortality

* LT, was not calculated, as mortality was more than 50 per cent at 180% day
# LTsp was not caloulated, as mortality was less than 30 per cent even two days after spray, RET — Relative
resicual tosicity, ORRT — Order of relative residual tosicity

Table-3: Relationship between the relative efficacy of synthetic pyrethroids at dose (10mg aim?)

taking into consideration the two criteria i.e., L Tsp and PT values for susceptible strain

Insecticide LTs ki ORE T -4 CRE
Deltamethrin (EC) 135.1 1.00 1 10590 1.00 2
Bifenthrin (EC) 123.8 0.92 3 L0890 L.og 2
Cypermethrin 979 0.72 5 8226 0.75 3
Deltamethrin (WF) 134.2 0.93 2 11736 1.07 1
Bifenthrin (WP} 123.1 0.91 4 8226 0.75 3

Table 4: Relationship between the relative efficacy of synthetic pyrethroids at

recommended dose (30 mg aim ") taking into consideration the two ciiteriaie., LTg
and PT values for malathion resistant stram

Tnsecticide LTs 'l OFE PT x CORE
Deltamethrin (ECy | 103.21 1 1 9684 1 i
Bifenthrin (EC) 101.08 0.98 2 £255 0.64 3
Cypermethrin 60.81 0.5% 4 3825 0.3% 5
Deltamethrin (WE) | 71.69 0.69 3 7704 0.79 2
Bifenthrin (WE) 16.77 0.16 5 4284 0.44 4

= = Relative efficacy based on PT values

v = Relative efficacy based on LTs values

ORE = Order of relative efficacy

LTsq = Residual tume (days) required to give 50 per cent mortality
PT = Persistent toxicity [Product of P {period) and T (toxcity)]


http://whalonlab.msu.edu/rpmnews/vol.14_no.2/globe/figures_tables/reddy_srivastava_figure_a.jpg
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Table 5: ‘t’ values for testing the differences between log LTsq values of
4 g L1z
those insecticides where the LTz, values were close
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Insecticides | Log LTy &+ SEM. LTsq ‘t" walues
Susceptible strain

Deltamethnn (EC) | 2,133 £0.00125 1351 2702*
Deltamethrin (W) | 2.128 £ 0.00137 134.22

Eifenthrn (EC) 2.092£000136 12378 1.12%

Bifenthrin (WF) 2.089+£000199 123.11

Ialathion resistant strain
Deltamethrin (EC) | 2,013 £0.00204 103.21 2.29%
Eifenthrin (EC) 2.004 £ 000328 101.08

*Significant at 5.0 per cent level

Fig a: Relationship between the relative efficacy of different synthetic
pyrethroids at 10 mag a.i.m-2 (S strain) based on two criteria i.e., LT50
and PT values
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Fig b: Refationship between the relative efficacy of different synthetic
pyrethroids at 30 mg a.i.m-2 (MR strain) based on two criteria i.e.,
LT50 and PT values
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In spite of this relationship, the PT value based on
the percent mortality has its own importance because it
takes into account the duration of effectiveness of a
particular insecticide over the entire period until it
shows negligible mortality. It is very easy to calculate
and thus, can serve as a ready reckoner for quick
selection of persistent insecticides, but an exact idea of
the relative residual toxicity of different insecticides
can be obtained only by calculating LTs, values. This,
of course, is quite time consuming and also creates
little complication when there are different peaks
stretched over a longer duration. In cases where there is
a rapid fall in percentage mortality, the values of LTsg
could not be calculated. This relationship, however,
can be conveniently used for predicting relative
residual toxicity based on LTs, from the PT values
indicating the persistent toxicity (Sarup et al., 1970).
Thus it was clear from the investigations that
deltamethrin persisted for longer duration showing
maximum toxicity followed by bifenthrin and
cypermethrin to both susceptible and malathion
resistant strain.
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Woolly aphid resistant cultivar: Need of the hour for sugarcane growers in India

Sugarcane woolly aphid Ceratovacuna lanigera
Zehnter hitherto recorded as minor pest has recently
proved to be potential sucking pest and appeared in
epidemic form in Karnataka and Maharashtra on
Sugarcane (Kulkarni et al. 2003). The pest created a
big havoc recently in all the sugarcane-growing belts of
Maharashtra, Karnataka, Tamil Nadu and slowly
moving towards the central states of India, really
becoming a nightmare for cane farmers day by day.
Due to heavy menace of woolly aphid, which sucks the
sap from lower surface of the leaf resulting in yellow

colour of the cane, honeydew secreation in turn
hindering  photosynthetic  activity. Area under
sugarcane is being reduced drastically and has been
replaced by soybean and sorghum in parts of Karnataka
due to the heavy loss.

Despite wealth of research since two years for the
management of SWA, the task still remained a
challenge. Some of the Ad hoc recommendations
include paired row planting, minimal use of fertilizers
and irrigations, spraying common insecticides like
Malathion 50EC, Endosulfan 35 EC, DDVP 76EC,
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Acephate, Dimethoate30EC, Monocrotophos 36 SL,
Chlorpyriphos 20EC and granular application of
phorate etc., encouragement of natural bioagents viz.,
Micromus, Dipha, syrphids and coccinellids by
avoiding chemical spray looking to their density. But
due to one or the other reason, all of the recommended
Ad hoc strategies have their own lacunas like, minimal
use of fertilizers and irrigations will reduce the yield,
spraying of chemicals in sugarcane ecosystem is very
difficult after certain stage as one cannot enter into the
thick canopy of sugarcane. Researchers have tried
several systemic and contact insecticides from different
chemical groups. Though a few products have been
identified as effective, all such products cannot be
recommended to farmer either due to their high
mammalian toxicity or harmful effects on the natural
enemies in the sugarcane ecosystem (Shankar and
Shitole, 2004). Paired row planting, even if it permits
certain chance for spraying, yield may be low when
compared to unpaired row planting due to reduced
plant population, collection and release of bioagents is
very laborious which one cannot afford. Even under
natural condition where, bioagents can breed in plenty,
their number is not sufficient to keep pace with that of
SWA, which is viviparous by reproduction,
continuously laying individuals without any resting
stage in its life cycle. Moreover, bioagents like,
Micromus and Dipha not only undergo a resting stage
called pupa but also prone to many hyperparasites and
highly sensitive to common pesticides. Further no
standardized mass multiplication technique is available
hitherto for large-scale production on
synthetic/semisynthetic diet for inundative release.

No particular variety seems to be tolerant to this
pest and pest was reported in epidemic form on
commonly cultivated CO cultivers (Shankar and
Shitole, 2004). Attempts made to identify resistant
sources by Pan et al. (1984) resulted in identification of
the variety ROC 1 to offer resistance to some extent.
Similarly Lingappa et al. (2003) reported that varities
with acute leaf (narrow and erect types) viz., COM-
88121, C0O-86032,C0O-89010 were less colonized by
woolly aphid than with broader and droopy and they
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opined that genotypes expressing any type of resistance
mechanism could be the good source for breeding
programmes. Under such situations, where none of the
component works better to give effective control for
SWA, host plant resistance i.e., sugarcane cultivars
with inbuilt antibiosis/antixenosis/tolerance mechanism
in combination with other IPM tactics especially
habitat management and bioagents can come to farmers
rescue. It's the need of the hour that future research
should focus in searching a agronomically good
cultivar with woolly aphid resistant trait and mass
produce the seed material in large scale through
micropropogation/tissueculture to supply the resistant
clones to the farmers in short period which will
definitely work along with bioagents and other
principle components of IPM to suppress the menace to
replace the CO- varities which are highly vulnerable to
woolly aphid.
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Fungicide Resistance

Occurrence of resistance to Qol, DMI, and MBC fungicides in Podosphaera xanthii in 2004 and implication for
controlling cucurbit powdery mildew

ABSTRACT Monitoring of resistance in commercial
plantings of summer squash and pumpkin revealed that
strains of the powdery mildew fungus with resistance
to Qol fungicides, with moderate resistance to DMI
fungicides and/or with resistance to MBC fungicides
were common before these fungicides were applied to
cucurbit crops on Long Island, NY, in 2004. The
situation may be similar elsewhere in the US.
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Managing fungicide resistance is complicated by the
ease with which this pathogen is dispersed long
distances in a season and the fact that most Qol
resistance strains are also moderately resistance to
DMIs. Based on results from monitoring resistance, the
recommended fungicide program for managing
powdery mildew in cucurbits and fungicide resistance
entails applying the DMI fungicide Procure at a high
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labeled rate in alternation with Pristine, which contains
the new systemic active ingredient boscalid, and tank-
mixing both of these high-risk fungicides with
protectant fungicides.

INTRODUCTION Application of fungicides continues to
be the principal practice for managing powdery mildew
in cucurbit crops, but successful control is challenged
by development of resistance to key fungicides
(McGrath 2001). While there are varieties with genetic
resistant to this disease, an integrated program is
recommended to reduce selection pressure for
pathogen strains able to overcome the genetic
resistance in the plant as well as fungicide resistance.
Powdery mildew is the most common disease
occurring every year throughout the US. The pathogen
develops best on the lower surface (underside) of
leaves, thus a successful management program
necessitates controlling the pathogen on the lower as
well as the upper surface. It is difficult to directly
deliver fungicide to the lower surface, even with new
nozzle types and air assist sprayers. Consequently, an
important component of fungicide programs has been
fungicides able to move to the lower leaf surface. Most
of these fungicides are systemic (e.g. Topsin M, Nova)
or have translaminar activity (e.g. Flint, Amistar,
Quadris). Some, notably the new fungicide Quintec,
have high volatility enabling redistribution from upper
to lower leaf surfaces.

Unfortunately, these fungicides effective on lower
leaf surfaces have been prone to resistance
development due to their single-site mode of action.
Additionally, the cucurbit powdery mildew fungus has
demonstrated ability to evolve new strains resistant to
these fungicides. Presence of resistant strains has been
associated with control failure. With some fungicides,
including MBC (methyl benzimidazole carbamate)
fungicides aka benzimidazoles (e.g. Topsin M) and Qol
(quinone outside inhibiting) fungicides aka strobilurins
(e.g. Flint, Cabrio, Amistar), this change renders the
pathogen strain completely resistant to the fungicide
(qualitative resistance). With other fungicides,
including the DMI (demethylation inhibiting)
fungicides (Bayleton, Nova, and Procure), pathogen
strains exhibit a range in fungicide sensitivity
depending on the number of genetic changes they
possess that affect the fungicide's ability to function
(quantitative resistance).

In 2002, resistance to Qol fungicides was detected
on Long Island, NY, and several other sites in the US
for the first time (McGrath and Shishkoff 2003). In
2003, Qol resistant strains were shown to be present at
a low level at mildew onset, their frequency increased
greatly during the season, efficacy was affected, and
they occurred in pumpkin crops not treated with Qols
(McGrath 2004). Strains with moderate resistance to
DM fungicides were also present. This information on
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resistance occurrence, combined with demonstrated
superior control with a new fungicide, Quintec,
provided justification for granting registration of this
new fungicide in NY as an emergency exemption
under Section 18 of FIFRA in 2004 (McGrath 2005).

To use fungicides at-risk for resistance wisely,
growers need to know the proportion of the pathogen
population that is resistant before the first application
and how much the population changes with use. The
goal of this project was to determine the proportion of
resistant strains at the start of powdery mildew
development in 2004 on Long Island before Qol or
DMI fungicides were used on cucurbit crops and to
examine the impact of applying these fungicides on
frequency of resistance.

MATERIALS AND METHODS Fungicide resistance was
monitored on Long Island during the 2004 growing
season using the seedling bioassay that was used in
2003 (McGrath 2004). Squash seedlings were treated
with fungicide (Flint, Nova, Topsin M), then placed
with non-treated seedlings in a production field with
powdery mildew for 4 hours to overnight. Two
concentrations of Nova were used for the second
bioassay because DMI resistance is quantitative.
Isolates able to tolerate 20 ppm Nova are considered to
have a moderate level of DMI resistance. The higher
concentrations (40 and 80 ppm) have been tolerated by
few isolates tested previously. The seedlings were kept
in a greenhouse until symptoms of powdery mildew
were visible, which took at least one week. Then
severity (percent tissue with symptoms) was visually
estimated for each leaf. Frequency of resistant
pathogen strains in a field was estimated by calculating
the ratio of severity on fungicide-treated plants relative
to non-treated plants for each group, then determining
the field average.

RESULTS AND DISCUSSION For the first assay, seedlings
were placed on 29 Jul in spring plantings of squash and
in pumpkin fields that had not been sprayed yet with
fungicides at high-risk for resistance development
(Figures 1 and 2). Resistance to Qols was found, often
at a high level, in all 8 fields (Table 1; Figures 3 and 4).
Moderate resistance to DMIs and resistance to
benzimidazoles was also common in all fields. In the 7
commercial production fields, an average of 44% of the
pathogen population (range of 15% to 84%) was
resistant to Qol fungicides, 66% (32-91%) were
moderately resistant to DMIs, 40% (1-64%) were
resistant to both Qols and DMIs, and 69% (31-91%)
were resistant to benzimidazoles. Powdery mildew was
evidently at too low a level in the research field at
LIHREC to obtain sufficient infection of seedlings to
obtain a definitive estimate of the frequency of
resistance; however, resistance to all 3 classes of
fungicides was detected.
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' Table 1. Proportion of cucurbit powdery mildew fungal population estimated to |
be moderately insensitive to DI fungicides and proportion resistant to Gol or
| MBC fingicides based on results from a fingicide sensitivity seedling bioassay.

Resistant isolates (%0) on July 29, 2004
Site Crop Qol DMOI Qol+ MBC
DMI

1 Purnpkin 39 20 1 36

2 Sutnmer squash 9] 5% 59 91

2 Putnpkin 56 26 34 34

3 Summer squash 28 78 64 75,

4 Surntner squash 37 34 53 30

5 Pumpkin 66 15 24 73 ! :

5 Pumpkin 32 31 50 31 i

Figure 3. Leaves on 7 August 2004 from seedlings that were in an
early spring-planted summer squash crop 9 days earlier. Based on
powdery mildew severity on leaves treated with the Qol Flint, the
DMI Nova, and the MBC Topsin M relative to the non-treated
control leaf, strains of the pathogen resistant to these 3 fungicide
groups were present at a high frequency in the field the seedlings
were placed in.

Control

: 1 e R -
Figure 1. Seedlings for a powdery mildew fungicide sensitivity
assay in an early spring-planted summer squash crop on 29 July
2004.

Topsin M Flint + Nova

Figure 4. Leaves on 7 August 2004 from seedlings that were in a
main-season pumpkin crop 9 days earlier. Based on powdery mildew
severity on leaves treated with the Qol Flint, the DMI Nova, and the
MBC Topsin M relative to the non-treated control leaf, strains of the
pathogen resistant to these 3 fungicide groups were present at a
moderate to high frequency in the field the seedlings were placed in.

The assay was conducted in pumpkin fields on 20-
21 Aug. Strains able to tolerate a high concentration of
Nova (80 ppm) were detected in 1 field. Resistance to
Qols and MBCs and moderate resistance to DMIs were

1 | Sr . common.
Figure 2. Seedlings for a powdery mildew fungicide sensitivity assay In conclusion, strains of the powdery mildew
in a main-season pumpkin crop on 29 July 2004. fungus with resistance to Qol fungicides, with

moderate resistance to DMI fungicides and/or with
resistance to MBC fungicides were common before
these fungicides were applied to cucurbit crops on
Long Island, NY, in 2004. Resistance to MBC
fungicides has evidently persisted in the pathogen
population despite their reduced use. The situation may
be similar elsewhere in the US considering this
pathogen moves long distances each year (eg
throughout the eastern US) and resistance to Qol,
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MBC, and DMI fungicides have previously been
documented throughout most of the US.

Efficacy of fungicide programs with Qol
fungicides appeared to be affected by resistance in a
fungicide evaluation experiment conducted on Long
Island in 2004 (McGrath 2005). Treatments were
applied weekly to pumpkin beginning at the action
threshold of 1 of 50 older leaves with symptoms (11,
18, and 24 Aug; and 1, 7 and 14 Sep) using a tractor-
mounted boom sprayer (85 gpa; 100 psi). Powdery
mildew control on lower leaf surfaces at the 13 Sep
assessment was 69% with the DMI fungicide Flint
tank-mixed with sulfur and applied in alternation with
Procure (8 0z/A) plus sulfur while it was 93% where a
similar program was used with Quintec substituted for
Flint and 98% where Quintec was applied alone on the
same dates. Good control was also obtained when the
other new fungicide, Pristine, was used in place of
Flint: 87% with Pristine plus sulfur applied in
alternation with Nova (5 0z/A) plus sulfur. Based on
AUDPC (area under disease progress curve) values,
which summarize severity over the entire season,
control on the lower surface of leaves was significantly
more effective when block applications of Procure and
Quintec were used than when a strict alternation was
used (88% versus 98%). The block application
schedule was Procure + sulfur (week 1, 4, 5), Quintec +
S (week 2,3), and sulfur alone (week 6). Fungicide
resistance was monitored in some treatments by testing
individual isolates using a leaf disk bioassay. Of the 14
isolates tested from nontreated pumpkins on 9 Aug
before treatments were started, 14% were resistant to
Qol fungicides and 79% were moderately resistant to
DMls. On 23 Aug, frequency of Qol-resistant strains
was 20% in plots receiving the block alternation
schedule of Procure and Quintec while it was 44% in
nontreated plots, 45% where Procure and Quintec were
alternated weekly, and 71% where Procure was
alternated with Flint. Frequency of isolates moderately
resistant to DMIs for these treatments was 80%, 69%,
73%, and 94%, respectively. On 23 Sep, frequency of
Qol-resistant strains was 43%, 44%, 60%, and 80%,
respectively, and frequency of moderately DMI-
resistant strains was 93%, 94%, 90%, and 100%. Most
Qol-resistant strains (92%) were also moderately
resistant to DMIs. Four of the 123 isolates tested
tolerated Nova at 50 ppm ai.

The fungicide program currently recommended for
managing powdery mildew in cucurbits and resistance
entails alternating among high-risk fungicides with
different modes of action and mixing these with
protectant fungicides. Neither Qol nor MBC fungicides
are recommended based on results from 2004 and from
previous years. Since pathogen strains have been
detected that are able to tolerate moderately high
concentrations of DMI fungicides, these fungicides
should be used at a high label rate. The DMI fungicide
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Procure is labeled up to 8 0z/A, which is equivalent to
twice the amount of active ingredient as in the DMI
fungicide Nova at its highest labeled rate of 5 0z/A.
Recommendations for managing the quantitative
resistance to this fungicide group include using the
highest labeled rate to avoid selection of isolates able
to tolerate lower rates. Nova at 5 0z/A has continued to
provide good suppression of powdery mildew, which
hopefully indicates that strains able to tolerate this
concentration do not exist yet. The only other active
ingredient registered for cucurbit powdery mildew that
is able to move to the lower surface of leaves is
boscalid in the product Pristine, which also contains the
Qol pyraclostrobin.

As a result of Qol and DMI resistance, the cost of
controlling powdery mildew with fungicides has
doubled. If the cucurbit powdery mildew fungus was
fully sensitive to fungicides and there was no risk of
resistance, it would be possible to manage powdery
mildew and obtain control of several other diseases by
alternating between Nova at the lowest labeled rate of
2.5 o0z/A, costing about $9.86/A, and Cabrio at 12-14
0z/A, costing about $19.13-$22.31. Due to resistance,
Nova needs to be applied at 5 oz/A ($19.71/A) and
using Procure at 6-8 0z/A is preferred ($19.50-$26/A).
Also Pristine ($28.49-$42.16) needs to be substituted
for Cabrio. In addition, a protectant fungicide is needed
at each application to further manage resistance and
minimize the impact on control should resistance
develop. A highly effective inexpensive product is
sulfur (Microthiol Disperss at 4 Ib/A costs about
$2.64/A). The cost of a fungicide program for
controlling powdery mildew if resistance was not an
issue is $97/A for 3 sprays of Nova (2.5 0z/A)
alternated with 3 of Cabrio (14 0z/A). And the cost of a
similar program for managing powdery mildew where
Qol and DMI resistance occurs is $193/A for 3 sprays
of Procure (8 0z/A) alternated with 3 of Pristine (14.5
0z/A), plus Microthiol Disperss (4 Ib/A) included with
each application.
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Research in Resistance Management

Random Amplified Polymorphic DNA Markers for Demitan and Talstar Resistance Detection in Spider Mite,
Tetranychus urticae koch (Acarina, Tetranychidae)

INTRODUCTION The spider mite Tetranychus urticae -
one of the major phytophagous pests, alterating
cultivated plants. Among the host plants of this pest
there are various vegetables and decorative glass-house
cultures, fruit-trees, grape and cotton-plants. High
fecundity, exceptional ecological plasticity of mite and
its capability to give more than one generation during
the season makes it an extraordinary harmfull object.
On this reason mite capable at short periods to form the
high-level acaricides resistance that vastly reduces
efficiency of the chemical method of plant protection
(Smirnova, 1968, Smirnova et all. 1972, Kornilov et
all. 1975). In connection with aforesaid extremely
actual is searching for simple and reliable methods,
allowing reveal the trend to resistance forming in
natural populations of the pest.

The biochemical mechanisms of resistance more
varied and hang from chemical nature of toxicant.
However, in any event, change of sensitivity is
followed by the change of pest populations genetic
structure.

In this work is shown the intercoupling between
resistance forming in common spider mite to two
acaricides of different chemical nature, demitan and
talstar, and changes in the resistant individuals genome,
as well as possibility of the detection these typical
changes by means of amplification of the free
sequences DNA in the polymerase chain reaction
(RAPD-PCR). This method, for instance, is
successfully used with morphometric methods for
comparison between morphological different strains of
spider mite (Hance et all. 1998) and is the most
perspective for complex genome estimation inwardly
and between populations, including for resistance
study.

MATERIALS AND METHODS
Rearing conditions

The breeding and selection spider mite were
conducted in laboratory of ecotoxicology of VIZR.
Two strains of common spider mite Tetranichus
urticae Koch were used for study, resistant to demitan
and talstar (RD and RT, accordingly), as well as
sensitive checking strain (SS). The material for under
investigation strains was received from production
glasshouses of the Leningrad area.
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The families of the mite were kept is insulated one
from another. For this were used first leaves of the
young beans plants decomposable on humid cotton
wool in glass Petry dishes under constant temperature
+25° C and photoperiodic 18:6 h L:D

Used acaricides

Demitan - 20% suspension concentrate. The active
substance is phenasahine (4-tret-butilfenethylhinazolin-
4-il). Demitan - contact acaricide, acting on movable
stages of the mite and possessing by expressed ovicide
effect.

Talstar - 10 % emulsive concentrate. The active
material - bifentryne (2-methyl-/1,1-bifenil/-3-il)-
methyl-3(2-hlor-3,3,3-tri-fluoro-1-propenil)-2,2-
dimethyl cyclopropanecarboxylate). Talstar - contact
insectoacaricide with broad spectrum of the action.

Methods of the treatment and selection of resistant
individuals

Treatment with acaricides was realized by method
of the submersion of leaf bits from beans with mite in
solution of the preparation with discriminative
concentrations (0.0036% on acting material for
demitan and 0.002% for talstar). The account of
mortality was conducted through day after treatment by
demitan and on the third day after treatment by talstar.

Constant family selection in RD and RT strains
was winnowed In the course of breeding. After
treatment with discriminative concentration females
from the families in which was noted minimum of
mortality, were transferred for the further breeding
separately. The offspring of each female was tested and
analyzed individually. Analogically was winnowed
selection of susceptible strains (SS), with that only
difference that for the further breeding were selected
females from families, in which was noted maximum
of mortality.

DNA extraction and PCR reaction

DNA extraction and PCR-amplification were
performed in the laboratory of adaptive biochemistry of
insects, Institute of Biochemistry and Genetics of
Russian academy of sciences, Ufa. Total DNA
extraction carried out in 1.5 ml tubes by described by
Chomezynski et all. (1987) with some modifications.
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Pulled mites (30 females from one clone) were
homogenized in 400 pl of extraction buffer, containing
4 M guanidinum thiocyanate, 25 mM sodium citrate,
100 mM 2-mercaptoethanol and 0.5% sodium sarkosyl,
TRIS-HCI-buffer pH 8.0 up to 0.1 M. Samples were
incubated at 0° Cfor 20 min, vortexed energically for
15 min with 400 pl phenol, pH 8.0/400 pl chloroform:
isoamil alcohol (24:1 v/v) and cenrifugated for 15 min
at 10000 g. The supernatant (400 ul) was transferred to
a new tube, vortexed again for 5 min with 200 pl
chloroform and cenrifugated for 5 min. After
centrifugation, 400 pul of the supernatant was
transferred to a new tube and DNA was precipitated
with 400 pl cold (-20° C) 96% EtOH for 24 h.
Following the cenrifugation for 20 min the precipitate
was washed with 200 pl 70 % EtOH, dried and
dissolved in 50 pl of bidistilled water. DNA samples
stored at -20° C.

Polymerase chain reaction (PCR) were carried out
in a total volume of 30 pul, containing 2 ul of mite DNA
solution. The reaction buffer consists of 10 pM of
primer (Sintol, Russia), 250 mkM each of dNTP,
(Fermentas, Lithua), 1*Taq buffer (10 mM TRIS-HCI,
pH 8.8, 50 mM KCI, 2.5 mM MgCI) and 2.5 U Taq
polymerase (Silex, Russia). Reaction mix was topped
with a drop of sterile mineral oil. PCR amplification of
RAPD markers was performed in thermal cycler
"Cycloterm™ (Russia) under the following cycle
conditions: five cycles of 94° C - 1 min for denaturing
the DNA, 34° C- 2 min for annealing and 72° C- 2 min
for elongation; 25 cycles of 94° C- 1 min, 42° C- 2
min, 72° C- 2 min. An additional 7 min at 72° C was
allowed for last strand elongation.

After amplification, 10 pl product was separated
by electrophoreses in 1.5% agarose gels (18*10 cm) in
IXTAE buffer for 1 h at 70 mA. Gels were stained with
ethidium bromide and the DNA was visualized by
fluorescence UV-light (312 nm) transilluminator TM-
36 and photographed.

Data analyses

Amplification products were scored as discrete and
binary stares (present /absent or 1/0) for each
individual samples. A  data  matrix  of
"individuals”bands" containing the band scoring
information was calculated using the simple matching
coefficient described by Sokal et all. (1958) and were
given by:

(atd)
(¢ +b+c+d)

where a is the presence of the marker in both bands, d
- is absence in both bands and b and c are markers
present in one and absent in the other bands (Hance et
all. 1998). This dataset was used to calculate the
genetic diversity among individual trees using the
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Statistica (v.5.0) software package. The clustering was
performed on Ward's method, as a distance measure
was used Euclidean distances.

Coefficient biodiversity between strain was
calculated by Shannon-Weaver index (Chalmers et all.
1992):

HO = —Zp: *hlpl.
where Pi -frequency of i-allele in strain.

RESULTS AND DISCUSSION
Toxicological features of investigated strains

In spite of strictly individual nature of the breeding
during 20 generations, in strains detected the genetic
heterogeneity (Fig. 1). In the course of family testing
there periodically proceeds the isolation of susceptible
families from resistant strains and resistant families -
from susceptible ones. From tables is seen that
practically in each generation of the selection in
resistant strains are present the families with level of
mortality 30-60% or below. One of the spider mites
biological particularities is the male emergence from
nonfertilized eggs and, accordingly, their haploidy, as
well as dominant nature of the resistance sign
inheritance (Helle, 1962, Schulten et all. 1968). In
consequence if in strains are present the females,
heterozygous on sign of resistance, then half a males in
their offspring will carry the dominant allele, but
another half - the recessive one. Under sibmating
condition (crossbreeding of individuals from offspring
of one female) this promotes the conservation an
heterozygous females in strains and, consequently,
periodic appearance of susceptible individuals in
resistant females offspring.

We analyzed RAPDs in search of molecular-
genetic marker, allowing differentiate these strains of
the mites. Performed screening of several primers has
allowed to choose one oligonucleotide sequence (5'-
GTGCTCGGC-3), suitable for revealing the difference
between mite individuals of different strains (Fig.2).

On the first stage we had chose 3 RAPD-
fragments, allowed separate the DNA samples from
mites of the different strains. The fragments A are
present only in resistant individuals genomes. This
fragments allow to separate the susceptible strain from
resistant ones and differ the resistant strains one from
another. The fragment B allows to reveal SS-strains.

On the second stage we performed cluster analysis
for revealing possible heterogeneity of these strains on
molecular-genetic level. On figure 3 is presented
dendrogram of genetic relations for 6 analyzed DNA
samples. On given dendrogram is seen clear isolation
of cluster, including only susceptible strain (SS1-SS5)
samples. Two other clusters contain as samples from
resistant to demitan strain (RD1-RD4), as from
resistant to talstar strain (RT1-RT7). This, on our
glance, speaks about the genetic heterogeneity of
investigated strain as evidenced by isolation of
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susceptible families from resistant strains and resistant
families - from susceptible ones. The genetic distances
on the dendrogram between families in each cluster
also speak of heterogeneity of considered strains.
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and lanes 12-16 — susceptible strain. A — resistance-marking fir ts

B — suscepiibility-marking fragmenti (see texi for details).
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Fig.3: Tress of the 16 DNA-samples of T, urticae,
RT - talstar-resistant strain, RD - demitan-resistant strain,
55 - susceptible strain.
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Such heterogeneity in selected strains speaks about
insufficiency of the use for checking in the course of
selection only toxicological method.

The reduction of biodiversity level in resistant
strains (comparatively susceptible one) is, in our
opinion, the result of acaricides selection (Fig.4).
Herewith in the course of selection the elimination of
individuals with susceptible genotypes occurs that
brings about reduction of the genetic diversity in
populations.

Under artificial populations control it is necessary
to know that any one of them has its biological
optimum of biodiversity, established throughout the
evolution. The mentioned optimum is limited with
frames of minimum and maximum biodiversity level
which are revealed in the course of perennial
observations. Without knowledge of the optimum
biodiversity borders in the populations there is
impossible to realize some work with any population,
whether reproduction or reduction of its individuals
number. In particular, the biodiversity level reduction
in spider mite populations (where for control of its
number acaricides are using) is a signal of the
resistance development.

190
180
170
160

150

140t

RT RD §s

Fig. 4: The biodiversity level in of 7. mrticae strains.
RT —talstar.resistant strain, RD - demitan-resistant strain,
SS - susceptible strain. Axix Y - coefficient biodiversity.

CONCLUSIONS In spite of uneven nature of the
resistance forming in the laboratory reared common
spider mite, we had received two strains with resistance
factor 38,4 (RD) and 54,5 (RT). The DNA analysis of
mites from these strains has shown that simultaneously
with resistance forming qualitative and/or quantitative
changes of the object's genome occured, well
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distinguished on RAPD-spectrum.

In our study analysis was conducted on one mite
strain of each variant only i.e. on one SS, RD or RT
genotype. The confirmation of the data obtained on the
other strains, wich are resistant to insecticides
mentioned, will allow to perform the molecular-
biological analysis for other strains or populations of
the mite, and at finding of similar marker bands to
draw a conclusion about the resistance of strain or
about resistant genotypes presence in analysed
population.

This method of the DNA investigation can be used
and at analysis of any other mite strain. When use the
other primers and on the other strains line and species
the other marker bands can be received, but under
corresponding confirmation of obtained results all of
these can be recommended for practical use.
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Resistance Management News

Companies and researchers join to keep glyphosate resistance rare in Australian cropping

The new national Glyphosate Sustainability
Working Group is an industry-wide effort to promote
the sustainable use of the most widely used herbicide in
Australian agriculture. To encourage awareness and
accurate reporting of the number and background of
glyphosate resistant weed populations in Australia, the
group has established the Australian Glyphosate
Resistance Register. Managed by Dr. Chris Preston, the
register provides an up to date record of confirmed
glyphosate resistant populations, with classifications
including region and land use. The Australian
Glyphosate Resistance Register is now included on the
GSWG website: www.weeds.crc.org.au/glyphosate.
Also available is a risk management guide for keeping
glyphosate resistance rare in Australian cropping and
recommendations on what to do if glyphosate
resistance is suspected . The national Glyphosate
Sustainability Working Group is a collaborative
initiative involving the CRC for Australian Weed
Management, Monsanto, Syngenta, Nufarm, Western
Australian Herbicide Resistance Initiative (University
of Western Australia), University of Adelaide, Charles

Sturt University, University of Melbourne, Queensland
Department of Primary Industries & Fisheries,
Department of Agriculture Western Australia, New
South Wales Department of Primary Industries,
CRT/Town &Country, AVCARE and the Grains
Research and Development Corporation. The aimes of
the group include:

» Increase the sustainability of glyphosate usage
through the development and delivery of clear and
consistent information, based on industry
CONSensus.

« Increase collaborations and consistency among the
glyphosate research and extension activities of key
research, extension and industry groups.

e Contribute to the development of Research,
Development and Extension initiatives aimed at
improving the management of glyphosate.

For more information see:
www.weeds.crc.org.au/glyphosate or contact Dr. Rick
Llewellyn (Chairman, GSWG).
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Integrated Pest Management Network

15 March 2005 Programs, activities, or enterprises
worldwide involved with, linked to, or interested in
IPM and management/control of:

INSECT, WEED, PATHOGEN, NEMATODE, or
VERTEBRATE

crop pests and invasives, as well as reduced-risk pest
management, usually find that every monthly issue of
IPMnet NEWS--a free, non-commercial, globally
recognized electronic newsletter that delivers current
IPM and pest management information--offers useful
details, e-mail contacts, insights, and active links to
other informative sites.

The NEWS provides an efficient way to stay up to
date on the latest, evolving IPM information; it
regularly includes original information, plus relevent
material that is difficult or very time consuming to
locate elsewhere.

This ~ message--while  unsolicited--describes
IPMnet and its potential usefulness. Of course, for
those not involved with, or interested in, integrated (or
other) crop pest or invading species management,
please ignore and forgive the intrusion.

Otherwise, you are cordially invited to read on ....
or to pass this message to others who might welcome
receiving it.

e IPMnet is a unique, free, non-commercial, internet-
based IPM and crop pest management global
information resource in its 12th year of continuous,
widely recognized international service.

o lts free electronic newsletter (IPMnet NEWS) is
seen monthly by over 4,000 of your colleagues,
peers, and contemporaries in 133 countries who
want to stay current on, informed about, and
connected to this globally important, widely
endorsed, and increasingly practiced concept.

e IPMnet and the IPMnet NEWS focus on
constructively fostering realistic, practical IPM and
environmentally-attuned pest management
worldwide by striving to provide useful, balanced
information--without “sharp elbows" editorializing
or blunt criticism (more than sufficiently provided
by other sources).

e There is no "catch,” IPMnet NEWS is free to any
individual or organization wishing to receive it. The
intent is to help globally extend operationally and
economically practical integrated pest management
in a constructive manner.

«  While IPMnet NEWS clearly won't win awards for
fancy graphics, readers usually find it to be an
informative, substantially useful IPM/crop pest

management information resource.

IPMnet would be very pleased should you opt to
become a free subscriber to the NEWS. You are also
welcome to access IPMnet's free website with its links
to other current IPM information, such as the
extensive, free DATABASE OF IPM RESOURCES,
the acclaimed electronicc RADCLIFFE'S IPM
WORLD TEXTBOOK (tambien disponible en
Espanol), and the unique IPMnet CALENDAR.

A Clear IPM Focus

IPMnet is an electronic (only) Integrated Pest
Management infor- mation resource specifically
focused on contemporary, economic, envi- ronmentally
aware approaches to managing/controlling weed,
pathogen, insect, nematode, and vertebrate pests in
crops and amenity plantings, as well as preventing or
containing invasive crop-related species.

IPMnet and the electronic newsletter it produces
and distributes worldwide--IPMnet NEWS (the
masthead above)--offer free service to any person,
agency, organization, or institution via either or both:

e automatic direct delivery to an e-mail box each
month in plain text, fixed-space font format (best
read by select- ing "Courier" type font, as used in
this current message) accessible to most computers;
and,

e on the World Wide Web in either HTML or PDF
format, but without complex graphics requiring
bandwidth and lengthy download time that ties up
computers.

IPMnet's singular purpose is to foster development
and appropriate adoption of IPM in the multiple and
intertwined interests of humankind. There is no hidden
agenda--only a clear focus on IPM in the belief that it
offers potential benefits worldwide, especially as
pressure on food and fiber crop production steadily
builds, as the chemical "toolbox" becomes evermore
limited, and as pest species increasingly invade and
degrade ecoregions.

Covering all Pest Management Aspects

Since IPM itself is a robust construct that by
definition covers all pest management tactics,
information about any pragmatic strategy or tactic, or
combinations thereof, may be cited in the NEWS. To
IPMnet, the letters "I, P, and M" imply concern about
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all major groups of plant pests and are by no means
narrowly limited to "insect pest management" as some
under informed observers have suggested.

IPMnet serves as a major informative and
cooperative  global communication conduit for
IPM/pest management information that cuts across
many involved disciplines and professions. Also,
IPMnet participants often help create the substance that
has made IPMnet a globally available, well recognized,
extensive information resource.

IPMnet NEWS from IPMnet is in its 12th year of
uninterrupted service. The NEWS has gained
worldwide notice and is purpose-designed to provide
very brief, timely, multi-disciplinary, "news-you-can-
use" (but no paid advertisements) to all concerned with
IPM and crop pest and invading species management
topics, such as:

« evelopment

« field implementation
 research

« extension/adoption
 policy
 impact/socio-economics.

The NEWS strives to alert its readers to new
resources, research, extension materials, publications,
CDs, videos, trends, problems, sol- utions, promising
tactics, organizations, professional opportunities,
materials, and equipment. In short, information about
any subject that relates to improved, practical,
environmentally responsible pest man- agement may
be included. IPMnet NEWS makes an effort to
acknowledge sources and authors of the
materials/items it mentions.

A Comprehensive Events List

Every issue of the NEWS updates the IPMnet
CALENDAR, the single most extensive, monthly
revised list available anywhere exclusively devoted to
global IPM/pest management, with up-to-date
information for international, regional, and national
events (symposia, conferences, training courses,
workshops, etc.). Each event mentioned includes as
much information as is known for contacting the
organizing or spon- soring organization. IPMnet is
grateful to all, subscribers and non- subscribers alike,
who provide the material that makes the IPMnet
CALENDAR a unique and highly useful resource.

The NEWS aims for a balanced, broad view ...
with comity. It shuns finger pointing, hectoring, or
similar uncivilities, roles many other existing
communications and information channels more than
adequately fulfill. By contrast the NEWS strives to
present usable, factual, practical information with an
eye toward actual on-the-ground imple- mentation.
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However, the NEWS occasionally does note
shortcomings and problems in information materials
intended for wide distribution.

Who Sponsors IPMnet

IPMnet is sponsored by the not-for-profit
Consortium for Interna- tional Crop Protection (CICP),
a pioneer in international implementa- tion of
environmentally responsible pest management. The
Consortium comprises 10 U.S. land grant universities,
the Univ. of Puerto Rico, and the U.S. Dept. of
Agriculture. Though these institutions are pre-
dominantly U.S.-based, IPMnet's charter clearly
emphasizes a broad international focus. External
funding is provided by the U.S. Dept. of Agriculture.

While there are other excellent, electronic
periodic information sources that relate to IPM,
CICP is not aware of any other comparable, free,
broad-scope, regular monthly global 1PM/pest
management information delivery service.

Thus, if it seems likely IPMnet's free information
resources could be of service and support for your
activities (or those of your colleagues), you are
cordially invited to...

[1] SUBSCRIBE for regular monthly delivery of
IPMnet NEWS (files range from 34K to 36K per issue)
automatically sent to your e-mail address in text-only,
fixed-space font format easily viewable in most e-mail
programs (by selecting "Courier" font);

--> NOTE: there is no cost, current or future, to
subscribe;

---> NOTE: the IPMnet NEWS mailing list is privately
held, closely secured, not for rent, and firmly restricted
to use by just the Consortium for distribution of
IPMnet NEWS and IPMnet CALENDAR; files are e-
mailed using "blind" addresses to specifically protect
subscriber privacy, just as is the message you are
reading;

[2] REQUEST an e-mail "example copy" of IPMnet
NEWS as a way to evaluate its content and potential
usefulness to your interests before making a
subscription decision;

[3] RECEIVE information about IPMnet's
background, rationale, history, and sponsor;

[4] REQUEST information about free access to
IPMnet's World Wide Website.
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... by sending an e-mail message indicating any, or all,
of items #1-4 for which you desire a response, to:

IPMnet@science.oregonstate.edu

with your preferred e-mail address, and IPMnet will
respond accordingly.

Information Welcomed

Whether or not you elect to subscribe, IPMnet
NEWS welcomes receiving information about
global/local 1IPM developments. Please forward to
mailto:IPMnet@science.oregonstate.edu any
information you believe would be of interest and use to
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the expanding worldwide IPM community, such as:

# progress # new research # set-backs # technology
(including production, field, and research equipment),
and other products related to IPM # socio-economic
aspects of adoption, methods, etc. # IPM-related papers
or off-prints # events, or, # open positions and
professional opportunities.

Finally, IPMnet welcomes you to use its services
and looks forward to providing useful information in
support of your professional or private interests and/or
your organization's programs and goals.

Cordially, --IPMnet Staff

Abstracts

Insecticide Resistance in Obliquebanded Leafroller, 1997-2004

ABSTRACT Insecticide resistance in various field-
collected populations of bliquebanded leafroller
(OBLR) was surveyed in 1997, 2001 and 2004. A
susceptible laboratory colony was evaluated for
tolerance to azinphosmethyl, screened for resistance to
all three insecticides, azinphosmethyl, spinosad and
methoxyfenozide. Resistance ratios were determined
by comparing the baseline LCsy of the susceptible
colony with LCsy value of each insecticide for each
field population. Each field population was then
analyzed for azinphosmethyl mediated cross-resistance
to either spinosad or methoxyfenozide. Nearly every
population of OBLR collected in the field since 1997
had some level of resistance to azinphosmethyl with
the exception of one population collected from a non-
commercially managed orchard. The average LCs
from the laboratory colony was 7.0 ppm (range 3.1-
12.2 ppm). LCss from 24 commercially managed
orchards ranged from 30.7-290.5 ppm. Interestingly,
the insect growth regulator methoxyfenozide had fairly
well correlated cross-resistance to azinphosmethyl
prior to widespread use of this insecticide chemistry.
The average LCsg, from the laboratory colony was 1.44
ppm (range 0.45-2.86), but in 1997, 2001 and 2004
field collected populations had LCs, values ranging
from 5.7-11.8 (2 orchards), 9.7-28.1 (5 orchards) and
2.93-11.0 (6 orchards), respectively. Although cross-

resistance was noted initially with methoxyfenozide, it
did not appear that resistance levels have changed
significantly within geographic regions between 1997-
2004. Initial spinosad bioassays were conducted in
2001. The average LCs, from the laboratory colony
was 0.3 ppm (range 0.13-0.50). In 2001, it was
apparent that azinphosmethyl mediated cross-resistance
was not a concern as LCsq values from azinphosmethyl
resistant populations ranged from 0.19-0.62 (8
orchards). However, in 2004 LCs, values from field-
collected populations ranged from 0.46-1.82 (10
orchards). This represented a significant shift in the
susceptibility of some field-collected populations, and
it appeared that those populations of OBLR have
become more tolerant to spinosad since its
introduction.

KEYWORDS insecticide, resistance, cross-resistance,
obliquebanded leafroller, Choristoneura rosaceana,
Tortricidae, Washington, apple, azinphosmethyl,
spinosad, methoxyfenozide.

J. Brunner, M. Doerr, and J. Dunley
Washington State University

Tree Fruit Research and Extension Center
Wenatchee, WA

Management of Organophosphate-Resistant Codling Moth in the Field

ABSTRACT A survey of organophosphate resistance
was conducted in 2003 to determine levels of
azinphosmethyl resistance in codling moth throughout
Washington State. Resistance was examined by
topically treating field-collected males (captured in
pheromone traps) with several concentrations of a
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selected insecticide. Insecticides examined including
azinphosmethyl, esfenvalerate, chlorpyrifos, and
acetamiprid. Levels of azinphosmethyl resistance were
found to be low to moderate in most fruit-growing
areas of the state. However, a population near Manson,
WA, was particularly high (8-10 fold resistance). In


mailto:IPMnet@science.oregonstate.edu%20

Spring 2005

2004, field efficacy trials were conducted in Manson to
determine the abilities of several insecticides to control
azinphosmethyl-resistance codling moth. Several
codling moth control programs were applied to large
plots and fruit was evaluated for infestation following
each generation. Treatments including azinphosmethyl
(2 applications per generation at 3 Ib), acetamiprid (2
apps/gen at 3.4 oz), thiacloprid (2 apps/gen at 6 0z),
chlorpyrifos (2 apps/gen at 2 Ib), esfenvalerate (2
apps/gen at 14.5 0z), spinosad (2 apps 1st gen, 3 apps
2nd gen, all at 6 0z), and a novaluron/acetamiprid tank-
mix (1 app/generation, novaluron at 40 oz, acetamiprid
at 3.4 0z). Codling moth pressure was moderate in this
orchard in 2004, and azinphosmethyl resistance was
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determined to be 5-fold. All programs maintained
damage at harvest at less than 0.3%. It appears that, at
this point in time, potential cross-resistance between
azinphosmethyl and acetamiprid (or thiacloprid) does
not impact codling moth control.

KEYWORDS codling moth, Cydia pomonella,
resistance management, organophosphate resistance.

J.E. Dunley, T.M. Madsen, and B.M. Greenfield
Washington State University

Tree Fruit Research and Extension Center

Wenatchee, WA

Resistance to Sex Pheromone Mating Disruption by Codling Moth: Is There a Trend Toward More Mating?

ABSTRACT The mating status of female codling moths
within apple orchards treated with sex pheromones for
mating disruption has been monitored since 1992 in
Moxee and since 2000 in Brewster. These orchards
have been treated with sex pheromones every year
since 1991. Populations have been monitored with the
use of passive interception traps, light traps, and sticky
traps baited with the pear ester. Orchards have been
treated with various rates of hand-applied dispensers,
widely spaced clusters of dispensers or aerosol
emitters, and microencapsulated formulations. Data are
summarized for both the first and second moth flights.
Prior to 2000, the proportion of mated females during
the first flight in Moxee was <0.6 and during the
second flight was <0.8. Since 2000 mating rates have
increased to >0.85 and 0.95 in the two flight periods,
respectively. Similarly, the proportion of mated
females in Brewster in 2000 was 0.7 and 0.8 for the
two flights. Over the past four years there has been a

positive trend in the proportion of mated females in
these orchards and during 2004 >0.96 females were
mated in both flights. In 2002 | evaluated the mating
success of tethered females from the Moxee orchards,
from another orchard that has never been treated with
sex pheromone, and from a laboratory colony in
screened field cages with releases of males. No
difference in mating was found among these
populations. However, differences in the behaviors of
females among populations were not addressed in these
studies. Several potential mechanisms associated with
mating success in codling moth will be discussed.

KEYWORDS Cydia pomonella, apple, pear ester,
monitoring, sex pheromone

A. Knight
USDA, ARS, YARL, Wapato, WA

Codling Moth Control in Oregon's Hood River Valley: Is it Resistance, Poor Timing, or Less Effective Control
Programs?

ABSTRACT Pear and apple orchards in Oregon's Hood
River Valley have experienced increasing amounts of
codling moth damage in the last two seasons. Working
with concerned growers and fieldmen, experiments
were conducted to determine if resistance to
organophosphates (OP) was evident in the valley.
Topical bioassays were conducted on male moths
collected with pheromone traps in problem orchards
where resistance was a concern. Four out of five
orchards surveyed exhibited an increase in resistance to
azinphosmethyl compared to a susceptible population.
Other insecticides such as phosmet and the
neonicotinyls will be examined in 2005 for cross-
resistance. Potential cross-resistance to insecticides that
do not have adulticidal activity, such as the insect

growth regulators, will be examined by treating
reactivated diapausing larvae. Growers' spray records
and pack-out reports were also collected to determine if
increased amounts of codling moth damage were a
result of poor management practices, incorrect timing
of sprays or ineffective control programs. A codling
moth egg survey was conducted to help validate the
current phenology model and to correlate trap catches
to egg laying. Changes in flight patterns within the first
codling moth generation have been observed for the
past few years. Population density maps were also
created using GIS and extensive trapping data from
fieldmen to indicate "hot-spots" throughout the valley.
Future plans are to create real-time maps to indicate
when populations are increasing in a given area and
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how they change numerically from year to year under
different management programs.

KEYWORDS codling moth, apple, pear,
organophosphates, resistance, azinphosmethyl,
bioassay, phenology
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A. Walston and H. Riedl

Oregon State University Mid-Columbia
Agricultural Research and Extension Center
Hood River, OR

Induction, characterization and genetic analysis of tricyclazole-resistance in Magnaporthe grisea

ABSTRACT Tricyclazole is one of the rare modern
fungicides, which had been applied in agricultural
practices for many years without resistance emerging.
Even laboratory resistance has not been reported. Here,
we report the induction, characterization and genetic
analysis  of  tricyclazole-resistant mutants  of
Magnaporthe grisea. The minimum inhibitory
concentration of hyphal melanization (MIC-H) was
adopted to detect the sensitivity of one hundred and
twenty-nine M. grisea isolates, which were collected
from Guangdong, Guangxi, Anhui and Jiangsu
Provinces of China in 2000, to inhibitor tricyclazole.
Results showed that the mean value of MIC-H was 0.2
pg/ml and no isolate with a MIC-H =1ug/ml was
detected. Thus, 1pg/ml was chosen as a distinctive
dose to recover resistant mutants by ultraviolet (UV)
radiation. Only three resistant mutants generated from
TH16 (with MIC-H 0.1pg/ml) were obtained and
numbered R1,R2 and R3, representing a very low
frequency that could not be correctly calculated.

All the three mutants could grow and produce
melanin at 1jug/ml normally .These three mutants were
tested on the rice seedlings treated by a series of
concentrations of tricyclazole. The medium effective
concentration (EC50) of the chemical to control blast
disease caused by them was 43.3ug/ml, 47.5ug/ml and
38.2ug/ml respectively, while the EC50 of their origin
wild type isolate TH16 was only 4.0ug/ml.

Meanwhile, fitness decrease was observed for all
the three mutants, their sporulation ability and
pathogenicity were weakened. Four crosses between
SxS and SxR1,R2,R3 were set to determine the
inheritance mode of resistance during the process of
sexual recombination. By analyzing the sensitivity of

hybrid F1 progeny to tricyclazole, phenotype
segregation in progeny clearly fit a 1:1 ratio of both
parents of SxR, and no segregation was found in the
crosses of SxS.

Fungal genomic DNA extracted from mycelia
through a CTAB/ NaCl method was used for PCR of
1,3,6,8-tetrahydroxynaphthalene reductase (4HNR) and
1,3,8-trihydroxynaphthalene reductase (3HNR) with
primers M4-1 (5-CGGACTTGTTGGTCTTTGTGC-
3, 5'- CCTCGGACGGCTTGCTGAT-3'), M4-2 (5-

CCTCCGCAGACATCACCAGC-3, 5'-
CGAGAACCCGACTTGACCACTA-3), M3-1 (5-
GTGCGTTTCTCACCTTCAGC-3, 5'-
CGGTCATCCGATTCCCATA-3), M3-2 (5
GTGCGTTTCTCACCTTCAGC-3, 5'-
CCACCAGGAGCAACCACATTA-3), M3-3 (5-
TGTCTCGCTGGCACCCT-3, 5'-

GGCACGGCACCTCTGTA-3'), respectively. Whole
genes of both 4NHR (accession number bankit669199)
and 3HHNR (bankit669203) were got. However, none
nucleotide difference in sequences was found between
resistant mutants and their original wild type isolate. So
it can be concluded that tricyclazole-resistance in M.
grisea was conferred by a one loci mutation in a single
Mendelian gene other than 4HNR or 3HNR genes.

KEYWORDS  Magnaporthe  grisea, melanin
biosynthesis, tricyclazole-resistance, fitness, genetics,
reductase genes

C. Zhang and M. Zhou
College of Plant Protection
Nanjing Agriculture University
Nanjing 210095, China

Symposia

Qol Fungicide Resistance: Current Status and Management Strategies

Symposium to be held during the annual meeting of the
American Phytopathological Society, July 31 - Aug 3,
2005 in Austin, Texas

Qol fungicides (e.g., strobilurins) represent the
most important group of new plant pharmaceuticals to
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become available over the past two decades. This
symposium will examine the mechanisms by which
fungi develop resistance to these compounds; the
current resistance status and resistance-management
strategies for specific horticultural, ornamental, and
agronomic crops; and the agrichemical industry's
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response to this challenge.

Presentations
Overview:  Qol resistance  mechanisms and
occurrences. H. Ypema, BASF Corp., Durham, NC

Commodity case study: Cereals. J. Lucas, Rothamsted
Research, Harpenden, UK

Commodity case study: Turf. F. Wong, University of
California, Riverside, CA

Commodity case study: Apples. W. Koeller, Cornell
University, Geneva, NY
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Commodity case study: Grapes. W. Wilcox, Cornell
University, Geneva, NY

Commodity case study: Cucurbits. M. McGrath,
Cornell University, Riverhead, NY

Agrichemical industry: Management strategy and
responses. R. Kaiser, Bayer Crop Science, Research
Triangle Park, NC

For more information on this symposium and
meeting, and to register at a $25 discount, go to
http://www.apsnet.org/ after April 1 and before June 1.
Select 'Annual Meeting' under 'Meetings' in the Main
Menu on the left.

Announcements and Submission Deadlines

Thank you to those who contributed to this issue -
you have really made the newsletter a worthwhile
reading experience! Our contributors truely increase
the newsletter's success at sharing resistance
information worldwide.

We encourage all of our readers to submit articles,
abstracts, opinions, etc (see the newsletter online at
http://whalonlab.msu.edu/rpmnews/general/rpm_submi
ssion.htm for submission information).

The Newsletter is a resource to many around the
globe. It is also a wonderful and effective way to
enhance the flow of ideas and stimulate communication

among global colleagues. We appreciate your efforts to
support the newsletter and we look forward to your
continued contributions.

The next two submission deadlines are:

Monday, September 19th, 2005
Monday, March 20th, 2006

We hope you continue to consider the newsletter
as a forum for displaying your ideas and research.

Libraries that wish to receive a printed version may send a request to:

rpmnews@msu.edu, or

Newsletter Coordinator

Resistant Pest Management Newsletter
Center for Integrated Plant Systems
Michigan State University

East Lansing, M1 48824-1311

USA

Please visit us online today at http://whalonlab.msu.edu/rpmnews/

Editors: Mark E. Whalon (whalon@msu.edu)
Robert M. Hollingworth (rmholl@msu.edu)

Area Editors: Jonathan Gressel (Herbicide)
Margaret Tuttle McGrath (Plant Pathology)

Coordinator:  Chip J. Cogan (rpmnews@msu.edu)
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