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Letter from the Editors

Dear Newsletter Subscribers, newsletter. This books focus is on the state of pesticide
resstance today, the policies that are in place to delay
We would like to take this opportunity to let you all resistance to pesticides, and the methods used to

know about a new book that will be coming out in June  predict and control resistance. Please review this book
of 2008 that you may be interested in hearing about. when it becomes available in June of 2008 from CABI
The book is calledGlobal Pesticide Resistance in Publishers.

Arthropods It was written by many authors in the

field of pesticide resistance and is edited by M.E.  Sincerely,

Whalon, D. MotaSanchez, and R.M. Hollingworth, Abbra Puvalowski

who are, as you may know, the editors of this RPMNews Coordinator



Global Pesticide Resistance in Arthropods

Resistance Management Reviews

Pest Resistance to Insect Resistant Cotton and Corn Plants Delayed by Refuge Strategy,
according to researchers at the University of Arizona who have reported finding incidees of
Bt-resistant bollworm

The researchers analyzed " ... published data from monitoring studies
of six major caterpillar pests of Bt crops in Australia, China, Spain
and the U.S. ... most caterpillar pests of cotton and corn remained
susceptible to Bt crops. 'The resistanceuo®d in one particular
pest in one part of the U.S. ... 'The other major pests attacking Bt
crops have not evolved resistance. And even most bollworm
populations have not evolved resistance' ... The field outcomes refute
some experts' worglase scenarioghat predicted pests would
become resistant to Bt crops in as few as three years ... Bt cotton
reduces use of broapectrum insecticides and increases yield..."

Document Title: The title of the February 7, 2008
University of Arizona News Release is "§ir
documented case of pest resistance to biotech cotton"

The title of the research report published online on
February 7, 2008 in the journal, Nature Biotechnology,
is ""Insect resistance to Bt crops: evidence versus
theory"

Summary.The following information is taken from the February 7,
2008 University of Arizona News Release

A pest insect known as bollworm is the first to evolve
resistance in the field to plants modified to produce an
insecticide called Bt, according to a new research
report.

Bt-resistant populations of bollworntjelicoverpa zea
were found in more than a dozen crop fields in
Mississippi and Arkansas between 2003 and 2006.

"What we're seeing is evolution in action," said lead
researcher Bruce Tabashnik. "This is the first
documentedcase of fieldevolved resistance to a Bt
crop. o

Bt crops are so named because they have been
genetically altered to produce Bt toxins, which Kill
some insects. The toxins are produced in nature by the
widespread bacteriufacillus thuringiensishence the
abbreviation Bt.

The bollworm resistance to Bt cotton was discovered
when a team of University of Arizona entomologists
analyzed published data from monitoring studies of six
major caterpillar pests of Bt crops in Australia, China,
Spain and the U.S. Theata documenting bollworm
resistance were first collected seven years after Bt
cotton was introduced in 1996.

"Resistance is a decrease in pest susceptibility that can
be measured over human experience," said Tabashnik,
professor and head of UA's entowgy department
and an expert in insect resistance to insecticides.
"When you use an insecticide to control a pest, some
populations eventually evolves resistance."

The researchers write in their report that Bt cotton and
Bt corn have been grown on moreath162 million
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hectares (400 million acres) worldwide since 1996,
fgenerating one of t he
resistance ever known."

Even so, the researchers found that most caterpillar
pests of cotton and corn remained susceptible to Bt
crops.

"The resistance occurred in one particular pest in one
part of the U.S.," Tabashnik said. "The other major
pests attacking Bt crops have not evolved resistance.
And even most bollworm populations have not evolved
resistance."

The field outcomes refute s® experts' worstase
scenarios that predicted pests would become resistant
to Bt crops imas few as three years, he said.

AThe only
toxins involves resistance to Bt sprays,” Tabashnik
said. He added that sudprays have been used for
decades, but now represent a small proportion of the Bt
used against crop pests.

The bollworm is a major cotton pest in the southeastern
U.S. and Texas, but not in Arizona. The major
caterpillar pest of cotton in Arizona is affdrent
species known as pink bollwormPectinophora
gossypiella which has remained susceptible to the Bt
toxin in biotech cotton.

Tabashnik and his colleagues' article, "Insect resistance
to Bt crops: evidence versus theory," will be published
in the Fdruary issue of Nature Biotechnology. His co
authors are Aaron J. Gassmann, a former UA
postdoctoral fellow now an assistant professor at lowa
State University; David W. Crowder, a UA doctoral
student; and Yves Caére, a UA professor of
entomology. Tabdsiik and Carére are members of
UA's BIOS Institute.

The U.S. Department of Agriculture funded the
research.
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"Our research shows that in Arizona, Bt cotton reduces

| ausey efs broadmpectruenc insecticides ahdo mcreasess e ¢ t

yield," said Carrére. Such insecticidekill both pest
insects and beneficial insects.

To delay resistance, naBt crops are planted near Bt
crops to provide "refuges" for susceptible pests.
Because resistant insects are rare, the only mates they
are likely to ewsounter would be susceptiblesgcts
from the refuges. The hybrid offspring of such a
mating generally would be susceptible to the toxin. In
most pests, offspring are resistant to Bt toxins only if
both parents are resistant.

In bollworm, however, hybrid offspring produced by
matings fetween susceptible and resistant moths are
resistant. Such a dominant inheritance of resistance
was predicted to make resistance evolve faster.
el d

The UA researchers found that bollworm resistance
evolved fastest in the states with the lowest abundance
of refuges.

The field outcomes documented by the global
monitoring data fit the predictions of the theory
underlying the refuge strategy, Tabashnik said.

Although firstgeneration biotech cotton contained only
one Bt toxin called CrylAc, a new variety contin
both CrylAc and a second Bt toxin, Cry2Ab. The
combination overcomes pests that are resistant to just
one toxin.

The next steps, Tabashnik said, include conducting
research to understand inheritance of resistance to
Cry2Ab and developing designer toxits kill pests
resistant to CrylAc.

Bruce E Tabashntk Aaron J Gassmahf David W

Crowderl & Yves Carére'
'Department of Entomology, University of Arizona, Tucson, Arizona
85721, USA.
Current address: Department of Entomology, lowa State University
Ames, lowa 50011, USA.

Resistance Management from around the Globe

Sensitivity of the cucurbit powdery mildew fungus,Podosphaeraanthii, to registered
fungicidesin 2007 in New York and implication for control

ABSTRACT

Seedling bioassays were e to monitor sensitivity of the powdery
mildew fungus to currently registered, fungicidesrisit for
resistance in commercial and research plantings of zucchini, summer
squash and pumpkin during the 2007 growing season in Long Island,
NY. Resistance to @ fungicides (FRAC Group 11) was common

based on results with trifloxystrobin (formulated as Flint). Fungicide
sensitivity of pathogen populations in spring zucchini at
conventionally managed farms was similar to that early in powdery
mildew developmenin Halloween pumpkinwhich was almost one
month later.This indicates that bioassays conducted in spring crops
provide a good indication of what the fungicide sensitivity will be for
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the pathogen population in main season crofrains tolerating
high mncentrations of boscalid (175 pg/ml formulated as
Endura)(Group 7) and myclobutanil (120 pg/ml formulated as
Nova)(Group 3) were present at powdery mildew onset in spring
planted zucchini. These were the highest concentrations tested.
Fungicide sensitity was similar for pathogen populations in fields
with the main season crop Bifalloween (decorative)umpkin. The
pathogen is very sensitive to the new fungicide quinoxyfen
(Quintec)(Group 13), which was registered for use on melons in
2007. Strains tokating a low concentration (5 pg/ml) were not
detected in zucchini but were at very low frequencies in pumpkin.
Tolerance of the DMI fungicides myclobutanil and triflumizole
(Procure) was similar. Fungicide sensitivity changed little during the
growing sason. Strains tolerating 200 pg/ml boscalid, 150 pg/ml
myclobutanil, and 10 pg/ml quinoxyfen were detected during the
growing season. Strains tolerating DMI fungicides at-120 pg/ml
were less common at the end of the growing season (Septémber
Octobe).

INTRODUCTION

Fungicides continue to be an important tool
for managing powdery mildew, which is the most
common disease occurring on cucurbits throughout the
US. Although there are varieties with genetic resistance
to this disease, an integrated piagris recommended
to reduce selection pressure for pathogen strains able to
overcome genetic resistance in the plant, thus use of
fungicides will continue to be the principal practice for
managing powdery mildew in cucurbit crops. Mobile
fungicides are rexled because their systemic,
translaminar or volatile activity enables them to be re
distributed to the lower surface of leaves where
powdery mildew develops best and where direct
fungicide spray deposition is limited. Unfortunately
mobile fungicides are atrisk for resistance
development due to their singdéte mode of action and
the cucurbit powdery mildew pathogen has
demonstrated ability to develop resistance.

Procure, Pristine, and Quintec are presently
the mobile fungicides most commonly recommended
for cucurbit powdery mildew. Procure is a DMI
(demethylation inhibiting) fungicide (FRAC Group 3)
registered in the US for this use in 2002. Procure is
recommended over Nova, another DMI, because it can
be used at twice the rate of active ingredient [doda
was ineffective at full label rate in NY in 2006
(McGrath and Davey 2007a). Procure has provided
excellent but inconsistent contrdcGrath and Davey
2006 and 2007a). DMI resistance is quantitative.
Pristine contains a carboxamide (boscalid)(FRAC
Group 7) and a Qol (pyraclostrobin)( FRAC Group
11). It has provided good to excellent control in recent
fungicide efficacy experiments in NY. Pristine has
provided control similar to Endura (boscalid) when
Cabrio (pyraclostrobin) was ineffective, documegtin
no synergistic activity between these compounds.
Endura is not registered for use on cucurbits. Pristine
was registered in the US for powdery mildew in 2003.
Qol resistance, which is qualitative, was detected in the
US in 2002. Quintec (quinoxyfen)(FRAGroup 13)
was registered in 2007 for melons.

5
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The primary objective othis studywas to
monitor fungicide sensitivity of the cucurbit powdery
mildew funguson Long Island, NY, during the 2007
growing season in commercial and research plantings.
Fungicide sensitivity was also examined in
Pennsylvania early in powdery mildew development.
This monitoring project was started in 2003.

MATERIALS AND METHODS

An in-field seedling bioassay was used to
assess fungicide sensitivity of powdery mildew fungal
pathogerpopulations. Pumpkin seedlings were started
in a growth chamber, then transplanted to pots and
grown in a greenhouse until about thB #ue leaf
stage. Their growing point and unexpanded leaves
were removed just before treatment. Seedlings were
treatel with various doses of fungicides using a back
pack sprayer equipped with a single nozzle boom
operated at 40 psi. Treated seedlings were left
overnight to dry. Then they were placed in fields
amongst cucurbit plants with powdery mildew
symptoms. Eachrgup of seedlings had 1 treated
seedling for each fungicide dose tested plus two non
treated seedlings. They were left for about 4 hours
during the middle of the day to be exposed to the wind
dispersed spores of the powdery mildew pathogen in
the fields. Afterwards the seedling were kept in a
greenhouse until symptoms of powdery mildew were
clearly visible, which took at least 10 dayShen
severity (percent tissue with symptoms) was visually
estimated for each leaf. Frequency of pathogen strains
in a field able to tolerate each fungicide dose was
estimated by calculating the ratio of severity on
fungicidetreated plants relative to ndreated plants
for each leaf in each group, then determining the field
average. The bioassay was conducted on 7 datemf
28 Jun through 2 Oct 2007 in commercial and research
fields.

The fungicides tested weremyclobutanil
(formulated as Nov¥ at 20, 40, 80, 100, 120 and 150
ppm (g/ml); triflumizole (Procur®) at 100, 120 and
150 ppm; boscalid (Endufpat 125, 150, 15 and 200
ppm; quinoxyfen (Quinté) at 1, 5, 10 and 20 ppm;
and trifloxystrobin (Flint) at 50 or 150 ppm.Endura
was used rather than the fungicide with boscalid
registered for this use, Pristine, because it also contains
pyraclostrobin. Since Qol resitance is qualitative only
one concentration is needed for its detection.
Myclobutanil and trifloxystrobin have been used as
representatives foFRAC Group 3 and 11 fungicides,
respectively, in previous experimentdova was also
tested with two adjuvant@ctivator 90 and LI700) to
determine if efficacy could be improved.

Some powdery mildew developed on
seedlings while in the greenhouse before they were
treated for bioassays conducted in August and
September, probably resulting from spores entering
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through ceiling vents. These spots were marked with a
Sharpie pen so that they would not be included in

Resistant Pest Management Newsletter
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of the pathogen population at this farm compared to
other farms (McGrath and Davey 2007b).

severity assessments. The ink appeared to kill fungg
tissue on the leaf surface.

T Table 1. Percentage of isolates estimated tolerant to different concentrations (ppm) of fungicides
Addltlona”y, one set 01 in commercial spring plantings of zucchini in NY and PA

treated seedlings were left in the greenhoukie the
others were in production fields to determine if the

Assay
date

Location

Quinoxyfen

Boscalid

Myclobutanil

Trifloxystrobin|

10

20

100

150 175

20
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S0 150

contamination had any additional impact on the
bioassay.

RESULTS and DISCUSSION
Information on fungicide sensitivity early in
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powdery mildew development during the 2007

“'indicates dose not tested,

production season andefore extensive use of
fungicides for powdery mildew was obtained by
conducting bioassays in commercial spring plantings of
zucchini in Suffolk County on Long Island, NY, and in
eastern PA. Powdery mildew develops in spring
plantings of summer squash bef main season crops
like pumpkin. Crops grown during the summer are
more severely affected by powdery mildew than those
started in spring, thus mobile fungicides are used more
in main season crops. Information on fungicide
sensitivity from spring plantgs can be useful for
guiding fungicide recommendations for summer crops.
The first two bioassays were conducted in
commercial spring plantings of zucchini in NY on 29
Jun in one field and on 13 Jul after mildew was found
in four more fields (Table 1). Ristance to Qol
fungicides (FRAC Group 11) was found in only 3 of
the 5 fields, but at these sites it was at a very high level
(89-100%). Considering this type of resistance is
qualitative, thus resistant pathogen strains are
completely uninhibited, and ¢hpathogen spores can be
dispersed widely by wind, these fungicides were not
recommended for controlling powdery mildew in 2007.
Sensitivity to DMI (Group 3) fungicides varied among
fields. In 4 of the 5 fields strains were detected
tolerating 100 ppm nofobutanil. This is considered a
moderately high level of insensitivity that could affect
control with DMI fungicides, especially with the
lowest label rate. This level of insensitivity may be the
reason Nova at the highest rate was ineffective when
tesed at LIHREC in 2006. A very low frequency of
tolerance of 120 ppm was found in 1 field. A low
frequency of isolates tolerating 175 ppm boscalid (key
ingredient in Pristine) were detected in all fields. A
very low frequency of isolates tolerating 5 pprh o
guinoxyfen was found in 4 fields. The most sensitive
pathogen population was in Farm D, which is certified
organic. This result was surprising because mobile
fungicides had not been applied to the conventionally
managed crops and the primary inoculuacteyear in
northern states is thought to be wididpersed asexual
spores (conidia) from southern production areas rather
than ascospores surviving over winter in production
fields. Additionally, the bioassay conducted on 26 Jul
2006 did not reveal a dérence in fungicide sensitivity

The third bioassay was conducted in two
commercial spring plantings of zucchini in Lancaster
and Berks counties in PA (Table 1)efults suggest
that these pathogen populations were more sensitive to
fungicides, in particular boscalid, then the populations
in the NY zucchini plantings examined in the previous
bioassay and the populations in the three adjacent
experiments examined athe same time. The
population at Farm L, which is managed organically,
did not differ substantially from the population at Farm
M, managed conventionally.

Based on these results from the spring
plantings, Quintec was predicted to be the most
effective furgicide. When these fungicides are applied
at the highest label rate, the rate of active ingredient is
1.36 oz/A quinoxyfen for Quintec applied at 6 0z/A, 4
0z/A triflumizole for Procure at 8 0z/A, and 4.66 0z/A
boscalid for Pristine at 18.5 0z/A. Conastibn in a
spray solution varies greatly with the gallonage used to
make the application. When applied at 50 gpa, the
concentration of these active ingredients is 212, 599,
and 698 ppm for Quintec, Procure, and Pristine,
respectively, which is 42, 4, a5 times higher than
the highest concentrations tolerated by powdery
mildew strains detected in commercial fields in 2007
(5, 150, and 200 ppm, respectively). Higher
concentrations of triflumizole and boscalid were not
tested; it is possible that strainwith even higher
tolerance were present. Resistance to FRAC Group 7
and 13 fungicides (boscalid and quinoxyfen) is thought
to be quantitative as it is for Group 3 (DMI) fungicides.
Qol fungicides (Group 11) were not recommended in
2007 because resistastrains were detected in both
NY and PA.

Fungicide sensitivity of the powdery mildew
fungal pathogen populations in spring zucchini at
conventionallymanaged farms was similar to that early
in powdery mildew development inHalloween
(decorative) pumpkinwhich was almost one month
later (Table 1 13 Jul and Table 2 10 Aug)his
indicates that bioassays conducted in spring crops
provide a good indication of what the fungicide
sensitivity will be for the pathogen population in main
season crops, confirmingrevious resultsFungicide
sensitivity of the pathogen population in the organic
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pumpkin planting was very similar to that of the spring
squash planting at this farm (D), which was found to be
relatively sensitive when er@ned almost two months

earlier (Table 2 7
Sep).
Table 2. Percentage ofisolates estimated tolerant to different concentrations (ppm) of fangicides in
commercial pumpkin plantings on LT, NY.
Assay Quinoxyfen Boscalid Myclobutanil Triflumizole
date  Location 1 5 10 125 150 175 200|100 120 150 | 100 120 150
8/10 Fam E; Field 2 66 3 o 29 - 20 - 22 9 0 22 19 4
8/10  FamnF,Field | 9 0 17 - 9 - 26 [ 0 64 32 0
8/10 Famn G 9 3 13 - 38 - 13 6 0 (100 100 O
8/10  FamnH; Field 1 11 0 35 - 0 - 11 4 0 74 4 0
8/10 Famnl 97 0 12 - 14 - 26 10 0 14 2 0
8/23  FamnE;Field 2 45 3 69 21 14 - 100 21 0 Pt 3 0
8/23  FamnF,Field 2 5 3 31 23 15 z 15 %) 0 15 2 0
8/23  FamnH; Field 1 20 2 45 40 17 - 30 25 0 17 12 10
8/23  FammH,; Field 2 301 i3 1310 - 8 1 3 1 1 1
8/23 FammJ(contacts) * | 5 1 35 25 13 - 1 0 3 10 0 0
9/7  Famm D; organic 1 1 16 6 [ - 1 0 0 0 0 0
9/7  Famm H; Field 2 2 2 2 1 1 1 0 0 0 0 0
977 Faml 6 4 44 28 20 - [ o 0 0 0 0
9/7  FannJ(contacts) 701 10 5 3 - 19 0 0 3 0 0
9/7 FamK (contacts) | 24 1| E 100 100 100 - 56 18 1 0 0 0
10/2 Famm H; Field 1 -5 2 22 - 10 1|0 o0 o]0 0 0
10/2  Famn H; Field 2 009 19 - 16 13|66 0 0|0 0 0
10/2  Famn J(contacts) = 1 0 6 3 6 9 13 0 3 0 0 0
* Only fungicides with contact activity (e.g. copper, chlorothalonil) wereapplied in these fields.
Pristine and Procure were applied to pumpkin crops in other fields, with the exception of Farm D.

Impact of fungicide use onfungicide
sensitivity of powdery mildew fungal pathogen
populations was examined by conductinfpur
bioassays in commercial fields with Halloween
pumpkin on LI, NY, during the growing season (Table
2). Most crog were treated with Pristine and Procure
applied on a weekly schedule beginning very early in
powdery mildew development. At two farms only
fungicides with contact activity (e.g. copper,
chlorothalonil) were applied.  Sensitivity of the
pathogen populatio in these fields did not differ
greatly or consistently from fields where mobile
fungicides were applied (Table 2). No fungicides were
used at the organic farm. Pathogemsitivity was low
but not lower than all other fields.

Table 3. Percentage of isolates estimated tolerant to different concentrations (pprm) of fungicides in research
plantings of summer squash and pumpkin at LIHREC

Assay
date

Boscalid M yclobutanil Tril
100 125 150 175 200 |20 80 100 120 150 | 100 120
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(treatent) * 1 5 1o

Trifloxy-
150 strobin 50
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724
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s
ecaly
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823 Exp4(Progam) (70 2 - - | - 36 27 10 - |- - 0 18
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Impact of fungicide use as alscexamined by
conducting five bioassays in research plantings at
LIHREC during the growing season (Table 3).
Experiments 13 were earlyplanted variety trials with
powdery mildew resistant varieties that were not
treated with mobile fungicides foroprdery mildew.

Seedlings were placed next to susceptible varieties.

Experiments 4 and 5 were fungicide evaluations.
Treatments were individual fungicides applied weekly
or a Program with Quintec, Procure, and Pristine
applied in alternation and tasmkixed with a protectant
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fungicide. Seedlings were placed in the center of plots.
However, it is still possible spores deposited on
seedlings included some from other plots due to the
ease with which powdery mildew spores are wind
dispersed. A higher frequenoy strains tolerating high
concentrations of boscalid were detected on 7 Sep
where only Endura had been applied. Strains tolerating
high concentrations of quinoxyfen were detected on 2
Oct where only Quintec had been applied. This
apparent evidence oklection of less tolerant strains
under sole use of a fungicide was not evident with
other fungicides or at other dates. Best control of
powdery mildew in this experiment was obtained with
Quintec used alone or in a fungicide program for
resistance managent (alternation among Quintec,
Procure, and Pristine; all tamkixed with the
protectant fungicide Microthiol Disperss) and with an
experimental fungicide (998% control on upper leaf
surfaces and 781% control on lower surfaces based
on AUDPC valuesNicGrath and Fox, 2008). Procure
and Pristine were not as effective, but they did provide
adequate control (991% control on upper leaf
surfaces, respectively, with the highest label rate).
Procure controlled powdery mildew on lower leaf
surfaces more edttively than Pristine (78% vs 58%
control), which was similar to results obtained in 2005
but opposite results obtained in 2006 when another
DMI fungicide, Nova, was ineffective.

Pathogen sensitivity to the two DMI
fungicides, myclobutanil and triflumize] was fairly
similar. The pathogen was not consistently more
sensitive to either one.
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Distribution and Impact of Glyphosate-Resistant Palmer amaranth(Amaranthus palmerj in
the Southern United States (U.S.)

Glyphosate (Nohosphonomethyl glycinggsistance in
Palmer amaranth has emerged as an imminent threat to
economical weed management in cott@ogsypium
hirsutun) and soybean Q@lycine may in the
southeastern Coast®lain of North Carolina, South
Carolina, and Georgia and in Arkansas and Tennessee
in the North Delta (see below). This article provides
up-to-date information on the distribution of
glyphosateresistant Palmer amaranth populations and
alerts the interrtional weed science community to a
significant resistance occurrence that poses a serious
challenge to weed management in agronomic and other
crops in the U.S.

Distribution of Confirmed Glyphosate-Res|stant Palmer amaranth Populations

Stata Counties with Rasistant Populatons Estmated Hectaree Infested
Arkansas 14 304,000
Geoegia 18 112,000
Narth Carolina 11 2,200
South Carclina 3 4 500
Tennsssee 3 1,400

Palmer amaranth is a dioecious summer annual. In
temperate latitudes, it produces one gatien per
year. If continuous greenhouse screening could be
done, bioassays of two and possibly three generations
per year might be possible. However, not all weed
scientists have the facilities to screen continuously.
Moreover, the putatively resistant apts must be
allowed to mature seed. Field failures are generally
reported in June or July, and mature seed may not be
collected until September or later. Testing of the F1
progeny is an absolute requirement for confirmation of
resistance and many weed estists exercise caution
and reconfirm resistance in F2 progenies before
reporting. Accordingly, determination and reporting of
glyphosate resistance in Palmer amaranth populations
has typically taken 18 months or more from the time an
initial  field failure is referred for evaluation.
Conversely, the weed's mode of propagation,
obligate outcrossing through windransported pollen,
appears rapid and possibly lerepnge as well
(Sosnoskie et al.,, 2007). Movement of glyphosate
resistant Palmer amaranth leol is the subject of
ongoing research in Georgia and North Carolina.

by

The number of newkgonfirmed populations in 2007 in
Arkansas and Georgia suggests that the progression of
the problem in the field is outpacing the capacity of
local researchers to de and officially report
populations that are at the forefront of an expanding
infestation. Official reporting of resistance cannot be

better than retrospective; however, it is reasonable to
anticipate that the resistance is spreading and growers
in countes that are likely to be impacted in the coming

year should be alerted. In North Carolina, such a
number of widely scattered populations have been
confirmed that the monitoring program may be

terminated after 2008. For the purpose of making

practical managment recommendations, the principal

row-crop producing areas of the entire states of
Arkansas, Georgia, and North Carolina may be

considered infested within a few years.

In newly-reported populations, glyphosatesistance in
Palmer amaranth appearshte caused in two different
ways: 1) by local transport through movement of seed
and/or pollen, and 2) by spontaneous occurrence of
newly-resistant populations. In Tennessee, shikimate
accumulated in both the susceptible and the resistant
biotypes, indicatig that EPSPS {5
enolpyruvylshikimate3-phosphate  synthase), the
enzyme whose inhibition is considered responsible for
the herbicidal effects of glyphosate on susceptible
plants, was inhibited (Steckel et al., 2008). In contrast,
a glyphosateesistant Paher amaranth population in
Georgia did not accumulate shikimate (Culpepper et
al., 2006). Evidence of more than one resistance
mechanism strongly suggests the occurrence of
multiple mutations leading to expression of resistance.

Anticipated Impacts

Palme amaranth is a robust annual that frequently
grows to 2 or more meters in height. Seed production is
prolific and estimated to be as great as 600,000 seed
from a large, healthy plant (Keeley et al., 1987).
Continuous emergence from May through September
has been observed in Missouri (Kendig and Nichols,
2005). Palmer amaranth is highly competitive with
corn, soybean, and cotton (Klingaman and Oliver,1994;
Massinga and Currie, 2002; Morgan et al., 2001), and
is already considered one of the most troublesome
weeds in agronomic crops in the Southern Region
(Webster, 2005).

Glyphosate, used in conjunction with transgenic,
glyphosateresistant cultivars, is the principal herbicide
in the dominant weed management system in soybean
and cotton in the U.S.
(http://www.ers.usda.gov/data/BiotechCrgps/

Minimally, glyphosate resistance in such a common
and troublesome weed species would force changes in
the weed management practices of many growers. In
fact,no combination of products or practices have been
found that would serve as reliably or economically as
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has the present program that now includes the use of Morgan, G.D., P. A. Bauman, and J. M. Chandler. 2001.

glyphosate. Estimates of direct financial impact are

$56-$78/hectare for additional herbicides atonn

cotton (Bryant, 2007), with the additional expectation

of as yet unquantified crop yield losses.
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INSECTICIDE PERSISTENCE AND RESIDUAL TOXICITY MONITORING IN TEA
MOSQUITO BUG, HELOPELTIS THEIVORA WATERHOUSE (HETEROPTERA:
HEMIPTERA: MIRIDAE) IN DOOARS, WEST BENGAL

ABSTRACT.  Persistence (PT values) arebsidual toxicity(LTso

endosulfan andujnalphos. Nevertheless, lesser L¥alues (1.1
values) of imidacloprid 7.5 S, thiomethoxan25 WG deltamethrin 50

. . : 4.98 days) were noted icyhalothtne r ecomm
2.8 EG alphamgthrlnlo EC, cyper met keyhalothind5  EC imida%loprid, alphamethrin, deltamethrin, cypermethrin,
EC, fenpropathrirB0 EG monocrotopho87 SL, oxydemeton methyl oxydemetonmethyl, endosulfan, and quinalphos and those

25 EC, quinalpho25 ECand endosulfai35 EC againstHelopeltis
theivora Waterhouse were studied by exposing field collected tea
mosquito bug adults f®4 hours to TV1 tea leaves treated vifttee
concentrations(0.05, 0.10 and 0.25 percent) for a period 284
days by following probit analysis and product (PT) of average
residual toxicity methods.

Persistence of neonicotinoids (thiomethoxam and
imidacloprid), synthetic pyrethroid¢alphamethrin, deltamethrin,
c y p er me {cyhalothrin, fenpropathrin) and monocrotophos
(organophosphate) last for a longer duration {133 days) with
increased PT values (938.251423.13) at 0.25% concentration
whereas, oxydemetonmethyl, endosulfand quinalphos persisted

insecticides are commonly wbken tea. Thusfor combating and
delaying the problem of resistance either the TRA must reassess the
dose or the planters must change over their strategies in the light of
above findings.

Key words: Insecticide, LT, Persistence, Residual toxicity,
Helopeltis theivora

INTRODUCTION. Tea mosquito bug Helopeltis
theivoraWaterhouse) is considered as one of the major
pests of tea in Assam, Dooars, Terai and Darjeeling
for a relatively short duration {Z1 days) with lesser PT values because it attacks only to the young shoots that is the
(307.00 i 513.87). But at a lower concentration (0.05%), actual crop of tea. Many Tockl released clones,
recommended dose by TRA, the thpheppidleadetlones;dnd d¢ell fabs’aresuscéptible to
cyh_a_lothrm, fenpropathrin an(_j mqnocrotophosmmad pgr3|stence H. theivoraattack at varying degreeSO% of the tea
toxicityfor 14-16 days along with higher PT values (689.3806.00) | _ ’ .
while persistence was-TL days with 124.00 573.37 PT values in plantations are being affected by this pest alone which
2|r?£smﬁg;‘rir;nd dilitr?g?ertlgrsi% . Cg’criﬁlrérllethrin. oxydemetonmethyl, in turn is r_educing the productivity 180%

) HighequT vglues ofp10.59 i/-l.27 days were observed (Gurusubramar_uan and Bora007). The nymphs and

50 _ S _ adults ofH. theivorasuck the sap of the young leaves,

at 0.25% concentration 6fh i 0 me t Jsybatothnn, imidacloprid buds and tender stems, and while doing so it injects
toxic saliva which causes the breakdown of tissues

and fenpropathrin followed by 8.20 9.04 days in deltametrhrin,
alphamethrin and monocrotophos, moderately by #.6D9 days in g 3
surrounding the puncture, which becomes dark brown

cypermethrin and oxydemetonmethyl and least by 2322 days in
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shrunken spots aftee4 hours. The badly affected
leaves became deformed and even-aprl In severe
attacks, bushes virtually cease to form shoots, and the
affected area may not flush for weeks together. In
addition, due to oviposition, the tender stems develop
cracks and owecallousing which led to blockage of
vascular bundles thereby affecting the physiology
causing stunted growth and sometimeshiiek of the
stems (Rahmaet al.,2005).

In North East India, Tocklai Experimental
Station, Tea Research Association (TRA), hady
Assam, India is the premier institute to test and certify
the plant protection chemicals for use in tea
plantations. Earlier TRA recommended different
pesticides [endosulfan, quinalphos, phosphomidon,
phosalone, acephate, dimethoate, chlorpyrifos,
morocrotophos, oxydemetome t h ycly,habd ot hr i
cyfluthrin,  ethofenprox, cartap  hydrochloride,
alphamethrin, cypermethrin, deltamethrin,
profenophos, thiomethoxam, imidacloprid, dicofol,
ethion, propargite, fenazaquin, sulfur and neem
formulations] for controllingtea pests (Anmymous,
1993, 1999).During the last several decades, the
control of pests, diseases and weeds in tea fields is
predominantly by the use of synthetic chemicals. From
the recent survey in tea gardens of Dooars, it was
observed that synthetic pesticides ditaged 85% of
the total pesticides used, wherein, acaricides and
insecticides accounted for 25% (3.60 I/ha) and 60%
(8.46 I/ha) respectively. Within the synthetic
insecticides, organophosphate compounds (64%
rounds per year) were most preferred fokaowby
organochlorine (26% 2 rounds/year) and synthetic
pyrethroids (9% 7 rounds per year) (Sannigrahi and
Talukdar, 2003). The latest surveillance report of the
European Community (EC) indicated that the presence
of residues in Indian tea is a causegoéat concern.
Assam and Darjeeling teas continue to record high
numbers of positive values for organochlorine and
synthetic pyrethroids pesticide residues, very few of
which exceeded the EU maximum residue level. Thus,
use of DDT (10.4 to 47.1%), endofar (41.1 to
98.0%), dicofol (0.0- 82.4%) and cypermethrin (6-0
45.1) remain comparatively high during 2001 to 2004
in different tea growing areas of the Nofflast states
of India (Anonymous, 2001, 2002, 2003 and 2004).
Due to regular application of
insecticidesH. theivorahas been realized as a menace
year round and had a noticeable decrease in
susceptibility to different classes of insecticides (Sarker
and Mukhopadhyay, 2003, 2006, 2006a; Rahetaad,
2006 and 2007; Sarmadt al, 2006; Boreet d., 2007,
2007a and 2008; Gurusubramanéral., 2008).

Thus, the tea mosquito bug constituted a
major constraint in obtaining maximum tea yield. It
was, therefore, considered imperative to assess residual
toxicity of some commonly used insecticides at
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variable concentrations for their efficacy agairist
theivorafor economic and effective management.

MATERIALS AND METHODS. The TV 1 clones
were sprayed with imidacloprid 17.5 SL
thiomethoxam 25 WG deltamethrin 2.8 EG
alphamethrin 10 ECG cypermethrin 8EC, lamda
cyhalothrins EC fenpropathrirB0 EG monocrotophos
37SL, endosulfan35 EC quinalphos25 EC and
oxydemeton methyl 25 EC at three different
concentrations (0.05, 0.1 and 0.25 percefy
evaluating the persistence of residual toxicity against
H. theivora Each treatment contained 150 bushes with
three replications. One plot was not treated and used as
an untreated control. Two and a bud from five tea
bushes were selected randomly after one hour of spray
from edrh treated and untreated plots foO 0
observation and collected in marked paper bags
separately. Bags with shoots were brought to the
laboratory. Five tea shoots were kept in a glass tube
containing water and wrapped with cotton. Glass tubes
containing tea shoots were placed in theasgl
chimneys. The muslin cloth was tied with the help of
rubber bands on top of the glass chimneys, and the
tubes were kept at 272°C in a culture room. Ten field
collected and preconditioned adultsHhftheivorawere
released in each glass chimney edmig tea shoots
collected from the respective plots. Observations were
recorded 24 hours after the release Hf theivora
adults Moribund insects were counted as dead. The
same procedure was repeated every day until insect
mortality declined to ten peeat (428 days) in all the
three observations (Sargh al, 1969; Rahmamt al,
2007).

The relative efficacy of each treatment was
determined by a criterion developed by Saini (1959),
which used the product (PT) of average residual
toxicity (T) and he period in days (P) for which the
toxicity persisted. The average residual toxicity was
calculated by first adding the values of corrected
percent mortality caused by the insecticidal residues on
the tea plant at various intervals and then divided by
thetotal number of observations.

Surn of percent raortalityof tea rosguito bug ondifferent dass

No. of observations

The LTsgvalues for different concentrations of
insecticides were calculated by probit analysis
(Busvine, 1971; Finney 1973) for all of the replications
of the experiment. The- ttest was employed for
comparing the log Ty values of different insecticides
used in the present investigation (Singthal, 1998 a
and b) . For exampl e, t he
difference between the log kdvalues of endosulfan
0.05% and 0.25% was calculated as follows.

SumSEM = ? (SEM of endosulfan 0.25 %) + (SEM oferdosulfan 0.05 % )

10

day

i t

(
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theivora Imidacloprid and thiomethoxam at 0.10%
1o LT valus of enddoesifanl] 29 1= Jog LT valus of Brdboeslfan 09 3 concentration caused tea mosquito bug mortality for 20
Sura SEM and 21 days respectively. Oxydemetonmethyl,
endosulfan, and quinalphos at 0.25% persisted for a

Thetablev al ue of fAto i s 2. 036 oreladvelyshart duragiam,5L1, A0tandy daysyespeatively

wpr =

percent level respectively. (Tablg .1). Lower concen.trgtion of gll the choggn
insecticides (0.05%) exhibited persistence toxicity
[ablel. PT values and order of relative efficacy of different insecticides at variable for4-8 dayS in endosufan, quinal phOS,
concentration against adults of Helopeltis theivora Waterhouse. oxydemetonmethyl and cypermethrin and-18L days
Insecticide  Concentration Period Percent PT Order in alphame hrin , del {CWMtinh rin ,
(%) P) average value of H H
gy | Fastdog] o _mc_mocrotophos, fenpropathrm, thiomethoxam and
toxicity (T) efficacy imidacloprid. As a whole, it was observed that the
e T T B RR S toxicity of organochlorine, organophosphates, synthetic
35EC 0.10 6 45800 274.80 | 29 pyrethroids and neonicotinoids persisted fet0days,
0.25 10 43.500 435.00 |25 H
o B z 7730 T 5-18 days, 8-28 days and 1—2_4 days respectlvely
25EC 0.10 6 39.333 236.00 | 30 (Table 1). Among the synthetic pyrethroids, shorter
0.5 7 [43.857 307.00 | 27 i i i
TR - s L persistence durathn 811 da;gs) was recorded in the
37SL 0.10 15 51.500 77250 | 17 lower concentration (0.05 /0) of cypermethrln,
02> 18 2212 23829 |l alphamethrin and deltamethrin.
Oxydemeton  0.05 6 38.00 228.00 | 31
methyl 25EC 0.10 7 39.333 275.33 | 28
0.25 11 46.714 513.87 |24
Deltamethrin 0.05 11 50.500 555.50 [ 23
28EC 0.10 17 51.500 875.50 | 12
0.25 23 57.375 1319.63 | 4
Cypemethrin =~ 0.05 8 49.142 393.14 | 26
25EC 0.10 14 49.142 683.00 |21
025 18 56.000 [008.00 | 0
Alphamethtin -~ 0.05 11 52.125 573.37 [ 22
10EC 0.10 14 62.000 868.00 (13
0.25 20 56.000 1120.00 |10
Fenpropathrin =~ 0.05 16 49.625 794.00 | 16
30EC 0.10 19 61.375 1166.13 8
0.25 28 49.875 1396.50 3
A- cyhalothnin  0.05 14 49.625 694.75 [ 19
SEC 0.10 16 51125 313.00 | 14
0.25 21 61.125 1283.63 5
Imidacloprid 0.05 15 48.750 731.25 | 18
17.5 8L 0.10 20 58.375 1167.50 | 7
0.25 24 59.250 1422.00 | 2
Thiomethoxam 0.05 16 50.735 806.00 [ 15
WG 0.10 21 57.000 1197.00 ]
0.25 3 61.175 142313 | 1
Mean of three observation
RESULTS AND DISCUSSION. The duration of
effectiveness (persistent toxicity) and residual toxicity|
of eleven commonly used insecticides under four
different  classes  (organochlogein (endosulfan),
organophosphates (quinalphos, monocrotophos and Higher percent average residiuaxicity (T)
oxydemetonmethyl), synthetic pyrethroids was observed in synthetic pyrethroids (49.14
(deltamethrin, cypermethrin, alphamethrin, 62.00%) followed by neonicotinoids (48.Y%1.17%),

f enpr op at-tyhalothrin) aandd neoaicotinoids organophosphates (36.75 52.12%) and finally_ by
(imidacloprid and thiomethoxam)) were evaluated on  organochlorine (31.0- 45.8%). Average residual
the tasis of PT (persistence) (Table 1) andsdT toxicity was noted between 49.14% and 62.086

(residual toxicity) (Table 2) values respectively against ~ monocrotophos, cypermethrin, deltamethrin,

adults ofH. theivorawhen exposed to tea leaves (TV1) al phamethrin, f -eyhgothinp at hr i r
treated with three different concentrations (0.05, 0.10  imidacloprid and thiomethoxam whereas in endosulfan,

and 0.25%) as foliar sprays. It was evidéfom Table quinalphos and oxydemetonmethyl, it was between

1 that the higher concentration (0.25%) of  31.0% and 46.71% (Table 1).

fenpropathrin (28 days), imidacloprid (24 days), PT values (persistence of insect&s)l ranged

thi omethoxam (23 days)-, d datweenm24tandr435, 183.72 and P& 3p.s3P3,14 and

cyhalothrin (21 days), alphamethrin (20 days), 1396.50 and 731.25 and 1423.13 for orgqnochlorine,
cypermethrin (18 days) and monocrotophos (18 days) orgaqophosphate, synthetlc py.rethr0|ds and
persisted for a longer duration (128 days) againgd. neonicotinoids respectively. The highest PT was

11



