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EFFICACY OF PERMETHRIN* AS A HONEYBEE FORAGING DETERRENT

Abstract
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Permethrin applied at low rates has been reported fo deter foraging by honey bees. The pre-
senl sludy was undertaken to delerrmine the level of delerrence of honeybee foraging in alfalfa imposed
by different apphcation rates of permethrin. Bee counts were made during the time of peak foraging
which had been predetennined. Permethrin applied af the rate of 112 g a.i./ha reduced foraging by 26%
orn day one with no significant reduction thereafter. The 168 g rate reduced post-trealment foraging by
868, 54 and 26% on days 1, 2 and 3 respectively. At the 224 g rate foraging was reduced by 67, 59 and
23%. while at the 280 g rate foraging was reduced by 84, 76 and 81% for days 1-3 respectively. There
were sigriificant differences in the mean levels of foraging deterrence between alf four rates of applica-
fiors (P < 0 05). Only the 280 g rate provided an adequale fevel of protection for honeybee colonies for

e citical three day post-lreatment period mn alfalfa.

Introduction

Agrochemicals damage or destroy
ten to twenty percent of all honeybee
colonies in the United States each year
(ERICKSON & ERICKSON, 1983,
ERICKSON et al., 1990). As great as
these losses are to beekeepers, crop
producers who rely on honeybees for
pollination suffer equal and sometimes
even greater financial loss. The need
for a soiution to the honeybee mortality
issue is particularly acute in areas with
high density multiple cropping prac-
tices. In Southwestern Arizona, for ex-
ample, the application of insecticides to
blooming bermuda grass grown for
seed frequently leads to the poisoning
of numerous honeybee colonies posi-
tioned nearby for melon pollination.
These losses occur because the bees
coincidently gather pollen from the

bermuda grass. Hence, that which is
done to oplimize productivity in one
field is detrimental to the production of
a crop in an adjacent field. The bee-
keeper is caught in the middle. Per-
methrin applied at low rales has been
reported to deter foraging by honey-
bees (ERICKSON et al., 1983, RIETH
& LEVIN, 1988; JOHANSEN & MAYER,
1990; ATKINS & KELLUM, 1980,
1981). Based on preliminary studies
with permethrin conducted in bermuda
grass seed production fields (ATKINS &
SMITH, unpub.) and, in response to a
reguest from bermuda grass seed pro-
ducers, the Arizona Department of Ag-
riculture (ADA), in 1993, issued a Spe-
cial Local Need (SLN) Registration al-
lowing application of 112 to 224 g ai/ha)
of permethrin (Pounce 3.2 EC) to Ber-
muda grass as a honeybee foraging
deterrent.

* Mention of a trade name does nol constitute endorsement by the USDA-ARS for its use over that

of any other propnetary product.




In support of this SLN, the ADA
asked that meaningful field studies be
conducted to ascertain the level and
duration of honeybee foraging deter-
rence effected by permethrin under Ari-
zona conditions. Research (ERICKSON
et al., 1897; ERICKSON, unpub.) has
shown that honeybees forage in Ber-
muda grass sporadically. Because of
the unpredictability of foraging activity,
we concluded that the requested stud-
ies could not be conducted in Bermuda
grass as originally planned. Alterna-
tively, we elected to conduct the
needed studies in seed alfalfa where
our objective was to determine the level
of deterrence of honeybee foraging im-
posed by different application rates of
permethrin under conditions of maxi-
mum honeybee foraging pressure.

Methods and Materials

In the summer of 1996 and 1997,
honeybee foraging deterrence studies
were conducted at the University of
Arizona, Mesa Experimental Farm,
Yuma, AZ, on mature alfalfa fields al-
lowed to reach full bloom in an effort to
ensure maximum bee attractiveness.
Three alfalfa fields ranging in size from
2 to 8 ha served as 3 replicates in a
splitplot research design used in all
four studies conducted over the two
year period. An apiary of 40 honeybee
colonies was centrally located between
the three fields with the most distant
field approximately 366 m from the
apiary.

Each field was equally divided into
blocks separated by irrigation ditches.
Three blocks from each field were se-
lected at random and split east to west

with the south side of each block
treated with permethrin at rates of 112,
168, 224 and 280 g a.iJac and the
neorth side left untreated. Unused blocks
provided additionai bee forage and
typically bordered the field. Permethrin
was always applied at dusk when for-
aging activity of honeybees was mini-
mal, using a Melroe Spra-Coupe” with
a 18.3 m boom.

Preliminary data to determine peak
honeybee foraging activity at the study
site was taken hourly between 0630
and 1830 h from June 3 to June 6,
1996 (Figure 1). At the beginning of
each siudy period for each rate of ap-
plication, foraging honeybees were
counted for three consecutive days
prior o spraying. Subseguent counts
were taken at 24 h intervals during
peak honeybee foraging activity for 3
days post-treatment.

Monitoring Honeybee Foraging.
The methodology for determining lev-
els of honeybee foraging activity was
modified from that of E.L. ATKINS {un-
pub.). Each observer was equipped
with a lightweight stick with dangling
strings spaced 1 m apart, a stopwatch
and counter. After setting the stop
watch at 2.5 minutes and holding the
stick to one side, each observer
walked approximately 46 m counting
all bees seen on flowers, including
those landing and departing, between
the strings during the 2.5 minute pe-
riod. Three successive counts were
taken in each subplot with a minimum
of 6 m separating each data path. The
dates and times of data acquisition for
each of ihe treatment periods were as
shown below.
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Table 1

Study dates and times

Treal‘mem Marning Midday Aflernoon
(B/15 © 5/2456) 17 30 - 19.00h
g Ty 09.00 - 11.00 12.30 - 14.30 16.00 - 19.30h
(262/‘1* gfng;‘ghg;" 15.00 - 17.30
s P 08.30 - 11.00 h 1430 -17.00h

The daily time interval targeted for
data acquisition was 14.00 — 18.00 h
{Figure 1), however, the precise times
varied slightly between treatments due
to the constraints of field conditions,
weather, and available personnel. At
the 168 — 280 g rates, data were taken
at times other than peak foraging lo
determine whether there were signifi-
cant time of day effects on the efficacy
of permethrin.

Statistical Analyses. The mean
number of bees detected in treatment
and control plots during the period of
peak foraging was determined for each
treatment/day/ftime and over all days/
times. Differences in foraging activity
between treatments across days and
times were determined by ANOVA
{SAS Institute Inc., 1995).

Results and Discussion

The preliminary data (Figure 1)
demonstrated a distinct peak in forag-
ing by worker honeybees between
14.30 and 16.00 h with elevaled levels
of foraging extending beyond 18.30 h.
A second, measurably smaller peak in
foraging activity was evident between
09.30 and 10.30 h followed by a slight
decline at 11.30 h. These data coincide
well with data acquired in the Yuma, AZ
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area, between May 27, and July 3,
1980, where in 11 day foraging means
for pollen collecting honeybees were
7.2, 8.4, 128 and 6.3 bees at 10.00,
12.30, 17.00 and 18.30 h respectively
(G.M. LOPER & B.E. VAISSIERE, un-
pub.). These data were based on bee
counts in 18.3 m rows 1 m wide/minute
(E.L. ATKINS, unpub.).

Analysis of variance for peak forag-
ing periods revealed significant differ-
ences (P < 0.0001) for rate, day, and
field as well as the rate X day, rate X
field and day X field interactions. Analy-
sis of variance for foraging activity be-
tween mornings and afternoon periods
demonstrated significant differences for
rate (P < 0.0001), day (P < 0.0001),
time (P < 0.0006) and day x field (P <
0.0001). Mean pre-treaiment counts
were not significantly different between
treated and untreated sub-plots for all
study periods (P > 0.33).

Post-treatment foraging levels in the
treated sub-plots, expressed as a per-
centage of foraging activity in those left
untrealed, for the four application rates
of permethrin are presented in Figure 2.
A Duncan’s Muitiple Range comparison
demonstrated significant differences in
mean levels of foraging deterrence
between all four rates of application (P
< 0.05). At the 112 g rate, foraging was
reduced by only 26% on day one
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with no significant reduction thereafter.
The 168 g rate reduced post-treatment
foraging by €68, 54 and 26% on days 1,
2 and 3 respectively. Foraging levels at
the 224 g rate were reduced by 67, 59
and 23% for the three days. The 280 g
rate reduced foraging by 84, 76 and
B81% for days 1 — 3. The means for
days 2 and 3 were not significantly dif-
ferent {P > 0.19). There was a highly
significant (P < 0.001) negative correla-
tion (-0.551) between rate of application
and honeybee foraging which clearly
demonstrates that as application rate
increases foraging decreases. There
were no significant differences in the
levels of reduction in foraging between
the morning, midday and afternoon ob-
servation periods (P > 0.2).

It is possible that the observed per-
centiles of post-treatment foraging were
slightly diminished because those bees
delerred from the {reated subplots were
diverted info the untreated subplots as
well as the unused portions of the fields.
Alternatively, one must assume that the
treated plots become increasingly aftrac-
tive over time due to a greater profusion
of flowers. This is because untripped
flowers can last up to 7 days even
though the nectar in them is reabsorbed
after 2-3 days, while tripped flowers wilt
thal same day. Analyses of pre- and
post-treatment unireated plots show a
significant increase in post-treatment
foraging in untreated subplots (P < 0.05)
as opposed to the treated subplots.
Hence, the data on foraging deterrence
as presented appear highly conserva-
live. The data further imply that the rela-
tive availability of alternative forage will
influence the efficacy of strategies em-
ployed to deter honeybee foraging.
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ERICKSON et al. (unpub.) demon-
strated that the most hazardous post-
treatment period encompasses the first
three days following the application of a
pesticide. The data presented show
that, in Southern Arizona, only the 280 g
a.i./ha rate provides a high level of
protection for honeybee colonies for
this three day period in aifalfa. These
results are comparable to those of AT-
KINS and KELLUM (1980, 1981) who
found somewhat lower levels of repel-
lency (15-34%) over 2.5, 3.5 and 4.5
days using 112, 168 and 224 g a.i./tha
of permethrin respectively. It should be
noted that our fests were conducted at
temperatures that were much higher
and relative humidity jower than the
conditions for the tests of ATKINS and
KELLUM. As pointed out by ATKINS
and KELLUM, tong term repeliency of
pollinators in seed production fields is
clearly detrimental to the produclion of
a seed crop.

Since bermuda grass seed produc-
tion fields are less attractive than aifalfa
one can specuiate that lower rates (ie.
168 and 224 g) can be equally effective
in these fields. Unconfirmed reports by
participating growers bear this out as
do the experiences of beekeepers in
the Yuma, AZ area, who report a
marked reduction in bee losses near
bermuda grass seed production fields
at the 168 g rate.
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