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PREFACE

Pear thrips, Taeniothrips inconsequens Uzelj, first surfaced as a past
of sugar maple., Acer saccharum Marsh, in Pennsylvania in the late 39"705,
Though similar damage was observed in Vermont in the garly 1980s. it was
probably misdiagnosed as frost damage untii 1985 when finally thrips were
positively confirmed as the causal agent. Pear thrips darr
fluctuated greatly from year to vyear, raising only slight concern ameng
sugarmakers and forest managers.  However. the situation changed
dramatically in the spring of 1988, when pear thrips caused widespread.
severe foliage damage to sugar maple in southgrn Vermont {over 200
thousand hectares) and other New England States. Recogrized as a potential
threat to forest health, pear thrips received tremandous media coverage,

o

including the front page of the New York Times and the CBS Evening News!

1age 10 sugar mapie

The response in Vermont to this crisis was swift, With support from
the Vermont legislature and the Department of Agriculture. a major research
effort was launched, coordinated jointly by the University of Vermont and the
VT Department of Forests, Parks and Recreation. This pest presonted urigue
research and management challenges. Pear thrips on sugar maply representad
a known pest on a new host in a new habitat, As of 1982 almos! no
information existed on this insect in a sugar maple forest. In additon thrips
in general were virtually unknown as a northern hardwood forest pest, and
forest managers knew little about how to handie such an insect. Finally,
because thrips are such small insects, new and specialized methods were
needed for survey and study of this pest.

As Vermont's research etforts got underway, it bocame clear thot
much could be learned from scientists famiiar with other thrips species The
goal of this conference was to gather these specialists togather 10 present
their ideas on thrips survey and management methodology, particularly as it
related to pear thrips in a forest setting. Participants came from across the
United States, Canada and the United Kingdom to share ther expertise.
Though many didn‘t know that a "sugarbush™ was not a shrub, but a natural
stand of mature 30-m-tall sugar maple trees (100 ft), they all knew what
maple syrup was! Certainly by the end of the conference all of the
participants recognized the unique value of the sugar maple to the herntage
and economy of Vermont and the Northeast, and shared our concern for its
future in light of the threat of pear thrips.

We thank all of the conference partcipants who freely and
enthusiastically shared their knowledge. Without their expertise and conunued
technical support, our pear thrips research would not have progressed as far
or as fast as it has. We thank all those attending the conference for helping
to make it a productive event. Though the pear thrips protilern is far from
being "solved,” this conference started the research process on a solid
footing.
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THE PEAR THRIPS PROBLEM
Bruce L. Parker

Entomology Research Laboratory
The University of Vermont
South Burlington, Vermont USA

As entomologists, we sometimes like to think of an it
problem as simply a problem with an insect and its host.
would be much easier if that were the case, but of course, |
that simple. There are many other factors besides the insect,
one rmust be fully considered to understand the problem an
effective management solutions. In this case | see many fact
us besides the pear thrips and the sugar maple tree. (Fig. 1

Politics Economn

Limited Knowledge Regt

Figure 1. Key factors associated with the pear thrips
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There are the people who are affected both directly and indirectly
by damage caused by thrips. To name only a few, there are farmers
and sugarmakers who make maple syrup and the industries that supply
sugarmakers with their equipment; there are loggers who harvest and
mill the maple timber; there are tourists who come to experiance the
brilliant fall folilage and the many indirect beneficiaries of tourism; and
finally, just as important, there are the homeowners who cherish their
big old maple in the front yard.

The politics of pear thrips is also a complex factor that partly
governs our research and management activities. Without the power
of politics we would often go without the funding neaded to conduct
essential research. The people mentioned above, who own the trees
we are trying to protect, play an important role in communicating their
needs, and ours, to the politicians who make the funding decisions.
Yet politics, for better and for worse, play a decisive role in the
regulations that are imposed upon our management activities. These
regulations, though generated for the greater good, sometimes present
major research and management challenges with which we must deal.

Because pear thrips is a relatively new forest pest in New
England, { am continually frustrated and at the same time excited by our
limited knowledge about this insect and its bicecology. As an
entomologist, it is a unique opportunity to investigate an organism that
is so little understood. Everything we learn is new. However, as a
forest pest manager, | am frustrated that we have so much to learn
before we can answer how best to manage this insect.

Time plays a crucial role in the problem of pear thrips in two
respects. First, consider the life cycle of this insect; it is active above
ground for such a short period, about two and one-half months. That
gives us very little time to carry out the essential research to find the
answers needed to develop management strategies. Studying the
insect below ground is also needed and presents additional unique
complications in accessibility. Secondly, most people, especially those
who are worried about something important to them, want answers
now to their questions about how to protect their trees from this new
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pest. It is hard to explain to these people that pest problems are
complex, involving many interrelationships, all of which must be
investigated and that takes time. There is just no "silver bullet.”

Finaily, there is economics. | mentioned economics as it relates
to people and politics, but one must also consider economics reiative
to the Vermont environment and the actual dollars involved. The
magnitude of a pest problem is usually assessed by the abundance of
the threatened crop and the economic impact it imposes. In 1983 there
were about 405 million trees in Vermont, and about 124 million of them
were sugar maple; one out of every three hardwoods was a sugar
maple (Department of Forests, Parks and Recreation 1988). This
represents an almaost inexhaustible food source for this pest as well as
an important source of revenue for Vermont and other northeastern
states. It also presents a massive area that could potentially require
protection.

Though the sugar maple is generally considered a hardwood
forest tree, it also falls within the agriculture system by virtue of maple
syrup production (Parker et al. 1977). Therefore management
strategies that are developed for pear thrips must address issues
associated with this host as a widespread forest tree species as well as
a food crop, requiring adherence to food tolerance restrictions
associated with pesticide use. This is very different from other forest
pest problems, such as the gypsy moth, Lymantria dispar, ot spruce
budworm, Christoneura fumiferana, which primarily attack forest tree
species.

It is extremely difficult to place an exact value on the sugar
maple resource in Vermont and the eastern United States. The high
attendance at this conference attests to the concern we have for this
cherished tree, but an attempt to assess the value of sugar maple must
be made to justify the worth of investing in its protection.

The sugar maple resource in Vermont can be divided into four
general economic categories {Fig. 2). First there is the revenue from
maple syrup. In 1989 over 12.5 million dollars were made in Vermont
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from the sale of magie syrup alone, and exceeds 40 milhon dobans
regionally.  This does not include revenue generated indirecty from
maple syrup products, such as mapie candy, or from industries that
supply sugaring equipment and supplies.

Ornamental crop
2 *

Forest crop
10

Agricultural crop

Tourist crop 12.5

80

* Millions of dollars

Figure 2. The value of sugar maple in Vermont in 1988.

There is also the sugar maple forest crop. In 1989 about 32
million board ft of sugar maple timber was harvested in Vermont. This
has a value of about 2.6 million dollars on the stump, and over 7.3
million at mill delivery {H. B. Teillon, personal communication). This
value is again increased following milling.

Probably the largest industry that pear thrips damage could
impact, though indirectly, is the tourist industry. This industry is highly
dependent on the condition and duration of fall foliage colors. Pear
thrips damaged leaves, rather than turning a brilliant red or orange, turn
brown and fail prematurely. In addition, tourism associated with forest
recreation, such as hiking, camping and hunting, could be negatively



affected by the reduced forest health resulting from thrips damage.
Tourism is estimated to bring about 80 million dollars annually into
Vermont (H. B. Teillon, personal communication).

The one other segment of the pie | call the ornamental crop.
This is the shade tree crop and includes your backyard tree. It is
difficult to assign a dollar value to that yard tree, but considering the
time and money expended to protect these trees from gypsy moth
defoliation, the value is significant. When revenues from these four
industries are combined we get a total of over $100 million dollars
raised annually from the sugar maple in Vermont. This represents a
significant portion of Vermont’s overall annual revenue. Considering the
contribution sugar maple gives to this State’s income, one can
appreciate our great concern for its well being.

The History of Pear Thrips Damage in Pennsylvania and Vermont

Pear thrips was first positively identified causing damage to maple
in Pennsylvania in 1979 (Laudermilch 1988). For a number of years
forest managers had noticed what we now know to be characteristic
thrips damage (Fig. 3 & 4}, but called it "Maple Malady" because they
didn’t know the cause. This seems to be a common trend; even in
California when pear thrips were first introduced, it took about 4 years
before they were actually identified as the causal agent (Bailey 1944).

The Pennsylvanians began mapping thrips damage in 1979 (Fig.
5). Thrips damage fluctuated greatly from year to year, gradually
increasing over time. Even in the years when defoliation did not
warrant mapping there was generally at least light thrips damage in
some areas (G. Laudermilch, personal communication}. The heaviest
damage in Pennsylvania occurred in 1988 when a dramatic increase in
the area of defoliation was observed, over 400 thousand hectares {one
million acres).



Figure 3. Healthy and pear thrips-damaged maple leaves.

Figure 4. Aerial view of severe pear thrips damage in southern
Vermont, June 1988.
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Figure 5. Pear thrips damage in Pennsylvania, based on aerial
sketch mapping.

In Vermont, a similar pattern occurred. Pear thrips were
positively identified here in 1985 (Teillon et al. 1985). However, many
sugarmakers recall observing thrips-like damage as early as 1978, but
they diagnosed it as frost injury (J. Vinton, personal communication).
Mapping of damage was initiated in 1985 as a result of widespread
thrips defoliation {Fig. 8). In 1986 there was no visible defoliation, but
in 1987 thrips were again evident with about about 9,000 hectares
(22,000 acres) of noticeable damage (Teillon et al. 1986, 1987). It
was the severe damage of 1988, however, that alerted forest
managers, entomologists, sugarmakers and the general public to the
serious threat pear thrips posed to the Vermont maple.
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Figure 6. Pear thrips damage in Vermont, based on aerial sketch
mapping.

Damage caused by this insect was centered in the central and
southern areas of Vermont, and in these areas the damage was
extensive (Fig. 7). Hardly a maple was spared, and in many cases all
of the leaves on individual maple trees were destroyed, requiring
complete refoliation. From the air the forest floor in severely damaged
sites was visible through the canopy as it it were winter. The actual
impact to the sugar maple of this severe defoliation early in the growing
season is still unknown {Houston et al. 1988). Research is needed to
answer this basic question. Until this answer is found we can only
hypothesize as to the potential impact, but repeated thrips damage year
after year must take its toll on tree health, and pear thrips damage in
the spring followed by a late-season defoliator such as saddled
prominent, Heterocampa guttivitta, or forest tent caterpillar,
Malacosoma disstria, could be devastating.



Figure 7. Areas of severe pear thrips damage in Vermont
determined from aerial sketch mapping in 1888 (Teillon et al. 1988).
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Sugaring in Vermont
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BULIAR MAPLE WORTH?
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What is & sugar maple worth? This is an interesting question and
not ong which is easy to answer, | have some thoughts on this subject
to share with you. Many of these have beon discussed wirh county
and district foresters, sugarmakers and people from the community
who appreciate the maple tree very muoch.

Wood Products

Firewood. One use for the sugar maple is firewood, though it
may not be the highest priority.  Sugar maple is one of the finest
firewaods, burning very cleanly when dry, Based on figures compiled by
the district foresters of the Vermont Division of Forestry, a 12-inch
(30.48 oy diamnater ree could yield ono tourth of a cord’ of wood; a
20-mch (50.8 cm} diameter tree, up to one cord, 1 we consider it's
value in the woods as stumpage, $10.00 per cord is a reasonable
figure.  Therefore, the value of a 12-inch tree just for firewood
stumpage is $2.50, and on a retail basis firewood from a 12-inch tree
would sell for around $20-525,

Timber. This is another valuable source of income from the sugar
maple. A 12-inch diameter tree shoukd vield about 75 board feet
(22.86 m); a 20-inch tree about 200 board feet (60,96 m). The current
stumpage price for maple wood, the price a landowner will receive for
sawn timber prior to manufacturing, is about $200/1,000 board feet
{(304.8 m}, or $15.00 for a 12-inch tree and $40.00 for a 20-inch tree.
Mapie lumber is preferred by many crafis people, and is used for a wide
range of products, including fine furpiture, gun stocks, bobbins and
toys.

A cord of firewood measures 4 ft x 4 ft x 8 1, and selis for about $80-100.
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Maple Syrup Production

Maple syrup is the most familiar product associated with the
sugar maple tree. Let us consider the value of an individual tree in
terms of the syrup it produces. A maple tree is "tapped” by drilling a
hole, (7/16 in. diameter [1.1 cm], 2.5-3 in. [6.4 - 7.6 cm] deep) in the
bole of the tree, into which is placed a spout to coilect the sap for
making syrup. Only trees with a diameter of more than 12 inches
should be tapped. We recommend one tap hole for a 12-inch diameter
tree, and two for a 20-inch tree, though this may be more conservative
than is commonly practiced. In an average year, one quart of syrup can
be produced per tap from the 12-inch tree, or around $10.00 per "tap”
at current syrup prices (Fig. 1). Syrup provides revenue annually
whereas timber products give only a one-time income.

Dollars Gallons {x1000)
35 1600
~ |
30 - 1400
~— Price/gall ; -
25 - galion 1200
© Gallons produced }
! - : - 1000
20 -
~ 800
15 1
- 600
10 '
- 400
5 PN ”f» 200
| — !
O R R O R S o o RSl R e R R Ema e )
1916 1926 1936 1946 1956 1966 1976 1986

Year

Figure 1. Average price per gallon of maple syrup and the
number of gallons produced in Vermeont from 1916 - 1989 {from VT
Department of Agriculture}.
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In 1988 Vermont produced approximately 370,000 gallons of
maple syrup, which at $35.00/gallon, amounts 1o approximately 12.5
million dollars (Department of Agriculture 1988). It is interesting to
note that whereas the price of syrup has risen markedly since 1916,
syrup production has declined (Fig. 1). Despite the drop in
production, Vermont still produces more syrup than other states.
Actually the value of maple syrup to Vermont is even more than 12.5
million dollars when one adds in the revenue from other products that
are made from the syrup and income generated from industries
related to syrup production, such as evaporating equipment and
syrup containers.

Who are the sugarmakers? There are all kinds, from the
backyard sugarmaker working under the stars late into the night, to
the large, commercial operators who put in over 25,000 taps and
make more than 3,000 gallons of syrup a year. In Vermont alone
there are over 2,500 sugarmakers based on current VT Department
of Agriculture estimates (E. Willard, personal communication). That
the University of Vermont maintains one of the oldest on-going maple
research stations in the country attests to the importance of this
industry to the people of Vermont.

Aesthetics and Tourism

The aesthetic value of the sugar maple is more difficult to
assess than syrup or timber production, yet this is an important
factor to which almost every speaker here has referred. Maples
make the Green Mountains of Vermont green, which is one reason
the sugar maple is our state tree. In the fall, they also provide a
beautiful backdrop of color for which Vermont is famous and which
attracts many tourists annually. if you look around, most
photographs and paintings of scenic Vermont include the beautiful
sugar maple. In a national survey when asked "What do you think
of when you think of Vermont?," the overwhelming majority said,
"We think of maple."”
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Tourism is a primary source of revenue in Vermont and the
sugar maple plays an important role in attracting tourists here. In
1987, according to the Vermont Tourist Industry Trave! Bureau, 8.4
million visitors came to Vermont. Between mid-September and mid-
Qctober tourist facilities are booked to capacity. While here, tourists
spend over 1.2 billion dollars annually on goods and services of all
types. We must consider the impact on the tourist industry when
we assess the worth of our maples.

The overall environmental value of a maple must also not be
forgotten. A healthy canopy shades the forest floor, providing
suitable habitat for many other species that live in the forest. It
keeps the soil cool and protects our groundwater supply.

All of the sources of income provided by the sugar maple that
| have mentioned ultimately provide jobs for Vermonters--jobs for
foresters, loggers, sugarmakers, restaurant owners and many more.
Even the occasional entomologist may benefit from the sugar maple!

So what is that sugar maple worth? Many things to many
people. As Ken Campbell of Morrisville, VT put it, "How do you
place a value on something like that? Maples are part of our
heritage.” We've got to do everything we can to make sure they are
here for our children and our children’s children. | just can’t imagine
what it would be like without our maples. We have a important
challenge and responsibility at this conference to put to work what
we learn here to protect our heritage.

References Cited
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BIOECOLOGY OF PEAR THRIPS: DISTRIBUTION IN FOREST SOILS

Margaret Skinner and Bruce L. Parker

Entomology Research Laboratory
The University of Vermont
South Burlington, Vermont USA

Abstract

The vertical and horizontal distribution of pear thrips in Vermont
sugar maple forest soils was investigated. In the fall, about 86% of the
thrips were found in the upper 10 ¢m of soil, though a few were found
as deep as 20 cm. No thrips were found in the leaf litter. Soil
sampling tools to determine thrips popuiations within an entire forest
were tested and a standard hand-held bulb planter was found to be the
most effective. No consistent pattern in thrips distribution around
individual sugar maple trees was found. Pear thrips distribution within
a forest stand predominating in sugar maple appeared to be random, but
clumped, and variation in the density of pear thrips among individual
samples was reiatively high. For conducting soil sampling on a
statewide scale, ten soil samples per sugarbush was found 1o be
sufficient for estimating pear thrips population levels within an
acceptable error range.

Introduction

For the past several years in Vermont, widespread defoliation of
sugar maple (Acer saccharum Marsh.) has occurred in the early spring
as a result of feeding by the pear thrips, Taeniothrips inconsequens
{Uzel). In 1988 alone, over 200 thousand hectares {500 thousand
acres) were severely defoliated (Parker et al. 1988). A cooperative
research and management project, coordinated by the University of
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Vermont and the VT Department of Foreats, Parks and Recreation, wes

initiated in September, 1988 10 address this potential threat w the
health of sugar maples. The gquestion raised most commonly at
meetings of landowners and sugarmakers around the state was "How

many pear thrips are there in my sugarbush'7" and "Will pear thrips
cause damage in my stand next year?"

In an effort to address these questions and to begin to design an
integrated pest management plan, a method of predicting thrips damage
was needed. Because pear thrips remain in the soil for 10 months of
the year (Bailey 1944, Moulton 1207}, from mid-June until mid-April in
Vermont (Skinner & Parker, poster presentation, this publication) we felt
this was potentially an ideal location for population monitoring, as it
provided information about thrips population levels prior to their
emergence in the spring, allowing sugarmakers an opportunity to take
appropriate action.

Information on the distribution of pear thrips in forest soils is
limited. Most previous research on this subject was done in California
orchard soils. In cultivated, porous soils such as these, pear thrips
were found to a depth of 61 cm, though most were at 15-30 cm below
the soil surface (Bailey 1944). In uncultivated soils, pear thrips were
found predominantly in the top 5-7 ¢m, at the interface between the
grass roots and soil {Moulton 1907). The horizontal distribution pattern
of pear thrips in soil was entirely unknown. The objectives of this
research were to determine the vertical distribution of pear thrips in
forest soils, their horizontal distribution within a sugar maple stand, and
the number of samples needed 1o estimate thrips populations in a forest
stand. Reporied here are results from soil sampling conducted in 1988,

' A sugarbush is a hardwood forest stand with sugar maple comprising 75% or
more of the basal area. Maple trees in these stands are tapped to produce maple
sSyrup.
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Materials and Methods
Vertical Distribution

A 2-hectare forest stand predominating in sugar maple, located
in central Vermont, was chosen for the research site {called Perry site).
This site was selected because it was known to have a relatively
homogeneous fine, sandy loam soil and a iarge thrips population. This
soil type was unusually deep in the region, reaching to a depth of over
1.5 m in the Perry site, which was generally well-drained, having no
unusually wet or swampy areas. The sugar maple trees averaged 23-
30 m in height, and 35-40 cm in diameter and had received about 70%
defoliation due to thrips feeding in the spring of 1988.

Eight sample plots (each 12.5 cm’) were established about 3.5-
4 m from the bole of eight dominant or co-dominant sugar maple trees.
The direction of the plot from the tree, north, south, east or west, was
determined on site based on suitability for excavation.

The sample plot was marked and the loose litter layer removed
and placed in a plastic bag. Soil samples were then taken at 2 cm
intervals to a depth of 18 cm; each sample was bagged separately. To
facilitate sampling, a trench, about 30 cm wide and 40 cm deep, was
dug 5 cm from the plot on three sides. A steel box, 12.5 x 12.5 x 2.5
cm, having a top with a 5.5 ¢cm’ opening cut in the middle, and no
bottom, was used for sampling (Fig. 1}. The lower edge of the box
was sharpened. A piece of sheet metal 15.5 x 17.5 cm was hammered
to a depth of 18 cm on the plot side lacking a trench. The box was
then lightly hammered into the soil to a depth of 2 cm. A putty knife
having a 12 cm blade was used tc cut under the box and remove the
soil sample. This process was continued until 10 samples, including the
litter sample, were taken.
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Figure 1. Pit sampling to determine vertical distribution of pear
thrips in forest soil.

Prior to extraction, samples were stored in a refrigerator at 4°C.
Thrips were extracted in the laboratory, using the magnesium sulfate
flotation method® modified from Edwards & Fletcher (1970) (Parker et
al. 1989), and counted with the aid of a microscope (8x) to determine
the number of thrips per sample. Extraction was completed within one
month of collection. All samples were collected within a three-month
period between September and December 1988, The mean percentage
of thrips at each depth was determined.

? For the first 6 months of our research, thrips extraction from soil was done with
magnesium sulfate flotation. We later found flotation using heptane to he more
efficient and this process was used for subsequent extractions (see Grehan & Parker,
poster presentation, this publication).



Spatial Distrd

Distripution around a tree. Four dominant or co-dominant sugar
maple trees were selected randomly for sampling in the Perry site. One
50/l sample was taken with a hand-heid bulb planter (about 5.72 ¢m
diameter, 10.16 cm in length, 261 cm’ volume) at 1, 2 and 4 meters
from the bole of each tree in the four cardinal directions (n = 22
samples per tree). Each soil sample was extracted individually to
determine the number of thrps per sample. This sampling was
raplicated around the same trees one month later. A sguare-root +
0.375 transfarmation was done to normalize the data prior to analysis
of variance (ANOVA) to determineg significant differences in the mean
number of thrips by direction and distance from the tree.

Distribution within a sugarbush. Two 2-4 hectare sugarbushes,
having relatively high thrips populations in the soil, were selected for
intensive sampling to determine the pattern of thrips distribution within
an entire sugarbush. These sites, the Williams and Perry sites, were
located on fairly fiat terrain about 0.4 km apart and both were hordered
on the north and south by open pasture land (Fig. 2}.

A grid system for sampling was established within each site. in
the 2-hectare Perry site, grid points were established every 25 meters,
and the nearest dominant or co-dominant sugar maple tree at each grid
point was selected for sampling (total of 34 sample trees) (Fig. 2}.
Because the Williams site covered approximately 4 hectares, grid points
were established every 50 meters {total of 37 sample trees) [Fig. 2).

Two soil samples were taken with a bulb planter, one at 2 mand
one at 4 m from the south side of each sample tree. Each sample was
bagged separately and then stored and extracted as described
previously.
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Rosuits and Hseussion

Vertcat Distdbution

Approxacaiely 86% of the poor thips exiracted fram the pa

nples weare found in the upper 10 cm of the soil {Table 11, Mo thaps

wire found in the feaf litter layer. The number of thrips degrensed as
soit depth mergased with the excepnun of samples from 4-6 om, where

the grea

51 percentage of thrips, 27.4%, was found {Table 1. Thus
15 the approxanate ocatinn of the interface of the soil and roots of
eiglerstory vegetation. Similar results ware obiamed in Calfornia m
vncultivated, sod covered sods (Moulton 1807, 118 possible that pear
thrips prefar the solt conditons ot tnis depth. Fuarther research (o
characterirze the features of this strata could explain this apparent
distribution pattern. Though fow thrips were found at & depth of 18
ey, additional sampling to 30 omowill be done o detenming exactly

how denply pear thrips go. Large variaton i thrips density occurred

1 osample trees. The number of thrips per pit {total number of
s found trom all samples m ong pit) ranged from 14 o 394 among

the four sample troos,

Frovious reseatch has indicated that the vertical distribution of
pear thrips vanaed with goil type, texture angd mpisture content,  Pear
thrips panetrated deoper into hghy, well-drained soils than into heavy
clay or gravelly sods {Balley 19443, The hight, well-drained soid at our
research site suguests that the vertical distribution there is likely 1o be
deaper than that of other sugarbushes in Vermont, which are located
an heavier or shallower soils. Bescarch s undarway 1o further evaluate
vertical distribution in waterlogged, clay, sandy and shaliow soil types
o more completely  characterize potterns of pear thrips  vertical

distribution,



Table 1. Vertical distribution of pear thrips in a Vermont
sugarbush soil

Mean # thrips/ Thrips/sample Cumulative

Depth sample depth {%)® % thrips
O cm {litter) 0.00 = 0.00 0.00 0.00
0-2cm 32.88 + 62.60 19.86 19.886
2-4cm 27.88 + 27.62 16.84 36.70
4-6c¢cm 45.38 + 52.07 27.42 64.12
6-8cm 19.50 £ 23.00 11.78 75.90
8- 10 cm 17.25 + 18.43 10.42 86.32
10- 12 cm 9.50 + 12.80 5.74 92.05
12 - 14 ¢cm 513 + 6.31 3.10 85.16
14 - 16 cm 400 £+ 5.34 2.42 97.58
16 - 18 cm 4.00 + 5.18 2.42 100.00

¢ Percentages were calculated from the mean number of thrips
per sample depth from eight pit sample plots in the Perry site in
Randolph, Vt.

Selection of sampling tool. Using results from this research we
evaluated soil sampling tools to select the best one for large scale
intensive sampling to determine the horizontal distribution of thrips
within a sugarbush. Three tools were used, a bucket auger, a tube
sampler and a hand-held bulb planter (Fig. 3).

With the bucket auger, a sample was taken to a depth of 18 cm,
which was a greater depth than most thrips were found. This tool
provided a relatively large volume of soil {1,368 cm® that took over
an hour to extract. This too! was therefore rejected. The tube sampler
was also judged unsatisfactory for surveying thrips populations. This
tool gave us a sample to a depth of ca 30.5 cm (394 cm®), which was
deeper than was needed based on the vertical distribution of pear
thrips. In addition, this tool sampled a very small surface area, which
we felt would not accurately reflect thrips density over a large area.
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Figure 3. Soil sampling tools tested for sampling pear thrips in
Vermont forest soils (drawn by L. Cravedi-Cheng).

The standard hand-held bulb planter, 7.6 cm in diameter and 10
cm long, was judged the most suitable for our large scale soil sampling
purposes. This tool sampled the soil to a depth of 10 cm, which was
the region within which the majority of thrips were found. The volume
of soil obtained from this tool, 272 c¢cm®, was small enough to allow
relatively rapid processing, approximately one-half hour per sample.
Finally, it was inexpensive {around $5.00) and readily available at most
hardware stores, making it ideal for use in a large scale sampling
program conducted by many people statewide.
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Spatial Distribution

Distribution around a tree. The mean number of thrips per
sample tree (averaged among 24 samples) ranged from 4.2-9.7. A
range of 2.87 thrips per sample (2 m from south side}-15.8 thrips per
sample (4 m from south side} was obtained from the four sample trees
(Fig. 4). Though differences in the mean number of thrips per sample
were significant among sample trees (P = 0.001), differences in the
number of thrips obtained at the four cardinal directions were not
significant. There tended to be more thrips in samples taken at 4 m
from the tree than in samples taken at 1 m, though these differences
also were not significant, The distance from a tree at which a sample
was taken was confounded by the fact that the bole was sometimes
located within the sample distance of other adjacent maple trees. For
example, a sample that was taken 4 m from the sample tree may have
been only 2 m from another tree. This effect will be considered in
subsequent analyses.

Results indicate that the distance and direction from the tree does
not significantly affect the distribution of thrips in the scil. However,
for standardization we chose to take soil samples for further distribution
studies from thetsouth side of the tree at 2 and 4 m.

Distribution within a sugarbush. An average of 10 + 12 thrips
per sample and 5 % 4 thrips per sample was found in the Perry and
Williams sites, respectively. When the number of thrips per sample
was compared separately within rows and columns in each sugarbush,
densities were not significantly greater inside the sugarbush than at the
forest edge (Figs. 5 and 6). Despite previous reports that thrips
damage tended to be highest along the sugarbush edge, we did not find
higher thrips populations there in the soil. Different rates of bud
development within and at the edge of forest stands or migratory
patterns of the insect may be responsible for differences in the damage
levels within a sugarbush rather than their density in the soil.
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20

MEAN THRIPS/SAMPLE

Figure 4. Mean number of pear thrips per sample at 1, 2 and 4
m from the bole of sugar maple trees at the four cardinal directions
(mean derived from four sample trees}). The center circle represents the
bole of the sample tree and the pyramids indicate the mean number of
thrips at each sample location. Grid points in this figure are spaced 1
meter apart.

The number of thrips per sample varied from tree to tree and
from sample to sample around a tree. For example, at one tree, 43
pear thrips were found in the sample taken at 2 m and 10 thrips were
found at 4 m, and at another 35 thrips were found at 2 m and 73
thrips at 4 m (Fig. 5). The reasons for this variation in thrips density
between samples is as yet unknown. No observable differences in soil
or vegetation type existed that could have explained these differences.
Further characterization of thrips distribution in a sugarbush is currently
underway.
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Figure 5. Number of pear thrips per sample in the Perry sampling grid {see
Fig. 2) at (a) 2 m from the tree, {b) 4 m from the tree, and {c) the mean from samples
at 2 and 4 m. All samples were taken on the south side of each tree and trees were
located about 25 m apart.
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Figure 6. Number of pear thrips per sample in the Williams sampling grid (see
Fig. 2) at {(a) 2 m from the tree, (b) 4 m from the tree, and (c) the mean from samples
at 2 and 4 m. All samples were taken from the south side of each tree and trees
were [ocated about 50 m apart.
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Statewide Soil Survey

Statistical analysis showed that, at the population levels found in
the Ferry sugarbush (an average of 5-10 thrips per sample}, the thrips
population could be estimated with 10 samples per sugarbush, with an
error rate of + 6.5 thrips. Further analysis is needed to determine the
error rate in sites having higher and lower thrips populations than that
found in the Perry site.

Based on the results of this research we developed a protocol to
determine pear thrips density and distribution in Vermont and to
determine if a relationship existed between the number of thrips in the
soil and the amount of subsequent damage (Skinner & Parker 1989).
Results from this work may prove useful for predicting damage based
on thrips numbers in the soil. This survey was implemented by the
Vermant Department of Forests, Parks and Recreation in January 19889,
Though this is not an ideal time of year to take samples, it was the
earliest we could develop the protocol. In future years, samples will be
taken in September and October.

Figure 7. Map of Vermont showing the location of sites in which
soil sampling was conducted for the Statewide Pear Thrips Soil Survey.
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For this survey in each site, two soil samples, one at 2 m and
one at 4 m from the south side of the tree, were taken around five
dominant sugar maple trees duplicating the basic design used in the
research on horizontal distribution studies. Over 100 sugarbushes were
selected for sampling in areas showing low, moderate and heavy thrips
damage in 1988 (Fig. 7). Our goal is to repeat this sampling and
foliage assessment at the same sites for the next 3-4 years to gather
information on population dynamics and the annual pattern of damage
as it relates to thrips density.
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Discussion Period

Question: Taking the soil samples is very easy but extracting and
analyzing them is very time consuming. Would it be conceivable to use
some kind of sequential sampling scheme whereby 25 samples per site
are taken, five samples are initially processed to see what the thrips
population is and additional samples are processed only if necessary?

Skinner:  We don‘t know enough about how many thrips per soil
sample are needed for damage to occur to be able to use a sampling
system like that. However, it would certainly be nice to reduce soil
extraction if possible.
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fow rany soil samples did you take at each distance from

Skinner: For determining the thrips population within a sugarbush, we
selected five trees per site and took two samples on the south side of
each tree, one at 2 meters and the other at 4 meters.

Question: Did you take only one soil sample from each sample
distance? Did you check to see if taking samples in a cluster reduced
the variation between samples or removed the chance of getting zeroes
from your data?

Skinner: If the tree is considered the sampling point then we were
taking two samples, but if you consider each distance a different point
then we were taking one sample per location. We did not assess the
value of taking samples in a cluster. It would have been nice to do but
time was a factor. We needed to develop a sampling protocol within
a few months and therefore could not test all sampling options.

Comment: We had a similar problem in variability and sample clustering
reduced that variability.

Skinner: One problem with clustering to determine thrips populations
within a sugarbush might be that less area within the entire site would
be sampled. There are bound to be variations in thrips density as a
result of environmental conditions. Sampling in only a few clusters
would reduce the opportunity to determine that variation.

Comment: By clustering | meant taking a cluster of three samples
rather than one at each site.

Skinner: Yes, 1 understand that, but this would significantly increase
the number of samples needed to evaluate thrips density within an
entire sugarbush. It was felt that 10 samples per sugarbush was
feasible to use in a statewide survey. More samples per sugarbush
would have required us to reduce the number of sites we surveyed.
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Question: 1f you Inok at the number of thrips per sample et the 2 and
4 meter distances, was there any indication why you might find more

thrips at 4 m?

Skinner: The drip line of the tree was generally at about 4 meters from
the trees we sampled, This could have influenced the thrips density
in the soil. You must also realize that other trees adjacent to the
sample tree may have influenced the situation. Though the sample was
taken at 2 or 4 meters from the sample tree, other adjacent trees were
sometimes closer 1o the sample point. We have mapped the location
and distance of trees within 8 meters of each sample tree in the
research site. WUltimately we hope to analyze this information to
determine the influence of these factors.

Question: Have you done any studies to relate thrips density to
physical and chemical characteristics of the soil in which they reside?

Skinner: One reason we selected this particular site for thrips research
was that the soil type and conditions were relatively homogeneous
throughout. We hoped that this homogeneity would reduce variability
in distribution due to soil conditions. We have not done any analyses
of the chemical makeup or meisture content of the soil, but this would
be interesting to consider,

Question: Do you think thrips can survive better in some soil types
than others?

Skinner: | don’t know. However, for the statewide thrips soil survey,
we will collect information on soil type, elevation, basal area of sugar
maple and the abundance of maple seedlings in the understory in each
site, as well as the level of pear thrips damage last year. We hope to
correlate these variables on a statewide scale.

Question: Do you miss thrips that are in the litter layer by removing
this layer before taking the soil sample?
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Skinner: No. iIn all of the research we have done on the vertical
distribution of thrips in the soil, we have never found them in the litter
layer.

Question: What about in the early spring when they begin to emerge
from the soil?

Skinner: You are right, as thrips come out of the ground they must
crawl through the litter on their way to the foliage. At the time we
take soil samples for thrips population studies however, the thrips are
still in the soil. If samples were taken in the spring, however, the litter
layer would need to be extracted for the presence of thrips. Our plan
is to take all samples early enough so that the thrips will not have
moved up to the litter. We are also monitoring soil temperature at
various depths in the research site. This will give us information on
when soil temperatures begin to rise and when thrips begin to ascend.

Question: If there is no canopy on the south side of the sample tree is
it part of the protocol to take the samples somewhere else?

Skinner: No. Generally there is enough of a canopy over the sampling
area, so this has not been a problem. When developing the protocol we
tried to keep the methodology uniform in an effort to reduce confusion.
This also reduces the variability that must be accounted for in later
statistical analysis.
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Abstract

Kriging is a statistical technique that provides predictions for
spatially and temporally correlated data. Observations of thrips
distribution and density in Vermont soils are made in both space and
time. Traditional statistical analysis of such data assumes that the
counts taken over space and time are independent, which is not
necessarily true. Therefore, to analyze these data correctly we must
account for the correlation structure in the data, which can be done
with Kriging. The Kriging technique is reviewed and its use illustrated
in determining the pattern of thrips distribution and density in Vermont
by analysis of data from the Vermont Pear Thrips Soil Survey for the
1988-89 season.

introduction

Pear thrips, Taeniothrips inconsequens {Uzel) (Thysanoptera:
Thripidae)}, is a serious problem in Vermont and other eastern states,
causing severe foliage damage to sugar maple trees in the early spring
(Parker et al. 1988), A research/management project was initiated
cooperatively by the University of Vermont Entomology Research
Laboratory and the Vermont Department of Forests, Parks and
Recreation in 1988 to develop effective methods to survey and

' Entomology Research Laboratory, The University of Vermont, South Burlington,
Vt. 05403.
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ultimately manage the pear thrips in sugar maple stands statewide.
One of the highest priorities of this project was tc develop a method to
predict tree damage based on thrips population densities in the soil. A
soil survey to determine the distribution and density of pear thrips was
first conducted in Vermont in January 1989. Analysis of these data
was necessary as a first step for management activities.

Kriging is a statistical technique developed for prediction of data
values when the data are correlated in space and time. Thrips
population data which are collected annually from soil surveys may be
correlated spatially within and between time. Such a data set lends
itself well to Kriging. The correlation in these data is a function of the
distance between sample sites. Counts at neighboring or nearby sites
should be more highly correlated then those at sites located further
apart.

Cressie (1986, 1990} and Johnson (1930} give reviews of the
theory and applications of Kriging, tracing its origin to geostatistics and
the work of Matheron {(1971) and Krige (1951). There are many
applications for Kriging, including interpretation of rainfall data (Ord &
Rees 1979), for soil mapping (Burgess & Webster 1980), and in
groundwater pollution monitoring (Yates & Yates 1988}. Kriging can
also be a useful tool in the design and analysis of experiments, such as
for uniformity trials to determine blocking mechanisms in agricultural
experiments and to predict yields at unobservable points in fields using
systematic samples (Johnson 1990). The purpose of this paper is to
give a brief review of Kriging and to illustrate its application in the
analysis of data on pear thrips population distribution.

Materials and Methods
Kriging Methodology

Following Johnson (1990), let x denote spatial location (i.e., the
latitude and longitude of a point [sample site] at which the number of
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thrips are observed). Let vix} be the observed or unobserved number
of thrips at location x, at a particular time. Thus, let

uix) = Elvix}] {n

where £ denotes the expectation of v{x).

o*(x) = Varlvix])] = Elvix) - p{x)}? (2}

clx, x) = Ellvix) -uix)] [vix )1 - pix')] {3)
and

¥(x,x') = Q.5F[vix} - vix'}}? (4}

Note that cix,x'} is the covariance between the number of thrips at
locations x and x’ while y{x,x’} is the semivariogram, with 2v(x,x’} as
the variogram:

yix.x"} = ylx-x") = y{h) (5)

i.e., the variogtam is a function of the distance between x and x’.

For a particular time, let us sample thrips at locations x,,..., X,.
Let v, be the mean number of thrips per sample at location x,, and i =
1, ..., n. Given the data (x, v}, i = 1, ..., n, we want:

1. To estimate the number of thrips at an unobserved point x,
with its standard error, and

2. To estimate the average number of thrips over some region
in the state.
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To estimate the number of thrips y{x) at an unobserved point, we
consider linear combinations of ylx) at the obgerved locations. Let vixj
= %a, vix) and select a such that:

1. Flvlx) - vix)l = 0 (&)
and
2. varlvix) - vix)] = Flvix) - vix)]? (7)

are minimized. If we find a vector 2 such that (8) and {7} are minimized
then:

vix) = Zavix) (8

is the Kriging estimate of v{x} and the Kriging coefficients are the vector
a.

To use the Kriging method, we must estimate the variogram, i.e.,
yix,x"} or cov {x,x’}). For the variogram we use the exponential model:

yih = B + C[1 - e™], forall h = 0. (9)

The sill of this model, which is equal to 8 + C, is the maximum value
that the variogram attains, and is the value of y(h) as h goes to infinity.
The range is the distance beyond which two points are uncorrelated.
The nugget is the value of the variogramat i = O.

Because data are taken annually, we can expand the notation to
include both space and time. Let v, be the number of thrips at location
x, and time ¢, fori = 1, ..., nand j = 1, ... k. The data will be given
in the form (x, £, v, i = 1, ..., nandj = 1, ..., k. For any particular
time j, the process v, is purely spatial, whereas for any fixed location
the process v, is temporal. Because we are illustrating the Kriging
methodology here with one year’s data (1988-89}) we will consider only
a purely spatial process (x, v}, i = 1, ..n.



in January and February 1989, soil samples were taken with a
hand-held bult planter in sugar rmaple stands (those with sugar maple
comprising more than 75% of the basal area) throughout the state to
determine the distribution and relative density of pear thrips {Skinner &
Parker 1989). Samples were taken in 91 stands in 13 of the 14
counties in Vermont (Fig. 1). Because pear thrips reside in soil from
mid-June to mid-April (sce Skinner et al., poster presentation, this
publication), thrips in samples at this time reflect the potential
population that entered the soil in 1988 and would emerge to cause
foliar damage in the spring of 1989. In each stand soil samples were
taken at 2 and 4 m from the south side of the bole of five sugar maple
trees (Skinner & Parker 1989).

Stands were selected by personnel from the Vermont Department
of Forests, Parks and Recreation using information from an aerial survey
of pear thrips damage in 1988. Sites were selected in each county
from each of three damage categories based on an estimate of leaf area
reduction (light - 0 - 30% reduction, moderate - 31 - 60% reduction,
and severe - 61 - 100% reduction).

Thrips were extracted from samples using a heptane flotation
procedure (see Grehan & Parker, poster presentation, this publication).
Residue from the extraction process was inspected under magnification
to determine the number of pear thrips per sample. The total number
of thrips per site was divided by the number of samples extracted from
the site (generally 10 samples) and this mean number of thrips per
sample was used for analysis.
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Figure 1. Townships (%) in which samples were taken for the
Vermont Pear Thrips Soil Survey in 1988-89.

Data Analysis

The mean number of thrips per sample was determined for each
township where soil samples were taken. Where more than one stand
was sampled in the same town, the mean number of thrips was
calculated by combining data from all stands within that town. Thrips
data from 91 stands in 69 townships were used for Kriging analysis.
Using the latitude and longitude coordinates for each town, mean thrips
data were analyzed with software by Englund & Sparks (1988).



Pesults and Discussion

Figure 1 gives the spatial location, x, of thrips sample collection
sites in Vermont in 1988 while Figure 2 shows the scatter diagram of
the mean number of thrips per sample, v, at each site.

Figure 2. Scatter diagram of the mean number of thrips per
sample in sites sampled for the Vermont Pear Thrips Soil Survey in
1988-89.

As expected, the histogram of thrips density data is highly
skewed (Fig. 3a). Some of this skewness is corrected by the
Anscombe transformation, Vv, +3/8, where v, is now the average thrips
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count at a location, making & more symmetrical hisiogram (Fig. 3b).
(Al subsequent reference to a sguare root transformation in this paper

is the Anscombe transformation.)
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A piot of ine vananee versus the mean number of ihrips par
sample for each st indicates that the variance is proportional to the
meaan {Fig. 48}, suggesting the suitability of a square root

rransformation for stabilizing the variance among sampling sites. The
variance-mean plot of the transformed data show less proportionality

(Fig. 4b).
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The variogram, as given in equations {5} and (9}, is a function of
the distance between sample sites and depends only on the relative
position of the thrips count at locations x, and x’. The plot of the
variogram versus distance for the original data shows that the variance
of the difference in thrips counts between two locations is a function
of the distance between the two locations (R = 0.92) (Fig. 5a}. Figure
5b gives the variogram using the transformed data.

The equation of the estimated variogram is y{h) = 10.13 +
35.66 (1 - e ""7**'% on the original scale and y(h) = 0.3740 + 1,0576
(1 - e "'°¥%) on the square root scale. An examination of the plot of

the transformed data shows that an exponential variogram seems to fit
the data well with nugget = 0.37, sill = 1.43, range = 0.81 and R’
= 0.92. The nonlinear regression models for the original and
transformed data gave the same R® (= sum of squares for regression
+ total sum of squares). However, because the Anscombe
transformation appears to have stabilized the variance of the thrips
counts between sampling sites (Fig. 4}, we will use the variogram on
the transformed scale. Figure 5b shows that the variance of the
difference between two thrips counts is small for nearby or neighboring
sites but increases exponentially as the distance between two sites
increases, until the variance approaches its asymptote.

Using the Kriging technique, the number of thrips at unobserved
points in Vermont, having habitat characteristics similar to that in the
sample sites, can be predicted based on available data. The thrips
count at the observed points are given in Figure 2 and the predicted
number of thrips at unobserved points are given in Figures 6 {original
data) and 8 (transformed square root scale}. The contours in these
figures show the areas of high {northern and central Vermont) and low
{southern Vermont) infestation of thrips. For each predicted value of
thrips, the standard deviations are given in the form of contours in
Figures 7 and 9 for the original and square root counts, respectively.

As discussed, this data set should be analyzed on the square root
scale. Therefore the practitioner should use the analyses done on this
scale to predict thrips density. For illustration, using Figures 8 and 9,
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we can predict the mzan number of thrips per sample in northeastern
Vermont to fall between 3.2 £ 0.4 t¢ 3.8 + 0.4 {on the square root

scale}, which would represent a mean of approximately 8.9 to 12.6

thrips per sample afier calculation back to the original scale.
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his stz method shows promise for estimation of pear
thrips densitles in the soll In areas where sampling has not been done,
and ultimately for prediction of the extent of thrips damage statewide
in the spring. More research is needed 10 assess the value of this
methodology for pear thrips management. Firstly, verification of thrips
density based on Kriging values is needed to determine if in fact it can

be used to accurately estimate existing thrips densities.

Secondly, the relationship between thrips density in the soil and
the resultant damage in the spring must be investigated. Preliminary
results suggest that this relationship may be fairly weak, i.e., a low
number of thrips in the soil does not guarantee that damage will not
occur in the spring, and visa versa. Considering this, the value of thrips
density as a predictor of damage may be questionable.

Thirdly, this Kriging method can be extended to a disjunctive
Kriging method whereby we can calculate the conditional probability
that the mean number of thrips per sample is greater than a critical
level, i.e., the mean number of thrips at which severe damage would be
certain to occur and when pest suppression is deemed an economic or
environmental necessity. If we can model thrips population levels in
the soil in relation to the damage in the spring, then these probabilities
can be used in management of pear thrips by helping pest managers
determine whether suppression action is warranted. In the future we
intend to analyze thrips soil survey data from several years. This will
provide information on the pattern of thrips population trends over time
as well as space.

The Kriging methodology could be applied to other forest pests
as well as the pear thrips. Information on thrips and other pest
populations on a large scale is essential for effective pest management
implementation. However, resources for monitoring pests on a
statewide scale is often limited. Therefore, development of statistical
methods that reduce the need for extensive sampling but also provide
reliable predictions on pest population levels over a large area would be
invaluable.



Conclusion

Kriging is an easy graphical method that can assist entomologists
design and analyze their experiments. It can be used to predict thrips
infestations statewide from well-designed sample data. This will
provide valuable information for making decisions for the management
of pear thrips and other important insect pests. The validity of
prediction should now be validated under field conditions.
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AERIAL SPRAY TRIALS FOR PEAR THRIPS MANAGEMENT
FALL 1988

H. Brenton Teillon and Bruce L. Parker'

Vermont Division of Environmental Conservation
Department of Forests, Parks and Recreation
Waterbury, Vermont USA

The defoliation from pear thrips, Taeniothrips inconsequens
(Uzel), in 1988 caused a great deal of public concern throughout the
entire State of Vermont and the New England region (Parker et al.
1988). People demanded answers to very basic practical questions and
requested that immediate action be taken. The state offices and the
University of Vermont Entomology Research Laboratory were literally
flooded with phone calls and requests for information. One of the
major questions that foresters and sugarmakers asked was "what
management strategies are available for use in a sugarbush and how
can they protect their trees from another season’s pear thrips feeding?”
It was difficult to answer these questions because much of the
information needed to develop management strategies was unknown.
The urgency of the situation was typified by the fact that by January
1989 the Vermont Department of Agriculture had already received
hundreds of requests for approval of aerial insecticide applications for
thrips control in individual sugarbushes in the spring of 1989.

in the fall following the 1988 thrips defoliation, forest managers
and sugarmakers were urged to spend time scouting their sugarbushes
and evaluating individual maple trees for visual impact from this pest.
It was stressed that conservative tapping should be the rule because no
one knew what future populations of pear thrips would do.

' Entomology Research Laboratory, The University of Vermont, South Burlington,
Vt. 05403.



in response to this poest problern the Verr

Force on Pear Thrips decided it was essential to investigste the use of

Bl

insecticides for protection of sugar maple trees from thrips damage.
This was done realizing that it was not a total solution but merely a
short-term strategy that would give researchers more time to develop
other appropriate management techniques. Plans were made to
conduct a large-scale insccticide efficacy trial in the spring of 1988 as
thrips were emerging from the soil. Preliminary testing was done in the
fall {1988} because the trees were dormant and our target was closed
buds. We also telt thar weather conditions in the fall would
approximate those in the early spring and would be an accurate test of
probable conditions we might encounter in our efficacy trial in 1989.

In sugar maple stands where syrup is made, federal and state
regulations limit the use of many agricultural chemicals because a food
crop for human consumption is produced there. It should be kept in
mind that thrips defoliation was not confined to merely sugarbushes but
was also very common in hardwood forests, urban backyards and along
the roadsides. Each of these situations represents a unique
management problem and ultimately needs to be addressed separately.
To meet immediate management needs however, we first decided to
evaluate the use of agricuitural chemicals in the sugarbush environment.

Two materials have been approved for general use in the
sugarbush. One is carbary! {(Sevin}, a carbamate (Table 1) and the other
is Bacillus thuringiensis (B.t.), a naturally occurring, commerciaily
produced bacterium. The latter is used mainly for the control of
lepidopterous forest defoliators and its use against Thysanoptera has
not been tested. Carbaryl has broad spectrum use and has label
approval for use against other thrips species and at the time of these
trials was registered for aerial use in sugarbushes in Vermont (Rhone-
Poulenc 1989).



Lehemicals registered for use against thrips

on irees. o rion from Vermont Department of Agriculture,
Pesticide Registration Division, 30 June 1988

Target Common Name Compaosition

Ornamentals Dursban 0O, 0-Diethyl 0-(3,5,6-trichloro-
2-pyridinyl)-phosphorothioate

Orthene 0,5-Dimethy! acetylphosghoramid-

othicate
Cythion 0,0-dimethyl phosphorodithioate
Mavrik {a-RS,2R)-fluvalinate[(RS)-au-cyano

-3-phenoxybenzyl (R)-2-[2-chioro-
4-{trifluromethyl)anilino]-3-
methyl-butanoate]

Fruit Lorsban 0,0-Diethyl 0-(3,5,6-trichloro-
2-pyridinyl}-phosphorothioate

Sugarbush Carbaryl 1-Naphthy! N-methylcarbamate
Forest Cythion 0,0-dimethylphosphorodithioate

Carbaryl 1-Naphthy! A-methylcarbamate

Objectives
Our research was designed to address the following questions:

1. Using aerial application techniques would carbaryi droplets
impinge on sugar maple buds?

2. What droplet size would maximize coverage on sugar maple
buds and minimize drift to adjacent environments?
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Materials and Methods

A Cessna Ag Wagon equipped with six Micronair AU 4000
atomizers was used for aerial application. The plane was flown at 160
km/h {100 mph) approximately 15 m above the tfrees. Swath width
was estimated at 30 m. Application rate was 2.2 liters/ha (32 oz/acre)
of Sevin 4-0ii mixed with Mo. 2 diesel oii applied as 3.4 or 4.6 liters/ha
(48 or B4 oz/acro) total volume, ne percent Rhodamine WT dye,
which fluoresced under ultraviclet light, was added to the tank mix to
facilitate droplet identification on twigs and buds.

Twelve 4-hectare plots were set up at the U.S. Government Test
Firing Range in Underhill, Vt. These plots were at least 1000 m apart
and had a stand composition of mainly mature dominant or codominant
sugar maple trees. We randomly selected nine plots for application (five
1o receive the 4.6 liter [64 oz] rate and four the 3.4 liter [48 oz] rate)
and three plots for controls. Within each plot ten trees equidistant
along a transect perpendicular to the flight of the spray plane were
chosen for sampling. From each tree, at least 4 hours post-application,
a professional tree climber cut two branches 45 cm long from the
upper, middle and lower canopy. From each branch we randomly cut
five twigs each having a primary bud. Twigs were cut 6-10 cm long
and only the basal portion was handled. Twigs were bagged separately
in zip lock hags.

In the laboratory, the number of droplets were counted on the
terminal 2.5 cm portion of each twig {as measured from the tip of the
primary bud towards the base of the twig). Droplets were recorded as
either on the bud or on the stem portion. Counts were made under an
uitra violet light which made the Rhodamine dye easy to see. Droplet
dimensions were not taken because the relative spread factor on sugar
maple buds and stems has not been calculated for this formulation.
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Resulty
The aerial application was made on 27 October 1988. Spraying
started at dawn {approximately 6:30 AM) and was stopped at 4:00 PM.
Winds during application were less than 3.2 km/h (2.0 mph) and
ambient temperatures were approxirmately 2-5°C.

Equipment problems plagued the entire operation and in general
it was felt that coverage was poor. The cold weather made the
formulation very viscous and the Micronair atomizers plugged
frequently. Several of the Micronair propellers broke causing delays for
repairs. Branch samples were taken and data from plots sprayed at the
4.6 liter (64 oz) rate are given in Table 2. Aerial application of the 3.4
liter (48 oz) rate was not possible due to mechanical probiems with the
aircraft.

The data show that with the parameters of this aerial application
we were able to get spray droplets on the stems and buds at three
levels of the canopy of sugar maple trees. There were significantly
more droplets on twigs taken from branches in the upper canopy than
on twigs taken at the middle or lower canopy (P < 0.0001}. However,
as mentioned previously, equipment failures confounded the experiment
and reinforced the need for additional work. Our observations of the
difficulties encountered during this aerial application, when the weather
was cold and unpredictable, strengthened our recommendation 1o not
use insecticides for management of this pest until some of these factors
could be studied in more detail. We were not satisfied with the use of
Micronair atomizers. We believe that drift spraying, as is the technique
used with Micronairs, has limited use in Vermont because sugarbushes
commonly are located on hillsides, have small acreages and are
surrounded by homes. Adjacent landowners will not tolerate agricultural
chemicals drifting onto their property. In addition, Vermont geography
is such that most sugarbushes have small streams or ponds associated
with them thus making it even more difficult to have environmentally
sound aerial applications of insecticides.
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Table 2. The mean number of spray droplets on sugar maple
buds and stems from branches taken from the upper, roiddle and lower
canopy of trees receiving an aerig! applicaticn of Sevin 4-0Oil at 4.6
liters/ha (64 oz/acre) with Micronair atomizers

Number of Droplets”

Plot Canopy Level Bud Stem

A Upper 4.8 £+ 4.3 8.3 x 9.8
Middle 4.4 = 7.0 3.0+ 4.9
Lower 3.3 £ 6.1 29 x+ 5.2

B Upper 61.6 + 38.7 72.9 = 349
Middle 42.6 + 20.2 48.4 + 28.2
Lower 27.9 £ 21.9 31.6 £ 14.7

C Upper 99.2 + 60.4 81.2 + 53.8
Middle 51.6 = 44.4 39.0 = 32.1
Lower 32.3 + 26.9 22.6 + 21.8

Control Upper 00.0 = 00.0 00.0 + 00.0
Middle 00.0 = 00.0 00.0 + 00.0
Lower 00.0 + 00.0 00.0 = 00.0

? Mean + standard deviation.

Our future research and management plan includes a comparison
of droplet deposition from pressure nozzles and rotary atomizers. This
work will be done on rangelands in New Mexico in March 1989. Data
will be taken from kromekote cards; mylar sheets; and horizontal, 45
degree and vertical plastic straws. The straws will be used to simulate
twigs. These data will be used as the basis for a large-scale trial
scheduled for April 1989 to determine the efficacy of carbaryl for
management of pear thrips.
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