Summary of the Taiwan Protocol for Evaluating the Efficacy of Codling M oth
Control Programsin Apple Orchardswith Fruit for Export to Taiwan

(2006r evised)

A. Voluntary Initial Screening Guidelines: |f cumulative trap catch in a single codling moth
trap during the second and third CM generations meets or exceeds 30 moths per trap in a
conventiondly treated orchard or 20 moths pe trap in a mating disrupted orchard, tha
orchard or tha portion of the orchard should be consdered high risk for export to Tawan
and carefully consdered before committing the fruit to that market. Use large ddtatrap; 1
mg. lure in conventiond orchards and 10 mg. lure in mating disrupted orchards WSU
suggests 1 trap per 5 acres (or grower practice); based on weekly monitoring.

B. Required Codling M oth DamagePre-Packing Fruit Evaluation:

On-Tree Sequential Field Sampling Protocol:

1.

hwn

The sequential sample should be started in the areawith the highest CM trap catches
or in area with known codling moth problems. Sampling personnel must review
codling moth trap catch recordsfor the block before beginning the sample.
Samples should be collected on aregular grid throughoutthe area being sampled.
Blocks chosen for sampling should bereasonably uniform in terms of cultivars,
growing conditions and codling moth management program. Any person competent
to recognize codling moth damagein thefield can do the sampling, however those
without a pesticide consultantsClicense must participate in a pre-season training
session.

Trees should be selected randonly within thearea, but separated by roughly 70 feet.
Each tree sample will consst of 60 haf fruit per tree.

Thetrees should be sampled starting at thetop of thetree. Counteach fruit of which
an entire hdf plusthe calyx can beseen. Continuecouning hadf-fruits fromthetop
working down thetree untl atotal of 60 fruit are examined.

Thenunmbe of treesto be sampled dependson the codling moth damage status of the
orchard. A clean orchard may require sampling as few as 21 trees to complete the
evaluation. A fruit with two live larvae is counted as only asingle fruit infested. All
sugpect fruit should be cut to determineif theinjury istheresult of asuccessful larval
entry orisonly asting (unsuccessful entry). Record only the successful entries as
injury.

Sampling mug be donewithin two weeks of the beginning of harvest in each variety
in each grower |ot.

The Taiwan codling moth field sampling form induded in this packet mug
accompany theddivery of fruit or beonfilein thepacking facility for each grower
lot to beexported to Taiwan. Thisform mug be presented, alongwith the cull
andysis recordsto the approprate state commodity ingoection officials at thetime a
requested phytosanitary ingoection takes place.

If 0.2% or more of thefruit in the sample have live larvae present, theorchard is
prohibited for export to Taiwan.

See the attached sequential sampling protocol doaument for more details.



10. If, following a 50 tree sample, no decision can be madeto reject or accept the
orchard block (detection of 4 to 7 live larvae after 50 trees) (see Taiwan codling
moth field sampling form), thefield sample can berepeated no soone than 7 days
fromthedae of theorigind sample to determineif the block can be accepted or
rejected. If thesecondfield sampleisagan inconclugve or results in thergjection of
theblock, tha variety in tha grower lotis rejected for export to Taiwan.
Alternaively, the second sample in such blocks may bethe bin sample. If theblock
failsthebin sample, that variety in tha grower lotis rejected for export to Taiwan. If
thelot passes the second sample al pgperwork from both samples mug be submitted
to state department of agriculture officias to allow phytosanitary certification.

_Or_

Bin sampling alternative. A minimum of 1500fruit mug beingected per grower lot to
look for larvae and insect damage. It is recommended tha no more than 25 fruit be sampled
randomy from each bin before thelotis submitted for packing for Taiwan. If thelot sizeis
smaller than 60 binsmore fruit can be sampled from each bin. Sampling can bedonein the
orchard or at thepacking facility. All sugpect fruit and a minimum of 150fruit mug be cut.
If fruit without damagesymptoms must be cut to meet the minimum fruit cut
requirements, that fruit must be cut vertically from stem to calyx to increase the
chances of detecting codling moth. Binssamples should represent fruit fromall parts of
theorchard. If more than 0.15% of thefruit in thesample have live larvae present (2 live
larvae in 1500fruit), the orchard is prohibited for export to Taiwan. A form to record the
results of bin samplingis attached. Any person competent to recognize codling moth
damage can do the sampling, however those without a pesticide consultantsOlicense must
participatein a pre-seaon training session. Certified cull fruit cutters may also peform
thebin sampling.



Background on the Binomial Sequential Sampling Plan for CM Orchard Evaluation

Protocal:

1. The sequential sample will be startedin the areawith the highest CM trapcatches

2. Treesshould be seleced randomly within the area,but separatedby roughly 70 feet

3. Eachtree sample will consist of 60 half fruit pertree.

a. Thetreesshould be sasmpledby looking atthetop initially. Count eachfruit of whichan
ertire half plusthe calyx canbe seen Continue counting half-fruits from the top working
down the treeuntil atotal of 60 fruit areexamined.

b. Movemert around the treeis allowed aslong asthe samefruit are not sampledtwice. If
atotal of 60-half fruit camot be obtainedfrom one treedue to small tree size, then
continue samging fruit on the adacert tree.

c. Recad thetotal number of fruit with succesful entriesby codling maoth on eachtree
IMPORTANT Da fruit with two live larvae is counted as only a single fruit infested!

It is highly recanmendedthat anextendalle pruning sampler be usedto collectfruit thatis

suspectedto have codling math injury. The suspectfruit should be cut to determine if the injury

isthe reault of asuccesful larval ertry or isonly a sting (unsuccesful ertry). Recad only the
succesful ertriesasinjury.

5. Do not samgde for codling moth injury in the middle of the day whenthe sun is high in the sky.

a. Thereflecton of light of fruit and the intersity of light makesit diffi cult to observing
codling math injury.

b. Samjpe so thatyou arenot looking directy into the sun.

c. Do not samgde for morethan4 hours (continuous) atany onetime.

6. Sampesshould not be concertrated on the edgesof the block alone. Samplesshould be collecied
on aregular grid throughout the areabeing samged, starting in the area with the highes CM trap
catches

a. Blocks should bereamnaly uniform in termsof cultivars growing conditions, and
codling moth managemernt program. If they are not, each areaneeds to be sampled
separaely.

Ea

Binomial Sequential Sample

Background:

A binomial sequertial sample allows us to greatly reduce the number of samdesneedcedwhenthe
population of codling moth is high or low comparedto our targetthresholds. Typicaly, thes sequertial
sampding plars are a bit more complicatedto explain, but arerelatively simple to use and canreduce
overal sampling effort by about 30-50%.

The codling math sequential samgde detailed below is basedon fi eld data from 24 orchards and validated
by use of 27 otherorchards. Our aralysis usedthe most conservative apporoach whichisto use the terth
percertile of the clumping parameter calculated from the 24 orchards (i.e., we used a very high edimate
of clumping). We thenused simulation studieswith the 27 orchards to validate how accurate the samgding
protocol would be and adustedour errar ratesto achieve the bes samgding program

The thresholds usedare 0.2% asthe upper threshold, whichwould eliminate the orchard from export
(unless further samgding down the line were performed? WasOthis what we said?), with alower
threshold of 0.04% (which would allow us to stop samgding and acaept the orchard wasok for export).



How to use the Sampling Table:
The sampling table hasthree columns with numbersand 2 blark columns;
The number of treessampled (60 half fruit/tree)
The cumulative number of infesedfruit that allows you to stop samgding Dif thisnumberis
exceedadthenthe upperthreshold (0.2%) hasbeenexceedkd
The cumulative number of infesedfruit that would allow you to stop sampling Bif the number of

1
2.

3.

infesedfruit isless thanthis
numberthenthe damaggis
less than 0.04%.

Thefirst blark columnisthe
number of fruit infestedwith
live larvaeon thattree

The secand blark columniis
the cumulative number of fruit
infesedwith live larvae.

To use thetabe, you samgde
thefirst treeand put the
number of fruit with live
larvaepresert in the 4™
column. Thefifth columnis
usedto calculate the running
sum (cumulative number) of
fruit with live larvaepresen.
If the cumulative number of
fruit with live larvaeis greater
thanor equal to the second
column, you stop samgding
and reject the orchard from
further consideration for
export.

The third columnisthe
number of fruit with live
|larvaethat areallowed before
you stop samgding. The
cumulative number of fruit
with live larvae must be less
thanor equal to this value to
stop samding. Noticethat
you must sample atleag 21
treesbefore you canstop
because the number of larvae
isles thanthe value in the
below column.

Table 1. Sequential sample table to determine if the damage level
is greater than or equal to 0.2% or less than or equal to 0.04%

Stop It No. Fruit w/Live
Larvae is

Above or
equal to

—
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@
@

Below or
equal to

No. Fruit w/Live
Larvae

Cum no.
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Quedions About the Perfor mance of the Binomial Sequential Sample:
How many samples will be required?

In gereral, the farther the orchard-wide percertage of fruit with live larvaeis from the upper or lower
threshold, the lower the sample size. Thisis particularly trueif the orchard-wide percertacge is above the
upper threshold Byou canliterally make the decision within just afew trees For the cag where the value
is below the threshold value of 0.04%, you camot stop samding until atleas 21 treesaresamged, so
cleanorchards areabit harder to trigger the lower stopping point. The placewhereit is hardeg to
determine if you areabove or below the threshold isif the orchard-wide percerntage of fruit with live
larvaeis between0.2% and 0.04%, and the samde sizeis highed in thisarea Our dataand simulation
studiesshow thatthe higheg average number of samgdestakenin this areais typically 34 trees but it may
be higher or lower thanthat based on chance alone.

This seems complicated; why not use a fixed sample size?

The sequertial sample should reault in 30-50% fewer samgdesbeing takenthanusing a fixed sample size
of 50 treesper block.

What is the chance that I'll miss a hot spot using this sampling system?

On average, 5% of thetimeyou will make atypel error (thought the orchard washigher than0.2%, when
it waslower) ard 5% of the timewill make atype Il error (thought the orchard waslower than0.04%
whenit washighen). In fact, weOg skewed these percentagesto evenlower numberstwo ways. First,
welrestarting in the areawith the highes trap catch. Secand, weQs using an edimate of population
clumping thatis so high only 10% of the orchards weOe surveyed exhibit that value. Both of these
factors actually make our sample more sersitive and reducethe chance of atype | error Bwherewe get
cut off from export becaise we have live larvaepresen. We arealso sampling along distance between
the sampdesso we are covering alarge part of the orchard.



Example Tables

Thefirst table (Tab e 2) shows what would happenif the average percertage fruit with live larvaeis
0.4%. The data weregenreratedwith a negative binomial random number gererator. Asyou cansee,with
this block, only 9 treesneededto be samfded (60 x 9 = 540 fruit total) to reachadecision. In the next
table (Tabe 3), the averaee percertace infesedis 0.01% and we canOtreacha decision until 21 trees(21
X 60 = 1260 fruit) have beensamgded. The final exampletabe (Tabe 4) shows whenthe full 50 tree
samping failsto reachadecision. The final count falls between4 and 7 meaning thatthe infegation level
fells betweenthe cut off thresholds. In this case the orchard will require afollow-up sampling either by
repeaing the orchard sampling no soonerthat 7 days, or by performing a bin samgding.

Table 2. Example of sequential sample when the average
percentage of fruit with live larvae is 0.4%.

Stop if No. Fruit w/Live
Larvae is Example Data
No. Fruit
Tree Above Below | w/Live Larvae Cum no. Decision

1 3 b 0 0 continue
2 3 b 0 0 continue
3 3 b 0 0 continue
4 3 b 1 1 continue
5 3 b 0 1 continue
6 3 b 0 1 continue
7 3 b 0 1 continue
8 3 b 1 2 continue
9 3 b 1 3 Reject
Table 3. Example of sequential sample when the average
percentage of fruit with live larvae is 0.01%.

SLOP IMINO.

Fruit w/Live

No. Fruit
Tree Above Below | wiLive Larvae Cum no. Decision
1 3 b 0 0 continue
2 3 b 0 0 continue
3 3 b 0 0 continue
4 3 b 0 0 continue
5 3 b 0 0 continue
6 3 b 0 0 continue
7 3 b 0 0 continue
8 3 b 0 0 continue
9 4 b 0 0 continue
10 4 b 0 0 continue
11 4 b 0 0 continue
12 4 b 0 0 continue
13 4 b 0 0 continue
14 4 b 0 0 continue
15 4 b 0 0 continue
16 4 b 0 0 continue
17 4 b 0 0 continue
18 4 b 0 0 continue
19 5 b 0 0 continue
20 5 b 0 0 continue
21 5 0 0 0
Accept




Table4. Example of sequential sampling when the average percentage of fruit with
live larvae falls between 0.01% and 0.4%. This block will require a second sampling

to make afinal determination. If it occurs a sencond time, the lot is rejected.

Stop if No. Fruit w/Live

Larvae is:
Above or Below or No. Fruit w/Live
Tree equal to equal to Lavae Cum. No. Decision
1 3 1 1 continue
2 3 Y 0 1 continue
3 3 .. 0 1 continue
4 3 minimem 0 1 continue
5 3 of 0 1 continue
6 3 21 trees 0 1 continue
7 3 must be 0 1 continue
8 3 sampled 0 1 continue
47 7 2 1 4 continue
48 8 2 0 - continue
49 8 2 0 4 continue
50 8 3 2 6 Resample




Taiwan Export Program-Orchard Codling M oth Control Worksheet

Sequential sampling table to determine if the fruit from a specific grower lot is eligible for export to Taiwan
(i.e. damage level is greater than 0.2% or less than or equal to 0.04%)

Stop it No. Fruit w/Live
Larvae is

Above or Below or No. Fruit w/Live
equal to equal to Larvae Cum no.

I

A
minimum
of 21 trees

mug be
sampled
before
stoppingin
orchards
with low
risk of
codling
moth
infestation.

(0}

o|oo|~[o|ofsfwlvlRlE

N
ol
oo] oofco[~| N~ [~ [N N[ ~[N[N N o|o|o|o|oo|o|o| ool g x| e|afa| ;oo s [ ]SS [ ]S A A [ ]w]w]w|w]w]w]w|w

WINININININININININ[R|R[RR|R[R|R|R|F RO O|O|0]|0]|0|0|0|0|0

Grower/Orchard Name Variety/Grower Lot Number

Sampled by Date

This document must accompany the first load of fruit from this ot upon delivery to the packing facility. Lotsthat do not have documentation verifying low risk of
codling moth presence are not eligible for export to Taiwan. 1f no decision isreached after sampling 50 trees, orchard may be resampled oncein thefield in no less
than 7 days to verify infestation levels or once using the bin sample. If the lot does not pass following these resamples, the lot is disqualified for export to Taiwan.



