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Abstract

Sudies were replicated over 2 years to further evaluate the residual efficacy of
several selective, reduced-risk compounds that are now registered for use in
head lettuce. In most cases, the Success, Proclaim, Avaunt and Intrepid
provided excellent seasonal efficacy against beet armyworm and cabbage
looper larvae. Their performance at stand establishment and harvest were also
examined. Based on the results of these studies and additional trials conducted
over the past several years, we now have sufficient information for optimizing
thelr uses in our lettuce pest management program. Because they are uniquely
different insecticide chemidries, they can be rotated throughout the season to
prevent the rapid buildup of resigance. A table was constructed that offers
suggested uses for each compound throughout the season. The results are
ultimately are aimed at assigting growers and PCA's in making sound decisions
on choosing compounds for use in controlling beet armyworm and cabbage
looper in head lettuce.

Introduction

The beet armyworm, cabbage looper and Heliothis species are the major |epidopterous pests of lettuce in
desert growing areas of Arizona. Conventional insecticides such as Lannate, Orthene, Larvin and pyrethroids have
been used successfully in the past to control this pest complex. Unfortunately, the recent passage of the Food
Quality Protection Act of 1996 threatensto remove some of these more broadly toxic compounds from the market
in the next few years. In the past few years, several selective Reduced-risk insecticide products have become
registered and available to |ettuce growers for management of the lepidopterous complex. Our past research efforts
have been focused on studies to determine ways to integrate these new chemicals into our loca management
programs in the most cost/effective way possible. These compounds offer excellent efficacy against |epidopterous
larvae. Because they are uniquely different insecticide chemistries, they can be rotated throughout the season to
prevent the rapid buildup of resistance. We have continued to tests these compounds on fall |ettuce over the past
two seasons to validate their efficacy under heavy worm pressure. Because growers now have a number of choices,
our goal has been to compare each compound at different rates and in combinations to determine their relative
performance throughout the season and at harvest. The studies reported here are aimed at assisting growers and
PCA’sin making sound decisions on choosing compounds for usein controlling beet armyworm and cabbage | ooper
in fall lettuce.

M aterials and M ethods
2001 L ettuce Study |

Lettuce was direct seeded on 1 Sep at the Yuma Valley Agricultural Center, Yuma, AZ into double row beds on 42
inch centers. Stand establishment was achieved using overhead sprinkler irrigation, and irrigated with furrow
irrigation thereafter. Plots were two beds wide by 50 ft long and bordered by two untreated beds. Four replications
of each treatment were arranged in a randomized complete block design. Formulations and rates for each compound
are provided in the Table 1. Foliar applications were made with a CO, operated boom sprayer operated at 50 psi and
26.5 GPA. A directed spray (~75% band, with rate adjusted for band) was delivered through 3 nozzles (TX-18) per



bed. Adjuvants were applied with each treatment in the following: Kinetic at 0.065% v/v was applied with all
treatments except Confirm which was mixed with Latron CS-7 at 0.125% v/v. Sprays were applied on 13 and 21
Sep. Evaluation of | epidopterous larvae control was based on the number of live larvae per plant sampled from the
center 2 rows of each replicate at 3 and 6 days after each treatment was applied (DAT). Ten plants per plot were
destructively sampled on each sample date. The sample unit consisted of examination of whole plants for presence
of small and large BAW, CL and TBW larvae. For BAW and TBW , larvae were considered smal if <5 mm in
length, large >5mm. For CL, larvae were considered small if <10 mm, large if > 10 mm. Damage to plants and the
plant stand were estimated on Sep 27 (see table 2). Treatment means were anayzed using a 1-way ANOVA and
means separated by a protected LSD (p<o,05).

2001 Lettuce Study 1

Lettuce was direct seeded on 5 Sep at the Yuma Valley Agricultural Center, Yuma, AZ into double row beds on 42
inch centers. Stand establishment was achieved using overhead sprinkler irrigation, and irrigated with furrow
irrigation thereafter. Plots were four beds wide by 50 ft long and bordered by two untreated beds. Four replications
of each treatment were arranged in a randomized complete block design. Formulations and rates for each compound
are provided in the Table 3. Foliar applications were made with a CO, operated boom sprayer operated at 50 psi and
26.5 GPA. A directed spray (~75% band, with rate adjusted for band) was delivered through 3 nozzles (TX-18) per
bed. Adjuvants were applied with each treatment in the following: Kinetic at 0.065% v/v was applied with Avaunt;
Silwet at 0.065% v/v was applied with Proclaim and Success; and Latron CS-7 was applied with Conifrm and
Intrepid at 0.125% v/v. Sprayswere applied on 19 and 29 Sep, 11 and 23 Oct, and 5 Nov.

Evaluation of |epidopterous larvae control was based on the number of live larvae per plant sampled from the center

2 rows of each replicate. The plots were sampled on various days after each treatment was applied (DAT). Ten
plants per plot were destructively sampled on each sample date. The sample unit consisted of examination of whole
plants for presence of small and large BAW, CL and TBW larvae. For BAW and TBW , larvae were considered
small if <5 mm in length, large >5mm. For CL, larvae were considered small if <10 mm, large if > 10 mm.
Damage to the plant stand was estimated on Sep 29 and Oct 6 by counting the total number of live plants per 45 feet
per bed. Treatment means were analyzed using a 1-way ANOVA and means separated by a protected LSD (p<o,05).

2002 L ettuce Study

Lettuce was direct seeded on 4 Sep at the Yuma Valley Agricultural Center, Yuma, AZ into double row beds on 42
inch centers. Stand establishment was achieved using overhead sprinkler irrigation, and irrigated with furrow
irrigation thereafter. Plots were four beds wide by 50 ft long and bordered by two untreated beds. Four replications
of each treatment were arraigned in a randomized complete block design. Formulations and rates for each compound
are provided in Table 5. Sprays were applied on 25 Sep, 7, 21 and 29 Oct . Some of the spray treatments were
modified by adding insecticides or increasing rates on the 21 and 29 Oct applications (see Table 5). The foliar
applications were made with a CO, operated boom sprayer at 40 ps and 24.5 GPA. A directed spray (~75% band,
with rate adjusted for band) was delivered through 3 nozzles (TX-18) per bed. Adjuvants were applied with each
treatment in the following: Latron CS-7 was applied with Intrepid at 0.125% v/v and Silwet at 0.065% v/v was
applied with all the other spray treatments.

Evaluation of |epidopterous larvae control was based on the number of live larvae per plant sampled from the center
2 rows of each replicate. The plots were sampled on various days after each treatment was applied (DAT). Ten
plants per plot were destructively sampled on each sample date. The sample unit consisted of examination of whole
plants for presence of small and large BAW, CL and TBW larvae. For BAW and TBW , larvae were considered
small if <5 mm in length, large >6mm. For CL, larvae were considered small if <10 mm, large if > 10 mm. At
harvest, ten plants were selected and heads and wrapper leaves were examined for presence of larvae and feeding
damage/frass. Treatment means were analyzed using a 1-way ANOVA and means separated by a protected LSD

(P<0.05)-
Results and Discussion
2001 Lettuce Study I.  This trid was designed to evaluate the reduced risk insecticides on small lettuce plants

during stand establishment. At the time of the 1% application, plots had not been thinned yet and lettuce plants were
smaller than the 3-leaf stage. BAW pressure was very high at that time with greater than 20 large larvae /plant in



the untreated plot 6 DAT (Table 1). All treatments provided significant knockdown of BAW larvae. However,
following the 2™ application , both Confirm and Lannate were less efficacious than the other treatments. All
treatment provided significant efficacy of CL as compared with the untreated control. Based on stand counts, al
treatments preformed similarly, however estimates of plant damage showed that Lannate and the reduced risk
compounds Avaunt, Confirm and Intrepid resulted in sgnificantly more plant damage than Proclaim, Success and
the high rate of Avaunt (Table 2). This data is consistent with the route of activity of these compounds. Proclaim
and Success are trandaminar and have contact activity. Thus they usually cause quick knockdown (1-2 d) of larvae.
In contrast, Lannateis a short residual compound resulting in a quick reinfestion by larvae , and Confirm Intrepid,
and Avaunt are toxic through ingestion by the larvae. Thisresulted in significantly more larval feeding .

2001 Lettuce Study I1. This trial was designed to evaluate the efficacy of the selective and reduced risk
insecticides throughout the growing season. BAW and CL pressure was heavy throughout the trial. Plant stand
counts showed that al the materials were effective in preventing stand losses in the presence of large BAW
populations (Table 3; Fig 1). Furthermore, all of the selective compounds provided significant control of BAW and
CL following 5 applications (Fig 1 and 2). The addition of pyrethroid with each compounds did not significantly
improve their efficacy. In most cases, all of the treatments performed similarly. However, Intrepid and Confirm
(dow-acting IGR compounds) allowed significantly more feeding damage to occur on plants near harvest and were
more heavily infested with budworm/bollworm (Table 4). Thisisnot unusual consdering that Confirmsis know to
be weak against Budworm/bollworm. In addition, this was the first year we evaluated Intrepid and applied the
product at alower rate than is currently labeled. Overall, Proclaim, Avaunt, and Success provided good protection
and resulted in ahigh level of marketable |ettuce heads.

2002 L ettuce Study

BAW and CL pressure were heavy throughout the trial with the number of total larvae exceeding 50 per 10 plantsin
the untreated check just prior to harvest (Figure 3 and 4). Numbers of BAW large larvae numbers in al spray
treatments were significantly lower than in the check on most sample dates (Figure 3). Similarly, numbers of CL
larvaein all spray treatments were significantly lower than the untreated check (Figure 4).. All compounds provided
similar efficacy, however, a few exceptions were noted. Intrepid was applied at a higher rate this year (8 0z) and
appeared to be more efficacious than the 6 oz rate. This was particularly evident near harvest. The addition of
Warrior to the 6 oz rate overall improved performance (Table 5). Avaunt performance varied with rate and time of
season, but overall performed well at the 6 0z rate when evaluated at harvest. Proclaim provided excellent seasonal
residual knockdown of BAW, but showed performed erratically against CL during the later half of the season (Fig
4). Both Success and the Lannate/Warrior provided similar efficacy, and overall resulted in significantly less
damage to lettuce heads than the untreated check (Table 5). TBW populations were low during the season, but
were found in high numbers in lettuce heads at harvest (Table 5). All treatments provided significant control of
TBW at harvest with the exception of Intrepid applied at 6 0z and Proclaim at 3.2 0z. In genera, the pre-harvest
application of Lannate + Warrior appeared to provide the overall best protection of heads at harvest.

Summary

Based on the results of these studies and additional trias conducted over the past several years, we now have a great
deal of information on the efficacy of the new selective and reduced risk insecticides and their fit in our lettuce pest
management program. Table 6 was constructed from this large database and offers suggestion for the use of each
compound for the protection for lettuce crops. Thistableis organized by identified stagesin plant growth throughout
the crop season. The fit within the table for each insecticide corresponds with its potential use. The older active
ingredients are included because of their broad-spectrum activity, larval efficacy and utility in sustaining long-term
efficacy of al products. Furthermore, recommended tank-mix combinations with pyrethroids (Warrior, Mustang,
Asana, Pounce) areidentified. A short summary of the rational e used in devel oping this table follows:

Thinning Sage: Depending on population pressure and temperature, 1-3 applications may be required for larval
control during this period. It is assumed that many applications will be made by air because of sprinkler irrigation
and wet fields during this period. Lannate+pyrethroid isthe logical choice for initial control at stand establishment
because of the excellent contact and ovicidal activity, broad-spectrum efficacy against many soil-dwelling pests, and
proven efficacy by air. Success has demonstrated good activity againg BAW/CL by air, but should be used after
stand establishment (3-4 leaf stage) because of sdlective efficacy. If leafminer is also present at economic levels,



Success at higher rates (6 0z) should be used. Proclaim, is also be a good compound for this stage if applied with
ground equipment, asit does not currently have an air label.

Pogt-thinning / Pre-heading stage: All of the compounds are options for control during this period. The opportunity
to use ground application equipment is also greater. Now that Intrepid has been registered, it should be used instead
of Confirm. Both Intrepid and Avaunt and should be used at higher rates when CL and BAW pressure is high, and
addition of pyrethroid should be used when budworm/bollworm are detected. All compounds should be applied with
ground equipment whenever possible. Orthene and endosulfan (high rates) may be a good aternatives soon after
thinning when BAW pressureislow, and thrips and/or aphids are present.

Heading-Harvest stage: perhaps the most important period in which plant protection is required. Fewer options, but
several effective compounds are available. Addition of pyrethroid with all active ingredients is recommended for
treatments 7-14 days before harvest to enhance control of small larvae, budworm/bollworm, and miscellaneous pests
such as beetles, plant bugs and thrips.

Product Sustainability Table 6. provides insecticide options available for management of lepidopterous larvae
during the growing season. It should primarily serve as a guide for identifying windows of use for individual
products/combinations. It can aso serve as a reference choosing compounds to rotate with throughout the season for
the purpose of maximizing and sustaining product efficacy. Additional tactics should be practiced to avoid the
development of resistance by |epidopterous larvae to any of these new active ingredients:

» Avoid making more than 2 consecutive applications of the same active ingredient to the samefield.

» Thisalso indudes pyrethroids whenever possible.

» An dternative active ingredient should be applied before reapplying the first active ingredient.

» Do not apply active ingredient bel ow |abel ed rates.

» Avoid tank-mixtures containing 2 or more of the new, selective chemistries when contralling | epidopterous

larvae. Not only is this expensive, but generally not necessary based on past performance.

Ideally, these strategies will optimize control of the Lepidopterous larval complex and maximize thelongevity of all
these compounds. We recognize that in certain situations, these management practices may be difficult to
implement, but emphasize that they may be necessary for the long-term sustainahility of these valuable chemistries
on desert |ettuce crops.



Tablel. Abundanceof largelarvaein head lettuce at 3 and 6 DAT with selective insecticides, 2001 L ettuce Study |

M ean large larvae (3" instar or older) /10 plants

Beet Armyworm Cabbage L ooper

Treatment Rate/ac 16-Sep 19-Sep 24-Sep 27-Sep 16-Sep  19-Sep  24-Sep  27-Sep
Avaunt 6.00z Ob 04b Ob Oc Ob Ob Oc Ob
Avaunt 350z Ob 0.8b Ob l1lc Ob Ob Oc Ob
Proclaim 3.20z Ob 0.8b Ob Oc Ob Ob 11b 11b
Proclaim 240z Ob 04b 11b Oc Ob Ob Oc Ob
Intrepid 200z Ob 0.8b 0.6b l1lc Ob Ob Oc 0.6b
Confirm 8.00z Ob 0.8b 11b 2.0 bc Ob Ob 0.6 bc 0.6b
Success 40z Ob 21b 05b l1lc Ob Ob Oc 1.1b
LannatetWarrior  0.75+3.7 0z 0.7b 29b 11b 50b Ob Ob Oc Ob
Check 7.3a 20.8a 7.2a 8.3a 0.3a 0.8a 6.1a 39a

Means followed the same |etter are not significantly different; ANOVA, protected LSD (p<o.05)



Table 2.  Differences among treatments in damage to head lettuce plants
on Sep 27, 2001 (6 DAT #2) , 2001 L ettuce Study |

Plants/ Damage®
Treatment Rate 40 row ft rating
Avaunt 6.0 0z 80.6 a 23ab
Avaunt 3.50z 88.3a 20c
Proclaim 3.20z 82.0a 23ab
Proclaim 240z 79.7 a 2.1bc
Intrepid 2.00z 86.7 a 20c
Confirm 8.00z 8l.7a 19c
Success 40z 87.3a 24a
LannatetWarrior 0.9 1b+3.8 0z 74.3a 15d
Check 9.7b 0.3e

Means followed the same | etter are not significantly different; ANOVA, protected LSD (p<o.05)

@ Damagerating= 3, no damage; 2= little damage on newer foliage; 1=moderate amounts of old
and new damage O=plants with extreme feeding damage on old and termina growth

Table 3. Differences among treatmentsin plants standsin head lettuce plots, 2001 L ettuce
Study 1

Mean no. plants/ 45’ of bed

Treatment / Rate

formulation (oz/acre) Sep 29 Oct 6
Avaunt 30DG 6.0 107.8 a 102.5a
Avaunt +Warrior T 3.5+3.8 110.2 a 102.0 a
Proclaim WDG 3.2 112.0a 104.0 a
Proclaim +Warrior 24+3.8 108.5a 100.3 a
Intrepid 8OWSP 20 1100 a 101.5a
Intrepid +Warrior 20+3.8 112.0a 101.0a
Confirm 2F 8.0 1045a 98.3a
Confirm 2F +Warrior 8.0+3.8 105.3a 101.5a
Success 2SC 55 113.0a 105.0 a
Success +Warrior 4.0+3.8 1115a 104.0 a
Untreated -- 54.7b 28.0b

Means followed the same | etter are not significantly different; ANOVA, protected LSD (p<o.05)



Large Larvae / 10 plants

Figurel. Seasonal trendsof largebeet armyworm larvae on head lettuce following applications
with (A) Avaunt, (B) Proclaim, (C) Intrepid and (d) Success, YAC fall 2001
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Large Larvae / 10 plants

Figure2. Seasonal trendsof large cabbage looper larvae on head lettuce following applications
with (A) Avaunt, (B) Proclaim, (C) Intrepid and (d) Success, YAC fall 2001
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Table4. Damage and contamination of marketable lettuce heads at harvest, Nov 11, 2001,
Lettuce Study 1.

Feeding damage/frass (%) Heads infested with larvae (%)

Treatment / Rate Wrapper

formulation (0z/ac) leaves Heads BAW CL TBW Total
Avaunt 6.0 8d 13 cd Ob 4b 4 de 8 bc
Avaunt +Warrior 3.5+3.8 8d 8d Ob Ob 4 de 4c
Proclaim 3.2 od od Ob Ob Oe Oc
Proclaim +Warrior 2.4+3.8 13 cd 4d Ob 4b Oe 4c
Intrepid 6.0 8d 8d Ob Ob 8 cd 8b
Intrepid +Warrior 5.0+3.8 17 dc 17 cd Ob 8b 8cd 16 bc
Confirm 8.0 33 bc 42 b Ob 13b 17b 30b
Confirm +Warrior 8.0+3.8 55 b 33 bc 4 ab 13b 13 bc 30b
Success 5.5 8d 8d Ob 4b Oe 4c
Success +Warrior 4.0+3.8 4d 4d Ob Ob Oe Oc
Untreated - 9% a 92a 8a 38a 25a 71la

Means followed the same | etter are not significantly different; ANOVA, protected LSD (p<o.05)



Large Larvae / 10 plants

Figure 3. Seasonal trendsof large beet armyworm larvae on head lettuce following applications
with (A) Avaunt, (B) Proclaim, (C) Intrepid and (d) Successand Lannate/Warrior, YAC fall 2002
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Large Larvae / 10 plants

Figure 4. Seasonal trendsof large cabbage looper larvae on head lettuce following applications
with (A) Avaunt, (B) Proclaim, (C) Intrepid and (d) Successand L annate/Warrior, YAC fall 2002
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Table5. Damage and contamination of marketable lettuce heads at harvest, Nov 7, 2002, 2002 L ettuce Study.

Wrapper Leaves Head and Cap leaf
Damage Mean / 10 plants Damage Mean / 10 plants

Treatment Rate/acre (%) BAW CL TBW Totd (%) BAW CL TBW Tota
Intrepid 2F @ 80z 20 cd Ob Ob 0Oa O0b 46a 27a Oc 27bcd 5.2 bed
Intrepid 2F @ 6 0z 38 bc Ob 0.7b Oa 07b 66a 07b 07bc 6.7ac 80bc
Intrepid+Warrior® 6 0z+3.2 0z 18 cd Ob Ob Oa Ob 32a O0b 12bc 12d 24de
Success 2F ° 50z 6d 0.7b Ob Oa 07b 26 b Ob Oc 26bcd 2.6de
Avaunt 30WG*® 350z 26 bcd Ob 07b Oa 07b 52 a Ob Oc 26bcd 2.6de
Avaunt 30WG*®  4.80z 26 bed 07b 07b 0Oa 14b 40 a Ob 27a 32bcd 6.0bcd
Avaunt 30WG*®  6.00z 6d 0.7b 0Ob Oa 07b 24 b 12ab Oc 20cd 3.2de
Proclaim 5SG ¢ 3.20z 6d Ob 07b 0Oa 0.7b 68 a 07b 07bc 72a 86Db
Proclaim5SG? 240z 6d Ob Ob 0Oa O0b 40 a Ob Oc 40bcd 4.0cde
Lannate +Warrior 0.7 Ib+ 4 oz 26 bed 0.7b 07b 07a 20D 12b 0Ob Oc 0.7d 0.7e
Untreated -- 83a 20a 87a 0Oa 107b 72a 27a 40a 100a 16.7a

Meansfollowed by the same | etter are not significantly different, ANOVA; LSD (p<0.0s).

2 For the Oct 21 and 29 spray applications therates of Intrepid were increased from 8 to 10 oz and from 6to 8 oz.

® For the Oct 21 and 29 spray applications the rate of Success were increased from 510 5.5 oz.

¢ For the Oct 21 and 29 spray applications Mustang 1.5EC at arate of 4.0 0z was combined with Avaunt at 3.5 oz.

4 For the Oct 21 and 29 spray applications Mustang 1.5EC at arate of 4.0 oz was combined with Proclaim at 2.4 oz.



Table6. Suggested Insecticide Use Patternsfor Control of L epidopter ous L arvae Complex on Desert L ettuce, 2003

Stand Establishment | Post-thinning to Pre-heading Heading to Harvest

Success

Proclaim

Avaunt

Intrepid

Confirm

Lannate

Larvin

Ortheneor
Endosulfan

I nsecticide has demonstrated good efficacy as stand-alone application

Pyrethroid should be combined for additive Lep control and/or broad spectrum activity.




