Emulsifiable Concentrate Alternatives Analysis

Under contract to CDFA's Office of Pesticide Consultation & Analysis (OPCA), fifteen University of
California Cooperative Extension specialists contributed to a study of alternatives to emulsifiable
concentrate (EC) pesticides that produce high levels of volatile organic compound (VOC) emissions. It
is hoped that the study, which focused on eight key crops, will assist the California Department of
Pesticide Regulation (DPR) in their effort to satisfy their mandated VOC emission-reduction goals in a
manner that minimizes costs to California growers.
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California produces over 1.5 million acres of alfalfa hay, which is about 15% of the total alfalfa hay
production in the United States. Alfalfa hay is produced in most counties in the state; this makes the
crop unique in terms of geographical spread. However, the primary growing regions are the
Sacramento Valley and San Joaquin Valley, which produce 60% of the state’s alfalfa hay crop, and the
desert region, which produces 20% of the state’s alfalfa hay crop. The remaining 20% of the acreage is
in the coastal and mountain areas. California Department of Pesticide Regulation has identified several
insecticides and herbicides used on alfalfa as contributing volatile organic compounds (VOC) to air
quality problems in California. DPR is proposing to regulate pesticides with evaporative potentials
(EP) of greater than 20%. Alfalfa hay is the fourth largest VOC contributor of all agricultural
commodities from emulsifiable concentrate formulations and contributed over 189,000 Ibs of VOCs in
2005. The top six VOC producing pesticides and non-VOC producing alternative pesticides or
formulations are discussed with regard to pest control activity and IPM potential.

Insecticides

The two insecticides listed are still useful products for alfalfa producers although they are both
organophosphate insecticides and as such have been under scrutiny for several years and alternatives
have been developed. However, the wide production area of alfalfa in California (without a doubt
more widely produced than any other crop in the state) along with the high acreage means that the pest
management challenges are varied and truly “one size does not fit all.”

Chlorpyrifos — Lorsban 4E, with an EP value of 50, is used to manage Egyptian alfalfa weevil
complex (Hypera spp.), several species of aphids including pea, Acyrthosiphon pisum, blue alfalfa
aphid, 4. kondoi, spotted alfalfa aphid, Therioaphis maculate, and cowpea aphid, Aphis craccivora and
other miscellaneous insect pests (leathoppers, grasshoppers, etc.) including some of the easier to kill
lepidopterous larvae. For the weevil complex, there are several alternatives to Lorsban 4E (Table 1).
Lorbsan 4E was widely used on alfalfa and was applied to 547,072, 443,385 and 386,338 acres in 2005,
2006 and 2007, respectively (Table 2). The amount of VOC produced by Lorsban 4EC varied from
274,400 1bs in 2005 to 207,000 Ib in 2007 and accounted for 23% of the total VOC produced on alfalfa
(Table 3). Only two insecticides (Lorsban Advanced and Mustang Max) of the eight possible
replacements insecticides would be viable (Table 4). The use rate of the eight replacement insecticides
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alternatives was based on the 2006 PUR data. Alternative chlorpyrifos formulations to Lorsban 4E
include Lock-ON, Lorsban Advanced and Lorsban 75WG. Lock-On, with an EP value of 21, is
targeted to reduce off-site movement and to protect water quality. It apparently performs well on the
alfalfa weevil complex but performance against other pests is unknown. Lorsban Advanced is a new
chlorpyrifos formulation, which should perform comparably to the 4E formulation and should be a
direct replacement. Lorsban 75WG is washed off by spring rain more easily than 4E formulation and
thus requires an additional application. In addition, Lorsban 75WG is less effective in control of aphids
in cotton and alfalfa trials and thus two applications of Lorsban 7SWG will be required to replace one
Lorsban 4E application. Thus, Lorsban Advanced and Mustang Max EW have the price and
performance characteristics to make them direct replacement for Lorsban 4E on the weevil complex.

For the other alternatives, Imidan 70WP is very slow to provide control and somewhat erratic in
efficacy (not very effective in cool weather, for instance). The registration of Furadan 4F is being/has
been removed and thus it is not a viable alternative. The permethrin formulations (Pounce 25 WP and
Ambush 25 W) are not preferred by growers because they are older generation pyrethroids, do not
provide as long of control as newer products (the formulations do not protect the active ingredient from
degradation and they are susceptible to wash-off from precipitation), and the wettable powder
formulations can be difficult to apply. The pyrethroid products also have potential water quality issues
and the drawback of being very broad-spectrum, thus destroying populations of natural enemies. This
is important because alfalfa is known as the insectary for the San Joaquin Valley due to the habitat it
provides for a wide range of natural enemies. Two of the most commonly used insecticide products in
alfalfa (and a high proportion of this is targeting the weevil complex) are Steward EC (indoxacarb) and
Warrior; however both of these present VOC issues.

Lorsban 4E is also a key product used for cowpea aphid control. This pest is becoming a more severe
problem in the northern Central Valley. Lorsban Advanced will likely be a viable alternative although
studies in alfalfa have not documented this. Studies conducted in cotton have shown this new
formulation may not be quite as effective as the 4E formulation against cotton aphids. Similar data do
not exist for cowpea aphids control in alfalfa. Dimethoate is a commonly used active ingredient for
aphid control but its EC formulations cannot be considered alternatives.

For aphid control, all alternatives except Lorsban 75WG were estimated to require one application to
provide similar control to Lorsban 4E (Table 4). The cost of material and application of the alternatives
was estimated to range from approximately $18 to $71.50 per acre (Table 5). The elimination of
Lorsban 4E would have cost alfalfa growers a projected $37,572, $8,690 and $10,723 for 2005, 2006
and 2007, respectively with an average increase in cost of less that $0.02 per acre (Table 6). Thus, the
elimination of Lorsban 4E would have little economic impact in alfalfa.

Dimethoate — Dimethoate E267 and other EC formulations, with EP values of 39 to 63, are used
primarily for pea aphid control and use is highest in the Imperial Valley. Chlorpyrifos is an alternative
Al for aphid control. Lorsban 4E is a key product used for cowpea aphid control but the VOC
properties of this product are problematic. Lorsban Advanced will likely be a viable alternative
although studies have not documented the performance profile and two applications of Lorsban
(Advanced, 7SWG and Lock-On) would be required to replaced one application of Dimethoate (Table
7). However, Lorsban 75WG is too costly to be used in alfalfa. Other alternatives for aphid
management in alfalfa are limited. Materials such as neonicotinoid products are effective on aphids but
not available for use on alfalfa. Host plant resistance offers good control, under most environmental
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conditions, for spotted alfalfa aphid and blue alfalfa aphid. Pea aphid and the recent alfalfa pest,
cowpea aphid, should be controlled upon reaching damaging levels with insecticides.

The cost of material and application of the alternatives was estimated to range from approximately
$43.16 to $71.50 per acre (Table 8). The elimination of Dimethoate would have cost alfalfa growers a
projected $1,888,142, $1,825,370 and $1,954,171 for 2005, 2006 and 2007, respectively, with an
average increase in cost of about $13.50 per acre (Table 9).

Herbicides

The four alfalfa herbicides listed on the VOC registry are very important herbicides needed to maintain
weed free alfalfa. The alfalfa industry markets approximately 70% of California hay to dairies and 20%
to the pleasure horse and other animal markets and all are motivated to buy weed free hay. The market
price for alfalfa hay is established by several factors, primarily nutrient value and digestibility, which
are impaired by the presence of weeds. In addition, poisonous weeds, that are not uncommon in alfalfa,
can be problematic. High quality, weed free hay commands the highest price and is ranked as a top pest
management priority. There are a limited number of herbicides available for alfalfa, which generally
have a specific time during the year, and weed spectrum they are effective on. The herbicides listed on
the VOC registries are important in controlling specific weeds at different times during the season and
necessary to produce the highest quality hay.

Hexazinone — Velpar L, with an EP value of 37.6, is used for broad leaf and groundsel control in
established alfalfa during the dormant period from November to January (Tables 10 and 11). Its use is
extensive across all California alfalfa production areas. It is an important herbicide since it controls a
broad range of weeds plus an important tool to control common groundsel Senecio vulgaris, a
poisonous weed of alfalfa. Because of its effectiveness on most broadleaf weeds and soil residual, it
has significant use during the winter dormant season. Velpar L was applied to 89,590 — 117,098 acres
between 2005 and 2007 (Table 13) and accounted for 5.7% — 8.1% of the total VOC produced on
alfalfa between 2005 and 2007 (Table 14).

Alternatives:

Velpar 75DF® is a new registered formulation of hexazinone without VOC issues. In test situations,
Velpar 75DF had the same level of pre-emergent weed control as Velpar L (Tables 12, 15 and 16).
Thus, there can be a direct substitution of Velpar 75DF for Velpar L. Sencor 75 DF (metribuzin) is a
pre-emergent herbicide also registered for alfalfa and since it is a dry flowable formulation, it should
have a low EP value (the EP value is not known at this time). It could be considered as a direct
substitute in some regions. However, it has limited control of common groundsel and other winter
annual weeds of alfalfa. Chateau (fumioxazin) was registered in 2008 and will control many of the
same weeds that Velpar L can. It has a different mode of action than Velpar 75DF or Sencor 75DF,
making it a good tool for resistant management, plus it has a shorter crop rotation interval. Chateau is
principally a soil residual herbicide at the use rate in alfalfa and therefore cannot replace the same level
of control on emerged weeds as Velpar L. Thus, there are adequate alternatives for Velpar L. The cost
of materials and application of the alternatives was estimated to range from $25.47 to $112.67 per acre
(Table 16). The elimination of Velpar L would have cost alfalfa growers $390,177, $509,978 and
$395,336 for 2005, 2006 and 2007, respectively, with an average increase in cost of about $4.36 per
acre (Table 17). Thus, the elimination of Velpar L would have an adverse impact on alfalfa growers.



Sethoxydim (Poast1.5EC/Arrow 2EC) Clethodim (Select 2EC/Select Max) — Poast 1.5EC, with an EP
value of 71, and Clethodim — Select 2EC, with an EP value of 79, are two herbicides with the same
mode of action and are used to control similar grass weeds in seedling and established alfalfa (Tables
10 and 11). Typically, two applications of Poast 1.5EC or Select 2EC are used annually. 47,147, 29,904
and 20,059 acres were treated with Poast 1.5 EC in 2005, 2006 and 2007, respectively while. Select
2EC was used on 87,365, 108,543 and 61,361 acres in 2005, 2006 and 2007, respectively (Table 13).
Poast 1.5EC and Select 2EC are the only post-emergent selective herbicides registered for grass
control. Between 2005 and 2007, Poast 1.5 EC accounted for 2.7% to 5.8% of the total VOC while
Select 2EC accounted for 3.2% to 8.4% of the total VOC produced on alfalfa (Table 14). Poast 1.5EC
and Select 2EC are very safe to all growth stages from seedling to established plants and therefore have
a wide window of application timings. They have no soil activity, which is an advantage for crop
rotations. Poast 1.5EC and Select 2EC are also important in controlling glyphosate resistant grasses
and managing for ALS herbicide resistant weeds. The herbicides can be substituted for one another for
summer and winter annual grass control. However, comparing relative importance, clethodim would
be the more important of the two because it controls Poa annual bluegrass where sethoxydim does not.
Losing both herbicides would have significant economic impact and leave the industry without good
viable options for post emergent grass control.

Alternatives:

Select Max ® was recently registered for alfalfa. It contains the same active ingredient, clethodim, as
Select 2EC. Select Max has a lower and acceptable EP value and would be a viable and direct
substitute for both Poast 1.5EC and Select 2EC. Select Max has the same range of activity as Select
2EC. Raptor 1E, imazamox, has post emergent activity and controls grasses and broadleaf weeds of
alfalfa (Tables 10 and 12). It has potential for use in some areas. Raptor will not control the entire
spectrum of grass species of Select 2EC or Poast 1.5EC and has a longer plant back restriction for
crops grown following alfalfa. It is an ALS herbicide, which is a family of chemistry recognized for
developing resistant quickly if used continuously and therefore would not be stongly recommended for
substitute status. The cost of material and application of the alternatives was estimated to range from
$15.24 per acre for Select Max to $40.20 per acre for Raptor 1E (Table 19). The elimination of Poast
1.5EC would have resulted in a reduction of cost to alfalfa growers from $2,444,785, $1,549,787 and
$1,039,553 for 2005, 2006 and 2007, respectively, with an average decrease in cost of about $1.15 per
acre (Table 20). The elimination of Select 2EC would have resulted in a reduction of cost to alfalfa
growers from $1,653,148, $2,053,894 and $1,161,104 for 2005, 2006 and 2007, respectively with an
average decrease in cost of about $18.92 per acre (Table 20). Thus, the elimination of Poast 1.5EC or
Select 2EC would have no adverse effect on productions costs for alfalfa growers.

EPTC — Eptam 7-E, with an EP value of 39, is primarily used for suppression of yellow and purple
nutsedge. It also controls many annual grasses and broadleaf weeds in established alfalfa (Tables 10
and 11). In established alfalfa, it is applied between cuttings in the irrigation water. Eptam 7-E can
also be used as a pre-plant incorporated herbicide before planting alfalfa. Once a primary herbicide for
seedling alfalfa, it has lost favor to newer post-emergent herbicides that are broader spectrum. Eptam
7-E was applied to 19,973 — 34,889 acres between 2005 and 2007 (Table 13) and accounted for 3.4% —
7.0% of the total VOC produced on alfalfa between 2005 and 2007 (Table 14).

Alternatives:

Because of its usefulness in suppressing nutsedge, there are few herbicide substitutes and none without
ground water restrictions and plant back limitations. Possible alternatives to Eptam 7-E include
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Solicam 80DF, norflurazone and Sandea 75WDG, halosulfuron. Solicam 80DF, with an EP value of 1,
is a pre-emergent soil residual herbicide. Solicam 80DF is active on nutsedge species and many other
weeds but has restrictions in certain counties due to crop injury in lighter soil types. It also is restricted
in ground water pest management areas, a significant limiting factor. Sandea 7SWDG, with an EP
value of 3.7, received alfalfa registration in 2007 for nutsedge control. Unlike Eptam 7-E, it is applied
post-emergent to nutsedge. Sandea 75WDG has been found to injure alfalfa in the central valley
counties and has not been widely accepted. Eptam 20G, with an EP value of 20, could be used as pre-
plant incorporated herbicide and a direct substitute for Eptam 7-E. The cost of material and application
of the alternatives was estimated to range from $49.48 per acre for Sandra 7SWDG to $97.79 per acre
for Solicam (Table 19). The elimination of Eptam 7-E would have increased production costs for
alfalfa growers $389,896, $223,207 and $299,507 for 2005, 2006 and 2007, respectively, with an
average increase of about $11.18 per acre (Table 24). Thus, the elimination of Eptam 7-E would have
an adverse economic effect on alfalfa growers.



Tables

Table 1. VOC producing insecticides and alternatives

Materials Yield loss (%) Quality change
VOC Producing Pesticide Lorsban 4E 10-40% --
Alternative 1 Imidan 70WP 20-40% --
Alternative 2 Furadan 4F -- --
Alternative 3 Lorsban 75WG 20-40% -
Alternative 4 Lorsban Advanced 10-40% --
Alternative 5 Lock-On 20-40% -
Alternative 6 Mustang Max EW -- --
Alternative 7 Pounce 25WP 20-40% --
Alternative 8 Ambush 25WP 20-40% -
VOC Producing Pesticide Dimethoate 2.67 EC, 10-40% --

Dimethoate 4E and others
Alternative 1 Lorsban 75WG 10-40% --
Alternative 2 Lorsban Advanced 10-40% -
Alternative 3 Lock-On 10-40% --




Table 2. VOC producing insecticides: Acres used and rate of application

No. acres treated® Months of Rate form
Chemical name Trade name Pest(s) controlled 2005 2006 2007 appls. ac/ appl ® % control
Chlorpyrifos Lorsban 4E Alfalfa weevil 547,072 443,385 386,338 Jan. — Now. 2 pt 75 - 90%
complex,
Aphids,
leathoppers
Dimethoate Dimethoate 2.67 Pea, blue alfalfa, 139,089 134,465 143,953 March — Nov. 1.5 pts. 75 —90%
EC, Dimethoate spotted alfalfa, and
4E and others cowpea aphids
@ Use rates from 2005 to 2007 pesticide use report data.
b Formulated amount based on 2005 pesticide use report data i.e. active ingredient/ac modified to formulated amount/ac.
Table 3. Amount (Ibs) and percent of total VOC emission produced by active ingredients for 2005 through 2007 in alfalfa
2005 2006 2007
Chemical name  Trade name Amount” Percent Amount® Percent Amount® Percent
Chlorpyrifos Lorsban 4E 274.4 24.6% 230.7 21.1% 207.0 22.6%
Dimethoate Dimethoate 2.67 EC, 61.4 5.5% 62.9 5.7% 70.7 7.7%
Dimethoate 4E and
others

# Amount times 1000 pounds from 2005 to 2007 pesticide use report data and Dept of Pesticide Regulation.



Table 4. Alternative insecticides to Lorsban 4E - Application details

Chemical Trade name Pest(s) No. appls. | Months appls. | Rate from Appl. Method | Percent control®

name controlled ac/appl.?

Phosmet Imidan 70WP Alfalfa weevil 1 Jan. — May 1 1b Ground/ Air 80 —90%
complex

Carbofuran Furadan 4F Alfalfa weevil 1 Jan. — May 2 pt Ground/ Air 80 —90%
complex

Chlorpyrifos | Lorsban 7SWG | Pea, blue alfalfa, | 2 Jan. — Nov. 1.331b Ground/ Air 70 —80%
spotted alfalfa,
cowpea aphids,
Alfalfa weevil 1 Jan. — May 1.33 1b Ground/ Air 60 — 70%
complex

Chlorpyrifos | Lorsban Pea, blue alfalfa, |1 Jan. — Now. 2 pts. Ground/ Air 70 —90%

Advanced spotted alfalfa,

cowpea aphids,
Alfalfa weevil 1 Jan. — May 2 pts. Ground/ Air 80 —90%
complex

Chlorpyrifos | Lock-on Alfalfa weevil 1 Jan. — May 2 pts. Ground/ Air 80 —90%
complex,
Pea, blue alfalfa, | 1 Jan. — Nov. 2 pts Ground / Air 70 —90%
spotted alfalfa,
cowpea aphids

Permethrin Pounce 25WP Alfalfa weevil 1 Jan. — May 12.8 oz. Ground/ Air 60 — 70%
complex

Permethrin Ambush 25W Alfalfa weevil 1 Jan. — May 12.8 oz. Ground/ Air 60 -70%
complex

Zeta- Mustang Max Alfalfa weevil 1 Jan. — May 4.0 fl. oz. Ground/ Air 70 —80%

cypermethrin | EW complex

# Most use rates based on 2006 PUR data, i.e., active ingredient/ac modified to formulated amount/ac.

b Compared to Lorsban 4E.




Table 5. Cost of Lorsban 4E and replacement cost of alternative insecticides for Lorsban 4E

Appl. Total material Total material & appl.

Chemical name Trade name Cost Unit  Rate/ac method cost/ac cost/ac?
Chlorpyrifos Lorsban 4E 12.80 pt 1 Ground/ Air 12.80 21.80
Phosmet Imidan 70WP 12.39 1b 1 Ground/ Air 12.39 21.39
Carbofuran Furadan 4F 13.77 pt 1 Ground/ Air 27.53 36.53
Chlorpyrifos Lorsban 75WG 20.10 1b 2 Ground/ Air 26.73 71.47
Chlorpyrifos Lorsban Advanced 7.46 pt 1 Ground/ Air 14.92 23.92
Chlorpyrifos Lock-On 6.29 pt 1 Ground/ Air 12.58 21.58
Permethrin Pounce 25 WP 0.99 0z 1 Ground/ Air 12.67 21.67
Permethrin Ambush 25 W 0.89 1b 1 Ground/ Air 11.39 20.39
Zeta- Mustang Max EW 2.18 fl.oz 1 Ground/ Air 8.72 17.72
cypermethrin

& Application cost of ground speed sprayer is $9.00/ac.
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Table 6. Replacement cost of alternative scenarios for Lorsban 4E

Percent of
Lorsban 4E
Cost per replacement Replacement cost®
Target pest(s) Alternative Trade name acre acreage 2005 2006 2007
Alfalfa weevil complex  Alternative 1  Imidan 70WP 21.39 1 82,638 94,840 117,019
Alfalfa weevil complex  Alternative 2~ Furadan 4F 36.53 5 705,685 809,887 999,282
Pea, blue alfalfa, spotted Alternative 3  Lorsban 75WG 71.47 1 276,100 316,870 390,970
alfalfa, cowpea aphids,
Alfalfa weevil complex
Pea, blue alfalfa, spotted Alternative 5  Lorsban 23.92 40 3,696,482 4,242,308 5,234,385
alfalfa, cowpea aphids, Advanced
Alfalfa weevil complex
Pea, blue alfalfa, spotted Alternative 6  Lock-on 21.58 1 83,372 95,682 118,058
alfalfa, cowpea aphids,
Alfalfa weevil complex
Alfalfa weevil complex  Alternative 7  Mustang Max 17.72 50 3,422,955 3,928,391 4,847,058
EW
Alfalfa weevil complex  Alternative 8  Pounce 25WP 21.67 1 41,864 48,045 59,281
Alfalfa weevil complex  Alternative 9 ~ Ambush 25 WP 20.39 1 39,391 45,208 55,779
100% 8,429,741 9,674,483 11,936,892
Lorsban 4E cost 8,422,168 9,665,793 11,926,169
Difference in cost 7,572 8,690 10,723

from change

? Replacement cost was based on estimated number of acres treatment with alternative times the cost of alternative.
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Table 7. Alternative insecticides to Dimethoate 2.67 EC, Dimethoate 4E and others - Application Details

Pest(s) No. Months Rate form Appl
Chemical name Trade name controlled appls. appls. ac/ appl® method % control °
Chlorpyrifos Lorsban 75WG Pea, blue alfalfa, 2 Jan. — Now. 1.331b  Ground/ Air 70 —90%
spotted alfalfa,
cowpea aphids
Chlorpyrifos Lorsban Advanced Pea, blue alfalfa, 2 Jan. — Now. 2 pts. Ground/ Air 70 —90%
spotted alfalfa,
cowpea aphids,
Chlorpyrifos Lock-on Pea, blue alfalfa, 2 Jan. — Now. 2 pts. Ground/ Air 70 —90%
spotted alfalfa,

cowpea aphids,

# Most use rates based on 2005 pesticide use report data, i.e., active ingredient/ac modified to formulated amount/ac.
b Compared to Dimethoate 2.67 EC, Dimethoate 4E and others.
¢ Restrictions in water protection areas.

Table 8. Cost of Dimethoate 2.67 EC and replacement cost of alternative insecticides for Dimethoate 2.67

Appl Total material Total material & appl.
Chemical name Trade name Cost Unit  Rate/ac method cost/ac cost/ac?
Dimethoate 2.67 EC 536 pt 1.5 Ground/ Air 8.04 34.08
Chlorpyrifos Lorsban 75WG 20.10 Ib 1.3 Ground/ Air 26.73 71.47
Chlorpyrifos Lorsban Advanced 746  pt 2 Ground/ Air 14.92 47.84
Chlorpyrifos Lock-on 6.29 pt 2 Ground/ Air 12.58 43.16

 Total material cost per treated acre plus application cost of $9.00 per acre times number of applications.
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Table 9. Replacement cost of alternative scenarios for Dimethoate 2.67 EC, Dimethoate 4E and others

Percent of
Dimethoate 2.67EC,
Dimethoate 4E and Replacement cost*
Cost per others
Target Pest(s) Alternatives  Trade name acre replacement acreage 2005 2006 2007
Pea, blue alfalfa, Alternative 1  Lorsban 75WG  71.47 1 99,401 96,097 102,877
spotted alfalfa,
cowpea aphids
Pea, blue alfalfa, Alternative 2 Lorsban 47.84 90 5,988,616 5,789,525 6,198,040
spotted alfalfa, Advanced
cowpea aphids
Pea, blue alfalfa, Alternative 2 Lock-on 43.16 9 540,277 522,316 559,171
spotted alfalfa,
cowpea aphids
100 6,628,295 6,407,938 6,860,089
Cost of Dimethoate 2.67EC 4,740,153 4,582,567 4,905,918
Difference in cost from change 1,888,142 1,825,370 1,954,171

? Replacement cost was based on estimated number of acres treatment with alternative times the cost of alternative.
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Table 10. VOC producing herbicides and alternatives

Quality change?(high,
% medium, low, none)
Detail table Yield and stand loss' change price?
Materials reference Comments (%)

VOC Producing Pesticide(s)  Velpar 2WDL 2.1 Contact and soil 10-30% High

residual activity 30-60%
Alternative 1 Metribuzin 75DF Sencor® 3.1 Contact and soil
Alternative 2 Velpar 75DF 32 New Formulation
Alternative 3 Chateau 3.4 residual properties
VOC Producing Pesticide(s)  Poast 1.5EC 2.2 No soil residual 10-30% High 30-50%
Alternative 1 Select Max 1E 33 New formulation/ no

soil residual
Alternative 2 Raptor 1E 3.7 Long soil residual
VOC Producing Pesticide(s)  Select 2EC 2.3 10-30% High 30-50%
Alternative 1 Select Max 1E 33 New formulation/ no

soil residual
VOC Producing Pesticide(s)  Eptam 7-E 2.4 10-40% Medium 10-50%
Alternative 1 Eptam 20G 3.5 Irrigation timing to

application. Product

availability
Alternative 2 Solicam 3.6 Ground water issues,

plant back rotation
Alternative 3 Sandea 75WDG 3.8 Crop injury/ yield

loss

Yield and Stand Loss = Stand loss due to Weed Competition
2Quality Change = Lowering of forage quality due to excessive weeds in hay
3Change price = lower market price and demand by livestock type due to poor forage quality
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Table 11. VOC producing herbicides application details for: Velpar L, Poast 1.5EC, Select 2EC and Eptam 7-E

Rate per treated Application
Number of Months of acre per method Percent
Chemical name Trade name Pest(s) controlled applications application(s) application (ground or air) control
2.1 hexazinone Velpar L BL Weeds + common 1 Nov-Jan 0.25-1.51b ai Ground/Air >90%
groundsel
2.2 sethoxydim Poast 1.5EC Foxtail, Watergrass, 2 March-Sept 0.51b ai Ground/Air 60-80%
Annual / perennial
grasses
2.3 clethodim Select 2EC Foxtail, Watergrass, 2 March-Sept 0.11bai Ground /Air 60-80%
Annual / perennial
grasses
2.4 EPTC Eptam 7E Annual grasses & 1-4 March- Sept 2-3 1b ai Ground/ water 60-80%
nutsedge run
Table 12. Alternatives herbicides application detail for: Velpar L, Poast 1.5EC, Select 2EC and Eptam 7-E
* Rate per treated
Number of Months of acre per Application Percent
Chemical/generic name Trade name Pest(s) controlled applications  application(s) application method control
3.1 Metribuzin Sencor 75DF Broadleaf Weeds 1 Nov-Jan 0.375-0.4951b  Ground/Air > 80%
Groundsel ai
3.2 Hexazinone Velpar 75DF Broadleaf weeds 1 Nov-Jan 0.23-1.51bai Ground/Air > 80%
Groundsel
33 Clethodim Select Max 1E Grasses 1 Jan- Sept 0.03-0.041bai  Ground/Air > 80%
34 Fumioxazin Chateau Broadleaf Weeds 2 Nov-Jan 0.1251b ai Ground /Air >80%
Groundsel
3.6 Norflurazone Solicam 80DF Annual weeds, 1-2 March- Sept 1.0-2.0 1b ai Ground/Air 60-80
grasses & Nutsedge
3.7 Imazamox Raptor 1E Annual grasses and 1 March- Sept .031-.047 Ground/Air 60-80
BL weeds
3.8 Halosulfuron Sandea Nutsedge sp 1 May- Aug .047 Ground 60-75
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Table 13. VOC producing herbicides: Acres used and rate of application

Chemical Trade name | Pest(s) No. acres No. acres No. acres Months of | Rate form % control
name controlled treated®: treated®: treated®: appls. ac/appl®
2005 2006 2007
Hexazinone | Velpar Broadleaf 89,590 117,098 90,775 Nov. —Jan. | 56.00 fl. >90%
2WDL weeds and oz/ac
common
groundsel
Sethoxydim | Poast 1.5 Foxtail, 47,174 29,904 20,059 March — 85.33 fl. 60 — 80%
EC Waltergrass, Sept. oz/ac
annual/perennial
grasses
Clethodim Select 2EC | Foxtail, 87,365 108,543 61,361 March — 27.24 fl. 60 — 80%
Waltergrass, Sept. oz/ac
annual/perennial
grasses
EPTC Eptam 7-E | Annual grasses | 34,889 19,973 26,801 March — 114.28 fl. 60 — 80%
Nutsedge sp. Sept. oz/ac

@ Use rates from 2005 to 2007 pesticide use report data.
b Formulated amount based on 2005 pesticide use report data i.e. active ingredient/ac modified to formulated amount/ac.

Table 14. Amount (Ibs) and percent of total VOC emission produced by active ingredients for 2005 through 2007 in alfalfa

2005 2006 2007
Chemical name Trade name Amount? Percent Amount? Percent Amount? Percent
Hexazinone Velpar L 63.3 5.7 88.5 8.1 66.1 7.2
Sethoxydim Poast 1.5 EC 65.2 5.8 39.9 3.6 25.1 2.7
Clethodim Select 2EC 88.1 7.9 92.4 8.4 29.6 3.2
EPTC Eptam 7-E 78.4 7.0 37.1 3.4 55.5 6.1

# Amount times 1000 pounds from 2005 to 2007 pesticide use report data and Dept. of Pesticide Regulation.
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Table 15. Alternative herbicides to Velpar L — Application details

Chemical Trade name Pest(s) controlled No Month appls. | Rate from Appl. Method | Percent
name appls. ac/appl.? control®
Metribuzin Sencor 75 DF | Broadleaf weeds 1 Nov. — Jan 3.33 Ib/ac Ground/ Air >80%
and common
groundsel
Hexazinone Velpar 75 DF | Broadleaf weeds 1 Nov. — Jan 1.15 Ib/ac Ground/ Air >90%
and common
groundsel
Fumioxazin Chateau Broadleaf weeds 2 Nov. — Jan 0.125 Ib/ac Ground/ Air >80%
and common
groundsel

# Most use rates based on 2006 PUR data, i.e., active ingredient/ac modified to formulated amount/ac.

b Compared to Velpar 2WDL.

Table 16. Cost of Velpar L and replacement cost of alternative herbicides for Velpar L

Chemical Trade name Cost Unit Rate/ac Appl. Method | Total material | Total material

name cost/ac & appl.
cost/ac?

Hexazinone Velpar L

Metribuzin Sencor 75 DF | 31.10 Lb 3.33 Ground/ Air 103.67 112.67

Hexazinone Velpar 75 DF | 34.58 Lb 1.15 Ground/ Air 39.88 48.88

Fumioxazin Chateau 135.00 Lb 0.25 Ground/ Air 33.75 42.75

® Application cost of ground speed sprayer is $9.00/ac.
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Table 17. Replacement cost of alternative scenarios for Velpar L

Target pest(s) | Alternatives Trade name Cost per acre | Percent of Replacement | Replacement | Replaceemnt
Velpar 2WDL | cost®: 2005 cost: 2006 cost®: 2007
replacement
acreage

Broadleaf Alternative 1 Sencor 75 DF | 112.67 10 1,009,382 1,319,303 1,022,727

weeds and

common

groundsel

Broadleaf Alternative 2 | Velpar 75 DF | 48.88 65 2,846,589 3,720,606 2,884,225

weeds and

common

groundsel

Broadleaf Alternative 3 Chateau 42.75 25 957,494 1,251,483 970,154

weeds and

common

groundsel

Totals 100% 4,813,465 6,291,329 4,877,106
Velpar 2WDL | -- 4,423,287 5,781,414 4,481,770
cost

Difference in | -- 390,177 509,978 395,336
cost from

change

# Replacement cost was based on estimated number of acres treatment with alternative times the cost of alternative.
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Table 18. Alternative herbicides to Poast 1.5EC and Select 2EC - Application details

No. Months Rate form Appl Percent
Chemical name Trade name Pest(s) controlled appls. appls. ac/ appl ? method control
Clethodim Select Max 1E Foxtail, 1 Jan- Sept 4620l o und/Air > 80%
Waltergrass, oz/ac
annual/perennial 4.99 f]
Imazamox Raptor 1E grasses 1 March- Sept (;z /ac' Ground/Air 60-80%

# Most use rates based on 2005 pesticide use report data, i.e., active ingredient/ac modified to formulated amount/ac.
b Compared to Poast 1.5 EC.
¢ Restrictions in water protection areas.

Table 19. Cost of Poast 1.5 EC and Prism and replacement cost of alternative herbicides to Poast 1.5EC and Select 2EC

Appl Total material Total material & appl.
Chemical name Trade name Cost Unit Rate/ac method cost/ac cost/ac?
Clethodim Select Max 1E 172.91 Gal 4.62 Ground/Air 6.24 15.24
Imazamox Raptor 1E 800.00 Gal 4.99  Ground/Air 31.20 40.20

 Total material cost per treated acre plus application cost of $9.00 per acre times number of applications.

Table 20. Replacement cost of alternative scenarios for Poast 1.5EC

Percent of
Cost Poast 1.5EC
per replacement Replacement cost?
Target pest(s) Alternatives Trade name acre acreage 2005 2006 2007
Foxtail, Waltergrass, Alternative 1 Select Max 1E 30.48 70 1,006,429 637,991 427,946
annual/perennial Alternative 2 Raptor 1E 40.20 30 568,913 360,643 241,909
grasses
100% 1,575,342 998,634 669,885
Cost of Poast 1.5EC 4,020,127 2,548,421 1,709,408
Difference in cost from (2,444,785) (1,549,787)  (1,039,553)

change

? Replacement cost was based on estimated number of acres treatment with alternative times the cost of alternative.
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Table 21. Replacement cost of alternative scenarios for Select 2EC

Percent of
Select 2EC
Cost per replacement Replacement cost?
Target pest(s) Alternatives Trade name acre acreage 2005 2006 2007
Foxtail, Waltergrass, Alternative 1 ~ Select Max 1E 30.48 70 1,863,893 2,315,725 1,309,122
annual/perennial Alternative 2 Raptor 1E 40.20 30 1,053,618 1,309,029 740,018
grasses
100% 2,917,510 3,624,754 2,049,140
Select 2EC cost 4,570,659 5,678,648 3,210,243

Difference in cost from

change®

(1,653,148) (2,053,894) (1,161,104)

? Replacement cost was based on estimated number of acres treatment with alternative times the cost of alternative.

Table 22. Alternative herbicides to Eptam 7-E — A

pplication Details

Chemical Trade name Pest(s) No. appls. Months appls. | Rate form Appl. method | Percent
name controlled ac/appl® control®
EPTC Eptam 20G Annual 2.5 March — Sept. | 18.75 Ib/ac Ground/Air 60-80%
grasses,
Nutsedge sp.
Norflurazone | Solicam 80DF | Annual 1.5 March — Sept. | 2.81 Ib/ac Ground/ Air 60-80%
grasses,
Nutsedge sp.
Halosulfuron | Sandea Annual 1 May — Aug. 0.05 Ib/ac Ground 60 —75%
75SWDG grasses,
Nutsedge sp.

4 Most use rates based on 2005 pesticide use report data, i.e., active ingredient/ac modified to formulated amount/ac.
® Compared to Eptam 8E
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Table 23. Cost of Eptam 7-E and replacement costs of alternative herbicides to Eptam 7-E

Ave. Appl Total material Total material & appl.
Chemical name Trade name Cost Unit  Rate/ac method *° cost/ac cost/ac *°
EPTC Eptam 20G 2.72 1b 18.75  Ground/Air 51.00 73.50
Norflurazone Solicam 80DF 29.97 b 2.81 Ground/Air 84.29 97.79
Halosulfuron Sandea 75WDG 778.40 1b 0.05 Ground 40.48 49.48
& Application cost of ground/air speed sprayer is $10.50/ac.
b Application cost of ground speed sprayer is $9.00/ac.
Table 24. Replacement cost of alternative scenarios for Eptam 7-E
Percent of
Eptam 8-E
Cost per replacement Replacement cost?
Target pest(s) Alternatives Trade name acre acreage 2005 2006 2007
Annual grasses Alternative 1 ~ Eptam 20G 73.50 25 641,091 367,010 492,468
Nutsedge sp. Alternative 2 Solicam 80DF 97.79 50 1,705,923 976,603 1,310,443
Alternative 3 Sandea 7SWDG  49.48 25 431,553 247,054 331,507
100% 2,778,567 1,590,668 2,134,419
Eptan 8-E cost 2,388.671 1,367,461 1,834,911
Difference in cost from change 389,896 223,207 299,507

# Replacement cost was based on estimated number of acres treatment with alternative times the cost of alternative
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California is the only state in the United States to produce almonds commercially. Over the last five
years, California has produced, on average, 67% of the world’s almonds. The state’s 6,000 almond
growers farmed about 730,000 acres in the 2006 growing season. Out of these 730,000 acres, 585,000
are bearing trees and 145,000 are non-bearing. In 2006, almonds in California were worth more than
$2.2 billion. The almond industry, located primarily in the San Joaquin and Sacramento valleys, faces
a wide variety of pests and diseases across a broad geographical area.

Losses from Weeds

Weeds can cause a multitude of problems in almond orchards by reducing the growth of young trees
because they compete for water, nutrients and space. Weeds can also contribute to vertebrate,
invertebrate and other pest problems. There are a variety of chemical and cultural control practices that
can be employed against weeds.

Non-cultivation of orchard soils with herbicide-treated strips down tree rows is common. Orchard floor
management is of particular importance to an almond grower because the crop is picked up off the soil
surface after being knocked from the trees and swept into windrows. Whether an orchard is tilled, non-
tilled, herbicide-treated, or cover-cropped, a primary consideration when performing any cultural
operation during the year must be to ensure that the orchard floor is in the best possible condition for
harvesting. Almonds begin blooming in mid-February before the danger of frost has passed. Bare and
moist ground absorbs more heat and can reduce the threat of frost damage. Close mowing or herbicide
treatment are often performed for early season frost protection.

Most orchards are no-till, requiring the use of herbicides and/or mowing to control weeds. Pre-
emergent herbicides are generally used only in the tree row. This reduces the total amount of herbicides
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and prevents the surface roots in the tree row from being damaged by cultivation equipment. By
treating the tree row only, 25% to 33% of the total acreage is treated. Pre-emergence, post-emergence,
or combinations of pre- and post-emergent herbicides are often used between tree rows.

Losses from Insects and Mites

Numerous insect and mite species injure almond trees and impact nut production (Flint 2002). Several
species directly attack the nut. Over the last decade, the navel orangeworm (NOW), Amyelois
transitella, has been the most important insect pest directly attacking the almond within its shell
(Connell 1999). It cannot be managed by insecticides alone and requires the integration of cultural
techniques (i.e., mummy sanitation) and careful timing of insecticidal sprays and harvesting. Hard
shell varieties are less susceptible to nut damage than soft shell varieties because they can better limit
the ability of the NOW larva to enter the shell to feed. Also of significant importance is the peach twig
borer (PTB), Anarsia lineatella. Like NOW, it also directly feeds on almond nutmeats. Additionally,
its injury to almond facilitates infestation by NOW. The pavement ant, Tetramorium caespitum, and
southern fire ant, Solenopsis xyloni, attack fallen almonds as they lay on the ground prior to collection
for processing. They are significant problems in the central and southern areas of the San Joaquin
Valley and may completely hollow-out nutmeats leaving only the pellicle. Levels of injury are directly
related to the amount of time that the almonds lay on the soil surface. Insecticides are the only tool for
ant control. In some years, the leaffooted bug, Leptoglossus clypealis, can be a severe problem when it
feeds on the nut prior to shell hardening and causes the nut to wither and die within the shell or by
causing the nut to drop from the tree. Feeding after shell hardening results in unwanted black spots on
the nut or wrinkled kernels. Only chemical controls are effective in stopping this insect.

Indirect pests that feed on the non-marketable parts of the plant (e.g., leaves, branches, roots) can
reduce yields by removing sap containing needed photosynthates and nutrients needed to fully form
almond nuts. These pests include the web spinning mites: Pacific spider mite, Tetranychus pacificus,
twospotted spider mite, Tetranychus urticae, and strawberry spider mite, Tetranychus turkestani, that
are commonly found on leaves where they feed by inserting their stylets into the tissues. When their
densities are high enough, the trees may lose their leaves, which can lead to sunburn and interfere with
harvest. Predatory mites are important to the effective management of spider mites (Flint 2002).
However, when predators fail to suppress the spider mites for various reasons, miticides are applied to
control spider mite populations. Some miticides are soft on predator mites (e.g., propargite, fenbutatin-
oxide, clofentezine) and natural biological controls are not completely lost following treatment. A
relatively sessile pest found on almonds is San Jose scale, Diaspidiotus perniciosus, which feeds on
twigs and branches. When numbers are high, infested branches and twigs stop growing and fruit spurs
will be lost. Several natural enemies attack San Jose scale and can keep infestations in check.
However, if scale densities become high the natural enemies will be unable to prevent plant damage
and an insecticide treatment will be required. The optimal time to control this species is during the
dormant period or early season.

VOC Products Used in Almond Crop Production
Numerous compounds are available for weed, insect, and mite control in almonds. Some of these
products produce vast quantities of volatile organic compounds (VOC) that reduce air quality in

California. This problem results because these organic compounds have high vapor pressures under
normal conditions, and they vaporize and enter the atmosphere, thereby causing human health
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problems and contributing to global warming. To reduce potential problems caused by VOC producing
pesticides, the California Department of Pesticide Regulation (DPR) proposes to regulate products with
emission potentials (EP) of greater than 20%. Almonds are the third largest VOC contributor of all
agricultural commodities. Almonds contributed over 300,000 Ibs of VOC producing materials from
emulsifiable concentrate formulations in 2005. Discussed here are all active ingredients with a 20% or
greater EP that contribute about 1% or more of the total VOC produced on almonds, which include the
herbicides oxyfluorfen, pendimethalin, oryzalin, and glyphosate; the insecticide chlorpyrifos, and the
miticide abamectin. These VOC producing pesticides and alternative non-VOC producing pesticides or
formulations are discussed below with regard to pest control activity and IPM potential.

Herbicides

Oxyfluorfen — Oxyfluorfen, sold as Goal 2XL and several other trade names, has an emission potential
(EP) of 39 (Table 1). Goal 2XL is used here to generically represent all formulations of oxyfluorfen
that exceed an EP of greater than 20%. It is applied following harvest up to February 15. Oxyfluorfen
is a selective broadleaf herbicide effective as a pre- and post-emergent material (Table 2). Goal 2XL
was applied to 621,801, 660,517, and 591,142 acres of almonds in 2005, 2006, and 2007, respectively.
It is particularly useful when combined with glyphosate to increase efficacy on various broadleaf weed
species and to prevent broadleaf species shifts with repeated use of only oxyfluorfen. Oxyfluorfen is
often used because of its effectiveness on malva. An alternative to the Goal 2XL formulation is a
relatively new formulation of oxyfluorfen, GoalTender (Table 1), which has an EP of 5. The solvents
in the Goal 2XL formulation may increase activity compared to the GoalTender formulation, although
this has not been thoroughly evaluated in almonds. Another alternative could be simazine, which has
an EP of 1 when formulated as a wettable powder (Princep Caliber 90) or an EP of 9 when formulated
as a liquid (Princep 4L) (Table 1). Simazine controls many of the weeds controlled by oxyfluorfen, but
does not control malva. Simazine is considered to be a ground water contaminant and requires a use
permit within Ground Water Protection Areas. The elimination of Goal 2XL and replacement with low
VOC alternatives of Goal Tender and Princep Caliber 90 would increase costs to almond growers by
$71,215, $75,649 and $67,703 in 2005, 2006 and 2007, respectively or about $0.11 per acre (Table 6).
Thus the elimination of Goal 2XL would have little or no adverse financial impact on almond growers.

Pendimethalin — Pendimethalin, formulated as Prowl 3.3 EC (Table 1), has an EP of 42. Prowl 3.3 EC
is used here to generically represent all formulations of pendimethalin that exceed an EP of greater than
20%. Pendimethalin is applied as a pre-emergent herbicide by ground one time per season at the rate
of 2.0 Ib per acre. Prowl 3.3 EC was applied to 35,900, 21,173, and 8,114 acres of almonds in 2005,
2006, and 2007, respectively. It is effective on annual grasses and some broadleaf weeds (Table 2).

An alternative to Prowl 3.3 EC is Prowl H>O (Table 1). Prowl H>O has recently been registered in
California for use in almonds and other crops. Prowl H2O is a water-based flowable formulation, and
thus has a lower EP than Prowl 3.3 EC, which is a petroleum solvent-based formulation. The solvents
in Prowl 3.3 EC may increase the activity of other herbicides in a tank mix. While Prowl 3.3 EC is
registered for non-bearing almonds, Prowl H>O also has a supplemental label for use in bearing
almonds (supplemental label expired 3 Dec. 2008). Another alternative to pendimethalin could be
simazine (Table 1), which has an EP of 1 when formulated as a wettable powder (Princep Caliber 90)
or an EP of 9 when formulated as a liquid (Princep 4L). Simazine controls many of the weeds
controlled by pendimethalin, but does not control several important grasses which are controlled by
pendimethalin, including junglerice, crabgrass, and sandbur. Simazine is considered to be a ground
water contaminant and requires a use permit within Ground Water Protection Areas. The cost of Prowl
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3.3 EC per acre is $15.51 (Table 8). The new formulation of Prowl H>O would cost $15.81 or $0.30
more per acre. Growers currently using Prowl 3.3 EC would likely continue to use the new
formulation, however, some growers will use Princep Caliber 90 due to the lower cost. The elimination
of Prowl 3.3 EC and the replacement with Prowl H>O and Princep Caliber 90 would have increased
grower cost only $712, $420 and $161 in 2005, 2006 and 2007, respectively with an increase to the
growers of less than $0.05 per acre (Table 9). Thus, the elimination of Prowl 3.3 EC would have little
or no adverse financial impact on almond growers.

Oryzalin — The liquid formulation of oryzalin, Surflan A.S. (Table 1), has an EP of 39. Surflan A.S. is
used here to generically represent all formulations of oryzalin that exceed an EP of greater than 20%.
Oryzalin is applied at 2 to 4 b per acre as a pre-emergent herbicide in the tree strip by ground, one time
per season. This product is a pre-emergence selective herbicide most effective on annual grass species
and numerous broadleaf annuals (Table 2). Surflan A.S. was applied to 17,278, 18,111, and 11,262
acres of almonds in 2005, 2006, and 2007, respectively. Surflan is very safe for young or newly
planted trees and on sandy or sandy loam soils. It is used to maintain control in strips down the row. It
is often used in combination with other pre-emergence herbicides. An alternative for use in almonds is
a dry flowable formulation, Surflan Dry Flowable (Table 1), with an EP of 1. Another alternative to
oryzalin could be simazine (Table 1), which has an EP of 1 when formulated as a wettable powder
(Princep Caliber 90) or an EP of 9 when formulated as a liquid (Princep 4L). Simazine controls many
of the weeds controlled by oryzalin, but does not control several important grasses or field bindweed
seedlings, which are controlled by oryzalin. Simazine is considered to be a ground water contaminant
and requires a use permit within Ground Water Protection Areas. Oryzalin (Surflan A.S.) is used on
less than 3% of the almond acres (Table 2). The new dry flowable formulation of oryzalin (Surflan Dry
Flowable) controls the same spectrum of weeds and is the most likely product to replace Surflan A.S.
However, the cost of the Surflan Dry Flowable is $7.03 more expensive per acre than Surflan A.S.
Although simazine (Princep Caliber 90) is less efficacious, some growers will change to this herbicide
due to the lower cost. It is estimated that replacement cost per year for oryzalin (Surflan A.S.) will be
around $100,000 per year (Table 12). The elimination of Surflan A.S. and the replacement with Surflan
Dry Flowable and Princep Caliber 90 would have increased grower cost $106,473, $111,606 and
$69,426 in 2005, 2006 and 2007, respectively with an increase to the growers $6.16 per acre (Table

12). Thus the elimination of Surflan A.S. would have an adverse financial impact on almond growers.

Glyphosate — Glyphosate is sold under many trade names (Table 1). A few of these brands have an EP
of 39 (i.e., Gly-Flo, Glyfos, and Gly-4 herbicide). Some glyphosate products have EP values near 6
(i.e., Roundup Weathermax, 4.80; Glyphomate 41, 5.71; and Touchdown, 5.71). Three products have
an EP of zero (Glyphos, Roundup Original, and Roundup Ultramax). Glyphosate is the most
frequently used herbicide in almonds, and is applied during the dormant, pre- and/or post-bloom by
ground. Glyphosate, with EP values 20 or greater, was applied to 50,042 acres, 3,832 acres and 9,898
acres of almonds in 2005, 2006, and 2007, respectively. It is often applied at low rates several times
during the season. This accounts for the fact that use data indicate this material is applied to >100% of
the acreage. Annual use rate of glyphosate averages 0.75 Ib. a.i. per acre. Glyphosate is a nonselective,
systemic herbicide, used for a broad range of weed species (Table 2). It is effective at anytime on
emerged weeds, but activity is slower in lower temperatures. Glyphosate is the best material available
for most perennial weeds. It is not effective on some broadleaf weeds at older growth stages (malva
and filaree). Glufosinate (Rely) is often considered an alternative to glyphosate in terms of weed
control, but the EP of Rely is also 39, and thus not a viable alternative if reducing VOC'’s is the goal.
The only effective alternative would be to use formulations with low EPs. Glyphosate is used
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extensively in almonds, and will likely continue to be used. The replacement cost of using
formulations of glyphosate having EP less than 20 would have increased grower cost $50,042, $3,756
and $9,701 in 2005, 2006 and 2007, respectively with an increase to the growers $1.00 per acre (Table
15). Glyphosate prices have fluctuated widely over the past few years, yet growers continue to use this
broadspectrum herbicide. The slightly higher replacement costs will not influence a grower’s decision
on the use of this product. Thus, the elimination of Gly-Flo, Glyfos, and Gly-4 would not have an
adverse financial impact on almond growers.

Insecticides and Miticides

Chlorpyrifos — Lorsban 4E and Nufos 4E are emulsifiable concentrates with EP values greater than 39
(Table 1). Lorban 4E and Nufos 4E are used here to generically represent all formulations of
chlorpyrifos that exceed an EP of greater than 20%. Lorsban 4E and Nufos 4E were applied to 154,376,
293,082, and 226,918 acres of almonds in 2005, 2006, and 2007, respectively (Table 2). This
contributed 319,300, 635,700, and 487,800 1bs of VOC emissions into the atmosphere in 2005, 2006,
and 2007, respectively (Table 3). A new product is now available named Lorsban Advanced (3.76 EW),
which was formulated as a chlorpyrifos alternative with very low VOC emissions (Table 16). It is the
first chlorpyrifos product to achieve a low-odor, low-VOC in a water-based formulation. It can be
directly substituted for Lorsban 4E or Nufos 4E. Lorsban 75WG is also registered on almonds and has
an EP value 4 (Table 16). Lorsban 75WG can substitute for Lorsban 4E for most uses with similar
efficacy. Lorsban 4E or 75SWG may be applied as an in-season foliar application as well as a
dormant/delayed-dormant application. Chlorpyrifos is used to manage numerous pests of almonds
including navel orangeworm (NOW), peach twig borer (PTB), oriental fruit moth (OFM), Grapholitha
molesta, European fruit lecanium, Parthenolecanium corni, tree borers (i.e., prune limb borer, Bondia
comonana, American plum borer, Euzophera semifuneralis), ants (i.e., pavement ant, southern fire ant),
leaffooted bug, and San Jose scale (Table 2). A ranking of effectiveness and value of various
conventional insecticides recommended for use in pest management programs for almond pests by the
UC IPM Pest Management Guidelines (2009) places chlorpyrifos as #1 for ants, #2 for leaffooted bug,
OFM, and tree borers, #3 for San Jose scale (spring applications) and stink bugs, and #4 for NOW.
Efficacious alternatives to Lorsban 4E exist for most uses. However, the alternatives may increase
production costs.

Navel orangeworm is the major insect pest of concern on almonds and is managed via a combination of
cultivar selection, cultural controls, harvest timing, and insecticide applications (Pickel et al. 2004).
Alternatives for Lorsban 4E for in-season control of NOW include: Lorsban Advanced, azinphosmethyl
(Guthion 50WP), phosmet (Imidan 70WP), and bifenthrin (Brigade I0WP) with EP values of 2, 2, 1
and 2, respectively (Table 16). It should be noted that chlorpyrifos (Lorsban Advanced) may contribute
to the outbreak of spider mites (Metcalfe et al. 2002). The registration of azinphosmethyl is expected
to be cancelled by 2010, but Brigade 10WP was recently registered for use on almonds. Brigade I0WP
provides superior control of NOW compared to Lorsban 4E and other alternatives. Brigade I0WP also
provides suppression of spider mite populations (Metcalfe et al. 2002). Additionally, the insect growth
regulator methoxyfenozide (Intrepid 2F, EP value 5) provides efficacious control of moderate to low
NOW populations. Alternatives for Lorsban 4E for PTB control for dormant/delayed-dormant
applications include: horticultural oil plus diflubenzuron (Dimilin 2L, EP value 6), diazinon (Diazinon
S50WP, EP value 5), methidathion (Supracide 25W, EP value 1), and Imidan 70WP in addition to
Lorsban 75WG (Table 16). Alternatives for Lorsban 4E for in-season control of PTB include: Lorsban
Advanced, Bacillus thuringiensis ssp. kurstaki (Dipel DF, EP value 2), Dimilin 2L and Intrepid 2F
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during bloom and spinosad (Success 2SC, EP value 6) and Intrepid 2F for spring applications.
Alternatives for Lorsban 4E for in-season control of OFM include Success 2SC and Imidan 70 WP.
Alternatives for Lorsban 4E for tree borers (i.e., prune limb borer, American plum borer) include:
Lorsban Advanced and Lorsban 75WG (Table 16). Alternatives for Lorsban 4E for San Jose scale
control for dormant/delayed-dormant applications include: horticultural oil plus pyriproxyfen (Seize
35WP, EP value 2), Diazinon S0WP and Supracide 25W in addition to Lorsban Advanced or Lorsban
75WG (Table 16). Note that Lorsban Advanced cannot be applied as a dormant/delayed-dormant
treatment in the counties of Butte, Colusa, Glenn, Solano, Sutter, Tehama, Yolo, and Yuba. Alternatives
for Lorsban 4E for in-season San Jose scale control include: buprofezin (Applaud 70WP, EP value 2),
Seize 35WP, and Supracide 25WP in addition to Lorsban 75SWG. Alternatives for Lorsban 4E for ant
control include: abamectin (Clinch Ant Bait, EP value of 4) and pyriproxyfen (Esteem Ant Bait, EP
value 4) in addition to Lorsban Advanced or Lorsban 75SWG (Table 16).

Pesticide cost is one of the prime considerations that growers and consultants make when choosing
products for pest suppression. The total cost (product + application costs) of a Lorsban 4E treatment is
$32.55 per acre (Table 17). Costs for alternatives to Lorsban 4E range from $14.83 per acre (Applaud
70 WP) to $105.65 per acre (Assail 30SG) with 12 out of 17 available products costing more to use
than Lorsban 4E. One may assume that if growers are satisfied with the control they obtain with
Lorsban 4E, most growers will probably substitute Lorsban Advanced to achieve similar control with
reduced VOC production. However, this action will cost them an additional $9.31 per acre in product
costs. Given all the possible registered alternatives in California to Lorsban 4E usage in 2005, 2006,
and 2007, we estimated that a complete substitution for Lorsban 4E with safer, low VOC products
would have been $1,662,284, $3,155,837, and $2,443,399 in additional costs, based on treated acreages
in 2005, 2006, and 2007, respectively (Table 18). This would be an increase of $10.77 per acre. In
some locations (Butte, Colusa, Glenn, Solano, Sutter, Tehama, Yolo, and Yuba Counties), it is
prohibited to use Lorsban Advanced as a dormant/delayed-dormant application for pests such as San
Jose scale. In these counties, products such as Lorsban 75WG may be substituted at $58.25 per acre if
chlorpyrifos is desired as the active ingredient. If not, the products Diazinon S0WP and Supracide 25
at $44.04 and $96.00 per acre, respectively, may be applied.

Abamectin — Agri-Mek 0.15EC (EP value 55) is a highly effective miticide (Table 1). It is used mainly
for Pacific, twospotted, and strawberry spider mites (Table 2). Agri-Mek 0.15EC is used here to
generically represent all formulations of abamectin that exceed an EP of greater than 20%. Agri-Mek
0.15EC was applied to 285,937, 375,630, and 430,813 acres of almonds in 2005, 2006, and 2007,
respectively (Table 2). This is a larger area than that which received chlorpyrifos treatments during the
same time period. Pounds of VOC emissions produced by applications of Agri-Mek 0.15EC equaled
95,100, 122,100, and 128,000 Ibs in 2005, 2006, and 2007, respectively (Table 3). This quantity is less
than that produced from chlorpyrifos treatments during the same time period.

A ranking of effectiveness and value of 12 miticides recommended for control of webspinning spider
mites on almond by the UC IPM Pest Management Guidelines (2009) places Agri-Mek 0.15EC as #2
with bifenazate (Acramite SOWS) being #1. Agri-Mek 0.15EC is a prophylactic miticide that is applied
early in the season to young almond foliage to achieve adequate penetration into the leaves. The
material is less effective when applied to mature foliage because of reduced penetration into the leaves.
Alternatives to Agri-Mek 0.15EC include: propargite (Omite 30WP, EP value 2), acequinocyl
(Kanemite 15SC, unknown EP value) and bifenazate (Acramite SOWS, EP value 2) (Table 19). These
miticides are effective against all motile stages and are relatively fast acting. Other miticide
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alternatives include: hexythiazox (Savey DF, EP value 1), clofentezine (Apollo SC, EP value 9),
fenbutatin-oxide (Vendex SOWP, EP value 2) and spirodiclofen (Envidor 2SC, EP value unknown).
These miticides are ovicidal or active against immature mites. They tend to be slow to show effects
because of delayed mortality. However, these miticides are effective, but should be applied when mite
populations are first observed.

The cost (product + application expense) of treating an acre of almonds with Agri-Mek 0.15EC is
$70.00 (Table 20). Available low VOC-producing alternatives to Agri-Mek 0.15EC fall into three
groups: inexpensive, moderately priced, and expensive. The inexpensive products are Kanemite 15SC
and Acramite SOWS and cost less than $14 per application per acre (Table 20). Acramite SOWS is the
most highly recommended by the UC IPM Pest Management Guidelines (2009). Moderately priced
and less expensive than an Agri-Mek 0.15EC treatment is Apollo SC at $58.33 per application per acre
(Table 20). The expensive alternatives are greater than $120 per acre and include Omite 30WP, Savey
DF, and Vendex SO0WP (Table 20). Although Acramite SOWS is highly recommended, it would
theoretically only be used 10% of the time when spider mites were targeted for control with miticides
(Table 21). The most common product that would theoretically be used to replace Agri-Mek 0.15EC
would be Omite 30WP and it would be used on 30% of the acreage needing treatment. Total
differences in the cost to change from using Agri-Mek 0.15EC to the other available products would
have been $10,402,288, $13,665,288, and $15,672,826 in 2005, 2006, and 2007, respectively (Table
21) or an increase in cost of about $36.38 per acre. Of significant interest is the finding that the costs to
switch away from using Agri-Mek 0.15EC for spider mites would be much greater (i.e., 6.2-, 4.3-, and
6.4-fold in 2005, 2006, and 2007, respectively) than those costs for replacing Lorsban 4E use for other
pests.

Conclusions

Analysis reveals that compounds are available that can be used as effective substitutes for the most
VOC-producing herbicides, insecticides, and miticides used on California almonds. With the
substitutions, similar levels of efficacy are expected. However, the annual costs of replacing these
compounds is quite variable in a given year, ranging from as little as $420 for the herbicide Prowl 3.3
EC to greater than $8 million for the herbicide Gly-Flo. The herbicides will be generally less
expensive to replace than the insecticide Lorsban 4E and the miticide Agri-Mek 0.15EC, which ranged
from $1.6 to 3.1 million and $10.4 to 15.6 million, respectively, in replacement costs. Additionally, in
the future we may see pesticide manufacturers responding to the challenge of creating effective
products with reduced VOC output as demonstrated by the development of Lorsban Advanced to
replace Lorsban 4E.
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Tables

Table 1. VOC Producing Herbicides, Insecticides, Miticides, and Alternatives

VOC Producers and Detail Table Yield loss Quality change (high,
Alternatives Materials reference (%) medium, low, none)
Herbicides
VOC Producing Herbicide Oxyfluorfen (Goal 2XL) 2.1 0% none
Alternative 1 Oxyfluorfen (GoalTender) 4.1 0% none
Alternative 2 Simazine (Princep Caliber 90) 4.2 0% none
VOC Producing Herbicide Pendimethalin (Prowl 3.3) 2.2 0% none
Alternative 1 Pendimethalin (Prowl H>O) 7.1 0% none
Alternative 2 Simazine (Princep Caliber 90) 7.2 0% none
VOC Producing Herbicide Oryzalin (Surflan A.S.) 23 0% none
Alternative 1 Oryzalin (Surflan Dry Flowable) 10.1 0% none
Alternative 2 Simazine (Princep Caliber 90) 10.2 0% none
VOC Producing Herbicide Glyphosate (Gly-Flo, Glyfos, Gly-4 herbicide) 2.4 0% none
Alternative 1 Glyphosate (Glyphos, Roundup Original, Roundup 13 0% none
Ultramax, Roundup Weathermax, Glyphomate 41,
Touchdown)
Insecticides

VOC Producing Insecticide  Chlorpyrifos (Lorsban 4E or Nufos 4E) 2.5 0% none
Alternative 1 Chlorpyrifos (Lorsban Advanced) 16.1 0% none
Alternative 2 Chlorpyrifos (Lorsban 75WG) 16.2 0% none
Alternative 3 Phosmet (Imidan 70WP) 16.3 0% none
Alternative 4 Bifenthrin (Brigade 10WP) 16.4 0% none
Alternative 5 Methoxyfenozide (Intrepid 2F) 16.5 0% none
Alternative 6 Diflubenzuron (Dimilin 2L) 16.6 0% none
Alternative 7 Diazinon (Diazinon S0WP) 16.7 0% none
Alternative 8 Methidathion (Supracide 25W) 16.8 0% none
Alternative 9 Bacillus thuringiensis ssp. kurstaki (Dipel DF) 16.9 0% none
Alternative 10 Spinosad (Success 2SC) 16.10 0% none
Alternative 11 Pyriproxyfen (Seize 35WP) 16.11 0% none
Alternative 12 Buprofezin (Applaud 70WP) 16.12 0% none
Alternative 13 Abamectin (Clinch Ant Bait) 16.13 0% none
Alternative 14 Pyriproxyfen (Esteem Ant Bait) 16.14 0% none
Alternative 15 Cyfluthrin (Renounce 20WP) 16.15 0% none
Alternative 16 Acetamiprid (Assail 30SG) 16.16 0% none
Alternative 17 Spinetoram (Delegate 25 WQ) 16.17 0% none

Miticides
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VOC Producing Pesticide Abamectin (Agri-Mek 0.15EC) 2.6 0% none
Alternative 1 Propargite (Omite 30WP) 19.1 0% none
Alternative 2 Acequinocyl (Kanemite 15SC) 19.2 0% none
Alternative 3 Bifenazate (Acramite SOWS) 19.3 0% none
Alternative 4 Hexythiazox (Savey 50 DF) 19.4 0% none
Alternative 5 Clofentezine (Apollo SC) 19.5 0% none
Alternative 6 Fenbutatin-oxide (Vendex SOWP) 19.6 0% none
Table 2. VOC Producing Pesticides - Application Details
Rate
formulated /
No. acres treated? Months of acre/ Percent
Chemical name Trade name Pest(s) controlled 2005 2006 2007 appls. application”* control
Herbicides

1) Oxyfluorfen Goal 2XL Broadleaf weeds 621,801 660,517 591,142 Nov. — Feb. 18 oz/ac 80
2) Pendimethalin Prowl 3.3 EC Broadleaf and grass 35,900 21,173 8,114 Nov. — Feb. 7.8 oz/ac 100

weeds
3) Oryzalin Surflan A.S. Broadleaf and grass 17,278 18,111 11,266 Nov. — Feb. 55 oz/ac 80

weeds
4) Glyphosate Gly-Flo, Glyfos, Gly- Broadleaf and grass 50,042 3,832 9,898 Year-round 33 oz/ac 95

4 herbicide weeds
Insecticide

5) Chlorpyrifos Lorsban 4E Navel orangeworm, 154,376 293,082 226,918 Nov. — Sept. 3.68 pt/ac 90

peach twig borer,

oriental fruit moth,

European fruit

lecanium, tree borers,

ants, leaffooted bug,

San Jose scale

Miticide

6) Abamectin Agri-Mek 0.15EC Web spinning mites 285,937 375,630 430,813 Mar.- Aug. 7.8 0z/ac 100

2 Use rates (acres treated with 20+ EP value) from 2005 - 2007 pesticide use report data (California Department of Pesticide Regulation, 2005 to 2007).

® Formulated amount of herbicides based on 2006 pesticide use report data i.e. active ingredient/ac modified to formulated amount/ac.

¢ Formulated amount of insecticide and miticide based on 2005 pesticide use report data i.e. active ingredient/ac modified to formulated amount/ac.
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Table 3. Amount (Ibs) and percent of total VOC emission produced by active ingredients for 2005 through 2007 in almond

2005 2006 2007

Chemical name Trade name Amount? Percent Amount? Percent Amount? Percent

Herbicides
Oxyfluorfen Goal 2XL 396.7 24.6% 526.5 22.9% 550.5 24.5%
Pendimethalin Prowl 3.3 EC 59.4 3.7% 34.9 1.5% 19.7 0.9%
Oryzalin Surflan A.S. 36.9 2.3% 42.0 1.8% 30.1 1.3%
Glyphosate Gly-Flo, Glyfos, Gly- 61.3 3.8% 4.5 0.2% 114 0.5%

4

Insecticide

Chlorpyrifos Lorsban 4E 319.3 19.8% 635.7 27.6% 487.8 21.7%
Miticide

Abamectin Agri-Mek 0.15EC 95.1 5.9% 122.1 5.3% 128.0 5.7%

2 Amount times 1000 pounds from 2005 to 2007 pesticide use report data (California Department of Pesticide Regulation, 2005 to 2007).

Table 4. Alternatives to Goal 2XL Application Detail

Rate Formulated  Predominate %
Number of Months of Product/Acre/ Application  control®
Alternative Trade Name Pest(s) controlled Applications  application(s) Application? Method
Alternative 1 GoalTender Broadleaf weeds 1 Nov. — Feb. 9 oz/ac Ground 80
Alternative 2 Princep Caliber 90  Broadleaf and grass 1 Nov. — Feb. 0.64 Ibs/ac Ground 70
weeds
® Most use rates based on 2006 PUR data,i.e. active ingredient/ac modified to formulated amount/ac (California Department of Pesticide Regulation, 2005 to

2007).
> Compared to Goal 2XL
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Table 5. Cost of Goal 2XL and replacement cost of alternative insecticides for Goal 2XL

Ave. Appl. Total material Total material &
Chemical name Trade name Cost Unit Rate/ac method cost/ac appl. cost/ac?
Oxyfluorfen GoalTender 2.19 fl.oz 9.00 Ground 6.50 15.50
Simazine Princep Caliber 90 5.08 1b 0.64 Ground 1.07 10.07
2 Application cost of ground speed sprayer is $9.00/ac.
Table 6. Replacement cost of alternative scenarios for Goal 2XL
Cost per Percent of Goal 2XL Replacement cost?
Target pest(s) Alternatives Trade name acre replacement acreage 2005 2006 2007
Broadleaf weeds Alternative 1 GoalTender 15.50 95 9,158,556 9,728,807 8,706,981
Broadleaf and grass weeds  Alternative 2 Princep Caliber 90 10.07 5 313,167 332,666 297,726
Total 100% 9,471,723 10,061,473 9,004,707
Cost of Goal 2XL 9,400,508 9,985,824 8937004
Difference in cost from change 71,215 75,649 67,703
2 Replacement cost was based on estimated number of acres treatment with alternative times the cost of alternative.
Table 7. Alternatives to Prowl 3.3 EC Application Detail
Rate Predominate
Number of Months of Formulated Application %
Alternative Trade Name Pest(s) controlled Applications  application(s) Product/Acre/ Method control®
Application?
Alternative 1 Prowl H,O Broadleaf and grass 1 Nov. — Feb. 59 oz/ac Ground 80
weeds
Alternative 2 Princep Caliber 90  Broadleaf and grass 1 Nov. — Feb. 0.64 Ibs/ac Ground 70
weeds

® Most use rates based on 2006 PUR data,i.e. active ingredient/ac modified to formulated amount/ac (California Department of Pesticide Regulation, 2005 to

2007).
> Compared to Prowl 3.3 EC
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Table 8. Cost of Prowl 3.3 EC and replacement costs of alternative miticides to Prowl 3.3 EC

Ave. Appl Total material Total material & appl.
Chemical name Trade name Cost Unit Rate/ac method * cost/ac cost/ac?®
Pendimethalin Prowl H,O 0.35 fl.oz 59.00 Ground 6.81 15.81
Simazine Princep Caliber 90 5.08 1b 0.64 Ground 1.07 10.07

? Application cost of ground speed sprayer is $9.00/ac.Table 9. Replacement cost of alternative scenarios for Prowl 3.3 EC

Percent of Prowl 3.3

Cost per acre EC replacement Replacement cost?
Target pest(s) Alternatives  Trade name acreage 2005 2006 2007
Broadleaf and grass weeds Alternative 1  Prowl H,O 15.81 95 539,359 318,091 121,897
Broadleaf and grass weeds Alternative 2 Princep Caliber 90 10.07 5 18,081 10,663 4,086
100% 557,440 328,754 125,983
Cost of Prowl 3.3 EC 556,728 328,335 125,822
Difference in cost from change 712 420 161

2 Replacement cost was based on estimated number of acres treatment with alternative times the cost of alternative.
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Table 10. Alternatives to Surflan A.S. Application Detail

Rate Formulated Predominate
Number of Months of Product/Acre/ Application
Alternative Trade Name Pest(s) controlled Applications application(s) Application? Method control®
Alternative 1 Surflan Dry Broadleaf and grass 1 Nov. — Feb. 2 lbs/ac Ground
Flowable weeds
Alternative 2 Princep Caliber 90  Broadleaf and grass 1 Nov. — Feb. 0.64 Ibs/ac Ground
weeds

® Most use rates based on 2006 PUR data,i.e. active ingredient/ac modified to formulated amount/ac (California Department of Pesticide Regulation, 2005 to

2007).
b Compared to Surflan A.S. 4L

Table 11. Cost of Surflan A.S. and replacement cost of alternative insecticides for Surflan A.S.

Ave. Appl. Total material Total material & appl. cost/ac?
Chemical name Trade name Cost Unit Rate/ac method cost/ac
Oryzalin Surflan Dry Flowable 27.69 b 2.00 Ground 18.28 27.28
Simazine Princep Caliber 90 5.08 1b 0.64 Ground 1.07 10.07
@ Application cost of ground speed sprayer is $9.00/ac.
Table 12. Replacement cost of alternative scenarios for Surflan A.S.
Cost per Percent of Surflan A.S. 4L Replacement cost®
Target pest(s) Alternatives Trade name acre replacement acreage 2005 2006 2007
Broadleaf and grass weeds  Alternative 1 Surflan Dry Flowable 27.28 95 447,706 469,292 291,927
Broadleaf and grass weeds  Alternative 2 Princep Caliber 90 10.07 5 8,702 9,122 5,674
100% 456,408 478,413 297,601
Cost of Surflan A.S. 349,935 366,807 228,175
Difference in cost from change 106,473 111,606 69,426

2 Replacement cost was based on estimated number of acres treatment with alternative times the cost of alternative.
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Table 13. Alternatives to Gly-Flo, etc. Application Detail
Alternative Trade Name Pest(s) Number of Month of Rate Predominate % control®
controlled Applications application(s) Formulated Application
Product/ Acre/ Method
Application®
Alternative 1 Glyphos, Broadleaf and 3 Year-round 33 oz/ac Ground 95
Roundup grass weeds
Original,
Roundup

Ultramax, etc.

2 Most use rates based on 2006 PUR data, i.e., active ingredient/ac modified to formulated amount/ac (California Dept. of Pesticide Regulation, 2005 to 2007).
> Compared to Prowl 3.3 EC

Table 14. Cost of Gly-Flo, etc. and replacement costs of alternative miticides to Gly-Flo, etc.

Ave. Appl Total material Total material & appl.

Chemical name Trade name Cost Unit Rate/ac method * cost/ac cost/ac?

Glyphosate Glyphos, Roundup 0.37 fl.oz 33.00 Ground 12.09 39.09

Original, Roundup
Ultramax, etc.

2 Application cost of ground speed sprayer is $9.00/ac.

Table 15. Replacement cost of alternative scenarios for Gly-Flo, etc.

Target pest(s) Alternatives Trade name Cost per acre Percent of Gly- Replacement Replacement Replacement
Flo, etc. cost®: 2005 cost®: 2006 cost* 2007
replacement ac

Broadleaf and Alternative 1 Glyphos, 39.09 100 704,172 52,849 136,509

grass weeds Roundup

Original,

Roundup

Ultramax, etc.
100% 704,172 52,849 136,509
Cost of Gly-Flo 654,130 49,094 126,808
Difference in cost | 50,042 3,756 9,701
from change

2 Replacement cost was based on estimated number of acres treatment with alternative times the cost of alternative.
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Table 16. Alternatives to Lorsban 4E Application Detail

Rate Formulated Predominate
Chemical/Generic Number of Months of Product/Acre/ Application
Name Trade Name Pest(s) controlled®  Applications application(s) Application* Method % control®
Alternative 1 Lorsban Advanced NOW, PTB, TB, SJS, 1 May-Aug, 3.8 pt/ac Ground 100
Ants Nov-Jan
Alternative 2 Lorsban 75WG NOW, PTB, TB, SIS, 1 May-Aug, 2.45 1bs/ac Ground 100
Ants Nov-Jan
Alternative 3 Imidan 70WP NOW, PTB, OFM 1 May-Aug, 4.9 lbs/ac Ground 100
Nov-Jan
Alternative 4 Brigade 10WP NOW, WSM 1 May-Aug 1.2 lbs/ac Ground 100
Nov.-Jan
Alternative 5 Intrepid 2F ¢ NOW, PTB 1 Feb-Aug 17.3 oz/ac Ground 100
Alternative 6 Dimilin 2L PTB 1 May-Aug, 12 oz/ac Ground 100
Nov-Jan
Alternative 7 Diazinon 5S0WP PTB, SJS 1 Nov-Jan 3.8 Ibs/ac Ground 100
Alternative 8 Supracide 25W* PTB, SIS 1 May-Aug 4.0 lbs/ac Ground 100
Nov-Jan
Alternative 9 Dipel DF PTB 1 May-Aug 1.0 lbs/ac Ground 100
Alternative 10 Success 2SC PTB, OFM 1 Feb-Aug 5.7 oz/ac Ground 100
Nov.-Jan
Alternative 11 Seize 35WP 8 SJS, PTB 1 Nov-Jan 5 oz/ac Ground 100
Alternative 12 Applaud 70WP SJS 1 May-Aug 2.2 Ibs/ac Ground 100
Alternative 13 Clinch Ant Bait ¢ Ants 1 July-Sept 1 Ib/ac Ground 100
Alternative 14 Esteem Ant Bait # Ants 1 July-Sept 2 Ibs/ac Ground 100
Alternative 15 Renounce 20WP PTB 1 Nov-Jan 3.5 oz/ac Ground 100
Alternative 16 Assail 30SG PTB 1 Nov-Jan 5 oz/ac Ground 100
Alternative 17 Delegate 25 WG PTB 1 Nov-Jan 3.2 oz/ac Ground 100

® Most use rates based on 2006 PUR data,i.e. active ingredient/ac modified to formulated amount/ac (California Department of Pesticide Regulation, 2005 to

2007).

b Compared to Lorsban 4E
¢ Expected to be canceled by 2010, Brigade 10WP provides superior control of NOW compared to Lorban 4E and other alternatives
4 Controls low to moderate NOW populations
*NOW = Navel orange worm; PTB = Peach twig borer; TB = Twig borers; SJS = San Jose Scale; OFM = Oriental fruit moth; WSM = Web spinning mites
f Do not apply more than once/season on foliage. This material may be phytotoxic to some almond varieties when used in season.

g Rate based on UC IPM recommendations
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Table 17. Cost of Lorsban 4E and replacement cost of alternative insecticides for Lorsban 4E

Appl. Total material Total material &
Chemical name Trade name Cost Unit Rate/ac method cost/ac appl. cost/ac?
Chlorpyrifos Lorsban 4E 6.40 pt 3.68 Ground 23.55 32.55
Chlorpyrifos Lorsban Advanced 8.65 pt 3.8 Ground 32.86 41.86
Chlorpyrifos Lorsban 75WG 20.10 b 2.5 Ground 49.25 58.25
Phosmet Imidan 70WP 12.39 1b 4.9 Ground 60.71 69.71
Bifenthrin Brigade 10WP 47.15 1b 1.2 Ground 56.58 65.58
Methoxyfenozide Intrepid 2F ¢ 2.96 fl oz 17.3 Ground 51.21 60.21
Diflubenzuron Dimilin 2L 2.10 fl oz 12.0 Ground 25.20 34.20
Diazinon Diazinon SOWP 9.22 Ib 3.8 Ground 35.04 44.04
Methidathion Supracide 25W 9.75 1b 4.0 Ground 39.00 48.00
Bacillus thuringiensis  Dipel DF 15.32 b 1.0 Ground 15.32 24.32
Spinosad Success 2SC 7.0 fl oz 5.7 Ground 39.90 48.90
Pyripoxyfen Seize 35WP 8 14.49 0z 5.0 Ground 46.37 55.37
Buprofezin Applaud 70WP 2.65 b 2.2 Ground 5.83 14.83
Abamectin Clinch Ant Bait# 15.46 Ib 1.0 Ground 15.46 24.46
Pyripoxyfen Esteem Ant Bait # 9.49 b 2.0 Ground 18.93 27.98
Cyfluthrin Renounce 20WP 3.61 0z 35 Ground 12.64 21.64
Acetamiprid Assail 30SG 19.33 0z 5.0 Ground 96.65 105.65
Spinetoram Delegate 25WG 9.34 0z 3.2 Ground 28.89 38.89

@ Application cost of ground speed sprayer is $9.00/ac.
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Table 18. Replacement cost of alternative scenarios for Lorsban 4E

Percent of Replacement cost®
Lorsban 4E
Cost per replacement 2005 2006 2007

Target pest(s) Alternatives Trade name acre acreage
NOW, PTB, TB, SIS, Ants  Alternative 1 Lorsban Advanced 41.86 84 5,427,680 10,304,420 7,978,171
NOW, PTB, TB, SIS, Ants  Alternative 2 Lorsban 75WG 58.25 1 89,916 170,706 132,168
NOW, PTB, OFM Alternative 3 Imidan 70WP 69.71 1 107,617 204,310 158,187
NOW, WSM Alternative 4 Brigade 10WP 65.58 1 101,240 192,203 148,813
NOW, PTB Alternative 5 Intrepid 2F 60.21 1 92,947 176,459 136,623
PTB Alternative 6 Dimilin 2L 34.20 1 52,797 100,234 77,606
PTB, SJS Alternative 7 Diazinon 50WP 44.04 1 67,981 129,062 99,926
PTB, SIS Alternative 8 Supracide 25W 96.00 1 148,201 281,359 217,841
PTB Alternative 9 Dipel DF 24.32 1 37,544 71,278 55,186
PTB, OFM Alternative 10 Success 2SC 48.90 1 75,490 143,317 110,963
SJS, PTB Alternative 11 Seize 35WP 81.45 1 125,739 238,715 184,825
SIS Alternative 12 Applaud 70WP 14.83 1 22,894 43,464 33,652
Ants Alternative 13 Clinch Ant Bait 24.46 1 37,760 71,688 55,504
Ants Alternative 14 Esteem Ant Bait 27.98 1 43,194 82,004 63,492
PTB Alternative 15 Renounce 20WP 21.64 1 33,399 63,408 49,094
PTB Alternative 16 Assail 30SG 105.65 1 163,098 309,641 239,739
PTB Alternative 17 Delegate 25WG 38.89 1 60,034 113,974 88,244
100% 6,687,531 12,696,242 9,830,033
Cost of Lorsban 4E 5,025,248 9,540,405 7,386,635
Difference in cost from change 1,662,284 3,155,837 2,443,399

2 Replacement cost was based on estimated number of acres treatment with alternative times the cost of alternative.
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Table 19. Alternatives to Agri-Mek 0.15EC Application Detail

Rate
Formulated Predominate
Number of Months of Product/Acre/ Application
Alternative Trade Name Pest(s) controlled Applications application(s) Application ? Method % control
Alternative 1 Omite 30WP Web spinning mites 2 March-August 6.3 Ib/ac Ground 100
Alternative 2 Kanemite 15SC Web spinning mites 1 March-August 31.0 oz/ac Ground 100
Alternative 3 Acramite S0WS Web spinning mites 1 March-August 14.7 oz/ac Ground 100
Alternative 4 Savey SO0DF Web spinning mites 1 March-August 5.2 oz/ac Ground 100
Alternative 5 Apollo SC Web spinning mites 1 March-August 6.3 oz/ac Ground 100
Alternative 6 Vendex SOWP Web spinning mites 2 March-August 1.9 lbs/ac Ground 100
® Most use rates based on 2006 PUR data,i.e. active ingredient/ac modified to formulated amount/ac (California Department of Pesticide Regulation, 2005 to
2007).

b Compared to Agri-Mek 0.15EC
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Table 20. Cost of Agri-Mek 1.5EC and replacement costs of alternative miticides to Agri-Mek 0.15EC

Ave. Appl Total material Total material &
Chemical name Trade name Cost Unit Rate/ac method * cost/ac appl. cost/ac?
VOC Agri-Mek 0.15EC 7.82 fl oz 7.8 Ground 61.00 70.00
Propargite Omite 30W 8.23 b 6.3 Ground 103.7 121.70
Acequinocyl Kanemite 15SC 2.28 0z 31.0 Ground 5.02 12.02
Bifenazate Acramite SOWP 5.38 0z 14.7 Ground 4.84 13.84
Hexythiazox Savey SOWP 20.69 0z 5.2 Ground 103.70 121.70
Clofentezine Apollo SC 7.83 fl oz 6.3 Ground 49.33 58.33
Fenbutatin-oxide Vendex SOWP 34.59 1b 1.9 Ground 131.44 149.44
2 Application cost of ground speed sprayer is $16.00/ac.
Table 21. Replacement cost of alternative scenario for Agri-Mek 0.15EC
Target pest(s) Alternatives Trade name Cost per acre Percent of Agri- | Replacement Replacement Replacement
Mek 1.5EC cost* 2005 cost* 2006 cost* 2007
replacement
acreage
Webspinning Alternative 1 Omite 30WP 121.70 30 10,439,388 13,714,026 15,728,724
mites
Webspinning Alternative 2 Kanemite 15SC 14.02 5 200,385 263,242 301,914
mites
Webspinning Alternative 3 Acramite 50WS 13.84 10 395,794 519,947 596,331
mites
Webspinning Alternative 4 Savey SODF 116.59 30 10,001,047 13,138,185 15,068,288
mites
Webspinning Alternative 5 Apollo SC 58.33 5 833,921 1,095,506 1,256,445
mites
Webspinning Alternative 6 Vendex SO0WP 149.44 20 8,546,199 11,226,980 12,876,311
mites
100% 30,416,734 39,957,885 45,828,013
Cost of Agri-Mek | 20,014,446 26,292,597 30,155,187
0.15EC
Difference in cost | 10,402,288 13,665,288 15,672,826
from change

2 Replacement cost was based on estimated number of acres treatment with alternative times the cost of alternative.
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California produces 92% of all commercially grown broccoli in the United States. In 2006, broccoli
was produced on 128,500 acres and had a gross value of $599,436,000 (National Agricultural Statistics
Service USDA 2006). Broccoli is grown in four regions of California: Central Coast, San Joaquin
Valley, South Coast, and Southeastern Desert. California Department of Pesticide Regulation has
identified a number of pesticides used on broccoli as contributing volatile organic compounds (VOC)
to air quality problems in California. A pesticide with an evaporate potential (EP) of greater than 20%
is defined as a VOC. Broccoli is the eighth largest VOC contributor of all agricultural commodities.
Broccoli contributed over 268,451 lbs of VOC producing materials from emulsifiable concentration
formulations in 2005. The top eight VOC producing pesticides and non-VOC producing alternate
pesticides or formulations are discussed with regard to pest control activity and IPM potential.

Herbicides

Bensulide — Prefar 4E, with a default EP value of 39, is widely used in broccoli for control of grasses
and broadleaf weeds. Prefar 4E is particularly effective in controlling common purslane (Portulaca
oleracea) in the summer and is used in the cooler part of the year to provide control of burning nettle
(Urtica urens) (Table 1). The number of acres treated with Prefar 4E was 10,092 and 8,424 acres for
2005 and 2007, respectively. Prefar 4E contributed 26,900 and 22,300 lbs of VOC for 2005 and 2007
respectively, or about 9% of the non-fumigant VOCs produced in broccoli (Tables 1 and 2).

There are two non-VOC producing alternative herbicides (Dacthal 75W, with an EP value of 2, and
Devrinol 50DF with an EP value of 1) for controlling broadleaf and grass weeds in broccoli (Table 3).
In a trial conducted in 2000, Prefar 4E provided improved control of burning nettle compared to
Dacthal 75W while control of common purslane was similar between these two herbicides. Variances in
control of and importance in certain weeds can be seen in different geographies in California, e.g.,
Imperial Valley versus Salinas. Devrinol 50DF is effective on many of the same weeds as Prefar 4E,
but is more effective on shepherd’s purse and less effective on common purslane. Devrinol SO0DF has
more plant back restrictions for lettuce grown in rotation with broccoli and this significantly reduces it
use in the coastal counties. Replacing Prefar 4E with Dacthal 75W and Devrinol SODF would have
decreased costs to broccoli growers in the period of 2005 — 2007 by $21,858 to $26,335 or about $2.60
per acre decrease in cost (Table 4). Thus, the elimination of Prefar 4E would have minimal financial
impact on broccoli growers. The registrant for Prefar 4E, Gowan Company, is investigating an
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alternative formulation for bensulide that would have a lower EP values.

Oxyfluorfen — Goal 2XL, with an EP value of 62, is widely used on broccoli and is used in two ways:
1) as a pretransplant application to control broadleaf weeds and 2) as fallow bed treatment prior to
planting broccoli. The number of acres treated with Goal 2XL was 12,141 and 8,660 acres for 2005
and 2007, respectively. Goal 2XL contributed 12,600 and 10,600 1lbs of VOC for 2005 and 2007,
respectively (Tables 1 and 2), or from 4.0 to 4.5% of the non-fumigant VOC produced on broccoli. The
low-VOC producing alternative herbicide is GoalTender with an EP value of 4.8. Studies show that the
GoalTender, which is a 4F material, is comparable to Goal 2XL as a pretransplant application. As a
result, GoalTender can be a direct substitute for Goal 2XL for the pretransplant use in broccoli. Goal
2XL is more effective than GoalTender in fallow bed use as a post-emergence herbicide on larger
weeds (i.e., > 3 inches tall); GoalTender can be as effective as a post-emergent application as Goal 2XL
only if the weeds are small (i.e., <2 true leaves). When the broccoli has four true leaves, GoalTender
has an additional use in broccoli as an over-the-top application to control small weeds, but Goal 2XL is
not registered for this use. The formulated amount of the GoalTender to be used as the alternative was
based on 2006 PUR data, i.e., active ingredient per acre was modified to the amount of formulated
product per acre and was 0.75 pt per acre (Table 5). Replacing Goal 2XL with GoalTender would have
increased costs to broccoli growers in the period of 2005 — 2007 by $13,444 to $18,850 or about $1.50
per acre increased cost (Table 6). Thus the elimination of Goal 2XL would have minimal financial
impact on broccoli growers.

Trifluralin — Treflan 4EC, 4L, HFP and TR-10 are used in broccoli to control grasses and broadleaf
weeds. Treflan 4EC, with an EP value of 39, is particularly effective in controlling grass weeds. The
number of acres treated with Treflan 4EC was 10,900 and 8,982 acres for 2005 and 2007, respectively,
and contributed 4,100 and 3,400 Ibs of VOC for 2005 and 2007, respectively, or about 1.3% of the non-
fumigant VOC produced on broccoli (Tables 1 and 2). Treflan 4EC is registered for use on direct
seeded and transplanted broccoli. Treflan TR-10 is a lower VOC producing herbicide with an EP value
of 3. Although the granular formulation is labeled for use in broccoli, it is rarely used due to
difficulties in applying the granular material evenly in the field. Treflan 4EC is an older herbicide and
no comparative studies have been conducted of the various formulations. Research on the relative
efficacy of Treflan TR-10 and Treflan 4EC is needed before widespread grower adoption would be
possible. All formulations are used at the 0.5 to 0.75 1b ai/ac rate for direct seeded broccoli. Dacthal
75W and Devrinol 50DF are alternatives to Treflan 4EC (Table 7). Dacthal 75W and Devrinol S0DF
are both effective in controlling a similar spectrum of broadleaf and grass weeds as Treflan 4EC. The
formulated amount of Dacthal 75W and Devrinol to be used as the alternatives was based on the 2006
PUR data, i.e., active ingredient per acre was modified to the amount of formulated product per acre
and was projected to be used at 4.4 Ib/acre for Dacthal 75W and 1.2 Ibs/acre for Devrinol SODF (Table
8). Replacing Treflan 4EC with alternatives would have increased costs to broccoli growers in the
period of 2005 — 2007 by $367,365 to $445,813 (Table 8). As opposed to Prefar 4E and Goal 2XL, the
elimination of Treflan 4EC would have a major financial impact on broccoli growers. Broccoli
growers would face greatly increased costs of about $41.00 per acre if Treflan 4EC, 4L, HFP or TR-10
were eliminated (Table 8).

Insecticides

Chlorpyrifos — Lorsban 4E/Nufos 4E with an EP value of 39 is widely used on broccoli as soil
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applications for control of root maggots such as cabbage maggot (Delia radicum) and seedcorn maggot
(Delia platura), garden symphylans (Scutigerella immaculata), catworms such as black cutworm
(Agrotis ipsilon), glassy cutworm (Crymodes devastator), granulate cutworm (Agrotis subterranean),
and variegated cutworm (Peridroma saucia), and wireworms (Chaney and Natwick 2007). Lorsban 4E
was used on 11,353 acres in 2005 and 10,766 acres in 2007 and contributes approximately 6.8 percent
of the VOC emissions among all non-fumigant pesticides used on broccoli (Tables 9 and 10).
Chlorpyrifos is also registered as Lorsban Advanced, Lorsban 15G, Nufos 15G, Lorsban S0W and
Lorsban 75WG formulations with EP values ranging from 3 to 4 (Table 13). Walsh et al. (2000)
showed that Lorsban 15G controls cutworms in spearmint. Some other low EP alternative insecticides
for control of cutworms include Asana XL, Avaunt 30WDG, Proclaim 5SG, tebufenozide (Confirm
2F), Lannate 90SP and cyfluthrin (Renounce 20 WP) (Kund et al. 2007, Kund et al. 2004, Lorenz et al.
2003). Diazinon is an alternative and is registered as Diazinon 14G, Diazinon 50W, and Diazinon
AG600 WBC formulations, with EP values ranging from 1 to 4, that can be used for control of the
cabbage maggot, seedcorn maggot, garden symphylans, wireworms and various worm pests pests. In
addition to the low VOC insecticide products listed for cutworm control, these products can be used in
broccoli for several other worm pests as well as Coragen 1.67SC, Synapse, Voliam Xpress, and Warior
IT Zeon Technology with an EP of 14.5. The formulated amount of the alternatives to be used was
based on the 2006 PUR data, i.e., active ingredient per acre was modified to the amount of formulated
product per acre (Table 11). The elimination of Lorsban 4E/Nufos 4E would increase costs to growers
in the period of 2005 — 2007 by from $139,750 to $147,369 or about $12.98 per acre (Table 12).

Naled — Dibrom 8E, with an EP value of 39, is used on broccoli for control of aphids and lepidopterous
larvae, e.g., green peach aphid, turnip aphid, cabbage aphid, cabbage looper (7richoplusia ni), imported
cabbage worm (Pieris rapae), diamondback moth (Plutella zylostella) and beet armyworm (Spodoptera
exigua) (Chaney and Natwick 2007) (Table 13). Dibrom 8E was used on 15,723 acres in 2005 and
7,323 acres in 2007 and contributes approximately 4.1% and 2.2 % of the VOC emissions among all
non-fumigant pesticides used on California broccoli for the 2005 to 2007 seasons, respectively (Tables
9 and 10). [I don’t have the total emissions for just the insecticides — the percent of the total pesticides
should be sufficient] Effective low EP alternatives for aphid control include: Durivo (a mixture of
chloranthraniliprole and thiamethoxam with an EP of 12.3), thiamethoxam (Actara, Platinum 2SC and
Platinum 75SG), Admire Pro, Alias 2F, Provado 1.6F, Assail 70WP, Assail 30 SG, Beleaf 50 SG and
Fulfill 50WDG (Palumbo 2004 and Palumbo 2007a) (Table 13). Movento is another recently registered
low VOC alternative for aphid control. The worm control alternatives listed for Lorsban 4E are also
worm control alternatives for Dibrom 8E. Low EP alternative insecticides for control of lepidopteran
larvae include: chlorpyrifos (Lorsban SOWP and Lorsban 75WG, with EP values of 3 and 3.7,
respectively), methomyl (Lannate SP, with an EP value of 1), bifenthrin (Brigade I0WP, with an EP
value of 1.9), esfenvalerate (Asana XL, with an EP value of 11.1), cyfluthrin (Renounce 20 WP, with an
EP value of 1.9), zeta-cypermethrin (Mustang 1.5 EW, with an EP value of 6.8), indoxacarb (Avaunt
30WDG, with an EP value of 3.7), methoxyfenozide (Intrepid 2F, with an EP value of 4.8), emamectin
benzoate (Proclaim 5SG, with an EP of 1), Entrust 80WP, Success 2SC, Radiant 1SC, and various Bt
products (Hoy et al. 2006; Palumbo 2007b, Palumbo 2006, Palumbo 2003). A new low EP insecticide
for control of lepidopteran larvae, rynaxypyr (chlorantraniliprole [Coragen 1.67SC]), has been very
efficacious (Palumbo 2005). Other lepidopteracide alternatives include: Durivo, Synapse WG
(flubendiamide), Voliam Xpress (lambda-cyhalothrin and chlorantraniliprole, with an EP of 17.6), and
lambda-cyhalothrin (Warior II Zeon Technology, EP of 14.5). The formulated amount of the
alternatives to be used was based on the 2006 PUR data, i.e., active ingredient per acre was modified to
the amount of formulated product per acre would increase cost to growers in the period of 2005 — 2007
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by $106,942 to $229,595 or about $14.60 per acre (Table 14).

Dimethoate — Dimethoate is marketed for use on broccoli in a number of EC formulations containing
varying amounts (2.67 to 5.0 Ibs) active ingredient per gal that all exceed the 20% EP level.
Dimethoate is one of the most widely used insecticides on broccoli with 54,943 acres treated in 2005
and 45,605 acres treated in 2007 (Table 9). Dimethoate contributed 11.2% of the VOC emissions
among non-fumigant pesticides used on California broccoli crops between 2005 and 2007 (Table 10).
Dimethoate is widely used on broccoli for control of aphids such as green peach aphid (Myzus
persicae), turnip aphid (Lipaphis erysimi) and cabbage aphid (Brevicoryne brassicae) and leafminers
(Liriomyza spp.) (Chaney and Natwick 2007) (Table 15). Two low EP alternative insecticides for
leafminer control are spinosad (Success 2SC and Entrust 80WP) with EP values of 2 and 6,
respectively, and spinetoram (Radiant 1SC) with an EP value of 7.5 (Table 15). Success 2SC or
Radiant 1SC would not increase the cost of leafminer control. Seal (2001) showed that spinosad is
efficacious against the leafminer Liriomyza trifolii (Burgess) on bean and Schuster (2007) showed that
spinetoram is efficacious against L. trifolii on tomato. Both spinetoram and spinosad are naturalyte
insecticides that have low detrimental impact on most beneficial arthropods but can be toxic to
predatory thrips, syrphid fly larva, and beetles 5 to 7 days after sprays; however, their use has not
resulted in resurgence of insect pests or secondary outbreaks (Chaney and Natwick 2007). Cyromazine
(Trigard 75WP), with an EP value of 1, is effective against Liriomyza spp. leatminer pests (Liu 2005)
and would also be a cost effective replacement for dimethoate (Table 17). Trigard 7SWP has a low
potential for causing resurgence or secondary pest outbreaks. Actara (thiomethoxam) is a neonicotinoid
that is an alternative to dimethoate for aphid control. Two neonicotinoid insecticides, imidacloprid
(Admire Pro, Alias 2F and Provado 1.6F) and acetamiprid (Assail 70WP and Assail 30SG), with EP
values from 1 to 5, provide excellent aphid control (Palumbo 2007a). Imidacloprid is most commonly
used as an in-furrow application at planting, but can be used as a foliar spray. Imidacloprid used as a
soil application is non-disruptive to most beneficial arthropods and provides excellent aphid control.
Assail (70WP or 30 SG) or Provado 1.6F, used as foliar sprays, are efficacious against aphids and have
low disruptive effects on beneficial arthropods; both would be cost effective alternatives (Table 15).
Flonicamid (Beleaf 50SG), with an unknown EP value, and pymetrozine (Fulfill S0WDG, an
azomethine aphicide), with an EP value of 1, are both alternatives to dimethoate that have low
detrimental impact on beneficial arthropods and their use has not resulted in resurgence of insect pests
or secondary outbreaks (Palumbo 2004 and Palumbo 2007a). Another insecticide alternative to
dimethoate is spirotetramat (Movento). Movento is a fully systemic and ambimobile insecticide
particularly effective against sucking pests, including aphids (Nauen et al. 2008 and Palumbo 2007a).
None of the dimethoate alternatives listed provide both leafminer and aphid control simultaneously.
Thus two insecticides might be needed to replace dimethoate. The formulated amount of the
alternatives to be used was based on the 2006 PUR data, i.e. active ingredient per acre was modified to
the amount of formulated product per acre (Table 15). The elimination of Dimethoate EC would
increase cost to growers in the period of 2005 — 2007 by $1,360,850 to $1,639,508 or about $29.84 per
acre (Table 16).

Diazinon — Diazinon 4E, Diazinon AG500 and others with EP values ranging from 39 to 44 are
registered on broccoli for control of aphids, cabbage maggot, cutworms, flea beetles, garden
symphylans, and wireworms (Chaney and Natwick 2007). Diazinon 4E and AG500 formulations were
used on 14,024 acres in 2005 to 12,366 acres in 2007 and contributed 7.7% and 4.9% of the VOC
emissions among the non-fumigant pesticides used in broccoli in California for 2005 and 2007,
respectively (Tables 9 and 10). Diazinon 4E is no longer produced, but existing product that was
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purchased can still be used. Diazinon AG500 is also a 4 1b per gallon emulsifiable formulation,
therefore the tables will only refer to Diazinon AG500 as the VOC producing formulation. Diazinon is
also marketed for use on broccoli in a number of low EP formulations that include Diazinon 14G,
Diazinon 50W, and Diazinon AG600 WBC, with EP values ranging from 2 to 5. These low EP
formulations of diazinon and low EP formulations of chlorpyrifos (Lorsban 50W and Lorsban 75WG)
could be used against the same pest spectrum as the high EP formulations of (Table 17). There are
also a number of low EP alternative insecticides for control of aphids including neonicotinoid
insecticides (Assail 30SG, Assail 70WP, Actara, Admire Pro, Alias 2F and Provado 1.6F), Beleaf 50SG
and Fulfill S0WDG (Palumbo 2004 and Palumbo 2007). Low EP alternative insecticides for control of
cutworms, aphids and flea beetles include Brigade 10WP, Asana XL, Renounce 20WP and Mustang
1.5EW (Chaney and Natwick 2007; Hoy and Dunlap 2007). Other low EP alternative insecticides for
control of cutworms include Avaunt 30WDG, Proclaim 5SG, Confirm 2F, Lannate 90SP and Renounce
20WP (Kund et al. 2007, Kund et al. 2004, Lorenz et al. 2003) and other cutworm alternatives include:
Durivo, Synapse WG (flubendiamide), Voliam Xpress (lambda-cyhalothrin and chlorantraniliprole,
with an EP of 17.62), and lambda-cyhalothrin (Warior I Zeon Technology, EP of 14.5) (Table 17). The
formulated amount of the alternatives to be used was based on 2006 PUR data, i.e., active ingredient
per acre was converted to the amount of formulated product per acre (Table 17). The elimination of
Diazinon 4E, Diazinon AG500 and others would increase cost to growers in the period of 2005 — 2007
by $179,196 to $203,222 about $14.49/acre (Table 18).

Oxydemeton — MSR Spray Concentrate with an EP value of 59 is the most widely used insecticide on
broccoli for control of aphids (Chaney and Natwick 2007) and contributed 41.6% and 44.5 % of the
VOC emissions among all non-fumigant pesticides used on California broccoli during the 2005 to 2007
seasons (Tables 9 and 10). In 2005, MSR Spray Concentrate was applied to 77,546 acres while in
2007 MSR Spray Concentrate was applied to 67,329 acres. Alternatives to MSR Spray Concentrate for
aphid control include Movento, Beleaf 50SG, Fulfill 50WDG, Admire Pro, Alias 2F, Provado 1.6F,
Assail 30SG and Assail 70WP and low EP formulations of Diazinon and Lorsban (Palumbo 2004 and
Palumbo 2007a) as well as Actara and Platinum (Table 19). There would be a cost to growers of
switching from MSR to alternative treatments. The elimination of MSR Spray Concentrate would
increase cost to growers in the period of 2005 — 2007 by $169,965 to $195,758 or about $2.52 per acre
(Table 20).
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Tables

Table 1. VOC producing herbicide application detail

Rate Formulated
Number of Acres Treated ® Months of Product/Acre/ % control
Chemical Name Trade Name Pest(s) controlled 2005 2006 2007 application Application®
bensulide Prefar 4E purslane 10,092 9,967 8,424 Year-round 0.82 pt 80
burning nettle 50
pigweed 80
shepherd’s purse 10
barnyardgrass 90
oxyfluorfen Goal 2XL Little mallow 12,141 11,030 8,660 Year round 1.5 pt 100
burning nettle 100
trifluralin Treflan 4EC purslane 10,900 9,073 8,982 Year-round 1.28 pt 80
burning nettle 30
pigweed 80
shepherd’s purse 0
barnyardgrass 90
 Use rates from 2006 PUR data
b Formulated amount based on 2006 PUR data, i.¢. active ingredient/ac modified to formulated amount/ac
Table 2. Amount (Ibs) and percent of total VOC emission produced by herbicides active ingredients for 2005 through 2007 for broccoli
2005 2006 2007
Chemical name Trade name Amount* Percent Amount* Percent Amount* Percent
bensulide Prefar 4E 26.9 8.9 25.7 9.1 223 8.8
oxyfluorfen Goal 2XL 12.0 4.0 12.6 4.5 10.6 4.2
trifluralin Treflan 4EC 4.1 1.4 3.6 1.3 34 1.3

2 Amount times 1000 pounds from 2005 to 2007 pesticide use report data and Dept of Pesticide Regulation.
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Table 3. Alternatives to Prefar 4E application detail

Chemical/Generic | Trade Name Pest(s) controlled | Number of Months of Rate Formulated | Application % Control
Name Applications Application(s) Product/ Acre/ Method
Application®

DCPA Dacthal 75W Purslane 1 Year-round 4.38 Ib/ac Ground 80
burning nettle 40
pigweed 80
shepherd’s purse 10
barnyardgrass 90

Napropamide Devrinol 50DF Purslane 1 Year-round 1.15 Ib/ac Ground 80
burning nettle 40
pigweed 80
shepherd’s purse 50
barnyardgrass 90

2Formulated amount based on 2006 PUR data, i.e. active ingredient/ac modified to formulated amount/ac.

Table 4. Replacement cost of alternative scenarios for Prefar 4E

Costper  Percent of Prefar 4E Replacement cost®
Target pest(s) Alternatives Trade name acre replacement acreage 2005 2006 2007

Purslane Alternative 1 Dacthal 75W 100.24 25.0 252,896 249,764 211,107
Devrinol 50DF 23.46 25.0 59,179 58,446 49,400
Burning Nettle Alternative 2 Dacthal 75W 100.24 7.5 75,869 74,929 63,332
Devrinol 50DF 23.46 7.5 17,754 17,534 14,820
Pigweed Alternat