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Overview
_

 1,3-dichloropropene (1,3-D; Telone)
« Chloropicrin
« 3 regulations in progress

« EPA registration review



1,3-D (Telone) Township Cap

» Goal: air concentration <0.14 ppb (70-yr avg)
to mitigate cancer risk

 Allocation of 90,250 Ibs/yr for each township

(6x6 mi), unused amount “banked”

» Max use of 180,500 lbs/yr, if bank available

» 12 townships with depleted banks (yellow),

54 with >90,250 Ibs in 2014 (blue)

* DPR will revise cap in early 2016 after

completing risk assessment

1,3-Dichloropropene
Townships

Townships exceed the cap of
90,250 adjusted pounds,
but have 1,3-D available in the bank

Townships have depleted banks and
[:J use is limited to 90,250 adjusted
pounds

|:| All other townships that had 1,3-D use
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I Chloropicrin Recommended Permit Conditions

Max buffer distance  Untarped: 1990 ft Untarped: 1x — 6x of label

Min buffer distance 25 ft Untarped: 100 ft
Buffer credits 11 credits Only DPR-approved 60% credit tarp
Max acres 120-160 ac block 40 ac block

Overlapping buffers  Prohibited for 12 hrs Buffer based on combined acres for 36 hrs
Tree hole limits None 50-200 holes/ac, 40 ac max

Fumigation time limits None 1 hr after sunrise, 3 hrs before sunset



I Methyl Bromide and Volatile Organic Compounds (VOCs)

* Current VOC regulations require low-emission fumigation methods in San
Joaquin Valley during May-Oct to reduce ozone

* Proposed regulation
— Reconciles methyl bromide regulations with Phase 2 label revisions
— Adds more low-emission fumigation methods for other fumigants using “totally

impermeable film”

» Regulation will go into effect by May 2016



I Totally Impermeable Film (TIF)
» TIF is a multi-layer tarp, usually with an ethylene vinyl alcohol (EVOH) core

» TIF tarps reduce emissions of most fumigants by 60% or more, resulting in
— Greater fumigated acreage with same 1,3-D township cap
— Smaller chloropicrin buffer zones

— Lower VOC emissions



I Other Field Fumigants

* Methyl isothiocyanate (MITC; Vapam, K-Pam, Sectagon) generators

— No changes

« Allyl isothiocyanate (AITC; Dominus)

— DPR will conduct health risk assessment as part of registration evaluation

e Dimethyl disulfide (DMDS; Paladin)

— Registrant withdrew California application for registration



I Other Regulations in Progress

» Schools regulation

— Regulation will require notification and restrictions of agricultural pesticides used
near schools

— DPR plans to notice regulation for
public comment by end of 2015
 Fumigant notification regulation

— Regulation will require notification
to residences, other sites

— Workshops in 2016




I EPA Registration Review Schedule for All Fumigants

Registrant Data Call-In August 2014

Data Submission Summer 2016 — 2017
Risk Assessment 2018
Decision 2018 — 2019



I Questions and Additional Information

e Www.cdpr.ca.gov
— “QUICK LINKS” tab
— “Air” link

Randy Segawa, Special Advisor

California Department of Pesticide Regulation
916-324-4137

Randy.Segawa@cdpr.ca.gov



Suduan Gao,
USDA-ARS, Parlier
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Emission Reduction
and Nematode Control
B from Soil Fumigation

Suduan Gao
Research Soil Scientist
USDA, Agricultural Research Service

San Joaquin Valley Agricultural Sciences Center
Parlier, CA
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I Research Cooperators

e David Doll, Pomology Farm Advisor, UCCE Merced
County

» Brad Hanson, CE Specialist, UC Davis
* Ruijun Qin, Research Project Specialist, UC Davis

» Sadikshya Dangi, Postdoctoral Research Associate, UC
Davis

» J. Alfonso Cabrera, Research Scientist, Bayer
CropScience, Fresno

» James Gerik, Research Pathologist, USDA-ARS, Parlier

* Greg Browne, Research Pathologist, USDA-ARS, UC
Davis

 Dong Wang, Research Soil Scientist, USDA-ARS, Parlier
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l Soil fumigation for
perennial specialty crops:

Pre-plant soil fumigation to control
e parasitic nematodes
e replanting disease




Ozone non-attainment areas (NAAS)

I Regulatory issues on | D AT T AT AR
AFFECTED BY CALIFORMNIA REGULATICNS
: ] [ TO REDUCE EMISSIONS

fumigant emissions SAL e KN enifitincos

* Sacramento Metro N AA
-all of Sacramento and Yolo counties, and parts of
El Dorado, Placer, Soano and Sutter counhes

*= San Joaguin Yalley MAL,
-all of San Joaguin, Stanisdaus, Merced, Madera,
Sal:ramentr:s Fresno, Kings, and Tulare counties,
Metra e ‘\ md the valley portion of Kem County.

San Joaquin

o Exposure risk: buffer zones; township
cap for Telone®

» Volatile organic compounds (VOCs):
low-emission fumigation methods
during May-Oct in NAAs _g%_

* South Cosst MAS, Ventura
-all of Orange County, and parits of Los Angeles,

Riverside and San Bemandino courties. —

* Southeast Deserd MAS

-the desed portions of Riverside (Coachella Valley),
Los Angeles (Lancaster /P almdale),

and San Bernardino (Barstow) counties.

_ - ¢ california
18 almonds
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Processes affecting the fate of fumigant in Soill

Air

Volatilization




] Goals of soil fumigation

e Minimize emission
« Maximize efficacy
 Reduce fumigation costs

 Maximize yield

AImonds
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I Emission reduction methods:

» Application Methods:

— Deep injection (shank design)

— Drip vs. shank

— Target area treatment (strip shank; spot drip)
« Surface Treatment:

— Plastic tarp
* (standard PE; low permeability — VIF, TIF)

— Irrigation (water seals; pre-irrigation)

— Organic amendment (manure)

— Chemical Treatment (e.g., thiosulfate)



Field Treatments

I 2011-15 Research Objectives:
rate

Demonstrate the ability of TIF to reduce
emission and improve efficacy as well as 33% (16 gal/ac
the potential of using reduced rates in soil ~ EIEANEEAEUED

L , 100% (48 gal or
fumigation for perennials 540 Ib/ac

Conducted three large field trials:

1. Oct 2011 Parlier trial (USDA-ARS)

2. Nov 2012 Merced trial (Bluff Ranch)

3. Dec 2014 Ballico trial (Littlejohn’s Farm)

W california




Oct 2011 Parlier trial

I Low permeability tarp reduce emissions

100
50 4
30 | a. Bare (no tarp) 10 | b. Standard PE tarp
60 |
-+-1,3-Dichloropropene

~ 40 -=Chloropicrin
ER

»n 0
o

E, .

g 0 48 96 144 192 240 288 336 384 432 480 0 48 96 144 192 240 288 336 384 432 480

x

E 5 5
T Cumulative loss (% of applied)

c. TIF tarp 4 d. Off TIF tarp, bare soil
3 3
0 48 96 144 192 240 288 336 384 432 480 0 48 96 144 192 240 288 336 384 432 480 < 0 5
Time (hours)

From shank injection of Telone® C35 (407 kg/ha); * Assuming the same application rate was applied.
Hanford sandy loam ripped down to 3 ft depth
@(a lifornia
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Fumigant concentration und
(2012 Merced trial; Snelling sandy loam)

Concentration under tarp (ug cm?)

3.0
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I Fumigant distribution in soil profile

(2012 Merced trial) e 1,3-D and chloropicrin do not
move as well as methyl bromide
1,3-D trati -3 1,3-D concentration (pg cm3) i I
3 Diconcentiation (ugemy’) e eakrnianer e sl e Soll (Sryellmg sandy loam) was
04—+ 1 1 1+ 1 1 T S — not cultivated well

I

PE 66% TIF 66%
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Soil depth {cm)
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Deep injection to deliver fumigants
(2014 Ballico trial; Delhi Sand)

1,3-D concentration (ug cm) 1,3-D concentration (ug cm3)
0 3 6 9 12 15 0 3 6 9 12 15
0 1 L 1 1 | 0 —l . ! . . . . : .
20 a.Full-bare 20 - b. Full-bare-deep
40 40 -
E
2.
= 60 60 -
o -=1d
S 80 —=4d 80 -
2 --9d
-28d
120 120 f

140 -

pde T
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Nematode survival after fumigation
(2011 Parlier trial; Hanford Sandy loam; data from Alfonso Cabrera)

No. nematodes/100 cc soll

0 50 100 150
1 | 1 | 1 |
0 - -0 - Control
20 - —e— Methyl bromide
~ a0 ?0~~-___ —o— Tel Full N PE tarp
g TTeall —o— Tel 2/3 N bare
p= 60 & —————— O, _ o - Tel 23 Co2 TIF tarp
ol 1
8 80 - } —=—Tel 1/3 N PE tarp
- _———— —Q - -a - Tel 1/3 N TIF tarp
o 100 '
) \\—&— Tel 1/3 Co2 TIF tarp
120 —_—————— Q
!
I
140 J
—_————— o)

160

Plotted are sum of Citrus, Root-knot, Pin, Dagger, and Ring
nematodes found in different treatments after fumigation

Soil Depth (cm)

No. nematodes/100 cm? soil

0 100 200

—O— Citrus
---O--- Root-knot
—X>—Pin

---A--- Total PPN

Before fumigation
160

10-yr old vineyard

Almand Baard of Califarnin



Nematode survival after fumigation
(2012 Merced Trial; Snelling sandy loam)
No. nematodes 100 cm- soil

o 200 400 600 800 1000
o | 1 1 1 1 J

—a&— Bare-0%
—fe— PE-0%
—8— TIF-0%
=@ Bare-33%
- % — PE-33%
- B - TIF-33%
——ir—— Bare-66%
- <+ = PE-66%
- < = TIF-66%
g Bare-100%
=—ie== PE-100%
= === TIF-100%

60

Soil depth (cm)

90

120

150

Soil depth (cm)
5 N & R
(6} 19,1 (6] w

[y
w
wu

No. nematodes 100 cm-3 soil

300

600 900 1200 1500

M Pin
m Ring
M Spiral

Before fumigation
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Nematode survival after fumigation
I (2014 Ballico Trial; Delhi Sand)

Sum of Ring, Lesion, Root-knot, Pin and
Stubby (no/100 cc) in all non-fumigated plots*

Soil depth Alive Dead

Ave (stdv) Ave (stdv)
0-1 ft 10 (11) 22 (25)
1-2 ft 8 (17) 1(17)
2-3 ft 4 (4) 10 (7)
3-4 ft 5(12) 4 (7)
4-5 ft 3 (5) 8 (14)

* All fumigation treatments provided 100%
kill except 1 sample (0-1 ft depth; PE tarped
full rate) with live root-knot nematode (out of
135 samples)

29




Almond tree growth and yield (planted Feb. 2013, Merced trial; from David Doll)

I Treatment

(Telone® C-35 rate & tarp

type)

100% no tarp
100% PE
100% TIF
66% no tarp
66% PE
66% TIF
33% no tarp
33% PE
33% TIF

0% no tarp
0% PE

0% TIF

3/8/2013
11.4
10.6
10.8
11.2
11.0
11.6
11.1
11.1
11.4
10.8
11.0
10.4

Tree diameter?2

(mm)
12/15/2013

46.3 a
46.2 a
45.6 a
44.1 ab
455 a
45.7 a
43.2 abc
43.8 ab
43.1 abc
37.6d
39.3 bed
38.2dc

11/14/2014
87.2a
86.4 a
85.1a
87.0a
87.0a
85.9a
82.8 ab
84.4 a
82.8 ab
73.9c¢C
75.9 bc
74.5 dc

Yieldb

(field wt, Ib/tree)

8/7/2015
38.2a
37.3a
36.3a
38.2a
34.4 a
35.1a
31.2 ab
31.9 ab
30.4 ab
19.0c
21.5 bc
22.1 bc

30 apifferent letters in the same column indicate significance at P<0.05; PThe weight includes the hull, kernel and shell

almonds



Key points

» Almond tree growth and yield show positive response to fumigation.

* Minimizing emissions with low permeability tarp not only satisfy regulatory
requirement but also increase fumigation efficiency.

» There is no difference between full rate (540 Ib/ac) and 2/3 rate of Telone®
C35 when injected to 18" soil depth. Fumigant distribution is the key to
nematode control.

 Cultivate the soil for the best possible soil fumigation: 1,3-D and chloropicrin
do not move well in soil. Deep injection shows some improvement on fumigant
delivery to soil below 3 ft depth.

* Research continues addressing improvement of fumigant delivery and/or
distribution in soil profile in perennial fields (ARS-UCD-UCANR collaborative
project supported by CDFA-SCBGP 2015-2018)

(Y california
almonds
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I Potential for Managing
Replant Problems Without
Soil Fumigants

Greg Browne
Natalia Blackburn
Hossein Gouran
Gurreet Brar

Brent Holtz

David Doll -~ Tig N N
Andreas Westphall M‘f e B A
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I Potential for Reducing Fumigation Use for Replant Disease

3. Tolerant / resistant rootstocks

g B 30
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KAC Trials : Potential for Replacing Fumigant Use

Non-fumigant soil remediation potential,

Parlier, 2013-15

iy S e M ; ~ ..\ Preplant treatments
! .’ included:

=% e Control

%« Early removal / fallow

. or Sudan rotation
4 Sy, L7
* Deep soil ripping
* Anaerobic soil
| disinfestation (ASD)
|+ Early and |late season

fumigation

/ california
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Anaerobic Solil Disinfestation (ASD)

e Developed in Japan and
Netherlands, being tested in
CA strawberries

e Initiated by adding readily
available carbon substrate
to soil, covering with clear
tarp, keeping soil moisture
near field capacity for
several weeks; heat
facilitates

* Mechanism incompletely
understood, but ASD is
lethal and/or suppressive to
many pathogens

Qo
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I ASD Treatments at Kearney Ag Center (KAC), Parlier
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Trt.
no.

Year

Expt.

Treatment name

Month of old
orchard tree
removal

Month of
sudan
rotation

Falliwinter soil disinfestation
treatment

Details of ASD Trial Treatments i | oo | s | wone o
and Methods in 2014-15 Report to G e O O e i i
3 ASD, high bran rate, " Mav-Oct ASD, 20 metric tons /treated ha,
- - 1 wide strip, with sudan ay ay-0c 3.0-m-wide strips
Almond Board of California reone G5, sobresed b
4 Sep No N .
sudan Oct, 3.4-m-wide strips
Fumigation in Oct, with Telone C35, 600 kg/treated ha in
2013 -
5 sudan May May-Oct Oct, 3.4-m-wide strips
6 Fumigation in Dec, no s N Telone C35, 600 kg/treated ha in
sudan P one Dec, 3.4-m-wide strips
1 1 1 Control, no sudan May None None
e 2 experiments started in 2014
2 2 ASD, high bran rate, M N ASD, 20 metric tons /treated ha,
wide strip, no sudan ay one 3.0-m-wide strips
Fumigation in Oct, no Telone €35, 600 kg/treated ha in
. . 3 sudan May None Oct, 3.4-m-wide strips
° 2 ments started in 2015
eX er I e n S S ar e I n 1 Control, no sudan Sep None None
2 Control, with sudan May May-Oct |None
3 ASD, high bran rate, Ma Mav-Oct ASD, 20 metric tons /treated ha,
wide strip, with sudan \ 4 3.0-m-wide strips
ASD, high bran rate, ASD, 20 metric tons /treated ha,
3 4 . Sep None . .
narrow strip, no sudan 1.8-m-wide strips
ASD, low bran rate, ASD, 12 metric tons /treated ha,
5 . Sep None . .
2014 narrow strip, no sudan 1.8-m-wide strips
Fumigation in Oct, no Telone C35, 600 kg/treated ha in
6 Sep None . .
sudan Oct, 3.4-m-wide strips
7 Fumigation in Oct, with ™ Mav-Oct Telone C35, 600 kg/treated ha in
sudan ay ay-Oc Oct, 3.4-m-wide strips
1 Control, no sudan May None None
ASD, high bran rate, ASD, 20 metric tons /treated ha,
4 2 . " May None . .
wide strip, no sudan 3.0-m-wide strips
3 Fumigation in Oct, no " N Telone C35, 600 kg/treated ha in
sudan ay one Oct, 3.4-m-wide strips

california

almonds
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] Included in all
four KAC
experiments
with ASD:

A

The standard...
Telone C35, 11-ft-strip; Nno tarp

AImonds
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===- ASD, low bran rate, narrow strip, no sudan
===- ASD, high bran rate, narrow strip, no sudan
===« ASD, high bran rate, wide strip, with sudan _

I I m paCtS Of AS D O r ——=- Control, no sudan I -==- ASD with high bran rate, wide strip

==== Control, with sudan ===- Control

d Tem t % 40
an e pera Ure All data from 46 cm
— (only one ASD trt. monitored) — 1
g’ 37 g 35 ‘i 15 cm
[ i) i -
I 5 | L= T ARt
Treatment period was  § 307 -7 T~ 2 30 { CTam N
Q ) S~ o A i,
-~ ™~ ~
late Sep through Nov E 25| “ecccmmar___ S| 2| S TN
3 ‘-""'.-='Q.,__ - - 9 -n._\\_-‘\ l\ :7 "\‘\_
— —_—— _— Ty N 1Y
o 920 | =R S o0 | ~=\\ 46 cm
@ D — @ weter .
AP L -
- - —AR N
15 . . : , 15 ‘ . . . 15 cm
800 800
Jra All data from 46 cm
600 1 ~V T Tuaml NaaA 600 46 om
- [ ————
—— | |\\,-h-.,,_--.._.____\ ”’ - .; | ™ e e ———— P —— T -~
g 4007} b | BN L _t5em
= 200 - i 200 - '.\“
% A ret / © }'
@ 07 l}:‘“ 4 ‘v?rr.’.’ @0 ll‘\’\
- ? —— /
200 | SNemmezmes . £ / 200 | ¥ 1oem
D ’ SSREZraooocoees S
400 DD g 400 46 cm™~=-=w2 Tl
270 280 290 300 310 320 270 280 290 300 310 320
Julian date Julian day

(./('d”]c[):'l]id )
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Assessing Impacts of ASD

Growing season 1

—

Bioassays: . Tree growth'

Pre-plant fumigation and - —

ASD both eradicated
bioassay inoculum of
Pythium ultimum

A california
N 4117101 s
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Assessing Impacts of ASD

Growing Season 2

La’lnmlé;nds
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I Experiments 1 and 2 with ASD

Response 15t growing season Response 2"9 growing season

% PAR June 2015

, J.'.g" 'f (

allforma
I aimonds
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Experiments 3 and 4 with ASD

Response 18t growing season

16 —— BT 22 July 2015 16
17 RS ovvopyott 5 NGy e 14 -
12 T 12 .

10 -

BN
o

Trunk circ. increase (cm)

8 i 8 A
6 i 6 dJ......P.........0 .........
4 i 4 d......J0.....
2 i 2 Jd . ...
0 0.
o o o
N N N
G)\\f ,o\) 6\)
R . 5\0 . f\o . f\o
& SN G
& o N
(;\Q’ ('Q\Q{
O &
S

Sy
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Conclusions ASD:;

ASD works for PRD control in SJV sandy loam but is logistically challenging
& expensive; optimization and expanded testing needed.

Estimated cost of full rate rice-bran based
ASD: $2439 / acre

(50% strips; all materials, application);

Estimated cost of Telone C35:; $1143 / acre

(50% strips; all materials and application, no tarp)

Sy
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The Promise of Alternative, Less-expensive Carbon
Substrates...

NS hﬂﬁmhq ﬁ{m’”“' Shet) 5
B peel H LY
NI Uadz ~6599 tle 5 -~

A 7"’\%‘“4& 1
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A Valuable Opportunity ?
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gtbrowne@ucdavis.edu

I Thank You!
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