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Objectives:

The goal of the project is to develop field management practices using low permeability
tarps (e.g., commercially available VaporSafe™, a totally impermeable film or TIF) to
reduce emissions, improve efficacy, and reduce fumigant rates in soil fumigation for
almond orchard replanting. Specific objectives are:

1. Demonstrate the ability of TIF to reduce emission and improve fumigant distribution
in soil from broadcast shank application with alternative fumigants to methyl bromide
(MeBr).

2. Determine the potential of using reduced fumigant application rates to achieve good
efficacy under TIF.

3. Evaluate fumigant distribution and persistency under TIF tarp and treatment effects
on nematodes, pathogens and weeds.

Interpretive Summary:

Most almond orchards apply soil fumigants to soil before replanting to control soil-borne
pests and/or replanting diseases in order to establish vigorous and productive trees.
Nursery growers also rely on soil fumigation to meet California’s nursery certification
program for producing parasitic nematode free crops. However, emission control for
major alternative fumigants to MeBr, such as 1,3-dichloropropene (1,3-D) and
chloropicrin (CP), is mandatory in air quality (0zone) non- attainment areas including the
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San Joaquin Valley of CA where most of the almonds are produced. The main purpose
of this project is to quantitatively assess fumigation treatments that minimize emissions
and at the same time maximize fumigant use efficiency by using totally impermeable
film (TIF). In fall 2011, a comprehensive field trial was conducted in a sandy loam soil
with VaporSafe™ TIF to test fumigant emission, distribution in soil, and efficacy to
determine the potential of using reduced fumigant rates of Telone C35. A total of 11
treatments were included: non-fumigated control, standard MeBr, two full rates under
either no tarp or standard polyethylene (PE) tarp, four 2/3 rates under no tarp, PE tarp,
TIF tarp, and a carbonated fumigant treatment under TIF; and three 1/3 rates under PE,
TIF and a carbonated fumigant treatment under TIF. Carbonation refers to saturating
the fumigants under pressure with COy; after the fumigant is injected, the CO, acts as a
dispersant to improve fumigant distribution in soil. The fumigants were shank-injected to
45 cm depth and sealed with either PE or TIF immediately. The TIF reduced total
emissions >95% relative to bare soil while standard PE tarp reduced emissions ~30%.
The total emission loss from TIF tarped plots was 2% of total applied for 1,3-D and <1%
for CP. Emissions from the bare soil adjacent to TIF tarp-edges were low as well. TIF
significantly increased fumigant concentration or concentration-time (CT) exposure
indices at 15 cm depth as compared to the PE film. Reduced 2/3 rate under TIF showed
the possibility to provide effective nematode control in soil profile. Data on the effect of
carbonation on fumigant distribution were inconclusive and will require more field tests
to resolve. This research continues to determine and validate management strategies to
maximize fumigation efficiency while minimizing environmental impacts.

Introduction

Soil fumigation continues to be an important practice for soil disinfestation prior to
planting new trees after old orchards have been pulled out. Aimonds, exclusively
produced in California in the U.S., depend highly on soil fumigation to control soil-borne
pests and/or replanting diseases. Furthermore, open-field perennial nursery growers
rely on soil fumigation to meet the requirements of the CDFA’s Nursery Stock
Nematode Control Program, i.e., to deliver parasitic nematode-free crops (CDFA, 2008).
Since the phase-out of methyl bromide (MeBr), 1,3-dichloropropene (1,3-D) and
chloropicrin (CP) in combinations have been used increasingly. However, these
alternatives are highly regulated because of the potential exposure risks and emission
of volatile organic compounds (VOCSs) that degrade air quality (CDPR, 2009; USEPA,
2009). In field tests, tarping fumigated field with low permeability tarps, such as virtually
impermeable film or VIF, was shown to effectively reduce emissions with the potential to
improve efficacy by increased fumigant concentration and retention under the tarp.
However, various VIF products have shown inconsistency in emission reduction
performance especially in large field application due to their susceptibility to film
damage from tearing or stretching during field installation (Qin et al., 2008).

A relatively new film, VaporSafe™ totally impermeable film (TIF), has shown consistent
performance in emission reduction based on field tests in the last couple of years. Data
from a large field trial demonstrated that TIF effectively reduced emissions and can

improve efficacy by increasing concentration-time (CT) exposure indices and improving
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the distribution uniformity of fumigants in the soil profile, as compared to the
performance of standard PE tarp (Qin et al., 2011). These benefits have been
documented in soil fumigation trials for annual crops when fumigants were injected to a
shallow depth. The benefits of TIF to improve pest control for perennial crops are
uncertain as deep fumigant injections are needed to control soil pests at a deeper root
zone. Since fall 2009, emission reduction and fumigant behavior under TIF were
evaluated in field trials (detailed results are reported to Almond Board in 2011). The TIF
reduced emission flux and cumulative loss >95% compared to standard PE film during a
2-week tarp-covering with spiked emissions that were higher from TIF than standard PE
tarp followng tarp-cutting. Using reduced rates under TIF were then proposed under this
project. In fall 2010, a fumigation trial was conducted and data were collected on
fumigant fate and distribution in soil profile as well as efficacy on nematodes, pathogens
and weeds. Three fumigant rates (full, half, and quarter] of Telone C35 were evaluated
under TIF in comparison with standard PE tarp. The TIF maintained consistently higher
fumigant concentrations under the tarp than PE films. Most fumigation treatments
provided 100% Kill of nemtodes including the reduced rates under TIF with little
differences between tarp types. In 2011, a field trial was designed to collect further
comprehensive data to determine how TIF can be efficiently used in soil fumigation in
terms of emission control and efficacy improvement.

Materials and Methods:

Field trial and treatment: In fall 2011, a comprehensive field trial was conducted in a
10-year old vineyard, which had its vines pulled out three months before fumigation, and
was 2.8 acres in size. The soil is Hanford sandy loam (coarse-loamy, mixed,
superactive, nonacid, thermic Typic Xerorthents), a common soil type on the east side
of San Joaquin Valley. The trial was designed to evaluate the effects of tarping with TIF,
the use of a carbonation technique, and reduced rates on fumigant emission,
distribution in soil, and efficacy on nematodes, pathogens and weeds. Carbonation
refers to the process of dissolving carbon dioxide (CO5) into the fumigant and using CO.
as a dispersant in soil application. A total of 11 treatments were applied including the
non-treated control, standard MeBr treatment, and various combinations of different
Telone C35 application rates (full rate, 2/3 rate, and 1/3 rate) in carbonated or non-
carbonated fumigants with different surface sealing (bare, tarped with standard PE, or
tarped with TIF). The treatments are summarized in Table 1. There were two full rates
of Telone C35 (bare and PE tarp), four 2/3 rates (bare, regular N, pressurized under the
PE or TIF tarp, and carbonated under TIF), and three 1/3 rates (regular N, pressurized
under either PE or TIF tarp, and carbonated under TIF). These combinations allow data
collection for comparisons between different rates under same surface sealing
condition, between regular N, pressurized and carbonated fumigant at the same rate,
and between tarps under the same fumigation conditions.
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Table 1. Treatments in field trial conducted in fall 2011, Parlier, CA.

Bare PE(N,) TIF(N,) TIF(CO))

Telone C35 rate:

0 X
1/3 (180 Ibs/ac) X X X
2/3 (360 Ibs/acre) X X X X
full (540 Ibs/acre) X X

MeBr (MeBr:CP 67:33=400 Ibs/ac); X

Telone C35, a fumigant product containing 35% CP, 63% 1,3-D, and 2% other
ingredients, was shank-applied to 18 inches (46 cm) deep with a 20 inch (51 cm)
injection nozzle spacing using a conventional Telone rig. The application was carried
out on October 26, 2011. The full rate refers to the maximum rate of 1,3-D used in CA,
which is 48 gallons or 540 Ibs/ac (~610 kg/ha). The reduced rates were 2/3 and 1/3 of
the full rate. The TIF was VaporSafe™ product (1-mil thickness, clear, Raven Industries,
Sioux Falls, SD, USA). Fumigation plots were 100 ft long and about 23 ft wide, which
allowed two application passes and also two sheets of film to be applied. The two
sheets of TIF were joined along the edges with hot-glue and the installation appeared
successful without apparent problems in the field. When necessary, a fumigation plot
was split in the middle for two treatments, such as the tarped and bare treatments at the
same application rate (50 ft long for each treatment). Three replicates were used for
each treatment. There was a 12-ft non-fumigated distance between fumigation plots.
Locations for sampling or measurements were chosen near the center of a fumigation
pass and near the middle along a treatment plot. Plastic tarps were installed
immediately following fumigant application. After 3 weeks of field monitoring on
emission and soil fumigant movement, the tarps were cut on Nov. 22, 2011 and
removed a week later.

Carbonation refers to the process of dissolving CO, into the fumigant and using CO, as
a dispersant in soil application (Thomas et al., 2011). The procedure involves the
addition of gaseous CO; to the fumigant to reach saturation at a CO, pressure of 50 psi,
which is normally done overnight (~16 hours). However, during the 2011 Parlier field
trial, due to concerns over safety regarding fumigant cylinder transport on the road,
which took several hours to reach the fumigation field, CO, was added to a fumigant
tank under 30 psi for only three hours. This resulted in a fumigant that was not saturated
with CO2 and had a reduced amount of CO, than originally planned. Furthermore, the
carbonated fumigant application was originally planned to be pressurized by CO, during
application. Changing the pressurization tank would complicate the application system
in the field for the licensed fumigator, so regular nitrogen gas (N;) was used to
pressurize the carbonated fumigants for application. One of the main purposes for
testing the carbonation technique is to determine its feasibility for adoption by the
industry. These modifications may reflect the necessary steps to take in the
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development process of a new technology while still retaining the current application
procedure.

Emission measurement: Fumigant emissions and changes of fumigant concentrations
in the soil profile were monitored for four weeks. Dynamic flux chambers (DFCs) and
soil probes for gas sampling were installed immediately following tarp installation. All
four 2/3 rate treatments of Telone C35 (bare, PE tarp, TIF tarp, and carbonated under
TIF tarp) were chosen for emission monitoring sampling using DFCs. Details of the
chamber methods can be found in Gao and Wang (2011). Emission monitoring
continued for 3 weeks after fumigant application. Both emission flux (rates) and
cumulative emission loss as percent of total applied were determined. Sample
collections, storage, and processing followed previously developed protocols (refer to
Gao et al., 2009; 2011).

Soil fumigant sampling: Fumigant concentrations in the soil-gas phase at 15 cm were
monitored for all Telone C35 treatments. Teflon sampling tubing was attached to pest
bags (see below) that were buried at 15 cm depth. In addition, fumigant movement in
soil profile down to 1 m depth was monitored in 4 treatments: regular and carbonated
fumigant at 2/3 and 1/3 reduced rates under TIF. The purpose was to collect information
on whether carbonation promotes fumigant dispersion in soil profile under the studied
conditions. Soil gas probes were installed at 0, 5, 15, 5, 35, 45, 55, 70, 85, and 100 cm
depth below soil. Sampling for soil gas was conducted at varying time intervals (more
frequent at earlier times than later) until the tarp was cut. The probes were installed
between shank injection lines in all the monitored plots. Fifty mL of gas samples were
withdrawn with gas-tight syringes and the fumigant was adsorbed on XAD-4 sampling
tubes. The tubes were later brought to the lab, extracted and analyzed for 1,3-D and
CP. Sampling continued for 3 weeks after fumigant injection and residual fumigants in
the soil were also sampled by then. Procedures for soil sampling, sample storage, and
processing can be found in Gao et al. (2009).

Efficacy investigations: This trial included full investigations of pest control including
survival of residential nematodes and buried bags containing soil infested with
nematodes, pathogens and weed seeds. Resident nematode evaluation was conducted
by collecting soil samples before soil fumigation. A total of twelve soil samples were
randomly taken throughout the field with a soil auger at 30 cm increment to 30, 60, 90,
120, and 150 cm soil depths. All plant parasitic nematodes in the soil samples were
extracted by the sugar-flotation and centrifugation method utilizing a 25 pm sieve
(Jenkins, 1964). Extracted nematodes were determined to be dead or alive and
identified under the microscope at 4x magnification (Mai and Lyon, 1975). After
fumigation and following plastic tarp removal (a month after fumigant application), soll
samples were collected at 30 cm increment to 30, 60, 90, 120, and 150 cm soil depths
soil depths in every plot. All soil nematodes were extracted using the sugar-sieving
centrifugation method as described above. Living nematodes were identified as
aforementioned.

Almond Board of California -5- 2011.2012 Annual Research Report



Evaluation of citrus nematodes in bags. Soil naturally infested with citrus nematodes
(Tylenchulus semipenetrans) was collected from the top 30 cm soil depth of an orange
orchard near Visalia, CA. Cloth bags (8.89 by 12.5 cm, Hubco, Inc. Hutchinson,
Kansas) were filled with 100 cm® of the citrus nematode infested soil. One day before
soil fumigation the bags were buried at 15, 30, 60, and 90 cm soil depth in every plot.
After fumigation and following plastic tarp removal, the bags were removed from the
soil. Citrus nematodes were extracted from the soil in the bags using the Baermann
funnel protocol (Hooper et al., 2005). Living citrus nematodes were identified under the
microscope and counted.

For pathogens, soil samples in the surface (0-15 cm) were collected from all field plots
by the end of the fumigation trial. Pythium and fusarium in the soil were investigated for
efficacy. In addition, bags with soil infested with pathogen species phytophthora and
verticillium were prepared and buried at 15 cm soil depth in every plot on the fumigation
day. The bags were retrieved at the end of the trial and determined for vitality. Weed
recovery in all treatment plots after the fumigation trial was determined by counting
weed density two times and biomass determination once. Statistical analyses were
performed on differences between treatments.

Results and Discussions:

Emission reduction by TIF. Fumigant emission fluxes from the 2/3 application rates of
Telone C35 with no tarp, standard PE tarp and TIF tarp are shown in Figure 1. 1,3-D
emission flux was the highest from bare soil (peak flux up to 60 pg m?s™), followed by
the PE tarp (up to 25 pg m?s™) and lowest in TIF (below 1.5 pg m?s™). This indicates
>95% reduction in peak flux from bare soil in comparison with the 60% reduction by the
PE. Cumulative emission loss (Table 2) over the four weeks of tarp covering period
showed a 96% reduction by TIF and 30% reduction by PE from the untarped treatment,
which had nearly half of fumigants volatilized to the air. Monitoring of emission near the
tarp edges (Figure 2d) showed low emission flux and total loss (Table 2).

Fumigant concentration in surface soil at 15 cm soil depth. Concentration changes
of 1,3-D and CP at 15 cm depth, where pest bags were buried, are shown in Figure 2.
Large variations and a continuous rise in concentration were observed for the first 4
days after fumigant application. As time progressed, the 2/3 rate of regular Telone C35
under TIF showed the highest 1,3-D concentrations, followed by the carbonated
fumigant under TIF, and then the full rate under standard PE tarp. Other treatments fell
into similar ranges with the lowest from1/3 rate under PE tarp, then 2/3 rate in bare soil,
and 1/3 rate under TIF. The data clearly show that the TIF tarp increased the
concentration of 1,3-D in soil. Chloropicrin concentration was very low in this field trial,
possibly due to fast degradation in this soil.

Fumigant distribution in soil profile. Figure 3 shows average 1,3-D concentration
changes over time in soil profile from two application rates (1/3 and 2/3 of full rate) of
either regular or carbonated Telone C35 under TIF. Although similar patterns appeared
among the four treatments, the concentration near the soil surface and at lower depths
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appeared higher at 2/3 rate than the 1/3 rate indicating the higher application resulted in
more uniform distribution of fumigants in soil to provide better efficacy. At 480 h, higher
1,3-D concentrations were observed at the 2/3 rate as compared to the 1/3 rates. Little
difference in the concentration profile was observed between the regular and
carbonated treatments. A higher amount of CO, in fumigants and using CO;to deliver
fumigant application may be needed to see the benefits of better dispersion of fumigant.
More field tests are needed to explore how carbonated fumigants can be used to assist
in fumigant movement in the soil.

Table 2. Cumulative loss: % of applied

Surface seal 1,3-D CP
Bare 53.5 (22.2) 0.5 (0.7)
PE 38.3(17.3) 0 (0)
TIF 1.9 (0.5) 0 (0)
Off TIF tarp in bare soil* 0.6 (0.1) 0 (0)

* Based on TIF tarp application rate.

Residual fumigant. Three weeks after fumigant application, the highest residual
fumigant concentration in the soil was found from the 2/3 rates of either regular or
carbonated fumigants under the TIF (Figure 4). The data agreed with the gas data
monitored in the soil and suggest that fumigant under TIF do persist longer in soils. The
increased residence time of fumigants in soil from TIF tarping is not desired for two
reasons. If fumigation is conducted late fall, the rainy season is approaching. If soil has
sufficiently high fumigant, precipitation could cause potential downward movement of
fumigants. Secondly, if fumigant is present at substantially high amount by planting time
(winter or early spring) phytotoxicity could occur. A laboratory study indicated residue of
methyl iodide in soil had high leaching potentials (Guo et al., 2004). Although there have
been no detailed examination on the possibilities of these occurrences under field
conditions, every effort should be made to minimize these risks because they can
significantly determine the fate or availability of fumigants for agricultural use in the
future.

Regarding TIF use in soil fumigation, the tarp is concluded to effectively control
emissions during tarp-covering. The emission data (Figure 1) also show that by 3
weeks after fumigant application emission from all plots were relatively low and the
lowest was still from the TIF tarp (<0.1 pg m?s™* as compared to 0.3 pug m?s™ from the
PE tarp for 1,3-D; CP was non-detectable). Emission after tarp-cutting was not
measured but expected to be low because of the generally low amount of 1,3-D in soll
(<0.04 mg kg™ as shown in Figure 4). However, the unknown fate of the residual
fumigants from the TIF tarped soil can be a concern because fumigant can persist
longer towards when temperature drops that slow down fumigant degradation and
precipitation can cause leaching. Thus, use of TIF in soil fumigation is not desirable at
later times during the year.
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Figure 1. Emission flux of 1,3-dichloropropene and chloropicrin measured in fall 2011 field trial.
Treatments were 2/3 of Telone full rate with different surface sealing: a. Bare (no tarp); b.
Standard PE tarp; c. TIF tarp; and d. Off TIF tarp edge in bare soil.
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Figure 2. Gaseous fumigant concentrations, a. 1,3-Dichloropropene; b. Chloropicrin; at 15 cm
soil depth adjacent to pest bags in fall 2011 field trial. Plotted are averages of three replicates.
Error bars are omitted for readability.
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Figure 3. 1,3-D concentration changes in soil-gas phase from reduced rates of Telone C35 with
carbonation (adding CO2 to fumigants) in fall 2011 field trial. Plotted are averages of three
replicates. Error bars are omitted for readability.
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Figure 4. Residual 1,3-D in soil from tarped and reduced Telone C35 application rates after
three weeks of application in fall 2011 field trial. Error bars are the plus standard deviations of
the mean (n=3).

Efficacy Investigations

Nematodes. The field was infested with a variety of resident plant parasitic nematodes
with high populations of citrus and pin nematodes and low populations of root-knot,
dagger, and ring nematodes (Figure 5). After fumigation, all Telone C35 treatments
provided 100% nematode control at 30 and 60 cm soil depth (Figure 6). Nematode
survival was found in the MeBr treatment at 30 cm depth. At 90 cm depth, only the
treatment with 1/3 rate under PE tarp was found with nematode survival. At 120 cm
depth, five treatments (all three 1/3 rates and two 2/3 rates under no tarp or TIF with
carbonation) were found with nematode survival. At 150 cm depth, nematodes were
found in two treatments: full rate under PE and 2/3 rate carbonated under TIF. The
regular Telone C35 2/3 rate under TIF provided 100% nematode control throughout the
soil profile. The data indicate nematode control at deeper soil depths remains a
challenge in perennial fields and the 2/3 Telone C35 rate under TIF provided effective
nematode control as well as MeBr in deeper soils. For nematodes buried in soil bags
(Figure 7), the non-fumigated control was found with 1317, 970, 661, and 892
nematodes/100 cm?® soil at 15, 30, 60, and 90 cm soil depth, respectively. All fumigated
treatments were 100% effective against citrus nematodes in the bags at all depth with
one exception that the full rate under bare soil at 30 cm soil had nematode survival.
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Figure 5. Nematode diversity and population density before soil fumigation at different soil
depths. Tylenchulus semipenetrans (Citrus), Meloidogyne spp. (Root-knot), Paratylenchus spp.
(Pin), and total population of nematodes (Total PPN) including Xiphinema spp. and
Mesocriconema spp. Error bars indicate the standard error of the mean value (n=3).
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Figure 6. Total living resident plant parasitic nematodes (sum of Citrus, Root-knot, Pin, Dagger,
and Ring nematodes) found in different treatments after fumigation. The treatments that are not
shown in the legend [Telone C35 (C35) full bare, C35 2/3 PE tarp, and C35 2/3 TIF tarp) did not
have any living resident plant parasitic nematodes providing 100% control. Error bars indicate

standard error of the mean value (n=3).
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Figure 7. Citrus nematodes (in buried bags) found in different treatments after fumigation. All
other fumigated treatments with Telone C35 regardless of application rate and tarping did not
have any living citrus nematodes providing 100% control. Error bars indicate standard error of
the mean (n=3).

Pathogens. Four species of pathogens were investigated in this study: Fusarium,
Phytophthora, Pythium, and Verticillium. For Phytophthora, large variations among
replicates were observed for most treatments and as a result, when original
measurement data were analyzed there were no significant differences between the
non-fumigated control and all other fumigated treatments and between any of the
fumigated treatments including MeBr. After log-transformation, the data were
reanalyzed and MeBr treatment had significantly lower population of Phytophthora than
all other treatments. For Verticillium, the control had a significantly higher population
than most fumigated treatments, except the non-tarped full rate of Telone C35, which
was similar to the control. For Pythium, the control and the 1/3 rate under PE had
significantly higher survival than all other fumigated treatments, and the MeBr and the
2/3 Telone C35 rate with carbonation under TIF had significantly lower survival than all
other fumigated treatments. For Fusarium, the control had the highest survival, but was
not significantly different from all three 1/3 rates (tarped or carbonated) and the 2/3 rate
under bare soil; the Telone C35 full rate under PE, the 2/3 rate with carbonation under
TIF, and the 2/3 rate without carbonation under TIF (with the lowest survival) provided
similar control as MeBr.

Weed recovery after fumigation. Weed counts were taken on 19 January and 21
February, 2012 (about two and three months after fumigation trial, respectively). At least
13 weed species were identified and enumerated in the study including Redstem filaree,
prostrate knotweed, assorted grass species, chickweed species, shepherd’s purse,
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swine cress, cheeseweed, henbit, redmaids, clover species, groundsel, assorted
Brassicacea, and Conyza species. Weed density profiles across treatments were similar
for both evaluation dates. Total weed count data were analyzed to evaluate the effect of
treatments on weed density development. For weed counts on 21 February, untarped
treatments (regardless of application rates) were statistically similar to the non-
fumigated control (156 plants m™). The untarped treatments and all 1/3 rates
(regardless of tarp or carbonation) resulted in in-field weed densities that were
significantly higher (P<0.05) than those observed in the MeBr standard (1 to 11
plants/m?). Higher rates of Telone C35 (i.e. Full vs. 2/3 and 2/3 vs. 1/3) generally
resulted in significantly reduced weed densities. In general, the lack of a soil sealant
resulted in increased weed densities relative to tarped (PE or TIF) treatments; no
differences were observed between the standard PE and TIF tarped treatments at the
same application rate. Results suggest that the carbonated Telone C35 did not increase
weed control efficacy. Weed control differences among treatments were attributed to
either sealing method (film vs. bare soil) or fumigant rate (1/3 rate usually less
effective). Due to the fact that most weeds that emerge in a field germinate near the
soil surface, weed control is likely to be affected to a greater extent by fumigant
retention compared to subsurface fumigant distribution. Weed biomass was determined
on March 8, 2012 (Figure 9). Similar results and interpretation can be given as the
weed density counts.
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Table 3. Pathogen control from fumigation treatments in 2011 field trial in Parlier*

TRT# Description Fusarium Phytophthora Verticillium  Pythium

1 Control 2117.2 (a) 10863 (a) 132.7 () 90.7 (a)

2 Telone-Full-Bare 1201.5 (b, c, d) 6172 (a) 74.0 (a, b) 22.7 (b, c, d)

3 Telone-Full-PE  569.5 (c, d) 17252 (a) 53.3 (b) 8.0 (c, d)

4 Telone-2/3-Bare  1427.1 (a, b, ¢) 27021 (a) 54.7 (b) 38.7 (b, ¢)

5 Telone-2/3-PE 996.1 (b, c, d) 8328 (a) 57.3 (b) 8.0 (c, d)

6 Telone-2/3-TIF 504.7 (d) 1088 (a) 18.0 (b) 8.0 (c, d)

7 Telone-2/3- 614.2 (c, d) 5761 (a) 34.7 (b) 2.7 (d)
Carbonated-TIF
Telone-1/3-PE 1679.5 (a, b) 14955 (a) 66.0 (b) 45.3 (b)
Telone-1/3-TIF 1293.1 (a, b, c,d) 2281 (a) 19.3 (b) 17.3 (b, c, d)

10 Telone-1/3- 1248.4 (a, b, c,d) 6012 (a) 46.7 (b) 29.3 (b, c, d)
Carbonated-TIF

11 MeBr-PE 611.9 (c, d) 56 (b) 30.0 (b) 0.00 (d)

* Means with the same letter in the same column are not significantly different from each other.
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Figure 8. Mean weed counts (plants/m?) per treatment on 19 January and 21 February, 2012.
Values for 19 January represent the average of two to four 1 m? sub-samples per plot; values
for 21 February represent the average of four to eight 0.25 m? sub-samples per plot.
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Figure 9. Mean weed dry weight (g/m?) per treatment. Weeds were harvested on 8 March, 2012
and then dried before weighing. Values represent the average of three 1 m? sub-samples per
plot.

Conclusions. The 2011 fumigation trial data show that the regular Telone C35 at 2/3
of full rate under TIF tarp showed similar effectiveness or better pest control as
compared to the full rate in bare soil or under standard PE tarp and was equivalent to
the standard MeBr treatment. The 1/3 Telone C35 rate was not sufficient to provide
good control of nematodes, pathogens and weeds in the perennial field. Improvement
of fumigant distribution by carbonation is inconclusive from this study and requires more
field tests for more effective fumigation conditions. This research continues to provide
information on effective use of soil fumigants with TIF tarp while minimizing
environmental impact for perennial crops.
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