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ABSTRACT. Dazomet is a fumigant commonly used to control soil seedbanks and
plant tissues of weed species in highly infested turfgrass areas. This fumigant reacts
with water in the soil when in the presence of oxygen and releases methyl
isothiocyanate (MITC) gas that kills seeds and plant tissues within the soil. Previous
studies have reported varying levels of weed control by dazomet. As MITC is highly
water soluble, mobile in soil, and volatile, inconsistencies in dazomet efficacy may be
related to post-application practices of tilling, rolling, irrigation, and tarping.
Therefore, the objective of this study was to analyze the effect of two practices
commonly performed following dazomet application: tarp treatment (tilling, rolling,
irrigation, and tarping), and water-seal treatment (post-irrigation at 0, 1, 2, and

3 days after application) on MITC concentration, distribution, and persistence in
sandy soil. Field studies were conducted at Sandhills Research Station in Jackson
Springs, NC, USA, in 2022 and 2023. MITC concentration and persistence varied
between treatments and years. In 2022, MITC concentrations were notably higher in
the tarp treatment compared with the water-seal treatment, whereas in 2023, the
difference between treatments was less pronounced and more soil depth— and sample
timing-dependent. Both treatments presented longer persistence, up to 168 hours
after application (HAA), in 2023 compared with 120 HAA in 2022. In addition,
MITC was highly concentrated in the top 15 cm of the soil and was detected as deep
as 31 cm down from the soil surface in both treatments across both years.

urfgrass is a major component
of landscapes, recreational areas,
and urban environments in
the United States. The estimated area
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occupied by turfgrass in the country is
163,812 km?, which is three times
larger than irrigated corn (Milesi et al.
2005). In addition to its aesthetic
value, turfgrass areas endow environ-
mental, ecological, economic, and
health and well-being benefits for soci-
ety (Beard and Green 1994; Monteiro
2017; Stier et al. 2013). Weed manage-
ment is essential to maintain attractive,
healthy, and functional turfgrass areas
because weeds compete for water, nu-
trients, and light with turfgrass species,
which can reduce its quality (Bingham
et al. 2017; Duble 1996). Herbicides
are a primary tool for weed manage-
ment in turfgrass systems (Elmore et al.
2023). Selective herbicides are widely
used to control target-specific weed
species without harming desired turf-
grass species (McElroy and Martins
2013); however, depending on the
weed species and extent of the infesta-
tion, selective herbicide options are
limited and turfgrass renovation be-
comes necessary to restore the area.
Renovation of turfgrass is one of
the most effective methods for eradicat-
ing weed species in turfgrass systems

(Skorulski 2013). A common parame-
ter used to determine the renovation
program is the proportion of desirable
turfgrass to weed species in the area. In
less infested areas, multiple applications
of nonselective post-emergence herbi-
cides are applied to control existing
turfgrass and weed species followed by
seeding of desired turfgrass cultivar (Park
and Landschoot 2003). In heavily in-
fested areas where soil seedbank of weed
species is abundant, sod is removed fol-
lowed by soil sterilization to eliminate
soil seedbank and, consequently, mini-
mize contamination of newly established
turfgrass (Harper 1994).

Dazomet is the most used soil
fumigant in turfgrass systems since
the methyl-bromide phaseout in 2005
(California Department of Pesticide
Regulation 2021). This pesticide is a
granular soil fumigant that controls
fungi, bacteria, nematodes, and weed
seeds in the soil. When dazomet is in-
corporated into moist aerated soil, it
degrades into several volatile interme-
diate compounds including MITC gas,
which is the primary bioactive com-
pound (Di Primo et al. 2003). Previous
studies have reported variable levels of
weed control by dazomet. According
to Park and Landschoot (2003) and
Eitel (1993), dazomet inhibits germi-
nation and emergence of multiple weed
species, including annual grasses and
broadleaf species. Contrarily, Jeffries
et al. (2017) and Garcia-Méndez et al.
(2008) reported variable grass and
broadleaf weed control by this fumigant.
This inconsistency in weed control may
be related to dazomet environmental
fate following its application. Dazomet
is highly volatile, water soluble, and soil
mobile, which can lead to a multipath
simultaneous fate process, such as gases
partitioning to soil air, water, and solid
phase through diffusion and sorption,
degradation, leaching, and atmospheric
emission (Ajwa et al. 2010). Adequate
concentration, uniform distribution,
and sufficient persistence of dazomet
in soil are crucial to achieving satisfac-
tory weed control (Ajwa et al. 2010).

Tillage and tarping are practices
commonly performed after dazomet
application to increase weed control
(Jeftries et al. 2017). Tillage provides
proper incorporation and distribu-
tion of the product in the soil profile,
and tarping seals the soil to maintain
MITC within the treated area and reduce
potential leaching (Ajwa et al. 2010;
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Zhang and Wang 2007). However,
tillage can be an intensive practice due
to the mechanical manipulation of the
soil, and tarping is logistically difficult,
labor-intensive, and expensive, partic-
ularly over large areas. In these cases,
irrigation can be a less intensive and ex-
pensive alternative to tillage and tarp-
ing, as water may function as a seal to
minimize MITC atmospheric emissions
while proving adequate dazomet incor-
poration in the treated area by moving
it in the soil profile without causing soil
disturbance.

Although numerous studies have
demonstrated that proper irrigation
management following dazomet appli-
cation can reduce MITC atmospheric
emissions (Simpson et al. 2010; Sulli-
van et al. 2004; Zheng et al. 2006),
there is limited information in the liter-
ature regarding the influence of practices
performed post-dazomet application on
MITC concentration, distribution, and
persistence in the soil. Therefore, the
objective of this study was to analyze
the effect of two practices commonly
performed following dazomet applica-
tion: 1) tilling, rolling, irrigating, and
tarping, and 2) irrigation at 0, 1, 2,
and 3 d after application on MITC
concentration, distribution, and persis-
tent following dazomet application in
sandy soil under field conditions.

Materials and methods

ExPERIMENTAL SITE. Field stud-
ies were conducted on 20 Jul 2021
and Jun 2022 at Sandhills Research
Station in Jackson Springs, NC, USA
(35.18°N, 79.68°W) on bare ground
consisting of Candor sand (sandy, ka-
olinitic, thermic Grossarenic Kandiu-
dults; 92%, 4%, and 4% sand, silt, and
clay, respectively) with a pH ranging
from 5.6 to 5.9 and organic matter
content of =1.5% (wt/wt) (Fig. 1).
Three days before study initiation, the
field site was scalped at 1.3 cm cut
height and daily irrigated to achieve
soil saturation. However, 24 h before
initiation, irrigation was ceased to al-
low the soil to reach field capacity.

TREATMENT DESIGN. Studies were
organized as a split-split-plot design
of 2 x 11 x 6 in which the whole plot
(5.5 m x 10.1 m) was the post-dazomet
(Basamid® G, AMVAC Chemical Cor-
poration, Newport Beach, CA, USA)
application practice (tarp treatment and
water-seal treatment), sub-plot (1.0 m x
5.5 m) the sample timing (2, 9, 16,

154

Fig. 1. Experimental site at the Sandhills Research Station in Jackson Springs,

NC, USA.

24, 36, 48, 72, 120, 168, and 240
HAA), and sub-sub-plot (0.9 m x
1.0 m) the sampling depth (0 to 4 cm,
4to8cm,8to 1l ecm, 11 to 15 cm,
16 to 23 cm, and 24 to 30 cm), in
two experimental runs containing three
replications each.

TREATMENT AND APPLICATION
INFORMATION. Two post-dazomet ap-
plication practices were tested in this
study. For both practices, dazomet
application was performed on bare
ground using a drop spreader (Model
SSD 10006152; The Andersons,
Maumee, OH, USA) calibrated to
deliver 472 kg-ha™! a.i., which corre-
sponds to the maximum label rate
for greens and tees when using me-
chanical incorporation. For practice (1),
subsequently to dazomet application,
plots were tilled to 10-cm depth using
a tractor-mounted rotary tiller, then
rolled using a custom-built roller,
and irrigated with 15 mm of water
to activate dazomet. Following irri-
gation, plots were tarped using clear
6-mm-thick plastic sheets and then
sealed by covering the perimeter with
nontreated soil. After the minimum re-
quired time of 5 d (120 h) after applica-
tion, as specified by the label, the tarps
were removed (AMVAC 2014). Al-
though the label recommends tarping
the soil and then watering with a drip ir-
rigation system, the absence of such a
system at the experimental site required
the use of sprinkler irrigation before
tarping. For practice (2), subsequently
to dazomet application, plots received
15 mm of water to activate dazomet
and seal the soil surface. In addition,
plots were irrigated at 13 mm, 6 mm,
and 3 mm at 1, 2, and 3 d after treat-
ment, respectively. The amount of irri-
gation decreased over time to avoid

runoff of dazomet between plots and
off-site. It is important to note that the
maximum labeled rate for practice (2),
which uses water incorporation instead
of mechanical incorporation as in Prac-
tice (1), is 294 kg-ha ! ai. Howcvc:rf
for comparison purposes, 472 kg-ha™
a.i. was used for both practices, which is
60% higher than the label rate for water
incorporation. Practices (1) and (2) are
referred to as tarp and water-seal treat-
ments, respectively, for the remainder of
this article. Weather conditions during
the study were continuously monitored
and recorded using a weather station
from the North Carolina Agricultural
Research Service (Table 1).

SAMPLE COLLECTION. Soil air sam-
ples were collected using an AMS 12
GVP soil gas probe (AMS™, Ameri-
can Falls, ID, USA). A three-way lure
lock stop valve was used to connect a
30-mL syringe and a piece of 10 in-
ches of plastic tubing in which a metal
tip was inserted to connect the soil gas
probe after its insertion into the soil.
A two-way lure lock stop valve was fit-
ted to the tip of a 60-mL syringe and
connected to the third port of the
three-way lure lock stop valve (Fig. 2).
For tarp treatment, the tarp was
cut with a utility knife, and the soil
gas probe was inserted into the soil.
Once the soil gas probe reached the
desired depth, its internal rod was re-
moved, and the metal tip connected
to the sampling apparatus was fas-
tened to its upper part. To clean the
void volume of the soil air probe and
plastic tubing before soil gas collection,
30 mL of air was removed using the
30-mL syringe. In sequence, the three-way
valve was closed to allow air to be pulled
via the 60-mL syringe while preventing
air movement to or from the 30-mL
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Table 1. Weather and soil parameters throughout duration of studies at Sand-
hills Research Station in Jackson Springs, NC, USA.!

L. Air temp Air RH" Soil tempiii Rainfall’¥

Sample timing

(HAA)" °C % °C mm

2022
2 23 51 28 0
9 24 67 29 15
16 25 79 30 0
24 26 64 30 0
36 23 53 29 0
48 23 72 28 0
72 24 85 28 0
120 29 71 30 0
168 29 70 31 10
240 26 73 30 0
Average 25 69 29 25V
2023

2 19 91 21 0
9 20 81 21 15
16 21 79 22 0
24 22 75 23 0
36 24 61 24 0
48 18 80 23 0
72 19 77 23 0
120 22 70 23 0
168 20 63 23 0
240 20 46 23 0
Average 20 72 23 15"

iExpcrimcnts were conducted from 6 Jun 2022 to 16 Jun 2022, and from 30 May 2023 to 9 Jun 2023.
i Abbreviations: HAA (hours after application), RH (relative humidity).

i Temperature collected at depth of 25 cm from soil surface.

¥ Cumulative rainfall throughout the study duration in 2022 and 2023.

syringe. The two-way valve connected
to the 60-mL syringe was then opened
and 60 mL of air was pulled from the

Fig. 2. Soil gas collection using an
AMS 12 GVP soil gas probe (AMS™,
American Falls, ID, USA) in the
tarped treatment.
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soil. Immediately on sample collection,
the two-way valve connected to the 60-
mL syringe was closed to prevent gas es-
cape and the syringe was carefully re-
moved from the sampling apparatus. A
23G needle was attached to the 60-mL
syringe and then inserted into a head-
space vial containing 1 mL of ethyl ac-
etate GC grade where the soil air was
slowly deposited. Vials were stored on
ice in a cooler and transported to the
laboratory where MITC residue anal-
ysis was performed.

SAMPLE ANALYTICAL PROCEDURE.
MITC concentrations were determined
using an Agilent 7890/7010 triple-
quadruple mass spectrometry system
coupled with headspace gas chroma-
tography (GC-MS/MS). Each sample
was prepared in 20-mL headspace vials
(Fisher Scientific Optima), containing
1 mL of ethyl acetate per vial. To min-
imize volatile losses, the magnetic
screw vial caps (CTC Analytics) were
equipped with a polytetrafluoroethy-
lene lining. Over a 10-min duration,
the samples were heated to 60 °C under

constant agitation (500 rpm) with a
shaking cycle of 5 s followed by a 2-s
rest in a specialized headspace autosam-
pler (CTC Analytics CombiPal). Subse-
quently, a 300-pL headspace aliquot
was precisely injected into the GC-MS
(Agilent 7890 GC, Agilent 7010 MS).
To prevent any MITC recondensation
in the syringe, the autosampler sy-
ringe was maintained at 65°C. The
GC (gas chromatography) inlet was
set at 200 °C with a 1:5 split ratio. The
separation of compounds was achieved
using a DB 624 Ultra Inert column
(20 m x 0.18 mm x 1.00 pm, JandW),
using helium as the carrier gas with a
flow rate of 0.7 mL-min~'. The GC
oven program commenced at 35°C,
held for 0.75 min, and was then
ramped up to 240°C at a rate of
15°C-min'. The transfer line was
maintained at 250 °C. The ion source
of the GC-MS operated in positive
chemical ionization mode to detect
MITC, using methane as the reagent
gas (1 mL-min~'). The source tem-
perature was set at 300°C, and the
ionization energy was maintained at
150 ¢V. Helium quench gas (2.25
mL-min~') and nitrogen collision gas
(1.5 mL-min ') were used in the col-
lision cell. Selected-ion monitoring was
used to quantify MITC using the most
prevalent ion (m/z = 74). Compound
identity was verified by the response ra-
tio between the quantitation ion and
the qualifier ion (m/z = 73). An inter-
nal standard, eluting at 4.64 min with
m/z = 75, present in the ethyl acetate
used for calibration and site samples,
was used to correct response variability.
For calibration standards, 1 mL of ethyl
acetate was added to sealed headspace
vials, along with a known quantity of
MITC (Aldrich 97%), achieving tar-
geted MITC masses per vial (0.1, 0.3,
1, 3, 10, 30, 100, 300 ug MITC per
vial for calibration samples, and 5 pg
MITC per vial for quality control sam-
ples). Calibration standards were pre-
pared using an MITC stock solution
(100 pg-pL " in ethyl acetate), stored
at —20°C. These standards were pre-
pared on the same day as the sampling
to ensure consistent volatile loss condi-
tions. Both calibration standards and
samples were analyzed within 5 d of
preparation or collection, with typical
hold times ranging from 1 to 2 d. A
quadratic regression equation was em-
ployed to describe the results obtained
for calibration standards, demonstrating
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a high coefficient of determination (R* >
0.95). The recovery for calibration and
quality control samples was found to
be 100% and 105%, respectively. For
site samples, a 60-mL volume of gas
was extracted from the soil gas phase
and slowly bubbled through the ethyl
acetate in the vial at a controlled rate of
0.5 mL:s™ ! to capture the MITC from
the entire 60-mL volume. The recovery
of this sampling method was verified
using a known concentration of 94 g
of MITC in a 60-mL gas sample, yield-
ing a recovery rate of 108%.
STATISTICAL ANALYSIS. MITC
concentration data were subjected to
analysis of variance in SAS software
(Cary, NC, USA) version 9.4 using
PROC GLIMMIX and treatment
means were computed using Tukey’s
honestly significant difference test at
a = 0.05. Square root transformation
was performed to normalize data. Ex-
perimental run and whole-plot, sub-
plot, and sub-sub-plot treatments were
considered fixed effects, while replica-
tion was considered a random effect.

Results

Experimental runs were signifi-
cantly different at « = 0.05. Thus,
means were presented separately for
each experimental run or year (2022,
2023). Furthermore, for both years,

the two-way interactions between post-
dazomet application practice, sample
timing, and soil depth were significant
ata = 0.05.

POST-DAZOMET APPLICATION
PRACTICE AND SAMPLE TIMING. In
2022, the concentration of MITC was
3.6 times higher in the tarp treatment
than in the water-seal treatment from 2
to 120 HAA, whereas no differences
were observed between the two treat-
ments at the latest sample timings, 168
and 240 HAA (Table 2). Conversely, in
2023, the MITC concentrations were
higher in the water-seal treatment at 2,
9, 16, and 168 HAA compared with
the tarp treatment, while at 36, 48, and
120 HAA, MITC concentrations were
higher in the tarp treatment compared
with the water-seal treatment, similar to
2022. In addition, no differences were
observed between treatments at 24, 72,
and 240 HAA. The peak MITC con-
centration occurred at 36 HAA in the
tarp treatment for both years. However,
in the water-seal treatment, the peak oc-
curred at 36 HAA in 2022 but shifted
to 9 HAA in 2023. Furthermore, im-
mediately after the 120 HAA sample
collection, the tarp was removed from
the tarp treatment, resulting in a 24%
and 21% decrease in MITC concentra-
tion in 2022 and 2023, respectively,
compared with the previous sample

Table 2. Effect of the interaction between post-dazomet application practice and
sample timing averaged over soil depth on methyl isothiocyanate (MITC) con-

i,id, i

centration in the soil air.

2022 2023
Hours after treatment Tarp™ Water-seal” Tarp" Water-seal”
ng-mL™!

2 223Ac 9.6 B¢ 0.0Bd 4.0Ae
9 121.7 A Db 30.3Bb 78.0B b 1395 Aa
16 1458 A b 219 Bc 40.8 B ¢ 58.3 A bc
24 1452 Ab 233Bc 452 Ac¢ 48.6 Ac
36 2499 Aa 101.8 B a 91.7 Aa 72.8 Bb
48 172.3 A b 84.1 Ba 36.8Ac 20.7Bd
72 128.3 A Db 12.0B d 50.7 A bc 373Ac
120 298 Ac 00Be 48.4 A bc 30.2 B cd
168 00Ad 00Ac¢ 29Bd 118 Ac¢
240 0.0Ad 00Ae 0.0Ad 24 Ae
Sum 1015.3 282.9 394.5 425.6

i Data from experimental runs 1 and 2 conducted in 2022 and 2023, respectively, at Sandhills Research Station

in Jackson Springs, NC, USA.

i Dazomet was applied at 472 kg-ha ™!

ad.

il Means followed by the same letter in the column do not differ using Tukey’s test at @ = 0.05. Uppercase
letters represent the mean comparison of the main effect of dazomet post-application practice within rows
and lowercase letters the main effect of sample timing within columns.

¥ Dazomet application was followed by tillage, rolling, irrigation (15 mm), and tarping. Tarp was removed fol-

lowing sample collection at 120 h.

YIrrigation of 13 mm, 6 mm, and 3 mm at 1, 2, and 3 d after application in addition to 15 mm irrigated sub-

sequently to application.
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collection (data not shown). In terms of
persistence, MITC was detected up to
120 HAA in the tarp treatment and
72 HAA in the water-seal treatment in
2022, whereas in 2023, it was detected
up to 168 HAA in both treatments.

POST-DAZOMET APPLICATION
PRACTICE AND SOIL DEPTH. MITC
concentrations were consistently higher
across all depths in the tarp treatment
than in the water-seal treatment in
2022 (Table 3). However, in the fol-
lowing year, MITC concentrations var-
ied between treatments across different
soil depths. Specifically, MITC con-
centrations were higher in the tarp
treatment compared with the water-
seal treatment for two soil depth ranges
(0.0 to 4.0 cm and 8.1 to 12.0 cm),
but lower for one depth range (23.1 to
30.0 cm). Moreover, concentrations
were similar between the two treat-
ments at the other soil depth ranges.
In the tarp treatment, MITC was pri-
marily concentrated in the top 15 cm
of the soil column in 2022, accounting
for 80% of the total concentration. This
distribution contrasted with the top
8 cm in 2023, which accounted for
52.4% of the total concentration. Simi-
larly, for the water-seal treatment, the
highest MITC concentrations were de-
tected in the top 12 cm of the soil col-
umn in 2022, accounting for 76% of
the total concentration. Nonetheless,
in 2023, the distribution shifted, with
the highest concentration restricted to
the soil depth of 4.1 to 8.0 cm, which
accounted for 28% of the total concen-
tration. Overall, across both years and
methods, 80% to 89% of MITC was de-
tected in the top 15 cm of soil.

TIMING AND soOIL DEPTH. The
distribution of MITC across soil depths
varied from 2 to 120 HAA in 2022
(Table 4). At 2 and 120 HAA, MITC
was highly concentrated from 0 to
23 cm soil depth. In 2023, MITC con-
centration decreased in shallower depths
while increasing in deeper depths as
time progressed. For example, MITC
was detected from 0 to 31 cm at 120
HAA, whereas it was only detected
from 23.1 to 31 cm at 240 HAA. Fur-
thermore, in 2022, the peak of MITC
concentration consistently occurred from
36 to 48 HAA across all soil depths.
Nonetheless, in 2023, MITC concen-
tration peak highly varied depending
on the depth range. Peaks were ob-
served between 9 and 36 HAA from
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Table 3. Effect of the interaction between post-dazomet application practice and
soil depth averaged over sample timing on methyl isothiocyanate (MITC) con-

1,ii,iii

centration in the soil air.

2022 2023
Soil depth (cm) Tarp™ Water-seal” Tarp" Water-seal”
ng-mL™}

0.04.0 104.5 A ab 52.1 B ab 56.9 A ab 484 B Db
4.1-8.0 128.6 A a 321Aa 672 Aa 70.7 A a
8.1-12.0 143.6 A ab 448 B ab 491 Ab 370Bb
12.1-15.0 112.0B b 21.8 Aab 297 B¢ 477 B b
15.1-23.0 70.5 A bc 135Ab 19.3 B d 328Bb
23.1-31.0 50.0 B¢ 54Ab 145 B e 188 Ac
Sum 609.2 169.7 236.7 255.4

"Data from experimental runs 1 and 2 conducted in 2022 and 2023, respectively, at Sandhills Research Station

in Jackson Springs, NC, USA.
i Dazomet was applied at 472 kg-ha ™' a.i.

i Means followed by the same letter in the column do not differ using Tukey’s test at & = 0.05. Uppercase
letters represent mean comparison of the main effect of dazomet post-application practice within rows and
lowercase letters the main effect of soil depth within columns.

¥ Dazomet application was followed by tillage, rolling, irrigation (15 mm), and tarping. Tarp was removed fol-

lowing sample collection at 120 h.

YIrrigation of 13 mm, 6 mm, and 3 mm at 1, 2, and 3 d after application in addition to 15 mm irrigated sub-

sequently to application.

0 to 15 cm, while at depths of 15.1 to
31 cm, the peak occurred at 120 HAA.

Discussion

The concentration of MITC was
higher in the tarp treatment compared
with the water-seal treatment for most
sample timings in 2022, consistent
with previous studies (Wang et al.
2006; Zhang and Wang 2007). How-
ever, in 2023, higher MITC concen-
trations were observed at earlier sample
timings in the water-seal treatment and
at later sample timings in the tarp treat-
ment. Furthermore, MITC persistence
in the soil column was shorter in 2022
compared with 2023 for both treat-
ments. This reversal of MITC concen-
tration and persistence between years
may be attributed to differences in the
soil temperature. In 2022, the average
soil temperature throughout the study
was higher than in 2023, potentially ac-
celerating the conversion rate from da-
zomet to MITC and MITC loss from
the soil into the atmosphere through
degradation and volatilization (Dungan
et al. 2003; Ren et al. 2022). Nonethe-
less, the presence of the tarp created a
physical barrier that effectively retained
MITC within the soil column and
maintained its peak timing consis-
tently at 36 HAA across both years,
despite variations in soil tempera-
ture. Contrary to findings of this study,
Wang et al. (2006) observed a peak in
MITC concentration in the tarp treat-
ment as early as 7 HAA. Previous studies
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have reported the effectiveness of water-
seal in reducing MITC volatilization
(Gao et al. 2008; Nelson et al. 2012;
Simpson et al. 2010; Sullivan et al
2004 ). However, higher water evapora-
tion rates in 2022, driven by elevated air
temperatures, potentially reduced water
availability for effectively sealing MITC
in the soil. Consequently, this resulted in
lower MITC concentrations and persis-
tence, as well as varying peak timing,
compared with 2023 in water-seal
treatment.

Soil temperature may also have
influenced variations of MITC con-
centration and distribution in the soil
column between treatments across
years. Although MITC concentrations
were consistently higher across all soil
depths in the tarp treatment compared
with the water-seal treatment in 2022,
differences between treatments were
less pronounced in 2023. As discussed
previously, elevated temperatures likely
accelerated the conversion of dazomet
into MITC in the soil, accentuating dif-
ferences between years. Moreover, in
2022, the highest MITC concentra-
tions were observed at deeper soil
depths compared with 2023, which aligns
with the finding of Nelson et al. (2012),
who observed a high concentration of
MITC in the top 12 cm of the soil col-
umn. The higher cumulative rainfall in
2022, compared with 2023, possibly
facilitated MITC movement to deeper
depths in the soil column. As de-
scribed in the methodology, dazomet

was incorporated at 10-cm soil depth,
while no incorporation was performed
in water-seal treatment. Results revealed
the presence of MITC as deep as 31 cm
from the soil surface, suggesting that
dazomet migrated 21 cm and 31 cm
from the application zone in the tarp
and water-seal treatments, respectively.
Similarly, in a study conducted by
Zhang and Wang (2007), MITC was
detected at soil depths as deep as 20 and
40 cm down from the application zone
in the water-seal and tarp treatments, re-
spectively. Thus, findings of this present
study and those of Zhang and Wang
(2007) suggest that the downward
movement of MITC in the soil column
from the application zone possibly oc-
curred as a result of water infiltration
from both irrigation and rainfall since
MITC has high solubility in water and
weak soil adsorption (Dungan et al.
2003; Frick 1996).

In terms of MITC distribution in
the soil column, MITC concentrations
in 2022 decreased with depth. How-
ever, in 2023, concentrations increased
over time at deeper depths while de-
clining at shallower depths. The lower
temperatures and cumulative rainfall in
2023 compared with the previous year
may have slowed down dazomet con-
version into MITC and movement
down the soil column, respectively,
contributing to the differences in MITC
distribution between the 2 years.

Conclusion

The findings of this study illustrate
the complex dynamics of MITC behav-
ior and fate in the soil. Notably, soil
temperature influenced the variations in
concentration, persistence, and distribu-
tion of MITC between tarp and water-
seal treatments across study years.
This influence is attributed to the
direct impact of soil temperature on
critical processes, including the con-
version rate of dazomet into MITC,
soil water evaporation, and degradation
and volatilization of MITC into the at-
mosphere. Given the limited literature
on this subject, this study serves as a
foundation for advancing the compre-
hension of MITC dynamics in the
environment. Its implications extend
beyond weed control, encompass-
ing the management of fungi, bacte-
ria, and nematodes, as dazomet is
recommended for use against a broader
range of pests.
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Table 4. Effect of the interaction between soil depth and sample timing averaged over post-dazomet application practice on

methyl isothiocyanate (MITC) concentration in the soil air.

1,if,iii

Soil depth (cm)

Hours after treatment 0.0-4.0 4.1-8.0 8.1-12.0 12.1-15.0 15.1-23.0 23.1-31.0 Sum
ng-mL~!
2022
2 278 Ac 115 ABd 181 Ae¢ 17.3Ad 14.3 AB bc 65Bd 95.6
9 1172 Ac 1343 ADb 872 ABd 723 B¢ 357Bb 93Ccd 455.9
16 110.6 A cd 1415ADb 1411 Ac 46.7 BC d 473 B b 159 Ccd 503.2
24 103.7 Ad 859 Ac 132.7 A cd 1200 A b 40.1 B¢ 231 Bcd 505.4
36 1592 B d 198.8 B a 2554 Aa 185.7 BCa 124.8 Ca 131.2Ca 1055.1
48 1715 Aa 1412 BDb 162.6 AB b 120.8 BC b 996 Ca 73.7Cb 769.3
72 84.1 ABd 759 B ¢ 1182 Ad 828 B¢ 421 Cc 17.6 C cd 420.6
120 87 ABf 14.6 AB e 269 Ae 232 Ad 16.1 AB d 00Be 89.4
168 00Af 00Af 00Af 00Ae 00Ae 00Ae 0.0
240 00Af 00Af 00Af 00Ac 00Ac 00Ac 0.0
Sum 782.8 803.6 942.1 668.8 420.0 277.2
2023

2 00Be 82Ac¢ 0.0Bd 0.0Bd 38Be 00Bd 12.0
9 1745 A a 1795 A a 69.4 D bc 1150B a 74.1 Ca 40.0 Eb 652 .4
16 826 Ab 93.8ADb 69.7 B ab 264 Cc 11.8 D de 13.0 D be 297.3
24 69.0Bb 1052 A b 61.6Bb 25.0Cc 142 Dd 65E 281.4
36 928 B b 1506 Aa 91.8Ba 948 B a 31.8 C Bc 320Ca 493.7
48 30.5 B cd 443 AB d 431 Ac 30.3Bc¢c 212 Cc 32D dd 172.5
72 45.0B ¢ 59.6 Ac 53.1 A bc 50.7Ab 39.7Bb 15.9 C bc 263.8
120 32.0Bd 48.0 A cd 339Bc¢ 44.8 A bc 46.8 A ab 304 Ba 2359
168 00Ce 00Cf 82Bd 00Cd 176 Ad 18.5 A bc 44.3
240 00Be 00Bf 0.0Bd 0.0Bd 00Be 71Ac 7.1
Sum 526.3 689.2 430.7 386.9 260.9 166.3

Data from experimental runs 1 and 2 conducted in 2022 and 2023, respectively, at Sandhills Research Station in Jackson Springs, NC, USA.

i Dazomet was applied at 472 kg-ha ! a.i.

i Means followed by the same letter in the column do not differ using Tukey’s test at @ = 0.05. Uppercase letters represent mean comparison of the main effect of soil
depth within rows and lowercase letters the main effect of sample timing within columns.
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