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Residual Herbicide Dissipation in
Vegetable Production

Timothy Grey and William Vencill
University of Georgia
United States

1. Introduction

The use of low density polyethylene mulch for fumigation, weed control, and soil cover has
become the standard for production of many vegetables in the southeastern United States.
Most low density polyethylene mulch laid for spring vegetable production is followed by a
second crop in the autumn and potentially a third crop the following spring. These
succeeding vegetable crops can be transplanted directly into the existing low density
polyethylene mulch covered beds formed prior to spring fumigation. This allows for
multiple crop production using the same beds. This is done in order to minimize expenses
associated with low density polyethylene mulch and drip tape irrigation, by distributing
costs over multiple crops (Fig. 1).

L

Fig. 1. Newly laid low density polyethylene mulch for spring planting of vegetables (left)
and clean beds prior to autumn vegetable transplanting.

2. Important

Alternative methyl bromide fumigants have been investigated with varying levels of weed
control success (Csinos et al., 2002; Webster et al., 2001; Gilreath et al., 2004). The major
source of new herbicides for minor crops is the adaptation of herbicides registered for major
crops. The process of registration of herbicides is expensive and time consuming for minor
crops (Fennimore & Doohan, 2008). Yellow nutsedge (Cyperus esculentus) and purple
nutsedge (Cypresrotundus) are the most common and troublesome vegetable weeds in
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310 Herbicides, Theory and Applications

vegetables throughout the southern United States (Webster, 2006; Webster & MacDonald,
2001). Even with polyethylene bed covers, nutsedge control in vegetable production is
essential, as emerging shoots can grow though the cover (Adcock et al., 2008; Bullock, 1990;
Locascio et al.,, 1994; Igbokwe, 1996; Stiles et al., 1999). Herbicides that could be soil
incorporated into vegetable systems using low density polyethylene mulch must be effective
on Cyperus species. Although extended residual control can be beneficial, it poses a threat to
future crops (Johnson et al., 2010). If growers use the low density polyethylene mulch for
multiple vegetable cropping systems, there is a potential for herbicide carryover to injury
succeeding crops, which could increase, dependent on herbicide persistence (Johnson &
Mullinix, 2005). In previous studies, it was determined that pesticide dissipation was
affected by polyethylene mulch, which could influence weed control, crop injury, and
pesticide persistence. The dissipation of linuron, pendimethalin, chlorobromuron, and
flurochloridone was reduced when applied to soil under perforated polyethylene covers
verses bare soil (Bond & Walker, 1989). Many vegetable producers in the southeastern
United States often apply herbicides between crop plantings in order to destroy the previous
crop and/or weed infestations (Gilreath et al., 2006). Herbicides that can be used between
crops for low density polyethylene mulch vegetation control include glyphosate, paraquat,
carfentrazone, and halosulfuron. Pesticides applied over the top of low density polyethylene
mulch can leave residues on the mulch (Nerin et al., 1996). When herbicides are applied to
the low density polyethylene mulch or row middles, and then when crops are transplanted
soon afterwards, injury can occur (Culpepper et al., 2009; MacRae & Culpepper, 2007;
Gilreath & Duranceau, 1986). The purpose of this chapter is to present current information
about the chemical dissipation of herbicides used for vegetable production as alternatives to
methyl bromide under different application scenarios.

3. Information

Herbicide dissipation is chemical and environmentally dependent. Soil incorporated
herbicides are exposed to variable microbial, hydrolysis, soil pH, organic matter, and other
factors that may limit their activity. However, herbicide adsorption to soil colloids with
subsequent hysteresis may extend activity and thus potential for either weed control or
carryover to subsequent crops. Post emergence applied herbicide dissipation can be
influenced by chemical properties such as water solubility, photo degradation, volatility,
and environmental aspects such as rainfall and irrigation volumes, plant interception and
absorption. While herbicide dissipation differs with respect to application method, many of
the same factors influence fate in the environment.

3.1 Soil applied herbicides

Halosulfuron (Grichar et al., 2003; Nelson & Renner, 2002; Vencill et al., 1995), sulfentrazone
(Grichar et al., 2003; Wehtje et al., 1997), and metolachlor (Cornelius et al., 1985; Obrigawitch
et al., 1980) provide soil residual activity on Cyperus species with control often extending for
many weeks or months after applications. While these herbicides are viable alternatives to
fumigation in vegetable production, they may cause injury to newly transplanted crops
(Figure 2), and potential carryover issues to subsequent crops.

Dermiyati & Yamamoto (1997a) indicated that halosulfuron adsorption was highly
correlated with soil organic carbon content and inversely related to soil pH. Degradation of
halosulfuron increases with increasing temperature and lower soil pH but varied with soil
moisture content and soil type (Dermiyati & Yamamoto, 1997b). Halosulfuron degradation
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Fig. 2. Foreground: bed nontreated control transplanted cucumber; background bed
herbicide injury on transplanted cucumber.

is primarily through chemical hydrolysis and microbial means. Carpenter et al. (1999)
reported a positive relationship between organic matter and halosulfuron adsorption, that
sorghum [Sorghum bicolor (L.) Moench] injury was less likely on soils with high organic
matter content, and halosulfuron can exhibit soil hysteresis.

Metolachlor dissipation from soil has been extensively investigated (Bouchard et al., 1982;
Braverman et al., 1986; Gaynor et al., 1993; Obrigawitch et al., 1981; Peter & Weber, 1985;
Weber et al., 2003). Weber et al. (2003) reported that metolachlor sorption, mobility, and soil
retention was related to organic matter, clay content, and surface area. As soil organic
matter concentration increases, adsorption of metolachlor increases. Metolachlor mobility
was inversely related to soil organic matter and clay content. Other studies came to the same
conclusions and also indicated that metolachlor binding was by physical forces between
metolachlor molecules and soil constituent surfaces (Weber et al., 2003). Half-life of
metolachlor varies with soil temperature, moisture, and organic matter content (Parker et
al., 2005; Vencill, 2002 a).

Previous research indicated that the adsorption and mobility of sulfentrazone is pH and soil
type-dependent (Grey et al.,, 1997) and that it does exhibit hysteresis (Grey et al., 2000).
Reddy & Locke (1998) confirmed the conclusion that sulfentrazone availability was both pH
and soil series-dependent. They also concluded that sulfentrazone sorption was greater in
no-till than in conventional tillage and attributed this to the higher organic matter content.
Soil dissipation of sulfentrazone has varied with climatic factors. Ohmes et al. (2000) noted
that sulfentrazone dissipation was slowed by dry soil conditions, leading to substantial
residual activity in subsequent crops. There was little-to-no injury to rotational vegetable
crops from sulfentrazone when it was applied in accordance to the product label (Garvey &
Monks, 1998). For the vegetable crops they investigated, all exhibited little to no adverse
effects as part of a rotation with sulfentrazone. The residual effects of sulfentrazone on
rotational cotton have been established with rates exceeding 0.4 kg ha! applied the previous
year (Main et al., 2004; Ohmes et al., 2000).

Persistence, dissipation, and degradation of halosulfuron (Kuwatsuka & Yamamoto 1997a,
1997b), metolachlor (Gaynor et al, 1993, Parker et al 2005, Weber et al.,, 2003), and
sulfentrazone (Grey et al., 1997, 2000; Ohmes et al., 2000; Reddy & Locke, 1998) have been
previously investigated in agronomic and/or vegetable soils. These investigations
emphasized soil and/or organic cover scenarios in separate experiments. However, there is
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little information on these herbicides applied to bare-soil verses soil under polyethylene
mulch situations (Figure 3).

Fig. 3. Bare soil and soil covered with low density polyethylene mulch prepared for
vegetable planting.

3.2 Herbicides applied to low density polyethylene muich

Low density polyethylene mulch has permeability to fumigants via diffusion through the
matrix (Papiernik & Yates, 2001a; Papiernik & Yates, 2001b). This occurs as the fumigant
dissolves into the surface of the low density polyethylene mulch facing the soil, then
diffusion through the film, and eventual evaporation from the opposite surface (Rogers,
1985). However, little information exists about low density polyethylene mulch adsorptive
properties with respect to pesticides.

Previous research noted that paraquat dissipation from low density polyethylene mulch,
when post emergence surface applied, was achieved by photo degradation (Gilreath et al.,
2006; Gilreath & Duranceau, 1986) or removal with an eluent such as water (Gilreath &
Duranceau, 1986). The persistence, dissipation, and degradation of paraquat from low
density polyethylene mulch were evaluated using bioassays (Gilreath & Duranceau, 1986)
and colorimetric procedures (Gilreath et al., 2006). However, besides paraquat, few
herbicides have been analytically quantified for dissipation from low density polyethylene
mulch (Grey et al., 2009).

3.3 Research

These two factors, soil applied residual herbicides and herbicide residues remaining on low
density polyethylene mulch, can potentially injure or kill vegetable crops in rotation.
Understanding the impact of low density polyethylene mulch on residual herbicide soil
dissipation when incorporated into vegetable production and the respective rotational
issues will impact what herbicides, and crops, producers will apply and grow, respectively.
Additionally the impact of dissipation of herbicides when surface applied to low density
polyethylene mulch will impact which herbicides producers will utilize between vegetable
crop plantings. The objectives were to review information which compares soil dissipation
of residual herbicides in bare soil verses soil under low density polyethylene mulch, and
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herbicide dissipation from low density polyethylene mulch when topically applied, using
field experiments and analytical chemical analysis.

4.1 Field studies

Field studies conducted to evaluate herbicide dissipation of herbicides had two distinct
research objectives. However, all experiments were conducted similarly. Bed formation (20
cm raised bed), single drip irrigation tube, and lying of 32 um-thick (1.25 mil) low density
polyethylene mulchoccurred simultaneously. All studies were conducted on Tifton loamy
sand (fine-loamy, kaolinitic, thermic PlinthicKandiudults) with 86 to 88% sand, 8% silt, 4 to
6% clay, 0.5 to 1.3% organic matter, and pH ranging from 6.3 to 6.9.

4.2 Soil dissipation research

The first experiments evaluated herbicide dissipation for bare soils verses soil under low
density polyethylene mulch. For the soil dissipation experiments, herbicide treatments
included halosulfuron, S-metolachlor, and sulfentrazone applied at recommended rates for
weed control for the region.Surface soil was sampled with a plugger-type sampler with four
samples were collected to a depth of 8 cm from each plot and combined into a single sample.
Soil cores were collected at 1 hour, 1, 2, 14, 27, and 56 d after treatment for one experiment
and 1 hour, 1, 2, 3, 7, 14, 21, 28, 44, and 66 days after treatment in the second experiment.All
samples were immediately frozen upon collection and stored at -10 C prior to analysis. For
soil herbicide analysis, soils were thawed, air dried on a lab bench for 8 hours, passed
through a 3-mm sieve, and then stored at -10 C. Field plot replicate sample integrity was
maintained throughout sample collection, preparation, and chemical analysis.

4.3 Low density polyethylene mulch research

For herbicide dissipation from the surface of low density polyethylene mulch experiments,
dissipation was measured quantitatively using analytical techniques for two scenarios: under
dry conditions (rain free and no irrigation) versus wash off using water as an eluent.
Herbicide treatments included paraquat, glyphosate, carfentrazone, and halosulfuron. For the
wash off studies, samples were collected at one hour after treatment, irrigated at three hours
after treatment with one cm of water using an overhead irrigation system, then sampled again
at five hours after treatment. This washing and sampling procedure was then repeated at 24,
48,72 and 96 hours after treatment. Samples were collected from each plot. Samples were then
carefully stored in brown glass jars. For all studies, care was taken to prevent contamination
between samples and to collect a representative sample from each plot. All samples were
immediately frozen upon collection and stored at -10 C prior to analysis.

4.4 Analytical herbicide quantification

Herbicide analytical methods differ by chemical due to variation in solubility, structure,
volatility, etc. Therefore, various methods are used to quantify. One common method is the
use of high pressure liquid chromatography in tandem with mass spectrometry (HPLC-MS).
This procedure allows for accurate measures for many different compounds at extremely
sensitive levels of detection. Proper sample handling includes solvent identification, solvent
ratios, extraction methods, injection volumes, and equipment settings. Herbicides and
methods of analysis discussed for the purpose of this chapter, using HPLC-MS, are listed in
Table 1.
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Herbicide | Method | Mobile phase | Column Flow I.O n Cone | APC
rate |monitoring |voltage| /ESI
ml/min C C
ACN 40%
S-metolachlor LEMS MeOH with | YmcODS | 0.2 ESI 20 380
SIR N L positive
0.2% acetic acid
ACN 25%
Sulfentrazone gMs MeOH with | Ymc ODS 0.2 ESI. 51 370
SIR 0 ./ ] negative
0.2% acetic acid
Lems | ACN0 MM gy omene APCI
Glyphosate ammonium 0.7 i, 100 475
SIR x C18 positive
acetate
LC-MS | 60:40 ACN . ESI
Paraquat SIR Buffer pH 4.5 Waters Si 0.4 negative 41 380
ACN 10%
Halosulfuron | "C-MS [MEOHWithO11 0 e 5 ES 32 | 370
SIR ml ammonium negative
hydroxide
ACN 10 MeOH
Carfentrazone LC-MS with10 mM | ymc ODS 0.2 ESI 23 350
SIR L positive
formic acid
. . LC- | ACN1.25mM | Hypersil APCI
Flumioxazin |\ isviRM | TDFHA ODS 06 | positive | 0 | *%

Table 1. Analytical methods for herbicide dissipation studies.

4.5 Herbicide dissipation kinetics

Herbicide dissipation data are often described by non-linear regression in addition to
analysis of variance for the specific test. The intent is to determine if the responses can be
described by using the exponential decay equation

y = BoeBy®) (1)

where y is herbicide concentration, By is the initial concentration, B; is dissipation rate, and x
is time in hours or days after treatment. After data is regressed against time, the output from
the analysis includes first-order dissipation rate constant (k) (Ohmes et al., 2000). All data by
herbicide for the exponential decay equations can be subjected to analysis of variance
(ANOVA) using the general linear models procedures with mean separation using 95%
asymptotic confidence intervals. Dissipation time (50%) is then determined using the
equation

DTso = In 0.50/k )

(Dermiyati & Yamamoto, 1997b; Lui et al., 2002; Mueller et al., 1999). Data are then often
presented with graphics software.
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5.1 Herbicide dissipation research

For the following research information, all experiments were conducted at times when
herbicide applications could potentially occur in the south-eastern vegetable production
regions of the United States and are thus representative of producer practices.

5.2 Soil dissipation research

The exponential decay equation [1] effectively describes halosulfuron dissipation (Figure 3).
First-order dissipation rate constants (k) for halosulfuron were less (i.e. slower dissipation)
for soil under low density polyethylene mulch (0.07) than for bare soil (0.10). Halosulfuron
dissipation for bare soil dropped to undetectable levels by 27 and 28 days after treatment in
two studies, respectively. This trend was similar for soil under low density polyethylene
mulch. From equation [2], the DTsp for bare-soil was 6 to 7 daysverses soil under low density
polyethylene mulch which was 10 days. Although the first-order rate constants were not
significantly different between bare soil and soil under LDPE mulch, the DT5 was 3 to 4
days longer for soil under low density polyethylene mulch. Dermiyati and Yamamoto
(1997b) reported halosulfuron half-lives of 7 to 98 days depending on soil moisture and
temperature regimes.

S-metolachlor dissipation was well described by the exponential decay equation [1] and for
bare soil and soil under low density polyethylene mulch (Figure 3). First-order dissipation
rate constants for S-metolachlor were less for soil under low density polyethylene mulch
(0.2) than for bare soil (0.4). S-metolachlor dissipation was rapid for bare soil and soil under
low density polyethylene mulch dropping to undetectable levels by 44 days after treatment.
Rapid dissipation has been previously noted for metolachlor with sandy soil under moist
soil conditions (Weber et al.,, 2003). In one experiment, S-metolachlor dissipation was
biphasic, dropping to less than 400 ug/kg of soil at 7 days after treatment, yet was
detectable at 44 days after treatment for both soil scenarios. While the DTsowas 2 and 5 days
for bare soil and soil under low density polyethylene mulch, respectively, dissipation was
slower in one year as compared to another. This could be attributed to an equilibrium that
was reached with S-metolachlor where soil adsorption had occurred, and then desorption of
the parent was observed over time (Patakioutas & Albanis 2002). Data indicated that low
density polyethylene mulch decreased the rate of dissipation of S-metolachlor versus bare
soil which could extend its herbicidal activity.

Sulfentrazone dissipation varied but was slower than halosulfuron and S-metolachlor
(Figure3) and had the longer DTsp. Overall, the exponential decay equation [1] adequately
described the sulfentrazone dissipation. Sulfentrazone dissipation first order rate constants
were equal on average, with 0.055 for soil under low density polyethylene mulch and 0.050
for bare-soil. Half-lives were 16 days for bare-soil and 13 days for soil under low density
polyethylene mulch. While counter intuitive, this could be due to increased temperature
regimes that have been noted under polyethylene mulch (Peachey et al., 2001), that could
have accelerated dissipation. Ohmes et al. (2000) previously noted that sulfentrazone
dissipation followed first-order kinetics in Tennessee soils. They reported varying
dissipation with DT5p ranging from 24 to 118 days. Variation in sulfentrazone DT5p has been
noted from 2 (Collins et al., 1999) to 302 days (Vencill, 2002 b).

These studies indicate that halosulfuron-methyl and S-metolachlor dissipation was more
rapid for bare-soil than soil under low density polyethylene mulch. However, sulfentrazone
dissipation was variable. For bare-soil and soil covered with low density polyethylene
mulch, dissipation of halosulfuron and S-metolachlor were biphasic (Figure 3).
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Fig. 3. Halosulfuron, s-metolachlor, and sulfentrazone dissipation for bare soil and soil
covered with low density polyethylene mulch.
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Sulfentrazone dissipation was slower (Figure 3) than halosulfuron or metolachlor. This
indicates that sulfentrazone could provide residual Cypress species control when
preemergence applied to vegetables but could also result in carryover problems to
subsequent plantings.
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Fig. 4. Glyphosate and paraquat dissipation from low density polyethylene mulch for dry
and wash off conditions over time.

6. 2 Low density polyethylene dissipation research

The exponential decay equation [1] effectively described dry and irrigated glyphosate
dissipation (Figure 4). First-order dissipation rate constants (k) for glyphosate were (i.e.
slower dissipation) less for the dry study at 0.008 than for the irrigated study at 0.933. For

www.intechopen.com



318 Herbicides, Theory and Applications

glyphosate, DT5y for the dry study was 84 hours, while it was 1 hour in the irrigated
experiment. Glyphosate concentration dropped to less than 5 mg/m?2 levels by the 2nd
irrigation event at 24 hours after treatment. Glyphosate dropped to undetectable levels by
the 5th irrigation at 96 hours after treatment when greater than 4 cm of water had been
applied. Glyphosate has negligible photo degradation losses, is tightly adsorbed to soil, and
high water solubility (Senseman, 2007). Glyphosate adsorption to clay minerals is pH
dependent and fluctuations can occur, depending upon the type of soil saturating cation
(McConnell & Hossner, 1985). In contrast to the wash off experiments, glyphosate
dissipation from low density polyethylene mulch for the dry study was linear and 50
mg/m?2 remaining 120 hours after treatment. For the dry study there was an 84 hour half-
life for glyphosate, and it would require at least 28 d (eight half-lives) to reach less than 1
mg/m?2 on the mulch. Glyphosate can be persistent in low density polyethylene mulch as
reported by Gilreath & Santos (2004). For their bioassay study with tomato
(Lycopersiconesculentum L.) in a dry study, they indicated there was enough glyphosate
remaining 16 days after application to reduce fresh plant weight by 73%.

First order rate dissipation constants for paraquat were significantly different for the
irrigated (1.88) and dry studies (0.022). Paraquat is a cationic dichloride salt with a water
solubility of 620,000 mg/L! (Senseman, 2007). After the 1st irrigation application of 1 cm of
water, paraquat was undetectable on the mulch (Figure 4), which was further demonstrated
with a 1 hour DTsp. Given the high water solubility of paraquat, rapid dissipation will occur
with water. As previously noted, paraquat dissipation can also occur via photo degradation
(Senseman, 2007). With each subsequent 24 hour sampling period, paraquat dissipation was
reduced step-wise, falling to 10 mg/m?2at 120 hours after treatment (Figure 2) with a DT5g of
32 hours for the dry study. Gilreath et al. (2006) reported similar findings for paraquat on
low density polyethylene mulch using a colorimetric analysis procedure.

The exponential decay equation [1] described halosulfuron dissipation for the dry scenario
with a first order rate constant of 0.038. In the irrigated study, however, the exponential
decay equation did not accurately describe halosulfuron dissipation from low density
polyethylene mulch, and actually under estimated the levels detected (Figure 5).
Halosulfuron dissipation for the irrigated study appeared to be biphasic, with an initial
rapid decline, and then little to no removal with each subsequent irrigation event. The first
phase of halosulfuron dissipation is chemical hydrolysis and is abiotic in nature, whereas
the second phase is microbial dependent. This would explain the biphasic nature for
observed dissipation with irrigation. Halosulfuron dissipation in the irrigated study had
first order rate constant of 0.24, which was significantly higher than that in the dry study.
Halosulfuron is a weak acid with negligible photo-degradation losses (Senseman 2007).
Halosulfuron has exhibited hysteresis in higher organic matter Japanese soils (Dermiyati &
Yamamoto, 1997a). Given this previously noted hysteric soil affect, it is suspected
halosulfuron is behaving similarly when applied to low density polyethylene LDPE mulch.
Halosulfuron dissipation was linear and varied by less than 1.1 mg/m? from initial
application with 3.5 mg/m?2 at 1 hour after treatment to 2.4 mg/m?2 120 hours after treatment
for the dry study.

Dissipation of carfentrazone was well described by the exponential decay equation [1] with
first order rate constants of 0.023 and 0.025 and DTsg values of 30 and 28 hours for the dry
and wash off studies, respectively. Sampling of the dry and irrigation studies indicated
nearly identical dissipation curves (Figure 5). Initial carfentrazone concentrations on the
low density polyethylene mulch were 7.8 to 8.4 mg/m?2 at 1 hour after treatment. With each
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subsequent sampling at 24, 48, 72, and 96 hours after treatment, carfentrazone
concentrations did not differ by more than 0.4 mg/m?2 for samples of the dry and wash off
low density polyethylene mulch. Carfentrazone water solubility is 12,000 mg/L! and
increases with temperature; it does not photo-degrade, is non-volatile, is not adsorbed to
soil, but it is broken down via microbial break down (Senseman, 2007).
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Fig. 5. Halosulfuron and carfentrazone dissipation from low density polyethylene mulch for
dry and wash off conditions over time.

These studies indicate that glyphosate and paraquat dissipation was rapid from low density
polyethylene mulch when irrigation water was used as a solvent. Halosulfuron and
carfentrazone were detectable even after five wash off events, indicating some type of
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adsorption, or physical trapping within the matrix, maybe occurring with the low density
polyethylene mulch, with subsequent release with each wash off event (Figures 4 and 5).

7. Conclusions

Herbicides will be an alternative to fumigants for weed control in low density polyethylene
mulch vegetable production. However, given the persistent chemical nature of some
herbicides, care must be taken in planning potential rotational crops to prevent any soil
carryover issues that could injury or kill sensitive species. S-metolachlor soil dissipation
data indicated it was less likely to persist than halosulfuron or sulfentrazone. These studies
indicated that halosulfuron-methyl and S-metolachlor dissipation was more rapid for bare-
soil than soil under low density polyethylene mulch.

Glyphosate and paraquat can be quickly dissipated by water when these herbicides are
applied to the surface of low density polyethylene mulch. Carfentrazone and halosulfuron
tended to adsorb to the mulch, increasing the potential for transplant injury. Glyphosate,
paraquat, halosulfuron, and carfentrazone were all detectable at efficacious levels on the low
density polyethylene mulch at 120 hours after treatment for the dry studies. These studies
indicate that producers must be very conscious of the contact herbicide they apply between
crops in low density polyethylene mulch production. They must also understand that using
water as a dissipation mechanism may not totally remove the potential for herbicide injury
to vegetable transplants, that failure to do so could result in significant plant injury and
potential crop failure.
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