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Crop response to simulated
diflufenican carryover and
sprayer contamination with
a diflufenican premixture
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Palmer amaranth [Amaranthus palmeri (S.) Wats] has evolved resistance to nine
sites of action (SOAs) globally, leaving producers searching for effective herbicide
options. Bayer CropScience has announced intentions to launch a series of
Convintro™ brand herbicides, one of which will be a premixture including
diflufenican, metribuzin, and flufenacet for preemergence use in soybean
[Glycine max (L) Merr]. Diflufenican is a WSSA group 12 herbicide that would
add a new SOA for soybean producers. With the anticipated launch of the
premixture, research is needed to evaluate the potential for diflufenican
carryover or tank contamination from a diflufenican premixture to injure corn,
cotton, grain sorghum, rice, and soybean. Carryover experiments were
conducted in 2022 and 2023 in Fayetteville, AR, and near Stuttgart, AR.
Diflufenican was applied preplant at 0, 7.5, 15, 30, 60, and 120 g ai ha™, with
crops being planted after a 1.3 cm irrigation or rainfall event occurred. Injury was
<10% for rice and corn, <5% for grain sorghum, and no crop response from
cotton at 14 days after emergence (DAE). No detrimental effect was observed on
various crops by 28 DAE. Additionally, tank contamination experiments were
conducted in Arkansas in Fayetteville, near Stuttgart, near Colt, and in Keiser. A
0.17:0.35:0.48 ratio of a diflufenican:metribuzin:flufenacet premixture, at rates
up to 103 g ai ha™, was applied at the 3-leaf growth stage for each crop. Injury
was <30% for cotton (Gossypium hirsutum L.), <20% for corn (Zea mays L.) and
soybean, and <5% for grain sorghum (Sorghum bicolor L.) and rice (Oryza sativa
L.) at 7 days after treatment (DAT). By 28 DAT, injury was <15% for cotton, <10%
injury for soybean and rice, and no crop response for corn or grain sorghum.
Overall, the potential for diflufenican carryover or risk of injury from sprayer
contamination appears low, with no yield reductions occurring in any of the
evaluated crops in either set of experiments.
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1 Introduction

Palmer amaranth is currently ranked the most problematic
weed faced by soybean producers across the United States (Van
Wychen, 2022). Research has shown that when competing with
soybean, a density of 10 Palmer amaranth plants m™ of row can
reduce yields by 68% (Klingaman and Oliver, 1994). Herbicides
remain the best control agent for weed species within a cropping
system (Booth and Swanton, 2002); however, the weed has evolved
resistance to 9 sites of action (SOA) globally (Heap, 2024). The need
for new SOA remains high for producers to integrate into herbicide
programs aimed at controlling Palmer amaranth.

In 2021, Bayer CropScience announced the launch of Convintro ™
brand herbicides, one of which will be a premixture for use in soybean
(Anonymous, 2021a). The premixture will include diflufenican (WSSA
Group 12), metribuzin (WSSA Group 5), and flufenacet (WSSA Group
15) for preemergence (PRE) use in soybean. Currently, WSSA groups
2, 3, 4, 5, 14, and 15 herbicides are recommended for use PRE in
soybean (Barber et al., 2024). In addition, norflurazon, another Group
12 herbicide, is labeled for use in soybean (Anonymous, 2015).
However, the herbicide is not used due to price, and the label
restricts its use to the mid-southern United States. Therefore, if
labeled, diflufenican would add a new SOA for soybean producers
across the United States.

Diflufenican is a phytoene desaturase inhibitor discovered in 1979
as a potential herbicide for PRE and early postemergence (POST) use
in winter wheat (Triticum aestivum L.) and barley (Hordeum vulgare
L.) (Cramp et al,, 1987). The typical symptomology is bleaching due to
inhibiting the desaturation reaction of carotenoid biosynthesis, causing
the accumulation of phytoene in place of the normal-colored
carotenoids (Bartel and Watson, 1978). Research has shown that
diflufenican is effective against several weed species, including
catchweed bedstraw (Galium aparine L.), common chickweed
(Stellaria media L. Vill.), and field pansy (Viola arvensis L.) (Haynes
and Kirkwood, 1992). Additionally, the primary target weed of
diflufenican in the United States is Amaranthus ssp (Anonymous,
2021a). The spectrum of diflufenican appears to be limited to broadleaf
weed species and will need to be paired with other herbicides to achieve
broad-spectrum weed control.

With the anticipation of the premixture being labeled in the
coming years, research is needed to evaluate the potential for
diflufenican to carryover and injure crops typically rotated with
soybean. Herbicide persistence in the soil can be attributed to soil
pH, soil composition, soil texture, soil microorganisms, water
solubility, herbicide degradation, and application timing and
methods (Curran, 2016). Acetolactate synthase inhibitors (WSSA
Group 2) have been documented to have the ability to persist and
carryover, causing injury to crops grown in the subsequent season.
Up to 70% injury can occur in cotton during the subsequent
growing season from an application of imazaquin during the
previous growing season (Johnson et al., 1995).

Research in Europe has evaluated the metabolism of diflufenican in
the soil of wheat fields and the potential to injure rotational crops.
Following a 5- or 9-month soil treatment with diflufenican, the residues
of the herbicide in the soil were so low no hindrance could be observed
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for a sensitive sugar beet cultivar (Beta vulgaris subsp. Altissima group)
(Rouchaud et al., 1991). The half-life of diflufenican is estimated to be 2
to 6 months when used in wheat (Cramp et al., 1987), with the rate of
diflufenican soil biodegradation being greater during the warmer
period correlating with increased microbial and enzymatic activity in
the soil (Rouchaud et al., 1991). However, further research is needed to
assess the use of diflufenican in climatic conditions conducive to
soybean growth and the potential to carryover to subsequent
rotational crops.

Another concern for producers is the contamination of sprayers
from improper clean out and the potential for the diflufenican:
metribuzin:flufenacet to injure other crops. Sprayer contamination
with auxin herbicides (WSSA Group 4) such as florpyrauxifen-
benzyl, dicamba, and 2,4-D have injured sensitive vegetation at low
concentrations. Yield reductions of up to 52% have occurred from
dicamba at a rate of 70 g ae ha™ (1/8X) when occurring at the V3/
V4 growth stage for non-dicamba tolerant soybean (Griffin et al,
2013). If labeled, Convintro, a premixture herbicide, carries three
chemicals that can potentially injure crops from postemergence
(POST) exposure from contaminated sprayers.

Currently, there is no published research on the sensitivity of
different crops for POST exposure to diflufenican. Metribuzin has
also been evaluated as a potential atrazine replacement in corn and
grain sorghum with <10% injury for both crops (Richburg, 2019;
Richburg et al, 2019). Additionally, research has evaluated low
concentrations of metribuzin POST in cotton, soybean, and rice.
Overall, no yield reductions occurred in cotton when applied at V5-
8 (Hurst, 1982) and <15% injury occurred in rice from 2-3-leaf
applications (Lawrence et al,, 2021). Subsequently, up to 30%
soybean injury can occur when exposed at the V4 growth stage
(Stephenson et al.,, 2019). Finally, flufenacet is labeled for preplant
to early POST use in corn and soybean (Anonymous, 2021b).
Research has also been conducted to evaluate flufenacet for use in
grain sorghum (Geier et al., 2009) with minimal concerns for injury
early-postemergence. In addition, there is no published data on the
sensitivity of POST exposure for cotton and rice to flufenacet.

Opverall, this research aimed to understand the risk of soil-applied
diflufenican rates to injure common rotational crops of soybean grown
in the mid-southern United States. Additionally, research was conducted
to evaluate the sensitivity of various crops to postemergence exposure to
low rates of the diflufenican:metribuzin:flufenacet premixture.

2 Materials and methods

2.1 Crop response to simulated
diflufenican carryover in the field

Field experiments evaluated the sensitivity to diflufenican
carryover of crops grown in rotation with soybean in the
Midsouth. In 2022 and 2023, experiments were conducted at two
locations across Arkansas: the Milo J. Shult Agriculture Research
and Extension Center in Fayetteville, AR, on a Leaf silt loam (fine,
mixed, active, thermic Typic Albaquults) (USDA, 2024) with 18%
sand, 69% silt, 13% clay, and 1.6% organic matter (Arkansas
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Agricultural Diagnostic Laboratory, Fayetteville, AR), and the Rice
Research and Extension Center near Stuttgart, AR, on a Dewitt silt
loam (Fine, smectitic, thermic Typic Albaqualfs) (USDA, 2024)
with 27% sand, 54% silt, 19% clay, 1.75% organic matter, and a pH
of 6.2 (Arkansas Agricultural Diagnostic Laboratory, Fayetteville,
AR). The seedbed was prepared using conventional tillage,
including disking, field cultivation, and bedding of rows, except
rice, before planting at both locations. The trials at Fayetteville were
planted on raised beds using a four-row vacuum planter into plots
measuring 6.1 m in length and 3.7 m in width. Additionally,
experiments for rice were flat planted using a nine-row, small plot
drill and direct seeded into plots measuring 5.2 m in length and
1.8 m in width at Stuttgart, AR.

The trials were designed as a randomized complete block with
four replications and one factor (herbicide rate). Diflufenican was
applied at 0, 7.5, 15, 30, 60, and 120 (1X) g ai ha! preplant.
Herbicide applications were made with a CO,-pressurized backpack
sprayer and a 4-nozzle boom, using AIXR 110015 nozzles (TeeJet
Technologies, Springfield, IL) calibrated to deliver 140 L ha! at
4.8 km hr’'. Following herbicide applications, four crops, rice
(PVLO3 Horizon Ag, LLC, Memphis, TN), corn (DKC 62-69,
Bayer CropScience, St. Louis, MO), cotton (DP2020B3XF, Bayer
CropScience, St. Louis, MO), and grain sorghum (DKS 62-69, Bayer
CropScience, St. Louis, MO) (Table 1), were planted following a
1.3 cm rainfall or irrigation event. Plots were kept weed-free
throughout the growing season using standard herbicide
programs for each crop.

2.2 Crop response to simulated
diflufenican carryover in the greenhouse

Greenhouse studies were conducted in 2023 and 2024 at the
Milo J. Shult Agriculture Research and Extension Center in

10.3389/fagro.2025.1547219

Fayetteville, Arkansas. A Captina silt loam soil (Fine-silty,
siliceous, active, mesic Typic Fragiudults) (USDA, 2024) with
14% clay, 20% sand, 66% silt, and 2.3% organic matter
(Agricultural Diagnostic Laboratory, Fayetteville, AR) was
collected and sieved to remove large pieces of residue and reduce
the size of large soil aggregates. The soil was then dried at 33 C for
14 days before the initiation of the experiment. Plastic tubs
measuring 36 cm in length, 18 cm in width, and 15 cm in depth
were filled with 5.5 kg of soil. The trials were initiated on November
13, 2023, and January 30, 2024.

The experiment was a complete randomized design with one
factor (herbicide rate) and four replications. Diflufenican was
applied at 0, 7.5, 15, 30, 60, and 120 (1X) g ai ha™' preplant.
Herbicide applications were made in a spray chamber with two flat-
fan 1100067 nozzles (Teejet Technologies, Springfield, IL)
calibrated to deliver 187 L ha™ at 1.61 km hr™. Following the
herbicide application, the soil was mixed thoroughly in 19 L buckets
and returned to its respective tub. Four different crops, including
rice, grain sorghum, corn, and cotton, were hand-planted in two
rows (18 cm) in each tub, with two crops per tub. Rice (PVL03) was
planted at eleven seeds per row, grain sorghum (DKS 54-07) at
seven seeds per row, corn (DKC 62-69) at five seeds per row, and
cotton (DP2020B3XF) at five seeds per row.

2.3 Crop response to sprayer
contamination of a diflufenican :
metribuzin:flufenacet premixture

Field trials were conducted to evaluate the potential for crop
injury caused by sprayer contamination from a diflufenican:
metribuzin:flufenacet premixture (0.17:0.35:0.48 ratio). Two trials
were conducted for each crop at various locations across Arkansas.
Cotton (DP2127B3XF, Bayer CropScience, Saint Louis, MO,

TABLE 1 Application date, activating rainfall date, planting date, row spacing, and seeding rate for the simulated carryover experiments planted in

Fayetteville and near Stuttgart, AR.

Location

Crop?

Application
date

Activating
rainfall
date

Rainfall
amount®

Row
width

Planting

date Seeding rate

cm cm 1,000 seed

ha™?

Fayetteville Corn April 22, 2022 April 25, 2022 89 April 28, 2022 91 84
April 18, 2023 April 22, 2023 1.3¢ April 26, 2023 91 84
Cotton May 13, 2022 May 16, 2022 1.3 May 17, 2022 91 99
May 8, 2023 May 19, 2023 1.3 May 22, 2023 91 99
Grain May 13, 2022 May 16, 2022 1.3 May 17, 2022 91 210
sorghum
May 8, 2023 May 19, 2023 13 May 22, 2023 91 247
Stuttgart Rice April 28, 2022 May 6, 2022 52 April 29, 2022 19 4,200
April 13, 2023 April 21, 2023 10.2 May 02, 2023 19 4,200

“The same crop varieties were planted at all locations.
PRainfall amounts that occurred between herbicide application and planting.
“Activated with overhead irrigation.
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63167), grain sorghum (DKS 54-07), soybean (AG45XFO, Bayer
CropScience, Saint Louis, MO, 63167), and corn (DKC 62-69)
(Table 2) were planted at the Milo J. Shult Agriculture Research
and Extension Center in Fayetteville, AR, on a Leaf silt loam (Fine,
mixed, active, thermic Typic Albaquults) (USDA, 2024) with 18%
sand, 69% silt, and 13% clay, with a pH of 6.6 and 1.6% organic
matter (Arkansas Agricultural Diagnostic Laboratory, Fayetteville,
AR). The same crops and cultivars were also grown at the Northeast
Arkansas Research and Extension Center in Keiser, AR, on a
Sharkey silty clay (Very-fine, smectitic, thermic Chromic
Epiaquerts) (USDA, 2024) with 17% sand, 34% silt, and 49% clay,
with a pH of 6.9 and 2.3% organic matter (Arkansas Agricultural
Diagnostic Laboratory, Fayetteville, AR). Rice (PVL03) was planted
at the Rice Research and Extension Center near Stuttgart, AR, on a
Dewitt silt loam (Fine, smectic, thermic Typic Albaqualfs) (USDA,
2024) with 27% sand, 54% silt, and 19% clay, with a pH of 6.2 and
1.7% organic matter (Arkansas Agricultural Diagnostic Laboratory,
Fayetteville, AR), and at the Pine Tree Research Station near Colt,
AR, on a Calhoun silt loam (Fine-silty, mixed, active, thermic Typic
Glossaqualfs) (USDA, 2024) with 17% sand, 68% silt, and 15% clay,
with a pH of 6.7 and 1.4% organic matter (Arkansas Agricultural
Diagnostic Laboratory, Fayetteville, AR). The seedbed was prepared
using conventional tillage involving disking, field cultivation, and
bedding of rows, except rice, at all locations. The trials were planted
on raised beds using a four-row vacuum planter into plots
measuring 7.6 m in length and 3.6 m in width at Fayetteville,
3.8 m in width, and 7.6 m in length at Keiser. Additionally, trials
were flat planted using a nine-row, small-plot drill into plots
measuring 5.2 m in length near Pine Tree and Stuttgart.

The experiments were designed as a randomized complete
block with four replications and one factor. The diflufenican:
metribuzin:flufenacet premixture was applied at 0, 1.6 (1/640X),

10.3389/fagro.2025.1547219

6.4 (1/160X), 25.8 (1/40X), and 103.1 (1/10X) g ai ha!, with 1,031 g
ai ha™ representing the max use rate. Herbicide applications were
made at the V3 growth stage using a CO,-pressurized backpack
sprayer and a 4-nozzle boom, calibrated to deliver 140 L ha™ at
4.8 km hr™'. Plots were weed-free throughout the growing season
using standard herbicides for each crop.

2.4 Fertility and irrigation

Preplant fertilizer was applied when needed based on soil test
results and fertilizer recommendations from the University of
Arkansas for soybean, corn, cotton, and grain sorghum (Ross
et al., 2022; Kelley and Capps, 2022a; Robertson et al., 2022;
Kelley and Capps, 2022b). Additionally, nitrogen (N) in the form
of urea (46-0-0) was applied at a rate of 200 kg N ha™ for corn, 90 kg
N ha™ for cotton, 112 kg N ha™ for grain sorghum, and 130 kg N
ha™' for rice during the growing season (Hardke et al., 2022). Once
rice reached the 5-leaf growth stage, a permanent flood was
established near Stuttgart and Colt, AR. Finally, row crops were
irrigated via furrow or overhead irrigation if 2.5 cm of rainfall did
not occur within a seven-day period.

2.5 Field/greenhouse assessments

Visible injury ratings and SPAD (SPAD 502 Plus Chlorophyll
Meter, Spectrum Technologies, Inc., Oak Ridge, TN) meter readings
(excluding rice) of the uppermost fully expanded leaf of five plants
were collected 14 and 28 days after emergence (DAE) for simulated
diflufenican carryover in the field. Additionally, crop density in two
1-m sections of the row was collected 14 DAE, and groundcover

TABLE 2 Planting date, spray date, and row width of the five crops for the sprayer contamination experiments planted in Fayetteville, Keiser, near
Stuttgart, and near Colt, AR.

Location Planting date Application Row width Seeding rate
date i
cm 1,000 seed ha
Fayetteville Cotton May 8, 2023 June 12, 2023 91 112
Corn April 12, 2023 May 16, 2023 91 84
Grain sorghum May 3, 2023 May 23, 2023 91 247
Soybean May 3, 2023 May 31, 2023 91 346
Keiser Cotton May 17, 2023 June 7, 2023 97 99
Corn April 13, 2023 May 11, 2023 97 84
Grain sorghum May 17, 2023 May 30, 2023 97 222
Soybean May 17, 2023 June 7, 2023 97 346
Pine Tree Rice April 11, 2023 May 17, 2023 19 4,200
Stuttgart” Rice May 8, 2023 June 5, 2023 19 4,200

“The same crop varieties/cultivars were planted at all locations.

Unable to collect data due to herbicide carryover from the previous growing season killing the rice.
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TABLE 3 Influence of simulated carryover from soil-applied diflufenican on crop injury, SPAD meter readings (greenness), crop density, crop groundcover, and relative yield.

Injury Density Groundcover
14 DAE? 14 DAE Relative yield®
plants m™2
Cotton 0° - 39.3 40.9 13.0 8b d
75 0 405 417 118 1la 118
15 0 39.4 415 115 9ab 110
30 0 403 423 11.9 8b 107
60 0 40.0 410 12.1 9ab 105
120 0 39.4 418 122 8b 114
P-value 1.000 0.6182 0.6517 0.5942 0.0005 0.1847
Corn 0 - 33.2f 40.6 9.2 45 -
75 1b 329 418 95 47 115
15 2b 332 422 93 46 114
30 2b 333 418 93 50 116
60 3ab 34.1 416 9.6 50 107
120 6a 337 426 9.7 50 99
P-value 0.0005 0.5825 0.2832 0.7617 0.2460 0.2395
Grain sorghum 0 - 343 38.6 28.5 25 -8
75 0c 33.8 382 292 25 104
15 0c 357 39.4 28.8 22 103
30 0c 3438 39.0 305 22 97
60 1b 347 38.1 286 24 103
120 2a 345 386 27.8 22 99
P-value <0.0001 0.2565 0.2709 0.6977 0.2556 0.1983
Rice 0 - NA" NA 200a 62 -
75 6 NA NA 194ab 62 102
15 6 NA NA 202a 60 102
30 9 NA NA 185ab 58 105

(Continued)
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images were captured using an unmanned aerial system [D]JI Mavic
Air 2S (DJI Technology Co., LTD., Nanshan, Shenzhen, China)] 28
DAE. Overhead images were then analyzed using Field Analyzer
(Green Research Services, LLC., Fayetteville, AR) to determine the
percentage of crop groundcover. Additionally, visible injury ratings
and SPAD meter readings were collected 7 and 14 DAE for
simulated carryover in the greenhouse. Crop density in two 18-

Relative yield®
100
106
02783

cm sections of the row was collected 7 DAE. Visible injury ratings
were collected weekly until 28 days after treatment (DAT) for the
simulated sprayer contamination experiments. SPAD meter
readings of five plants per plot were collected 7 and 21 DAT for
all crops excluding rice. All injury ratings were conducted on a scale
of 0 to 100%, with 0% representing no crop injury and 100%

57

representing complete crop death (Frans et al., 1977).

61
0.6034

Grain yields were collected at maturity with a small-plot

S
[}
>
[o}
O
©
<
>
[¢]
S
O

combine (Kincaid 8XP, Haven, KS) adjusted to the proper
moisture for each crop. The center two rows at Fayetteville and
Keiser and the whole plot near Colt and Stuttgart were harvested.
Seedcotton yields were determined by hand-picking the center two
3-m sections of row in Fayetteville. Additionally, aboveground
biomass was collected 14 DAE in the greenhouse and air dried

190ab
174b
0.0030

for three days at 66 C to a constant mass and then weighed.

2.6 Data analysis

Statistical analysis was performed using R Studio version 4.3.2
(R Core Team, 2022) using the ‘glmmTMB’ package (function
glmmTMB; Brooks et al., 2017). Injury, SPAD, crop density,
groundcover, relative yield, and biomass were fit to a generalized
linear mixed-effect model (GLMM) (Stroup, 2015). Herbicide
rate was considered a fixed effect, and block nested within site or

NA
NA
NA

year were considered random effects for the carryover experiments
in the field. Subsequently, the fixed effects remained the same;

NA
NA
NA

however, run was considered a random effect for greenhouse
experiments. Injury was evaluated by rating timing in the
simulated carryover experiments. However, injury evaluations in
the sprayer contamination experiments occurred seven days apart
for four weeks; therefore, the data were analyzed as a repeated

8
6
0.3217

measure (Gbur et al, 2012). Soybean were analyzed by rating
evaluation because the injury evaluations (repeated measures)
were not correlated, so the least parsimonious model was selected.
All injury data were bound between 0 and 1 and analyzed using a
beta distribution. After the residuals failed to violate the Shapiro-
Wilks normality test, SPAD, crop density, groundcover, relative

60
120
P-value

yields, and crop biomass were analyzed by evaluation timing as
a Gaussian or normal distribution. Analysis of variance was
performed on each fitted model using the car package (Fox and
Weisberg, 2019) with Type III Wald chi-square test. Estimated
marginal means (Searle et al., 1980) for herbicide rates were
obtained using the emmeans package (Lenth, 2022). The
Sidak method was used to adjust for multiple comparisons
(Midway et al., 2020) and a compact letter display was generated
using the multcomp package (Hothorn et al., 2008) to represent the
significantly different groups visually.

“Means within each evaluation timing for each crop not containing the same letter are different according to Sidak method (0t=0.05).

"Nontreated yields for seed cotton were 2,200 kg ha'!, 8,550 kg ha™! for corn, 6,720 kg ha! for grain sorghum, and 9,970 kg ha™! for rice.
Only SPAD readings from 2023 used in analysis.

“The 1X rate of diflufenican is 120 g ai ha™.
9Only yield data from 2022 used in analysis due to late season herbicide misapplication.

€0nly yield data from 2023 used in analysis due to bird damage.
"SPAD meter readings were not collected for rice.

TABLE 3 Continued
“DAE, days after emergence.
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3 Results and discussion

3.1 Crop response to simulated
diflufenican carryover

Overall, results from the field trial indicated that there was
minimal risk for diflufenican to carryover from soybean and injure
common rotational crops. When corn was planted into various rates
of diflufenican, crop injury was less than 10% by 14 DAE (Table 3).

10.3389/fagro.2025.1547219

The greatest injury to corn was observed at the V3 growth stage by
the highest rate of diflufenican evaluated, with an overall trend for
less injury as the diflufenican rate decreased. A similar trend occurred
for grain sorghum 14 DAE, with injury not exceeding 5%. Injury to
grain sorghum only occurred following diflufenican at 60 and 120 g ai
ha™. Injury to rice ranged from 6% to 9%, with no difference among
diflufenican rates at 14 DAE. Likewise, cotton exhibited a high degree
of tolerance to the diflufenican rates evaluated, with no injury 14
DAE. For the crops for which injury was observed, it existed as

TABLE 4 Influence of simulated carryover from soil-applied diflufenican on crop injury, SPAD meter readings (greenness), crop density, and biomass
in the greenhouse.

Density
7 DAE 14 DAE 7 DAE Biomass
Greenness Greenness )
plants tray o]
Cotton o - 345 33.7 9.5 1.68
7.5 0 34.7 344 9.1 1.58
15 0 35.6 344 9.8 1.74
30 0 33.6 33.8 8.8 1.57
60 0 334 34.3 9.1 1.69
120 0 339 329 9.4 1.73
P-value 1.000 0.4548 0.6571 0.1397 0.8738
Corn 0 - 36.5 31.3 9.5 4.3
7.5 0 394 309 9.4 4.4
15 0 36.9 28.8 9.9 4.8
30 0 36.8 314 9.5 4.7
60 1 375 29.4 8.5 4.5
120 6 35.6 29.7 9.6 4.8
P-value 0.1345 0.1903 0.1342 0.4863 0.9553
Grain sorghum 0 - 333 28.1 12.8 1.13
7.5 0 32.0 30.0 129 1.23
15 0 325 29.6 13.0 1.22
30 0 32.0 29.8 13.0 1.19
60 0 32.0 28.8 12.6 1.19
120 4 30.5 29.7 13.1 1.23
P-value 0.1526 0.2105 0.4169 0.9407 0.9587
Rice 0 - 22.6 249 15.8 0.47
7.5 0 22.1 24.2 15.8 0.51
15 0 239 24.2 14.9 0.49
30 0 24.6 233 16.4 0.45
60 1 24.7 233 15.1 0.48
120 3 219 234 16.3 0.48
P-value 0.3582 0.0667 0.6563 0.8861 0.9552
“DAE, days after emergence.
The 1X rate of diflufenican is 120 g ai ha™
Frontiers in Agronomy 07 frontiersin.org
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bleaching on the older lower leaves and a slight reduction of crop
vigor, which is consistent with the typical symptomology of phytoene
desaturase inhibitors (Bartel and Watson, 1978).

By 28 DAE, all crops displayed adequate tolerance with no crop
injury occurring (data not shown). Additionally, no differences in
leaf chlorophyll across diflufenican rates occurred at 14 or 28 DAE
for any crop based on SPAD readings (Table 3). Rice density 14
DAE ranged from 174 to 200 plants m™, with the highest rate of
diflufenican reducing the number of plants relative to the

10.3389/fagro.2025.1547219

nontreated check, with no differences among the other evaluated
rates. Additionally, no differences in crop density occurred for the
diflufenican rates evaluated among the other crops at 14 DAE.
Likewise, groundcover for all crops at 28 DAE was comparable or
statically greater for the rates of diflufenican relative to the
nontreated check. Finally, no differences in relative yield arose for
the diflufenican rates tested within the crops evaluated.

Like the field results, less than 10% injury was observed for all
crops in the greenhouse at 7 DAE, with no differences among the

TABLE 5 Influence of simulated sprayer contamination with diflufenican:metribuzin:flufenacet premixture and evaluation timing on injury to
different crops.

Cotton 1.6° 0d 0d 0d 0d
6.4 1d 1d 0d 0d
25.8 15 be 16 be 12 ¢ 2d
103.1 30a 32a 24 ab 12 ¢
RM P-value! 0.0295
Corn 1.6 0c Oc 0c 0c
6.4 2¢ 2¢ 0c 0c
25.8 8b 2¢ Oc 0c
103.1 19a 15 ab 7b 0c
RM P-value 0.0001
Grain sorghum 1.6 0b 0b 0b 0b
6.4 0b 0b 0b 0b
25.8 la 0b 0b 0b
103.1 4a 2a 0b 0b
RM P-value 0.0001
Soybean 1.6 0c 1b 0b 0
6.4 2b 2b 0b 0
25.8 4b 3b 3b 1
103.1 18 a 13a 13a 5
P-value® <0.0001 <0.0001 <0.0001 0.08
RM P-value 0.25
Rice' 1.6 2ab 0b 0b 0b
6.4 0b 0b 0b 0b
25.8 0b 0b 0b 0b
103.1 3ab 8a 7a 6a
RM P-value 0.0001

“DAT, days after treatment; RM, repeated measures.
"The diflufenican:metribuzin:flufenacet ratio is 0.17:0.35:0.48.

“Means within herbicide rate by evaluation timing for each crop not containing the same letter are different according to Sidak method (0:=0.05).
9RM P-values were generated using the glmmTMB procedure with repeated measures in R Studio 4.3.2 using a beta distribution.

“P-values were generated using the glmmTMB procedure without repeated measures in R Studio 4.3.2 using a beta distribution.

‘Data from one site used in the analysis due to herbicide carryover from the previous growing season.
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diflufenican rates tested with any crop (Table 4). By 14 DAE, no
injury was elicited for the crops evaluated (data not shown),
indicating the risk for diflufenican carryover is low. There were
no differences in leaf chlorophyll content for the rates tested within
acrop at 7 or 14 DAE. Additionally, no differences in crop density at
7 DAE or crop biomass were found for the diflufenican rates
evaluated. Based on these results, more than 1.4 parts per billion
of diflufenican in the soil, the highest concentration evaluated,
would be required to cause concern for >10% crop response.

Previous research has evaluated the persistence of diflufenican
in soil planted to wheat outside of the United States (Rouchaud
etal,, 1991). Typically, diflufenican was found only in the top 10 cm
of soil, indicating that no leaching occurs even under periods of
heavy rainfall which is likely contributed to the low solubility of
diflufenican in water (Rouchaud et al, 1991) and its high
lipophilicity (log P 4.9) (Knight and Kirkwood, 1991)
Additionally, 40 to 60% of the soil-applied diflufenican was
broken down over a 4-month period, with soil microbial activity
being one form of diflufenican degradation (Rouchard et al., 1991).
The estimated half-life of diflufenican in soil ranges from two to six
months in winter wheat (Cramp et al.,, 1987) and would likely be
shorter under warmer conditions typical of summer-grown crops.
A shorter half-life in warmer climates is supported by Rouchaud
etal. (1991) in which soil biodegradation of diflufenican was always
greater during warmer periods due to the increased microbial and
enzymatic soil activities. Overall, producers should have minimal
concern for injury to rotational crops when using diflufenican PRE
in soybean; albeit, the metribuzin and flufenacet components of
Convintro may be more restrictive.

3.2 Crop response to tank contamination
of a diflufenican : metribuzin:flufenacet
premixture

Overall, crops do not appear highly sensitive to postemergence
exposure at the V3 growth stage to sprayer contamination of the
diflufenican:metribuzin:flufenacet premixture evaluated, up to a 1/
10X rate. Cotton injury 7 DAT was no more than 30% at 7 DAT
(Table 5), with injury decreasing as the rate of the diflufenican:
metribuzin:flufenacet premixture decreased. A similar trend
occurred in corn, with injury not exceeding 20% and decreasing
as the rate of the premixture decreased. Injury to soybean was no
more than 18%, increasing with the rate of the premixture
increasing. Injury to rice and grain sorghum never exceeded 5%
and decreased with the rate of the premixture for grain sorghum,
and no differences among rates for rice. Leaf greenness for cotton
was lowest for the 1/10X rate of the premixture, increasing as the
herbicide rate decreased (Table 6). A similar trend was found for
corn, with leaf greenness increasing as the rate of the premixture
decreased. No differences in greenness were detected for grain
sorghum or soybean over the rates of the premixture evaluated.
Any reduction in the greenness of leaves, as measured using the
SPAD meter, could be mainly attributed to the bleaching
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TABLE 6 Influence of simulated sprayer contamination with
diflufenican:metribuzin:flufenacet premixture on SPAD meter readings
and grain or seed cotton.

SPAD
Crop Rate 7 DAT? 21 DAT Relative
Greenness Greenness yield®
gaihat %
Cotton 0°¢ 42.5ab¢ 41 -
1.6 43.0ab 40.8 115
6.4 44.2a 416 112
25.8 38.5bc 39.9 101
103.1 34.3c 40.7 97
P-value <0.0001 0.2265 0.2505
Corn 0 35.6a 41.0 -
1.6 35.5a 418 103
6.4 35.3a 428 102
25.8 29.7b 414 106
103.1 27.6b 413 109
P-value <0.0001 0.2248 0.6347
Grain 0 354 41.8ab -
sorghum
1.6 36.5 43.0a 108
6.4 36.1 41.6ab 103
25.8 34.4 42.0ab 104
103.1 36.0 40.8b 88
P-value 0.0796 0.0117 0.1847
Soybean 0 38.3 39.4 -
1.6 374 40.9 96
6.4 37.8 39.3 94
25.8 35.0 40.7 95
103.1 385 40.0 94
P-value 0.1543 0.0794 0.9751
Rice® 0 NAS NA -
1.6 NA NA 124
6.4 NA NA 121
25.8 NA NA 125
103.1 NA NA 107
P-value NA NA 0.2856

“DAT, days after treatment.

"Nontreated yields for cotton was 2,720 kg ha'!, 10,320 kg ha™! for corn, 5,340 kg ha! for grain
sorghum, 3,500 kg ha™ for soybean, and 9,280 kg ha™" for rice.

“The diflufenican:metribuzin:flufenacet ratio is 0.17:0.35:0.48.

IMeans within each evaluation timing for each crop not containing the same letter are
different according to Sidak method (0=0.05).

‘Data from one site used in analysis due to herbicide carryover from the previous
growing season.

fSPAD meter readings were not collected for rice.
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symptomology caused by diflufenican or chlorosis from metribuzin.
It is unlikely that the residual herbicide flufenacet would cause a
decrease in leaf greenness when applied over the top of the crops
evaluated since the main symptomology is stunting and
malformation of the plant (Rowe and Penner, 1990).

Trends remained the same for cotton at 14 and 21 DAT, with
injury decreasing as the rate of the premixture decreased (Table 5). The
injury was transient, as evidenced by less than 15% for the 1/10X rate of
the diflufenican:metribuzin:flufenacet premixture by 28 DAT. No crop
response occurred from the 1/640X rate of the premixture at any
evaluation timings for cotton. Injury from the 1/10X rate of the
premixture was similar to the previous evaluation for corn 14 DAT.
Overall, crop injury was transient, with no crop response occurring for
any rates of the premixture evaluated by 28 DAT. Injury to grain
sorghum remained consistent with the previous evaluation 14 DAT.
Furthermore, the injury was transient, with no crop response occurring
for any rates of the premixture at 21 or 28 DAT. Soybean injury was
less than 15% by 21 DAT, with only the 1/40X and the 1/10X rates of
the premixture eliciting a crop response. By 28 DAT, injury was <5%
for soybean from the rates of the premixture evaluated. For rice, injury
was <10% for the 1/10X rate of the premixture 14, 21, and 28 DAT,
while no crop response was elicited from the additional rates evaluated.

Grain yield or seedcotton was collected at maturity for each
crop evaluated and reported relative to the nontreated check
(Table 6). No differences in yield occurred within a crop for the
rates of the premixture evaluated. At the highest rate of the
premixture evaluated (1/10X), cotton, corn, and soybean appear
to have the highest risk of displaying a negative crop response, but
the potential of causing high injury levels appears low. While the 1/
10X rate of the premixture did elicit some crop response, the injury
was transient and did not result in yield reductions for any of the
evaluated crops. Overall, the sensitivity of the crops evaluated
appears to be low, with injury from a 1/160X rate of the
premixture never exceeding 5% at any evaluation timing.

Previous research has examined the sensitivity of crops to
herbicides with high potential to injury nearby crops, such as
florpyrauxifen-benzyl, dicamba, and 2,4-D. Florpyrauxifen-benzyl
caused up to 96% injury to soybean at a 1/10X rate at the V3 growth
stage, and up to 20% injury at a 1/500X rate 14 DAT (Miller and
Norsworthy, 2018). Soybean injury from dicamba rates of less than
1/1,000X have been reported (Miller and Norsworthy, 2018; Griffin
etal., 2013; Solomon and Bradley, 2014). In cotton, yield reductions
of 219% have occurred from a 1/1000X rate of 2,4-D when applied
during vegetative development (Egan et al., 2014). Each of these
published findings leads to the conclusion that there is a much
lower risk of crop injury from sprayer contamination with the
dilfufenican:metribuzin:flufenacet premixture.

4 Conclusions

With the anticipation of a diflufenican:metribuzin:flufenacet
premixture being labeled, diflufenican will add a new SOA for
soybean producers across the United States. Diflufenican will be
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paired with two additional SOAs, allowing producers to practice
best management strategies to help slow the evolution of weed
resistance (Norsworthy et al., 2012). Diflufenican will add another
chemical option to integrate with other strategies aimed at the
control of problematic weed species.

With the wide array of crops grown in the mid-southern U.S.,
injury from herbicide carryover and sprayer contamination can
occur. Results from these trials indicate that the potential for
diflufenican to carryover from soybean and injure rotational
crops appears low. Less than 10% injury occurred for all crops
from the 120 g ai ha™' (1X) rate of diflufenican, with no injury
observed by the final evaluation. Greenhouse studies show that it
will take more than 1.4 parts per billion of diflufenican in the soil to
cause concern for crop injury. Crop response to postemergence
exposure to 1/10X rate of the premixture was noted, but crops did
recover from the early season injury with no yield loss. Overall, the
sensitivity of the different crops to postemergence exposure to the
premixture appears low, with a 1/640X rate failing to elicit a crop
response. Hence, producers should be cautiously optimistic that
there will be minimal risks from herbicide carryover or sprayer
contamination, causing injury to subsequent or adjacent crops to
soybean when utilizing the diflufenican:metribuzin:flufenacet
premixture PRE.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Author contributions

MW: Conceptualization, Data curation, Formal Analysis,
Investigation, Methodology, Project administration, Supervision,
Validation, Visualization, Writing — original draft, Writing — review
& editing. JN: Conceptualization, Data curation, Funding acquisition,
Investigation, Methodology, Project administration, Resources,
Software, Supervision, Validation, Writing — review & editing. LB:
Conceptualization, Methodology, Writing — review & editing. TR:
Conceptualization, Methodology, Writing — review & editing.
BT: Conceptualization, Methodology, Writing - review & editing.
LP: Conceptualization, Methodology, Visualization, Writing -
review & editing. AG: Data curation, Formal Analysis, Writing -
review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. Funding for this research
was provided by Bayer CropScience. The funder was not involved in
the study design, collection, analysis, interpretation of data, the
writing of this article, or the decision to submit it for publication.

frontiersin.org


https://doi.org/10.3389/fagro.2025.1547219
https://www.frontiersin.org/journals/agronomy
https://www.frontiersin.org

Woolard et al.

Acknowledgments

The authors would like to thank the University of Arkansas
System Division of Agriculture for supporting this research.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References

Anonymous (2015). Solicam® DF herbicide product label. Available online at: https://
www.cdms.net/ldat/ldC83000.pdf (Accessed February 1, 2024).

Anonymous (2021a). Bayer further commits to crop protection innovation with
planned introduction of diflufenican. Available online at: https://www.bayer.com/en/
us/diflufenican (Accessed February 1, 2024).

Anonymous (2021b). Define™ SC herbicide label. Available online at: https://fs1.
agrian.com/pdfs/Define_Sc_Herbicide_(051007)_Label.pdf (Accessed February 1,
2024).

Barber, L. T., Butts, T. R., Wright-Smith, H. E,, Ford, V., Jones, S., Norsworthy, J. K.,
et al. (2024). Recommended chemicals for weed and brush control (Little Rock:
University of Arkansas System Division of Agriculture, Cooperative Extension
Service). MP44-10M-1-24RV.

Bartel, P. G., and Watson, C. W. (1978). Inhibition of carotenoid synthesis by
fluridone and norflurazon. Weed Sci. 26, 198-203. doi: 10.1017/S0043174500049675

Booth, B. D., and Swanton, C. J. (2002). Assembly theory applied to weed
communities. Weed Sci. 50, 2-13. doi: 10.1614/0043-1745(2002)050[0002:AIATAT]
2.0.CO;2

Brooks, M. E., Kristensen, K., Van Benthem, K. J., Magnusson, A., Berg, C. W,
Nielsen, A., et al. (2017). GImmTMB balances speed and flexibility among packages for
zero-inflated linear mixed modeling. R J. 9, 378-400. doi: 10.32614/R]J-2017-066

Cramp, M. C,, Gilmour, J., Hatton, L. R., Hewett, R. H., Nolan, C. J., and Parnell, E. W.
(1987). Design and synthesis of N-(2,4-difluorphenyl)-2-(3-trifluoromethylphenoxy)-3-
pyridinecarboxamide (diflufenican), a novel pre- and early post-emergence herbicide for
use in winter cereals. Pestic Sci. 18, 15-28. doi: 10.1002/ps.2780180103

Curran, W. S. (2016). Persistence of herbicides in soil (Penn State University Extension).
Available at: https://acsess.onlinelibrary.wiley.com/doi/epdf/10.2134/cs2016-49-0504.

Egan, J. F., Barlow, K. M., and Mortensen, D. A. (2014). A meta-analysis on the
effects of 2,4-D and dicamba on soybean and cotton. Weed Sci. 62, 193-206.
doi: 10.1614/WS-D-13-00025.1

Fox, J., and Weisberg, S. (2019). An R companion to applied regression. 3rd ed.
(Thousand Oaks CA: Sage). Available at: https://socialsciences.mcmaster.ca/jfox/
Books/Companion/.

Frans, R. E,, Talbert, R. E., Marx, D., and Crowley, H. (1977). “Experimental design
and techniques for measuring and analyzing plant responses to weed control practices,”
in Research Methods in Weed Science, 3rd. Ed. N. D. Camper (Southern Weed Science
Society, Westminster, CO), 29-46.

Gbur, E. E,, Stroup, W. W., McCarter, K. S., Durham, S., Young, L. J., Christman, W.,
et al. (2012). Analysis of generalized linear mixed models in the agricultural and natural
resources of sciences (Madison W1, USA: American Society of Agronomy, Soil Science
Society of America, and Crop Science of America).

Geier, P. W., Stahlman, P. W., Regehr, D. L., and Olson, B. L. (2009). Preemergence
herbicide efficacy and phytotoxicity in grain sorghum. Weed Technol. 23, 197-201.
doi: 10.1614/WT-08.125.1

Griffin, J. L., Bauerle, M. J., Stephenson, D. O., Miller, D. K., and Boudreaux, J. M.
(2013). Soybean response to dicamba applied at vegetative and reproductive growth
stages. Weed Technol. 27, 696-703. doi: 10.1614/WT-D-13-00084.1

Hardke, J., Barber, T., Bateman, N., Butts, T., Hamilton, M., Henry, C,, et al. (2022).
Rice management guide (Little Rock: University of Arkansas System Division of
Agriculture, Cooperative Extension Service).

Haynes, C., and Kirkwood, R. C. (1992). Studies on the mode of action of diflufenican
in selected crop and weed species: Basis of selectivity pre- and early post-emergence
applications. Pestic Sci. 35, 161-165. doi: 10.1002/ps.2780350210

Frontiers in Agronomy

11

10.3389/fagro.2025.1547219

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Heap, 1. (2024). The international herbicide-resistant weed database. Available online
at: https://weedscience.org/Home.aspx (Accessed February 1, 2024).

Hothorn, T., Bretz, F., and Westfall, P. (2008). multcomp: Simultaneous inference in
general parametric models. Available online at: https://CRAN.R-project.org/package=
multcomp (Accessed January 3, 2024).

Hurst, H. R. (1982). Cotton (Gossypium hirsutum) response to simulated drift from
selected herbicides. Weed Sci. 30, 311-315. doi: 10.1017/S0043174500040595

Johnson, D. H., Talbert, R. E., and Horton, D. R. (1995). Carryover potential of
imazaquin to cotton, grain sorghum, wheat, rice, and corn. Weed Sci. 43, 454-460.
doi: 10.1017/S004317450081467

Kelley, J., and Capps, C. (2022a). 2022 Arkansas corn quick facts (University of
Arkansas System Division of Agriculture, Cooperative Extension Service).

Kelley, J., and Capps, C. (2022b). 2022 Arkansas grain sorghum quick facts (University
of Arkansas System Division of Agriculture, Cooperative Extension Service).

Klingaman, T. E., and Oliver, L. R. (1994). Palmer amaranth (Amaranthus palmeri)
interference in soybean (Glycine max). Weed Sci. 42, 523-527. doi: 10.1017/
$0043174500076888

Knight, H., and Kirkwood, R. C. (1991). Cuticular Penetration of foliar-applied
diflufenican in Galium aparine L. Pestic Sci. 33, 305-317. doi: 10.1002/ps.2780330305

Lawrence, B. H., Bond, J. A., Golden, B. R,, Allen, T. W., Reynolds, D. B., and
Bararpour, T. M. (2021). Rice response to sublethal rates of paraquat, metribuzin,
fomesafen, and cloransulam-methyl at different application timings. Weed Technol. 35,
681-689. doi: 10.1017/wet.2021.21

Lenth, R. V. (2022). emmeans: Estimated marginal means, aka least-squares means.
Available online at: https://CRAN.R-project.org/package=emmeans (Accessed
February 3, 2024).

Midway, S., Robertson, M., Flinn, S., and Kaller, M. (2020). Comparing multiple
comparisons: practical guidance for choosing the best multiple comparison test. Peer J.
8, €10387. doi: 10.7717/peerj.10387

Miller, M. R, and Norsworthy, J. K. (2018). Row crop sensitivity to low rates of foliar-
applied florpyrauxifen-benzyl. Weed Technol. 32, 398-403. doi: 10.1017/wet.2017.114

Norsworthy, J. K., Ward, S. M., Shaw, D. R,, Llewellyn, R. S., Nichols, R. L., Webster,
T. M., et al. (2012). Reducing the risks of herbicide resistance: best management
practices and recommendation. Weed Sci. 60, 31-62. doi: 10.1614/WS-D-11-00155.1

R Core Team. (2022). R: A language and environment for statistical computing
(Vienna, Austria: R Foundation for Statistical Computing). Available online at: https://
www.R-project.org/ (Accessed February 3, 2024).

Richburg, J. T. (2019). Evaluation of crop tolerance and weed control in corn and
grain sorghum with atrazine replacements. University of Arkansas, Fayetteville (AR.

Richburg, J. T., Norsworthy, J. K., Barber, T., Roberts, T. L., and Gbur, E. E. (2019).
Tolerance of corn to PRE- and POST-applied photosystem II-inhibiting herbicides.
Weed Technol. 34, 277-283. doi: 10.1017/wet.2019.119

Robertson, B., Barber, T., and Thrash, B. (2022). 2022 Arkansas cotton quick facts
(Little Rock: University of Arkansas System Division of Agriculture, Cooperative
Extension Service).

Ross, J., Elkins, C., and Norton, C. (2022). 2022 Arkansas soybean quick facts (Little
Rock: University of Arkansas System Division of Agriculture, Cooperative Extension
Service).

Rouchaud, J., Gustin, F., Himme, M. V., Bulcke, R., Benoit, F., and Maddens, K.
(1991). Metabolism of the herbicide diflufenican in the soil of field wheat crops. J. Agric.
Food Chem. 39, 968-976. doi: 10.1021/jf00005a034

frontiersin.org


https://www.cdms.net/ldat/ldC83000.pdf
https://www.cdms.net/ldat/ldC83000.pdf
https://www.bayer.com/en/us/diflufenican
https://www.bayer.com/en/us/diflufenican
https://fs1.agrian.com/pdfs/Define_Sc_Herbicide_(051007)_Label.pdf
https://fs1.agrian.com/pdfs/Define_Sc_Herbicide_(051007)_Label.pdf
https://doi.org/10.1017/S0043174500049675
https://doi.org/10.1614/0043-1745(2002)050[0002:AIATAT]2.0.CO;2
https://doi.org/10.1614/0043-1745(2002)050[0002:AIATAT]2.0.CO;2
https://doi.org/10.32614/RJ-2017-066
https://doi.org/10.1002/ps.2780180103
https://acsess.onlinelibrary.wiley.com/doi/epdf/10.2134/cs2016-49-0504
https://doi.org/10.1614/WS-D-13-00025.1
https://socialsciences.mcmaster.ca/jfox/Books/Companion/
https://socialsciences.mcmaster.ca/jfox/Books/Companion/
https://doi.org/10.1614/WT-08.125.1
https://doi.org/10.1614/WT-D-13-00084.1
https://doi.org/10.1002/ps.2780350210
https://weedscience.org/Home.aspx
https://CRAN.R-project.org/package=multcomp
https://CRAN.R-project.org/package=multcomp
https://doi.org/10.1017/S0043174500040595
https://doi.org/10.1017/S004317450081467
https://doi.org/10.1017/S0043174500076888
https://doi.org/10.1017/S0043174500076888
https://doi.org/10.1002/ps.2780330305
https://doi.org/10.1017/wet.2021.21
https://CRAN.R-project.org/package=emmeans
https://doi.org/10.7717/peerj.10387
https://doi.org/10.1017/wet.2017.114
https://doi.org/10.1614/WS-D-11-00155.1
https://www.R�project.org/
https://www.R�project.org/
https://doi.org/10.1017/wet.2019.119
https://doi.org/10.1021/jf00005a034
https://doi.org/10.3389/fagro.2025.1547219
https://www.frontiersin.org/journals/agronomy
https://www.frontiersin.org

Woolard et al.

Rowe, L., and Penner, D. (1990). Factor affecting chloroacetanilide injury to corn
(Zea mays). Weed Technol. 4, 904-906. doi: 10.1017/S0890037X00026634

Searle, S. R., Speed, F. M., and Milliken, G. A. (1980). Population marginal means in
the linear model: An alternative to least squares means. Am. Stat. 34, 216-221.
doi: 10.1080/00031305.1980.10483031

Solomon, C. B., and Bradley, K. W. (2014). Influence of application timings and
sublethal rates of synthetic auxin herbicides on soybean. Weed Technol. 28, 454-464.
doi: 10.1614/WT-D-13-00145.1

Stephenson, D. O., Spivey, T. A., Deliberto, M. A., Blouin, D. C., Woolam, B. C,,
and Buck, T. A. (2019). Effects of low-dose flumioxazin and metribuzin

Frontiers in Agronomy

12

10.3389/fagro.2025.1547219

postemergence applications on soybean. Weed Technol. 33, 87-94. doi: 10.1017/
wet.2018.101

Stroup, W. W. (2015). Rethinking the analysis on non-normal data in plant and soil
science. Agron. J. 107, 811-827. doi: 10.21314/agronj2013.0342

USDA (2024). Web Soil Survey (Natural Resource Conservation Service (NRCS).
Available at: https:/soilseries.sc.egov.usda.gov/.

Van Wychen, L. (2022). 2022 Survey of the most common and troublesome weeds in
broadleaf crops, fruits, & vegetables in the United States and Canada (Weed Science
Society of America National Weed Survey Dataset). Available at: https://wssa.net/weed/
surveys/.

frontiersin.org


https://doi.org/10.1017/S0890037X00026634
https://doi.org/10.1080/00031305.1980.10483031
https://doi.org/10.1614/WT-D-13-00145.1
https://doi.org/10.1017/wet.2018.101
https://doi.org/10.1017/wet.2018.101
https://doi.org/10.21314/agronj2013.0342
https://soilseries.sc.egov.usda.gov/
https://wssa.net/weed/surveys/
https://wssa.net/weed/surveys/
https://doi.org/10.3389/fagro.2025.1547219
https://www.frontiersin.org/journals/agronomy
https://www.frontiersin.org

	Crop response to simulated diflufenican carryover and sprayer contamination with a diflufenican premixture
	1 Introduction
	2 Materials and methods
	2.1 Crop response to simulated diflufenican carryover in the field
	2.2 Crop response to simulated diflufenican carryover in the greenhouse
	2.3 Crop response to sprayer contamination of a diflufenican : metribuzin:flufenacet premixture
	2.4 Fertility and irrigation
	2.5 Field/greenhouse assessments
	2.6 Data analysis

	3 Results and discussion
	3.1 Crop response to simulated diflufenican carryover
	3.2 Crop response to tank contamination of a diflufenican : metribuzin:flufenacet premixture

	4 Conclusions
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


