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Abstract

Preemergence (PRE) herbicides are often banded over the entire top of raised beds for broadleaf
and grass control in plasticulture vegetable production systems. However, broadleaf and grass
weeds may emerge from the planting holes and tears in the plastic mulch. Banded application
results in herbicides applied where no holes occur, and therefore, where they are not needed.
Our objective is to identify herbicides that do not harm transplanted crops when directed at
transplant holes after transplant (POST) with the aim to reduce off-target applications.
Therefore, we evaluated tomato and pepper tolerance to PRE herbicides applied to transplant
holes 2 wk after transplant and the subsequent effects on crop tolerance and weed density.
Halosulfuron, S-metolachlor, metribuzin, and pendimethalin did not injure tomato transplants,
reduce height, or reduce yield. Fomesafen caused some tomato injury (7%) but had no effect on
other measured parameters in Trial I. All PRE herbicides injured peppers by≥19%, although no
effect on yield was observed. Overall, halosulfuron, S-metolachlor, metribuzin, and pendime-
thalin can be safely applied to tomato transplant holes 2 wk after transplant with no significant
crop injury nor effects on final yield, but none of the evaluated herbicides are safe for use on
pepper crops.

Introduction

In 2019, Florida produced 60% and 45% of the total U.S. value for freshmarket tomatoes and bell
peppers, respectively (USDA-NASS 2020). Most of these crops were grown using a plasticulture
production system (Boyd and Schumann 2018). Plastic mulch has many benefits including
effective weed suppression in the crop row (Lamont 2017; Tarrant et al. 2020). However, broad-
leaf and grass weeds still germinate and emerge in the transplant holes (Garvey et al. 2013). This
proximity of the weeds to the crop maximizes the weed-crop competition, and in turn, crop
growth and development can also be influenced (Monks and Oliver 1988; Pike et al. 1990).

Herbicides applied preemergence (PRE) and a limited number of postemergent (POST) her-
bicides are registered for use on vegetable crops and are used for weed management. PRE her-
bicides are typically broadcast applied over the bed top prior to laying the plastic mulch, which
results in the application of herbicides where there are no transplant holes, and subsequently,
where weeds cannot emerge. The application of herbicides only where the plastic is punctured
would be a preferred approach because it would reduce overall herbicide use. Boyd and
Schumann (2018) developed a hole-punch applicator that takes this approach and applies her-
bicides only where the plastic is punctured during the hole-punch operation. Their approach
reduced PRE herbicide use by 88% to 92% compared to conventional banded applications.
However, with both methods the soil is disturbed during the transplant operation, and as a
result, weed control is likely to be reduced.

Previous research has shown that PRE herbicides when applied on the bed top prior to the
plastic mulch being applied usually provide effective suppression of weeds during the early sea-
son, but do not provide season-long control (Yu et al. 2019). Herbicide application following
transplant establishment should improve weed control in the planting holes. Yu et al. (2021)
reported tomato tolerance from fomesafen, S-metolachlor, metribuzin, and oxyfluorfen on dif-
ferent carrier volumes when applied in narrow bands over the planting holes 2 wk after trans-
plant with no significant tomato injury stunting or yield reduction. Ackley et al. (1997) also
observed that metribuzin and rimsulfuron applied 10 wk after transplant did not affect the final
tomato yield and still observed reasonable weed control.

We conclude that posttransplant PRE herbicide applications may be safe for use with pepper
and tomato crops and provide desirable weed control while at the same time substantially reduc-
ing herbicide inputs. We also believe that smart spray technology developed at the University of
Florida (Boyd and Schumann, 2018) could be used to accomplish this goal. The first step is to
identify safe herbicide options for both crops. Consequently, the objectives of this research were
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to 1) evaluate tomato and bell pepper tolerance to PRE herbicides
applied 2 wk posttransplant, and 2) evaluate weed control with the
posttransplant herbicides.

Material and methods

Experimental Site

Four field research trials were conducted at the Gulf Coast
Research and Education Center (GCREC) in Balm, FL (27.76°N,
82.22°W). The soil at the research site is aMyakka fine sand (sandy,
siliceous hyperthermic Oxyaqui Alorthod), pH 6.5, and with 1.2%
organic matter. Raised beds were shaped and formed with bed
pressing equipment (Kennco Manufacturing, Ruskin, FL). The
dimension of the raised beds was 30.5 cm tall and 66 cm wide
on the top with 1.5 m between beds. The beds were formed and
fumigated with 225 kg ha−1 of 1,3 dichloropropeneþchloropic-
rin (Pic-Clor 60; Soil Chemicals Corporation D/B/A Cardinal
Professional Products, Hollister, CA). Immediately following
fumigation the beds were covered with virtually impermeable film
(thickness= 1.25 mm; Berry Plastics Corp., Evansville, IN) with
double-drip-tape buried at 2.5 cm beneath the soil surface in the
middle of each bed.

The experimental design was a randomized complete block
design with four replications. The herbicides evaluated for both
crops were halosulfuron, S-metolachlor, metribuzin, fomesafen,
and pendimethalin, with a nontreated control (Table 1). These her-
bicides were chosen for use on both tomato and pepper with all
products registered as PRE herbicides for tomato. Even though
the PRE herbicides metribuzin and fomesafen are not registered
for use on pepper crops, we opted to evaluate them for poten-
tial use.

At 2 wk after transplant (WATP), herbicides were applied to
planting holes with a CO2-pressurized backpack sprayer to simu-
late the hole punch applicator previous reported by Boyd and
Schumann (2018). The average hole size was 0.79 cm by 0.79
cm. The hole-punch applicator was not used because the current
version is designed for use pretransplant. The sprayer was cali-
brated to deliver a carrier volume of 187 L ha−1 at 241 kPa with
a boom equipped with a single 8002EVS flat-fan nozzle (Teejet
Spraying Systems Co., Roswell, GA). The spray was directed at
the base of the transplant and positioned to ensure the spray
covered the transplant hole and provided a consistent application
rate.

Tomato and Pepper Tolerance of PRE Herbicides Applied on
the Planting Holes

Tomato (cv ‘Winter Haven’) experiments were conducted in 2018
with Trial I conducted in spring, and Trial II in the fall. The raised
beds were formed and fumigated on January 29, 2018, and July 13,
2018, in Trial I and II, respectively, as previously described. The
plot was a single 22.8-m raised bed. Tomato plants were spaced
60 cm between plants, and were transplanted on March 7, 2018,
and August 15, 2018, in a single row per bed in Trials I and II,
respectively.

For Pepper (cv ‘Aristotle’) two experiments were also con-
ducted, where Trial I was conducted in fall 2018 and Trial II in
spring 2019. The raised beds were formed and fumigated with pre-
viously described fumigants on July 11, 2018, and January 25, 2019,
in Trial I and Trial II, respectively. The plot was a single 22.8-m
raised bed. Pepper plants were spaced 38 cm apart and were trans-
planted in a double row per bed on August 15, 2018 (Trial I), and
March 12, 2019 (Trial II).

The weather conditions, including average, minimum, and
maximum air temperature in the spring and fall were similar
throughout the experimental period for both crops, though
monthly averages increased from the beginning to the end of
the experiment in the spring but declined over time in the fall
(Table 2). During the fall, the rainfall was substantially greater,
especially during the first month of the experiment when the her-
bicides were applied, when 201 mm fell in the fall, and 29 and 26
mm fell in spring 2018 and spring 2019, respectively.

Data collection included tomato and pepper crop injury, height,
and yield for both crops, and weed count in all trials. Crop injury
was evaluated on a percent scale, where 0% represented no visual
injury and 100% represented complete plant desiccation. In the
tomato trial I, the visual injury was evaluated at 4 and 6 WATP
(April 6 and April 19, 2018, respectively). The height of 20 plants
per plot was measured with a meter stick (cm), for tomato trial I at
5, 7, and 10 WATP (April 9, April 23, and May 18, 2018, respec-
tively). Total weeds in the planting hole were counted in in each
plot at 10 WATP (May 18, 2018), and at 11, 13 and 15 WATP
(May 22, June 4, and June 19, 2018). Sites were selected with lim-
ited weed pressure because the focus was crop tolerance.
Accordingly, few weeds emerged, and we did not attempt to dis-
tinguish weed species. The number of living crop plants were
counted in each plot, harvest at season end, and the fruits weighed.
On tomato Trial II, visual injury and height were evaluated at 2 and
5 WATP (September 11 and October 5, 2018, respectively), weeds
were counted at 2 and 4 WATP (September 11 and September 25,
2018, respectively), and harvest occurred at 8 WATP (October
25, 2018).

During Trial I, pepper height was evaluated at 6 WATP
(September 25, 2018), weeds counted at 11 WATP (October 29,
2018), and harvested at 13WATP (November 15). For Trial II, vis-
ual injury was evaluated at 3 and 5 WATP (April 4 and April 16,
2018, respectively), height and weed density were evaluated at 5
WATP (April 17, 2019), and harvest occurred at 10 a 12 WATP
(May 23 and June 6, 2019, respectively).

Statistical Analysis

Data were subject to ANOVA using the MIXED procedure in SAS
software (version 9.4; SAS Institute, Cary, NC). Data were sub-
jected to one-way ANOVA, and herbicides are considered as the
fixed factor, while the block was considered as the random factor.

Table 1. Herbicide product, application rate, and manufacturer information.

Common
name

Trade
name Rate Manufacturer, city, state

g ai
ha−1

Halosulfuron Sandea®
Herbicide

52 Canyon Group LLC., c/o Gowan
Company, P.O. Box 5569, Yuma, AZ

S-metolachlor Dual II
Magnum®

1,070 Syngenta Crop Protection, LLC, P.O.
Box 18300, Greensboro, NC

Metribuzin Tricor®
4F

540 United Phosphorus, Inc., 630
Freedom Business Center, Suite 402,
King of Prussia, PA

Fomesafen Reflex® 280 Syngenta Crop Protection, LLC, P.O.
Box 18300, Greensboro, NC

Pendimethalin Prowl®
H20

532 BASF Corporation, 26 Davis Drive,
Research Triangle Park, NC
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Constant variance and normality were examined. Treatments
means were separated using Scott-Knott multiple comparisons
at P≤ 0.05. Data collected on multiple dates, such as visual injury
and height, were analyzed using the repeated measure analysis.

Results and Discussion

The herbicides applied in this study did not significantly affect
tomato injury in Trial II (P= 0.57989), heights (P = 0.56253 and
P= 0.52698 in trials I and II, respectively), yield (P = 0.7413,
and P= 0.86630 in Trial I and II, respectively), and weed density
in the planting holes (P = 0.12692 and P= 0.148203 in Trial I and
II, respectively; Table 3). Fomesafen injury on tomato was observed
in Trial I with an average of 7% injury. Injury following application
of all other evaluated herbicides was less than 5%, and although
fomesafen caused significantly more injury compared to other her-
bicides in Trial I, it did not significantly reduce tomato height or
yield in either season. We conclude that all herbicides, with the
exception of fomesafen can be safely applied after transplant.

Similar results were observed by Yu et al. (2021), when the use
of a banded application of S-metolachlor and metribuzin on the
tomato planting holes presented slight crop injury, and fomesafen
caused an average of 7% injury, but no reduction in crop growth or
yield were observed. The potential injury risk by fomesafen was
previous reported by Mohseni-Moghadam and Doohan (2017a),
when fomesafen was applied 1 d before transplant on processing
tomato. Tomato injury ranged from 0% to 28%, with the crop com-
pletely recovered, and no effects on the final yield were reported,
showing that even previously applied fomesafen can result in con-
siderable potential injury to tomato plants.

The results for pepper (Table 4) also indicated that there was no
significant effect of herbicide type on yield (P = 0.50290, and
P= 0.49633 in Trial I and II, respectively). All the herbicides

caused significant crop injury (≥19%). Fomesafen and metribuzin
caused significant pepper injury, with an average of 59% injury for
fomesafen and 80% for metribuzin. Both herbicides also stunted
the pepper shoots in Trial II with an average reduction of 11 cm
and 8 cm for metribuzin and fomesafen respectively, when com-
pared with the heights of plants with other herbicide treatments.
We conclude that the injury observed would not be acceptable
to growers, and therefore, none of the options can be consid-
ered safe.

Grey et al. (2002) observed pepper foliage injuries when fome-
safen was applied PRE or posttransplant on the day of transplant-
ing with damage ranging from 0% to 14%. Grey et al. (2002)
observed no effect on yield with transient damage that was visible
only 7 to 10 d after application. Less than 9% injury was observed
when S-metolachlor and halosulfuron were applied posttransplant,
and as shown in this study the crops recovered (Bangarwa et al.
2009; Devkota et al. 2015).

In all Trials, the weed density in the planting holes was unaffected
by the herbicide type (P= 0.12692, P= 0.148203, P= 0.2444, and P=
0.22583 in tomato Trial I, tomato Trial II, pepper Trial I, and pepper
Trial II, respectively; Tables 3 and 4). The results of the current study
agree with those of previous research in which no differences in
weed control have been reported with herbicide treatments using
the hole-punch smart sprayer (Boyd and Schumann 2018). This
was expected because low weed density areas were selected, and
because the focus was to confirm the tolerance of tomato and pepper
plants when herbicides are applied in established transplanted plants
with a precision herbicide applicator.

We conclude that halosulfuron, S-metolachlor, metribuzin and
pendimethalin are safe to apply posttransplant in tomato 2WATP.
However, the use of fomesafen can cause significant injuries to
tomato plants, although no decrease in yield was observed.
None of the evaluated herbicides can be recommended as a safe

Table 2. Monthly weather data in 2018/2019.a

Spring 2018 Fall 2018 Spring 2019

March April May June August September October November March April May June

Average air temperature (C) 17.1 21.6 23.4 26.1 26.2 26.6 24.3 19.9 19.2 22.5 26.1 27.3
Minimum air temperature (C) 0.1 8.2 13.0 19.0 20.1 21.2 8.5 1.5 4.4 10.3 16.9 20.7
Maximum air temperature (C) 30.0 31.8 32.8 34.9 34.5 34.8 33.4 32.1 31.1 33.0 36.7 38.3
Rainfall (mm) 29.2 85.3 328.7 175.0 201.4 116.3 14.0 55.4 25.9 40.1 66.5 208.3

aWeather data were obtained from the weather station located at the Gulf Coast Research and Education Center in Balm, FL, as obtained from the Florida Automated Weather Network.

Table 3. Effects of herbicide when applied with a precision applicator that targets plant holes in plastic mulch on tomato height, total marketable yield, and weed
density.a,e

Treatment

Tomato injuryb Tomato heightc Tomato yield Weed densityd

Trial I Trial II Trial I Trial II Trial I Trial II Trial I Trial II

—————%———— ————cm———— ——-kg ha−1——— ——No. per 100 m——-
Nontreated control 0 0 52 72 960 610 4 62
Halosulfuron 0 b 2 54 78 990 610 8 11
S-metolachlor 0 b 5 55 62 860 460 0 7
Metribuzin 3 b 3 54 73 1,000 620 4 3
Fomesafen 7 a 2 54 68 720 450 19 17
Pendimethalin 0 b 2 55 76 950 680 10 29
p-value 0.03656 0.57989 0.56253 0.52698 0.7413 0.86630 0.12692 0.148203

aAbbreviation: WATP, weeks after transplant.
bInjury ratings are the average of measurements taken 4 and 5 WATP for the Trial I and 2 and 5 WATP for the Trial II. For injury, all ratings were compared with the nontreated control, but
assigned nontreated control ratings of 0 were removed prior to analysis.
cTomato heights were measured at 5, 7 and 8 WATP in Trial I and 2 and 5 WATP Trial II, respectively
dWeed density was measured at 10 WATP in Trial I and 2 and 4 WATP in Trial II.
eTreatments mean with the same column followed by the same letter is statistically equivalent according to Scott-Knott adjusted means comparisons at the 0.05 significance level.
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option for PRE weed control on posttransplant pepper. We con-
clude that we have identified multiple PRE herbicides that can
be safely applied after transplant in tomato but were unable to
identify a safe option for pepper.
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