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Abstract

Field and greenhouse studies were conducted in 2016 and 2017 to determine sweetpotato
tolerance to herbicides applied to plant propagation beds. Herbicide treatments included PRE
application of flumioxazin (107 g ai ha™), S-metolachlor (800 g ai ha™"), fomesafen (280 g ai ha™),
flumioxazin plus S-metolachlor (107 g ai ha™ + 800 g ai ha™'), fomesafen plus
S-metolachlor (280 g ai ha™! + 800 g ai ha™"), fluridone (1,120 or 2,240 g ai ha™"), fluridone
plus S-metolachlor (1,120 g ai ha™' + 800 g ai ha™'), napropamide (1,120 g ai ha™),
clomazone (420 g ai ha™!), linuron (560 gai ha™), linuron plus S-metolachlor (560 gai ha!+
800 g ai ha™"), bicyclopyrone (38 or 49.7 g ai ha™'), pyroxasulfone (149 g ai ha™"), pre-mix of
flumioxazin plus pyroxasulfone (81.8 g ai ha™' + 104.2 g ai ha™"), or metribuzin (294 g ai ha™").
Paraquat plus non-ionic surfactant (280 g ai ha™" + 0.25% v/v) POST was also included. After
plants in the propagation bed were cut and sweetpotato slip number, length, and weight had
been determined, the slips were then transplanted to containers and placed either in the
greenhouse or on an outdoor pad to determine any effects from the herbicide treatments on
initial sweetpotato growth. Sweetpotato slip number, length, and/or weight were affected by
flumioxazin with or without S-metolachlor, S-metolachlor with or without fomesafen,
clomazone, and all fluridone treatments. In the greenhouse studies, initial root growth of
plants after transplanting was inhibited by fluridone (1,120 g ai ha™) and fluridone plus
S-metolachlor. However, by 5 wk after transplanting few differences were observed between
treatments. Fomesafen, linuron with or without S-metolachlor, bicyclopyrone (38 or 49.7 g ai ha™),
pyroxasulfone with or without flumioxazin, metribuzin, and paraquat did not cause injury to
sweetpotato slips in any of the studies conducted.

Introduction

Sweetpotato is an economically important crop in the United States, with more than 66,000
ha planted in 2016 contributing $705 million to the national economy. North Carolina is the
largest producer of sweetpotato in the United States, with 39,659 ha planted in 2016 having a
value of over $350 million (USDA 2017). ‘Covington’ is an orange-fleshed, table-stock
cultivar (Yencho et al. 2008) accounting for 90% of North Carolina’s sweetpotato hectarage
(Schultheis 2017). sweetpotatoes in the United States are transplanted using vegetatively
propagated stem tip cuttings (slips) from plants grown from small storage roots called seed
roots in field propagation beds (Smith et al. 2009). Between late February and early April,
seed roots are placed in 1-m-wide rows and covered with soil. In North Carolina, the newly
formed propagation beds are covered with clear polyethylene mulch until plants emerge.
Once plants emerge and the risk of frost has passed, the polyethylene mulch is removed.
Plants are cut above the soil surface to avoid the spread of disease from field to field (Kemble
et al. 2006) when they reach the 7- to 8-leaf stage (Smith et al. 2009) and are 17 to 28 cm
long (Thompson et al. 2017). These slips are transplanted directly into production fields.
Adventitious roots form very quickly after transplanting, with 86% to 89% of storage roots
developing from roots formed within the first 5 to 7 d after transplanting (DAP). By 5 wk
after transplanting (WAP), the developmental fate of 60% to 68% of adventitious roots has
been determined (Villordon et al. 2009).

In sweetpotato plant propagation beds, weeds can reduce the number and stem diameter of slips
(Monks et al. 1996). The combined competition from common lambsquarters (Chenopodium
album L.) and goosegrass [Eleusine indica (L.) Gaertn.] reduced sweetpotato slip density and slip
weight of ‘Beauregard’ by 15% and 26%, and of TJewel’ by 47% and 55%, respectively. Limited
research has been conducted on tolerance of sweetpotato plants to herbicides in propagation beds.
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Napropamide is the only herbicide registered for application in
sweetpotato propagation beds (Kemble 2017). It controls annual
grasses including goosegrass, crabgrass (Digitaria spp.), common
lambsquarters, common purslane (Portulaca oleracea L.), and redroot
pigweed (Amaranthus retroflexus L.). Although DCPA is registered
for use in sweetpotato production fields, previous research has
shown that it causes severely stunted growth, leaf crinkling, and
stem fasciation in ‘Beauregard’ (13%) and TJewel (43%) sweet-
potato when applied PRE in plant propagation beds (Monks et al.
1992, 1996).

Flumioxazin, S-metolachlor, and clomazone are registered in
sweetpotato production fields (Kemble 2017). Flumioxazin
applied before planting is registered for control of annual
broadleaf weeds including Palmer amaranth (Amaranthus palmeri
S. Watson). S-metolachlor is registered for PRE control of annual
grasses and broadleaf weeds including Palmer amaranth. Clomazone
is registered for use post-transplant for PRE control of annual grasses
and broadleaf weeds. Meyers et al. (2010) reported 97% and 90%
control of Palmer amaranth in sweetpotato with flumioxazin and
S-metolachlor, respectively, at 12 DAP. In field production,
flumioxazin and S-metolachlor have the potential to injure
sweetpotato if applied at incorrect timings (Meyers et al. 2010,
2013). Fluridone PRE was registered for control of Palmer
amaranth in sweetpotato production fields in North Carolina in
2017 under a section 18 label. Fluridone inhibits carotenoid
biosynthesis, resulting in bleaching symptoms that turn necrotic

Table 1. Herbicide treatments and sources of herbicides used in this study.

at high rates. Although these herbicides have been used in
sweetpotato production fields, these herbicides have not been
evaluated for crop safety in sweetpotato propagation beds.

Fomesafen, linuron, metribuzin, and pyroxasulfone are her-
bicides not currently registered for use in sweetpotato that have
been evaluated in production fields but not in propagation beds.
Fomesafen applied before planting provided >99% control of
Palmer amaranth with little (<5%) injury to sweetpotato at
28 DAP (Barkley et al. 2016). Linuron POST at 7 DAP did not
reduce ‘Covington’ or ‘Murasaki’ sweetpotato marketable yield
(Beam et al. 2016). Metribuzin POST controlled Palmer amaranth
100%, although it injured sweetpotato 10% to 15% (Meyers et al.
2013). Pyroxasulfone plus flumioxazin applied before planting
provided >95% control of Palmer amaranth; however, it can
reduce sweetpotato yield if application is followed by heavy rain
(Meyers et al. 2013). A study was conducted to determine
sweetpotato tolerance to herbicides applied in propagation beds
and the effect of herbicides applied to propagation beds on early
root initiation of sweetpotato slips.

Materials and Methods

Studies were conducted on a grower’s field in Wade, NC (35.10°N,
-78.67°W) in 2016 and 2017. ‘Covington’ sweetpotato storage
roots were placed in field propagation beds on April 1, 2016 and
March 24, 2017, then covered with 6 to 8 cm of soil. Treatments

Common name Trade name Application timing? Rate Manufacturer Manufacturer location and website
gaihat
Flumioxazin Valor SX PRE 107 Valent U.S.A. Corp. Walnut Creek, CA
www.valent.com
S-metolachlor Dual Magnum PRE 800 Syngenta Crop Protection, Inc. Greensboro, NC
www.syngentacropprotection-us.com
Fomesafen Reflex PRE 280 Syngenta Crop Protection, Inc. Greensboro, NC
www.syngentacropprotection-us.com
Fluridone Brake SP PRE 1,120, 2,240 SePRO Corp. Carmel, IN
WWW.Sepro.com
Napropamide Devrinol DF-XT PRE 1,120 United Phosphorus Inc. Trenton, NJ
WWW.upi-usa.com
Clomazone Command 3ME PRE 420 FMC Corp. Philadelphia, PA
www.fmccrop.com
Linuron Linex 4 L PRE 280 Tessenderlo Kerley, Inc. Phoenix, AZ
WWW.novasource.com
Bicyclopyrone PRE 38 Syngenta Crop Protection, Inc. Greensboro, NC
49.7 www.syngentacropprotection-us.com
Pyroxasulfone Zidua PRE 149 BASF Corp. Research Triangle Park, NC
www.basf.com
Flumioxazin + Fierce PRE 81.8 Valent U.S.A. Corp. Walnut Creek, CA
pyroxasulfone 104.2 www.valent.com
Metribuzin Metribuzin 75 PRE 294 Loveland Products, Inc. Greeley, CO
www.lovelandproducts.com
Paraquat Gramoxone SL POST 280 Syngenta Crop Protection, Inc. Greensboro, NC

www.syngentacropprotection-us.com

?PRE treatments were applied after storage roots were covered with soil but prior to applying polyethylene mulch. POST treatment was applied after polyethylene mulch was removed.
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included PRE and POST (Table 1) herbicide treatments and a
nontreated check arranged in a randomized complete block
design with four replications. PRE herbicide treatments were
applied after covering storage roots with soil but before the clear
polyethylene mulch was laid (Beam et al. 2017). Polyethylene
mulch remained over beds until sweetpotato plants emerged.
The paraquat treatment was applied immediately after mulch
removal on April 28, 2016 and May 1, 2017. Herbicide treat-
ments were applied using a CO,-pressurized backpack sprayer
with 8003VS nozzle tips (TeeJet 8003, TeeJet Technologies)
calibrated to deliver 187 L ha™! at 165 kPa. Few weeds (+1 10m™>)
were present both years. Weeds that did emerge were hand pulled
from all plots.

Soils were a Stallings loamy sand (coarse-loamy, siliceous,
semiactive, thermic Aeric Paleaquults) and a Candor sand (sandy,
kaolinitic, thermic Grossarenic Kandiudults) in 2016 and 2017,
respectively. Organic matter content was <1%, and pH was 5.4 in
2016 and 5.5 in 2017. Plots were 1 m wide by 1.5m long.

Eighteen representative slips were cut 2 to 3 cm above the
soil surface at 8 WAP in 2016 and 10 WAP in 2017 (Kemble
2017). At this time, slip density was also measured by randomly
placing a 0.9-m” quadrat in each plot and counting all slips.
Data collected on five slips (of 18 plants) included length
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(measured from base of the cutting to the growing point), node
count, and fresh and dry weights. Slips were dried in a forced-
air oven at 40 C until a constant weight was achieved. To
determine the effect of the herbicide treatment on adventitious
root initiation, slips from each plot were placed into water-filled
0.95-L glass Mason jars in the Mary Anne Fox Science Teaching
Laboratory Greenhouses at North Carolina State University
(35.79°N, 78.67°W) in Raleigh, NC. Water levels were checked
daily, and additional water was added as needed. At 10 to
14 DAP, slips were removed from the jars and adventitious roots
were severed from the shoot for analysis using WinRHIZO root
scanning system (Regent Instruments Inc., Montreal, PQ, Canada)
for total root volume, average root diameter, total root length, and
total root surface area. Measurements from the five slips were
averaged for analysis.

To determine the effect of herbicides on storage root initia-
tion, eight slips from each plot were transplanted into 2.8-L
containers (15.9 cm depth x 12.7cm diam) containing a 50/50
mix of sterile sand and peat-perlite mix (4P, Sungro Professional
Growing Mix). A single slip was transplanted into each con-
tainer. Plants were grown outdoors at the Horticulture Field Lab
at North Carolina State University (35.79°N, -78.70°W) in
Raleigh, NC, for 5 wk. Plants were hand watered daily as needed

Table 2. Effect of herbicides on Covington sweetpotato at time of cutting in Wade, NC in 2016 and 2017.

Slip density® Length® Dry weight®

Treatment 2016 2017 2016 2017 Years combined
no. m—> —_— cm plant?————— ——g plant™——

Weed-free 912 bed 371 10.2 a 21.4 1.04 ab
Flumioxazin 756 de 447 7.4 cde 20.8 1.05 ab
Flumioxazin + S-metolachlor 611 e 307 6.4 de 183 1.02 ab
Flumioxazin + pyroxasulfone 883 bcd 358 8.8 abc 18.8 1.07 ab
Pyroxasulfone 850 cd 361 8.8 abc 17.1 1.07 ab
S-metolachlor 791 de 344 8.5 abc 20.9 1.12 ab
Fomesafen 1,095 ab 468 8.8 abc 26.9 1.15a
Fomesafen + S-metolachlor 923 bed 366 8.4 abc 16.0 0.64 cd
Fluridone (1,120 g) 823 cde 439 7.9 bcd 19.3 0.82 abc
Fluridone (2,240 g) 1,181 a 436 6.4 de 15.7 0.51d
Fluridone + S-metolachlor 901 bed 482 6.0 e 222 0.77 bc
Napropamide 1,079 ab 355 9.7 ab 18.5 0.86 abc
Clomazone 942 bed 339 7.9 bed 21.0 0.85 abc
Linuron 810 de 498 8.4 abc 20.5 1.03 ab
Linuron + S-metolachlor 971 a-d 457 8.4 abc 21.1 1.00 ab
Bicyclopyrone (38 g) 802 de 299 9.4 ab 15.1 0.84 abc
Bicyclopyrone (49.7 g) 961 a-d 388 8.8 abc 19.3 0.93 ab
Metribuzin 977 a-d 374 9.7 ab 24.0 1.18 a
Paraquat 1,039 abc 336 8.3 abc 19.2 0.95 ab

?Means within a column followed by the same letter are not different according to Fisher’s protected LSD test of P <0.05.
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Table 3. Effect of herbicides on sweetpotato adventitious root initiation (per plant) at 2 WAP in Mary Anne Fox Greenhouse in 2016 and 2017.

Average diameter Total length Total surface area Total volume
Treatment 2016 2017 2016 2017 2016 2017 2016 2017

——————— mm--————- ————m——— ————m—————— ——m—————
Weed-free 0.64 0.59 a-d 448 a-d 1162 90 a-e 217 a-d 1.46 abc 3.28 b-e
Flumioxazin 0.63 0.61 abc 388 cde 1204 79 c-f 232 abc 1.29 bed 3.64 abc
Flumioxazin + S-metolachlor 0.68 0.58 b-e 405 b-e 1232 87 a-e 225 a-d 1.50 abc 3.30 b-e
Flumioxazin + pyroxasulfone 0.63 0.66 a 468 a-d 1286 93 a-e 266 a 1.47 abc 443 a
Pyroxasulfone 0.67 0.63 ab 513 ab 1207 109 ab 240 ab 1.86 a 3.87 abc
S-metolachlor 0.64 0.62 ab 403 b-e 1212 81 cde 239 ab 1.30 bed 3.85 abc
Fomesafen 0.65 0.61 abc 472 a-d 1306 96 a-d 252 ab 1.56 abc 3.92 abc
Fomesafen + S-metolachlor 0.65 0.54 cde 407 b-e 1049 84 b-e 181 de 1.39 bc 2.51 de
Fluridone (1,120 g) 0.67 0.58 b-e 423 b-e 1189 90 a-e 219 a-d 1.55 abc 3.25 b-e
Fluridone (2,240 g) 0.61 0.52 e 332 ef 994 68 ef 165 e 1.12 cd 223 e
Fluridone + S-metolachlor 0.63 0.63 ab 261 f 1269 54 f 250 ab 0.89 d 3.95 abc
Napropamide 0.68 0.59 a-d 475 abc 1245 102 abc 234 abc 1.75 ab 3.54 a-d
Clomazone 0.65 0.60 a-d 430 b-e 1236 87 a-e 233 abc 1.42 abc 3.52 a-d
Linuron 0.64 0.63 ab 467 a-d 1321 94 a-d 263 a 1.51 abc 4.22 ab
Linuron + S-metolachlor 0.66 0.58 b-e 357 def 1199 73 def 222 a-d 1.20 cd 3.31 bed
Bicyclopyrone (38 g) 0.62 0.53 de 481 abc 1112 94 a-d 188 cde 1.48 abc 2.56 de
Bicyclopyrone (49.7 g) 0.66 0.60 a-d 546 a 1187 112 a 227 a-d 185 a 3.49 a-d
Metribuzin 0.66 0.59 a-d 455 a-d 1099 94 a-d 206 b-e 1.55 abc 3.10 cde
Paraquat 0.65 0.60 a-d 465 a-d 1197 96 a-d 227 a-d 1.58 abc 3.47 a-d

“Means within a column followed by the same letter are not different according to Fisher’s protected LSD test of P <0.05.

and fertilized weekly, with each container receiving 100 ml of
24-8-16 liquid fertilizer (Scotts Miracle-Gro®, Marysville, OH).
Pots were maintained weed-free by hand removal as needed.
Destructive harvest of sweetpotato plants was conducted 5 wk
after planting. Foliage was cut at the soil surface, and roots were
removed from containers. Soil was gently removed from roots
using a water bath. Roots were divided into three classes: feeder
roots (fine roots that were not swollen), pencil roots (swollen
roots <1 cm diam), and storage roots (swollen roots >1 cm diam).
Data recorded included dry weight of aboveground biomass,
vine length (measured from the soil line to the growing point
of the longest vine), feeder root fresh and dry weights, pencil
root count and fresh weight, and storage root count and fresh
weight.

Data were checked for variance homogeneity and normality
before statistical analyses by plotting residuals and were trans-
formed when necessary. Dry weight and length of slips were
subjected to log transformation. Transformed data were subjected
to ANOVA using PROC MIXED (SAS 9.4, SAS Institute, Inc.
Cary, NC). When a year-by-treatment interaction was found to
not be significant, data were combined across years. When
ANOVA indicated a significant treatment effect, means were
separated with the use of Fisher’s LSD (P <0.05). Means were
back-transformed for presentation purposes.

Results and Discussion
Propagation Bed

Dry weight and node count of slips was combined across years,
because the treatment-by-year interaction was not significant.
The herbicide treatment-by-year interaction was significant for
slip density and length; therefore, analysis was conducted
separately by year.

Dry weight per sweetpotato slip in most treatments did not
differ from those slips in the nontreated check except for fome-
safen + S-metolachlor (38%), fluridone at (2,240 g ai ha™) (51%)
(Table 2). Relative to the nontreated check, fluridone (2,240 g ha™)
and fomesafen + S-metolachlor resulted in 51% and 38% decrease
in slip dry weight, respectively. Node count ranged from 3 to 17
and was not different for any treatment (data not shown).

Sweetpotato slip density did not differ among treatments
except in 2017 when it was reduced by 33% for flumioxazin +
S-metolachlor and increased by 29% by fluridone (2,240 ¢ ai ha™).
Likewise, in potato (Solanum tuberosum L.), fluridone induced
sprouting of tubers in the presence of high sucrose contents
(Harvey et al. 1994); up to 92% of the sugar in sweetpotato storage
roots is sucrose (Lai et al. 2013).

Slip length was not affected by herbicides in 2017. In 2016, slip
length was similar to the weed-free check except for fluridone
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Table 4. Effect of herbicides on sweetpotato growth and storage root initiation (per plant) 5 WAP at the North Carolina State University Horticulture Field Lab, in 2016 and 2017°.

90UBIS PasM

Aboveground biomass Feeder
Vine length Pencil root count Storage root count Pencil root fresh weight Storage root fresh weight dry weight dry weight
Treatment 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017
m No No. g——— - g-—————— g g
Weed-free 55.2 47.0 221 4.81 6.45 3.32 1.82 6.61 67.6 31.6 8.3 6.9 5.8 6.0
Flumioxazin 57.6 43.5 2.61 6.06 6.08 2.94 191 8.08 72.8 25.7 8.3 7.4 4.4 7.1
Flumioxazin + S-metolachlor 64.2 46.5 2.16 5.09 5.78 3.94 1.29 8.26 73.9 323 8.2 7.5 53 6.0
Flumioxazin + pyroxasulfone 65.2 59.0 3.19 6.19 6.84 3.47 2.29 9.88 72.2 293 8.5 8.5 6.1 7.6
Pyroxasulfone 514 59.0 3.53 431 6.53 431 3.13 9.25 75.6 494 8.8 7.8 7.2 6.5
S-metolachlor 65.9 61.5 3.00 5.81 5.44 4.19 251 9.78 64.5 38.1 8.7 8.2 6.3 58
Fomesafen 54.5 58.1 1.84 5.50 6.88 4.00 0.96 8.18 76.9 36.7 8.3 8.2 5.8 6.8
Fomesafen + S-metolachlor 58.0 53.8 3.03 5.50 5.97 3.88 1.81 8.10 72.2 29.0 8.2 7.0 5.6 6.1
Fluridone (1,120 g) 56.7 60.4 2.94 5.59 5.84 3.19 1.53 6.74 63.4 25.8 7.8 7.5 5.0 6.7
Fluridone (2,240 g) 62.7 48.5 4.22 3.44 5.56 2.70 4.07 4.16 63.5 19.0 8.7 5.1/ 6.1 4.6
Fluridone + S-metolachlor 49.9 67.3 2.34 5.74 5.00 4.00 191 8.68 69.3 36.2 76 8.2 4.9 6.1
Napropamide 49.1 54.8 2.38 5.28 5.78 3.53 1.28 6.07 75.1 311 8.0 77 51 6.0
Clomazone 62.8 54.9 3.62 4.91 7.70 3.66 2.72 6.47 74.3 28.6 8.0 7.6 7.3 6.9
Linuron 59.7 44.9 3.16 5.73 6.09 3.73 3.00 9.45 73.0 47.9 8.4 7.5 6.5 73
Linuron + S-metolachlor 55.9 47.7 2.50 5.22 7.28 291 2.63 7.22 74.2 24.6 8.4 6.9 6.2 5.8
Bicyclopyrone (38 g) 51.7 39.9 3.16 4.53 5.57 3.03 2.66 6.20 70.6 24.1 8.3 6.7 6.5 6.0
Bicyclopyrone (49.7 g) 47.3 62.3 1.50 4.56 7.06 3.81 0.85 6.11 74.4 35.6 7.6 77 5.8 6.2
Metribuzin 56.6 62.3 2.38 4.41 6.78 4.59 1.55 4.98 75.4 354 8.5 77 6.9 59
Paraquat 56.9 43.9 1.81 6.13 6.63 3.63 0.96 8.95 717 30.1 8.2 6.6 5.8 6.5

?No statistical differences was observed between treatments according to the ANOVA P <0.05.
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alone or in combination with S-metolachlor, flumioxazin alone or
with S-metolachlor, and clomazone. Fluridone + S-metolachlor
caused the greatest reduction (41%) in slip length.

Adventitious Root Initiation

The herbicide treatment-by-year interaction was significant for
average root diameter, total root length, total root surface area,
and total root volume; therefore, analyses were conducted by year.
Plants in most herbicide treatments did not differ in root dia-
meter, root length, root surface area, and root volume except
those in fluridone (2,240 g ai ha™') (root diameter and surface area
in 2017, root length in 2016) and fluridone + S-metolachlor (root
length, surface area, and volume in 2016) (Table 3). Fluridone +
S-metolachlor had the greatest effect on root initiation in 2016,
with 42%, 40%, and 39% reductions in total root length, surface
area, and volume, respectively. Likewise, fluridone (2,240 g ai ha™")
had the greatest effect on root initiation in 2017, with 12% and 24%
reductions in root diameter and surface area, respectively.

Storage Root Initiation

The herbicide treatment-by-year interaction was significant for
vine length, pencil root count and weight, storage root count and
weight, aboveground biomass, and feeder root dry weight.
Therefore, analysis was conducted by year. No differences among
treatments were observed for any response variable either year
(Table 4).

In summary, many of the herbicides and herbicide combina-
tions applied to plant propagation beds did not affect number and
quality of sweetpotato slips, and most did not impair root for-
mation and development. S-metolachlor with or without flu-
mioxazin or fomesafen, flumioxazin, all fluridone treatments, and
clomazone reduced either length and/or weight of slips at cutting.
Flumioxazin + S-metolachlor was the only treatment in which a
reduction in slip number was observed, but this only occurred in
2016. Differences seen in years could be due to warmer weather in
2017. Fluridone (2,240g ha™) and fluridone + S-metolachlor
were the only treatments that reduced adventitious root initiation.
Though no differences were observed among treatments at 5 WAP,
the inhibition of adventitious root formation in the first 2 WAP by
fluridone (2,240 g ha™') and fluridone + S-metolachlor could result
in yield loss (Villordon et al. 2009).

These data suggest that pyroxasulfone with or without flumioxazin,
fomesafen, napropamide, linuron with or without S-metolachlor,
bicyclopyrone (38 or 49.7 gaiha™), and metribuzin PRE have potential
for use in sweetpotato propagation beds. Future research should
more closely examine injury caused by flumioxazin, S-metolachlor,
and clomazone. The ability to safely use these herbicides in pro-
duction fields suggests that adjusting rate or application method
could allow for safe use in propagation beds.
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