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Abstract: New-found interest in sweetpotato production in the Mid-Atlantic and Northeastern U.S.
has been steadily increasing in the last several years. Sweetpotatoes are usually grown for fresh
market use and novel marketing strategies and new consumer niches are providing farmers options
of growing new sweetpotato varieties with exciting colors and flavor profiles that are adapted to the
Mid-Atlantic and Northeastern U.S. Petite sweetpotatoes have gained market attention because they
are easier to handle and faster to cook compared to U.S. No. 1 storage roots. The goal of this research
was to determine the performance and adaptableness of eight commercial sweetpotato varieties
and two unreleased accessions for U.S. No.1 and Petite sweetpotato production under black plastic
mulch tailored for the mild temperate growing conditions of the Mid-Atlantic and Northeastern
U.S. Two in-row spacings (15 cm and 30 cm) and two harvest dates (90 and 120 days after planting,
DAP) were evaluated during the 2018 and 2019 growing seasons. Our results showed that the ideal
harvest time is at least 120 DAP compared to an early harvest at 90 DAP as there was a 2-fold
difference in marketable yield at both 15 and 30 cm in-row spacing with marketable yield between 20
and 54 t ha−1. ‘Averre’ and ‘Beauregard’ produced the highest U.S. No. 1 and Petite yields under
both in-row spacing treatments harvested at 120 DAP for both years evaluated, though the general
effect of in-row spacing and DAP interaction (separate years) on yield performance was cultivar
specific. We also found that growing degree days is a better predictor for harvest than days after
planting, with an accumulation of at least ~700 GDD (base temperature 15.5 ◦C) or ~1300 GDD (base
temperature 10 ◦C) for both U.S. No. 1 and Petite roots. Additional studies are required to identify
the stability of cultivars tested and treatments imposed with environmental interactions in this region.
In addition, there is an urgency for updated sweetpotato management practices exclusively designed
for sweetpotato varieties for the Mid-Atlantic and Northeastern U.S.

Keywords: Mid-Atlantic; Northeastern U.S.; yield; growing degree day; varieties

1. Introduction

Sweetpotato (Ipomoea batatas [L.] Lam.), like many other vegetable commodities, are
marketed in several ways depending on industry and consumer demand. Sweetpotatoes
are usually produced for fresh consumption but now are progressively used for alternate
markets, such as processed foods (e.g., French fries and chips) and commercial products
(e.g., starch, flour, and food dyes) and suchlike. In the U.S., diverse varieties of sweetpota-
toes, for instance, purple- and cream-fleshed as well as orange-fleshed are increasing in
obtainability and quality. Traditionally, commercial production of sweetpotato has concen-
trated in North Carolina, Mississippi, Louisiana, and California, fulfilling over 88% of total
area planted for 2017 [1].

In contrast, the Mid-Atlantic and Northeastern United States, defined here as the
combination of states conforming the subregions of New England and the Mid-Atlantic
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(in all, Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, Vermont,
New York, Delaware, Maryland, New Jersey, Pennsylvania, Virginia, West Virginia, and
Washington, D.C.) accounts for ~786 acres (1.12% of the total U.S. hectares) harvested for
fresh consumption in 2017 [1]. Numerous Mid-Atlantic and Northeastern growers’ plant
and harvest sweetpotatoes as part of a diverse farm shifting between 0.4 and 141 hectares [1].
Although the Mid-Atlantic and Northeast sweetpotato hectares have increased ~19% in
the last 10 years [1], the bulk of sweetpotatoes used in the Mid-Atlantic and Northeastern
U.S. are transported and disseminated from southern U.S. states, such as North Carolina
and Louisiana [2]. Lately, with increased consumer preference for more nutritious foods,
updated marketing strategies and novel breeding methods, sweetpotato has gradually
improved its importance in the U.S. and the crop is now ranked as one of the most nutritious
vegetables [3]. Novel marketing strategies and new consumer niches can help increase the
adoption of newer sweetpotato varieties with exciting colors and flavor profiles adapted to
the Mid-Atlantic and Northeastern U.S. by farmers.

U.S.-grown sweetpotatoes are advertised following the “United States Standards for
Grades of Sweetpotato” [4]. Consumers, retailers, wholesalers, and exporters alike demand
consistency and quality along grade classes. Grade standards are outlined mainly along
size guidelines, but quality traits are also critical. The premium grade of sweetpotatoes in
the U.S. is termed a U.S. No. 1, which is defined as a storage root between 7.6 and 22.8 cm
in length, weighing no more than 5.6 g, and with a diameter ranging from 4.4 cm to 8.9
cm [5]. Likewise, a U.S. No. 1 storage root should be firm, smooth, well-shaped, and free
from damage attributed to biotic stresses. Other grade classes include U.S. No. 1 Petite
(henceforth, Petite), U.S. Extra No. 1, U.S. Commercial, and U.S. No. 2, that differ in size
and quality requirements compared to a U.S. No. 1. Other processor grade storage roots
that use alternative terminology include “Jumbo” and “Canner”. “Jumbo” sweetpotatoes,
as their name implies, are of larger size compared to U.S. No. 1 that can be sold in fresh
market venues, as well as to processors. “Canner” or processor grade storage roots are
smaller and slender sized compared to Petite and are sold to the fruit and vegetable canning,
pickling, and drying industry (i.e., canneries) to produce added-value foodstuffs.

Petite sweetpotatoes are of smaller diameter (3.8–5.7 cm) and length (7.6–17.8 cm),
with no defined weight requirement when compared to U.S. No. 1’s; however, they are
subject to the same quality standards (Figure 1). Over the past several years, the Petite
sweetpotato has gained market attention throughout the U.S. mainly because Petite storage
roots (i.e., fingerling sweetpotato; baby sweetpotato) are easier to handle and faster to cook
when compared to U.S. No. 1 roots [6]. Typically, Petite sweetpotatoes are packed in special
microwavable or steamable bags (4 to 6 storage roots per bag) or in small mesh bags (6 to
10 storage roots per bag) and sold at premium prices at supermarkets, specialty grocery
stores and farmers markets, among others.

Hence, Petite sweetpotato production could be especially important to Mid-Atlantic
and Northeastern U.S. states. Currently, the greatest challenges for sweetpotato production
in these regions are: (1) a shorter growing period, (2) milder climate, (3) irregular and
variable rainfall events, (4) non-adapted varieties, (5) inadequate farm infrastructure,
(6) post-harvest handling, and (7) market opportunities, among others [2]. However,
sweetpotato and vegetable farmers alike could take advantage of the disadvantages stated
above. The adoption of superior sweetpotato varieties, earlier harvest periods, tighter
planting densities, and field preparation that could hasten and increase Petite sweetpotato
growth might result in production proficiencies which, in turn, can expand grower’s
profitability as a unique opportunity for Petite sweetpotato. The conceivable significance of
Petite sweetpotato production coupled with a sound marketing strategy could benefit both
seasoned and beginner commercial vegetable growers in the Mid-Atlantic and Northeastern
U.S. involved in specialty crops. Specifically, Petite sweetpotato can represent a growth
in grower revenue, innovative commercial collaborations, and fruitful direct-to-consumer
scenarios.
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Figure 1. Size comparison of a U.S. No. 1 and Petite sweet potato (cultivar ‘Averre’) storage root 
following the “United States for Grades of Sweet Potato” [4]. 
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Figure 1. Size comparison of a U.S. No. 1 and Petite sweetpotato (cultivar ‘Averre’) storage root
following the “United States for Grades of Sweetpotato” [4].

The goal of this research was to establish the behavior and adaptableness of ten sweet-
potato varieties for U.S. No.1 and Petite sweetpotato production aimed for conditions of the
Mid-Atlantic and Northeastern U.S. under black plastic mulch in a temperate environment.
The outcomes of this research over 2 years in Rock Springs, PA, are explained.

2. Materials and Methods
2.1. Field Preparation

The field experiments were conducted at the Russell E. Larson Agricultural Research
Center of The Pennsylvania State University located in Rock Springs, PA over 2 years
(2018 and 2019). The field soil was dominated by a Murilll channery silt loam soil with
slopes from 0 to 3%. Monthly temperature and precipitation data were obtained from the
Network for Environmental and Weather Applications (NEWA), Rock Springs, PA, weather
station [7].

Slips (G2 planting stock; rooted cuttings) of eight commercial varieties—‘Averre’
(orange/copper skin; orange-fleshed), ‘Beauregard’ (orange/copper skin; orange-fleshed),
‘Bonita’ (tan skin; white-fleshed), ‘Carolina Ruby’ (red skin; orange-fleshed), ‘Covington’
(orange/copper skin; orange-fleshed), ‘Japanese’ (purple skin; white-fleshed), ‘Murasaki’
(purple skin; white-fleshed), and ‘Orleans’ (light rose skin; orange-fleshed), and two
unreleased accessions—‘NC413’ (purple skin; purple-fleshed) and ‘NCP13-0030’ (purple
skin; purple-fleshed) were kindly provided by North Carolina State University, Raleigh,
NC. For the 2018 field trial, ‘Japanese’ and ‘NCP13-0030’ were not assessed. For the 2019
field trial, ‘Murasaki’ and ‘NC413’ were not assessed.

Field preparation and experiment design was performed following Duque [2]. In
short, land was tilled and 91.4 cm wide by 20.3 cm high raised beds were formed using a
raised bed–mulch–drip tape layer implement (model 2400 Mini Layer: Rain-Flo Irrigation,
East Earl, PA, USA). A single line of 6 mm thick drip irrigation tape with 20.3 cm emitter
spacing (T-Tape; T Systems International, San Diego, CA, USA) was laid on top of each row.
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Each bed was covered with 1-mil-thick black embossed plastic mulch (part no. BLK324,
Rain-Flo Irrigation). Distance between bed centers was 152.4 cm.

Two in-row spacings (15 cm and 30 cm) and two harvest dates (90 and 120 days after
planting, DAP) were used for the field experiments. Slips were spaced either at 15 cm
(20 plants block−1; plant density = 43,056 plants ha−1) or 30 cm (10 plants block−1; plant
density = 21,528 plants ha−1) apart in a single row and hand-planted into the plastic mulch
on 28 May 2018 (year 1) and 31 May 2019 (year 2). Border rows were planted to each side
of every replicate. All trials used a randomized complete block design with four replicates
of either 10 or 20 plants per experimental plot, with a 152.4 cm break between plots (please
refer to Supplementary File S1 for experimental design layout).

Soil testing was completed 15 d before field preparation for both years and were
performed by the Agricultural Analytical Services Laboratory of The Pennsylvania State
University. Soil test reports showed phosphorus (P) levels at 239.6 kg ha−1 and potassium
(K) levels at 222.4 kg ha−1 as determined by the Mehlich 3 soil test. Before laying down the
black plastic mulch, 39.2 kg ha−1 of calcium nitrate (15.5 N–0 P–0 K) and 61.6 kg ha−1 of
magnesium sulfate (0 N–0 P–0 K–9 Mg) were incorporated preplant based on soil test report
recommendations. After 30 d, an additional 39.2 kg ha−1 calcium nitrate was fertigated in
one single event. Fertilization continued the same for both years. All trials were watered
as needed by means of the “feel and appearance” method [8] during the growing season.
Weeding was completed regularly in June and July of each year.

2.2. Harvesting

For 2018, sweetpotatoes were harvested on 2 September and 3 October 2018, which
corresponded to 97 d and 128 d after transplanting, respectively. For 2019, sweetpotatoes
were harvested on 3 September and 1 October 2019, corresponding to 93 d and 124 d after
transplanting, respectively. Vines were removed using a string trimmer (model ST 100; Cub
Cadet, Cleveland, OH, USA), and plastic mulch was removed manually.

2.3. Manual Sorting, Curing, Storage and Data Collection

Storage roots were harvested using a one-row potato digger (model D 10 M; U.S. Small
Farm Equipment Co., Worland, WY, USA) and classified using U.S. standards for grades of
sweetpotatoes [5]: U.S. No.1 (maximum (max.) diameter, 8.9 cm; minimum (min.) diameter,
4.4 cm; max. length, 22.8 cm; min. length, 7.6 cm), petite (max. diameter, 5.7 cm; min.
diameter, 3.8 cm; max. length, 17.8 cm; min. length, 7.6 cm), jumbo (diameter, >8.9 cm;
length, >22.8 cm), canner (max. diameter, 5.7 cm; min. diameter, 3.8 cm; max. length,
17.8 cm; min. length, 7.6 cm), and cull (storage roots of any size that exhibited off-shapes
and/or damages from bruises, scarring, growth cracks, decay, insects, or other means).
After the storage roots were categorized, they were weighed to calculate marketable yield
(MY) and total yield (TY), where MY equals the sum of all categories excluding cull and TY
equals MY plus cull. All yield data were expressed in ton/hectare (t ha−1).

2.4. Growing Degree Days (GGD)

Daily growing-degree days were calculated as follows:[
daily maximum air T◦ + daily minimum air T◦

2

]
− base T◦ (1)

where base temperature was set to 15.5 ◦C [9,10]. If the average of the minimum and
maximum air temperatures was below the base temperature, the number of GDD was set
to the base temperature. GDD with a base temperature of 10 ◦C were also calculated for
comparison. Cumulative GDD were the sums of daily degree days from planting date until
harvest date.
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2.5. Statistical Analysis

Data were tested for normality (we used two Goodness of Fit tests, Shapiro–Wilk, and
Anderson Darling, respectively) and homogeneity of variance (Levene’s test). Both tests
are contained in JMP Pro (version 16; SAS Institute, Cary, NC, USA). Afterwards, data
were subject to analysis of variance using JMP Pro (version 16; SAS Institute, Cary, NC,
USA). When comparing varieties, when the overall F test was significant (p ≤ 0.05), means
separations were evaluated using Tukey’s honestly significant difference test at p ≤ 0.05.

3. Results

Daily precipitation, maximum, minimum, mean air temperatures, and GDD data are
presented for the 2018 and 2019 growing seasons for Rock Springs, PA (Figure 2, Table 1).
This information is offered to illustrate the environmental differences for both years during
the experimental period and to offer an estimation of shifting weather patterns for the
region. Specifically, 2018 was warmer and rainier compared to 2019 which displayed
somewhat cooler and drier climate representative of this region. Particularly, Pennsylvania
recorded the rainiest July (2018) in recorded history, with a mean precipitation of 19.1 cm
and a 6-month mean of 15.9 cm (May–October). In 2018, mean air-temperature averaged
21.1 ◦C (4-month mean, June–September) compared with 19.8 ◦C in 2019 [7].

GDD under both base temperatures (10 ◦C and 15.5 ◦C) offered an indication of
phenological development of all varieties studied harvested at 90 and 120 DAP (Table 1).
As indicated above, overall air temperature averages in 2018 were higher when compared
to 2019. As a result, cumulative GDD in 2018 at 120 DAP was 1393.5 (base temperature
10 ◦C) and 783.6 (base temperature 15.5 ◦C) compared to 1251.7 (base temperature 10 ◦C)
and 691 (base temperature 15.5 ◦C) in 2019.

The field experiments performed both in 2018 and 2019, including all varieties, in-row
spacing, and DAP (as main effects), and certain interactions between variables presented
statistically significance differences in TY and MY (Table 2). For 2018, there were significant
interactions between variety and in-row spacing and/or DAP showing that most varieties
differed in their response to in-row spacing and DAP treatments. However, in 2019 the in-
teractions between variety and in-row spacing and/or DAP treatments were not significant
(Table 2). Therefore, data were reanalyzed separately for each year independently and the
results for each variety, variable, and year are presented separately.
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Figure 2. Daily precipitation (mm) and air temperature (◦C) at Rock Springs, PA, field sites during
the (A) 2018 and (B) 2019 growing seasons.

Table 1. Number of days after planting (DAP) and growing degree days accumulated using two base
temperatures from the date of planting of sweetpotatoes until the corresponding harvest dates.

Growing Degree-Days (GDD)

Base 10 ◦C Base 15.5 ◦C

Year Harvest Date DAP Actual DAP Cumulative
GDD

Increase in
GDD

Cumulative
GDD

Increase in
GDD

2018
2 September 90 97 1096.0 - 628.3 -

3 October 120 128 1393.5 297.5 783.6 155.3

2019
3 September 90 93 999.3 - 558.3 -

1 October 120 124 1251.7 252.4 691 132.7

DAP = target harvest following days after planting. Actual DAP = actual harvest following days after plants.

In 2018, TY was higher (>69%) using 15 cm spacing and harvested at 120 DAP when
compared to 2019. However, using 30 cm spacing and harvested at 120 DAP there was a
~42% increase in TY in 2019 compared to 2018 (Figure 3). There was no significant difference
when comparing both spacings harvested at 90 DAP in both years evaluated. Likewise, MY
presented a similar difference to TY in both years (Figure 3). In 2018, U.S. No. 1 and Petite
average yields (all varieties averaged as a whole) were higher under 15 cm in-row spacing
and harvested at 120 DAP (~20 t ha−1 and ~14 t ha−1, respectively) followed by 30 cm
in-row spacing harvested at 120 DAP for U.S. No. 1 (~12 t ha−1) and 15 cm in-row spacing
and 90 DAP for Petite (~8 t ha−1) (Figure 4). For 2019, overall yields for U.S. No. 1 and Petite
decreased by ~12% by taking all treatment combinations into account compared to 2018.
Specifically, U.S. No. 1 and Petite sweetpotatoes showed the highest yields under 30 cm in-
row spacing and harvested at 120 DAP (~16 t ha−1 and ~12 t ha−1, respectively) (Figure 4).
For 2018, MY of the highest yielding varieties were ‘Covington’, ‘Beauregard’, and ‘Averre’
under 15 cm in-row spacing and harvested at 120 DAP (range, 70–74 t ha−1), whereas the
lowest yielding variety ‘Murasaki’, produced as little as 4.4 t ha−1 under 30 cm in-row
spacing and harvested at 90 DAP. In contrast, MY ranged from 6.8 to 52.5 t ha−1 in 2019.
In both years, ‘Beauregard’ and ‘Averre’ either produced the highest yields of marketable
roots or produced yields not significantly different from each other (2018 = 15 cm in-row
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spacing, 120 DAP; 2019 = 30 cm in-row spacing, 120 DAP (Table 3)). Both MS (30 cm in-row
spacing, 90 DAP) and 413 (30 cm in-row spacing, 120 DAP) produced the lowest MY in
2018, with 4.4 and 4.5 t ha −1, respectively. However, in 2019 the lowest MY was produced
by ‘Japanese’ (6.8 t ha−1) and ‘Covington’ (9.2 t ha−1), both varieties under 30 cm in-row
spacing and harvested at 90 DAP.
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In-row spacing 1 628.0 <0.0001 1 510.1 <0.0001 1 9.6 0.0025 1 13.0 0.0005 
Cultivar ✕ DAP 7 39.6 <0.0001 7 41.8 <0.0001 7 0.5 0.814 7 0.6 0.7274 
Cultivar ✕ In-
row spacing 

7 3.9 0.0008 7 3.9 0.0008 7 1.5 0.1825 7 1.7 0.1223 

DAP ✕ In-row 
spacing 

1 99.7 <0.0001 1 58.9 <0.0001 1 259.3 0.0001 1 230.4 <0.0001 

Cultivar ✕ DAP 
✕ In-row spacing 

7 8.1 <0.0001 7 8.2 <0.0001 7 1.5 0.1926 7 1.4 0.2123 

df = degree(s) of freedom, t ha−1 = tons per hectare, p < 0.05 is statically significant. 

In 2018, TY was higher (>69%) using 15 cm spacing and harvested at 120 DAP when 
compared to 2019. However, using 30 cm spacing and harvested at 120 DAP there was a 
~42% increase in TY in 2019 compared to 2018 (Figure 3). There was no significant differ-
ence when comparing both spacings harvested at 90 DAP in both years evaluated. Like-
wise, MY presented a similar difference to TY in both years (Figure 3). In 2018, U.S. No. 1 
and Petite average yields (all varieties averaged as a whole) were higher under 15 cm in-
row spacing and harvested at 120 DAP (~20 t ha−1 and ~14 t ha−1, respectively) followed by 
30 cm in-row spacing harvested at 120 DAP for U.S. No. 1 (~12 t ha−1) and 15 cm in-row 
spacing and 90 DAP for Petite (~8 t ha−1) (Figure 4). For 2019, overall yields for U.S. No. 1 
and Petite decreased by ~12% by taking all treatment combinations into account compared 
to 2018. Specifically, U.S. No. 1 and Petite sweet potatoes showed the highest yields under 
30 cm in-row spacing and harvested at 120 DAP (~16 t ha−1 and ~12 t ha−1, respectively) 
(Figure 4). For 2018, MY of the highest yielding varieties were ‘Covington’, ‘Beauregard’, 
and ‘Averre’ under 15 cm in-row spacing and harvested at 120 DAP (range, 70–74 t ha−1), 
whereas the lowest yielding variety ‘Murasaki’, produced as little as 4.4 t ha−1 under 30 
cm in-row spacing and harvested at 90 DAP. In contrast, MY ranged from 6.8 to 52.5 t ha−1 
in 2019. In both years, ‘Beauregard’ and ‘Averre’ either produced the highest yields of 
marketable roots or produced yields not significantly different from each other (2018 = 15 
cm in-row spacing, 120 DAP; 2019 = 30 cm in-row spacing, 120 DAP (Table 3)). Both MS 
(30 cm in-row spacing, 90 DAP) and 413 (30 cm in-row spacing, 120 DAP) produced the 
lowest MY in 2018, with 4.4 and 4.5 t ha −1, respectively. However, in 2019 the lowest MY 
was produced by ‘Japanese’ (6.8 t ha−1) and ‘Covington’ (9.2 t ha−1), both varieties under 
30 cm in-row spacing and harvested at 90 DAP. 
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Figure 3. Main effects of in-row spacing and days after planting on total and marketable yields of
sweetpotato for the 2018 (A) and 2019 (B) field seasons. Error bars are one standard error from the mean.
Statistically significant comparisons are indicated on the graphs with ** and *** denoting, respectively a
p-value ≤ 0.01 and 0.001. DAP = days after planting; TY = total yield; MY = marketable yield.
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To further examine grade standards for U.S. No.1 and Petite sweet potato, all varie-
ties tested during both years were graded meticulously, measured, and weighed to report 
for differences between jumbo, canner, and cull categories (Table 3).  

Table 3. Main effects (by variety, days after planting, and in-row spacing) on yields of U.S. No. 1, Petite, Jumbo, Canner, 
and Cull sweet potato grades, total and marketable yield for the 2018 (A) and 2019 (B) field season. 

Year Vari-
ety DAP 

In-row 
spac-
ing 

(cm) 

U.S. No. 1  
(t ha -1) 

Petite      
(t ha -1) 

Jumbo   
(t ha -1) 

Canner    
(t ha -1) 

Cull    
(t ha -1) 

TY      
(t ha -1) 

MY     
(t ha -1) 

2018 

AV 

90 15 4.9 H 8.6 DEFGHIJ 0.0 C 10.6 DEFG 1.3 EF 25.4 FGHIJK 24.1 DEFGHI 
90 30 5.4 GH 3.1 HIJKLMN 0.0 C 2.6 JKL 0.7 EF 11.8 KLM 11.1 IJK 

120 15 32.6 A 12.7 BCD 9.3 AB 16.2 CD 20.6 A 91.3 A 70.7 A 
120 30 16.5 CDEF 6.3 EFGHIJKLMN 4.3 ABC 3.1 IJKL 4.8 EF 35.0 DEFGH 30.2 DEFG 

BG 

90 15 10.1 EFGH 9.1 DEFGH 1.1 BC 7.8 EFGHIJK 2.5 EF 30.7 DEFGHI 28.2 DEFGH 
90 30 7.0 FGH 4.3 GHIJKLMN 2.0 BC 1.8 KL 0.5 F 15.7 IJKLM 15.2 HIJK 

120 15 25.1 ABC 17.0 B 8.1 ABC 24.4 AB 18.3 AB 92.8 A 74.5 A 
120 30 18.2 CDE 4.9 EFGHIJKLMN 11.7 A 4.2 HIJKL 7.0 CDEF 45.9 CD 38.9 CD 

BO 

90 15 7.8 FGH 7.6 DEFGHIJKL 0.0 C 14.1 CDE 2.1 EF 31.6 DEFGHI 29.5 DEFGH 
90 30 7.2 FGH 3.9 GHIJKLMN 0.0 C 4.9 GHIJKL 0.7 EF 16.7 IJKLM 16.0 GHIJK 

120 15 9.6 EFGH 15.5 BC 0.4 C 25.1 A 3.7 EF 54.3 C 50.6 BC 
120 30 7.9 FGH 5.8 EFGHIJKLMN 0.3 C 8.5 EFGHIJ 1.4 EF 23.8 FGHIJKL 22.4 EFGHIJ 

CR 

90 15 3.0 H 7.0 DEFGHIJKLM 1.1 BC 9.5 EFGH 4.2 EF 24.7 FGHIJKL 20.6 FGHIJ 
90 30 4.7 H 3.4 HIJKLMN 0.4 C 4.2 HIJKL 1.0 EF 13.6 JKLM 12.6 IJK 

120 15 20.8 BCD 8.7 DEFGHI 8.3 ABC 16.9 CD 16.5 ABC 71.2 B 54.7 B 
120 30 10.4 EFGH 4.7 FGHIJKLMN 2.4 BC 6.3 FGHIJKL 4.4 EF 28.2 EFGHIJ 23.8 EFGHI 

CV 
90 15 2.7 H 6.3 EFGHIJKLMN 0.0 C 11.9 DEF 1.8 EF 22.8 GHIJKL 21.0 EFGHIJ 
90 30 4.2 H 2.8 IJKLMN 0.3 C 1.4 L 0.3 F 9.0 LM 8.7 JK 
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Figure 4. Main effects of in-row spacing and days after planting on U.S. No. 1 and Petite sweetpotato
roots for the 2018 (A) and 2019 (B) field seasons. Error bars are one standard error from the mean. Sta-
tistically significant comparisons are indicated on the graphs with *, ** and *** denoting, respectively
a p-value ≤ 0.05, ≤0.01 and 0.001. DAP = days after planting.
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Table 2. Analysis of variance F-ratio results for total yield (YT) and marketable yields (MY) for variety, days after planting (DAP), in-row spacing, and interactions
effects for the 2018 and 2019 growing seasons at Rock Springs, PA.

Sources
2018 2019

TY (t ha−1) MY (t ha−1) TY (t ha−1) MY (t ha−1)

df F-Ratio p-Value df F-Ratio p-Value df F-Ratio p-Value df F-Ratio p-Value

Cultivar 7 37.3 <0.0001 7 37.1 <0.0001 7 2.9 0.0095 7 2.8 0.0098

DAP 1 751.1 <0.0001 1 485.9 <0.0001 1 104.1 0.0001 1 109.0 <0.0001

In-row spacing 1 628.0 <0.0001 1 510.1 <0.0001 1 9.6 0.0025 1 13.0 0.0005

Cultivar × DAP 7 39.6 <0.0001 7 41.8 <0.0001 7 0.5 0.814 7 0.6 0.7274

Cultivar × In-row spacing 7 3.9 0.0008 7 3.9 0.0008 7 1.5 0.1825 7 1.7 0.1223

DAP × In-row spacing 1 99.7 <0.0001 1 58.9 <0.0001 1 259.3 0.0001 1 230.4 <0.0001

Cultivar × DAP × In-row spacing 7 8.1 <0.0001 7 8.2 <0.0001 7 1.5 0.1926 7 1.4 0.2123

df = degree(s) of freedom, t ha−1 = tons per hectare, p < 0.05 is statically significant.

Table 3. Main effects (by variety, days after planting, and in-row spacing) on yields of U.S. No. 1, Petite, Jumbo, Canner, and Cull sweetpotato grades, total and
marketable yield for the 2018 (A) and 2019 (B) field season.

Year Variety DAP In-Row Spacing (cm) U.S. No. 1 (t ha−1) Petite (t ha−1) Jumbo (t ha−1) Canner (t ha−1) Cull (t ha−1) TY (t ha−1) MY (t ha−1)

2018

AV

90 15 4.9 H 8.6 DEFGHIJ 0.0 C 10.6 DEFG 1.3 EF 25.4 FGHIJK 24.1 DEFGHI

90 30 5.4 GH 3.1 HIJKLMN 0.0 C 2.6 JKL 0.7 EF 11.8 KLM 11.1 IJK

120 15 32.6 A 12.7 BCD 9.3 AB 16.2 CD 20.6 A 91.3 A 70.7 A

120 30 16.5 CDEF 6.3 EFGHIJKLMN 4.3 ABC 3.1 IJKL 4.8 EF 35.0 DEFGH 30.2 DEFG

BG

90 15 10.1 EFGH 9.1 DEFGH 1.1 BC 7.8 EFGHIJK 2.5 EF 30.7 DEFGHI 28.2 DEFGH

90 30 7.0 FGH 4.3 GHIJKLMN 2.0 BC 1.8 KL 0.5 F 15.7 IJKLM 15.2 HIJK

120 15 25.1 ABC 17.0 B 8.1 ABC 24.4 AB 18.3 AB 92.8 A 74.5 A

120 30 18.2 CDE 4.9 EFGHIJKLMN 11.7 A 4.2 HIJKL 7.0 CDEF 45.9 CD 38.9 CD

BO

90 15 7.8 FGH 7.6 DEFGHIJKL 0.0 C 14.1 CDE 2.1 EF 31.6 DEFGHI 29.5 DEFGH

90 30 7.2 FGH 3.9 GHIJKLMN 0.0 C 4.9 GHIJKL 0.7 EF 16.7 IJKLM 16.0 GHIJK

120 15 9.6 EFGH 15.5 BC 0.4 C 25.1 A 3.7 EF 54.3 C 50.6 BC

120 30 7.9 FGH 5.8 EFGHIJKLMN 0.3 C 8.5 EFGHIJ 1.4 EF 23.8 FGHIJKL 22.4 EFGHIJ



Horticulturae 2022, 8, 172 9 of 16

Table 3. Cont.

Year Variety DAP In-Row Spacing (cm) U.S. No. 1 (t ha−1) Petite (t ha−1) Jumbo (t ha−1) Canner (t ha−1) Cull (t ha−1) TY (t ha−1) MY (t ha−1)

CR

90 15 3.0 H 7.0 DEFGHIJKLM 1.1 BC 9.5 EFGH 4.2 EF 24.7 FGHIJKL 20.6 FGHIJ

90 30 4.7 H 3.4 HIJKLMN 0.4 C 4.2 HIJKL 1.0 EF 13.6 JKLM 12.6 IJK

120 15 20.8 BCD 8.7 DEFGHI 8.3 ABC 16.9 CD 16.5 ABC 71.2 B 54.7 B

120 30 10.4 EFGH 4.7 FGHIJKLMN 2.4 BC 6.3 FGHIJKL 4.4 EF 28.2 EFGHIJ 23.8 EFGHI

CV

90 15 2.7 H 6.3 EFGHIJKLMN 0.0 C 11.9 DEF 1.8 EF 22.8 GHIJKL 21.0 EFGHIJ

90 30 4.2 H 2.8 IJKLMN 0.3 C 1.4 L 0.3 F 9.0 LM 8.7 JK

120 15 24.7 ABC 23.4 A 8.3 ABC 18.4 BC 10.5 BCDE 85.3 AB 74.8 A

120 30 17.0 CDEF 6.0 EFGHIJKLMN 3.4 ABC 4.9 GHIJKL 8.3 CDEF 39.7 CDEF 31.4 DEF

MS

90 15 4.9 H 6.9 DEFGHIJKLM 2.5 BC 7.8 FGHIJK 1.0 EF 23.0 GHIJKL 22.0 EFGHIJ

90 30 1.7 H 1.0 MN 0.3 C 1.4 L 0.6 F 4.9 M 4.4 K

120 15 15.3 CDEFG 9.8 CDEFG 4.0 ABC 6.8 FGHIJKL 8.2 CDEF 44.0 CDE 35.8 CDE

120 30 11.0 DEFGH 2.5 JKLMN 2.6 BC 1.7 KL 1.4 EF 19.2 HIJKLM 17.8 FGHIJK

413

90 15 10.1 EFGH 10.7 CDEF 1.3 BC 9.5 EFGH 1.8 EF 33.4 DEFGH 31.6 DEF

90 30 4.6 H 3.7 GHIJKLMN 0.7 BC 3.4 HIJKL 0.0 F 12.5 JKLM 12.5 IJK

120 15 3.5 H 1.5 LMN 2.5 BC 0.8 L 14.9 ABCD 23.3 GHIJKL 8.4 JK

120 30 1.3 H 0.3 N 1.5 BC 1.4 L 6.4 DEF 11.0 KLM 4.5 K

OR

90 15 10.2 EFGH 11.0 BCDE 1.4 BC 5.5 GHIJKL 1.9 EF 30.0 DEFGHI 28.1 DEFGH

90 30 5.5 GH 1.8 KLMN 0.4 C 3.2 HIJKL 0.9 EF 11.8 KLM 10.9 IJK

120 15 28.5 AB 23.3 A 1.2 BC 9.3 EFGHI 8.4 CDEF 70.8 B 62.4 AB

120 30 16.6 CDEF 7.7 DEFGHIJK 4.2 ABC 3.5 HIJKL 6.3 DEF 38.2 CDEFG 31.9 DEF

p > F 0.0054 0.0001 0.2604 0.0001 0.0608 0.0001 0.0001
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Table 3. Cont.

Year Variety DAP In-Row Spacing (cm) U.S. No. 1 (t ha−1) Petite (t ha−1) Jumbo (t ha−1) Canner (t ha−1) Cull (t ha−1) TY (t ha−1) MY (t ha−1)

2019

AV

90 15 7.1 BCD 8.9 ABCDEFG 0.0 A 10.2 BCDEFG 2.2 AB 28.3 CDEFGH 26.1 DEFGH

90 30 6.1 BCD 3.1 G 0.0 A 2.8 HIJ 0.6 B 12.5 GHIJ 12.0 GHI

120 15 11.2 BCD 3.9 FG 0.9 A 3.2 GHIJ 0.6 B 19.7 FGHIJ 19.2 EFGHI

120 30 19.2 AB 12.7 ABC 1.0 A 13.4 ABCD 0.0 B 46.4 ABC 46.4 ABC

BG

90 15 11.1 BCD 8.9 ABCDEFG 0.7 A 7.2 CDEFGHIJ 2.6 AB 30.5 CDEFG 28.0 CDEFG

90 30 6.8 BCD 3.6 G 0.9 A 1.8 J 0.8 B 13.9 GHIJ 13.1 GHI

120 15 12.1 BCD 3.2 G 1.8 A 1.8 J 0.9 B 19.8 FGHIJ 19.0 EFGHI

120 30 27.9 A 14.8 A 0.6 A 9.3 BCDEFGHI 0.5 B 53.0 A 52.5 A

BO

90 15 7.1 BCD 7.5 BCDEFG 0.0 A 13.1 ABCDE 1.6 AB 29.4 CDEFGH 27.7 DEFGH

90 30 4.7 D 4.2 FG 0.0 A 5.3 FGHIJ 0.5 B 14.7 GHIJ 14.2 FGHI

120 15 8.8 BCD 4.5 EFG 0.5 A 6.2 EFGHIJ 0.7 B 20.6 FGHIJ 19.9 EFGHI

120 30 18.7 ABC 11.5 ABCD 0.0 A 19.7 A 1.4 AB 51.3 AB 49.9 AB

CR

90 15 2.0 D 6.3 CDEFG 0.4 A 10.1 BCDEFG 4.1 A 22.9 EFGHIJ 18.8 EFGHI

90 30 4.0 D 2.9 G 0.5 A 3.3 GHIJ 1.4 AB 12.0 HIJ 10.7 GHI

120 15 10.4 BCD 4.1 FG 0.3 A 3.8 GHIJ 2.3 AB 20.9 FGHIJ 18.6 EFGHI

120 30 13.9 BCD 11.8 ABCD 0.4 A 15.0 AB 1.2 B 42.3 ABCD 41.1 ABCD

CV

90 15 3.2 D 8.6 ABCDEFG 0.0 A 13.8 ABC 1.8 AB 27.5 DEFGHI 25.6 DEFGH

90 30 3.9 D 2.9 G 0.2 A 2.3 IJ 0.6 B 9.8 IJ 9.2 HI

120 15 8.6 BCD 4.8 EFG 0.5 A 5.0 FGHIJ 0.0 B 18.9 FGHIJ 18.9 EFGHI

120 30 11.5 BCD 12.8 ABC 0.0 A 15.2 AB 0.8 B 40.2 ABCDE 39.5 ABCD

JP

90 15 4.7 D 6.9 CDEFG 1.5 A 6.7 DEFGHIJ 1.5 AB 21.4 FGHIJ 19.8 EFGHI

90 30 1.9 D 2.6 G 0.3 A 1.9 J 0.4 B 7.2 J 6.8 I

120 15 8.0 BCD 3.7 FG 2.6 A 3.3 GHIJ 0.3 B 17.9 FGHIJ 17.7 EFGHI

120 30 13.0 BCD 11.0 ABCDE 1.2 A 9.4 BCDEFGH 1.4 AB 36.1 ABCDEF 34.6 ABCDE
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Table 3. Cont.

Year Variety DAP In-Row Spacing (cm) U.S. No. 1 (t ha−1) Petite (t ha−1) Jumbo (t ha−1) Canner (t ha−1) Cull (t ha−1) TY (t ha−1) MY (t ha−1)

P13

90 15 8.5 BCD 9.2 ABCDEFG 0.6 A 9.3 BCDEFGHI 1.0 B 28.7 CDEFGH 27.7 DEFGH

90 30 5.3 D 3.4 G 1.2 A 3.4 GHIJ 0.0 B 13.3 GHIJ 13.3 FGHI

120 15 9.9 BCD 3.1 G 1.9 A 4.6 FGHIJ 0.9 B 20.4 FGHIJ 19.5 EFGHI

120 30 12.2 BCD 14.0 AB 0.0 A 14.1 ABC 0.5 B 40.9 ABCDE 40.4 ABCD

OR

90 15 9.1 BCD 10.4 ABCDEF 0.9 A 7.8 CDEFGHIJ 1.5 AB 29.6 CDEFGH 28.1 CDEFG

90 30 5.8 CD 2.9 G 0.3 A 3.0 HIJ 0.8 B 12.9 GHIJ 12.1 GHI

120 15 11.6 BCD 5.8 DEFG 2.2 A 4.3 FGHIJ 0.7 B 24.6 DEFGHIJ 23.9 DEFGHI

120 30 10.1 BCD 10.4 ABCDEF 0.0 A 11.4 BCDEF 1.2 B 33.0 BCDEF 31.8 BCDEF

p > F 0.1 0.41 0.84 0.02 0.96 0.19 0.2

Varieties are ‘Averre’ (AV), ‘Beauregard’ (BG), ‘Bonita’ (BO), ‘Carolina Ruby’ (CR), ‘Covington’ (CV), ‘Murasaki’ (MS), ‘NC413’ (413), ‘Orleans’ (OR), ‘Japanese’ (JP), and ‘NCP13-0030’
(P13). TY = total yield; MY = marketable yield; DAP = days after planting. A–N = Means within a column followed by the same letter are not significantly different at p < 0.05, according
to Tukey’s HSD.
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To further examine grade standards for U.S. No.1 and Petite sweetpotato, all varieties
tested during both years were graded meticulously, measured, and weighed to report for
differences between jumbo, canner, and cull categories (Table 3).

For 2018, ‘Averre’ presented the highest overall yield of U.S. No. 1 under 15 cm in-row
spacing and harvested at 120 DAP (32.6 t ha−1) followed by ‘Orleans’, ‘Beauregard’, and
‘Covington’ (Table 3). For 2019, ‘Beauregard’ under 30 cm in-row spacing and harvested
at 120 DAP gave the highest U.S. No. 1 yield (27.9 t ha−1) followed by ‘Averre’, ‘Bonita’,
and ‘Carolina Ruby’. However, when comparing both years separately, there was a 28.1%
U.S. No. 1 yield reduction in 2019 (110.9 to 79.7 t ha-1). ‘Covington’ produced the highest
yield of Petite roots in 2018 (23.4 t ha−1) under 15 cm in-row spacing and harvested at
120 DAP, followed by ‘Orleans’, ‘Beauregard’, and ‘Bonita’ (23.3, 17.0, and 15.5 t ha−1,
respectively) (Table 3). Comparable to U.S. No. 1 yield trend, Petite followed a decrease in
yield in 2019. ‘Beauregard’ under 30 cm in-row spacing and harvested at 120 DAP was the
highest yielder (14.8 t ha−1) followed by ‘NCP13-0030’, ‘Covington’, and ‘Averre’ (14.0, 12.8,
and 12.7 t ha−1, respectively) (Table 3). Jumbo yield varied significantly when harvested
between 90 and 120 DAP for both years (Table 3). Overall, jumbo yield in 2018 at 120 DAP
was 9.0 t ha−1, while at 90 DAP was 1.4 t ha−1 (both in-row spacings and varieties averaged
together). Following this same trend in 2019, jumbo yield at 120 DAP was 1.7 t ha−1, while
in 2019 was 0.9 t ha−1 (both in-row spacings added together). ‘Beauregard’ produced the
highest yield of jumbo roots, with 11.7 t ha−1 under 30 cm in-row spacing and harvested
at 120 DAP, whereas ‘Averre’, ‘Bonita’, and ‘Covington’ produced no jumbo roots for
2018 (15 cm in-row spacing; 90 DAP). Likewise, ‘Murasaki’ was the highest jumbo root
yielder with 2.6 t ha−1 for 2019 (15 cm in-row spacing, 120 DAP). ‘Bonita’ consistently
produced the highest yield of canner roots in both years (25.1 t ha−1 (15 cm in-row spacing,
120 DAP); 19.7 t ha−1 (30 cm in-row spacing, 120 DAP), respectively). The cull category
was dominated by ‘Averre’ and ‘Beauregard’ in 2018 and ‘Carolina Ruby’ and ‘Beauregard’
in 2019, which displayed signs of growth cracks and off-shapes and resulted in cull yields
between 18.3 and 20.6 t ha−1 for 2018. Interestingly for 2019, all varieties produced very
low cull yields (range, 0.0–4.1 t ha−1) (Table 3).

The effect of DAP, like that of in-row spacing, varied with year and variety. For 2018,
the combination of 15 cm in-row spacing and harvest at 120 DAP had a marked effect on
TY, MY, U.S. No. 1, and Petite roots for most varieties tested (Table 3, Figure 5). In contrast,
the early harvest treatment (90 DAP) combined with 30 cm in-row spacing reduced TY,
MY, U.S. No. 1, and Petite considerably compared to the late harvest treatment. ‘Averre’,
‘Orleans’, ‘Beauregard’, and ‘Covington’ presented the highest U.S. No. 1 and Petite yields
using both 15 and 30 cm in-row spacing and harvested at 120 DAP, albeit yields under the
15 cm in-row spacing were 2-fold higher when compared to 30 cm in-row spacing (Figure 5).
For 2019, the highest yielding treatment combination was 30 cm in-row spacing harvested
at 120 DAP, followed by 15 cm in-row spacing harvested at 90 DAP (Figure 5). Within
the highest yielding treatment, ‘Beauregard’, ‘Averre’, ‘Bonita’, and ‘Carolina Ruby’ were
the varieties with the highest U.S. No. 1 yields. However, there was a tradeoff between
U.S. No.1 and Petite yield under 15 cm in-row spacing harvested either at 90 or 120 DAP
(Figure 5).
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Figure 5. The yield of U.S. No. 1 and Petite sweetpotato roots under 15 cm and 30 cm in-row spacing
and harvested at 90 or 120 days after planting in the 2018 (A) and 2019 (B) field season. Varieties are
‘Averre’ (AV), ‘Beauregard’ (BG), ‘Bonita’ (BO), ‘Carolina Ruby’ (CR), ‘Covington’ (CV), ‘Murasaki’
(MS), ‘NC413’ (413), ‘Orleans’ (OR), ‘Japanese’ (JP), and ‘NCP13-0030’ (P13). DAP = days after
planting.

4. Discussion

Sweetpotato is recognized as a climate resilient crop, adopted in low and high input
agricultural management systems, and adapted to cope to numerous types of soils and
climates [9], with their North American planting distribution ranging from Florida to
southern Ontario, Canada [10]. Briefly, sweetpotatoes are a warm-season crop with daily
maximum air-temperatures between 29.7 ◦C and 35.3 ◦C that are ideal for storage root
production. However, sweetpotato is frost-sensitive requiring between 90 to 150 days
of a frost-free growing period [9]. Soils for sweetpotato production range from sand to
loamy sand in texture, are well drained, and low in salts. Yet, sweetpotato can grow in
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heavy soils, but yield and quality can decrease. However, recent studies have shown
potential in adapting sweetpotato management and production strategies in less-than-ideal
scenarios [2,11–14]. Considering that, the adaptability and adoptability of sweetpotato
in the northern latitudes (e.g., Canada, Mid-Atlantic, and Northeast U.S.) has been well-
researched [2,11–14]. Worldwide, sweetpotato is grown in similar conditions in northern
latitudes. For example, in China sweetpotato is grown in five major areas regarding
environmental conditions and management systems. These are: the Northern Spring
Region, the Yellow-Huai River Valley Spring–Summer Region, the Yangtze River Valley
Spring–Summer Sweetpotato Region, the Southern Summer–Autumn Sweetpotato Region,
and the Southern Autumn–Winter Sweetpotato Region. Specifically, the Northern Spring
Region has a short summer and long winter periods with large differences in day and
night temperatures. Yearly mean temperatures are near 10.5 ◦C with a frost-free period of
170 days [15].

In this study, a total of ten sweetpotato varieties with different with diverse skin,
flesh, and culinary attributes were examined for two growing seasons. Interestingly, this
is the first study that evaluates the production of Petite sweetpotato separate from other
sweetpotato standards for grades of sweetpotato using different varieties in the Mid-
Atlantic and Northeastern U.S. region. The U.S. population has steadily increased its
consumption of fresh market sweetpotato, but sweetpotato is also progressively being
used for high-value alternate markets, such as processed foods (e.g., French fries and
chips) and industrial products (starch, flour, food dyes), among others [2]. Typically,
direct-market sales through local farmers’ markets and grocery stores are the principal
outlet for vegetable farmers, and locally grown sweetpotatoes throughout the Mid-Atlantic
and Northeastern U.S. [2]. In general, orange-skinned, orange-fleshed varieties, such as,
‘Averre’, ‘Beauregard’, and ‘Orleans’ performed better than most varieties tested in both
years and under all treatments. These results are comparable with those of Wees et al. [11,
12], Hochmuth and Howell [13], Sideman [14], Nair et al. [15], Goldy and Wendzel [16],
Bornt [17], and Duque [2], where orange-skinned, orange-fleshed varieties consistently had
higher yields and better physical and increased nutritional attributes (e.g., storage root
shape/smoothness and higher beta-carotene content) compared with other varieties tested.
Treatment effects [in-row spacing (15 cm and 30 cm) and harvest time (90 and 120 days)]
provided somewhat similar results with [18,19]. Specifically, Schultheis et al. [19] showed
as in-row plant spacing decreased, yield of U.S. No. 1, canners, and total marketable
yield increased when plants were harvested at 100 days or later after transplanting with
‘Beauregard’ presenting the highest marketable yield and U.S. No.1 at 15 cm in-row spacing.
However, Arancibia et al. [20] showed only marginal effects on yield at different row widths
and in-row spacings.

We also observed that growing degree days is a better predictor for harvest than days
after planting, with an accumulation of at least ~700 GDD (base temperature 15.5 ◦C) or
~1300 GDD (base temperature 10 ◦C) for both U.S. No. 1 and Petite roots. In prior research,
Villordon et al. [21] characterized a GDD predicative model for sweetpotato production
in Louisiana, USA. They found that harvest schedules could be done at ~2600 GDD. This
difference in GDD between Louisiana and the NE could be due to divergent climatic
conditions, longer versus shorter growing seasons and ultimately the use of black plastic
mulch.

Commonly, orange-skinned, orange-fleshed sweetpotatoes (e.g., ‘Beauregard’ and
‘Covington’), with high yields and favorable physical attributes have been the first choice
in consumer preference [20]; however, unusual skin/flesh combinations, such as ‘Carolina
Ruby’ (red-skinned, orange-fleshed), ‘Bonita’ (tan-skinned, tan-fleshed), and ‘Murasaki’
(purple-skinned, white-fleshed) also offer acceptable yields and are of consumer interest.
Our study indicates that ‘Beauregard’ and ‘Averre’ are recommended choices for Mid-
Atlantic and Northeastern U.S. farmers for U.S. No. 1 and Petite sweetpotato yield and
environmental adaptability. Additionally, but with slightly lower marketable yields, grow-
ing ‘Carolina Ruby’, ‘Murasaki’, ‘Bonita’, and purple-skinned, purple-fleshed varieties can
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guarantee a mix of colors, textures, and flavors that are preferred for potential developing
markets for the Mid-Atlantic and Northeastern U.S. regions. That said, exploiting the
variability in standards for grades of sweetpotato root sizes, allows small farmers and mid
to large acreage producers to maximize their profit potential. Storage roots that do not
meet certain criteria for one market may be highly valued by another.
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