
ABSTRACT 

BARKLEY, SUSAN LYNN.  Optimizing Cultural Management Practices and Consumer 

Acceptance of Sweetpotato in North Carolina. (Under the direction of Drs. Jonathan 

Schultheis and Katie Jennings). 

 

 North Carolina ranks number one in sweetpotato [Ipomoea batatas (L.) Lam.] 

production in the United States with 73,000 acres planted in 2014, which accounts for more 

than half of the total acreage planted nationwide.  Cultural management practices and new 

varieties should be evaluated regularly to improve their production efficiency. The objectives 

of this study were to evaluate the most predominant grown North Carolina variety Covington 

with Evangeline and 1) establish seed root density rates to optimize slip production, 2) 

determine the effect of fomesafen preplant on sweetpotato tolerance, storage root yield and 

quality, and Palmer amaranth control, 3) determine effects of in-row spacing and harvest date 

on storage root yield and quality, and economics, 4) determine the effects of cooking method 

on sensory attributes to determine consumer acceptance, and 5) assess new clones for 

commercial production.  Field studies for seed root density were conducted in Lucama, NC 

in 2012 and 2013, and in Bailey, NC in 2014.  Seed root densities investigated ranged from 

200 to 1400 bu/acre.  Slip production increased as seed root density increased without effects 

on slip quality according to stem diameter and nodes per transplant.  The best seeding density 

in terms of marketable slip yield and highest revenues was obtained at the highest seed root 

density of 1400 bu/acre.  Field studies to determine effect of fomesafen preplant were 

conducted in Clinton, NC in 2012 and 2013.  Treatments consisted of fomesafen preplant 

alone at 0.20, 0.28, 0.36, 0.42, 0.56, and 0.84 kg ai ha-1 or followed by (fb) S-metolachlor at 

1.12 kg ha-1 0 to7 d after transplanting (DAP), and fomesafen 0.28 kg ha-1 fb S-metolachlor 

at 1.12 kg ha-1 14 DAP.  Crop injury, Palmer amaranth control, and sweetpotato yield in 



systems containing fomesafen preplant 0.28 to 0.56 kg ha-1 alone or in sequence with S-

metolachlor provided 80 to 100% Palmer amaranth control without a reduction of yield and 

minimal injury (<17%) in ‘Covington’ and ‘Evangeline’ sweetpotato.  These results suggest 

that fomesafen (not currently registered for sweetpotato) will provide adequate Palmer 

amaranth control, minimal crop injury and comparable yield to standard treatments.  Field 

studies for in-row spacing had treatments of 15, 23, 30, and 38 cm for ‘Covington’ and 

‘Evangeline’ sweetpotato with harvest dates at 115 and 135 DAP.  The highest yield of no. 1 

storage roots (35,101 and 33,516 kg ha-1) were at 15 cm at 115 and 135 DAP, respectively. 

The greatest return of investment was at 15 cm for Evangeline and Covington at 115 DAP 

($8187 to $13,126/ha) and 135 DAP ($8671 and $11,753/ha), respectively.  Delaying harvest 

to 135 DAP increased marketable yield, but decreased no. 1 root yield.  Sensory evaluation 

of ‘Covington’ and ‘Evangeline’ prepared with two cooking methods was conducted at 

NCSU Schaub Food Science Building Fruit and Vegetable Pilot Plant in 2013.  HPLC sugar 

analysis determined ‘Evangeline’ had higher levels of fructose and glucose, but not sucrose.  

Blind taste test consumer acceptance results indicate ‘Evangeline’ and ‘Covington’ had 

similar sweetness.  Results also indicate a consumer preference for oven baked over 

microwaved sweetpotatoes.  Field studies of sweetpotato clones included Evangeline, 

Covington, Beauregard, Orleans, Bonita, Bayou Belle, and NC05-198. NC05-198 produced 

the highest no. 1 (600 bu/acre) yield. Total marketable storage root yield was similar for 

NC05-198, ‘Bayou Belle’ and ‘Beauregard’ (841, 775, and 759 bu/acre), respectively. No. 1 

and marketable yield was similar among ‘Orleans’ and ‘Beauregard’. However, ‘Beauregard’ 

produced more cull roots than ‘Orleans’.  ‘Evangeline’ was comparable to no. 1 yield of 

‘Bayou Belle’, ‘Orleans’, and ‘Covington’.  
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CHAPTER 1 

OPTIMIZING SWEETPOTATO SEED ROOT BED DENSITY FOR SLIP PRODUCTION 

Susan L. Barkley, Jonathan R. Schultheis, Katherine M. Jennings, Stephen G. Bullen, and 

David W. Monks. 

 

 Field studies were conducted in 2012 and 2014 to determine the effect of sweetpotato 

seed root (canner size) density (12, 24, 37, 49, 61, 73, and 85 bu/1000ft2) on ‘Covington’ and 

‘Evangeline’ slip production in propagation beds.  In 2012 and 2013, treatments of canner, 

no. 1, and jumbo-size ‘Covington’ roots were bedded at 49 bu/1000ft2 to determine the effect 

of seed root size on slip production.  As seed root density increased in the propagation bed, 

transplant production increased with no change in slip quality as measured by stem diameter 

and nodes per transplant. Thus, the best seed root density in terms of marketable slip yield 

and highest revenues was obtained at the highest seed root density of 85 bu/1000ft2. 

 Marketable slip production of ‘Evangeline’ increased as seed root density increased at a 

greater rate than ‘Covington’.  Potential slip revenues increased from $199 to $970 per 

1000ft2 for ‘Covington’ and $541 to $1312 per 1000ft2 for ‘Evangeline’ from the lowest to 

the highest seed density.  Seed root size had no effect on marketable slip production when 

using a once-over harvest system. 
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Introduction 

 Sweetpotato [Ipomoea batatas (L.) Lam.] is an important crop worldwide, valued at 

over $9.4 billion dollars (FAOSTAT, 2012).  In the United States, sweetpotato crop 

production is valued at $698 million in gross farm value (USDA, 2015a).  North Carolina 

ranks number one in sweetpotato production in the United States with 73,000 acres planted in 

2014, which accounts for more than half of the total acreage planted nationwide (USDA, 

2015b).  Research is lacking with respect to documenting the effects of sweetpotato seed size 

and density on plant yield and quality.  ‘Covington’ sweetpotato, released by the North 

Carolina Agricultural Research Service in 2005, accounts for 88% of certified seed acreage 

in NC; followed by ‘Beauregard’ and ‘Evangeline’ at 5% and 3%, respectively (Yencho et 

al., 2008; NCCIA, 2014).  ‘Evangeline’ was released by the Louisiana Agriculture 

Experiment Station in 2007 and was reported to have southern root-knot nematode 

resistance, yields that are comparable to ‘Beauregard’, and an excellent flavor profile 

(LaBonte et al., 2008).  In addition to ‘Covington’, research of ‘Evangeline’ under North 

Carolina growing conditions had not been fully investigated and was therefore considered an 

important component of the study. 

 A sweetpotato crop is established with nonrooted cuttings (slips), which are 

vegetatively produced in field propagation beds.  The propagation beds are elevated about 10 

in and are 36 in wide, depending on grower’s equipment (Wilson et al., 1977).  Seed roots 

are canner size, which are harvested the previous growing season (Anderson and Campbell, 

1953).  The seeds are cured (89°F, 85% to 90% relative humidity (RH)) for approximately 

one week after harvest to heal wounds to the skin that occurs during harvest, and then stored 
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at 55°F to 60°F, 80% to 85% RH (Edmunds et al., 2008; Kemble, 2013; Steinbauer and 

Kushman, 1971).  Before bedding the seed, the roots are pre-sprouted in storage (89°F, 85% 

RH) for between 20 and 28 days (Kemble, 2013).  Sweetpotato seed stocks are placed in a 

large hopper and conveyed on a belt into the propagation beds and then covered with 2 in of 

soil (Wilson et al., 1977).  Clear polyethylene mulch is then placed over the beds in order to 

increase the soil temperature and facilitate sprouting.  Mulch is vented after 7 d to prevent an 

accumulation of carbon dioxide and then removed completely once shoot emergence begins 

and before bed temperatures become too hot.  Once slips reach optimal size (7 to 14 in) they 

are cut either by hand or with mechanical cutters and packed in boxes (Smith et al., 2009).  

Many commercial growers in NC adopt a once-over harvest strategy, meaning that only one 

cutting is obtained from slip propagation beds.  However, there are some growers that cut 

slips multiple times, coming back when slips have re-grown to optimal size.  Adopting a 

multiple harvest slip production strategy is common in geographical locations that have 

longer sweetpotato growing seasons.  Australian growers can harvest seedbed cuttings at 

least four to five times with four weeks between harvests (NTG, 2005). 

 Slips are planted directly into the production field.  At the end of the growing season, 

when storage roots are harvested, a portion of the roots are saved to use as seed roots for the 

following year.  This process is repeated for a number of years, each of which is called a 

generation.  However, clones can slowly decline over each generation due to the 

accumulation of viruses, pathogens and mutations (Clark, et al., 2002; Villordon and 

LaBonte, 1996).  Therefore it is recommended to use no older than G-5 (G represents 
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generation while the number indicates number of years in field production) seed stock (Bryan 

et al., 2003). 

 North Carolina growers use a wide (24 to 73 bu/1000ft2) (50 lb/bu) range of seed root 

rates to produce sweetpotato transplants (D. Godwin, D. Scott and J. Jones, personal 

communication).  However, a lack of knowledge exists on what is the most optimum seed 

root density.  Thus the primary objective of this research was to identify optimal seed root 

rates and size of ‘Covington’ and ‘Evangeline’ that maximize production and quality of slips, 

and net revenues.  This project was conducted in direct response to grower interest and 

sweetpotato industry funding. 
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Materials and Methods 

 Field research was conducted in 2012 and 2013 at a commercial farm in Lucama, NC 

[Wilson county (lat. 35.625093, long. -78.0506008)] and in 2014 at a commercial farm in 

Bailey, NC [Nash county (lat. 35.871783, long. -78.140549)].  The soil was an Altavista fine 

sandy loam (fine-loamy, mixed, semi active, thermic Aquic Hapludults) in Lucama and in 

Bailey it was Norfolk, Georgeville and Faceville soils [(fine-loamy, kaolinitic, thermic Typic 

Kandiudults), (fine, kaolinitic, thermic Typic Kanhapludults), and (fine, kaolinitic, thermic 

Typic Kandiudults)].  All years ‘Covington’ seed stock was G-2 and ‘Evangeline’ was G-1 

which were harvested the previous fall from several seed producers’ commercial farms in 

Wilson and Nash counties, cured and stored (Edmunds et al., 2008; Kemble, 2013; 

Steinbauer and Kushman, 1971).   

Seed root density study  

 Seed root stock was counted and weighed corresponding to assigned treatment and 

transported by pallets to the field.  Average weight per seed root was 3.4 ounces for 

‘Evangeline’ and 6.3 ounces for ‘Covington’, as seed stock was primarily comprised of (1 to 

1.75 in diameter) canner roots (USDA, 2005). Seed roots were evenly placed in propagation 

beds by hand on 22 March 2012 and 5 April 2014 at the appropriate treatment seed root 

density.  Treatments included seven seed root densities of 12, 24, 37, 49, 61, 73, and 85 

bu/1000ft2 (Figure 1) and were arranged in  a randomized complete block design with four 

replications.   Seed root density and sweetpotato variety were main effects.  The beds were 

treated in the same manner as commercial beds, which were immediately adjacent. Dichloran 

(Botran, Gowan Company, Yuma AZ) fungicide was applied to bare earth before seed roots 
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were hand placed into beds, and again on top of seed roots after placement in the bed.  

Propagation beds were fertilized with a 6-6-18 N-P-K granule fertilizer at 14 lb/1000ft2.  All 

pesticides were handled in compliance with recommended application rates for sweetpotato 

grown in the Southeastern U.S. (Kemble, 2013).  Beds were irrigated with two 10 mil drip 

lines, and covered with clear polyethylene mulch after seed roots were covered with soil, 

which was removed when sprouts reached the soil surface.  As slips in propagation beds 

grew they were mowed four or five times before harvesting, presumably to maximize 

uniformity and the number of marketable slips for a once-over harvest. 

Seed root size study 

 On 22 March 2012 and 4 April 2013 canner, no. 1, and jumbo-size ‘Covington’ roots 

which weighed 6.3, 8.3 and 23 oz, respectively, were bedded at 49 bu/1000ft2 to determine 

the effect of seed root size on slip production.  The 49 bu/1000ft2 seed density rate was 

considered to be the average seed root density used by commercial farmers.  Seed roots were 

graded according to the U.S. Department of Agriculture and North Carolina Department of 

Agriculture (USDA, 2005) standard which classify roots into no. 1 roots (diameter of 1.75 to 

3.5 in and length of 3 to 9 in), canner roots (diameter 1 to 1.75 in), and jumbo roots, 

(diameter > 3.5 in).  

Plot size and data collected 

 Each plot was a 3 ft wide by 20 ft long bed spaced 8 ft between row centers.  A 3 ft 

by 5 ft subsection of each plot was harvested 4, 5 April 2012 (seed root density and root size 

studies), 12 June 2013 (seed root size study), and 17, 18 and 19 June 2014 (seed root density 

study) by cutting the slips by hand directly above the soil surface.  Data collected included 
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slip length, node number, and stem diameter.  Slips were measured from cut end to apical 

meristem and categorized as marketable and unmarketable.  Slips less than 5 in long were not 

considered marketable based on input from a large commercial sweetpotato grower (D. Scott, 

Scott Farms, Lucama, NC, personal communication).  Cull slips (< 5 in) are considered 

unmarketable because during transplanting into production fields slips are inserted into the 

soil approximately 3 to 6 in deep.  Slips completely covered with soil during transplanting 

will often not survive.  In addition, short slips have few nodes so establishment and 

subsequent storage root production can be inhibited.  The following usable or marketable 

slips were categorized as marginal (5 to < 7 in), optimal (7 to 14 in), and extra long (> 14 in) 

which could be cut to optimal size or into two slips.  Average number of nodes and stem 

width per slip were determined by measuring twenty 9 to 10 in slips per plot.  Nodes were 

counted from cut end and included the growing point.  Stem diameter measurements were 

taken with calipers twice per slip, turning 45° between measurements.  The two 

measurements were averaged to calculate slip stem diameter.  Weight per slip was 

determined by averaging the weight of 50 optimal (7 to 14 in) slips per plot. 

Statistical and economic analysis 

 Data from the ‘Evangeline’ and ‘Covington’ seed root density studies in 2012 and 

2014 were analyzed together by standard analysis of covariance techniques for a randomized 

complete block design using Proc GLM (SAS version 9.3).  Regression analysis was 

performed and statistical differences between treatments were determined at P <0.05.  An F 

test for lack of fit (LOF) was used to determine fit for linear and quadratic models.  The null 

hypothesis for LOF assumes there is a linear or quadratic relationship between variables.  A 
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significant LOF of P < 0.05 would mean that there was a LOF for that particular model. 

 Plant quality data were analyzed together using PROC GLIMMIX (SAS 9.4) and means 

calculated using Tukey-Kramer grouping for least square means. 

 Seed root size data from 2012 and 2013 were analyzed together by standard analysis 

of variance techniques for a randomized complete block design using PROC GLM (SAS 

version 9.4) with means separation conducted using Fisher’s least significant differences 

(LSD) of P ≤ 0.05 to determine statistical differences between treatments.   

 Economic analysis was performed for each variety to determine the cost effectiveness 

of seed densities for slip production on the 2012 and 2014 studies.  Gross revenue for all slips 

was assumed to be $40/box of 1000 plants.  Slip pricing represents the standard purchase rate 

obtained from commercial growers from 2012 to 2014 (J. Jones, Jones Farms, personal 

communication).  Seed root cost was valued at $7/bushel (50lb) for G-2 seed stock (J. Jones, 

Jones Farms, personal communication).   
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Results and Discussion 

Slip production   

 Slip production was influenced by seed root density and variety (Table 1).  Within the 

limits of the seed root density treatments observed in this experiment, a linear relationship 

was observed between seed density and marketable slip production.  As seed density 

increased marketable slip production increased (Figure 2).  Both varieties increased at a 

similar rate; however, ‘Evangeline’ produced more marketable slips than ‘Covington’.  

Optimal (7 to 14 in) slip production increased as seed root density increased (Figure 3).  An 

interaction between variety and seed root density showed that ‘Evangeline’ optimal slip 

production increased at a faster rate than ‘Covington’.  Marginal sized slip production also 

resulted in a linear increase in production with increased seed root density (Figure 4). 

 ‘Covington’ produced more marginal size slips at a higher rate than ‘Evangeline as seed root 

density increased’.  It is important to note that while marginal (5 to  > 7 in) slips may survive 

transplanting, the best success for thriving, productive slips are found within the optimal 

range (7 to 14 in).  A recent study found that slips between 8 and 12 in consistently provided 

higher plant stands and yields for ‘Covington’ sweetpotato (Thompson et al., 2014). 

  Fluctuations in planting depth due to hand placement of marginal size slips in clips of the 

mechanical transplanter can cause slips to have limited tissue above and/or below the soil 

surface.  Limited slip tissue below the soil surface can limit root initiation due to reduced 

nodes (Thompson et al., 2014), which are growing points for storage roots on propagated 

sweetpotato slips.  Therefore fewer nodes will likely lead to a reduction in root set and 

overall yields.  A minimum of three nodes under the soil surface has been recommended 
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(Granberry et al., 1986).  Studies on vegetatively propagated cassava have also found that 

longer transplants result in higher yields (Ekandem, 1962; Rodrigues and Sanchez de 

Bustamante, 1963).  In general, the longer the slip, the more nodes will be available for 

storage root initiation in field production. 

 Environmental factors can also have detrimental effects on the survival and/or 

thriving of slips for root production.  Many North Carolina sweetpotato fields are not 

irrigated.  Slips are typically transplanted into production fields and watered simultaneously 

by the mechanical transplanter, but are then reliant on rainfall events to provide additional 

water.  Ample slip tissue above and below the soil surface enables the slip to survive the hot 

and sometimes dry conditions that are prevalent in North Carolina’s growing season. 

  Irrigated slips typically show higher stand percentages versus non-irrigated slips (Thompson 

et al., 2014).  Therefore, marginally sized slips will have greater success in field production 

if irrigated than if not irrigated.   

 Extra long slips were not influenced by seed root density, but there were varietal 

differences.  ‘Evangeline’ produced more extra long slips than ‘Covington’ (1.6 

boxes/1000ft2 and 3.3 boxes/1000ft2, respectively; data not shown).  Extra long slips are 

typically cut to appropriate length when packed together into boxes after harvest from 

propagation beds and are therefore considered marketable. These slips have the length 

necessary to survive but are sometimes more difficult to handle during transplanting.  The 

best slips are not only the appropriate length, but are also straight.  Extra long slips tend to be 

curved and unruly, which can cause problems during transplanting.  Mechanical transplanters 

drive at a designated speed and the laborer must place each slip appropriately into fingers of 
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the rotating clips located on the mechanical transplanter.  Extra long slips do not lay neatly 

into transplanter clips and are often not transplanted properly into the soil.  Extra laborers are 

then needed to hand stick the unruly or missed slips into the planting rows.   

 Total slip production was similar between varieties and increased at a rate of 0.66 

boxes of slips (660 slips) for every 1-bu/1000ft2 increase in seed density (Figure 5). 

 However, total slip production includes unusable or cull slips.  Both varieties produced culls 

in a linear manner but the rate of increase in production of cull slips was higher in 

‘Covington’ in contrast to ‘Evangeline’ (Figure 6).  This combined with the increased 

production of marginal sized slips in ‘Covington’ caused total (marketable and 

unmarketable) slip production of the two varieties to be equal.  Therefore using total slips as 

a means for selecting particular varieties for superior slip production would not be advisable. 

 Optimal slip (7 to 14 in) production is of utmost consideration in selecting varieties and seed 

root density not only for slip production, but for subsequent storage root set in field 

production. 

  Individual slip weight differed between varieties and decreased with increased seed 

root density (Table 1).  A quadratic response shows that average slip weight decreased with 

increased seed root density and leveled off at the higher seed root densities (Figure 7).  This 

trend was likely due to intraspecific competition for limited resource (space, light, water, and 

nutrients) availability per slip at the higher seed root densities (Casper and Jackson, 1997; 

Wilson and Tilman, 1991).  Although, sweetpotato slip production is unique in its seeding 

technique, studies on other crop species, such as switchgrass, have demonstrated this same 

trend of decreased plant weight with higher plant densities due to limited resources 
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(Sanderson and Reed, 2000).  ‘Covington’ slips weighed more than ‘Evangeline’ at all 

densities.  Slip weight decreased at different seed root density rates and was dependent on 

variety.  ‘Evangeline’ plant weight leveled off near the 49 bu/1000ft2 treatment whereas 

‘Covington’ began to level off at the 73 bu/1000ft2 treatment.  This difference is likely due to 

genetic differences between varieties.  Varieties can perform differently under the same agro-

climatic conditions due to an interaction of genetic makeup and environment (Jilani et al., 

2009).  

Slip quality 

 Number of nodes per slip was not affected by seed density and no differences 

between varieties were observed (data not shown).  Differences in slip stem diameter were 

observed between varieties but not for seed root density, despite reduced slip weight at 

higher seed root densities.  ‘Covington’ slips were larger in diameter (4.62 mm), in contrast 

to ‘Evangeline’ (3.67 mm).  This difference was likely due to the stocky growth habit of 

‘Covington’ slips.  Our assumption was that the highest seed density treatments would show 

a decrease in slip quality due to increased competition for nutrients, water, light and space. 

 However, these results indicate that increased seed density does not have measurable 

negative impacts on slip quality, based on slip diameter and node counts at the densities 

evaluated. 

Seed root size study 

 Seed root size had little to no effect on slip production (Table 2).  No difference 

between canner and no. 1 roots in slip production was observed.  The only significance found 

was that jumbo roots produced more extra long slips than no. 1 or canner seed roots.  These 
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results likely occurred due to the wider spacing between the jumbo roots in the propagation 

bed (Figure 8).  This spacing likely results in less plant competition and more space for the 

slips to vine out horizontally.  These results suggest that using larger grades of seed roots for 

slip production does not increase or decrease yield for a once-over sweetpotato harvest 

system.  In slip production systems where slips are harvested multiple times, larger sized 

roots may need to be considered since more energy reserves in the root may be required to 

produce slips over a longer period of time in places like Australia (NTG, 2005).  

Additionally, a higher number of jumbo roots may be necessary to reduce production of extra 

long slips.  

Economic assessment 

 Gross revenue generated from slip production increased as seed root density 

increased (Figure 9).  Seeding propagation beds with higher seed root densities would have a 

high upfront cost, and therefore could be considered a high risk strategy.  Seed root costs 

started at $84/1000ft2 and increased to $595/1000ft2 for 85 bushels of seed root/1000ft2 

(Table 3).  Environmental conditions cannot be controlled, so growers would need to be 

cognizant of the financial risk with increased seed root costs associated with higher densities. 

 However, the net benefit from such a strategy could increase profits greatly. ‘Covington’ 

revenue after seed root cost ranged from $199 to $970/1000ft2 for the lowest to highest seed 

density treatment, respectively (Table 3).  ‘Evangeline’ revenue after seed cost ranged from 

$541 to $1312/1000ft2. Change in revenue for adopting a higher (73 bu/1000ft2) seed root 

density than an average commercial (49 bu/1000ft2) bedding density could increase revenue 

by 31% in ‘Covington’ and 22% in ‘Evangeline’ (Table 4).  This amounts to an extra revenue 
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of $259 per 1000ft2 for bedded sweetpotato.  Conversely, adopting a low (24 bu/1000ft2) 

seeding density could decrease potential revenue by 77 and 38% in ‘Covington’ and 

‘Evangeline’ relative to 49 bu/1000ft2, respectively.  However, seed root costs would be 

much more manageable at $168 per 1000ft2 in contrast to $511 per 1000ft2 for 73 bu/1000ft2. 

 Differences between varieties can also play a role in deciding seed root density strategy.  In 

this study,  ‘Evangeline’ slip production at 24 bu/1000ft2 seed root density generated 

comparable revenue after seed cost than ‘Covington’ at the 61 bu/1000ft2 seed root density 

treatment ($670 and $710 respectively) (Table 4).  In this instance, ‘Evangeline’ could be 

considered a lower risk strategy for slip production.  However, care must be taken to ensure 

proper seed depth of ‘Evangeline’, as it has a propensity to produce fewer slips if seed roots 

are bedded too deep (LaBonte et al., 2008).  We encountered the extreme of this problem in 

our 2013 trial, in which no data were obtainable for ‘Evangeline’.  Lastly, we only 

considered increased seed root costs in our economic assessment of changing seed densities. 

 Thus, our increased potential revenues with increased seed root density does not consider the 

savings a producer would gain in bedding on less acreage.  Savings in pesticide, fertilizer, 

drip tape, and efficiency of labor may all enhance grower revenue at higher seeding densities 

(J. Jones, Jones Farm, personal communication).  Thus, our economic assessment of varying 

seed rate densities provides a conservative value a producer might gain by increasing seed 

rate density. 

Summary 

 This study evaluated slip production in sweetpotato with varying seed root densities. 

 Treatments were designed to include a broad range of densities to account for variations in 
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reported density from the North Carolina commercial sweetpotato industry.  Results obtained 

within the range evaluated indicate that increasing seed density will also increase overall slip 

production without a negative effect on slip quality as measured by stem diameter and nodes 

per slip.  An even greater increase might be observed at higher seed root densities; however, 

this requires further study.  Slip production would be expected to level off and drop at some 

point once a seed root density was reached in which more slips could not overcome the limits 

of resources such as space, light and water.  Research on other crop species, such as fodder 

radish, have shown this quadratic trend, where once the optimum point of seed density and 

seedling emergence was passed, increased seed density caused a decrease in initial stand and 

seedling emergence (Oliveira et al., 2011).  Another aspect to consider is that increasing seed 

root density beyond what was evaluated in this study could cause seed root stacking within 

the beds, which would prohibit the lower seed roots from producing sprouts (J. Jones, Jones 

Farm, personal communication).  Results also indicate that slip production can differ widely 

between varieties.  Growers could use lower seed densities of ‘Evangeline’ and expect to 

obtain similar economic gains at higher densities of ‘Covington’.  Seed root density strategies 

can be tailored to suit grower needs, e.g. high seed density strategy will have a higher risk 

due to the upfront, higher seed costs, but potentially have higher payoffs at harvest time. 

 Lower seed root density strategy would be a lower initial risk with a lower seed cost, but 

also potentially have lower net revenues.  The direct effects of seed root density on slip 

production, and therefore on revenue, place this production management practice as a very 

important consideration in the sweetpotato industry.  Further research can be conducted to 

test other commercially grown cultivars, and to investigate potential yield increases with 
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increased seed density.  Conversely, an investigation into higher seed densities could also 

reveal the point where slip production would level off and possibly even decrease. Lastly, it 

should be noted that these results represent a once-over harvest slip production system rather 

than slip production systems that employ two or more harvests as is common with some 

growers. 
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Table 1. Linear regression analysis of slip production as influenced by seed 

density and variety 

Variable Year Rep(year) Variety Density Density*Variety LOF 

Marketable <.0001 0.5251 <.0001 <.0001 0.2408 0.8589 

Optimal <.0001 0.5097 <.0001 <.0001 0.0209 0.6659 

Marginal <.0001 0.2579 <.0001 <.0001 0.0004 0.9155 

Long 0.004 0.0031 <.0001 0.1415 0.0518 0.3229 

Cull <.0001 0.0128 <.0001 <.0001 <.0001 0.2631 

Total <.0001 0.8732 0.2863 <.0001 0.6099 0.6846 

Weight/plant <.0001 0.2948 <.0001 <.0001 <.0001 0.455 

LOF:  Lack of fit considered significant at P < 0.05 
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Table 2. Number of sweetpotato slips produced by seed root sizes by grade in Lucama, 

NC in 2012 and 2013a. 

Seed  

size/gradeb 

Optimal 

(7 to 14 in) 

Marginal 

(5 to < 7 in) 

Long 

(>14 in) 

Cull  

(< 5 in) Total Marketablec 

 
(boxes/1000ft2) 

Canner 15 5 2 b 11 31 20 

No. 1 14 4 1 b 8 29 20 

Jumbo 12 3 2 a 7 24 17 

LSD 12 2 1 8 22 14 

Significance ns ns 0.0491 ns ns ns 

Results of combined data from 2012 and 2013 Covington bedding trials. 

 a Means followed by a different letter within a column are significantly different according to 

Fisher's LSD (P ≤ 0.05). 
b Roots were graded according to USDA size standards which classify roots into no. 1 

(diameter of 1.75 to 3.5 in and length of 3 to 9 in), canner roots (diameter 1 to 1.75 in), and 

jumbo roots, (diameter > 3.5 in). 
c Marketable slips are considered ≥ 5 inches. 
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Table 3. Cost benefit analysis of seed root densities for marketable1 slip production in 

Lucama and Bailey, NC in 2012 and 20142. 

Seed root 

density 

Variety 

Predicted3 

boxes4/1000ft2 

Gross 

revenue Seed root cost 

Revenue after 

 seed cost5 

(bu/1000ft2) ($/1000ft2) ($/1000ft2) ($/1000ft2) 

12 Covington 7 283 84 199 

24 Covington 12 496 168 328 

37 Covington 18 710 259 451 

49 Covington 23 924 343 581 

61 Covington 28 1137 427 710 

73 Covington 34 1351 511 840 

85 Covington 39 1565 595 970 

      12 Evangeline 16 625 84 541 

24 Evangeline 21 838 168 670 

37 Evangeline 26 1052 259 793 

49 Evangeline 32 1266 343 923 

61 Evangeline 37 1479 427 1052 

73 Evangeline 42 1693 511 1182 

85 Evangeline 48 1907 595 1312 

1Marketable slips are considered to be longer than 5 in. 

  2Harvest times:  Bedding date 22 March 2012; harvest dates were 4-5 June 2012 at Lucama, NC.  

 Bedding date was 5 April 2014; harvest dates were 16, 17 and 18 June 2014 at Bailey, NC. 

3Predicted means obtained through regression analysis. 

  41000 plants per box. 

    5Revenue is gross revenue - cost of seed. 
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Table 4. Change in revenue of seed root densities for marketable1 slip 

production in Lucama and Bailey, NC in 2012 and 20142. 

Seed root 

density 

Variety 

Revenue 

after 

 seed cost5 

Change in  

revenue4 Percentage  

(bu/1000ft2) ($/1000ft2) ($/1000ft2) (change/1000ft2)5 

12 Covington 199 -382 -192 

24 Covington 328 -252 -77 

37 Covington 451 -130 -29 

49 Covington 581 0 0 

61 Covington 710 130 18 

73 Covington 840 259 31 

85 Covington 970 389 40 

     12 Evangeline 541 -382 -71 

24 Evangeline 670 -252 -38 

37 Evangeline 793 -130 -16 

49 Evangeline 923 0 0 

61 Evangeline 1052 130 12 

73 Evangeline 1182 259 22 

85 Evangeline 1312 389 30 
1Marketable plants are considered to be longer than 5 in. 
2Harvest times:  Bedding date 22 March 2012; harvest dates were 4-5 June 

2012 at Lucama, NC.  

 Bedding date was 5 April 2014; harvest dates were 16, 17 and 18 June 2014 

at Bailey, NC. 
3Revenue is gross revenue - cost of seed. 

  4Change in revenue based on median seed density treatment (49 bu/1000ft2). 
5Percentage change based off median seed density treatment (49 bu/1000ft2). 
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Figure 1.  Seed density treatments in bushels per 1000 ft2.  Seed evenly placed by hand into 

propagation beds.  Commercial farms have reported utilizing seed root densities ranging 

from 24 to 61 bushels per 1000 ft2.   
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Figure 2. Marketable slip production of 2012 and 2014 seed root density studies in Lucama 

and Bailey, NC.  Marketable ‘Covington’ slips:  y = 25.9 + 0.40 (density), marketable 

‘Evangeline’ slips:  y = 154.1 + 0.40 (density), LOF (P = 0.8589). 

 
1 Marketable slips > 5 in long. 
2 One box contains 1000 slips. 
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Figure 3. Optimal slip production of 2012 and 2014 seed root density studies in Lucama and 

Bailey, NC.  ‘Evangeline’ optimal slip yield:  y = 62.7 + 0.40 (density), ‘Covington’ optimal 

slip yield:  y = 26.2 + 0.24 (density), LOF = 0.6659. 

 
1 Optimal slips were 7 to 14 in long. 
2 One box of contains 1000 slips. 
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Figure 4. Marginal slip production 2012 and 2014 of seed root density studies in Lucama and 

Bailey, NC.  ‘Covington’ marginal slip production:  y = (-3.0) + 0.13(density), ‘Evangeline’ 

marginal slip production:  y = 8.4 + 0.04(density), LOF P = 0.9155. 

 
1 Marginal slips 5 to < 7 in long. 
2 One box contains 1000 slips. 
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Figure 5. Total slip production of 2012 and 2014 seed root density studies in Lucama and 

Bailey, NC.  Total slip yield:  y = 0.66(density), LOF P = 0.6846. 

 
1 Total slip production includes both unmarketable and marketable slips. 

2One box contains 1000 slips. 
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Figure 6. Cull slip production of 2012 and 2014 seed density studies in Lucama and Bailey, 

NC. ‘Covington’ cull yield: y = 20.1 + 0.21(density), ‘Evangeline’ cull yield: y = 33.4 + 

0.08(density), LOF P = 0.2631. 

 
1 Cull slips < 5 in long. 
2 One box contains 1000 slips. 
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Figure 7.  Influence of seed root density on individual slip weight showed a quadratic 

response.  Per slip weight determined by average of 50 optimal slips.  ‘Covington’ slip 

weight: y = 0.06 + (-5.4 x 10-5)(density) + 1.96 x 10-8(density2), ‘Evangeline’ slip weight: y = 

0.04 + (-4.2 x 10-5)(density) + 1.96 x 10-8(density2), LOF P = 0.455. 
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Figure 8.  Seed root size by grade of ‘Covington’sweetpotato bedded at 49 bu/1000ft2. 

Average ‘Covington’ root weight for canner, no. 1 and jumbo size roots was 6.3, 8.3 and 23 

oz, respectively. 
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Figure 9.  Gross revenue of marketable1 slip production by variety.  

1Marketable slip is > 5 in long. 

 

 

 

 

 

 

 

 

 

 

 

$0

$500

$1,000

$1,500

$2,000

$2,500

12 24 37 49 61 73 85

G
ro

ss
 r

e
ve

n
u

e
 (

$
/1

0
0

0
ft

2 )

Seed density (bu/1000ft2)

Gross revenue of marketable slips

Covington

Evangeline



 

33 

CHAPTER II 

FOMESAFEN PROGRAMS FOR PALMER AMARANTH (AMARANTHUS PALMERI) 

CONTROL IN SWEETPOTATO 

Susan L. Barkley, Katherine M. Jennings, Jonathan R. Schultheis, Stephen L. Meyers, 

Sushila Chaudhari, and David W. Monks 

 

 Studies were conducted in 2012 and 2013 to determine the tolerance of ‘Covington’ 

and ‘Evangeline’ sweetpotato and Palmer amaranth to fomesafen preplant with and without 

S-metolachlor posttransplant 0 to 7 d after transplanting (DAP).  Treatments consisted of 

fomesafen preplant alone at 0.20, 0.28, 0.36, 0.42, 0.56, and 0.84 kg ai ha-1 or followed by 

(fb) S-metolachlor at 1.12 kg ha-1 0 to 7 DAP,  fomesafen at 0.28 kg ha-1 fb S-metolachlor at 

1.12 kg ha-114 DAP, flumioxazin preplant at 0.105 kg ha-1  alone, S-metolachlor at 1.12 kg 

ha-1 0 to 7 DAP and a sequential treatment of flumioxazin fb S-metolachlor, flumioxazin 

preplant fb clomazone plus S-metolachlor 0 to 7 DAP, clomazone at 0.63 kg ha-1 0 to 7 DAP, 

and napropamide at 2.24 kg ha-10 to7 DAP.  Crop injury, Palmer amaranth control, and 

sweetpotato yield in systems containing fomesafen pretransplant at 0.28 to 0.56 kg ha-1 alone 

or followed by S-metolachlor provided 80 to 100% Palmer amaranth control without  

reduction of yield or significant (<17%)  injury in Covington and Evangeline sweetpotato.  

Systems containing flumioxazin alone or fb S-metolachlor, or flumioxazin  fb clomazone fb 

S-metolachlor provided excellent Palmer amaranth control (≥ 95%) with little to no stunting 

(≤ 5%) and similar yield to the weed-free check.  Clomazone alone did not cause injury, but 

controlled only 24 to 68% of Palmer amaranth, which resulted in reduced no. 1, marketable, 
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and total sweetpotato yield.  Napropamide did not cause injury and yield was similar to the 

weed-free check.  However, Palmer amaranth control was 92 and 91% in 2013 but variable 

in 2012 (90 and 65%).  In 2012, S-metolachlor applied 0 to7 DAP alone resulted in reduced 

no. 1, marketable, and total Covington yield compared to fomesafen 0.28 kg ha-1 fb S-

metolachlor 14 DAP. 
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Introduction 

 The NC Sweet Potato Commission consisting of North Carolina sweetpotato farmers 

has identified that the development of new herbicides for management of weeds like Palmer 

amaranth and yellow nutsedge is critical to the success of their strategic plan (S. Langdon, 

personal communication).  Palmer amaranth [Amaranthus palmeri (S.) Wats.] and yellow 

nutsedge (Cyperus esculentus L.) are two of the most common and troublesome weeds in 

watermelon [Citrullus lanatus var. lanatus (Thumb.) Matsum. & Nakai], cucumber (Cucumis 

sativus L.), cantaloupe (Cucumis melo var. cantalupensis Naudin.), pepper (Capsicum L.), 

tomato (Solanum lycopersicum L.), and sweetpotato [Ipomoea batatas (L.) Lam.] grown in 

North Carolina (Webster 2010).   Yellow nutsedge is a perennial weed that can reproduce 

both sexually by seed and asexually by underground propagules (rhizomes and 

tubers)(Gifford and Bayer 1995).  However, asexual reproduction is the predominate mode as 

a single yellow nutsedge plant can produce over 400 tubers in a year.  It was reported that 

one tuber produced 1900 plants and 6864 tubers in a 3.2 m2 area in one year (Tumbleson and 

Kommedahl 1961).  High densities (500 plants m-1) have reduced cucumber yield up to 83% 

(Johnson and Mullinix 1999).  Just 25 yellow nutsedge plants per 1 m2 reduced watermelon 

yields by 25% (Buker et al. 1998).  Palmer amaranth is another plant that is a serious weed 

problem to growers.  It is an annual, herbaceous weed that has an upright, branching habit.  

Some of the characteristics that contribute to its competiveness are its C4 photosynthetic 

mechanism, rapid growth at high temperatures, and high water-use efficiency (Guo and Al-

Khatib 2003; Horak and Loughlin 2000; Keeley et al. 1987).  This species can grow over 5 

cm in one day (Horak and Loughlin 2000; Burke et al. 2007) and can grow over 2 m tall in 
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one growing season (Horak and Loughlin 2000; Meyers et al. 2010a; Norsworthy et al. 

2008b; Sellers et al. 2003).  Another important characteristic is that Palmer amaranth can 

reproduce sexually by seed and asexually by propagation of cut stem pieces.   One mature 

female Palmer amaranth plant has the potential to produce 600,000 seeds per plant (Keeley et 

al. 1987).  Competition of this weed with vegetable crop species has been well documented.  

Meyers et al. (2010a) reported that season long interference of Palmer amaranth in 

‘Beauregard’ and ‘Covington’ sweetpotato reduced total marketable yield 36 to 81% at 

densities of 0.5 to 6.5 Palmer amaranth plants per m of crop row.  Smooth pigweed 

(Amaranthus hybridus L.), a close relative of Palmer amaranth at 6 plants/m2, reduced 

watermelon yields by at least 90% (Terry et al. 1997).  Season long interference of Palmer 

amaranth in tomato reduced marketable yields by over 60% at a density of 3 or less Palmer 

amaranth plants per tomato planting hole (Garvey et al. 2013). 

 Sweetpotato production is a valuable commodity in the United States and was worth 

over $698 million in gross farm value in 2014 (USDA 2015a) with North Carolina, 

California, Mississippi, and Louisiana farmers planting over 89% of this hectareage (USDA 

2015b).  North Carolina alone planted approximately 29,000 ha which was worth over $354 

million gross farm value in 2014 (USDA 2015b; USDA 2015a).  Sweetpotato yield and 

quality, and subsequent value can be negatively affected by weeds (Meyers et al. 2010a, S. 

Langdon, personal communication).  Palmer amaranth ranked number one for the most 

common and troublesome weed species in sweetpotato for North Carolina (Webster 2010).   

 Commercial sweetpotato growers control Palmer amaranth with herbicides, 

cultivation, mowing, wicking, and hand removal.  According to a survey conducted in North 
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Carolina in 2006, 95% of growers cultivate sweetpotato fields an average of three times per 

growing season (Haley and Curtis unpublished data).   However, due to the low growth habit 

of sweetpotato, crop canopy closure limits cultivation by mid-season.  Approximately 33% of 

growers mow late emerging Palmer amaranth; however this method encourages lateral 

growth and increased vegetative growth of Palmer amaranth above the sweetpotato canopy 

and shades the crop (Meyers 2009).  Herbicide-wicking of weeds in row middles consists of 

applying concentrated glyphosate solution directly to target weeds (Anonymous 2009; 

Keeley 1984).  However, weeds must be above the sweetpotato canopy and in direct contact 

of the wick for the herbicide to have its desired effect.  Also, due to the increased occurrence 

of glyphosate-resistant Palmer amaranth populations in the Southeastern United States, the 

use of glyphosate may not be advisable (Culpepper et al. 2006; Norsworthy et al. 2008a; 

Steckel et al. 2008).  Hand hoeing or weeding is used by 62% of growers an average of 1.4 

times per growing season (J. Haley and J. Curtis, unpublished data).  Growers estimate hand 

removal of weeds cost approximately $105/ha or more depending on severity of weed 

populations (J. Jones, Jones Farm, personal communication).  However, Palmer amaranth, 

even when pulled, can re-root when moisture is present. Thus some growers remove these 

plants from the field after pulling, which increases the cost of this already expensive method.  

Another limitation of letting Palmer amaranth grow taller than the sweetpotato canopy before 

removal is the addition of weed seeds to the soil seed bank.  Weed control methods that allow 

even moderate growth of this weed will increase problems associated with this weed the 

following growing season.   
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 Clomazone, DCPA, flumioxazin, glyphosate, S-metolachlor, napropamide, 

carfentrazone-ethyl, clethodim, fluazifop, and sethoxydim are the registered herbicides for 

application in sweetpotato in North Carolina.  However only flumioxazin preplant followed 

by (fb) S-metolachlor after transplanting provide over 90% Palmer amaranth control (Kemble 

2011; Meyers et al. 2010b).  Flumioxazin preplant fb S-metolachlor is the standard herbicide 

system used by North Carolina growers and provides at least 90% residual Palmer amaranth 

control (Meyers 2010b, 2013b).  However, both herbicides require rainfall or irrigation for 

activation and weed control can be compromised if soil surface is disturbed after application 

or if a rainfall event does not occur before weeds germinate (Anonymous 2004a, 2004b).  

Also, while 90% control is good, it is not 100% control and even low densities of this weed 

may escape control, compete with the crop and contribute thousands of seeds to the soil seed 

bank.  Norsworthy et al. (2014) found that seed from a single female glyphosate-resistant 

Palmer amaranth escape in a cotton field with no history of Palmer amaranth, infested 95 to 

100% of the field by the 3rd year after introduction and therefore recommend a “zero-

tolerance threshold” in management of this troublesome weed. 

 The investigation of other potential herbicides for control of Palmer amaranth in 

sweetpotato is important due to the limited number of registered formulations (Kemble 2013; 

S. Langdon, personal communication).  Fomesafen is a soil applied PRE and POST 

protoporphyrinogen oxidase (PPO) inhibitor that is not currently registered for use in 

sweetpotato.  Peachey et al. (2012) found that fomesafen PRE at 0.28 kg ha-1provided 92 to 

100% control of Amaranthus retroflexus, A. powellii, and A. threophrasti in cucurbits.  Duff 

et al. (2008) reported S-metolachlor plus fomesafen provided inconsistent control (> 88 and 
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60%)of common waterhemp (Amaranthus rudis Sauer.) in soybean 2 and 8 wk after 

treatment (WAT) at one study location and 100 and 95% at 2 and 8 WAT, respectively in 

another location.  Meyers et al. (2013a) reported that systems containing fomesafen provided 

≥ 97% control through 74 DAP in sweetpotato.  In another study, cotton seed yield was 

greater when fomesafen was applied and this increase in yield was associated with yellow 

nutsedge control (Wilcut et al. 1997).  Therefore, fomesafen may also have some suppression 

on yellow nutsedge, as well as Palmer amaranth control.  Although the current investigation 

focused on Palmer amaranth, the prospect of yellow nutsedge suppression would give 

fomesafen a secondary purpose of weed control in sweetpotato.   Another important aspect to 

consider is crop tolerance to fomesafen.  Crop injury was 18 and 6% at 2 and 4 WAT, 

respectively, from fomesafen preplant at 0.28 kg ha-1 in ‘Speedway’ cucumber (Peachey et 

al. 2012).  Meyers et al. (2013a) reported ‘Covington’ sweetpotato crop injury in systems 

containing fomesafen and fomesafen fb S-metolachlor to be ≤ 8% at 0.28 kg ha-1.  However, 

crop tolerance can vary among different varieties within crop species.  Peachey et al. (2012) 

reported that ‘Eureka’ cucumber was less tolerant of fomesafen than ‘Speedway’ with 43 and 

33% injury at 2 and 4 WAT, respectively, from fomesafen preplant at 0.28kg ha-1.  Thus, 

further research into varietal differences and crop tolerance of sweetpotato are still necessary. 

 The objectives of this research were to determine the effect of fomesafen preplant 

alone or fb S-metolachlor after transplanting on Palmer amaranth control, and on Covington 

and Evangeline sweetpotato tolerance, and storage root yield and quality. 
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Materials and Methods 

 Studies were conducted at the Horticultural Crops Research Station (35.023979 Lat., -

78.278833 Lon.) near Clinton, NC in 2012 and 2013.  ‘Covington’ and ‘Evangeline’ 

transplants (nonrooted cuttings) were cut from field propagation beds by hand, and hand 

transplanted using mechanical transplantor equipment on June 20, 2012 and July 10, 2013.  

Covington, an orange fleshed variety, was selected because it is the dominantly planted 

variety, accounting for 88% of the acreage in North Carolina (NCCIA 2014; Yencho et al. 

2008).  Evangeline, a rose skin and deep orange fleshed variety with higher total sugars, was 

selected due to special interest from growers in marketing as a microwavable sweetpotato 

(LaBonte et al., 2008).  Soil was Norfolk (fine-loamy, kaolinitic, thermic Typic Kandiudults), 

Orangeburg (fine-loamy, kaolinitic, thermic Typic Kandiudults), or Goldsboro (fine-loamy, 

siliceous, subactive, thermic Aquic Paleudults) loamy sand or a combination, with pH 5.9 

and CEC 2.9 (2013).  Plot size was three (2012) or  four (2013) raised rows in field, with 

each row 1 m wide by 6.1 m long.  The first, and first and fourth rows of each plot were 

nontreated and served as border rows in 2012 and 2013, respectively.  The second and third 

rows were treated and planted with Covington and Evangeline, respectively.  The 

experimental design was a randomized complete block with three (2012) or four (2013) 

replications. 

 Herbicide treatments (Tables 1 and 2) included fomesafen preplant alone at 0.20, 

0.28, 0.36, 0.42, 0.56, and 0.84 kg ha-1or fb S-metolachlor at 1.12 kg ha-1 0 to 7 DAP, 

fomesafen at 0.28 kg ha-1 followed by S-metolachlor at 1.12 kg ha-1 14 DAP, flumioxazin 

preplant 0.105 kg ha-1 alone, S-metolachlor  at 1.12 kg ha-1 0 to 7 DAP and a sequential 
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treatment of flumioxazin fb S-metolachlor (standard treatment), flumioxazin preplant fb 

clomazone plus S-metolachlor 0 to7 DAP, clomazone at 0.63 kg ha-1 7 DAP, and 

napropamide at 2.24 kg ha-1 0 to 7 DAP. Weedy and weed-free checks were included for 

comparison. The weed-free check was maintained by cultivation until sweetpotato canopy 

closure and hand weeding all season.  Sethoxydim at 0.34 kg ha-1 plus 1% v/v crop oil was 

applied POST as needed to control goosegrass [Eleusine indica (L.) Gaertn.] and large 

crabgrass [Digitaria sanguinalis (L.) Scop.].  Treatments were applied with a C02-

pressurized backpack sprayer calibrated to deliver 187 L ha-1 with DG8003 nozzle tips 

(TeeJet DG 8003, TeeJet Technologies) at 144 kPa. 

 Visual sweetpotato injury was recorded at 7, 17, 28, and 50 DAP and Palmer 

amaranth control was recorded 28 and 50 DAP.  Ratings for injury and control were based on 

a scale of 0 (no crop injury or no Palmer amaranth control) to 100% (crop death or complete 

Palmer amaranth control).  Sweetpotato storage roots were harvested 113 and 96 DAP in 

2012 and 2013, respectively, using a tractor-mounted chain digger and were picked up by 

hand and hand-graded into jumbo (>8.9 cm diam), no. 1 (>4.4 cm but < 8.9 cm), and canner 

(> 2.5 cm but < 4.4 cm) grades (USDA 2005) and weighed. Total marketable yield was 

calculated as the sum of jumbo and no. 1 grades. Total yield was calculated as the sum of no. 

1, jumbo, and canner grades. 

 Data were analyzed using PROC GLM procedure in SAS (SAS 9.4; SAS Institute, 

Inc.; Cary, NC.).  ANOVA was used to test for significant main effects and interactions.  

Means were separated using Tukey HSD test at the 0.05 significance level.  Weed-free and 

weedy checks were included in the yield analysis.  However, data from these checks were not 
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included in analysis of crop injury and Palmer amaranth control because crop injury was 

always 0% and Palmer amaranth control was 100 and 0% for weed-free and weedy check 

plots, respectively. 
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Results and Discussion 

Palmer Amaranth Control.  

2012. Palmer amaranth control in all treatments at 28 DAP was similar and remained ≥ 90% 

in all treatments except clomazone or fomesafen alone at 0.20 kg ha-1(Table 3).  At 50 DAP, 

all sequential treatments of fomesafen at 0.20 kg ha-1fb S-metolachlor at 1.12 kg ha-17 DAP 

provided at least 94% control except the fomesafen at 0.20 and 0.36 kg ha-1which provided 

approximately 80% control. Palmer amaranth control by fomesafen at 0.28 kg ha-1fb S-

metolachlor at 14 DAP was 66%, which was less control than fomesafen at 0.28 kg ha-1fb S-

metolachlor 7 DAP (96%). The delay of S-metolachlor application from 7 to 14 d resulted in 

30% less control.  In 2012 the time between 7 and 14 d appeared to be significant, as Palmer 

amaranth seed germination and emergence potential when S- metolachlor was applied at 7 d 

provided control.  However, when S-metolachlor was delayed to 14 d, Palmer amaranth seed 

germination and plant emergence had progressed, escaping control with this herbicide.  

Treatment of Palmer amaranth by fomesafen alone at 0.20 kg ha-1provided the least control 

of all treatments (5%) and was similar to clomazone alone (24%) at 50 DAP.  Napropamide 

provided only 65% control at 50 DAP, in contrast to 90% at 28 DAP.  Flumioxazin alone, 

flumioxazin fb S-metolachlor, and flumioxazin fb clomazone fb S-metolachlor provided 

100% control at both 28 and 50 DAP. 

2013.  All treatments at 28 or 50 DAP were similar and provided ≥ 82% or ≥ 91% Palmer 

amaranth control, respectively except for clomazone alone (32 to 51%). 

Sweetpotato Injury.   Due to an interaction of herbicide treatment and year, data were 

analyzed separately by year. 
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2012.  No foliar injury to sweetpotato was observed at 7 DAP (data not shown).  By 17 DAP 

minimal stunting (17% or less) was observed (Table 4).  At 28 DAP almost no stunting was 

observed except 13% from fomesafen at 0.84 kg ha-1.  Varietal differences at 28 DAP 

showed Covington was more susceptible to stunting than Evangeline. At 50 DAP there was 

no significant difference in stunting or injury between any treatment. 

2013.  No injury was observed at 7 DAP and no significant injury or stunting was observed at 

17 or 28 DAP (data not shown).  By 50 DAP, stunting was observed when fomesafen was 

applied at 0.20 kg ha-1 alone (8%) and at 0.28 kg ha-1fb S-metolachlor at 14 DAP (13%).  

Similar to 2012, more stunting was observed on Covington plants than Evangeline. 

Sweetpotato Yield.   Due to an interaction of herbicide treatment and year, data were 

analyzed separately by year.  Cultivar and treatment interactions were only observed in no. 1 

and marketable root yields of 2012, so these were also analyzed separately by cultivar.  No 

other interaction was observed; therefore remaining cultivar data were pooled and analyzed 

by year. 

2012.  All treatments except the weedy, fomesafen alone at 0.2 kg ha-1 and clomazone 

produced total sweetpotato (average across Covington and Evangeline) yield similar to the 

weed-free control in 2012 (Table 5).  The low yields in both of these treatments were due to 

lack of Palmer amaranth control (Table 3).  Other researchers have also reported lack of 

Palmer amaranth control with clomazone (Westberg et al. 1989) and fomesafen at low rates 

are reported to only control Palmer at a two true leaf stage (Anonymous  2011).  Jumbo and 

canner yield was not different for the weed-free  treatment compared to all other herbicide 
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treatments.  Covington yielded slightly more than Evangeline (4 and 3 t ha-1), respectively 

(Table 6). 

 No. 1 and marketable yields of Covington or Evangeline for herbicide treatments 

were not different from the weed-free control treatment except for reduced Covington yields 

in the fomesafen at 0.20 kg ai ha-1treatment.  The reduced yield in the fomesafen at 0.20 kg 

ha-1 treatment in Covington was due to lack of Palmer amaranth control during the season in 

2012.  Palmer amaranth control by this treatment was 40 and 5% at 28 and 50 DAP, 

respectively.   

2013.  Significant treatment effects were observed for no. 1, marketable, and total 

sweetpotato yield (Table 7).  Clomazone at 0.73 kg ha-1treatment had lower no. 1, 

marketable, and total yield than the weed-free check and yields similar to the weedy check.  

This observation was due to lack of Palmer amaranth control in this treatment, as the control 

was 51 and 32% at 28 and 50 DAP, respectively.  However, no. 1, marketable, and total yield 

in the fomesafen alone or fb S-metolachlor treatments were similar to the weed-free control.  

Similar results were observed from flumioxazin alone, flumioxazin fb S-metolachlor, 

flumioxazin fb clomazone fb S-metolachlor, S-metolachlor alone, and napropamide 

treatments.  No treatment effect was observed for jumbo or canner of Covington or 

Evangeline sweetpotato.  No. 1, jumbo, marketable, and total yield was greater in Evangeline 

than Covington (Table 6).   

 In summary, fomesafen rates at 0.28 to 0.56 kg ha-1 alone or in sequence with S-

metolachlor  provided adequate Palmer amaranth control without a yield reduction and with 

minimal crop foliar injury (<17%)  in Covington and Evangeline sweetpotato.  Systems 
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containing flumioxazin alone, fb S-metolachlor, or fb clomazone fb S-metolachlor provided 

excellent Palmer amaranth control (≥ 95%) with little to no stunting (≤ 5%) and similar yield 

(no. 1, jumbo, canner, marketable, and total) to the weed-free check.  Clomazone alone did 

not cause injury, but Palmer amaranth control was inadequate (24 to 68%) which directly 

resulted in reduced yield of no. 1, marketable, and total sweetpotato.  Other researchers 

(Westberg et al. 1989) have reported similar results.  Napropamide did not cause injury and 

yield was similar to the weed-free check.  Napropamide resulted in good Palmer amaranth 

control at 28 and 50 DAP in 2013 (92 and 91%) but variable control in 2012 (90 and 65%).  

S-metolachlor applied 0 to 7 DAP alone did not cause any injury, which is contrary to some 

previous studies which found increased injury when S-metolachlor was applied immediately 

after transplant compared to delayed application (Meyers et al., 2013b).  In 2012, no. 1, 

marketable, and total yield of Covington sweetpotato were lower in the S-metolachlor alone 0 

to7 DAP treatment in comparison to fomesafen pretransplant at 0.28 kg ai ha-1 fb S-

metolachlor 14 DAP.  This difference agrees with findings of Meyers et al. (2012; 2013b) 

that a delayed application of S-metolachlor increases yield.   However, the yield difference 

was not observed in 2013 and it can only be speculated as to whether the difference in 2012 

was due to the delayed application of S-metolachlor or to the inclusion of fomesafen 

pretransplant. 

 The present research suggests fomesafen preplant (not currently registered in 

sweetpotato) provides good Palmer amaranth control, minimal crop injury and comparable 

yield to standard treatments.  Also, systems with flumioxazin preplant fb clomazone 0 to7 

DAP fb S-metolachlor 14 DAP provided the greatest and most consistent Palmer amaranth 
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control (100%) at all dates in both years with little to no crop injury and comparable yield to 

weed-free control. 
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Table 1.  Herbicide treatments applied to 'Covington' and 'Evangeline' 

sweetpotato at Clinton, NC in 2012 and 2013.a 

Treatment Trade Name Rate  Application Timing 

 
 

kg ai ha-1 

 Weed-free - -  - 

Weedy - -  - 

Fomesafen  Reflex 0.2 Pretransplant  

Fomesafen  Reflex 0.28 Pretransplant  

Fomesafen  Reflex 0.36 Pretransplant  

Fomesafen Reflex 0.42 Pretransplant  

Fomesafen  Reflex 0.56 Pretransplant  

Fomesafen  Reflex 0.84 Pretransplant  

Fomesafen; fb 

S-metolachlor  

Reflex; fb Dual 

Magnum 

0.20; fb 

1.12  

Pretransplant; fb 0 to 

7 DAP  

Fomesafen; fb 

S-metolachlor  

Reflex; fb Dual 

Magnum 

0.28; fb 

1.12  

Pretransplant; fb 0 to 

7 DAP  

Fomesafen; fb 

S-metolachlor  

Reflex; fb Dual 

Magnum 

0.36; fb 

1.12  

Pretransplant; fb 0 to 

7 DAP  

Fomesafen; fb 

S-metolachlor  

Reflex; fb Dual 

Magnum 

0.42; fb 

1.12  

Pretransplant; fb 0 to 

7 DAP  

Fomesafen; fb 

S-metolachlor  

Reflex; fb Dual 

Magnum 

0.56; fb 

1.12  

Pretransplant; fb 0 to 

7 DAP  

Fomesafen; fb 

S-metolachlor  

Reflex; fb Dual 

Magnum 

0.84; fb 

1.12  

Pretransplant; fb 0 to 

7 DAP  

Fomesafen; fb 

S-metolachlor  

Reflex; fb Dual 

Magnum 

0.28; fb 

1.12  

Pretransplant; fb 14 

DAP  

Flumioxazin  Valor 0.105 Pretransplant  

Flumioxazin; 

fb S-

metolachlor  

Valor; fb Dual 

Magnum 

0.105; fb 

1.12  

Pretransplant; fb 0 to 

7 DAP  

S-metolachlor  Dual Magnum 1.12 0 to 7 DAP 

Flumioxazin; 

fb Clomazone; 

fb S-

metolachlor  

Valor; fb 

Command; fb 

Dual magnum 

0.105; fb 

0.63; fb 

1.12 

Pretransplant; fb 0 to 

7 DAP; fb 14 DAP 

Clomazone  Command 0.63 0 to 7 DAP  

Napropamide  Devrinol 2.24 0 to 7 DAP  

a Abbreviations:  DAP, days after transplanting; fb, followed by. 
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Table 2.  Sources of materials. 

  
Common name Trade name Rates Manufacturer 

  
(kg ai ha-1) 

 
Fomesafen Reflex 0.20, 0.28, 

0.36, 0.42, 

0.56, 0.84 

Syngenta Crop Protection, Inc., 

Greensboro, NC.  

(www.syngentacropprotection-us.com) 

S-metoalachlor Dual Magnum 1.12 Syngenta Crop Protection, Inc., 

Greensboro, NC.  

(www.syngentacropprotection-us.com) 

Flumioxazin Valor SX 0.105 Valent U.S.A. Corp., Walnut Creek, CA.  

(www.valent.com) 

Clomazone Command 3ME 0.63 FMC Corp., Philadelphia, PA.  

(www.fmccrop.com) 

Napropamide Devrinol 50-DF 2.24 United Phosphorous Inc., Trenton, NJ.  

(www.upi-usa.com) 
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Table 3. The effect of fomesafen on Palmer amaranth control at Clinton, NC in 2012 and 2013
a,b

.

 Rate

kg ai ha
-1

28 DAP 50 DAP 28 DAP 50 DAP

Fomesafen 0.2 Pretransplant 40 c 5 c 95 a 89 a

Fomesafen 0.28 Pretransplant 99 a 80 ab 100 a 98 a

Fomesafen 0.36 Pretransplant 100 a 93 a 99 a 97 a

Fomesafen 0.42 Pretransplant 99 a 87 a 91 a 84 a

Fomesafen 0.56 Pretransplant 100 a 94 a 99 a 98 a

Fomesafen 0.84 Pretransplant 100 a 90 a 100 a 98 a

Fomesafen; fb S -

metolachlor 

0.20; fb 

1.12 

Pretransplant; fb 0 

to 7 DAP 
98 a 83 a 98 a 95 a

Fomesafen; fb S -

metolachlor 

0.28; fb 

1.12 

Pretransplant; fb 0 

to 7 DAP 
100 a 97 a 99 a 94 a

Fomesafen; fb S -

metolachlor 

0.36; fb 

1.12 

Pretransplant; fb 0 

to 7 DAP 
99 a 80 ab 99 a 93 a

Fomesafen; fb S -

metolachlor 

0.42; fb 

1.12 

Pretransplant; fb 0 

to 7 DAP 
99 a 94 a 99 a 96 a

Fomesafen; fb S -

metolachlor 

0.56; fb 

1.12 

Pretransplant; fb 0 

to 7 DAP 
99 a 98 a 99 a 94 a

Fomesafen; fb S -

metolachlor 

0.84; fb 

1.12 

Pretransplant; fb 0 

to 7 DAP 
100 a 100 a 97 a 90 a

Fomesafen; fb S -

metolachlor 

0.28; fb 

1.12 

Pretransplant; fb 14 

DAP 
90 a 66 ab 95 a 82 a

Flumioxazin 0.105 Pretransplant 100 a 100 a 98 a 95 a

Flumioxazin; fb 

S -metolachlor 

0.105; fb 

1.12 

Pretransplant; fb 0 

to 7 DAP 
100 a 100 a 99 a 98 a

S -metolachlor 1.12 0 to 7 DAP 93 a 45 abc 92 a 86 a
Flumioxazin; fb 

Clomazone; fb S -

metolachlor 

0.105; fb 

0.63; fb 

1.12

Pretransplant; fb 0 

to 7 DAP; 

fb 14 DAP
100 a 100 a 100 a 100 a

Clomazone 0.63 0 to 7 DAP 68 b 24 bc 51 b 32 b

Napropamide 2.24 0 to 7 DAP 90 a 65 ab 92 a 91 a
a
 Abbreviations:  DAP, days after transplanting; AMAPA, Palmer amaranth; fb, followed by.

b
 Means within a column followed by the same letter are not different according to Tukey MSD at p ≤ 0.05.

c
 Rating:  0%, no control; 100%, complete control.

%

Application 

timing
Treatment

AMAPA control
c

2012 2013
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Table 4.  The effect of fomesafen on sweetpotato injury at Clinton, NC, in 2012 and 2013
a,b,c

.

2013

17 DAP 28 DAP 50 DAP

kg ai ha
-1

Fomesafen 0.2 Pretransplant 0 c 0 b 0 c

Fomesafen 0.28 Pretransplant 0 c 3 b 0 c

Fomesafen 0.36 Pretransplant 0 c 3 b 0 c

Fomesafen 0.42 Pretransplant 0 c 3 b 0 c

Fomesafen 0.56 Pretransplant 0 c 5 ab 2 bc

Fomesafen 0.84 Pretransplant 8 bc 13 a 2 bc

Fomesafen; fb S -

metolachlor 

0.20; fb 

1.12 

Pretransplant; fb 

0 to 7 DAP 
0 c 6 ab 8 ab

Fomesafen; fb S -

metolachlor 

0.28; fb 

1.12 

Pretransplant; fb 

0 to 7 DAP 
0c 8 ab 3 bc

Fomesafen; fb S -

metolachlor 

0.36; fb 

1.12 

Pretransplant; fb 

0 to 7 DAP 
17 a 9 ab 1 c

Fomesafen; fb S -

metolachlor 

0.42; fb 

1.12 

Pretransplant; fb 

0 to 7 DAP 
9 ab 9 ab 3 bc

Fomesafen; fb S -

metolachlor 

0.56; fb 

1.12 

Pretransplant; fb 

0 to 7 DAP 
0 c 6 ab 0 c

Fomesafen; fb S -

metolachlor 

0.84; fb 

1.12 

Pretransplant; fb 

0 to 7 DAP 
4 bc 9 ab 3 bc

Fomesafen; fb S -

metolachlor 

0.28; fb 

1.12 

Pretransplant; fb 

14 DAP 
0c 0 b 13 a

Flumioxazin 0.105 Pretransplant 0 c 2 b 0 c

Flumioxazin; fb 

S -metolachlor 

0.105; fb 

1.12 

Pretransplant; fb 

0 to 7 DAP 
2 bc 3 b 1 bc

S -metolachlor 1.12 0 to 7 DAP 0 c 0 b 0 c

Flumioxazin; fb 

Clomazone; fb 

S -metolachlor

0.105;fb 

0.63; fb 

1.12

Pretransplant; fb 

0 to 7 DAP; 

fb 14 DAP

0 c 4 ab 1 bc

Clomazone 0.63 0 to 7 DAP 2 bc 0 b 0 c

Napropamide 2.24 0 to 7 DAP 0 c 0 b 0 c

Treatment *** ** ***

Variety NS * **

Covington NS 5 a 3 a

Evangeline NS 3 b 1 b

T x V NS NS NS
a
 Abbreviations: fb, followed by; DAP, days after transplanting;  Cov, Covington; 

Evan, Evangeline; NS, not significant.
b
 Rating: 0%, no injury; 100%, crop death.

c 
Means within a column followed by the same letter are not different according to

Tukey HSD at p ≤ 0.05.
d
 Values represented by *, **, and *** are significant at P ≤ 0.05, 0.01, and

 < 0.0001, respectively.

Application 

timing
Treatment Rate 


%

2012
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Table 5.  The effect of fomesafen on sweetpotato yield at Clinton, NC in 2012
a,b

.

Jumbo Canner Total
d

Cov Evan Cov Evan

kg ai ha
-1

Weed-free -  - 21 abc 24 abc 25 abc 28 abc 4 14 40 a
Weedy -  - 2 d 2 d 5 d 2 d 2 0 3 d
Fomesafen 0.2 Pretrans 9 cd 7 cd 10 cd 9 cd 1 2 12 cd
Fomesafen 0.28 Pretrans 24 abc 18 a-d 30 ab 20 a-d 4 16 41 a
Fomesafen 0.36 Pretrans 22 abc 23 a-d 26 ab 25 abc 3 19 44 a
Fomesafen 0.42 Pretrans 25 ab 21 a-d 30 ab 23 a-d 3 17 44 a
Fomesafen 0.56 Pretrans 21 abc 23 abc 24 abc 29 abc 5 15 42 a
Fomesafen 0.84 Pretrans 14 bcd 15 a-d 17 bcd 16 a-d 2 15 32 abc

Fomesafen; fb S -

metolachlor 

0.20; fb 

1.12 

Pretrans; fb 0 

to 7 DAP 19 abc 23 a-d 22 abc 28 abc 4 13 38 ab 

Fomesafen; fb S -

metolachlor 

0.28; fb 

1.12 

Pretrans; fb 0 

to 7 DAP 22 abc 27 abc 28 ab 31 abc 5 9 38 ab 

Fomesafen; fb S -

metolachlor 

0.36; fb 

1.12 

Pretrans; fb 0 

to 7 DAP 18 abc 19 a-d 22 abc 21 a-d 4 14 36 ab

Fomesafen; fb S -

metolachlor 

0.42; fb 

1.12 

Pretrans; fb 0 

to 7 DAP 17 abc 31 a 20 abc 34 a 3 17 44 a

Fomesafen; fb S -

metolachlor 

0.56; fb 

1.12 

Pretrans; fb 0 

to 7 DAP 26 ab 23 abc 30 ab 26 abc 3 16 44 a

Fomesafen; fb S -

metolachlor 

0.84; fb 

1.12 

Pretrans; fb 0 

to 7 DAP 22 abc 31 a 25 abc 34 ab 3 16 45 a

Fomesafen; fb S -

metolachlor 

0.28; fb 

1.12 

Pretrans; fb 

14 DAP 30 a 18 a-d 35 a 21 a-d 4 25 51 a

Flumioxazin 0.105 Pretrans 22 abc 27 abc 26 abc 30 abc 3 20 48 a

Flumioxazin; fb S -

metolachlor 

0.105; fb 

1.12 

Pretrans; fb 0 

to 7 DAP 19 abc 29 ab 22 abc 33 ab 3 22 50 a

S -metolachlor 1.12 0 to 7 DAP 14 bcd 23 abc 19 bcd 28 abc 5 8 31 abc

Flumioxazin; fb 

Clomazone; fb S -

metolachlor 

0.105; fb 

0.63; fb 

1.12

Pretrans; fb 0 

to 7 DAP; 

fb 14 DAP
22 abc 26 abc 26 ab 31 ab 4 16 45 a

Clomazone 0.63 0 to 7 DAP 14 bcd 9 bcd 16 bcd 12 bcd 3 5 19 bcd

Napropamide 2.24 0 to 7 DAP 20 abc 14 a-d 24 abc 17 a-d 4 13 34 ab

Treatment
e

*** *** *** *** NS *** ***

Variety - - - - * ** **

Trt*Variety NS NS NS
a
 Means within a column followed by a different letter indicate significant difference according to

 Tukey MSD at p ≤ 0.05.
b
 Abbreviations: Pretrans, pretransplant; DAP, days after transplanting; Cov, Covington; Evan, 

Evangeline; NS, not significant.
c 
Marketable = no1 + jumbo.

d
 Total = no1 + jumbo + canner.

e
 Values represented by *, **, and *** are significant at P ≤ 0.05, < 0.01, and < 0.0001, respectively.

*

Marketable
c

**

t ha
-1

Treatment
Rate Application 

timing

No.1
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Table 6.  The effect of fomesafen herbicide on Covington and Evangeline yield at Clinton, NC, in 2012 and 

2013a. 

Variety 
No1   Jumbo   Canner   Marketableb   Totalc 

2012 2013   2012 2013   2012 2013   2012 2013   2012 2013 

 

t ha-1 

Covington - 10 b 
 

4 a 5 b 
 

16 a NS 

 

- 15 b 
 

35 b 16 b 

Evangeline - 12 a   3 b 6 a   12 b NS   - 18 a   40 a 19 a 

a Means within a column followed by the same letter are not different according to Tukey MSD at p ≤ 0.05. 

b Marketable = no 1 + jumbo. 

c Total = no 1 + jumbo + canner. 
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Table 7.  The effect of fomesafen on sweetpotato yield at Clinton, NC in 2013
a,b

.

Treatment Rate 

Application 

timing No.1 Marketable
c

Jumbo Canner Total
d

kg ai ha
-1

Weed-free -  - 11 ab 17 ab 6 0 18 abc

Weedy -  - 5 b 9 c 4 0 9 c

Fomesafen 0.2 Pretrans 11 ab 17 abc 6 1 18 ab

Fomesafen 0.28 Pretrans 11 ab 16 abc 5 1 17 abc

Fomesafen 0.36 Pretrans 13 a 19 a 6 0 20 a

Fomesafen 0.42 Pretrans 9 ab 14 abc 5 1 15 abc

Fomesafen 0.56 Pretrans 10 ab 14 abc 4 2 16 abc

Fomesafen 0.84 Pretrans 11 ab 15 abc 5 1 16 abc

Fomesafen; fb S -

metolachlor 

0.20; fb 

1.12 

Pretrans; fb 0 

to 7 DAP 10 ab 15 abc
5 0

16

Fomesafen; fb S -

metolachlor 

0.28; fb 

1.12 

Pretrans; fb 0 

to 7 DAP 11 ab 16 abc
6 2

18 a

Fomesafen; fb S -

metolachlor 

0.36; fb 

1.12 

Pretrans; fb 0 

to 7 DAP 12 a 18 a
6 1

19 a

Fomesafen; fb S -

metolachlor 

0.42; fb 

1.12 

Pretrans; fb 0 

to 7 DAP 13 a 17 ab
5 2

19 a

Fomesafen; fb S -

metolachlor 

0.56; fb 

1.12 

Pretrans; fb 0 

to 7 DAP 13 a 18 a
5 1

19 a

Fomesafen; fb S -

metolachlor 

0.84; fb 

1.12 

Pretrans; fb 0 

to 7 DAP 10 ab 14 abc
4 2

16 abc

Fomesafen; fb S -

metolachlor 

0.28; fb 

1.12 

Pretrans; fb 

14 DAP 9 ab 13 abc
5 1

14 abc

Flumioxazin 0.105 Pretrans 12 a 18 a 6 1 19 a

Flumioxazin; fb S -

metolachlor 

0.105; 

fb 1.12 

Pretrans; fb 0 

to 7 DAP 14 a 20 a
5 1

21 a

S -metolachlor 1.12 0 to 7 DAP 13 a 20 a 7 1 21 a

Flumioxazin; fb 

Clomazone; fb S -

metolachlor 

0.105; 

fb 0.63; 

fb 1.12

Pretrans; fb 0 

to 7 DAP; 

fb 14 DAP 13 a 19 a

6 1

20 a

Clomazone 0.63 0 to 7 DAP 4 b 10 cb 5 0 9 bc

Napropamide 2.24 0 to 7 DAP 15 a 20 a 5 2 22 a

Treatment
e *** *** NS NS ***

Variety * *** *** NS ***

Trt*Variety NS NS NS NS NS
a
 Means within a column followed by a different letter indicate significant difference according to

 Tukey MSD at p ≤ 0.05.
b
 Abbreviations: Pretrans, pretransplant; DAP, days after transplanting; Cov, Covington; Evan, 

Evangeline; NS, not significant.
c 
Marketable = no1 + jumbo.

d
 Total = no1 + jumbo + canner.

e
 Values represented by *, **, and *** are significant at P ≤ 0.05, < 0.01, and < 0.0001, respectively.

t ha
-1
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CHAPTER III 

YIELD AND SENSORY COMPARISON OF ‘EVANGELINE’ FOR PRODUCTION IN 

NORTH CAROLINA  

Susan L. Barkley, Jonathan R. Schultheis, Suzanne D. Johanningsmeier, Katherine M. 

Jennings, Van-Den Truong, and David W. Monks 

 

 Studies were conducted in 2012 and 2013 to compare ‘Evangeline’ to various 

sweetpotato clones for commercial production in North Carolina.  Sweetpotato clones 

included Evangeline, Covington, Beauregard, Orleans, Bonita, Bayou Belle, and NC05-198. 

 ‘Evangeline’ and ‘Covington’ were subjected to sensory evaluation to determine consumer 

acceptance.  NC05-198 produced the highest no. 1 grade sweetpotatoes (600 bu/acre) and 

total marketable storage root yield was similar to ‘Bayou Belle’ and ‘Beauregard’ (841, 775, 

and 759 bu/acre), respectively.  No. 1 and marketable root yields were similar among 

‘Orleans’ (468 and 709 bu/acre) and ‘Beauregard’ (502 and 759 bu/acre).  However, 

‘Orleans’ produced more uniform roots than ‘Beauregard’, in which the latter had higher cull 

production.  ‘Evangeline’ was comparable to no. 1 yield of ‘Bayou Belle’, ‘Orleans’, and 

‘Covington’ which indicate the ability of this variety to produce acceptable yield in North 

Carolina conditions.  ‘Evangeline’ had higher levels of fructose and glucose, with similar 

levels of sucrose or maltose in comparison to ‘Covington’.   Consumers (n=100) indicated no 

difference between varieties in their “just about right” sweetness ratings, but consumer 

acceptance results showed a preference of ‘Evangeline’ flesh color over ‘Covington’.  

Regardless of variety, consumers in this study preferred oven baked over microwaved 
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sweetpotatoes (P < 0.0001).  Consumer acceptance results indicated that ‘Evangeline’ is as 

acceptable as the standard variety Covington. 
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Introduction 

 North Carolina (NC) produces more sweetpotato [Ipomoea batatas (L.) Lam.] 

acreage (73,000) than any other state in the United States (USDA, 2015a).  This acreage 

amounts to $354 million in gross farm value, which is more than half of all sweetpotato 

production value in the United States (USDA, 2015b). ‘Covington’ sweetpotato, was released 

by the North Carolina Agricultural Research Service in 2005, and accounts for 88% of the 

certified seed acreage in NC (NCCIA, 2014; Yencho et al., 2008).  Although Covington is 

the primary variety grown and has been widely successful, new clones are continuing to be 

evaluated to improve yields and quality, with the goal of maintaining and expanding 

domestic and international markets.  Varieties may develop problems or mutate over time, so 

there is a continual need for development of replacement varieties (Bryan et al, 2003; Clark, 

et al., 2002; Villordon and LaBonte, 1996).  

 ‘Covington’ has been shown to have storage root issues such as internal necrosis, 

which has been found in varying degrees of incidence and severity in facilities across NC 

(Jiang, 2013).  Causes have yet to be determined and continue to be investigated.  With this 

in mind, the economic risk due to internal necrosis to the NC sweetpotato industry is very 

high, considering this variety is so widely grown.  Seven of the twelve reported seed 

producers in NC grew only ‘Covington’ seed in 2014 (Table 1).  High dependence on a 

single variety can lead to genetic vulnerability and can lead to substantial yield and market 

losses to growers.   

 The primary objective of this study was to evaluate seven experimental clones and 

recently released varieties grown under North Carolina conditions to investigate their 
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commercial potential.  LA 07-146, which was recently named ‘Bayou Belle’, is a red skinned 

high yielding variety with a deep orange flesh with variation in shapes that has been 

developed primarily for processing for the french fry industry (D. LaBonte, personal 

communication; NCCIA, 2015; S. Stoddard, unpublished data).  NC05-198 is a rose skinned, 

orange fleshed clone being considered for release by the NC breeding and genetics program, 

probably in 2016 (K. Pecota and G.C. Yencho, personal communication).  ‘Bonita’ is a white 

skinned, white flesh variety considered to be superior to ‘O'Henry’, also a white flesh variety, 

due to a brighter white flesh color, smoother root surface, and a drier, sweeter flesh (LaBonte 

et al., 2012; NCCIA, 2014). ‘Orleans’ is similar to ‘Beauregard’ in yield, skin color, flesh 

color, and sugar content but tends to have an elliptic, more consistent shape than 

‘Beauregard’ (LaBonte et al., 2012). ‘Beaurgard’ was the standard that dominated the US 

market since the 1990s, soon after its release in 1987 (Rolston et al., 1987), and continues to 

be an important orange flesh variety grown internationally. The NC sweetpotato industry has 

shown interest in ‘Evangeline’, a rose skinned deep orange flesh variety that has higher 

sugars and similar yield to ‘Beauregard’ (LaBonte et al., 2008).   

 A second objective was to compare consumer acceptability of ‘Evangeline’ and 

‘Covington’ sweetpotatoes prepared by conventional oven baking or microwave.  Previous 

researchers have suggested that due to ‘Evangeline's high sucrose content, it may be suitably 

marketed as a microwavable sweetpotato (LaBonte et al., 2008).  Convenience as a 

microwavable product coupled with high sensory quality could lead to expanded markets.   
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Materials and Methods 

Variety trial 

 A study was conducted in 2012 on a commercial farm in Sims, NC [Wilson county 

(lat. 35.718088, long. -78.146197)] and in 2013 on a commercial farm in Middlesex, NC 

[Johnston county   (lat. 35.72113, long. -78.20661)].  In 2012 soil was a Wedowee coarse 

sandy loam (fine, kaolinitic, thermic Typic Kanhapludults) with 6% to 10% slopes.  In 2013 

the soil was a Norfolk loamy sand (fine-loamy, kaolinitic, thermic Typic Kandiudults) with 

0% to 2% slopes.  Standard commercial production practices were followed (Kemble, 2013). 

 No supplemental irrigation was supplied in either year, however, rainfall occurred in regular 

intervals and amounts that facilitated crop growth and yields (Table 2). 

 Nonrooted 7 to 12 in long sweetpotato transplants of ‘Evangeline’, ‘Covington’, 

‘Beauregard’, ‘Orleans’, ‘Bonita’, ‘Bayou Belle’, and NC05-198 were cut by hand from field 

propagation beds and then transplanted to 12 in in-row spacing on 14 June 2012 and 6 June 

2013 using a mechanical transplanter. Plot size was one 25 ft long (12 in tall) row on 3.5 ft 

centers with 5 ft borders (front, back) between plots.  The experimental design was a 

randomized complete block with four replications.  Each replicate was considered a block.  

Sweetpotato storage roots were harvested 13 September 2012 [91 d after transplanting 

(DAT)] and 27 September 2013 (113 DAT) using a single-row mechanical chain harvester, 

weighed and then graded according to US and NC standards into no. 1 roots (diameter of 

1.75 to 3.5 in and length of 3 to 9 in), canner roots (diameter 1 to 1.75 in), jumbo roots 

(diameter > 3.5 in), and cull roots (malformed or distorted) (USDA, 2005).  Total marketable 
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yield was calculated as the sum of jumbo, no. 1, and canner grades.  Each grade of roots was 

weighed and is reported in bu/acre where one bu equals 50 lb. 

 No interactions between trial year and variety were observed; therefore data from 

2012 and 2013 were pooled.  Yield data of the seven clones were analyzed together by 

standard ANOVA techniques for a randomized complete block design using PROC GLM 

(SAS version 9.4, SAS Institute, Cary, NC) with means separation conducted using Fisher’s 

LSD of P ≤ 0.05 to determine statistical differences between treatments.   

Sensory quality of ‘Covington’ and ‘Evangeline’ 

  A study was conducted in 2013 to compare the sensory attributes of Evangeline and 

Covington sweetpotato varieties using two cooking methods.  Sweetpotatoes were grown at a 

commercial farm in Bailey, NC (Lat. 35.832670, Long. -78.099785).  All harvested storage 

roots were cured under conditions typically used by NC growers (85°F, 80 to 90% relative 

humidity for 7 d) and then stored at 55 to 60°F and 80 to 90% relative humidity (Edmunds et 

al., 2008) for approximately 5 weeks before samples were removed from storage for the 

experiment.   No. 1 sweetpotato roots of uniform shape and size (7 to 14 oz) were selected, 

hand washed and dried.  

1. Conventional oven preparation 

 Sweetpotato roots were pricked with a fork six times and wrapped in aluminum foil. 

 Approximately 13 wrapped roots of each variety were placed on a baking pan such that a 

pan had either ‘Covington’ or ‘Evangeline’.  Each pan was placed on its own rack and 

cooked simultaneously in a conventional oven.  Walter (1987) reported that sweetpotato 

roots should be baked at 400°F for 90 min (Walter, 1987); however, in preliminary research 
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for this study, the roots that were baked for 90 min were much too soft to be cut into portions 

once cooled.  Therefore, bake time was reduced to 75 min at 400°F to minimize differences 

in texture between oven and microwave prepared sweetpotatoes.  Pans placed at each level 

within the oven were switched halfway through the bake time to promote even baking.  After 

baking, roots were cooled and stored at 41°F overnight to become firm.  Cooked roots once 

cooled were firm enough to cut into sections to prepare individual samples for sensory 

evaluation. 

2. Microwave oven preparation 

 Sweetpotato roots were pricked with a fork six times and then placed individually 

into microwave cookers (Progressive GMMC-48 Microwave Potato Cooker with Lid, 

Progressive International, Kent, WA 98032).  Microwave cookers with lids were chosen to 

replicate the sealed nature of the oven baked sweetpotato roots, which were individually 

wrapped in foil, both with intention of preserving moisture level and texture between cooking 

methods.  Sweetpotato roots were cooked in a 900 watt microwave on high power for 4 min 

and 15 s and then allowed to cool inside the cooker for 5 min.  Referenced microwave cook 

times for sweetpotato have large variability. Picha (1985) suggested cooking roots for 15 min 

with a 1500 watt microwave.  Purcell and Walter (1988) microwaved sweetpotatoes for 3 

min in a 6000 watt oven.  Allen et al. (2012) microwaved sweetpotato samples for 5 min in a 

1000 watt oven.  However, Allen et al.’s sweetpotato samples were peeled and sliced prior to 

cooking.  Microwave cooking time in this study was determined by a preliminary 

trial. Cooked samples were then wrapped in aluminum foil and placed on a baking sheet and 

stored overnight at 41°F.  
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3. Sample preparation for sensory evaluation 

 The day after cooking, the chilled roots were peeled and cut in half latitudinally. With 

the cut side down, one half of the root was quartered.  One quarter was placed in a four oz 

portion cup with lid, designated for texture analysis.  The root tip was sliced off the end of 

the remaining three quarters and thrown away.  The remaining pieces were then cut in half.  

The untouched root half was sliced in rounds, quartered and the root tip was thrown away. 

 Two sections, approximately 1 by 1 in each, were placed into 4 oz lidded portion cups coded 

with three digit random numbers.  Coded samples were placed into a 122°F incubator to 

equilibrate to the proper serving temperature for the consumer panel.  One section from each 

storage root was collected for chemical analysis of sugars, dry matter, and color 

measurement.   

4. Color measurement 

 Root samples were pureed using a food processor and put into clear petri dishes.  Air 

bubbles were removed by tapping the filled dish several times on the lab bench and the 

surface of the sweetpotatoes was smoothed down with a spoon.  Color of the samples was 

measured with a Hunter colorimeter (Hunterlab DP 9000, Hunter Associates Laboratory Inc., 

Reston, VA).  Results were expressed as tristimulus values, L* (lightness, 0 for black, 100 for 

white), a* (-a = greenness, +a = redness) and b* (-b = blueness, +b = yellowness) 

(Leksrisompong et al., 2012). The instrument (45°/0° geometry, D25 optical sensor) was 

calibrated against a standard white reference tile (L* = 92.75, a* = -0.73, b* = -0.08). Six 

measurements were taken for each sample and averaged. 
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5. Dry matter content 

 The dry matter content was determined by drying a representative 0.5 oz sweetpotato 

sample at 212°F for 24 h in a laboratory radiant heat oven (Lab-Line Imperial III, Lab-Line 

Instruments, Inc., Dubuque, IA). The dry matter content (%) was calculated by using the dry 

weight and the fresh sample weight according to the following formula: 

Dry matter (%) = Dry weight of sample / Total weight of sample x 100 

6. Sugar analysis 

 Raw sweetpotato samples were peeled and then pureed by a food processor (Robot 

Coupe RSI 241, Robot Coupe U.S.A., Inc., Ridgeland, MS).  Approximately 15 g were 

weighed into a flask.  Ethanol heated to 215°C was added and then pureed with a 

tissuemizer.   A vacuum filtration system was used during sugar extraction with a total of 

three extractions per sample. The residue and original container were washed with additional 

ethanol solution during the filtration and brought to a final volume of 100 ml.  Cooked 

samples were mashed and samples from approximately 6 roots within treatment were pooled, 

with a total of two distinct pooled samples per treatment designated for analysis. 

 Approximately 15 g from each pooled sample were weighed out and placed into labeled test 

tubes.  High performance liquid chromatography (HPLC) was employed for quantification of 

glucose, fructose, sucrose, and maltose in both raw and cooked sweetpotato samples (Truong 

et al., 2014). 

7. Texture measurement 

 Instrumental texture measurement was conducted for 20 sweetpotatoes from each 

treatment.  Cooked sweetpotato samples were cut into a cylinder with a 1.35 cm diameter 
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using a size 10 cork borer and then the cylinder was trimmed to 2.2 cm tall (Truong et al., 

1997).  The cylinders were incubated at 55°C to replicate the temperature used during the 

sensory test.  The cylinders were uniaxially compressed along the longitudinal axis using a 

TA.XT Plus Texture Analyzer (Texture Technologies Corp., Scarsdale, NY) equipped with 

5-kg load cell and a 2 in diameter compression plate (TA-25, Texture Technologies Corp., 

Scarsdale, NY) traveling with a crosshead speed of 10 cm/min.  Data collection and 

calculations were completed using Testworks (MTS Sintech Inc., NC) to measure fracture 

force, height at fracture, fracture stress, and percent compression at fracture.  

8. Consumer acceptance 

 Consumer acceptance testing was conducted in accordance with the North Carolina 

State University Institutional Review Board for Human Subject guidelines (IRB Ref # 3651). 

 Sweetpotato consumers (n = 100) were recruited to evaluate four cooked sweetpotato root 

samples.  Panelists completed a demographic questionnaire to determine gender and age 

distribution, frequency of consumption and preferred cooking method of sweetpotato.  Coded 

samples were served one at a time, in a randomized order to each consumer.  Consumers 

recorded responses on paper ballots that had samples identified by a three digit sample 

number.  Participants were asked to evaluate overall liking, color liking, texture liking, and 

flavor liking on a 9-point Hedonic scale, where nine was anchored with the term, “like 

extremely” and one was anchored with the term, “dislike extremely.”  Participants were also 

asked to evaluate moisture level, texture, sweetpotato flavor and sweetness using a just-

about-right 7-point scale, where four was anchored with “just about right” and one and seven 
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were anchored with the opposite extremes of each trait, i.e. “not at all sweet” and “much too 

sweet”, respectively.   

 Consumer liking scores were subjected to ANOVA using JMP®Pro 10.0.0 software 

(SAS Institute, Cary, NC) and means were separated with Tukey’s multiple means 

comparison at P < 0.05.  Effects analyzed were variety, cooking method and the interaction 

of variety by cooking method.  Sugar, texture and dry matter data were subjected to ANOVA 

(SAS version 9.4, SAS Institute, Cary, NC) and means were separated with Fisher’s LSD at 

P ≤ 0.05. 
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Results and Discussion 

Variety trial 

 There was no variety by year interaction, therefore yield data were pooled over 2012 

and 2013.  Marketable yield ranged from 520 to 841 bu/acre (Table 3).  Clone NC05-198 

produced the highest marketable yield (841 bu/acre), which was comparable to ‘Beauregard’ 

and ‘Bayou Belle’.  NC05-198 also produced the greatest amount of no. 1 roots (600 

bu/acre).  ‘Beauregard’ and ‘Orleans’ had similar total marketable root yield (759 and 709 

bu/acre), respectively.  However, ‘Beauregard’ produced the most culls (63 bu/acre), which 

reduced the percentage of marketable roots to 93%, which was lower than NC05-198 and 

‘Evangeline’ (Table 4).   ‘Bayou Belle’ yielded the most canners (118 bu/acre), but was only 

different from ‘Covington’ and ‘Evangeline’ (76 and 49 bu/acre), respectively (Table 3).  No 

difference in production of jumbo roots was observed among clones.  Bonita, Evangeline, 

and Covington varieties were the lowest yielding clones for both no. 1 and total marketable 

yield.  However, all clones tested were similar in percentage of no. 1 roots (60% to 72%) 

(Table 4).  Although yields were lower than several of the clones we tested, ‘Covington’ has 

consistently “packed out” (percentage of stored roots shipped to market) better than 

‘Beauregard’, with the latter being the primary variety grown prior to the release of 

Covington (Yencho and Pecota, 2008).   Beyond yields, flesh quality, particularly internal 

necrosis (IN) in ‘Covington’, continues to be of concern (Clark et al., 2013).  It is important 

to note that ‘Covington’ and ‘Evangeline’ yields measured in this investigation were higher 

than reported yields from commercial growers in NC during these growing seasons (USDA, 

2015a).  At the start of this investigation ‘Evangeline’ had recently been introduced for 
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commercial production (LaBonte et al., 2008) and much interest was expressed by the North 

Carolina industry in its production and quality.  It was reported in sweetpotato collaborator 

trials in Charleston, SC that ‘Evangeline’ was among the top four producers in total 

marketable yield alongside ‘Orleans’, ‘Covington’, and ‘Beauregard’ (Jackson, 2011).   In 

this study, ‘Evangeline’ was comparable to ‘Orleans’ and ‘Covington’, but not to 

‘Beauregard’.  Clones can perform differently dependent on climatic differences between 

growing season and location which influence the number of growing degree days within a 

growing season (Villodoron et al., 2009). 

Sensory quality of ‘Evangeline’ compared to ‘Covington’ 

1. Chemical and physical properties of cooked ‘Evangeline’ and ‘Covington’ 

 Instrumental color measurements are summarized in Table 5 and prepared samples 

displayed in Figure 1.  ‘Evangeline’ had higher redness (a*) values than ‘Covington’ for 

oven baked (29.5) and microwaved (27.1) prepared sweetpotatoes.  In contrast, ‘Covington’ 

had higher yellow (b*) values for oven baked (63.6) and microwaved (56.1) than 

‘Evangeline’.  This observation agrees with the reported deeper orange flesh color of 

‘Evangeline’ (LaBonte et al., 2008).  Differences of color (P < 0.0001) were detected by 

cooking method.  Microwaved sweetpotoes had higher lightness (L*) values, and lower 

yellow (b*) and redness (a*) values, which indicate a slightly lighter, muted color in 

comparison to oven baked.  Color is an important trait when considering selection of a 

variety for commercial production since color is known to alter consumer perception of taste, 

smell and flavor (Delwiche, 2012).  
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 Dry weight percentage (DW) was affected by variety and cooking method. 

 ‘Covington’ had slightly higher DW in comparison to ‘Evangeline’ (28.7% and 27.0% fresh 

weight basis), respectively (Table 6).  Microwaved samples had the highest DW (30.3%), 

followed by oven baked, then raw samples (27.4% and 25.8%), respectively.  According to 

the USDA Agricultural Research Center, the range of DW for sweetpotatoes is 12% to 44%, 

with the average being 29% (USDA-GRIN, 1998).  However from an eating quality 

perspective, higher DW of sweetpotato has been positively correlated with consumer 

acceptability along with sweet taste and maltose content (Laurie et al., 2013).  Therefore the 

seemingly small differences in DW may be detected by consumers.  Laurie et al. (2013) 

reported that clones with lower DW (total DW range of 15.6 to 24.6 of 13 tested clones) was 

associated with higher ratings for the sensory attribute of wateriness, which resulted in 

lowered consumer acceptance.  

 Texture analysis revealed that sweetpotato variety did not significantly affect any of 

the variables, but cooking method differed (P < 0.05) for fracture force, height at fracture, 

fracture stress, and percent of compression at fracture (Table 7).  Results indicated that 

microwaved roots were measurably firmer than oven baked samples despite efforts in 

preliminary trials to minimize differences in texture. 

 There were significant differences between varieties in glucose and fructose. 

 ‘Evangeline’ contained higher levels of glucose in contrast to ‘Covington’ (8.3 and 6.2 

mg/g, respectively) (Table 8).   Fructose levels were also higher in ‘Evangeline’ than 

‘Covington’ (6.2 and 4.3 mg/g, respectively).  There were no differences in sucrose for either 

variety or cooking method.  LaBonte et al. (2008) reported oven baked ‘Evangeline’ sucrose 
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content was 63mg/g in contrast with ‘Beauregard’ (27 mg/g).  However, we found sucrose 

content of ‘Evangeline’ and ‘Covington’ grown in NC to be 41 and 43 mg/g, respectively. 

 Sugar concentration variations are complex and can easily be influenced by a number of 

different factors, including annual and environmental differences (Kou et al., 2012), and in 

some varieties, delaying harvest timing can induce a linear increase in total sugar 

concentrations (Lewthwaite et al., 2000).  Therefore, due to the many variables that 

contribute to sugar content one can only speculate as to the why ‘Evangeline’ grown in North 

Carolina had lower sucrose content than when grown in Louisiana. 

 Differences in maltose levels were significant by cooking method but not by variety. 

 Oven baked roots had the highest maltose content (64 mg/g) followed by microwaved (42 

mg/g) and raw (0mg/g) (Table 8).  The effect of cooking on maltose content is consistent 

with previous findings (Lewthwaite et al., 1997; Picha, 1985; Walter et al., 1975).   Sucrose, 

fructose and glucose are present in raw sweetpotato tissue but maltose is only produced 

during heating. During the cooking process starch is converted into dextrins and maltose by 

α-amylase and β-amylase.  The microwaved roots have less maltose than oven baked roots 

due to the rapid nature of cooking.  During oven baking there is ample time for α-amylase to 

degrade starch into maltose (Purcell and Walter, 1988). 

2. Consumer acceptability 

 A demographic survey of consumer panelists indicated a majority of women (65%) 

versus men (35%) (Figure 2).  Age distribution of panelists ranged from 18 to 65 years, with 

a majority of panelists 26 to 35 years of age.  Consumer frequency of sweetpotato 

consumption ranged from once per year to few per week (Figure 3).  The highest percentage 



 

75 

of participants (38%) consumes a few sweetpotatoes per month.  Preferred cooking method 

was highest for oven baked (63%) and lowest for fried (2%). 

 Overall consumer liking was higher for oven baked sweetpotato roots than 

microwaved with no difference between varieties (Table 9).  ‘Evangeline’ sweetpotato roots 

were more highly liked for color than ‘Covington’ and panelists showed a preference of color 

for oven baked over microwaved, which corresponds with the deeper orange color 

differences detected in the color measurement analysis (Table 5).  Both texture and flavor 

liking were greater for oven baked over microwaved with no variety differences.   Moisture 

level, texture and sweetpotato flavor differences were for cooking method and not for variety 

(Table 10).  Over 54% of panelists rated moisture levels for microwaved roots to be slightly 

too dry to much too dry (Figure 4) which agrees with the higher DW content (30.3 mg/g). 

 Approximately 35% of panelists thought the microwaved roots were slightly too firm to 

much too firm in contrast to oven baked (22%) (Figure 5), which corresponds with texture 

analysis results.  However, 40% of panelists rated oven baked sweetpotatoes to be slightly 

too soft to much too soft.  Approximately 56% of panelists rated microwaved sweetpotato 

flavor as slightly unflavorful to not at all flavorful, in contrast to oven baked roots, in which 

51% rated as just about right (Figure 6).  Sweetness ratings of sweetpotato roots were 

different for cooking method and variety (Table 10).  Oven baked ‘Covington’ roots had the 

highest percentage of just about right votes (53%), followed by oven baked ‘Evangeline’, 

microwaved ‘Covington’, and microwaved ‘Evangeline’ (44%, 40%, and 35%, respectively) 

(Figure 7).   No interactions between cooking method and variety were observed. 
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 Based on these results, there was no varietal difference in “just about right” scores for 

sweetness.  This corresponds with the similar sucrose levels measured between varieties. 

Panelists rated ‘Evangeline’ sweetpotatoes to be slightly not sweet enough to not at all sweet 

for microwaved and oven baked (61% and 45%), respectively.  The higher amounts of 

glucose and fructose in ‘Evangeline’ compared to ‘Covington’ were apparently not detected 

in the taste test. A sensory study on perceived sweetness of tomatoes with equal amounts of 

added glucose, fructose and sucrose reported that samples with added sucrose and fructose 

were rated sweeter than samples with added glucose (Baldwin and Thompson 2000). 

 However, it seems that sweetness perception of fructose is dependent on other factors such 

as temperature and pH (Fricker et al., 1973; Harris et al., 1978; Hyvonen et al., 1977). 

 Fontvieille et al. (1989) reported that perceived fructose sweetness decreased as temperature 

increased from 77°F to 122°F.  They also reported that fructose sweetness increases with 

increasing acidity.   Therefore fructose sweetness is perceived more in colder, acidic food 

items.  Another aspect to consider is that higher levels of reducing sugar can result in 

excessive darkening of fried sweetpotato products (Kays, 1985; Picha, 1986).  Therefore 

‘Covington’ may be better suited to the processing market for fried sweetpotato food items in 

comparison to ‘Evangeline’ due to ‘Covington’s lower amounts of fructose and glucose. 

 Different sugar types at similar concentrations have a different perceived sweetness.  

Biester et al., (1925) reported that fructose was five times, sucrose three times, and glucose 

two times sweeter than maltose.  However, the type of sugar also has an effect on flavor in 

addition to sweetness.   In a sensory study with equal sweetness of different sugars in 

sweetpotato puree, panelists preferred maltose > sucrose > fructose (Koehler and Kays, 
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1991).  Therefore, when considering sugar concentrations for sweetpotatoes maltose levels 

may be more important than sucrose, fructose or glucose due to its relation to perceived 

sweetpotato sweetness.  It’s also known that sensory responses are not solely dependent on 

sweetness, but also on texture, moisture, color and flavor (Delwiche, 2012; Laurie et al., 

2013).  

 Microwaved roots of both cultivars were rated drier and firmer than oven baked roots, 

which directly affected the overall appeal of the sweetpotatoes.  Moisture levels of 

microwaved sweetpotatoes have been reported to be significantly lower than convection oven 

(Purcell and Walter, 1988).  Perhaps if the sweetpotatoes were shrink-wrapped, as some 

commercially marketed microwavable sweetpotatoes are, then moisture levels would have 

been comparable to oven baked roots.  Fresh market sweetpotatoes lose approximately 2.5% 

of their weight after three weeks at room temperature in contrast to shrink-wrapped 

(0.5%) (Picha, 2009).  Moisture levels and even slight differences in texture may have 

affected panelist perception of other characteristics, such as overall liking and sweetpotato 

flavor. 

 In summary, clones NC05-198 and ‘Bayou Belle’ performed consistently well in NC 

conditions.  Both yielded better than several of the clones in no. 1 and total marketable root 

production.  ‘Orleans’ produced similar yields of no.1 and total marketable roots to 

‘Beauregard.’  However ‘Beauregard’ produced greater culls which agrees with previously 

reported findings (LaBonte et al., 2012).  ‘Covington’ had the lowest yields in this study, and 

provides reason to be vigilant in searching for new and more promising varieties. 

 ‘Evangeline’ had comparable yields of no. 1 roots to ‘Bayou Belle’, ‘Orleans’, and 
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‘Covington’ which indicates the ability of this variety to produce acceptable yield in NC 

conditions.  Consumers in this study also indicate that ‘Evangeline’ is as well-liked as the 

current, commercial variety Covington, and even preferred ‘Evangeline’ flesh color over 

‘Covington’.  However, due to similarity of sucrose content in the ‘Evangeline’ and 

‘Covington’ sweetptotes grown in NC, the previously hypothesized value of marketing 

‘Evangeline’ preferentially to ‘Covington’ as a microwavable sweetpotato was not realized.   

In addition, the consumer preference of oven baked over microwaved sweetpotatoes is not 

surprising considering the drying nature of rapid heating associated with microwave cooking 

and the resulting limited nature of starch conversion in comparison to conventional baking.   
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Table 1. 2014 North Carolina sweetpotato seed production acreagea. 

   
Seed 

producer 

Sweetpotato varieties 

Covington Evangeline Beauregard Bonita Orleans O'Henry 
Carolina 

 Ruby 
Murasaki Hernandez Jewel 

1 217 2 43 14 1 2 

    2 38 

         3 72 

 

3 

   

3 

   4 171 35 8 1 

   

12 

  5 317 15 31 

       6 89 5 8 16 19 1 

 

3 1 

 7 20 

         8 682 

         9 103 

         10 40 

       

8 

 11 10 

         12 15 

        

5 

Total 

acres 
1774 57 93 31 20 3 3 15 9 5 

Percent 88.26 2.84 4.63 1.54 1.00 0.15 0.15 0.75 0.45 0.25 
aAll data obtained from the North Carolina Crop Improvement Association. 
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Table 2.  Weekly precipitation totals for 2012 and 2013a. 

Wilson countyb Johnston countyc 

Week  

 Precipitation 

 (in) Week  

Precipitation  

(in) 

6/12/2012 0.58 6/1/2013 7.69 

6/19/2012 0.07 6/8/2013 2.28 

6/26/2012 1.4 6/15/2013 1.76 

7/3/2012 0.03 6/22/2013 11.98 

7/10/2012 2.79 6/29/2013 5.2 

7/17/2012 0.82 7/6/2013 5.42 

7/24/2012 4.37 7/13/2013 1.02 

7/31/2012 4.52 7/20/2013 2.81 

8/7/2012 3.06 7/27/2013 0.98 

8/14/2012 0.29 8/3/2013 1.02 

8/21/2012 1.97 8/10/2013 2.0 

8/28/2012 0.15 8/17/2013 2.34 

9/4/2012 1.25 8/24/2013 0.15 

9/11/2012 0.03 8/31/2013 3.5 

  

9/7/2013 0.25 

  

9/14/2013 0.57 

    9/21/2013 3.16 
a Rainfall data obtained from the State Climate Office of NC. 
b Observed precipitation from nearest station (Lat. 35.69389, Long. -77.94556). 
c Observed precipitation from nearest station (Lat. 35.69389, Long. -78.4926). 
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Table 3. Yield of sweetpotato clones averaged over years in Sims and Middlesex, NC in 2012 and 

2012a,b. 

Clone 
No. 1 

(bu/acre)c 

Canner 

(bu/acre) 

Jumbo 

(bu/acre) 

Cull 

(bu/acre) 

Total  

Marketabled 

(bu/acre) 

NC05-198 600 a 110 ab 130   6 b 841 a 

Beauregard 502 b   89 ab 168 63 a 759 ab 

Bayou Belle 477 bc 118 a 179 31 ab 775 ab 

Orleans 468 bc  96 ab 145 14 b  709 bc 

Bonita 393 cd 107 ab 123 14 b  623 cd 

Evangeline 393 cd   49 c 157   7 b 600 cd 

Covington 338 d   76 bc 105 16 ab  520 d 

      LSD 90 36 97 48 119 

a Planting-harvest time:  Planting date was 14 June 2012 and 6 June 2013; harvest dates were  
b Means within columns followed by different letters are significantly different from each other at 

P ≤ 0.05. 

c 1 bushel = 50 lb. 

     d Marketable yield = no. 1 + canner + jumbo. 
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Table 4. Percent by gradea averaged over years in Sims and Middlesex, NC in 2012 and 

2013b. 

Clone No. 1c Canner Jumbo Cull Marketabled 

 

% 

NC05-198 72 13 ab 15 1 b 99 a 

Beauregard 62 11 bc 20 7 a 93 b 

Bayou Belle 60 15 ab 21 3 ab 97 ab 

Orleans 65 14 ab 19 2 ab 98 ab 

Bonita 61 17 a 20 2 ab 98 ab 

Evangeline 66   8 c 24 1 b 99 a 

Covington 64 14 ab 19 3 ab 97 ab 

      Average 64 13 20 3 97 

LSD 12 5 12 5 5 
a Percent by grade = (yield root grade/ total yield) x 100. 

  b Planting-harvest time:  Planting date was 14 June 2012 and 6 June 2013; harvest dates 

were 13 Sept. 2012 and 27 Sept. 2013 [91 and 113 d after transplanting (DAT), 

respectively]. 
c Means within columns followed by different letters are significantly different from each 

other at P ≤ 0.05. 
d Marketable yield = no. 1 + canner + jumbo. 
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Table 5. Sweetpotato instrumental color measurements. 

  

Color 

Variety Cooking method L* a* b* 

Covington Conventional oven 56.8 23.6 63.6 

 

Microwave 61.1 21.8 56.1 

     Evangeline Conventional oven 54.5 29.5 60.4 

 

Microwave 57.1 27.1 53.3 

     Variety 

 

< 0.0001 < 0.0001 < 0.0001 

Cooking method < 0.0001 < 0.0001 < 0.0001 

Cooking method*variety 0.0002 NS NS 

Color measurement:  L* (lightness, 0 for black, 100 for white), a* (-a* = greenness, +a* = 

redness) and b* (-b = blueness, +b = yellowness). 
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Table 6.  Dry matter (%) of sweetpotatoesa. 

Treatment Dry matter (%) 

Oven baked 27.4 b 

 Microwave 30.3 a 

 Raw 25.8 c 

 LSD 1.1 

 

    Covington 28.7 a 

 Evangeline 27.0 b 

 LSD 0.9 

 

    

 

F-Value 

 

Pr>F 

Cooking method 54.79 

 

0.0004 

Variety 21.29 

 

0.0058 

Cooking method x variety 1.81   NS  
a Means within columns followed by different letters are 

significantly different from each other at P ≤ 0.05. 

 

 

 

 

 

 

 

 

 

 

 

 



 

91 

Table 7.  Texture analysis of cooked 'Evangeline' and 'Covington' sweetpotatoesa. 

Variety Cooking method 

Fracture 

force 

Fracture 

distance 

Fracture 

stress 

Compression 

fracture 

  

(N) (mm) (Pa) (%) 

Covington Conventional oven 1.12 b 4.20 a   7840 b 19.97 a 

 

Microwave 2.14 a 3.15 b 14964 a 14.51 b 

Evangeline Conventional oven 1.40 b 4.07 a   9803 b 18.93 a 

 

Microwave 3.24 a 3.60 b 22614 a 17.05 b 

      Variety 

 

NS NS NS NS 

Cooking method 0.0005 0.0013 0.0005 0.0009 

Cooking method x variety NS NS NS NS 
a Means within columns followed by different letters are significantly different from each 

other at P ≤ 0.05. 
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Table 8. Sugar analysis of 'Covington' and 'Evangeline' sweetpotatoesa. 

Treatment 

Glucose 

(mg/g) 

Fructose 

(mg/g) 

Sucrose 

(mg/g) 

Maltose 

(mg/g) 

Covington 6.2 b 4.3 b 41.3 35.2 

Evangeline 8.3 a 6.2 a 40.0 35.3 

LSD 1.6 1.1   9.5 11.3 

     Oven baked 6.9 4.8 41.8 64.2 a 

Microwave 7.7 5.8 42.5 41.9 b 

Raw 7.0 5.2 37.5      0 c 

LSD 1.9 1.3 11.7 13.8 

     Cooking methodb NS NS NS 0.0002 

Varietyc 0.0219 0.0067 NS NS 

Cooking method x variety NS NS NS NS 
a Means within columns followed by different letters are significantly different from each 

other at P ≤ 0.05. 
b Averaged over varieties. 
cAveraged over cooking methods. 
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Table 9. Consumer liking for sweetpotato samplesab. 

  

Sample Overall Color Texture Flavor 

Microwave Covington 5.7 b 5.5 c 5.6 b 5.8 b 

Microwave Evangeline 5.8 b 7.1 ab 5.7 b 6.0 b 

Oven baked Covington 7.0 a 6.6 b 6.8 a 7.0 a 

Oven baked Evangeline 6.6 a 7.6 a 6.2 ab 6.7 a 

     Variety NS <.0001 NS NS 

Cooking method <.0001 <.0001 <.0001 <.0001 

Variety x cooking method NS NS NS NS 
a Overall, color, texture and flavor liking were scored on a 9-point hedonic scale. 
b Means within columns followed by different letters are significantly different from each 

other at P ≤ 0.05. 
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Table 10. Consumer rating for sweetpotato samplesab. 

  

Sample Moisture Texture 

Sweetpotato 

flavor Sweetness 

Microwave Covington 4.9 a 4.1 a 3.1 b 3.2 bc 

Microwave Evangeline 4.9 a 4.4 a 3.2 b 3.0 c 

Oven Covington 3.6 b 3.5 b 3.7 a 3.7 a 

Oven Evangeline 3.7 b 3.6 b 3.6 a 3.5 ab 

     Variety NS NS NS 0.0184 

Cooking method <.0001 <.0001 <.0001 <.0001 

Variety x cooking method NS NS NS NS 
a Moisture, texture, sweetpotato flavor, and sweetness were rated on 7-point "just about 

right" scale. 
b Means within columns followed by different letters are significantly different from each 

other at P ≤ 0.05. 
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Figure 1.  Sweetpotato samples prepared for color measurement.  Note the darker orange 

flesh in ‘Evangeline’ versus ‘Covington’. 
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A 

B 

Figure 2.  Demographic results of sweetpotato sensory panelists (n=100).  (A) Gender 

distribution (B) Categorical age demographics 
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A 

B 

Figure 3.  Sweetpotato sensory panel (n=100) consumption demographics. (A) Consumption 

frequency.  (B) Preferred cooking method for consumption. 
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A 

B 

 

Figure 4. Participant percentages of moisture ratings for sweetpotato samples.  Participants 

rated microwaved (A) and oven baked (B) samples on a 7-point scale that had four anchored 

with “just about right” and one and seven anchored with extremes. 
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A 

B 

Figure 5.  Participant percentages of texture ratings for sweetpotato samples.  Participants 

rated microwaved (A) and oven baked (B) samples on a 7-point scale that had four anchored 

with “just about right” and one and seven anchored with extremes. 
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A 

B 

 

Figure 6.  Participant percentages of sweetpotato flavor ratings for sweetpotato samples.  

Participants rated microwaved (A) and oven baked (B) samples on a 7-point scale that had 

four anchored with “just about right” and one and seven anchored with extremes. 
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A 

B 

 

Figure 7.  Participant percentages of sweetness ratings for sweetpotato samples.  Participants 

rated microwaved (A) and oven baked (B) samples on a 7-point scale that had four anchored 

with “just about right” and one and seven anchored with extremes. 
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CHAPTER IV 

IN-ROW PLANT SPACING AND HARVEST DATE AFFECT YIELD OF 

‘COVINGTON’ AND ‘EVANGELINE’ SWEETPOTATO 

Susan L. Barkley, Jonathan R. Schultheis, Katherine M. Jennings, and David W. Monks 

 

 Studies were conducted in 2012 and 2013 to determine the effects of in-row spacing 

and harvest date on sweetpotato yield and economics of Covington and Evangeline varieties 

grown in the United States.  Treatments included 15, 23, 30, and 38 cm in-row spacing of 

‘Covington’ and ‘Evangeline’ sweetpotato with harvests at 115 and 135 days after 

transplanting (DAT).  The highest yield of no. 1 storage roots (35,101 and 33,516 kg ha -1) 

were observed at 15 cm at 115 and 135 DAT, respectively. The greatest investment return 

was at 15 cm for ‘Evangeline’ and ‘Covington’ at 115 DAT ($8187 to $13,126/ha) and 135 

DAT ($8671 and $11,753/ha), respectively.  Delaying harvest to 135 DAT increased 

marketable yield, but decreased no. 1 root yield in comparison to 115 DAT.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

103 

Introduction 

 The southeastern United States is the primary region for growing sweetpotates.  North 

Carolina’s sweetpotato production was valued at over $354 million in 2014, which is over 

50% of the total production value in the United States (USDA, 2015).  Growing conditions 

can vary across the southeastern United States; therefore research conducted in Louisiana 

may not be directly applicable to the North Carolina climate.  For example ‘Beauregard’, the 

dominant cultivar in Louisiana, accounts for 36% of certified seed hectares and 

approximately 85% of total planted hectares (LDAF, 2013; T. Smith, personal 

communication).  As ‘Beauregard’ was developed for Louisiana, North Carolina production 

practices such as harvest timing, irrigation, in-row spacing, etc. may need to be modified to 

better grow this cultivar and compete in the marketplace (Schultheis et al., 1999).  

‘Covington’ currently accounts for 88% of the certified seed hectares in North Carolina and 

is well adapted to growing conditions; however, there has been limited published research on 

the optimal production practices for this cultivar such as in-row spacing, nitrogen fertilization 

rates and timing, and days to harvest (NCCIA, 2014).  The NC sweetpotato industry has also 

shown interest in is ‘Evangeline’, a rose skinned, deep orange flesh cultivar which has been 

reported to have higher sugars and similar yield to ‘Beauregard’ (LaBonte et al., 2008).  

‘Evangeline’ was ranked third in certified seed hectares in North Carolina in 2014, behind 

‘Covington’ and ‘Beauregard’ (Table 1).  Improved cultural management practices with 

important industry cultivars like Covington and Evangeline can potentially improve 

production efficiencies and revenue. 
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 Cultural practices of in-row spacing have been well documented.  Recommended 

spacing has ranged from 15 to 40 cm depending on location, clone, and harvest date (Mulkey 

et al., 1994; Rubatzky and Yamaguchi, 1997; Schultheis et al., 1999; Swiader et al., 1992; 

Wilson et al., 1989).  Some studies have shown that by decreasing in-row plant spacing, yield 

of no. 1 sweetpotato storage roots increases (Anderson et al., 1945; Schultheis et al., 1999).  

Recommended in-row spacing for sweetpotato in North Carolina, depending on cultivar and 

intended harvest date, is 15 to 23 cm, which resulted in the best total root yield and marginal 

return on investment (Schultheis et al., 1999).  This study found that ‘Beauregard’ produced 

the highest yields at 15 cm, regardless of harvest date; however ‘Jewel’ yielded best at 23 

cm.  A study conducted in Louisiana and Mississippi found no difference in no. 1 or 

marketable yield when spacing was reduced from 41 to 30 cm; however, closer in-row 

spacings were not investigated (Arancibia et al., 2014).  Thus, the variation between cultivar 

and spacing can affect a grower’s return on investment.  Investigation on the current cultivars 

grown in North Carolina can help to establish the in-row plant spacing that promotes the 

greatest marketable yield and highest return on investment. 

 Harvest timing is another important consideration, as delaying harvest to increase 

total marketable yield has the potential to increase revenues.  A recent study conducted in 

Louisiana and Mississippi evaluated in-row spacing effects in combination with row width 

spacing and various planting-harvest combinations to maximize jumbo sized roots while 

maintaining no. 1 yields (Arancibia et al., 2014).  Researchers reported that an early planting 

and late harvest generally resulted in the greatest no. 1 and jumbo yield. It is known that 

transplanting slips as early as possible, when soil temperature is optimal, is advantageous to 
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establish sweetpotato plants before high summer temperature adversely affects storage root 

formation (Villodoron et al., 2010; Ravi and Indira, 1999; Reddy et al., 2013).  Delaying 

harvest date would then have the potential to increase the number of growing degree days, 

therefore increasing yield.  However, delaying harvest may not always increase marketable 

yield, depending on environmental conditions.  Cool and wet fall weather may prevent any 

further sizing of storage roots and even reduce yield if the equipment is not able to transverse 

the field to harvest the crop.  Therefore, controllable factors such as in-row spacing may be a 

more reliable method to increase marketable yield and return on investment. 

 The objective of this study was to determine the optimal in-row plant spacing for 

‘Covington’ and ‘Evangeline’ sweetpotato for the greatest marketable yield and economic 

return for fresh market sales under North Carolina conditions.  There are no publications on 

cultural management techniques combined with an economic analysis of ‘Covington’ 

sweetpotato, which as previously mentioned, is the dominantly grown cultivar in North 

Carolina.  Economic assessment of the effect of plant density is essential to understanding 

the potential return of investment and will provide the costs and/or risks associated with each 

spacing treatment. 
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Materials and Methods 

Field Component 

 Studies were conducted in 2012 and 2013 on a commercial farm in Bailey, North 

Carolina (Lat. 35.832670, Long. -78.099785). The soil was a Dothan loamy sand (fine-

loamy, kaolinitic, thermic Plinthic Kandiudults).  Nonrooted sweetpotato slips were cut from 

field propagation beds by hand and were transplanted by hand on 22 and 23 May 2012 and 4 

June 2013 at in-row spacings of 15, 23, 30, and 38 cm.  In 2012, sweetpotato storage roots 

were harvested 24 August, 14 September, and 5 October which corresponds to 94 days after 

transplanting (DAT) [Early], 115 DAT (Mid), and 135 DAT (Late).  In 2013, sweetpotato 

storage roots were harvested 20 September (108 DAT) [Early], 11 October (129 DAT) 

[Mid], and 1 November (150 DAT) [Late].  Recommended cultural and pest management 

practices were followed throughout field preparation and harvest (Kemble, 2013).  The field 

was irrigated with an overhead irrigation system as needed when insufficient rainfall 

occurred.  Plots were three-row, 9.1 m long and 3.21 m wide on 1.07 m row centers.  The 

first and third row of each plot served as border row buffers.  Only the center row was 

harvested using a single-row mechanical chain harvester.   The experimental design was a 

randomized complete block with four replications.  Data recorded included storage root yield 

by weight and for each grade. Sweetpotatoes were graded according to United States and 

North Carolina standards into no. 1 (> 4.4 but < 8.9 cm diameter and 7.6 to 22.9 cm), canner 

(> 2.5 but < 4.4 cm), jumbo, (> 8.9 cm diameter), and cull (malformed or distorted) (USDA, 

2005).  Total marketable yield was calculated as the sum of jumbo, no. 1, and canner grade 

weight, while total yield also included cull grades.   
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Economic Assessment 

 An economic analysis was completed to determine the cost and benefits of higher 

versus lower plant densities.  Costs within this analysis include purchase of transplants, 

machinery and equipment, transplant and harvest labor, field bulk bins, and shipping cartons.   

Gross revenue was calculated as follows: yield per grade by assumed price.  Pricing per 

grade of uncured sweetpotato were as:  no. 1 = $0.55/kg, jumbo = $0.17/kg and canner = 

$0.11/kg ($10, $3, $2 per 18.1 kg carton, respectively) (B. Little, NC Extension Agent, 

personal communication).  Purchase price of transplants was valued at a standard commercial 

rate of $40/1000 plants (J. Jones, Jones Farms, personal communication).  Transplanting 

labor and machinery costs were considered variable due to increased plant density and were 

calculated on a linear basis, based on the common in-row planting distance of 30 cm in North 

Carolina.  Transplant labor was valued at $9/hr and machinery and equipment (2.5 ton truck, 

potato digger, and potato planter) were valued at $138/ha.  Harvest labor costs were valued at 

$0.08/kg ($0.75/20 lb bucket).  Shipping cartons were valued at $0.75 per 18.1 kg carton. 

Statistical Analysis 

 Statistical analyses were conducted with SAS statistical software (SAS 9.4; SAS 

Institute, Cary, NC).  Data were subjected to ANOVA and analyzed by PROC GLM.  When 

results indicated a significant effect of spacing or cultivar, the differences among means were 

separated by Fishers protected LSD test (P ≤ 0.05).  Regression analysis was performed on 

plant spacing vs. root grade, but due to low R2 values were not used. 
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Results and Discussion 

 High densities of yellow nutsedge (Cyperus esculentus) and regular intervals of high 

precipitation events in 2013 negatively impacted the results for the early harvest in 2012 and 

all harvests in 2013. Thus, these data were not included in the analysis and the results that 

follow.  There is no herbicide treatment for yellow nutsedge, and hand removal of this highly 

competitive weed is futile.  Heavy rains in 2013 also delayed normal fertilization schedules, 

and a subsequent rainfall event directly after fertilizing caused leaching of nutrients.  These 

conditions compounded with weed pressure severely affected the 2013 trial.  Therefore, 

results presented will be from the 115 DAT (Mid) and 135 DAT (Late) harvests of the 2012 

study. 

Sweetpotato Yield 

1. 115 DAT.  No. 1 root yields were greater at 15 and 23 cm in-row spacing than 30 or 38 cm 

(Table 2).  The lowest no. 1 grade root yields were obtained at the 38 cm in-row spacing. 

Jumbo root yield, in contrast, was greatest at 38 cm (28,090 kg ha-1).  There were no 

differences in canner and cull roots at any in-row plant spacings.  Marketable and total root 

yield was lower at 30 cm than 15 or 23 cm spacing.  Percentage of no. 1 roots by weight was 

67% at 15 cm and 35% at 38 cm (Table 3).  Jumbo root percentage by weight was 25% at 15 

cm and 58% at 38 cm spacing.  ‘Evangeline’ yielded more no. 1 grade roots (33,295 kgha-1) 

in comparison to ‘Covington’ (20,393 kg ha-1)(Table 2).  ‘Covington’ had more jumbo grade 

roots (22,887 kg ha-1) than ‘Evangeline’ (16,842 kg ha-1).  ‘Evangeline’ produced higher 

marketable and total yields than ‘Covington’.  There were no cultivar differences in canner or 

cull grade roots and no interaction between cultivar and spacing. 
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2. 135 DAT.  Yields of no. 1 and canner grade roots increased as spacing decreased (Table 

4).  Marketable and total root yields were significantly higher at 15 cm than at any other 

spacing.  Jumbo root yields were highest at 38 cm (44,527 kg ha-1).  There were no 

differences between in-row spacing treatments in cull yield.  The percentage of no. 1 roots by 

weight was highest at 15 cm (46%) and lowest at 38 cm (24%) (Table 5).  Percentage of 

jumbo sweetpotato was greatest at 38 cm (72%) and lowest at 15 cm (49%).   ‘Evangeline’ 

had significantly more no. 1 roots than ‘Covington’ (27,749 kg ha-1 and 18,901 kg ha-1), 

respectively (Table 4).  ‘Evangeline’ also had higher total and marketable yield than 

‘Covington’.  There was no interaction between cultivar and spacing. 

In-row Production Summary at Various Harvest Dates.  In-row plant spacing had significant 

effects on yield in both harvests.  Yield of no. 1 grade roots generally increased as spacing 

decreased from 38 to 15 cm.  Jumbo root yields were lowest in the closest spacing (15 cm) 

and increased as the in-row distance increased due to reduced plant completion within larger 

in-row spacings.  These results agree with other investigations (Anderson et al., 1941; 

Peterson, 1961; Schultheis et al., 1999; Swaider et al., 1992) in which jumbo sized root yields 

decreased and no. 1 roots increased at closer in-row spacings. 

 Delaying harvest 20 days increased marketable yield by 36% and 32% for 

‘Covington’ and ‘Evangeline’, respectively (Table 6).  Jumbo and total yield also increased, 

but yield of no. 1 roots decreased.  Arancibia et al. (2014) reported no difference in no. 1 

yield and an increase in jumbos when delaying harvest 15 and 31 days in studies conducted 

in LA and MS.  However in this investigation, delaying harvest increased jumbo but 

decreased no. 1 yield.  One reason for this outcome could be a difference in growing degree 
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days.  Root production slows due to low ambient temperatures or increased rainfall, which is 

especially common near the end of the growing season.   

Economic Analysis 

 Due to cultivar differences in no. 1 and marketable yield ‘Covington’ and 

‘Evangeline’ sweetpotato were analyzed separately.  Change in net revenue was calculated 

based on standard spacing of 30 cm which is general commercial practice in North Carolina 

(Wilson et al., 1989). 

1.  115 DAT.  Net revenue per treatment for ‘Covington’ was as follows:  $8187, $6210, 

$5803, and $4076/ha for 15, 23, 30, and 38 cm, respectively (Table 7).   The 15 cm spacing 

generated the highest increase in profit in comparison to the control ($2384/ha).  The 23 cm 

treatment was similar to 30 cm but still generated $407 more per ha.   The furthest in-row 

spacing (38 cm) decreased revenue by $1727/ha.  ‘Evangeline’ net revenue increased as in-

row spacing decreased.  The closest spacing (15 cm) generated $13,126/ha in net revenue 

which amounted to a $2469/ha increase in profit compared to the 30 cm treatment.   

‘Evangeline’ had higher yields than ‘Covington’ at 23 cm and so the change in net revenue 

was greater ($2271/ha).  A substantial decrease in net revenue was observed at the furthest 

in-row spacing, with a loss of $3118/ha.  These results suggest that adopting a greater in-row 

spacing to decrease costs and increase jumbos does not generate a higher net profit for fresh 

market sales.   

2. 135 DAT.  ‘Covington’ net revenue was greatest at the 15 cm spacing ($8671/ha), which 

generated $3380 more per ha in comparison to the 30 cm treatment (Table 8).  However at 

this harvest date, the 23 cm spacing generated a loss of $584/ha in net revenue.  Also, the 30 
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cm treatment generated slightly less revenue at (135 DAT) than (115 DAT) ($5291 and 

$5803/ha), respectively (Tables 8 and 7).  These results suggest that a delayed harvest with 

‘Covington’ at 23, 30, and 38 cm spacing would not generate increased net revenue.  The 20 

additional days of field production produced a higher percent of jumbos, but slightly less no. 

1 roots which have the greatest value for fresh market sales (Tables 5 and 3).   

 Economic results for ‘Evangeline’ at 135 DAT had the same trend as 115 DAT.  Net 

revenue increased as plant spacing decreased.  The 15 cm and 23 cm treatments generated the 

highest net revenues ($11,753 and $10,124/ha), respectively and the 38 cm showed a 

decrease.  However, delaying harvest from 115 to 135 DAT decreased net revenue at all 

spacings when considering fresh market sales. Perhaps if the crop was being grown for 

tonnage and harvesting was to be done by mechanical bulk harvesting, then delaying harvest 

would increase net revenues due to lower harvesting and shipping costs. 

 These results indicate that delaying harvest to increase marketable yield will not 

always increase net revenues for fresh market sales.  This may not be the case for producers 

who specifically grow for the processing market, as their objectives are to increase overall 

tonnage, or for growers who are in warmer climates with more growing degree days.  Higher 

marketable yields were observed for all treatments when harvest was delayed, but this did not 

translate into increased net revenue for the fresh market.  The difference in marketable yield 

was due to higher jumbo and lower no. 1 yield at 135 DAT in comparison to 115 DAT.  

Jumbo grade sweetpotatoes are worth approximately a third of the value of no. 1 roots to 

growers (B. Little, NC Extension Agent, personal communication).  Gross revenue was 

similar between harvests, but costs were greater at 135 DAT.  Higher costs were explained 
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by an increase of bulk field bins, shipping cartons, and increased harvesting labor costs due 

to increased volume (Tables 9 and 10) as determined in previously developed sweetpotato 

budgets (NCSU, 2013). 

 In this study, the 15 cm in-row plant spacing generated the greatest no. 1 yield and 

subsequently returned the highest net revenue for both harvests and cultivars, which agrees 

with previous findings (Schultheis et al., 1999).  The 15 cm spacing netted approximately a 

$2000 to $3700 increase in net revenue when compared to the 30 cm spacing.  Net revenue 

differed at the 23 cm spacing treatment between cultivars. Growers would equally benefit 

from planting ‘Evangeline’ at 23 cm in comparison to 15 cm, but this does not hold true for 

‘Covington’.  Yields were similar between 23 and 30 cm, but costs are higher are at 23 cm 

($1700 to $2000 greater/ha), therefore the return on investment is lower.  Both cultivars 

showed a decrease in no. 1 yield and net revenue at the 38 cm spacing. 

 In summary, this study evaluated in-row spacing and harvest date with the goal of 

increasing marketable yield and grower return on investment.  Decreased in-row spacing of 

15 cm increased no. 1 yield and resulted in the greatest return of investment in comparison to 

all other spacings.  Delaying harvest increased marketable yield but also decreased no. 1 

yield.  For fresh market sales, the decrease in yield of the most valuable grade and increase in 

costs associated with higher volumes of lower valued jumbo grade roots translated to a 

decrease in net revenue with a delayed harvest. In-row spacing of ‘Covington’ has been 

reported to have the highest no. 1 yield at 30 cm when harvested 105 to 120 DAT (Yencho et 

al., 2008).  However in this study the 15 cm treatment yielded more no. 1 grade roots than 30 

cm spacing at 115 and 135 DAT.  ‘Covington’ no. 1 root yield was similar at 23 cm and 30 
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cm for both harvests. ‘Evangeline’ sweetpotato followed the same trend; no. 1 root yield was 

greatest at 15 cm and there was similar yield between 23 and 30 cm at both 115 and 135 

DAT.  Net revenue was highest for ‘Covington’ at 15 cm and variable at 23 cm depending on 

harvest date.  ‘Evangeline’ net revenue was increased at 23 and 15 cm in comparison to 30 

cm spacing.  The results suggest that a 15 cm spacing not only yields higher no. 1 yields, but 

also higher net revenue based on the partial budget calculated within this study. 
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Table 1. 2014 North Carolina hectares sweetpotato seedz. 

   
Seed 

producer 

Sweetpotato cultivars 

Covington Evangeline Beauregard Bonita Orleans O'Henry 
Carolina 

 Ruby 
Murasaki Hernandez Jewel 

1 536 5 106 35 2 5 

    2 94 

         3 178 

 

7 

   

7 

   4 422 86 20 2 

   

30 

  5 783 37 77 

       6 220 12 20 40 47 2 

 

7 2 

 7 49 

         8 1685 

         9 254 

         10 99 

       

20 

 11 25 

         12 37 

        

12 

Total 

hectares 
4382 141 230 77 49 7 7 37 22 12 

Percent 88.25 2.84 4.63 1.54 0.99 0.15 0.15 0.75 0.45 0.25 
zAll data obtained from the North Carolina Crop Improvement Association. 
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Table 2. Effect of in-row spacing on sweetpotato yield (115 DAT) in Bailey, NCz. 

In-row 

spacing  No. 1 Canner Jumbo Cull 

 

Marketabley Totalx 

(cm) kg ha-1 

15 35101 a 3595 13828 b 360 52524 a 52884 a 

23 30321 a 2749 20048 b 1005 52744 a 53749 a 

30 25002 b 1963 17492 b 1086 44457 b 45543 b 

38 16952 c 2749 28090 a 831 47791 ab 48622 ab 

Significance <.0001 ns 0.0014 ns 0.03 0.0478 

       Covington 20393 b 2266 22887 a 935 45546 b 46481 b 

Evangeline 33295 a 3075 16842 b 706 53212 a 53918 a 

Significance <.0001 ns 0.0128 ns 0.0015 0.0025 

Cultivar x spacing ns ns ns ns ns ns 
z Means within columns followed by different letters are significantly different from each 

other at P ≤ 0.05. 
y Marketable yield is sum of no. 1, canner, and jumbo. 

  x Total yield is sum of no. 1, canner, jumbo, and cull. 
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Table 3.  Effect of in-row plant spacing on percentage by weight for each grade of 

sweetpotatoes in Bailey, NC (115 DAT)z,y. 

In-row 

spacing  No. 1 Jumbo Marketablex 

(cm) % 

15 67 a 25 c 99 

23 56 b 38 b 98 

30 54 b 39 b 97 

38 35 c 58 a 98 

Significance <.0001 <.0001 ns 

    Covington 44 b 48 a 98 b 

Evangeline 62 a 31 b 99 a 

Significance <.0001 0.0001 ns 

Cultivar x spacing ns ns ns 
z Percent by grade = (Yield Root Grade/ Total yield) x 100 
y Means within columns followed by different letters are significantly different from each 

other at P ≤ 0.05. 
x Marketable yield is sum of no. 1, canner, and jumbo. 
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Table 4. Effect of in-row spacing on sweetpotato yield (135 DAT) in Bailey, NCz. 

In-row 

spacing  No. 1 Canner Jumbo Cull 

 

Marketabley Totalx 

(cm) kg ha-1 

15 33516 a 3560 a 36512 b 354 73588 a 73942 a 

23 24531 b 2486 b 36762 b 244 63779 b 64023 b 

30 20646 b 2137 bc 39631 ab 191 62414 b 62605 b 

38 14606 c 1724 c 44527 a 580 60858 b 61438 b 

Significance <.0001 0.0002 0.0918 ns 0.0078 0.0091 

       Covington 18901 b 2436 40604 212 61941 b 62153 b 

Evangeline 27749 a 2518 38112 474 68378 a 68852 a 

Significance <.0001 ns ns ns 0.0186 0.0163 

Cultivar x 

spacing ns ns ns ns ns ns 
z  Means within columns followed by different letters are significantly different from each 

other at P ≤ 0.05. 
y Marketable yield is sum of no. 1, canner, and jumbo. 

  x Total yield is sum of no. 1, canner, jumbo, and cull. 
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Table 5.  Effect of in-row plant spacing on percentage by weight for each grade of 

sweetpotatoes in Bailey, NC (135 DAT)z,y. 

In-row 

spacing  No. 1 Jumbo Marketablex 

(cm) % 

15 46 a 49 c 99  

23 38 b 57 b 99  

30 33 b 62 b 99  

38 24 c 72 a 99  

Significance <.0001 <.0001 ns 

    Covington 31 b 65 a 99  

Evangeline 40 a 55 b 99  

Significance 0.0005 0.0003 ns 

Cultivar x spacing ns ns ns 
z Percent by grade = (Yield Root Grade/ Total yield) x 100 
y Means within columns followed by different letters are significantly different from each 

other at P ≤ 0.05. 
x Marketable yield is sum of no. 1, canner, and jumbo. 
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Table 6.  Effect of harvest date (in-row spacing and cultivars combined) on sweetpotato yield 

(115 DAT) in Bailey, NCz. 

Harvest No. 1 Canner Jumbo 

 

Marketabley Totalx 

(DAT) kg ha-1 

115 26844 a 2671 19865 b 49379 b 50199 b 

135 23325 b 2477 39358 a 65160 a 65502 a 

Significance 0.0049 ns <0.0001 <0.0001 <0.0001 
z Means within columns followed by different letters are significantly different from each 

other at P ≤ 0.05. 
y Marketable yield is sum of no. 1, canner, and jumbo. 

 x Total yield is sum of no. 1, canner, jumbo, and cull. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

123 

Table 7. Cost benefit of in-row spacing (115 DAT) in 2012. 

   

Cultivar 

In-row 

spacing  No. 1 Canner Jumbo 

Gross 

revenuez Costsy 

Net  

revenuex 

Change 

in net 

revenuew 

 

(cm) ($ / ha) 

 Covington 15 15857 411 2900 19168 10981 8187 2384 

Covington 23 11920 204 4125 16249 10039 6210 407 

Covington 30 10345 200 3298 13843 8039 5803 0 

Covington 38 6837 185 4814 11836 7760 4076 -1727 

Evangeline 15 22835 382 1673 24889 11764 13126 2469 

Evangeline 23 21504 320 2504 24328 11400 12928 2271 

Evangeline 30 17214 233 2487 19934 9278 10656 0 

Evangeline 38 11850 421 4475 16746 9207 7539 -3118 
zGross revenue calculated as sum of  each yield per grade x assumed price. 
y Costs calculated as sum of costs of transplants, transplant and harvest labor, bulk bins, shipping cartons, and machinery and 

equipment. 
xNet revenue = gross revenue – costs. 
w Change in net revenue = net revenue of spacing – 30 cm net revenue.
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Table 8.  Cost benefit of in-row spacing (135 DAT) in 2012. 

   

Cultivar 

In-row 

spacing  No. 1 Canner Jumbo 

Gross 

revenuez Costsy 

Net  

revenuex 

Change 

in net 

revenuew 

 

(cm) ($ / ha) 

 Covington 15 16273 351 6290 22914 14243 8671 3380 

Covington 23 9679 245 6553 16477 11770 4707 -584 

Covington 30 9436 256 6697 16389 11098 5291 0 

Covington 38 6280 223 7315 13818 10095 3723 -1568 

Evangeline 15 20671 434 5785 26890 15137 11753 3682 

Evangeline 23 17362 303 5604 23269 13146 10124 2053 

Evangeline 30 13322 215 6409 19946 11876 8070 0 

Evangeline 38 9820 157 7409 17387 11046 6341 -1729 
z  Gross revenue calculated as sum of  each yield per grade x assumed price. 
y Costs calculated as sum of costs of transplants, transplant and harvest labor, bulk bins, shipping cartons, and machinery and 

equipment. 
xNet revenue = gross revenue – costs. 
w Change in net revenue = net revenue of spacing – 30 cm net revenue.



 

125 

Table 9. Effect of selected costs on in-row spacing yield in Bailey, NC (115 DAT).

In-row

spacing 

Marketable 

yield

Harvest 

labor
z

Transplant 

labor
y

Machinery
v

Total

costs
t

(cm) (kg ha
-1

) ($/trt) ($/trt) (#/trt ) ($/trt) (#/trt) ($/trt) ($/ha) (#/ha) ($/ha) ($/trt)

Covington 15 50038 4153 433 55 1655 2765 2073 207 61482 2459 10981

Covington 23 48424 4019 384 53 1601 2675 2007 183 46111 1844 10039

Covington 30 40525 3364 289 45 1340 2239 1679 138 30741 1230 8039

Covington 38 43198 3585 231 48 1429 2387 1790 110 15370 615 7760

Evangeline 15 55009 4566 433 61 1819 3039 2279 207 61482 2459 11764

Evangeline 23 57065 4736 384 63 1887 3153 2365 183 46111 1844 11400

Evangeline 30 48389 4016 289 53 1600 2673 2005 138 30741 1230 9278

Evangeline 38 52384 4348 231 58 1732 2894 2171 110 15370 615 9207
z
Harvest labor = marketable yield x $0.0083.

y
Transplant labor calculated as $9/hr and 32.11 hours per hectare for 30 cm spacing.  Increased or decreased spacings calculated on a linear basis 

based on time differences of slowing speed to handle more/less transplants per ha.
x
Bulk bins = (marketable yield / 907 kg) x $30.

w
Shipping cartons = ( marketable yield/ 18.1 kg) x $0.75.

v
Machinery = control rate $137.85/ ha for 30 cm spacing.  Increased or decreased spacings calculated on a linear basis to correspond time

 differences of slowing speed to handle more/less transplants per ha.
u
Transplant cost = ((transplants/ha)/1000) x $40.

t
Total costs =  harvest labor + transplant labor + bulk bin + shipping cartons + machinery + transplants.

Cultivar Bulk bins
x

Shipping cartons
w

Transplants
u
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Table 10. Selected cost details of in-row spacing yield in Bailey, NC (135 DAT).

In-row

spacing 

Marketable 

yield

Harvest 

labor
z

Transplant 

labor
y

Machinery
v

Total

costs
t

(cm) (kg ha
-1

) ($/trt) ($/trt) (#/trt ) ($/trt) (#/trt) ($/trt) ($/ha) (#/ha) ($/ha) ($/trt)

Covington 15 70748 5872 433 78 2340 3909 2932 207 61482 2459 14243

Covington 23 59411 4931 384 65 1965 3282 2462 183 46111 1844 11770

Covington 30 59946 4976 289 66 1982 3312 2484 138 30741 1230 11098

Covington 38 57658 4786 231 64 1907 3186 2389 110 15370 615 10095

Evangeline 15 76428 6343 433 84 2527 4223 3167 207 61482 2459 15137

Evangeline 23 68146 5656 384 75 2254 3765 2824 183 46111 1844 13146

Evangeline 30 64882 5385 289 72 2146 3585 2688 138 30741 1230 11876

Evangeline 38 64058 5317 231 71 2118 3539 2654 110 15370 615 11046
z
Harvest labor = marketable yield x $0.0083.

y
Transplant labor calculated as $9/hr and 32.11 hours per hectare for 30 cm spacing.  Increased or decreased spacings calculated on a linear basis 

based on time differences of slowing speed to handle more/less transplants per ha.
x
Bulk bins = (marketable yield / 907 kg) x $30.

w
Shipping cartons = ( marketable yield/ 18.1 kg) x $0.75.

v
Machinery = control rate $137.85/ ha for 30 cm spacing.  Increased or decreased spacings calculated on a linear basis to correspond time

 differences of slowing speed to handle more/less transplants per ha.
u
Transplant cost = ((transplants/ha)/1000) x $40.

t
Total costs =  harvest labor + transplant labor + bulk bin + shipping cartons + machinery + transplants.

Cultivar Bulk bins
x

Shipping cartons
w

Transplants
u


