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Abstract: Interest in organic sweetpotato production in the United States has been growing as
consumers and producers are becoming increasingly concerned about how their food is cultivated.
Thus, there is a growing need for information on sweetpotato production and variety selection
under an organic management production system. The objective of this study was to evaluate the
effects of various mulches on yields—total and marketable—of fourteen sweetpotato varieties grown
under organic management. Three types of mulch, wheat straw, pine needle, and black plastic,
and a control (no mulch) were evaluated during the 2016 growing season. The wheat straw mulch
yielded significantly higher yields than the black plastic and pine needle mulch treatments, though
it was not significantly different from the control. The total and marketable yields of sweetpotato
roots also varied significantly among the varieties, ranging from 39,719 kg·ha−1 for Beauregard to
4925 kg·ha−1 for O’Henry. There was a significant interaction between variety and mulch treatment
on total but not marketable yield. More research is needed to ascertain the stability of the effects of
varieties, mulch treatment, and their interactions on total and marketable yields and to elucidate
other treatments and varieties with better potential to improve sweetpotato yields in organically
managed production systems.

Keywords: black plastic mulch; pine needle mulch; sweetpotato production; organic farming;
sweetpotato varieties; wheat straw mulch

1. Introduction

Organic farming is becoming more popular in the United States and around the world [1,2].
Sweetpotato, a tropical root crop, is the fifth most valuable commodity in total sales of all organic
vegetables grown in the open field [3]. Industry interest in organically produced sweetpotato has
increased in recent years; however, organic sweetpotato production is perceived to be well below the
demand [4]. According to the USDA National Agricultural Statistics Service (NASS) 2014 organic
survey, California was the highest producer of organic sweetpotato (66,804,779 kg) from 29 farms and
1492 hectares of organic land, while Tennessee produced 24,689 kg of sweetpotato from seven farms
and three hectares of organic land [5]. Generally, one of the key drivers for the increased consumption
of sweetpotato is the health benefit and the development of value-added products [6].

According to the Center for Environmental Farming Systems, organic farmers cite weed
management as their number one research priority [7]. The California Sweetpotato Council stated
that hand-weeding is customary for weed control in organic sweetpotato fields [1]. Hand-weeding
is impractical if significant human labor is needed, and the cost of organic herbicides makes their
use impractical when used over the entire field at rates necessary for adequate weed suppression [8].
Although tillage has been a keystone in weed management, it has not been without some challenges
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such as exorbitant costs of buying and sustaining equipment, unwarranted disruption of soil,
encouraging the growth of dormant weed seed, restrictions in suitable soil categories, alteration
of soil water content and effectiveness based on maturity levels of the weeds present [8].

Mulching can be an efficient practice managing weeds. The underlying mechanism of weed
suppression is to limit light penetration [9]. Utilizing mulches as ground cover around the plant as an
enrichment/protection of the soil in most cases culminates in better yield characteristics of vegetable
plants and increases the financial gain of the farmer [9]. Conflicting studies exist on the impact of
mulch on sweetpotato yields. A study by Laurie et al. [10] in South Africa, which assessed the effect of
different types of mulching and plant spacing on weed control, canopy cover and yield of sweetpotato,
demonstrated that mulching (plastic and newspapers) and narrow plant spacing could be used to
improve weed management in sweetpotato, since they provided effective weed control and earlier
canopy closure. However, they did not find any significant differences in the total and marketable
yields between grass straw and black plastic mulch, although both types provided significantly
higher yields than that of the control plots. A two-year study by Sideman [11] observed highest total
yields of the sweetpotato Beauregard on biodegradable mulch-covered sweetpotato beds, in contrast
to the beds without mulch treatment. Nonetheless, the proportion of unmarketable sweetpotato
roots was greater in mulch-treated beds primarily as a result of losses during digging at harvest
and the negligible increment in production of marketable sweetpotato roots [11]. Wees et al. [12]
also compared studies in relatively cool climates of Croatia [13] and Massachusetts [14], where the
use of black plastic mulches significantly increased marketable yields of sweetpotato because of
increased soil temperatures. Mulching, either by synthetic plastic sheets or organic materials, has a
long-lasting impact on yields, produce quality, and time-scale from planting to harvest. The reasons are
mainly a result of improved quality soil, better water retention, fluctuating soil temperature, enhanced
accessibility to plant nutrient materials, and reduced weed population [15].

Plastic mulch has been used for blocking weed growth, but it is a non-biodegradable synthetic
material which must be removed after harvest is complete. Tearing and wind blowing can be a
problem, although correct laying of the mulch and rapid crop establishment are the keys to success [16].
This process is not less expensive than other mulch options. Its soil-warming effect is especially
advantageous when an early harvest is desired [17]. Inorganic mulches are not encouraged for
horticultural use because they do not contribute to soil fertility, do not provide benefits to plants
and turf, and may have an adverse effect on plant growth. Maintenance can be expensive and
time-consuming. There also is the cost of machinery, the energy required to run the machinery
and the labor costs, including disposal issues [8]. Despite these limitations, many growers consider
plastic mulch highly cost-effective [18]. Substances such as dried stalks of grain, unwanted grassy
forage in urban areas and woody tree bark can allow for effectual weed management; however, the
depth of mulch required to repress the development of the weeds could make the price of hauling
exorbitant unless the materials are assembled on the farm [18]. Organic mulch not only discourages
the development of weeds, it improves nutrient availability, retains soil moisture content, and provides
shelter to helpful beneficial organisms [18]. Straw mulches may also harbor seeds of unwanted plants
or other toxic substances detrimental to plants. Nevertheless, organic mulches remain popular due to
their low cost and ready availability. Further economic analysis would be required to determine if
the type of mulches selected in our study are cost-effective, especially when considering labor, cost of
mulch and ease of removal.

The objective of the study was to evaluate the yield potential of sweetpotato varieties grown in
various mulch treatments in an organic management system. The choice of sweetpotato variety along
with the recommended mulch type would certainly be beneficial to local producers regardless of their
management system, organic or conventional.
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2. Materials and Methods

2.1. Field Preparation, Planting and Harvesting

Field experiments were conducted at the Tennessee State University (TSU) Certified Organic
Farm (latitude 36◦10′ N and longitude 86◦49′ W) in Nashville, TN. Figure 1 depicts the mean monthly
temperatures and precipitation for the growing season in 2016. Both July and August months received
higher rainfall and were warmer as compared to other months (Figure 1).
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Yellow (OW) were obtained from the Slade’s farm, VA, and Jones family farm, NC. Land was tilled 
and raised beds (0.76 m high and 0.91 m wide) with 1.22 m spacing between beds were prepared 
with a bed maker (John Deere, Franklin, TN, USA). Each row was divided into 3 m long plots (0.61 m 
spacing between plots), which were assigned randomly for the treatments (varieties and mulches). 
In June 2016, ten slips of the selected variety were planted in the designated plot in a single row 
maintaining 0.30 m apart between the slips. Three mulches, black plastic, wheat straw and pine 
needles (Lowe’s, Nashville, TN, USA), were applied immediately after planting. The control 
consisted of no mulch (bare ground). Wheat straw and pine needle mulches were applied by hand 
while plastic mulch covering (Hummert’s International, Earth City, MO, USA) was laid 
mechanically. Drip tape was placed on all plots including the control plots before mulch treatments 
were applied. Wheat straw and pine needle mulches were applied at a 7.5 cm thickness to ensure 
that they were not displaced easily by wind or water. Plastic mulch was 0.5 mm thick and was laid 
over a drip tape. Before planting, holes were cut in the black plastic mulch to align with emitters in 
the drip tape. All plots including control were drip-irrigated (Dripworks, Willits, CA, USA) at 3 day 
intervals or twice a week. Plots were maintained per National Organic Program (NOP) standards 
throughout the growing season [3].  

The experiment was designed using a randomized complete block design (RCBD) with four 
replicates. Each replicate was a plot (3.0 m × 0.91 m in size) containing ten plants grown in a single 
row with 0.30 m spacing between plants. Yields per unit area (kg·ha−1) are reported; however, yields 
for all plants in a plot were recorded in which the plot was an experimental unit. Two applications of 
Nutri-rich organic fertilizer (4–3–2) in pellet form (Planet Natural, Bozeman, OR, USA) were 
broadcast at 0.5 kg for every 3 m of a sweetpotato bed row/furrow during the crop cycle. The field 
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Figure 1. Monthly average climate data (2016)—rainfall and temperature in Nashville, TN, USA. Data
were made available from the U.S. Climate Data (www.usclimatedata.com).

Slips (rooted cuttings) of fourteen sweetpotato varieties—Beauregard (BD), Porto Rico (PO),
Carolina Ruby (CY), Ginseng (GG), Covington (CN), Burgundy (BY), Orleans (OS), Centennial (CL),
Hernandez (HZ), Murasaki (MI), O’Henry (OY), Japanese Purple (JP), All Purple (AE) and Old Yellow
(OW) were obtained from the Slade’s farm, VA, and Jones family farm, NC. Land was tilled and raised
beds (0.76 m high and 0.91 m wide) with 1.22 m spacing between beds were prepared with a bed
maker (John Deere, Franklin, TN, USA). Each row was divided into 3 m long plots (0.61 m spacing
between plots), which were assigned randomly for the treatments (varieties and mulches). In June
2016, ten slips of the selected variety were planted in the designated plot in a single row maintaining
0.30 m apart between the slips. Three mulches, black plastic, wheat straw and pine needles (Lowe’s,
Nashville, TN, USA), were applied immediately after planting. The control consisted of no mulch (bare
ground). Wheat straw and pine needle mulches were applied by hand while plastic mulch covering
(Hummert’s International, Earth City, MO, USA) was laid mechanically. Drip tape was placed on all
plots including the control plots before mulch treatments were applied. Wheat straw and pine needle
mulches were applied at a 7.5 cm thickness to ensure that they were not displaced easily by wind or
water. Plastic mulch was 0.5 mm thick and was laid over a drip tape. Before planting, holes were cut
in the black plastic mulch to align with emitters in the drip tape. All plots including control were
drip-irrigated (Dripworks, Willits, CA, USA) at 3 day intervals or twice a week. Plots were maintained
per National Organic Program (NOP) standards throughout the growing season [3].

The experiment was designed using a randomized complete block design (RCBD) with four replicates.
Each replicate was a plot (3.0 m × 0.91 m in size) containing ten plants grown in a single row with 0.30 m
spacing between plants. Yields per unit area (kg·ha−1) are reported; however, yields for all plants in a
plot were recorded in which the plot was an experimental unit. Two applications of Nutri-rich organic
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fertilizer (4–3–2) in pellet form (Planet Natural, Bozeman, OR, USA) were broadcast at 0.5 kg for every
3 m of a sweetpotato bed row/furrow during the crop cycle. The field was scouted periodically for insect
pests and diseases by an Extension entomologist and plant pathologist. M-Pede fungicide (20 mL/L)
(Dow Agrosciences, Indianapolis, IN, USA) and Mycotrol (7.5 mL/L) (Laverlam International Corporation,
Butt, MT, USA) were applied twice for insect pest control. Sweetpotato roots were harvested in October
(116–137 days after planting). Vines were removed by hand and rotary mower (John Deere, Franklin, TN,
USA), and roots were harvested by a sweetpotato harvester (Spedo Inc., Castagnaro, Italy).

2.2. Sorting, Curing, Storage, and Data Collection

Roots were sorted and stored for curing (30 ◦C, 80–90% relative humidity). After seven days,
roots were further sorted and grouped for grading. Sweetpotato roots were sorted based on USDA
sweetpotato grading and standards [19]: marketable (at least 3.81 cm in diameter and free of blemish,
spot and disease) and culls (roots of any size that exhibited wounds, breakage, or severe cracking
that would reduce storage life) were separated. Total yields (marketable and culls) were weighed
with digital scales (Berry Hill Drip Inc., Buffalo Junction, VA, USA). Culls were weighed before
discarding. Flesh color of sweetpotato roots was visually characterized according to the descriptors of
the sweetpotato rating system [20].

2.3. Statisical Analysis

Data on total and marketable sweetpotato root yields were subjected to analysis of variance
(ANOVA) using PROC GLM in SAS (ver. 9.4, SAS, Inc., Cary, NC, USA). Tukey’s Honestly Significant
Difference (HSD) post-hoc test (α = 0.05) was used for multiple comparisons among treatments,
varieties and their interaction. Data were reported as means ± one standard error of the mean.

3. Results

The total and marketable yields significantly varied among sweetpotato varieties and mulch types;
however, there was no significant interaction between the varieties and mulch types on marketable
yields (Table 1). For total yield, the interaction was statistically significant; however, it had no practical
significance due to the lack of an interaction on marketable yield, the goal of a sweetpotato grower.
Wheat straw mulch produced significantly greater total and marketable yield than pine needle and
black plastic mulches; however, no mulch was significantly different from the unmulched control
(Figure 2). The varieties Ginseng and Beauregard produced significantly higher total and marketable
yields than All Purple, Hernandez, Japanese Purple, Murasaki, Old Yellow, O’Henry and Porto
Rico, but did not significantly differ from Burgundy, Centennial, Covington, Carolina Ruby and
Orleans. Over 25% of All Purple, Hernandez and O’Henry varieties, including half the harvested
Porto Rico sweetpotato variety roots were culls (difference between total and marketable yields,
Figure 2). The total yields of Beauregard was significantly different from half of the sweetpotato
varieties evaluated (Figure 2). No serious insect pest and disease were observed during the crop cycle.
Some root damage was observed as a result of mechanical injury, and black or soft rot.

Table 1. ANOVA table partitioning the sources of variance for total and marketable sweetpotato yields
(kg·ha−1).

Sources
Total Yield (kg·ha−1) Marketable Yield (kg·ha−1)

Degrees of Freedom F-Value P-Value Degrees of Freedom F-Value P-Value

Model 55 5.16 <0.001 55 5.39 <0.001
Variety 13 15.80 <0.001 13 17.93 <0.001

Mulch types 3 6.06 0.0008 3 5.36 0.0019
Variety ×Mulch types 39 1.54 0.0478 39 1.18 0.2257

Errors 94 94

P < 0.05 is statistically significant.
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HZ = Hernandez; JP = Japanese Purple; MI = Murasaki; OS = Orleans; OW = Old Yellow; OY = 
O’Henry; PO = Porto Rico; (d) marketable yields of sweetpotato across varieties.  
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The top five highest-yielding sweetpotato varieties were orange-fleshed (Figure 2). The white- 
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Murasaki (with the exception of two orange-fleshed variety Porto Rico and Hernandez) produced 
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Figure 2. Main effects of different mulch types and varieties on total and marketable yields of
sweetpotato roots. Error bars are one standard error of the mean. Different letters denote a significant
difference by Tukey’s Honestly Significant Difference at α < 0.05. (a) Total yields of sweetpotato
across by mulch type with control as no mulch; (b) marketable yields of sweetpotato across by
mulch type with control as no mulch; (c) total yields of sweetpotato across varieties: AE = All
Purple; BD = Beauregard; BY = Burgundy; CL = Centennial; CN = Covington; CY = Carolina Ruby;
GG = Ginseng; HZ = Hernandez; JP = Japanese Purple; MI = Murasaki; OS = Orleans; OW = Old
Yellow; OY = O’Henry; PO = Porto Rico; (d) marketable yields of sweetpotato across varieties.

4. Discussion

Both mulch and variety significantly influenced the marketable and total yields of sweetpotato
roots; however, the lack of an interaction between the main effects on marketable yield suggested that
there was additive effect between mulch types and varieties. The interaction of mulch and variety on
total yield without the same effect on marketable yield has no practical significance. For the future,
data from multiple growing seasons are needed.

Varieties. Marketable yield in our study was comparable to California averages at
34,522 kg·ha−1 [21]; our highest-yielding sweetpotato variety, Beauregard, averaged 39,719 kg·ha−1

(Figure 2). Lebot [22], as cited by Sideman [11], reported that high light intensity and long days have
been shown to increase the number of sweetpotato storage roots, whereas formation and development
of storage roots is promoted by short days. Sideman [12] concluded that the combination of longer
days during summer months that decrease at a more rapid rate during late summer may, therefore,
contribute to production of high yields. Closer spacing between plants may be another contributing
factor to higher yields.

The top five highest-yielding sweetpotato varieties were orange-fleshed (Figure 2). The white- and
purple-fleshed varieties O’Henry, Porto Rico, Hernandez, Japanese Purple, All Purple and Murasaki
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(with the exception of two orange-fleshed variety Porto Rico and Hernandez) produced the lowest
yields, largely due to the small size of roots, cracking, lenticel formation (roots that darken when
washed), and breakage of long roots. On the other hand, the orange-fleshed varieties (Beauregard,
Ginseng, Carolina Ruby, Orleans and Covington) were observed to possess longer, heavier roots and
to be higher yielding. Yields of Beauregard and Covington were not significantly different from each
other and were acceptable when compared to other varieties.

Vambron et al. [23], in a trial on organic land in Kentucky in 2011 and 2012, reported that
the orange-fleshed Beauregard produced a significantly higher yield (15,691.9 kg·ha−1) than the
Hernandez (8967 kg·ha−1), also a popular orange-fleshed food variety, and the Stokes purple variety
(12,329 kg·ha−1) (cultivated for anthocyanin production). Steve and Ballerstein [24] carried out
sweetpotato field trials in Geneva, NY from 2005 to 2007 and found yields of Carolina Ruby to
consistently outperform Beauregard at 30.5, 38.1 and 45.7 cm plant spacings and that yields of O’Henry
and Japanese Purple were consistently lower.

Mulches. Organic mulches are advantageous in preserving the water content and decreasing the
heat intensity of the soil by−13 ◦C to−12 ◦C throughout the warmest season of the year. When spread
to a recommended thickness of 7.6 cm to 10.1 cm, they show good weed control properties. Mulches
lay flat on the surface of the soil, giving rise to a barrier that prevents the movement of moisture and
air in the space separating the soil and the atmosphere.

Yields in the control (no mulch) plots did not significantly differ from yields of any mulch
(Figure 2). Straw mulch might initially influence the maturation of plants in a way that is not desirable
due to the vast difference in proportion between their carbon and nitrogen content [25], stemming
from the fungi and bacteria which degrade the straw mulch and take nitrogen from the surrounding
soil [26,27]. Nevertheless, the lighter color and greater reflectivity of wheat straw mulch may cool soil
more along with providing good moisture retention [25,28].

Yields of sweetpotato roots in the pine needle mulch treatment were significantly lower when
compared to wheat straw mulch (Figure 2). Pine needles appeared to absorb little moisture, so it was
inferior to wheat straw for reducing the need to water [29]. Pine needle mulches are lower in nutrients,
tougher, and of high acidity [25]. However, pine needles when used as mulch, despite their acidic
nature, will not alter soil pH substantially [30,31] and would manage weed populations when applied
with an appropriate thickness. Pine needles are highly effective in preventing run-off, and they are
renewable and sustainable [32]. Nevertheless, mulches can keep the soil too moist, restricting oxygen
in the root zone on poorly drained soils [33], perhaps reducing yield.

Black plastic mulch had no significant influence on sweetpotato yields when compared with the
pine needle mulch and the control (Figure 2). Plastic mulch, an inorganic mulch, is not as efficient as
organic mulches in allowing oxygen and carbon dioxide into and out of the plant’s root zone [32], and it
also reduces outgoing radiation [33]. It is not as moisture-retentive as organic mulch [34]. Nevertheless,
using the variety Covington planted in either infra-red transmitting (IRT) mulch or the standard black
plastic mulch, Bornt [35] found that black mulch gave the highest marketable root numbers, total
weights and average root size across the different size categories compared to IRT mulches. Also, of the
six varieties tested, the orange skin, orange-fleshed varieties Beauregard and Covington produced
some of the highest marketable yields [35]. Furthermore, Hector et al. [36] used black plastic mulches
in combination with drip irrigation and noted an increase in both earliness and total marketable yields
when compared to bare-ground plants.

Yield loss, i.e., from culling, was highest for Porto Rico and O’Henry (Figure 2). Production
issues that may have brought about yield losses could have occurred during harvest, in curing and
storage, by insect pests and diseases that cause cracking, partial root decay, uneven root development
(e.g., by root knot nematode damage), and physiological issues like blisters, growth cracks as a result
of uneven expansion of the roots, and internal stress development [37], as well as from postharvest
injury. Lower total yields in such varieties indicate that they may require a longer growing season
and/or that such varieties are less adaptable to the southeastern region. The canopy layer may also be
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thinner in some varieties resulting in different levels of weed interference so such varieties may not be
very tolerant to weed competition [38–40].

From our study, the use of wheat straw mulch was more effective than the other mulch treatments
in sustaining yields of sweetpotato, although it was not significantly different from the control.
The results of this study therefore show that sweetpotato using wheat straw mulch treatments may be
a viable crop production system for organic growers. However, the white northern and purple Asian
sweetpotato varieties produced lesser yields.

5. Conclusions

Fourteen sweetpotato varieties were successfully grown in an organic management system with
wheat straw, pine needle, and black plastic mulches, as compared to a no mulch control. The marketable
yields in this study were comparable to the average marketable yield of organic sweetpotato grown in
the U.S., with a number of varieties producing over 22,417 kg·ha−1. The mulch effect on sweetpotato
root yield was not significantly different from unmulched plots (control). However, wheat straw
mulch was a better option for growers in terms of improving yields of sweetpotato than pine needle
and black plastic mulches, even though it did not differ from no mulch. These results may be due
to differences in soil moisture content, soil and air temperatures around the mulches, and the reality
that different varieties could respond to different mulches in a myriad of ways. Although the black
plastic mulch, for example, has been reported by various studies to increase soil temperatures and air
temperatures above and around the mulch (which may be beneficial in giving rise to early yields) and
to conserve water in the early stages of the growing season by reducing the rate at which evaporation
occurs, it may eventually lead to the soil being increasingly dry when compared with unmulched
plots. The interaction between variety and mulch types on root yields was not significant, suggesting
any effect was additive. There is potential for use of wheat straw mulch in weed control, and labor
management in organic sweetpotato production. Black plastic mulch was very effective in managing
weeds; however, it had significantly lower yield compared to wheat straw. Nevertheless, a cost
benefit analysis of the utilization of black plastic versus wheat straw may determine their profitability
to the grower in the long term. Black plastic mulch shows superior weed suppression and could
therefore result in the reduction of the costs of labor for weed management, offsetting costs associated
with disposing it and yield reductions compared to wheat straw. Further studies are warranted to
confirm the possible effects of variety and mulches on total and marketable yields and to elucidate
other treatments and varieties with better potential to increase yield under organically managed
production systems.
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