
 

ABSTRACT 

HAHN, SAMUEL L. Winter Cover Crop Management in the Production of Organic Flue-cured 

Tobacco (Nicotiana tabacum L.) (Under the direction of Dr. Alex Woodley). 

 

In 2016, flue-cured tobacco (Nicotiana tabacum L.) was grown on 52% of organically 

certified farms in North Carolina. The organic production of flue-cured tobacco requires costly 

organic N management strategies, intensive tillage and bedding, and repeated cultivation for bed 

maintenance and weed control. This study was conducted to determine if cover cropping could 

mitigate the significant economic investment of N fertilization in organic tobacco. In 2018 and 

2019, the effects of three winter cover crops: hairy vetch (Vicia villosa Roth); Austrian winter 

pea (Pisum sativum var. arvense L.); and crimson clover (Trifolium incarnatum L.), were 

compared to typical N management without a cover crop, and investigated for their potential to 

supplement N to a flue-cured tobacco crop in Rocky Mount and Kinston, NC on a Norfolk sandy 

loam and a Goldsboro loamy sand, respectively. Tobacco yields were significantly greater under 

legume cover crop treatments in 2018 and 2019. Crop value ($ ha-1) was significantly greater in 

legume cover crop treatments in 2019, and did not differ from the control in 2018. In 2019, in-

season soil samples showed N mineralized from the cover crop was not discernable in the soil N 

pool at tobacco topping, a critical marker of a necessary N-free period for the maturation of the 

leaves. Only hairy vetch at the Kinston location showed elevated soil N at topping compared to 

the control, however this did not have a negative effect on quality, yield, or value. Cover crops 

are not traditionally used in tobacco production due to concerns with unpredictability of N 

supply and extended N mineralization compromising the quality of the cured tobacco leaf. Our 

research did not support these concerns, and found evidence supporting the potential use of 

cover-crop N as a cost-effective management strategy with positive environmental externalities 

in the production of flue-cured tobacco. 
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Introduction 

Organic production in the United States has grown rapidly in the last decade, with sales 

hitting $52.5 billion in 2018, more than doubling total sales in 2009 at $23.1 billion (Organic 

Trade Association, 2019). Hilled row crops in North Carolina are no exception in the expanding 

organic marketplace. As organic products are becoming increasingly popular with consumers, 

many farmers across the country are transitioning to organic production for both economic and 

environmental concerns (Reganold and Wachter, 2016; Stofferahn, 2009). This pattern has been 

clearly observed in North Carolina. In 2011, 3,929 hectares were under organic crop production 

on 86 certified farms, with product sales exceeding $12 million (USDA-NASS, 2012). Five years 

later in 2016, the most recent public government survey indicated that 11,784 hectares of North 

Carolina were dedicated to organic crop agriculture across 226 certified farms with product sales 

over $78 million (USDA-NASS, 2017b).  With over 500% growth in sales, and 200% growth in 

land area over five years, it’s clear that organic production in North Carolina is viable and 

expanding. Yet, organic production occurred on only 0.35% of agricultural land in the state 

(USDA-NASS, 2017b). Of the 226 farms in 2016, 119 grew tobacco (USDA-NASS, 2017a). 

Nearly 53% of North Carolina’s organic production is intensively tilled, hilled tobacco 

(Nicotiana tabacum L.) cropping systems. In 2015, 64 farms produced $29.2 million in organic 

tobacco (USDA-NASS, 2016). Meeting the market, North Carolina added 55 organic tobacco 

growing farms in one year, and in 2016 tobacco was the most valuable organic plant produced in 

the state, with sales valued at $39.0 million (USDA-NASS, 2017b). 

Though organic tobacco sales data is not publicly tracked, the decrease in tobacco use has 

been largely documented. In 2017, the last available government report indicated total cigarette 

sales decreased by 4.7% from 2016 numbers. This decrease represents a continuation of a 
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decreasing sales pattern, observed nearly without exception, since 1982 (Federal Trade 

Commission, 2019). While the organic and additive free cigarette market may soon observe (or 

be observing) a similar pattern, these farms will not be disappearing immediately. Organic, 

natural, and additive-free cigarettes have been shown to contain more nicotine, making them 

more addictive than other commercial cigarettes (Jain et al., 2019). In a 2017 survey, 26.7% of 

US adults and 45.3% of adult smokers believed that “organic” tobacco products are less harmful 

than regular tobacco products (Pearson et al., 2019). Given the unsubstantiated perception of a 

healthier product, the organic tobacco market does not neatly fit into assumptions of a receding 

industry. 

While organic agriculture continues to grow in production and popularity, it is not 

representative of a unidirectional shift to a more sustainable agricultural system. Organic farming 

systems produce lower yields compared with conventional agriculture, and though they are more 

profitable and deliver greater ecosystem services and social benefits—there are concerns 

(Reganold and Wachter, 2016). Organic producers often rely on tillage and cultivation for weed 

management. Frequent tillage and cultivation can lead to degradation of soil physical properties, 

loss of soil organic matter, erosion, and additional greenhouse gas emissions (Rosen and Allan, 

2007). In hilled production systems, this is only more certain, given the intensity of bedding 

practices. Developing strategies that counteract these negative effects will be necessary going 

forward. With the goal of developing a more sustainable agricultural sector, it is critical that we 

research strategies and update systems to allow farmers—both organic and conventional—to cut 

back on practices that are environmentally or financially costly. 
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Organic Flue-Cured Tobacco 

Flue-cured tobacco is cured in a controlled moisture and temperature environment that 

degrades chlorophyll and converts carbohydrates to simple sugars. Flue-cured production was 

developed in North Carolina on sandy, infertile soils in the early 1800s and has grown in 

popularity since. Because flue-curing produces a high sugar content and smooth-smoking 

tobacco, it has become increasingly popular with the advent of cigarettes and is now the most 

popularly grown tobacco in the world (Peedin, 1999). In the United States, North Carolina has a 

particularly extensive history of tobacco production. Tobacco is well suited to North Carolina’s 

sandy, nutrient poor soils and warm, wet summers (Collins and Hawks, 2013a). Where pre-

Columbian civilizations had valued the crop for hundreds of years, European colonizers and 

slavery took tobacco production to an unprecedented level (Robert, 1967). This history, 

particularly in the eastern half of North Carolina, led to a powerful economy and once supported 

nearly all commercial farmers in the region (Brooks, 1997).  

In 2018, North Carolina’s conventional production practices produced 113,800 Mg of 

flue-cured tobacco, accounting for 74.1% of all U.S. production (USDA-NASS, 2019). In 2016 

conventional tobacco in North Carolina produced on 67,178 hectares a total of 150,502 Mg, for 

an average of 2.24 Mg ha-1. As a comparison, in that same year organic tobacco in the state grew 

5,400 Mg on 2,586 hectares for an average of 2.02 Mg ha-1 (USDA-NASS, 2018; USDA-NASS, 

2017a). While these 2016 organic numbers accounted for almost two-thirds of organic tobacco 

grown in the country, organic tobacco still represents less than 4% of tobacco grown in the state. 

The high input cost, high labor requirement, and additional infrastructure needed to produce 

quality tobacco, conventional or organic, requires the economic return to the grower to be 

maximized. While it does represent a small fraction of growers and produces smaller yields, 
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organic tobacco can fetch nearly twice the price (USDA-NASS, 2018; USDA-NASS, 2017a). A 

factor attracting growers, and likely driving its rapid growth. 

Tobacco, and how it is grown today, would likely be unrecognizable to growers a mere 

century ago. Faced with growing demand in the mid-1900s, mechanization and the ease of cheap 

synthetic chemicals led to a dramatic change in both the plant and the production. Nicotine 

contents, yields, and quality have all seen considerable changes due to technological and genetic 

improvements (Bowman et al., 1984). Yields in particular have significantly increased, followed 

by nutrient demand and efficiency. Much of the history of tobacco cultivation was what would 

now be called organic (Kohrman and Benson, 2011). While traditional growing practices have 

fallen out of fashion with the advent of chemical pest and nutrient solutions, somewhat 

surprisingly, organic production practices have returned, and organic tobacco is experiencing a 

resurgence (Vann and Inman, 2017). Considering the advances that allowed for a flourishing 

tobacco industry in the later half of the 20th century, organics face greater and more numerous 

challenges. Affordable organic nutrient management, on top of weeds and pests now accustomed 

and selected for vitality, make growing an organic crop labor and economically intensive 

(Hawkins et al., 2019). Most organic growers now mimic conventional practices, under the 

parameters and constraints of organic certification. Less effective organic pesticides and 

herbicides coupled with costly fertilizers are used as they would be in conventional production.  

One particularly valuable cultural practice to growers, is bedding. Most flue-cured 

tobacco in Eastern North Carolina is bedded, a practice that serves conventional and organic 

farmers alike. Bedding produces a high ridge-row that aids in disease management, decreases 

drowning, decreases lodging (the bending over of stems), and improves aeration and water 
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penetration (Vann et al., 2017).  Bedding and re-cultivation also helps manage weeds (Collins 

and Hawks, 2013c). 

 

Organic Flue-Cured Tobacco: Nitrogen 

Nitrogen is a critical nutrient in tobacco production and poses unique requirements in 

order to produce a profitable and quality product. Yield and quality are both directly linked to 

nitrogen, and no essential nutrient has a more pronounced effect on growth and quality (Collins 

and Hawks, 2013b; McCants and Woltz, 1967). If nitrogen availability is low early in the season, 

there will be a cost in yield, but if nitrogen availability late in the season is too high, leaf quality 

will be lost (Tso, 1990a). 

Nitrogen is of particular importance with regards to the chemical and physical qualities of 

the cured tobacco leaf. Properties like life size, shape, thickness, and overall yield are all related 

to nitrogen (Weybrew et al., 1983). Nitrogen has long been demonstrated as an integral nutrient 

in plant development. It is often the limited nutrient in terrestrial plant growth, and proteins, 

nucleic acids, chlorophyll are all built around nitrogenous bases (Barker, 2010). In tobacco, 

nitrogen is essential in the production of sugars and starches, as well as in the synthesis of amino 

acids, proteins, and alkaloids (principally nicotine). The quantities of each of these nitrogenous 

constituents are important factors in quality and smoking characteristics, and can be influence by 

genetics, agricultural practices, soil type, nutrients, weather, disease, stalk position, and curing 

practice (Leffingwell, 1999). 

With relation to chemical properties tied to nitrogen, the proportion of reducing sugars to 

total alkaloids receives the greatest focus. A reducing sugar to total alkaloid ratio in the range or 

greater than 6-10:1 is important in producing a desirable smoking tobacco (Flower, 1999; 
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Weybrew et al., 1983). For starch/reducing sugar accumulation, nicotine and protein synthesis 

must have been terminated, a process initiated by a lack of plant nitrogen accumulation. This 

occurs in a nitrogen deficient system or when there is no more available nitrogen for plant uptake 

(Tso, 1990a). This relationship means over application of nitrogen late in the season poses 

additional risks other than input costs and environmental concerns.  

To achieve the highest quality from the curing process, leaves must be harvested when 

they are both mature and ripe. Maturity is the point of maximum leaf dry weight, indicative of a 

transition from growth to senescence (Peedin, 1999). Ripening begins in the bottom leaves of the 

plant and is a decrease in vigor and growth that occurs 10-12 weeks after transplant recovery, 

when nitrogen levels in the leaf decrease (Walker, 1968). It can be generally understood that 

conditions for ideal maturation and ripening will be achieved if soil nitrogen is sufficient for the 

expansion of the upper leaves, and exhausted quickly thereafter (Weybrew et al., 1983). Late 

season nitrogen availability is undesirable because it delays ripening and can result in high 

nicotine and variegated-unripe grades at harvest, which can greatly decrease value (Smith and 

Fisher, 2004). Unripe leaves generally have a higher alkaloid content and less reducing sugar 

accumulation, resulting in low reducing sugar to nicotine ratios, and harsh irritating smoke 

characteristics (Maw et al., 1995). 

Flue-cured tobacco is vulnerable to both nitrogen deficiencies and excesses. For this 

reason, timing of nitrogen availability is particularly important, and the success of flue-cured 

tobacco in Eastern North Carolina is directly linked to the poor, sandy, and well-drained soils of 

the coastal plains. These soils are sandy, low in organic matter, offer little residual nitrogen from 

previous crops, and allow for a very direct control of nitrogen from growers. Still, the ease of 

leaching cuts both ways. While it prevents long term residual nitrogen and facilitates control of 
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nitrogen availability, these soils are also highly leachable and subject to drought-stress. Nitrogen 

leaching can require farmers to reapply after heavy rain, and also increases potential ground and 

surface water contamination (Miner and Sims, 1983). Drought-stress in flue-cured tobacco is 

associated with a low quality, high alkaloid, and low sugar content leaf (Campbell et al., 1982; 

Peedin, 1999; Weybrew and Woltz, 1975). Negative characteristics in smoke or leaf, as a result 

of soil moisture can usually be understood as an excess or deficiency in nitrogen (Elliot, 1970; 

Elliot and Court, 1978). In 1975, Weybrew and Woltz found drought and over fertilization of 

nitrogen to be metabolically equivalent, as well as in the reverse with excessive rainfall and 

inadequate nitrogen fertilization. 

Ideal management of nitrogen will allow for adequate nitrogen uptake in early growth 

stages, with a steep decline in plant available nitrogen at, or soon after, topping so that leaves can 

ripen and eventually cure correctly (Weybrew et al., 1983; Maw et al., 1995). Topping is the 

stage where the blossoming terminus of the plant is removed, allowing for energy to be directed 

to expanding leaves. These behavioral and physiological changes in the plant are critical in 

maximizing leaf size and quality (Flower, 1999). Under typical conditions, transplant recovery to 

flowering (topping) occurs in about eight weeks. In their 1966 study, Raper and McCants 

concluded that 60% of the nitrogen needed for a quality flue-cured tobacco harvest was taken up 

within three weeks of transplant recovery. In this same period only 20% of the total dry matter 

was accumulated. At flowering, 75% of total dry matter had accumulated, and nearly all 

necessary nitrogen was absorbed. This study is representative of the critical time periods for 

tobacco production. In order to maximize growth and quality, readily available nitrogen must be 

present between transplant and layby (the last time a tractor can safely pass through the rows 

without causing harm) (Peedin, 1999). 
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Deficient nitrogen in tobacco can produce stunted plants with small, thin, narrow leaves 

that often require harvest before they have fully ripened (Weybrew et al., 1983). Once cured, 

these leaves are pale, and the smoke is flat and unappealing. Insufficient nitrogen at the early 

growth stages can also prevent vigorous early growth, with season long repercussions. Despite 

potential yield costs, nitrogen rates are typically based on quality, with yield considerations 

second. Though increasing nitrogen can increase yield, the negative effect on quality, 

particularly if present beyond topping, makes it disadvantageous (Flower, 1999). Persistent 

nitrogen past topping can lead to greenness and un-ripened leaves, a strong negative in leaf 

quality measures (Smith and Fisher, 2004). Grade index, a government quality metric used to 

determine cost and value based on parameters such as color, texture, variegation, and maturity of 

the cured leaf, has been correlated to the ratio of reducing sugars to nicotine (Gaines et al., 

1983). Typically, the greater the nicotine content past 3.5% the lower the quality of a flue-cured 

leaf (Collins and Hawks, 2013b). Several studies have connected excess nitrogen to excess 

nicotine, an undesirable characteristic in a pleasant smoking tobacco (Elliot and Court, 1978; 

Miner, 1980). Excess nitrogen later in the season, produces large leaves that show persistent 

greenness, and difficulty curing. These cured leaves are dark, and the smoke is strong and 

unpleasantly pungent (Weybrew et al., 1983; Maw et al., 1995).  

 Tobacco can utilize both the ammonium and nitrate forms of nitrogen in soil solution. 

The proper ratio of these forms in supplemental fertilizers has long been studied and discussed. 

For years many growers adhered to the recommendation of at least 50% of the total nitrogen 

applied being in the nitrate form based off recommendations in a 1967 study by McCants and 

Woltz. This was later revised to at least 30% (Peedin, 1999). Recent research comparing 25%, 

50% and 100% nitrate of total nitrogen supplied, concluded that nitrogen source does not have a 
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significant effect on yield, grade index, value, total alkaloids, total reducing sugars, or leaf color 

(Parker, 2009).  Far more important is proper placement and timing of nitrogen fertilizer 

applications. 

Placement and timing are essential to maximize crop use, return on fertilizer costs, and to 

minimize leaching losses. In current tobacco production, most growers band or inject nitrogen as 

a sidedress application after transplant and at layby (Tso, 1990b; Vann and Smith, 2014). This 

split treatment in the 4-6 weeks following transplant, allows for responses to a dynamic system 

where rainfall and temperature must be accounted for, and facilitates a more direct avoidance of 

excess nitrogen (Peedin, 1999). Studies have demonstrated more uniform growth and yield 

increases with banded fertilizer applications compared with broadcast fertilizer applications, 

likely due to the placement of the fertility source in closer proximity to the root zone of the crop 

(Blackshaw et al., 2004; Collins and Hawks, 2013b; Tewolde et al., 2009). When banded at a 

safe distance from the plants, it prevents injury to the roots, increases the efficiency of the 

fertilizer, and minimizes environmental losses through volatilization and run-off (Pote et al., 

2011; Moore and Harris, 2013; Reed, 2017; Smith, 2012).  

Organic tobacco producers are constrained by what is approved for organic use and 

allowable by contract. For potassium, growers can use natural sulfate of potash, natural 

limestone facilitates pH and magnesium adjustments, while native phosphorus levels are often 

sufficient in the soil and additional application is rarely needed in Eastern North Carolina (Vann 

and Inman, 2017). Overall in organic tobacco production, producers have not settled on an 

industry standard for nitrogen, and many questions persist.  Most organic nitrogen sources often 

contain only trace amounts of mineral/inorganic (readily available) nitrogen and are not as 

predictable as conventional sources (Hartz and Johnstone, 2006). This adds a layer of complexity 
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to nitrogen management and necessitates additional focus from a grower when using organic 

sources, due to potential insufficiencies or delays in mineralization and assimilation (Collins and 

Hawks, 2013b; Vann et al., 2017). 

Tobacco contracting companies generally dictate that sodium nitrate, while currently 

permissible for use in organic production, is limited to 20% of crop need (Vann and Inman, 

2017). Most farmers are limited to commercially available organic nitrogen fertilizers that 

usually consist of animal by-products and are dependent on microbial facilitated mineralization. 

Most of the readily available sources of nitrogen fertilizer contain very little plant available 

nitrogen (PAN) and are composed of organic compounds such as proteins, amino acids and 

amino sugars (Jones, 2003). To be plant available, microbially facilitated mineralization must 

occur. The release of PAN is mediated by and dependent on temperature, moisture, and soil type 

and the heterotrophic microorganisms which derive their energy from the oxidation of organic 

carbon compounds (Prasad and Power, 1997). Fertilizer sources can be processed further by 

hydrolyzing, grinding and drying, and can be pelleted for easier application. Further processing 

of the raw materials can aid in more rapid nutrient conversion into plant available forms as well 

as ease of application, but thereby demand a higher cost from producers (Leconte et al., 2009). 

Inescapably, these low mineral nitrogen fertilizers are dependent on the mineralization rate. The 

potential for variable rates of mineralization throughout any given growing season poses 

difficulties in applying exact amounts of PAN or splitting applications like in conventional 

production. With the need for adequate nitrogen early in the season to allow for leaf expansion, 

while limiting late season nitrogen availability, there is room for improvement in the organic 

tobacco nitrogen fertilization portfolio. 
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Organic Flue-Cured Tobacco: Cover Crops  

Conventional, organic, and traditional agricultural practices have long recognized the 

benefits of cover crops. Cover crops are intentionally planted to offer seasonal cover of arable 

soil and are generally divided into summer and winter cover crops. The primary application of 

cover crops in the Southeastern United States is winter cover crops, as allowed by the climate, 

where winter cover crops are planted in the fall and terminated in the spring (Clark, 2007).  

Cover crop benefits can include protection against soil erosion, increased soil organic C 

accumulation, reduction in soil compaction, improved soil structure, moderation of soil 

temperatures, population increases of soil macro- and microorganisms, weed suppression, 

conservation of soil water, and improved crop yields. These benefits are particularly 

advantageous for coarse-textured, degraded soils that are widespread across the Southeastern US 

(Blanco-Canqui et al., 2015; Clark, 2007). In addition to these benefits, many growers, especially 

organic farmers, utilize cover crops as a nitrogen source for subsequent cash crops. This practice 

is both in recognition of the benefits, and in compliance with the USDA organic production and 

handling guidelines that explicitly require soil fertility and crop nutrients to be managed utilizing 

cultivation practices, crop rotations, and cover crops (USDA, 2016). Leguminous cover crops, 

like clovers, vetches, and peas, are common choices when nitrogen is the primary factor, as they 

can contribute in the range of 150-350 kg N ha-1 (Blevins et al., 1990; Holderbaum et al., 1990), 

a significant amount of nitrogen at a fraction of the cost of commercial fertilizers. 

Still, using cover crops as a nitrogen source presents a challenge to many growers in 

estimating the nitrogen contribution to the cash crop, and synchronizing its release from 

decomposing residues with cash crop uptake. Climatic factors, tillage, species composition, 

termination date, and supplemental fertility all contribute to variability in nitrogen release from 
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cover crops (Poffenbarger et al., 2015a; Poffenbarger et al., 2015b). For this reason, cover crops 

require careful management, particularly if utilized in a crop with a strict nitrogen timeline like 

tobacco.  

Organic and conventional flue-cured tobacco growers in North Carolina have not widely 

adopted cover cropping as a source for nitrogen, or other observed benefits. Several factors likely 

impact this decision. Concern regarding nitrogen release or immobilization is a substantial 

concern for many growers, as undefined timelines or uncertainty regarding plant accessible 

nitrogen can prove costly to a grower, and the risk is too great. This concern has been supported 

in the limited research done. A study showed winter cover crops can positively impact yield, but 

in doing so had the potential to negatively affected quality (grade index) of a succeeding tobacco 

crop (Britt and Slater, 1957). Another study found similar results, where crimson clover and 

hairy vetch cover crops had positive impacts on tobacco yield, they also observed comparable to 

slightly negative impacts on quality (Wiepke et al., 1988). Conventional growers also routinely 

fumigate for nematode control, and winter cover crops would need to be destroyed months prior 

to planting to allow for residue incorporation before fumigating (Ong et al., 2007). Cover crop 

biomass can also make bedding challenging in the spring and disrupt transplanting and banded 

fertilization (Figures A2.6 and A2.7).  

 

Cover Crops for Nitrogen: Main Considerations 

Legume cover crops are used as a nitrogen source because of to the rhizobium symbiosis 

that allows for their accumulation and fixing of atmospheric N2 (Atkins, 1984). This 

transactional symbiosis allows for the exchange of simple organic carbon molecules for the most 

limiting and agriculturally valuable nutrient, nitrogen. As a result of this relationship, tissues of 
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leguminous cover crops are rich in nitrogen. The potential benefit of this relationship is not lost 

on farmers. By terminating the legume cover crop at an opportune time and allowing the tissues 

to decompose in the soil, cash crops can utilize the once inaccessible nitrogen. 

Active microbes are critical to plant nutrient uptake and are the central player in utilizing 

leguminous cover crops as a nitrogen source. The heterotrophic microorganisms in the soil, and 

their decomposition of plant material, allows for nitrogen conversion into soluble inorganic 

compounds that can be taken up into plants. While these microbes compete with plants for 

available nutrients, specifically when nutrients are limiting (McGuire and Treseder, 2010), net 

mineralization has been positively related to microbial biomass and leguminous cover crops 

(Booth et al., 2005; Zaman et al., 1999a).  

Mineralization is a collection of processes centering on the conversion of unusable 

nitrogen in the organic compounds of once-living organismal tissue, into plant accessible 

inorganic nitrogen. Mineralization involves microbial and enzymatic activities, and can be 

broken into three simplified processes: aminization, the breakdown of macromolecules of 

organic compounds to simpler nitrogen containing molecules like amino acids and nucleic acids; 

ammonification, the breakdown of organic compounds such as amino acids into ammonium; and 

nitrification, the microbial conversion of ammonium to nitrate (Cai et al., 2017; Zaman et al., 

1999a; Zaman et al., 1999b). During aminization, proteins are broken down by enzymatic action 

of microbial heterotrophs. Fungi dominate this process in acidic soils while bacteria and 

actinomycetes are more active in alkaline soils (Havlin et al., 2014). A variety of extracellular 

enzymes supplied by the heterotrophs hydrolytically cleave bonds, leaving behind smaller 

components like amino acids.  
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During ammonification, these small nitrogen based components resulting from the 

extracellular breakdown are metabolized by [now] intracellular enzymes, and excess ammonium 

ions are then released by microbes to the extracellular soil solution where they are plant available 

and could be taken up, converted to ammonia, fixed to organic structures or clay minerals, or 

nitrified (Havlin et al., 2014). A portion of the ammonium produced by ammonification is 

converted into nitrate through the nitrification process in which chemoautotrophic bacteria obtain 

energy through the oxidation of nitrogen. Bacteria in the genera Nitrosomonas and Nitrobacter 

are primarily responsible for the processes in which ammonium is converted from ammonium to 

nitrite to nitrate (Myrold and Bottomley, 2008). In general, the environmental factors that favor 

the growth of plants (presence of ammonium, soil moisture, aeration, pH, and temperature), also 

favor nitrification (Havlin et al., 2014). In warm aerated soils, nitrification can happen rapidly 

(Barker, 2010). Mineralization and nitrification rates are higher when an adequate level of soil 

moisture is present, 50 to 70% water-filled pore space for mineralization, and 70 to 80% water-

filled pore space for nitrification. When moisture levels increase and exceed field capacity or 

decrease to approach the plant wilting point, nitrogen mineralization and nitrification are 

reduced. Nitrate in the soil is subject to many fates, including; plant uptake, loss by leaching, loss 

by reduction to gaseous form through the denitrification process (particularly in anoxic and 

warm conditions), or immobilization (Havlin et al., 2014).  

On the opposite end of mineralization, is immobilization. Nitrogen immobilization is the 

biologically mediated conversion of inorganic nitrogen to organic nitrogen, and ammonium and 

nitrate forms are susceptible to the process. Where in a simplified understanding mineralization 

is the release of excess ammonium beyond metabolic needs or oxidized nitrate as a waste 

product, immobilization is microbial uptake of soil nitrogen, primarily by heterotrophic 
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microorganisms that need nitrogen to facilitate their growth and expansion. These organisms are 

dependent on carbon sources for energy but need nitrogen for cellular constituents (Prasad and 

Power, 1997). If the organic carbon material being metabolized contains low levels of nitrogen, 

microorganisms will use nitrogen from the soil solution. This is accomplished through the 

assimilation of ammonium or nitrate. Plant-derived nitrogen is mineralized, immobilized, and re-

mineralized concurrently by microorganisms in the soil, and the rate of these processes depends 

on the soil microbiota, the quality of residue, stage of litter decomposition, and the 

environmental factors in which the degradation is occurring (Myrold and Bottomley, 2008). 

While utilization of legume cover crops in farming systems has long been associated with 

net soil nitrogen mineralization, timing and observation before killing or incorporating a 

leguminous cover crop is critical to understanding potential nitrogen release. Understanding this 

relationship is essential to growers utilizing cover crops to complete or supplement their nitrogen 

fertilization regime. Outside of climate, litter quality is the main predictor or decomposition rates 

and mineralization (Silver and Miya, 2001).  

One of the most common ways to understand rates of release and if mineralization will 

occur is by looking at the carbon to nitrogen (C:N) ratio of the decomposing plant litter. C:N 

ratios of cover crops have been shown to significantly influence yields of subsequent cash crops 

(Cook et. al., 2010; Finney et al., 2016; Starovoytov et al., 2010). The lower the C:N, the greater 

the chance of mineralization, and nitrogen mineralization is typically predicted when C:N ratio is 

less than 25:1 (Soto et al., 2005). Something with energy rich, carbon-based compounds and 

sufficient nitrogen for metabolic needs, will be the most desirable, and quickly decomposed by 

the microbial community present in the soil. This results in an initial rapid decomposition period, 

where the easily decomposable materials including simple carbohydrates like sugars, some 
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hemicelluloses, and proteins are metabolized. Compared to non-legume cover crops, legumes 

generally have higher nitrogen contents and therefore low C:N ratios. Thus legumes generally 

decompose more rapidly than non-legume cover crops, and release excess nitrogen to nearby 

plants (Murungu et al., 2011).  

 Plant litter in general can be grouped into easily decomposable, intermediately 

decomposable, and slowly decomposable fractions based largely on carbohydrate (cellulose, 

hemicelluloses, and starches), protein, lignin, and nutrient contents (Paul, 2015). This early 

mineralization relationship is most commonly discussed and interpreted through the parameters 

of the C:N ratio, and measurements of C:N ratios can predict cover crop residue mineralization 

and decomposition (Puget and Drinkwater, 2001). For later stages of decomposition, and 

prolonged mineralization, plant lignin concentration plays a more pivotal role than C:N ratio 

(Mary et al., 1996) and the C:N is often not correlated with decomposition rates during later 

stages (Müller et al., 2010; Murungu et al., 2010). Lignin content has been shown to have more 

effect than other structural polysaccharides such as hemicellulose and cellulose on tissue 

degradation (Buxton et al., 1987), and overall lignin chemical composition, which varies 

between plants, may be even more important to plant degradation than the total quantity of lignin 

(Buxton and Russell, 1988; Szegi, 1988). In general, legumes have more easily degradable lignin 

than grasses, in addition to their lower C:N ratios (Buxton and Russell, 1988). Typically, the 

longer a cover crop is allowed to grow past blooming, the greater the lignin content will be. 

Growth stage of any cover crop is critical in predicting C:N ratios, cellulose, hemicellulose, and 

lignin contents, where all increase with maturation and senescence of a plant (Ranells and 

Wagger, 1992).  



   

 

18 

Once a cover crop decision has been made, three essential factors growers can control 

relate to the release of nitrogen from a killed cover crop: time, method, and residue management. 

Time most notably relates to accumulation of tissue nitrogen. Cover crops like hairy vetch have 

been observed to significantly accumulate nitrogen on a daily basis (Clark, 2007). Just a few 

additional growing days can dramatically effect nitrogen in a cover crop. This allows for grower 

mediated actions to maximize or minimize nitrogen. In a crop like tobacco, it may also be of 

specific importance in planting and termination time. Time also relates to lignification of cover 

crop tissue and could be used to delay and slow mineralization. Since total nitrogen, C:N ratios, 

and lignin contents, all increase with time, a cover crop terminated early in the season could 

break down rapidly, and release a high initial burst of nitrogen, that is comparatively lower in 

sum than a cover crop left in the field longer (Ranells and Wagger, 1992). On the same side of 

this, an older crop may have accumulated more nitrogen, but also more lignin rich and higher 

C:N tissue. If terminated at a more mature growth stage, depending on the particular habit of the 

cover crop, a grower could see slower, but greater nitrogen release. 

The methodology of termination, for example mowing versus roller crimping, can also 

directly impact how plant tissue interacts with microbes that will mineralize nitrogen. Smaller 

particles in contact with the soil and its moisture will decompose faster than a mulch left on the 

surface because of surface area available for microbial action. Mowing and tilling, and their 

interaction can have significant impacts on timing of mineralization (Sainju and Singh, 2001). A 

flail mowed legume cover crop shallowly incorporated into the soil will break down fast and 

mineralize quickly. Disking, as compared to mowing, crimping, and glyphosate burn down 

generally results in the greatest extractable inorganic nitrogen (Liebman et al., 2018). These 

culturally mediated behaviors leave growers flexibility in their methodology, based on the rate of 
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mineralization they desire (Creamer and Dabney, 2002). Tobacco growers, aware of these 

potential strategies, could ameliorate some of the concerns surrounding cover crops by 

modifying termination strategies. 

 

Organic Flue-Cured Tobacco: Cover Crops Benefits and Concerns 

Depending on maturity rates and the number of legumes in the rotations, the amount of 

nitrogen available from a cover crop on an organic farm can vary from excessive to deficient 

(Roberts et al., 2008), and the selection of cover crop species should be made based upon better 

adaptation and growth potential under local soil and climate conditions (Kaye et al., 2019; Power 

and Zachariassen, 1993). Crimson clover, hairy vetch, and winter pea are all leguminous winter 

cover crops, grown for their nitrogen contributions, that can produce considerable biomass in the 

Southeastern United States (Holderbaum et al., 1990) though each of them has specific 

drawbacks that require consideration by growers, they were the focus of the study for this reason.  

Austrian winter pea (Pisum sativum var. arvense L.) is a high nitrogen fixing, upright 

field pea cultivar bred for its cold tolerance. Biomass productivity is typically above 5600 kg ha-1 

and growers can expect between 100-170 kg N ha-1, though variability outside of this range is 

not uncommon. Optimum nitrogen is obtained by disking or plowing after full bloom. Austrian 

winter pea typically produces a C:N ratio under 25:1 (Parr et al., 2011; Liebman et al., 2018), 

and does not see prolonged mineralization times. The high density of biomass produced by the 

Austrian winter pea, can be a challenge at termination and under the right conditions large mats 

can form when incorporated (Clark, 2007). Disease resistance is particularly limiting and can be 

a factor for growers to consider in the Southeast region. Repeated use in one area can see 

infection from the crown rot Sclerotinia complex devastate whole fields of the crop (Clark, 
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2007). Southeastern winter conditions are generally favorable to the disease (Vann et al., 2019). 

In a study in eastern North Carolina, Liebman et al. (2018) found Austrian winter pea produced a 

biomass of 5200-6530 kg ha-1, along with 190-205 kg N ha-1. In one year, when disked in, this 

resulted in a peak in extractable nitrogen one week after termination. This study observed a 

slower nitrogen release than from a conventional fertilizer, with greater than 20 kg N ha-1 

available in the soil for just over 70 days following termination. 

Crimson clover (Trifolium incarnatum L.) is a rapid, robust winter cover crop in the 

Southeast. Biomass productivity is typically between 4000-6200 kg ha-1 and growers can expect 

between 80-170 kg N ha-1 (Clark, 2007). In North Carolina, Parr et al. (2011), found that clover 

produced a higher C:N ratio than hairy vetch, and showed decreases in nitrogen content and 

biomass past blooming. This study showed biomass ranges from 2100-7800 kg ha-1 and nitrogen 

from 32-163 kg N ha-1, with the higher values general occurring with earlier termination (Parr et 

al., 2011). Though similar to hairy vetch and Austrian winter pea in the Southeast for total 

nitrogen production, crimson clover is early to mature in spring (Clark, 2007). Studies have 

observed the chemical composition of crimson clover harvested at different stages of maturity 

and observed significant differences in residue decomposition and nitrogen lease (Ranells and 

Wagger, 1992; Parr et al., 2011). Crimson clover has notably slower release than other legume 

species, poor drought tolerance, and a narrower range of soil types where optimum performance 

is achieved (Reberg-Horton et al., 2012). Older, more mature plant material was is associated 

with this slower nitrogen release, particularly compared to the relatively young material, and this 

general trend occurred through its growth stages (Wagger, 1989). While lignification over time is 

not uncommon with legumes, crimson clover is particularly susceptible to this trend. 
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Hairy Vetch (Vicia villosa Roth) is a high nitrogen fixing, vining cover crop commonly 

used for both nitrogen and weed suppression. Vetch is a succulent crop that can readily break 

down due to a particularly low C:N ratio (Wagger, 1989). It has been shown to reduce bacterial 

wilt in tobacco when used as a winter cover crop (Ong et al., 2007). In general, biomass 

productivity is typically between 2500-5600 kg ha-1 and growers can expect between 100-225 kg 

N ha-1, though variability outside of this range is not uncommon and values as high as 430 kg N 

ha-1 have been observed (Clark, 2007). Parr et al. (2011) found vetch produced 2200-6300 kg ha-

1 in North Carolina, with 64-204 kg N ha-1. These values in hairy vetch, unlike crimson clover, 

are less tied to date of termination. Hairy vetch seeding rate can be manipulated to influence 

biomass production (Mirksy et al., 2017), and it has been observed to deplete surface soil water 

content after incorporation and succeed transplants could be particularly vulnerable to this 

depletion in low moisture seasons (Clark et al., 1995). A drawback to hairy vetch, and the reason 

some growers remain reluctant to use it, is that it can set hard seed and become a weed problem 

in their subsequent crops (Vann et al., 2016). 

When using any cover crop, soil moisture must be considered before cash crop planting. 

Cover crops can deplete soil moisture both through uptake from evapotranspiration while living, 

and post termination when incorporated into soil (Clark, 2007). Excessive consumption of water 

that could otherwise be available for the subsequent growing season is a consideration, 

particularly in high biomass cover crops. A water deficit at the time of the subsequent planting 

can be observed particularly under limited water conditions, and typically a period of one to two 

weeks is necessary to ensure cash crop establishment without water stress (Unger and Vigil, 

1998; Dabney et al., 2001; Sainju and Singh, 2001). 



   

 

22 

  Excess nitrogen and subsequent leaching are also considerations with leguminous cover 

crops. Though during the winter season cover crops can prevent nitrate leaching and soil carbon 

loss (Drinkwater et al., 1998), after termination cover crops can be of concern with regards to 

excessive nitrate leaching. Due to the challenges in termination time and an accurate and 

consistent pattern of decomposition, asynchrony between mineralization and plant uptake is not 

uncommon and is of particular concern for cover cropped systems. In Harris et al. (1994) nearly 

40% of cover crop nitrogen was lost from the cropping system. In a similar study, Hesterman et 

al., 1987 found legume nitrogen was utilized 8% less efficient than fertilizer (51% vs 43%). 

While cover crop nitrogen efficiency results in significant losses in the system, it is not notably 

worse than traditional fertilizers. Still, cover crop nitrogen rates can be highly variable, and 

legume cover crops with variable stands may result in a grower decision to apply a full 

application of nitrogen fertilizer to minimize the risk of nitrogen deficiency, resulting in 

excessive nitrogen inputs to the system. Broadly, nitrate leaching or surface transport is an 

unavoidable reality for most agricultural systems, and precipitation will always be a dominating 

factor. Precision of fertilization, including placement and rate, and tillage are perhaps the three 

largest farmer controlled cultural practices that could help mitigate leaching and water 

contamination (Gyles et al., 2015). Without precision estimates from a cover crop before 

termination, post incorporation control of leaching would be nearly impossible for a grower. 

Practices that incorporated buffer zones, catch crops, and precise monitoring and control of cover 

crop biomass prior to incorporation could all be strategies to manage nitrogen pollution 

effectively (Novara et al., 2013).  
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ABSTRACT 

In 2016, flue-cured tobacco (Nicotiana tabacum L.) was grown on 52% of organically 

certified farms in North Carolina. The organic production of flue-cured tobacco requires costly 

organic N management strategies, intensive tillage and bedding, and repeated cultivation for bed 

maintenance and weed control. This study was conducted to determine if cover cropping could 

mitigate the significant economic investment of N fertilization in organic tobacco. In 2018 and 

2019, the effects of three winter cover crops: hairy vetch (Vicia villosa Roth); Austrian winter 

pea (Pisum sativum var. arvense L.); and crimson clover (Trifolium incarnatum L.), were 

compared to typical N management without a cover crop, and investigated for their potential to 

supplement N to a flue-cured tobacco crop in Rocky Mount and Kinston, NC on a Norfolk sandy 

loam and a Goldsboro loamy sand, respectively. Tobacco yields were significantly greater under 

legume cover crop treatments in 2018 and 2019. Crop value ($ ha-1) was significantly greater in 

legume cover crop treatments in 2019, and did not differ from the control in 2018. In 2019, in-

season soil samples showed N mineralized from the cover crop was not discernable in the soil N 

pool at tobacco topping, a critical marker of a necessary N-free period for the maturation of the 

leaves. Only hairy vetch at the Kinston location showed elevated soil N at topping compared to 

the control, however this did not have a negative effect on quality, yield, or value. Cover crops 

are not traditionally used in tobacco production due to concerns with unpredictability of N 

supply and extended N mineralization compromising the quality of the cured tobacco leaf. Our 

research did not support these concerns, and found evidence supporting the potential use of 

cover-crop N as a cost-effective management strategy with positive environmental externalities 

in the production of flue-cured tobacco. 
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INTRODUCTION 

Nitrogen (N) is a critical factor in the production of flue-cured tobacco (Nicotiana 

tabacum L.). The ability to control the amount and time of N availability has a greater effect on 

the chemical and physical characteristics of tobacco than any other nutrient or management 

factor (Peedin, 1999). If N availability is limited, particularly early in the growing season, yields 

and nicotine content will be reduced. If soil N availability persists after flower removal and the 

expansion of the upper leaves, leaf quality will be compromised (Tso, 1990). Ideal N 

management allows for a window of readily available N, with a steep decline after flower 

removal. For this reason, well drained, easily leached sandy soils in which N is the most limiting 

factor are desirable for flue-cured tobacco production. 

 The behavioral and physiological changes in the plant induced by flower removal and 

insufficient N, called ripening, are critical to maximizing quality of the cured leaf product 

(Flower, 1999). Proper ripening allows for a cure that converts accumulated starches into 

reducing sugars, a critical component in a quality smoking tobacco (Weybrew et al., 1983). The 

reduced growth and starch accumulation seen in ripening is initiated by a N deficit in later 

growth stages (Weybrew et al., 1983; Maw et al., 1995). Excess N after flower removal (topping) 

leads to a strong and unpleasant smoking, high-nicotine, low reducing sugar leaf. Though just as 

important as the N deficit after topping, N is also essential to the early growth and development 

of the plant. In addition to yield considerations, sufficient N is necessary in the formation of 

alkaloids, particularly nicotine. Inadequate N early in plant development will result in a too-high 

sugar, low nicotine product, which is unappealing for smoking (Weybrew et al., 1983). Under 

typical conditions, transplant to topping occurs between 70-80 days, and adequate N levels are 

necessary in this window. If this window is met, yields, reducing sugar, and nicotine contents are 
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generally at desirable levels. This balance is desirable for producers and marketers of tobacco, 

and proper N management is necessary for it to be achieved. 

In the production season for flue-cured tobacco, the need for adequate N early, and 

deficient N later, creates a N management environment with added layers of complexity in 

organic systems. One option for organic farmers is the use of sodium nitrate (NaNO3), which 

behaves in the same way as conventional inorganic fertilizers. Though permissible for use in 

organic production, sodium nitrate is typically limited to 20% of crop N need in tobacco 

company contracts (Vann and Inman, 2017). Therefore, most farmers are limited to 

commercially available organic N fertilizers that consist of animal by-products and are 

dependent on microbially facilitated mineralization for N release. Most of the readily available 

commercial sources of organic N fertilizer contain little plant available N (PAN), and the 

majority of N is bound in the organic form (Jones, 2003). For this reason, the release rate of N in 

these fertilizers is heavily influenced by temperature, moisture, soil type, and the heterotrophic 

microorganisms which derive their energy from the oxidation of organic carbon compounds 

(Prasad and Power, 1997). Fertilizer sources can be intensively processed by hydrolyzing, 

grinding and drying, and can be pelleted for easier application. Further processing of the raw 

materials can aid in more rapid nutrient conversion into plant available forms, as well as ease of 

application, by creating more microbially available surface area and initiating degradation of the 

product, but thereby demand a higher cost to producers. Inevitably, these low mineral-N 

fertilizers remain dependent on the mineralization rate. The potential for a slow release and 

prolonged mineralization throughout a growing season due to unfavorable climatic conditions 

such as drought, poses difficulties in applying precise amounts of PAN. Based off estimated N 

release rates and by investing in premium, highly processed product, growers can achieve a more 
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predictable N fertilization scenario. Given that organic flue-cured tobacco can fetch nearly twice 

the price of conventional, a considerable fertilizer investment is often warranted (USDA-NASS, 

2017). However, in a competitive and cost-conscious market there is room for improvement in 

the organic tobacco N fertilization portfolio, and cheaper and potentially equally effective N 

sources such as N rich, legume cover crops have not been adequately explored.  

Organic and conventional flue-cured tobacco growers in North Carolina have not adopted 

legume cover cropping as a source for N. Several factors impact this decision. Concern regarding 

N release or immobilization is likely a significant consideration for many growers, as undefined 

timelines and uncertainty regarding PAN can prove costly to a grower and the risk is too great. A 

study by Britt and Slater (1957) in Beltsville, Maryland showed hairy vetch positively influenced 

yield, but based on termination date could negatively influence the quality and value of a 

succeeding flue-cured tobacco crop. In 1988, Wiepke et al. found crimson clover and hairy vetch 

cover crops in a no-till system had positive impacts on tobacco yield and comparable to slightly 

negative impacts on quality in North Carolina. Many conventional growers also routinely 

fumigate for nematode control, and winter cover crops would need to be destroyed months prior 

to planting to allow for residue incorporation before fumigating (Ong et al., 2007). Furthermore, 

cover crops can complicate bedding in the spring, and disrupt transplanting and banded 

fertilization. Despite concerns, legume cover crops have the potential to significantly reduce 

costs to producers. The potential of legume cover crops has been minimally explored and 

experiments focusing on organic N sources are relatively new to the field of tobacco research, as 

organic and additive-free tobacco products are comparatively new to the marketplace. Ong et al. 

(2007), found that hairy vetch (Vicia villosa Roth) reduced bacterial wilt when grown before 

flue-cured tobacco in South Carolina. Karkanis et al. (2010) observed weed suppressing activity 
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under incorporated hairy vetch and red clover (Trifolium pratense L.) treatments in flue-cured 

tobacco grown in central Greece. In North Carolina, Vann et al. (2017) found organic hydrolyzed 

poultry feather meal products to be an acceptable organic N source in flue‐cured tobacco 

production, and that application rates of these organic N sources should follow N 

recommendations put forth by the North Carolina Cooperative Extension Service. The most 

recent published work on legume cover crops and flue-cured tobacco tested two leguminous 

cover crops on organic flue-cured tobacco and found hairy vetch and red clover increased yields 

and increased nicotine content in Greece (Bilalis et al., 2009). Given the minimal research into 

the subject, and persistent skepticism, more information is necessary before legume cover crops 

are incorporated into organic flue-cured tobacco systems. 

To ensure sufficient PAN and maximized yield, with a soil N drop off at the critical 

period for higher quality, rates of 55-90 kg N ha-1 are recommended on most flue-cured tobacco 

soils (Vann and Smith, 2014). Rates are dependent on factors such as soil texture, depth to clay, 

rainfall, and previous crop. Legume cover crops can contribute quantities of N within the crop 

requirement for tobacco, and contribute numerous other environmental and ecosystem benefits, 

such as erosion control and increased soil organic matter (Clark, 2007). The objectives of this 

study were to evaluate the use of leguminous cover crops as a supplemental N input, with the 

capacity to reduce N costs for organic growers, by presenting a viable and effective management 

tool in organic tobacco production.  
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MATERIALS AND METHODS 

Site and Experimental Design 

Field experiments took place at the Lower Coastal Plain Research Station (LCPRS) in 

Kinston, North Carolina on a Goldsboro loamy sand (fine-loamy, siliceous, subactive, thermic 

Aquic Paleudults), and at the Upper Coastal Plain Research Station (UCPRS) in Rocky Mount, 

North Carolina on a Norfolk sandy loam (fine-loamy, kaolinitic, thermic Typic Kandiudults). All 

sites were seeded in October, following harvest and incorporation of corn (Zea mays L.). Except 

for fertilization, tobacco was produced using conventional practices recommended by the North 

Carolina Cooperative Extension Service.  

In 2018 and 2019, four cover crop treatments were evaluated: Austrian winter pea (Pisum 

sativum var. arvense L.) (Figure A2.1), crimson clover (Trifolium incarnatum L.) (Figure A2.2), 

hairy vetch (Figure A2.3), and a no cover control (NC). Austrian winter pea (AWP), crimson 

clover (CC), and hairy vetch (HV) were seeded at 101, 22.4, and 11.2 kg ha-1, respectively. 

Treatments were assigned one of three N rates 0, 39.2, and 78.5 kg N ha-1 representing 0, 50, or 

100% of the recommended rate for a conventionally grown flue-cured tobacco at field locations. 

In 2018, the study was set up as a split-plot design, with four replications each containing twenty 

treatments. Replications were split by seeding method, broadcast or drilled. Each leguminous 

cover crop (both the broadcast and drill seeded) was assigned a 0, 50, or 100% N treatment, 

whereas the no cover control beds strictly received the 100% N rate. In 2018, broadcast seeding 

resulted in no significant differences on in-season or post-harvest measurements of tobacco (data 

not shown). Compared to drilling, broadcast seeding was impractical, with smaller cover crop 

biomass production that still required a full re-hilling in the spring, negating any benefit of fall 

formed beds. For this reason, in 2019, broadcast seeding was dropped and only data from drilled 
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cover crop plots in 2018 is presented. In 2019, all plots were drill seeded in the fall and bedded 

in the spring at the same rates as 2018. The 2019 research plots were set up as a factorial, 

randomized block design with four cover crop treatments (AWP, CC, HV, and NC) and three N 

rates representing 0, 50, and 100% of the 78.5 kg N ha-1 recommended (Table 2.1). These 

treatments were replicated four times, at two testing environments in Kinston and Rocky Mount, 

NC (Table 2.2). 

Table 2.1 Treatments evaluated in 2018 and 2019 to quantify the effects of leguminous cover 

crop species on flue-cured tobacco. Application rates represent 0, 50, and 100% of the crop N 

requirement. 

 
Table 2.2 Study code, environment, location, soil series, cultivar, and transplant date. 

  

Covera 
2018 2019 

N Application Rate (kg ha-1) 

Austrian Winter Pea 

0 0 

39.2 39.2 

78.4 78.4 

Crimson Clover 

0 0 

39.2 39.2 

78.4 78.4 

Hairy Vetch 

0 0 

39.2 39.2 

78.4 78.4 

No cover Control 

N/A 0 

N/A 39.2 

78.4 78.4 
aSeeding rates: Crimson clover: 22.4 kg ha-1; hairy vetch: 11.2 kg ha-1; Austrian winter pea: 

101 kg ha-1  

Code Environment Location Soil Series Cultivar Transplant Date 

COVK-18 
LCPRSa Kinston 

Goldsboro loamy 

sand 
NC 196 

May 14, 2018 

COVK-19 May 1, 2019 

COVRM-18 
UCPRSb 

Rocky 

Mount 

Norfolk sandy 

loam 

May 22, 2018 

COVRM-19 May 14, 2019 
aLCPRS: Lower Coastal Plain Research Station, Kinston, N.C. 
bUCPRS: Upper Coastal Plain Research Station, Rocky Mount, N.C. 
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Field Management, Nutrient Sources, and Application Methods 

Individual plots contained three rows, with the center row being used for data collection 

and harvest. Plots measured 3.35 meters wide by 15.24 meters (11’x50’) long at all field 

locations. All cover crops were terminated by disking and bedding 2-6 days before transplant on 

May 10th at both locations in 2018, and in 2019 on April 29th and May 9th at Kinston and Rocky 

Mount, respectively (Table A2.1). During the growing season beds were cultivated and reformed 

to control for weeds and limit lodging. Field sites were not organically certified and conventional 

management practices were employed to prevent confounding variables. Examples of these 

practices include the use of herbicides and synthetic suckercides for axillary bud control. 

Conventional practices were utilized to examine a specific organic management practice: the 

incorporation of leguminous cover crops. Other studies have used similar methodology to 

explore questions where measurements of completely organic production were not the goal 

(Vann et al., 2017; Bennett et al., 2018). 

North Carolina 196 was transplanted in each field experiment at a density of 14,820 plant 

ha-1. Fertilizer was banded one time, approximately ten days after transplant to allow for 

transplant recovery (Table A2.2, Figure A2.4). Potassium and N were applied together, based on 

regional soil recommendations by Smith (2012). 

Nature Safe 13-0-0, an Organic Materials Review Institute approved pelletized organic N 

source derived from feather meal, meat meal, and blood meal was selected based on its high N 

content, low P content, and commercial availability to organic tobacco producers. N percentages 

were calculated based on manufacturer information and adjusted to plot size. Plots were 

individually assigned pre-weighed bags represent 0, 50, and 100% of the recommended 78.5 kg 

N ha-1 and the pelletized product was hand applied into a single furrow adjacent to each 
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transplanted row in the plot. Furrows were roughly 10 cm away from transplants and were 

approximately 10 cm deep (Figure A2.5). Sulfate of potash magnesia (0-0-22) at a rate of 134 kg 

K2O ha-1 was also hand applied into the same furrow on all plots at all locations to meet nutrient 

requirements based on soil test reports. 

 

Sample Material Collection  

Cover crop aboveground biomass was collected 1-4 days before disking (Table A2.2), by 

taking two 0.5 m x 0.5 m squares from each plot. The aboveground samples were dried at 65° 

Celsius until a constant weight was achieved then weighed and recorded again. A representative, 

homogenized sample of the cover crop biomass was ground and tested for total N and C using a 

Perkin-Elmer 2400 CHN elemental analyzer (Perkin Elmer Corp, Waltham, MA, USA) by the 

Environmental and Agricultural Testing Services laboratory (EATS) at North Carolina State 

University (NCSU). 

Tissue nitrate concentration was assessed at layby and topping with green leaves, and 

once after harvest on a composite of cured leaf. Layby was determined from field evaluation of 

plants, a height of approximately 45 cm, and roughly four to five weeks after transplanting 

(Table A2.2). Topping was determined when greater than 50% of plants in the plot were 

blossoming and flower removal was scheduled or underway (approximately 8-10 weeks after 

transplanting). Green leaf tissue samples at both growth stages were taken from five randomly 

chosen plants, by removing the fourth leaf down from the apical growing tip. Leaves chosen 

were approximately 10 cm wide and 15 cm long. Cured leaf samples were taken after curing 

from a homogenized composite sample balanced across all stalk positions and harvests. Leaf 

samples were dried at 65° Celsius for 72 hours before grinding. Samples were ground to <80-
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mesh. All tissue nitrate content was analyzed at the North Carolina State University Tobacco 

Analytical Services Lab using the Macro-Kjeldahl method described by Nelson and Sommers 

(1973). Cured leaf samples were also analyzed for total alkaloids and reducing sugars at the 

North Carolina State University Tobacco Analytical Services Lab using a Perkin-Elmer 

Autosystem XL Gas Chromatograph system. Leaf color and chlorophyll content was assessed 

prior to leaf collection. At layby and topping a Konica Minolta SPAD-502 chlorophyll meter 

(Konica Minolta Sensing Americas, Inc, Ramsey, NJ) was used to collect data on the fourth leaf 

down from the apex on 10 plants randomly selected from each plot, readings were then averaged 

within plots. Soil Plant Analysis Development (SPAD) meters provide a value that is 

proportional to the amount of chlorophyll present in the leaf by measuring the amount of red and 

infrared light transmitted by the leaf and has been correlated to leaf N content (Yoder and 

Pettigrew-Crosby, 1995). 

Plots were harvested four times in each growing environment and leaves were cured in a 

forced-air bulk curing barn. At final harvest a stand count was collected for plot adjustments. 

After curing, leaves were weighed and graded based on leaf maturity and ripeness using the 

USDA grading scale. Each government grade is associated with a numerical quality index value 

ranging from 1 to 100 that describes the quality of the leaf considering its maturity and ripeness 

(Leffingwell, 1999; Bowman et al., 1988), as well as the modern conventional price indices 

(Fisher et. al, 2019).  Because measurements of completely organic production were not the goal, 

and to facilitate comparison with conventional flue-cured tobacco production in the region, value 

is calculated using conventional pricing structures. Fifty-gram composite cured leaf samples 

were collected from each plot for analysis of tissue nitrate, percentage total alkaloids, and 

percentage reducing sugars using the methods outlined by Davis (1976). 
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In 2018, soil samples were only collected only at fertilization, as well as after the final 

harvest at Kinston. Hurricane Florence prevented soil sampling at Rocky Mount. In 2019, soil 

samples were collected at fertilization, layby, topping, and final harvest. Five 0-15 cm soil cores 

were taken in a line across the bedded hill, two from the bottom, two from the mid-section and 

one at the crest, three times for a total of 15 samples per plot. Soil cores were then homogenized, 

bagged, and transported to a freezer to await testing. Samples were analyzed for concentrations 

of soil NO3-N and NH4-N by a 1 M KCl extraction submitted to the EATS laboratory at NCSU 

for flow injection analysis methodology for colorimetric determination with a QuikChem IV 

(Lachat Instruments, Loveland, CO). As specific N forms (NO3-N or NH4-N) do not have a 

significant effect on yield, grade index, value, total alkaloids, total reducing sugars, or leaf color, 

total available N (TAN) is used to simplify the presentation of data (Parker, 2009). 

 

Statistical Analysis  

The variability between treatments, fields, and years was determined using a mixed 

model and all data for crop and soil measurements were analyzed using the PROC GLIMMIX 

procedure in SAS version 9.4 (SAS Institute, Cary, NC). In 2018, the original split-plot design 

included broadcast and drilled seeding as a split component. In analysis, all broadcast data was 

dropped for comparison between years. When treatment was significant a least squared mean 

separation was completed with a Tukey’s HSD adjustment at a significance of p ≤ 0.05. In 2018, 

due to an unbalanced design (no cover control treatment received only the 100% N rate), 

leguminous cover crops and N rates were treated as a 3x3 factorial, here no cover was dropped 

from analysis. In addition, a second comparison with the no cover 100% N treatment to the 

legume cover crop 100% N treatments are included in a simplified randomized block design. In 
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2019, the design was balanced, allowing for a complete factorial analysis (cover crop x N rate). 

To assess cover crop and N application rate influences on tobacco yield, quality, and chemical 

constituents, as well as soil N and cover crop measures, mean comparisons used Tukey’s HSD 

adjustments with significance at p ≤ 0.05. Where applicable, data distributions that did not 

satisfy the assumptions underlying an analysis of variance procedure were fit to the correct 

distributions and analyzed in with PROC GLIMMIX in a technique detailed by Stroup (2015). 

 

RESULTS AND DISCUSSION 

Field Conditions 

 Rainfall patterns diverged from 30-year averages at several points during experimentation 

(Table 2.3). In 2018, the Kinston location exceeded the 30 year average each month, April 

through September. At Rocky Mount, rainfall totals exceeded the 30-year average in April, May, 

July, and September. Rainfall in May and June resulted in delays to fertilization at Rocky Mount. 

In 2019, both locations experienced a dry period in May. Where Kinston returned to typical 

rainfall conditions in June, Rocky Mount did not receive the 30-year average rainfall until 

August. Unusually dry conditions at Rocky Mount led to significant delays in development, and 

harvest was accelerated due to oncoming storm activities. Neither location showed significant 

deviations from 30-year monthly temperature averages (Table A2.3). 

  



   

 

45 

Table 2.3 Cumulative rainfall by month compared to the 30 year monthly cumulative average at 

Kinston (COVK) and Rocky Mount (COVRM). 

 
Cover Crops 

 Cover crop biomass: In 2018, cover crop biomass ranged from 3872-8154 kg ha-1. Hairy 

vetch at both locations had the lowest biomass values with 3872 kg ha-1 at Kinston and 5074 kg 

ha-1 at Rocky Mount. Austrian winter pea produced 5973 kg ha-1 at Kinston and 5604 kg ha-1 at 

Rocky Mount and was the most consistent biomass across location. Crimson clover did not 

statistically differ from Austrian winter pea, but produced the greatest biomass at each location 

with 7016 kg ha-1 at Kinston and 8154 kg ha-1 at Rocky Mount (Table 2.4). 

In 2019, cover crop biomass ranged from 2977 kg ha-1 to 6034 kg ha-1. Winter flooding 

of two replications of cover crop plots resulted in patchy and reduced beds at both locations. 

Hairy vetch produced the greatest biomass in 2019, with 6034 kg ha-1 at Kinston and 5357 kg ha-

1 at Rocky Mount. Austrian winter pea produced 5264 kg ha-1 at Kinston and 3920 kg ha-1 at 

Rocky Mount. Crimson clover did not statistically differ from Austrian winter pea at Rocky 

Mount, and in a reversal of 2018 produced the least biomass at each location, with 4124 kg ha-1 

at Kinston and 2977 kg ha-1 at Rocky Mount. Kinston biomass did not statistically differ by 

species, due to the variable patch stands as seen in Figure A2.6. At Rocky Mount hairy vetch was 

significantly greater than the other two cover crop treatments (Table 2.4). Crimson clover in 

2019 was notably past blossoming in the majority of plots at Rocky Mount, and some of the plots 

Monthly Cumulative Rainfall (cm) 

Code April May June July August September 

COVK-18    14.1 15.8 16.1 15.4 15.1 29.1 

COVRM-18    10.7 16.6 7.3 18.1 9.4 13.0 

COVK-19 8.1 4.3 13.3 12.0 11.7 5.6 

COVRM-19 12.0 6.2 9.6 6.4 16.4 13.8 

Kinston 30yra 8.0 9.4 12.9 14.2 13.7 14.5 

Rocky Mount 30yra 7.7 8.9 10.3 11.8 13.0 11.5 
a30-year averages calculated from 1981-2010 data taken from NCEI COOP stations located 

closest to respective ECONet stations 
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in Kinston. Past blossoming, the plants had begun to senesce, an observed phenomenon in 

crimson clover (Ranells and Wagger, 1996; Vann et al., 2019). This reduction in foliage and 

drying of crimson clover tissue was likely a major factor in the low biomass values at Rocky 

Mount (Figure A2.7). 

Table 2.4 Cover crop biomass in 2018 and 2019 at Kinston and Rocky Mount. 

Cover Crop Cover Crop Biomass 2018 (kg ha-1) 

Kinston Rocky Mount 

A. Winter Pea 5973 (459)† a‡ 5604 (770) ab 

Crimson Clover 7016 (344) a 8154 (1080) a 

Hairy Vetch 3872 (197) b 5074 (778) b 

F Value 31.51 6.37 

Pr > F 0.0007 0.0328 
 

 
Cover Crop Biomass 2019 (kg ha-1) 

Kinston Rocky Mount 

A. Winter Pea 5264 (1038) 3920 (272) b 

Crimson Clover 4124 (1093) 2977 (360) b 

Hairy Vetch 6034 (800) 5357 (170) a 

F Value 3.75 19.77 

Pr > F n.s. 0.0023 
†Numbers in parentheses are standard error (n=4). 
‡Letters within columns that are the same are not significantly different at p=0.05 

 
Cover crop nitrogen: Calculated from tissue N (%) and biomass (kg ha-1), cover crop N 

was relatively consistent within each location in 2018 (Table 2.5). Cover crop biomass values 

were greatest under crimson clover, followed by Austrian winter pea, then hairy vetch. Tissue 

percent N followed in the reverse order, resulting in similar levels of total N being incorporated 

into the soil with the terminated cover crops. Values at Kinston varied from 100 to 130 kg N ha-1, 

with Austrian winter pea contributing the most total N. Values at Rocky Mount ranged from 154 

to 157 kg N ha-1. Neither location had any significant differentiation by cover crop, despite the 

range in overall biomass. The legumes at both locations theoretically supplied more N than is 

required by the crop (78.5 kg N ha-1). 



   

 

47 

In 2019, cover crop N contributions showed considerably more differentiation between 

species (Table 2.5). At Kinston, hairy vetch contributed an impressive 246 kg N ha-1, though it 

was not statistically different due to high variability and Tukey’s adjustment, from Austrian 

winter pea at 169 kg N ha-1. Crimson clover contributed only 65 kg N ha-1. At Rocky Mount, 

Austrian winter pea and hairy vetch contributed 165 and 162 kg N ha-1, with crimson clover 

contributing only 38 kg N ha-1. Low biomass values from the crimson clover, on top of tissue 

changes associated with late growth stages, likely account for the considerably smaller N 

contributions from crimson clover in 2019 (Ranells and Wagger, 1996).  

Table 2.5 Cover crop N in above ground biomass in 2018 and 2019 at Kinston and Rocky 

Mount. 

Cover Crop 
Cover Crop N 2018 (kg N ha-1) 

Kinston Rocky Mount 

A.Winter Pea 130 (10)† 155 (22) 

Crimson Clover 103 (8) 154 (19) 

Hairy Vetch 100 (7) 157 (26) 

F Value 3.93 0.02 

Pr > F n.s. n.s. 
 

 
Cover Crop N 2019 (kg N ha-1) 

Kinston Rocky Mount 

A. Winter Pea 169 (36) a‡ 165 (10) a 

Crimson Clover 65 (17) b 38 (4) b 

Hairy Vetch 246 (38) a 162 (9) a 

F Value 22.91 133.92 

Pr > F 0.0016 <0.0001 
†Numbers in parentheses are standard error (n=4). 
‡Letters within columns that are the same are not significantly different at p=0.05 

 

Cover crop C:N ratios: C:N ratios present a well-studied lens to understand the 

breakdown, decomposition, and mineralization of cover crop N and are generally understood to 

indicate speed and likelihood of N release (Clark, 2007; Parr et al., 2011; Ranells and Wagger, 

1992; Puget and Drinkwater, 2001). In 2018, hairy vetch and Austrian winter pea did not 

statistically differentiate at either location (Table 2.6). At both locations, hairy vetch and 
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Austrian winter pea ranged between 14-19.7:1 and were significantly smaller than crimson 

clover, which had a ratio of 29.2:1 at Kinston and 22.2:1 at Rocky Mount. Only the 29.2:1 ratio 

in Kinston for crimson clover in 2018 was at a potential level where mineralization may not 

occur. Given the proximity to the “break even” point near 25:1, it is more likely that the rate of 

release would have been slowed than for immobilization to occur (Soto et al., 2005). 

In 2019, hairy vetch and Austrian winter pea again had similar C:N ratios at Kinston, but 

differed significantly at the Rocky Mount location (Table 2.6). In 2019, the hairy vetch and pea 

tissue incorporated into the soil in Kinston had a ratio 10.8:1 and 13.6:1. At Rocky Mount, hairy 

vetch and Austrian winter pea had ratios of 10.5:1 and 14.5:1 and were statistically different. As 

was the case in 2018, both the vetch and pea tissue C:N ratios were significantly smaller than 

crimson clover, which had a ratio of 20:1 at Kinston and 32.7:1 at Rocky Mount. In 2019, 

crimson clover at Rocky Mount was potentially at a level where mineralization did not occur due 

to the relatively high ratio. If mineralization was to occur, rate of release would likely be slowed, 

due to the lignification of crimson clover and its dry, senesced nature at the time of incorporation 

(Soto et al., 2005; Ranells and Wagger, 1992). 

Due to complications with timing and predictability when incorporating cover crops into 

N management, particularly in tobacco production, cover crop predictability will be critical for 

growers. With respect to cover crop biomass, N, and C:N ratios, Austrian winter pea was the 

most consistent of the cover crops tested in this study. Austrian winter pea contributed between 

130-169 kg N ha-1 between field locations and years (Table 2.6). With range of 39 kg N ha-1 

Austrian winter pea’s consistency is a valuable attribute when considering a consistent N 

management protocol for a producer. Crimson clover had a range of 116 kg N ha-1 and hairy 
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vetch 146 kg N ha-1. In all fields and years, hairy vetch never produced less than 100 kg N ha-1, 

Austrian winter pea never produced less than 130 kg N ha-1. 

Table 2.6 Cover crop C:N ratios in 2018 and 2019. 

Cover Crop 
Cover Crop C:N Ratio 2018 

Kinston Rocky Mount 

A.Winter Pea 19.7 : 1 (0.54)† b‡ 16.0 : 1 (0.85) b 

Crimson Clover 29.2 : 1 (1.48) a 22.2 : 1 (0.48) a 

Hairy Vetch 16.7 : 1 (0.59) b 14.0 : 1 (0.59) b 

F Value 29.41 29.59 

Pr > F 0.0008 0.0008 
  

 Cover Crop C:N Ratio 2019 

 Kinston Rocky Mount 

A. Winter Pea 13.6 : 1 (0.51) b 14.5 : 1 (0.53) b 

Crimson Clover 20.1 : 1 (1.02) a 32.7 : 1 (1.04) a 

Hairy Vetch 10.8 : 1 (0.41) b 10.5 : 1 (0.31) c 

F Value 23.75 357.74 

Pr > F 0.0014 <0.0001 
†Numbers in parentheses are standard error (n=4). 
‡Letters within columns that are the same are not significantly different at p=0.05 

 

Soil Nitrogen 

At fertilization: Cover treatments in 2018 and 2019 had a significant impact on total 

available N (TAN: sum of KCl extracted NO3-N and NH4-N) at both locations. Indicating that 

early in the season, cover crops were providing elevated PAN to recent transplants, before 

fertilizer applications. In 2018, there were no detectable differences between specific cover crops 

which ranged from 4.05 to 4.64 mg kg-1 at Kinston and 2.97 to 3.88 mg kg-1 at Rocky Mount. 

However, all cover crop treatments resulted in significantly greater TAN levels when compared 

to the no cover control, 1.88 mg kg-1 at Kinston and 1.80 mg kg-1 at Rocky Mount (Table 2.7). 

Soil N values at fertilization were low compared to 2019, this is likely due to wet spring 

conditions causing potentially significant leaching in May 2018 (Table 2.3).  

In 2019, at the Kinston location, the no cover control soil tests showed 15.8 mg TAN   

kg-1. This native soil N was not significantly different from the crimson clover (13.8 mg kg-1) or 
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Austrian winter pea treatments (22.6 mg kg-1) at fertilization. At 40.6 mg TAN kg-1, hairy vetch, 

was significantly greater than the no cover control and crimson clover treatments (Table 2.7). At 

the Rocky Mount location, the no cover control (11.2 mg kg-1) and crimson clover (11.6 mg kg-1) 

had no detectable differences, while Austrian winter pea (18.3 mg kg-1) and hairy vetch (23.4 mg 

kg-1) were significantly greater (Table 2.7).  

In both years and field sites crimson clover had significantly higher C:N ratios than the 

other cover crops (Table 2.6). This higher proportion of carbon, along with the lignification of 

crimson clover as it matures past blossoming (Ranells and Wagger, 1992; Parr et al., 2011; 

Reberg-Horton et al., 2012), likely lead to the lack of differentiation from the no cover control in 

2019, due to a slower decomposition and N release. Hairy vetch and Austrian winter pea had 

much lower C:N ratios, along with higher biomass in 2019. As a result, mineralization was 

observed rapidly, providing additional N to transplants prior to fertilization.  

Table 2.7 Cover treatment effect on total available N (NO3-N and NH4-N) at fertilization by 

location in 2018 and 2019. 

Cover Total Available Nitrogen 2018 (mg kg-1) 

Kinston Rocky Mount 

A. Winter Pea 4.64 (0.37)† a‡ 3.74 (0.22) a 

Crimson Clover 4.23 (0.36) a 2.97 (0.26) a 

Hairy Vetch 4.05 (0.34) a 3.88 (0.27) a 

No Cover 1.88 (0.20) b 1.80 (0.12) b 

F Value 9.77 14.64 

Pr > F 0.0025 0.0007 

Cover Total Available Nitrogen 2019 (mg kg-1)a 

Kinston Rocky Mount 

A Winter Pea 22.6 (2.8) ab 18.3 (1.1) b 

Crimson Clover 13.7 (1.1) b 11.6 (0.61) c 

Hairy Vetch 40.6 (4.3) a 23.4 (2.1) a 

No Cover 15.8 (2.3) b 11.2 (0.83) c 

F Value 10.15 36.87 

Pr > F 0.003 <0.0001 
†Numbers in parentheses are standard error (n=4). 
‡Letters within columns that are the same are not significantly different at p=0.05 
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At layby (2019 only): At Kinston and Rocky Mount, N rate had a significant effect on 

TAN in the soil samples under the factorial arrangement. Cover treatments only had a significant 

effect in the factorial at the Kinston location (Table 2.8). Cover treatments did not have a 

significant effect at Rocky Mount, likely due to unusually dry conditions limiting mineralization. 

N fertilization and cover treatments had no interaction at either location, likely indicating that 

increases in soil N due to the fertilizer and cover treatments were not affected by immobilization 

(Table 2.8). 

At the Kinston location, factorial analysis indicated that hairy vetch (32.9 mg kg-1) 

significantly increased soil TAN as compared to the other cover treatments. Under the factorial, 

Austrian winter pea, crimson clover, and the no cover control did not differ significantly at 19.7, 

12.6, and 14.6 mg kg-1 respectively (Table A2.4). N rate was also a significant factor at Kinston. 

The 100% and 50% N rates did not differ significantly, with values of 25.2 and 21.4 mg kg-1, 

while the 0% N rate (13.5 mg kg-1) was significantly lower than the other N rates at Kinston. At 

the Rocky Mount location, cover treatments did not differ statistically, but N rate followed a 

similar pattern of significance to Kinston (Table A2.5). The 100% and 50% N rates did not differ 

significantly, with values of 44.1 and 35.7 mg kg-1, while the 0% N rate (19.3 mg kg-1) was 

significantly lower than the other N rates. Rocky Mount soil sampling for layby occurred after a 

period of drought, likely explaining the higher values compared to Kinston. 

Most growers in conventional systems will apply N by banding at transplant or within ten 

days of transplant, and often split the application with another application at layby (Vann and 

Inman, 2017). This protocol ensures sufficient N for leaf expansion and biomass formation 

critical to a high yield (Tso, 1990; Vann and Smith, 2014). Hairy vetch at transplant and layby in 

2019 showed elevated N, indicating that a leguminous cover crop has the potential to provide N 
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in this critical period. In the 2019 field studies, hairy vetch at both locations produced the highest 

TAN at layby, though this was only significant at the Kinston location. Hairy vetch in 2019 had a 

high biomass and contributed a high amount of N into both systems, 246 kg N ha-1 at Kinston 

and 162 kg N ha-1 at Rocky Mount, with 10.8 and 10.5:1 ratios respectively (Table 2.6). With 

such a considerable input of low C:N leguminous tissue, readily available mineralization can be 

assumed with adequate moisture (Soto et al., 2005). This is reflected statistically in the Kinston 

findings, and provides evidence of an early growth advantage coming from hairy vetch cover 

cropping in the transplant to layby period. Encouragingly, Austrian winter pea follows a similar 

pattern, though it did not significant differ from the no cover control treatment under the factorial 

(Table A2.5). 

When analyzed as individual treatments (n=12), neither Rocky Mount nor Kinston had 

any cover + N treatments significantly differ from the no cover 100% N treatment (NC100). The 

NC100 treatment plots measured 19.6 mg TAN ha-1 at Kinston and 28.6 mg TAN ha-1 at Rocky 

Mount. With the NC100 representing typical N and production for organic growers today, there 

was no statistically significant differentiation by any of the cover treatments at either location. 

The data seems to indicate that cover crop material was still present in the soil at layby and 

actively mineralizing, despite a high degree of variability in the soil tests. Under the 0% N level, 

soil tests did not differ statistically based on cover treatments. Though our statistical calculations 

were unable to capture it, there does appear to be evidence of supplemental N from hairy vetch at 

both locations. For example at Kinston, Austrian winter pea with 0% N (AWP0), crimson clover 

with 0% N (CC0), and the no cover control with 0% N (NC0) had 9.34, 9.58, and 8.40 mg TAN 

ha-1, while hairy vetch with 0% N (HV0) had 26.5 mg TAN ha-1. Similarly, though with slightly 

greater values due to drought, at Rocky Mount, AWP0, CC0, and NC0 had 13.6, 23.7, and 8.51 
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mg TAN ha-1 while HV0 had 31.0 mg TAN ha-1. Though not significantly different from other 

cover+0% N rate treatments, the data is likely indicative of a pattern where hairy vetch is 

supplementing N at a level comparable to conventional N strategies, an encouraging finding in 

support of the use of leguminous cover crops for N. For example, with conventional (NC100) 

soil TAN measurements of 19.6 mg ha-1 at Kinston and 28.6 mg ha-1 at Rocky Mount, HV0 

contributed 26.5 and 31.0 mg TAN ha-1, respectively (Table 2.8). 

Table 2.8 Kinston and Rocky Mount main effects [individual treatments and cover by N 

factorial] on layby soil measurements of total available N (TAN) (NO3-N and NH4-N) in 2019. 

 
At topping (2019 only): In the factorial analysis, N fertilization by cover treatment had 

no interaction at either location at topping. Soil N levels were significantly affected by cover 

crops at the Kinston location, but not at the Rocky Mount location. N rate had a significant effect 

on TAN in topping soil samples at both locations (Table 2.9). This is a potential point of concern 

for a grower looking to implement leguminous cover cropping. 

Treatment (12) Kinston  Rocky Mount 

Cover N (%) Layby TAN (mg kg-1) 

A. Winter Pea 

100 

31.2 (8.6)† abc‡ 47.7 (7.3) a 

Crimson Clover 15.3 (4.1) abc 39.8 (7.7) abc 

Hairy Vetch 34.9 (8.0) ab 49.9 (5.1) a 

No Cover 19.6 (1.9) abc 38.8 (4.5) abc 

A. Winter Pea 

50 

18.7 (6.2) abc 24.4 (2.4) abc 

Crimson Clover 12.9 (3.5) abc 33.0 (4.4) abc 

Hairy Vetch 37.2 (8.7) a 44.8 (5.2) ab 

No Cover 15.8 (6.2) abc 40.8 (10.8) abc 

A. Winter Pea 

0 

9.34 (3.7) abc 13.9 (4.2) bc 

Crimson Clover 9.58 (4.2) bc 23.7 (7.1) abc 

Hairy Vetch 26.5 (6.0) abc 31.0 (10.9) abc 

No Cover 8.40 (4.8) c 8.51 (1.5) c 

F Value 3.73 4.11 

Pr > F 0.0016 0.0008 

Factorial (4x3) Pr > F 

Cover 0.0006 n.s. 

N 0.0019 <0.0001 

Cover*N n.s. n.s. 
†Numbers in parentheses are standard error (n=4). 
‡Letters within columns that are the same are not significantly different at p=0.05 
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At the Kinston location, hairy vetch at topping significantly increased soil TAN (29.5 mg 

kg-1) as compared to the other cover treatments (Table A2.4). Austrian winter pea, crimson 

clover, and the no cover control did not differ significantly with values of 9.53, 3.67, and 6.43 

mg kg-1 respectively. N rate was also significant at Kinston. The 100% and 50% N rates did not 

differ significantly, with values of 16.5 and 14.8 mg kg-1, while the 0% N rate (5.54 mg kg-1) was 

significantly lower than the other N rates at Kinston. At the Rocky Mount location, cover 

treatments did not differ statistically, though followed a similar pattern as Kinston. At Rocky 

Mount hairy vetch (18.2 mg kg-1) was not significantly greater than Austrian winter pea, crimson 

clover, or the no cover control with values of 12.1, 8.30, and 11.2 mg kg-1 respectively (Table 

A2.5). At Rocky Mount in 2019, N rate was significant in the factorial and followed a similar 

pattern to Kinston where the 100% and 50% N rates did not differ significantly, with values of 

17.0 and 10.8 mg kg-1, while the 0% N rate (9.47 mg kg-1) was significantly lower than the 100% 

treatment, it did not differ from the 50% N rate.  

Topping/flowering represents a critical threshold in tobacco production, where N should 

be limited (or shortly thereafter in decline) to ensure proper maturation of the tobacco leaf. 

Under ideal management conditions, the absence of N at this stage is optimal for growers (Vann 

and Smith, 2014). This concern over elevated N compromising leaf quality has been confirmed 

in numerous studies and is well documented (Flower, 1999; Peedin, 1999). In the context of this 

study, hairy vetch cover cropping at the Kinston location was a focal point moving forward with 

data collection and monitoring. Hairy vetch at transplant and layby in 2019 showed elevated N, 

indicating that a leguminous cover crop has the potential to provide N in the critical development 

period. However, elevated N beyond topping is a cause for concern. Hairy vetch’s high biomass, 

despite low C:N ratios typical of fast release, appears to have allowed for extensive 
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mineralization. Given 10 weeks (71 days) between termination and topping data collection, hairy 

vetch was still contributing significantly more N to the system at Kinston. 

When analyzed as individual treatments (n=12), the Rocky Mount model showed no 

statistically significant differences. At Kinston, treatments did significantly differ, but with 

NC100 treatments representing typical N practice for organic growers today, there was no 

statistically significant differentiation from the NC100 treatment by any of the cover + N 

treatments. At the 0% N level, there again appears to be evidence of residual hairy vetch at 

Kinston and Rocky Mount despite a lack of statistical differentiation. At Kinston, AWP0, CC0, 

and NC0 had 4.18, 3.26, and 2.84 mg TAN ha-1 while HV0 had 11.9 mg TAN ha-1. A similar 

pattern held at Rocky Mount, though not significant, where AWP0, CC0, and NC0 had 5.28, 

9.70, and 3.88 mg TAN ha-1 while HV0 had 19.0 mg TAN ha-1 (Table 2.9).  

At the 50% N level, there again appears non-significant evidence of supplemental N from 

hairy vetch at Kinston (Table 2.9). At Kinston, AWP50, CC50, and NC50 had 10.4, 3.09, and 

7.37 mg TAN ha-1 while HV50 was numerically greater at 38.4 mg TAN ha-1. A similar pattern 

held at Rocky Mount, though not significant. At the 100% N level, at Kinston, AWP100, CC100, 

and NC100 had 14.0, 4.65, and 9.09 mg TAN ha-1 while HV100 was numerically greater at 38.3 

mg TAN ha-1. Again, a similar pattern was observed at Rocky Mount, though not significant 

(Table 2.9). 

At topping, soil TAN test results point to a potential problem arising from prolonged 

mineralization of the hairy vetch. However, when analyzed by treatment (n=12), there does 

appear to be viable considerations for hairy vetch presenting a N source substitution. For 

example, the NC100 treatments, representing a conventional organic fertilization, measured 9.09 

and 21.0 mg TAN ha-1 at Kinston and Rocky Mount in 2019. HV0, measured 11.9 and 19.1 mg 
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TAN ha-1 at Kinston and Rocky Mount. The proximity of these treatments could support hairy 

vetch as a complete N source substitution given a similar mineralization environment. Though 

more evidence would be critical to extension recommendations or more confident assertions, this 

is an encouraging finding. 

Table 2.9 Kinston and Rocky Mount main effects [individual treatments and cover by N 

factorial] on topping soil measurements of total available N (TAN) (NO3-N and NH4-N) in 2019.  

 
Post-Harvest (2018 and 2019:  Soil tests post-harvest showed no significant differences 

resulting from cover or N treatments in 2019, indicating that any potential cover crop or fertilizer 

N had been taken up or had left the system before final harvests took place (Table 2.10). In 2018, 

testing at Kinston was completed after Hurricane Florence, and showed no significance from any 

treatment effect (Data not shown). Soil N levels in 2018 were very low, likely due to significant 

leaching due to considerable rainfall (Table 2.3). Rocky Mount was unable to be sampled due to 

Hurricane Florence. 

Treatment (12) Kinston  Rocky Mount 

Cover N (%) Topping TAN (mg kg-1) 

A. Winter Pea 

100 

14.0 (6.58)† abc‡ 23.1 (5.38)  

Crimson Clover 4.65 (1.62) bc 9.18 (2.65) 

Hairy Vetch 38.3 (10.9) ab 14.8 (5.74)  

No Cover 9.09 (3.33) abc 21.0 (8.78) 

A. Winter Pea 

50 

10.4 (4.06) abc 7.86 (3.18) 

Crimson Clover 3.09 (1.17) c 6.01 (0.63) 

Hairy Vetch 38.4 (12.0) a 20.7 (8.87) 

No Cover 7.37 (2.11) abc 8.75 (2.33) 

A. Winter Pea 

0 

4.18 (0.87) bc 5.28 (0.42) 

Crimson Clover 3.26 (1.05) c 9.70 (5.63) 

Hairy Vetch 11.9 (4.06) abc 19.0 (9.10) 

No Cover 2.84 (0.71) c 3.88 (0.77) 

F Value 4.88 1.90 

Pr > F 0.0002 n.s. 

Factorial (4x3) Pr > F 

Cover <0.0001 n.s. 

N 0.0084 0.0305 

Cover*N n.s. n.s. 
†Numbers in parentheses are standard error (n=4). 
‡Letters within columns that are the same are not significantly different at p=0.05 
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Table 2.10 Kinston and Rocky Mount main effects [individual treatments and cover by N 

factorial] on post-harvest soil measurements of total available N (TAN) (NO3-N and NH4-N) in 

2019.  

 
Yield, Quality, and Value 

Yield: In 2018 in Kinston, yields were smaller overall, likely due excess moisture 

throughout the season creating a frequently saturated root zone, a condition undesirable for 

tobacco growth (Peedin, 1999). Under the 100% N rate, for comparison with the no cover 

control, Austrian winter pea (2056 kg ha-1), crimson clover (1991 kg ha-1), and hairy vetch (2115 

kg ha-1) did not differ significantly from each other, but were all significantly greater than the no 

cover control 100% N fertilizer treatment (1575 kg ha-1) (Table 2.11). Substantial rainfall at 

Kinston likely caused significant N losses in the conventional no cover control plots, while 

incorporated legume cover crops may have mineralized and continually replenished soil N, 

allowing for elevated yields. Excess N has been connected to greater yields in other studies 

(Weipke et al., 1988; Bilalis et al., 2009), as was likely the case given legume cover crop N 

Treatment (12) Kinston  Rocky Mount 

Cover N (%) Post-Harvest TAN (mg kg-1) 

A. Winter Pea 

100 

2.46 (0.23)† 10.0 (3.33) 

Crimson Clover 2.15 (0.16) 6.26 (0.62) 

Hairy Vetch 2.79 (0.17) 6.76 (0.88) 

No Cover 2.49 (0.54) 7.21 (1.69) 

A. Winter Pea 

50 

2.59 (0.20) 5.04 (0.35) 

Crimson Clover 2.56 (0.59) 5.31 (0.20) 

Hairy Vetch 3.35 (0.47) 8.24 (2.31) 

No Cover 2.23 (0.45) 6.12 (1.46) 

A. Winter Pea 

0 

2.20 (0.21) 5.15 (0.21) 

Crimson Clover 2.26 (0.18) 6.30 (1.28) 

Hairy Vetch 2.39 (0.16) 10.5 (2.88) 

No Cover 2.43 (0.35) 4.66 (0.46) 

F Value 1.30 1.41 

Pr > F n.s. n.s. 

Factorial (4x3) Pr > F 

Cover n.s. n.s. 

N n.s. n.s. 

Cover*N n.s. n.s. 
†Numbers in parenthesis are standard error (n=4). 
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supplemented at the 100% N rate. At the Rocky Mount location, cover treatments at the 100% N 

rate were not significantly different, and all yields fell comfortably into agronomic expectations 

for conventional flue-cured tobacco grown in the region, between 2787 and 3473 kg ha-1 (Table 

2.11). Despite no statistical differentiation, as in Kinston, the no cover control was the smallest 

yield value, under the 100% N rate, this yield differential could be due to the additional N 

received by cover crops. 

Within the cover crop by N factorial (3x3—excluding the no cover control) neither 

location’s yield was significantly impacted by cover crop or N rate (Table 2.11). No location 

showed detectable differences between the leguminous cover crops, this is likely a result of 

consistency in cover crop biomass and N contributions in 2018. Cover crops in 2018 contributed 

between 100-130 kg N ha-1 at Kinston and between 154-157 kg N ha-1 at Rocky Mount. As 

evidenced by elevated soil N in 2018 (Table 2.5), it seems likely that mineralization was 

occurring, and could result in comparable net mineralization between legumes. The failure to 

detect differences resulting from N rate could be due to potentially sufficient to excess N in all 

legume cover crop beds, that then resulted in growth under the 0% N and 50% N treatments that 

was on par with the 100% N treatments (Table 2.11). Under the treatment analysis (n=10), 

though not significantly different, Rocky Mount seems to evidence the potential for N 

substitution from legume cover crops. At the 0% N rate, AWP0 produced 3254 kg ha-1, CC0 

produced 3042 kg ha-1, and HV0 produced 2787 kg ha-1. Though the model showed treatment as 

non-significant, cover crop+0% N treatments exceeded the NC100 yield at 2787 kg ha-1. 
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Table 2.11 Kinston and Rocky Mount main effects [covers under the 100% N treatment, 

individual treatments and legume cover crop by N factorial] on yield in 2018.  

100% N Treatment Kinston  Rocky Mount  

Cover Yield (kg ha-1) 

A. Winter Pea 2056 (546)† a‡ 3473 (248) 
Crimson Clover 1991 (99) a 3181 (301) 

Hairy Vetch 2115 (190) a 3178 (173) 
No Cover 1575 (160) b 2787 (103) 

F Value 24.47 2.00 

Pr > F <0.0001 n.s. 
 

Treatment (10) Kinston Rocky Mount  

Cover Crop N (%) Yield (kg ha-1) 

A. Winter Pea 

100 

2056 (546) 3473 (248) 

Crimson Clover 1991 (99) 3181 (301) 

Hairy Vetch 2115 (190) 3178 (173) 

A. Winter Pea 

50 

1809 (263) 3001 (151) 

Crimson Clover 1904 (124) 2668 (310) 

Hairy Vetch 1809 (391) 2950 (195) 

A. Winter Pea 

0 

1757 (315) 3254 (178) 

Crimson Clover 1826 (83) 3042 (136) 

Hairy Vetch 1312 (391) 3187 (340) 

No Cover 100 1575 (160) 2787 (103) 

F Value 1.15 1.84 

Pr > F n.s. n.s. 

Factorial (3x3) Pr > F 

Cover Crop n.s. n.s. 

N n.s. n.s. 

Cover Crop*N n.s. n.s. 
†Numbers in parentheses are standard error (n=4). 
‡Letters within columns that are the same are not significantly different at p=0.05 

 

In 2019, both locations were significantly impacted by N as a factor. Cover treatments 

showed a factorial treatment response at Kinston and were not significant at Rocky Mount (Table 

2.12). Neither location showed an interaction. N rate has been long associated with tobacco 

yield, and these findings did not contradict expectations or findings from other researchers (Tso, 

1990). At Kinston, the 100% N rate yielded 2931 kg ha-1 of cured leaf and was significantly 

greater than the 0% N rate (2318 kg ha-1). The 50% N rate yielded 2571 kg ha-1, it was not 

statistically different from the 100% or the 0% N rate. At Rocky Mount, the 100% N rate yielded 
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2277 kg ha-1 of cured leaf and was significantly greater than the 0% N rate (1746 kg ha-1). The 

50% N rate yielded 2052 kg ha-1, was not statistically different from the 100%, but was 

significantly greater than the 0% N rate (Table 2.12). 

Critical to the focus of this research, cover treatments at the Kinston location resulted in 

significant differentiation (Table 2.12). Cover treatments did not have a statistically significant 

effect on yield at Rocky Mount. At Kinston, soil tests showed elevated levels of TAN due to 

hairy vetch at fertilization, layby, and topping. This likely resulted in an extended period of 

vegetative growth and leaf expansion, resulting in greater yields under the hairy vetch treatment 

(3242 kg ha-1). Hairy vetch was not significantly different from Austrian winter pea at 2681 kg 

ha-1, but was significantly greater than the no cover control (2357 kg ha-1) and crimson clover 

(2147 kg ha-1) beds at Kinston (Table 2.12). This increase in yield following hairy vetch has been 

observed in tobacco in previous studies (Weipke et al., 1988; Bilalis et al., 2009). 

This data reinforces previous work indicating additional N can increase yields in tobacco 

and that the sites were responsive to N application rates. Given the biomass and C:N ratios of the 

cover crops, it is not surprising that the supplemental N likely facilitated the accumulation of 

additional biomass, particularly when compared to the no cover control. This phenomenon was 

expected, but trade-offs in value and quality are of primary concern for growers and a variable of 

greater focus in N management for that reason. 
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Table 2.12 Kinston and Rocky Mount main effects [individual treatments and cover by N 

factorial] on yield, with significant factorial treatments separated in 2019.  

Treatment (12) Kinston Rocky Mount  

Cover N (%) Yield (kg ha-1) 

A. Winter Pea 

100 

3120 (277)† ab‡ 2432 (159) a 

Crimson Clover 2610 (394) ab 2212 (84) ab 

Hairy Vetch 3325 (143) a 2262 (260)  a 

No Cover 2668 (231) ab 2201 (285) ab 

A. Winter Pea 

50 

2867 (384) ab 1842 (177) ab 

Crimson Clover 2038 (100) ab 2080 (295) ab 

Hairy Vetch 3092 (361) ab 2308 (47) a 

No Cover 2285 (135) ab 1977 (191) ab 

A. Winter Pea 

0 

2055 (303) ab 1632 (45) ab 

Crimson Clover 1792 (139) b 1864 (251) ab 

Hairy Vetch 3307 (263) a 2102 (325) ab 

No Cover 2117 (456) ab 1388 (136) b 

F Value 3.50 3.04 

Pr > F 0.0021 0.0065 
 

 Factorial Effects 

 Kinston Rocky Mount  

Cover Yield (kg ha-1) 

Austrian Winter Pea 2681 (218) ab 1968 (126) 

Crimson Clover 2147 (166) b 2052 (127) 

Hairy Vetch 3242 (145) a 2224 (129) 

No Cover 2357 (174) b 1855 (152) 

F Value 8.19 2.42 

Pr > F 0.0003 n.s. 
  

N (%)  

100 2931 (146) a 2277 (98) a 

50 2571 (165) ab 2052 (99) a 

0 2318 (205) b 1746 (119) b 

F Value 4.55 9.50 

Pr > F 0.0173 0.0006 

Factorial (4x3) Pr > F 

Cover 0.0003 n.s. 

N 0.0173 0.0006 

Cover*N n.s. n.s. 
†Numbers in parentheses are standard error (n=4). 
‡Letters within columns that are the same are not significantly different at p=0.05 
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Quality Index:  Three out of four field experiments failed to detect any treatment effect 

from N or cover treatments on grade (each government grade is associated with a numerical 

quality index value ranging from 1 to 100, that is analyzed here). In 2018, when comparing cover 

treatments under the 100% N rate, only Kinston showed differences based on cover treatment 

(Table 2.13). At the Kinston location, under the 100% N rate, crimson clover and the no cover 

control were graded highest at 76.6 and 77.7 respectively. They were not significantly different 

from Austrian winter pea at 65.8. Hairy vetch was significantly lower than the crimson clover 

and no cover control treatment, with a quality index of 53.9. This could be the result of over-

fertilization, considering both the cover crop N and the 100% N rate were present in this 

comparison. In 2018, there were no significant differences based on legume cover crop by N 

treatments (n=10) at either location (Table 2.13). 
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Table 2.13 Kinston and Rocky Mount main effects [covers under the 100% N treatment, 

individual treatments and legume cover crop by N factorial] on quality index (QI) in 2018.  

100% N Treatment Kinston  Rocky Mount  

 QI 

A. Winter Pea 65.8 (4.3)† ab‡ 83.2 (1.8) 
Crimson Clover 76.6 (4.9) a 81.3 (4.2) 

Hairy Vetch 53.7 (4.1) b 82.6 (2.1) 
No Cover 76.8 (3.5) a 85.2 (0.4) 

F Value 4.91 0.63 
Pr > F 0.0310 n.s. 

   

Treatment (10) Kinston Rocky Mount  

Cover Crop N (%) QI 

A. Winter Pea 

100 

65.8 (4.3) 83.2 (1.8)  

Crimson Clover 76.6 (4.9) 81.3 (4.2) 

Hairy Vetch 53.7 (4.1) 82.6 (2.1) 

A. Winter Pea 

50 

71.8 (2.9) 82.0 (2.2) 

Crimson Clover 70.2 (3.0) 82.8 (1.5) 

Hairy Vetch 72.7 (4.7) 81.6 (2.1) 

A. Winter Pea 

0 

68.4 (1.3) 86.1 (1.8) 

Crimson Clover 71.6 (3.5) 82.8 (2.7) 

Hairy Vetch 74.0 (9.1) 84.0 (2.0) 

No Cover 100 76.8 (3.5) 85.2 (0.4) 

F Value 1.84 0.67 

Pr > F n.s. n.s. 

Factorial (3x3) Pr > F 

Cover Crop n.s. n.s. 

N n.s. n.s. 

Cover Crop*N n.s. n.s. 
†Numbers in parentheses are standard error (n=4). 
‡Letters within columns that are the same are not significantly different at p=0.05 

 

In 2019, there was no differentiation of quality index based on N or cover treatments 

(Table 2.14). The grading mechanism is a generally subjective process, ideally representing the 

chemical constituents of the leaf that will be reflected in price. Quality index has been correlated 

to critical chemical constituents in flue-cured tobacco and is generally understood to be a metric 

for the quality of the tobacco leaf resulting from N, moisture, and other environmental 

conditions. (Gaines et al., 1983). As quality index is used as a point of sale consideration when 
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pricing, the general lack of significant differentiation resulting from leguminous cover crops is 

an encouraging finding. 

Table 2.14 Kinston and Rocky Mount main effects [individual treatments and cover by N 

factorial] on quality index (QI) in 2019.  

Treatment (12) Kinston Rocky Mount  

Cover N (%) QI 

A. Winter Pea 

100 

70.0 (2.97)† 62.1 (5.84) 

Crimson Clover 65.4 (5.88) 83.2 (3.40) 

Hairy Vetch 67.1 (1.46) 76.3 (3.46) 

No Cover 72.4 (2.17) 72.6 (6.51) 

A. Winter Pea 

50 

68.7 (5.62) 82.0 (4.41) 

Crimson Clover 63.6 (4.32) 81.0 (3.42) 

Hairy Vetch 69.4 (6.02) 72.2 (8.95) 

No Cover 57.8 (4.58) 78.2 (4.92) 

A. Winter Pea 

0 

59.1 (3.15) 83.6 (2.89) 

Crimson Clover 58.6 (2.87) 76.1 (10.30) 

Hairy Vetch 67.6 (4.14) 62.4 (10.65) 

No Cover 65.4 (5.19) 80.0 (6.00) 

F Value 1.25 1.30 

Pr > F n.s. n.s. 

Factorial (4x3) Pr > F 

Cover n.s. n.s. 

N n.s. n.s. 

Cover*N n.s. n.s. 
†Numbers in parentheses are standard error (n=4). 

 
Value: Calculated based on the price kg-1 (determined by quality index) and yield of the 

plots based on conventional flue-cured tobacco prices, value did not show a cover treatment 

response in 2018 under the 100% N rate at either location. Elevated yields, but decreased quality, 

particularly resulting from hairy vetch at Kinston under the 100% N rate played an important 

equalizing role (Table 2.15). When analyzed by individual treatment, and within the cover by N 

factorial, neither location showed any differentiation in value based on treatment effects, a 

potential result of consistent and high biomass from all cover crops in 2018. Interestingly in the 

treatment ANOVA (n=10), though not significantly different, Rocky Mount 2018 again seems to 

evidence the potential for N substitution. At the 0% N rate, AWP0 was valued at 12,729 $ ha-1, 
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CC0 at 11,268 $ ha-1, and HV0 at 12,144 $ ha-1 were all numerically greater than the NC100 

value of 10,775 $ ha-1. An encouraging continuation of a similar finding in yield, indicating a 

potential for legume cover crops to be used as a supplemental N source. 

Table 2.15 Kinston and Rocky Mount main effects [covers under the 100% N treatment, 

individual treatments and legume cover crop by N factorial] on value in 2018. 

100% N Treatment Kinston  Rocky Mount  

 Value ($ ha-1)a 

A. Winter Pea 5963 (2002)† 12992 (1020) 
Crimson Clover 6559 (264) 11672 (652) 

Hairy Vetch 4788 (829) 12019 (913) 
No Cover 5101 (396) 10775 (369) 

F Value 1.50 2.10 
Pr > F n.s. n.s. 

   

Treatment (10) Kinston Rocky Mount  

Cover Crop N (%) Value ($ ha-1) 

A. Winter Pea 

100 

5977 (2002) 12992 (1020) 

Crimson Clover 6559 (263) 11672 (652) 

Hairy Vetch 4803 (828) 12019 (912) 

A. Winter Pea 

50 

5616 (1053) 11187 (711) 

Crimson Clover 5764 (934) 9932 (1153) 

Hairy Vetch 5690 (1393) 10777 (758) 

A. Winter Pea 

0 

5064 (846) 12729 (760) 

Crimson Clover 5541 (353) 11268 (822) 

Hairy Vetch 4514 (1719) 12144 (1611) 

No Cover 100 5123 (396) 10775 (369) 

F Value 0.52 1.14 

Pr > F n.s. n.s. 

Factorial (3x3) Pr > F 

Cover Crop n.s. n.s. 

N n.s. n.s. 

Cover Crop*N n.s. n.s. 
aValue calculated based on price kg-1 of conventional flue-cured tobacco. 
†Numbers in parentheses are standard error (n=4). 

 

In 2019, the factorial showed cover treatments at the Kinston location and N rate at both 

locations had a significant effect on value. Neither location showed an interaction. At Kinston, in 

the factorial analysis the 100% N rate produced 8984 $ ha-1 of cured leaf and was significantly 

greater than the 0% N rate (6398 $ ha-1). The 50% N rate yielded 7361 $ ha-1 and was not 
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statistically different from the 100% or the 0% N rate. At Rocky Mount, the 100% N rate and 

50% N rate produced 7586 $ ha-1 and 7492 $ ha-1 of cured leaf and were significantly greater 

than the 0% N rate at 5839 $ ha-1 (Table 2.16).  

In 2019, the factorial showed crops as significant at the Kinston location only (Table 

2.16). In 2019 at Kinston, hairy vetch treatments were significantly higher in value (9735 $ ha-1) 

than the no cover control at 6750 $ ha-1 and crimson clover beds at 5879 $ ha-1. Austrian winter 

pea at 7961 $ ha-1 was not significantly different from any treatment (Table 2.16). Elevated N 

levels early in the growing season and at topping raised concerns about potential quality, and 

therefore price, at the Kinston location especially in 2019. The connection between diminishing 

quality and elevated N after topping has been documented and demonstrated in the literature 

(Weipke et al., 1988; Bilalis et al., 2009; Peedin, 1999; Raper and McCants, 1966). However, 

this was not the result we observed in these field experiments. 

When all treatments were analyzed (n=12), the Kinston location again supported the 

possibility of supplemental N from cover crops potentially reducing N fertilizer needs (Table 

2.16). At Kinston, the NC100 treatment was valued at 8489 $ ha-1, cover crops with reduced N 

combinations that met or exceeded this value included: AWP50 (8768 $ ha-1), HV50 (9395 $ ha-

1), and HV0 (9699 $ ha-1) At the Rocky Mount location a similar pattern unfolded (Table 2.16). 

At Rocky Mount, the NC100 treatment was valued at 7198 $ ha-1, cover crop by reduced N 

combinations that met or exceeded this value included: AWP50 (7257 $ ha-1), CC50 (7812 $ ha-

1), and HV50 (7615 $ ha-1). Though these values did not significantly differ from NC100 at 

either location, the suggest the potential for a cost-effective N substitution. 

In collecting soil samples at topping, this study structurally limited our vision into the soil 

N environment past the critical topping point. Despite potential cause for concern due to elevated 
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available N levels at topping due to the hairy vetch, there was no negative cover crop effect on 

value at either location in 2019. 

Table 2.16 Kinston and Rocky Mount main effects [individual treatments and cover by N 

factorial] on value, with significant factorial treatments separated in 2019.  

Treatment (12) Kinston Rocky Mount  

Cover N (%) Value ($ ha-1)a 

A. Winter Pea 

100 

9734 (1389)† ab‡ 6575 (530) bc 

Crimson Clover 7604 (1611) ab 8627 (242) a 

Hairy Vetch 10110 (701) a 7944 (759) ab 

No Cover 8489 (598) ab 7198 (775) abc 

A. Winter Pea 

50 

8768 (1805) ab 7257 (1044) abc 

Crimson Clover 5612 (709) ab 7812 (1111) ab 

Hairy Vetch 9395 (1101) ab 7615 (1076) abc 

No Cover 5668 (900) ab 7284 (960)  ab 

A. Winter Pea 

0 

5380 (1142) ab 6438 (152) bc 

Crimson Clover 4420 (385) b 6204 (502) bc 

Hairy Vetch 9699 (972) ab 5443 (867) c 

No Cover 6093 (1444) ab 5271 (821) c 

F Value 3.43 2.10 

Pr > F 0.003 0.0488 
 

 Factorial Effects 

 Kinston Rocky Mount  

Cover Value ($ ha-1) 

Austrian Winter Pea 7961 (952) ab 6756 (372) 

Crimson Clover 5879 (672) b 7547 (482) 

Hairy Vetch 9735 (498) a 7000 (581) 

No Cover 6750 (660) b 6584 (527) 

F Value 6.91 1.08 

Pr > F 0.001 n.s. 

N (%)  

100 8984 (579) a 7586 (340) a 

50 7361 (700) ab 7492 (473) a 

0 6398 (700) b 5839 (318) b 

F Value 5.64 7.91 

Pr > F 0.0078 0.0016 
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Table 2.16 (continued). 

Factorial (4x3) Pr > F 

Cover 0.001 n.s. 

N 0.0078 0.0016 

Cover*N n.s. n.s. 
aValue calculated based on price kg-1 of conventional flue-cured tobacco. 
†Numbers in parentheses are standard error (n=4). 
‡Letters within columns that are the same are not significantly different at p=0.05 

 

Chemical Characteristics 

Leaf SPAD Readings at Layby: Treatments under the 100% N treatment in 2018 did not 

show any significant differences from cover treatment on leaf SPAD readings. In the cover crop 

by N rate factorial, the SPAD measure was able to detect differences due to N rate at the Kinston 

location only (Table 2.17). At the 50% N rate a SPAD reading of 38.8 was significantly greater 

than the 0% N 35.7 reading. The 100% N rate did not differ from the other N rates at 37.7 (Table 

A2.6). In 2019, there were no detectable treatment effects on leaf SPAD readings at layby, at 

either location. At the Kinston location, there was a cover crop by N interaction on layby SPAD 

measurements (Table 2.18). Despite the significant interaction, there does not seem to be a 

consistent pattern emerging to interpret the interaction in a meaningful way. SPAD provides a 

value that is proportional to the amount of chlorophyll present in the leaf by measuring the 

amount of red and infrared light transmitted by the leaf. It has been correlated to leaf N content 

in maple seedlings and tobacco (Yoder and Pettigrew-Crosby, 1995; Kowalczyk-Jusko and 

Koscik, 2002). We were unable to confirm this result. 

 

Leaf Nitrates at Layby: In 2018, under the 100% N treatments, there were no detectable 

differences between the four cover treatments on leaf nitrates at layby (Table 2.17). This is likely 

because all systems were not limited in N and optimal tissue assimilation occurred under the 

environmental conditions. Within the cover crop by N rate factorial, only N had a significant 
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effect at the Kinston location (Table 2.17). At Kinston, within the cover crop by N factorial, the 

100% N rate did not statistically differ from the 50% N rate (9.16 and 7.09 ppt) and was 

significantly greater than the 0% N rate at 3.33 ppt (Table A2.6). At Kinston this is likely a result 

of comparable cover crop N across species, and greater mineralization and uptake from the 

commercially available fertilizer. 

In 2019, the factorial arrangement at both locations showed N rate and cover had 

significant treatment effects on tissue nitrate at layby. There was no interaction at either location. 

At Kinston, the hairy vetch treatment resulted in the greatest tissue nitrate value, with 14.6 ppt, 

and was significantly greater than all other treatments. Austrian winter pea and crimson clover 

were not statistically different (8.76 and 5.98 ppt), though they were greater than the no cover 

control (5.19 ppt). At Kinston, the 100% N rate resulted in tissue nitrate of 10.2 ppt and was not 

significantly greater than the 50% N rate (9.82 ppt). The 0% N rate measured 5.88 ppt and was 

statistically smaller than the 100% and the 50% N rate (Table A2.7). At Rocky Mount, cover and 

N factors were also significant in 2019. At Rocky Mount, the hairy vetch treatment resulted in 

the greatest tissue nitrate value at layby, at 18.6 ppt, though it was not significantly greater than 

the Austrian winter pea and crimson clover treatments (17.5 and 17.6 ppt). Austrian winter pea 

and crimson clover were not statistically different from the no cover control (14.4 ppt). At Rocky 

Mount, the 100% N rate and 50% N rate (18.4 and 17.7 ppt) were not significantly different, 

only the 100% was statistically greater than the 0% N rate at 15.0 ppt (Table A2.8). 

Supplemental N provided by the cover crops compared to the no cover treatments is reflected in 

the tissue nitrate measurements. Particularly in 2019, Kinston hairy vetch treatments resulted in 

significantly higher yield values than the control, elevated tissue N levels during this critical 

growing period help explain this response. 
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Table 2.17 Kinston and Rocky Mount main effects [covers under the 100% N treatment, 

individual treatments and legume cover crop by N factorial] on layby measurements of SPAD 

and tissue nitrates in 2018.  

100% N Treatment Kinston  Rocky Mount  

 Layby 

Cover SPAD 
Tissue 

Nitrates (ppt) 
SPAD 

Tissue 
Nitrates (ppt) 

A. Winter Pea 37.5 (2.2)† 12.6 (3.64) 50.8 (0.7) 6.47 (1.08) 
Crimson Clover 38.0 (0.9) 6.57 (1.72) 50.3 (1.2) 7.10 (0.90) 

Hairy Vetch 37.6 (2.2) 8.28 (3.57) 49.9 (1.1) 8.25 (1.92) 
No Cover 37.3 (1.2) 7.93 (0.68) 49.5 (1.0) 4.22 (0.75) 

F Value 0.07 0.78 0.38 2.80 
Pr > F n.s. n.s n.s. n.s. 

   

Treatment (10) Kinston Rocky Mount  

  Layby 

Cover Crop N (%) SPAD 
Tissue 

Nitrates (ppt) 
SPAD 

Tissue 

Nitrates (ppt) 

A. Winter Pea 

100 

37.5 (2.5) 12.6 (3.64) a‡ 50.8 (0.7) 6.47 (1.08) 

Crimson Clover 38.0 (0.9) 6.57 (1.72) ab 50.3 (1.2) 7.10 (0.90) 

Hairy Vetch 37.6 (2.2) 8.28 (3.57) ab 49.9 (1.1) 8.25 (1.92) 

A. Winter Pea 

50 

38.2 (2.3) 8.04 (2.89) ab 50.8 (0.9) 6.17 (1.97) 

Crimson Clover 38.3 (0.9) 4.55 (1.67) b 49.2 (0.8) 6.01 (1.21) 

Hairy Vetch 40.3 (1.6) 8.68 (1.78) ab 51.3 (0.7) 5.80 (0.67) 

A. Winter Pea 

0 

37.8 (1.6) 3.22 (2.25) b 50.6 (0.8) 3.39 (0.63) 

Crimson Clover 34.0 (3.2) 2.65 (1.98) b 49.8 (0.7) 4.77 (1.40) 

Hairy Vetch 35.3 (3.2) 4.13 (2.98) b 48.5 (0.9) 6.56 (2.42) 

No Cover 100 37.3 (1.2) 7.93 (0.68) ab 49.5 (1.0) 4.22 (0.75) 

F Value 1.53 3.24 1.16 1.24 

Pr > F n.s. 0.0069 n.s. n.s. 

Factorial (3x3) Pr > F 

Cover Crop n.s. n.s. n.s. n.s. 

N 0.0315 0.0005 n.s. n.s. 

Cover Crop*N n.s. n.s. n.s. n.s. 
†Numbers in parentheses are standard error (n=4). 
‡Letters within columns that are the same are not significantly different at p=0.05 
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Table 2.18 Kinston and Rocky Mount main effects [individual treatments and cover by N 

factorial] on layby measurements of SPAD and tissue nitrates in 2019.  

Treatment (12) Kinston Rocky Mount  

  Layby 

Cover N (%) SPAD 
Tissue Nitrates 

(ppt) 
SPAD 

Tissue Nitrates 

(ppt) 

AWP 

100 

30.7 (0.8)† ab‡ 11.5 (2.19) abc 29.9 (1.6) 18.9 (1.63) a 

CC 28.1 (0.7) bc 7.03 (2.59) bcde 28.3 (1.6) 19.7 (0.42) a 

HV 30.2 (1.0) ab 14.8 (1.50) a 29.2 (1.2) 18.3 (0.48) a 

NC 28.6 (1.6) abc 7.45 (1.19) bcde 28.5 (0.8) 16.8 (1.35) ab 

AWP 

50 

29.0 (0.3) abc 10.6 (1.54) abcd 27.5 (1.5) 15.9 (0.69) ab 

CC 29.9 (1.4) ab 7.27 (1.26) bcde 28.5 (1.1) 18.9 (1.29) a 

HV 28.8 (0.6) abc 16.61 (1.43) a 29.1 (1.0) 20.9 (1.18) a 

NC 31.3 (1.1) a 4.84 (0.92) cde 29.6 (0.8) 15.2 (1.28) ab 

AWP 

0 

29.4 (1.4) abc 4.20 (1.09) de 28.3 (1.6) 17.6 (1.27) ab 

CC 26.9 (0.8) c 3.62 (1.32) de 30.4 (1.0) 14.3 (1.83) ab 

HV 31.3 (0.8) a 12.4 (1.43) ab 29.5 (0.9) 16.6 (1.71) ab 

NC 27.0 (0.3) c 3.29 (1.45) e 27.7 (0.8) 11.3 (3.39) b 

F Value 2.35 9.86 0.89 2.49 

Pr > F 0.0285 <0.0001 n.s. 0.0193 

Factorial (4x3) Pr > F 

Cover n.s. <0.0001 n.s. 0.0241 

N n.s. 0.0002 n.s. 0.0132 

Cover*N 0.0235 n.s. n.s. n.s. 
†Numbers in parentheses are standard error (n=4). 
‡Letters within columns that are the same are not significantly different at p=0.05 

 

Leaf SPAD Readings at Topping: In 2018, cover treatments under the 100% N rate, did 

not show any significant differences from cover treatments on leaf SPAD readings at topping. In 

the cover crop by N rate factorial, the SPAD measure was able to detect differences due to N rate 

at the both locations (Table 2.19). At Kinston, the 100 and 50% N rates within the cover crop by 

N factorial resulted in a SPAD reading of 44.5 and 41.7, significantly greater than the 0% N rate 

(36.7) (Table A2.6). At Rocky Mount, the 100% N rate within the cover crop by N factorial 

resulted in a SPAD reading of 50.5, significantly greater than the 50% and 0% N rate (45.9 and 

44.7) (Table A2.7). In 2019, the factorial showed, no detectable differences between cover 

treatments at either location. Under the factorial, N treatments at Kinston were not significant. At 
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Rocky Mount, N had a significant effect on topping SPAD measurements in the factorial. At the 

100% and 50% N rate (33.0 and 32.5, respectively) SPAD readings were significantly greater 

than at the 0% N rate (30.2) (Table A2.8). There were no observed interactions in 2019 (Table 

2.20). 

 

Leaf Nitrates at Topping: Seemingly providing a higher sensitivity than SPAD, leaf 

nitrates at topping detected greater treatment differences indicative of N tissue assimilation. In 

2018, under the 100% N treatments, only the Kinston location had statistical differences among 

the four cover treatments (Table 2.19). Austrian winter pea (1.56 ppt), crimson clover (1.47 ppt), 

and hairy vetch (1.52 ppt) were significantly greater than the no cover control (0.08 ppt), which 

is expected given that the 100% N was coupled with legume derived N. Within the cover crop by 

N rate factorial, only N had a significant effect at both locations. At Kinston, the 100% N rate 

and 50% N rate did not statistically differ (1.51 and 0.91 ppt) and only the 100% N rate was 

significantly greater than the 0% N rate at 0.14 ppt (Table A2.6). At Rocky Mount, within the 

cover crop by N factorial, the 100%, 50%, and 0% N rate all statistically differed with values of 

2.92, 0.94, and 0.43 ppt, respectively (Table A2.7).  

In 2019, both locations showed N rate and cover as significant factors on tissue nitrate at 

topping with no significant interactions (Table 2.20). At Kinston, under the factorial 

arrangement, the hairy vetch treatment resulted in the greatest tissue nitrate value, with 10.7 ppt, 

and was significantly greater than Austrian winter pea, crimson clover, and the no cover control 

(6.07, 3.83, and 2.88 ppt, respectively). At Kinston, the 100% N rate had tissue nitrate at 7.67 

ppt, which was significantly greater than the 0% N rate (3.47 ppt) but was not significantly 

different from the 50% N rate (6.43 ppt) (Table A2.9). At Rocky Mount, cover and N treatments 
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were also significant in 2019. At Rocky Mount, the hairy vetch resulted in the greatest tissue 

nitrate value, at 5.50 ppt, though it was not significantly greater than the crimson clover (3.10 

ppt). Austrian winter pea (2.79 ppt) and crimson clover were not statistically different from the 

no cover control (2.29 ppt). At Rocky Mount, the 100% N rate and 50% N rate (4.79 and 3.26 

ppt) were significantly greater than the 0% N rate at 2.21 ppt (Table A2.8).  

Similar to layby, soil TAN measurements at topping and the supplemental N provided by 

the cover crops compared to the no cover treatments is reflected in the tissue nitrate 

measurements. Hairy vetch treatments resulted in significantly higher tissue nitrate at topping 

values than the no cover control. Hairy vetch in 2019 under the factorial resulted in the greatest 

TAN values at layby (32.9 mg kg) and TAN values at topping (29.6 mg kg) (Table A2.4). 

Kinston hairy vetch also resulted in the statistically greater yields in 2019 (Table 2.12). This 

tissue nitrate at topping finding under the factorial seems to connect the dots between soil N 

measurements and observed yields at Kinston. Though in the factorial there was no cover 

treatment effect on TAN at topping at Rocky Mount, this tissue nitrate at topping data seems to 

support a similar pattern as observed at Kinston. 

Table 2.19 Kinston and Rocky Mount main effects [covers under the 100% N treatment, 

individual treatments and legume cover crop by N factorial] on topping measurements of SPAD 

and tissue nitrates in 2018.  

100% N Treatment Kinston  Rocky Mount  

 Topping 

Cover SPAD 
Tissue 

Nitrates (ppt) 
SPAD 

Tissue Nitrates 
(ppt) 

A. Winter Pea 43.6 (3.05)† 1.56 (0.54) a‡ 50.9 (1.4) 3.34 (1.05) 
Crimson Clover 42.9 (1.68) 1.47 (0.75) a 50.6 (1.6) 2.70 (1.31) 

Hairy Vetch 48.1 (3.68) 1.52 (0.54) a 50.1 (1.4) 2.72 (0.90) 
No Cover 39.9 (0.55) 0.08 (0.02) b 45.0 (1.3) 1.75 (0.89) 

F Value 1.79 3.57 3.31 1.68 

Pr > F n.s. 0.0398 n.s. n.s. 
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Table 2.19 (continued). 

Treatment (10) Kinston Rocky Mount  

Cover Crop 
N 

(%) 

Topping 

SPAD T. Nitrates (ppt) SPAD T. Nitrates (ppt) 

A. Winter Pea 

100 

43.6 (3.1) ab 1.56 (0.54) a 50.9 (1.6) a 3.34 (1.05) a 

Crimson Clover 42.9 (1.7) ab 1.47 (0.75) a 50.6 (1.6) a 2.70 (1.31) abc 

Hairy Vetch 47.0 (3.7) a 1.64 (0.66) a 50.1 (1.4) a 2.72 (0.90) ab 

A. Winter Pea 

50 

40.2 (2.3) ab 1.12 (0.96) ab 48.4 (0.9) ab 1.13 (0.44) abcd 

Crimson Clover 41.6 (3.1) ab 0.82 (0.70) ab 42.2 (3.8) c 0.91 (0.26) abcd 

Hairy Vetch 43.4 (2.2) ab 0.79 (0.68) ab 47.1 (3.0) abc 0.79 (0.55) bcd 

A. Winter Pea 

0 

35.2 (2.6) b 0.29 (0.23) b 45.8 (0.8) abc 0.30 (0.17) d 

Crimson Clover 37.5 (2.1) ab 0.06 (0.00) b 42.9 (1.5) bc 0.36 (0.14) cd 

Hairy Vetch 37.5 (2.1) ab 0.10 (0.04) b 45.3 (1.1) abc 0.64 (0.40) bcd 

No Cover 100 39.9 (0.6) ab 0.08 (0.02) b 45.0 (1.3) abc 1.75 (0.89) abc 

F Value 3.40 3.32 2.61 3.96 

Pr > F 0.0058 0.0067 0.0229 0.0019 

Factorial (3x3) Pr > F 

Cover Crop n.s. n.s. n.s. n.s. 

N 0.0006 0.0005 0.0047 <0.0001 

Cover Crop*N n.s. n.s. n.s. n.s. 
†Numbers in parentheses are standard error (n=4). 
‡Letters within columns that are the same are not significantly different at p=0.05 

 

Table 2.20 Kinston and Rocky Mount main effects [individual treatments and cover by N 

factorial] on topping measurements of SPAD and tissue nitrates in 2019.  

Treatment (12) Kinston Rocky Mount  

Cover N (%) 
Topping 

SPAD T. Nitrates (ppt) SPAD T. Nitrates (ppt) 

AWP 

100 

44.2 (1.9)† 8.07 (2.32) abc‡ 30.5 (1.3) ab 5.68 (1.30 ab 

CC 44.7 (3.8) 5.38 (3.03) abc 33.0 (1.2) ab 4.40 (1.60) ab 

HV 42.8 (3.4) 13.71 (2.23) a 32.5 (1.2) ab 4.79 (1.12) ab 

NC 50.1 (1.1) 3.52 (1.42) abc 36.1 (1.9) a 4.29 (1.80) ab 

AWP 

50 

43.2 (3.4) 7.43 (4.10) abc 32.0 (0.7) ab 1.44 (0.14) abc 

CC 44.2 (1.9) 3.95 (3.05) abc 32.8 (1.3) ab 2.53 (0.08) ab 

HV 45.4 (2.7) 11.64 (0.90) ab 33.1 (1.3) ab 6.99 (2.15) a 

NC 45.8 (1.2) 2.70 (1.15) abc 32.1 (1.3) ab 2.08 (0.76) abc 

AWP 

0 

44.0 (4.0) 2.70 (1.11) abc 31.0 (0.7) ab 1.25 (0.51) bc 

CC 35.5 (1.0) 2.15 (1.31) c 29.7 (1.1) b 2.36 (0.64) abc 

HV 45.9 (0.8) 6.60 (2.09) abc 29.8 (0.8) b 4.73 (2.19) ab 

NC 41.2 (4.2) 2.42 (1.57) bc 30.2 (1.4) ab 0.51 (0.14) c 

F Value 1.54 3.49 2.14 4.67 

Pr > F n.s. 0.0026 0.0420 0.0002 
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Table 2.20 (continued). 

Factorial (4x3) Pr > F 

Cover n.s. 0.0002 n.s. 0.0011 

N n.s. 0.0136 0.0059 0.0004 

Cover*N n.s. n.s. n.s. n.s. 
†Numbers in parentheses are standard error (n=4). 
‡Letters within columns that are the same are not significantly different at p=0.05 

 
Leaf Nitrates in Cured Leaf: In 2018, there were no detectable treatment differences on 

leaf nitrates in the cured leaf at either location based on cover treatment under the 100% N 

treatment (Table 2.21). In 2018, N rate had a significant influence on the tissue N of the cured 

leaf at both locations.  At the Kinston location, the 100% N rate was significantly greater than 

the other treatments at 0.35 ppt, while the 50% and 0% N rates did not statistically differ at 0.14 

and 0.12 ppt, respectively (Table A2.10). At the Rocky Mount location, the same pattern was 

observed with the 100% N rate was significantly greater than the other treatments at 0.45 ppt, 

while the 50% and 0% N rates did not statistically differ at 0.14 and 0.13 ppt (Table A2.12).  
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Table 2.21 Kinston and Rocky Mount main effects [individual treatments and legume cover crop 

by N factorial] on cured leaf measurements tissue nitrates in 2018.  

100% N Treatment Kinston  Rocky Mount  

 Cured Leaf Tissue Nitrates 

Cover __________________________________ppt_________________________________ 

A. Winter Pea 0.45 (0.06)† 0.21 (0.07) 
Crimson Clover 0.20 (0.14) 0.44 (0.22) 

Hairy Vetch 0.40 (0.16) 0.72 (0.22) 
No Cover 0.11 (0.05) 0.08 (0.02) 

F Value 1.10 3.23 
Pr > F n.s. n.s. 

   

Treatment (10) Kinston Rocky Mount  

  Cured Leaf Tissue Nitrates 

Cover Crop N (%) ________________________________ppt________________________________ 

A. Winter Pea 

100 

0.44 (0.06) a‡ 0.21 (0.07) abc 

Crimson Clover 0.20 (0.14) bc 0.44 (0.22) ab 

Hairy Vetch 0.40 (0.16) ab 0.72 (0.22) a 

A. Winter Pea 

50 

0.17 (0.12) bc 0.10 (0.03) bcd 

Crimson Clover 0.12 (0.06) bc 0.06 (0.00) d 

Hairy Vetch 0.11 (0.06) c 0.28 (0.18) bcd 

A. Winter Pea 

0 

0.07 (0.01) c 0.06 (0.00) d 

Crimson Clover 0.06 (0.00) c 0.07 (0.01) cd 

Hairy Vetch 0.10 (0.04) c 0.11 (0.06) bcd 

No Cover 100 0.11 (0.05) c 0.08 (0.02) cd 

F Value 2.62 4.31 

Pr > F 0.0262 0.0011 

Factorial (3x3) Pr > F 

Cover Crop n.s. n.s. 

N 0.0028 0.0004 

Cover Crop*N n.s. n.s. 
†Numbers in parentheses are standard error (n=4). 
‡Letters within columns that are the same are not significantly different at p=0.05 

 

In 2019, the Kinston location had no significant treatment differences on cured leaf 

nitrates when analyzed as individual treatments or under the factorial arrangement. At Rocky 

Mount, cover treatments significantly influenced tissue nitrates (Table 2.22). Under the factorial 

analysis, hairy vetch treatments at Rocky Mount resulted in a cured leaf tissue nitrate ppt of 0.50, 

significantly greater than the no cover control at 0.10 ppt. Austrian winter pea and crimson 
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clover at 0.14 and 0.12 ppt were not significantly different from any other cover treatment (Table 

A2.12). 

 In 2019, hairy vetch resulted in the greatest TAN values at layby and topping at Kinston 

and was of particular concern for harvested leaf. Though hairy vetch showed elevated tissue 

nitrates compared to other cover treatments at both locations at topping, only Rocky Mount 

showed this in the cured leaf. Rocky Mount in July was unusually dry (Table 2.3), this slowed 

development of the plant, likely allowed for elevated N levels, as well as prolonged legume 

mineralization in the soil. Dry conditions have been observed to be metabolically equivalent to 

over fertilization (Weybrew and Woltz, 1975). The dry conditions help explain the persistence of 

nitrates in the cured leaf at Rocky Mount. Surprisingly, at Kinston elevated soil N and tissue 

nitrates at topping did not result in elevated tissue nitrates in the cured leaf or compromise 

quality in 2019, this data seems to indicate that it did not remain in the soil, or in the leaf, beyond 

the topping measurements. 
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Table 2.22 Kinston and Rocky Mount main effects [individual treatments and cover by N 

factorial] on post-harvest measurements of cured leaf tissue nitrates in 2019.  

Treatment (12) Kinston Rocky Mount  

Cover N (%) 
Cured Leaf Tissue Nitrates 

______________________________ppt_________________________________ 

A. Winter Pea 

100 

0.24 (0.10)† 0.30 (0.14) 

Crimson Clover 0.29 (0.16) 0.06 (0.00) 

Hairy Vetch 0.55 (0.36) 0.51 (0.45) 

No Cover 0.06 (0.00) 0.10 (0.04) 

A. Winter Pea 

50 

0.13 (0.07) 0.06 (0.00) 

Crimson Clover 0.06 (0.00) 0.11 (0.05) 

Hairy Vetch 0.14 (0.07) 0.59 (0.46) 

No Cover 0.06 (0.00) 0.06 (0.00) 

A. Winter Pea 

0 

0.08 (0.03) 0.06 (0.00) 

Crimson Clover 0.33 (0.28) 0.21 (0.15) 

Hairy Vetch 0.10 (0.04) 0.40 (0.20) 

No Cover 0.05 (0.00) 0.06 (0.00) 

F Value 1.24 1.25 

Pr > F n.s. n.s. 

Factorial (4x3) Pr > F 

Cover n.s. 0.0487 

N n.s. n.s. 

Cover*N n.s. n.s. 
†Numbers in parentheses are standard error (n=4). 

 

Total Alkaloids: In 2018, at the 100% N rate, total alkaloid levels were raised by the 

cover crop treatments in both locations (Table 2.23). At Kinston, alkaloid content was highest 

under Austrian winter pea (3.00%) and hairy vetch (2.91%), though neither were significantly 

greater than crimson clover at 2.67%. Hairy vetch and Austrian winter pea were both 

significantly greater than the no cover control at 2.33% (Table 2.23). At Rocky Mount, under the 

100% N rate alkaloid content was highest under hairy vetch (3.32%) and crimson clover 

(3.29%). Neither were significantly greater than Austrian winter pea at 3.12%. Hairy vetch and 

crimson clover treatments were greater than the no cover control at 2.54% (Table 2.23). Within 

the cover crop by N factorial, N rate was significant at both location (Table 2.23), cover crop was 

not significant and there was no interaction. At Kinston, total alkaloids were greatest under the 

100% and 50% N rates (2.91 and 2.87%), significantly greater than the 0% N rate at 2.28% 
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(Table A2.10). At Rocky Mount in 2018, under the cover crop by N factorial, total alkaloid 

concentration was the greatest under the 100% N rate (3.24%), significantly greater than the 50% 

and 0% N rate total alkaloid concentrations of 2.63 and 2.72%, respectively (Table A2.12). 

Given the consistency of cover crop N contributions, coupled with the 100% N treatment, this 

finding does not contradict similar research showing a connection between additional N and total 

alkaloid levels (Bilalis et al., 2009). 

In 2019, the Kinston study had no detectable differences in total alkaloids due to any 

factor (Table 2.24). At Rocky Mount, only N rate was significant. At the 100% N rate, total 

alkaloid concentration was the greatest at 2.98%, significantly greater than the 50 and 0% N rate 

total alkaloid concentration (2.51% and 2.33%) (Table A2.12). Total alkaloids parallel nicotine 

content in the cured leaf; as N uptake and accumulation increases, so does nicotine concentration 

(Miner, 1980). High nicotine content, above 3.5%, is often the result of over fertilization in 

tobacco (Collins and Hawks, 2013; Tso, 1990). Data from 2019 seems to indicate that cover 

crops were not responsible for differentiation in total alkaloid content. In 2018, significance 

within the 100% N rate, does indicate greater N from cover crop treatments. There is concern 

that excessive N availability can result in a high alkaloid content in the leaf tissue and can lead to 

unpleasant smoking tobacco (Weybrew et al., 1983). Despite this concern, total alkaloids did not 

exceed 3.5% in any treatment, either year. 

 

Reducing Sugars: In 2018, there were no detectable differences among cover treatments 

under the 100% N rate at Kinston. At the Rocky Mount location, reducing sugar percentages 

were decreased by the cover crop treatments at the 100% N rate, where hairy vetch (10.1%) 

treatments were significantly lower than the no cover control (15.5%). Austrian winter pea 
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(12.2%) and crimson clover (11.4%) did not differ statistically from any of the treatments (Table 

2.23). At Rocky Mount, N rate significantly impacted reducing sugars (Table 2.23). The 50% 

and 0% N rate resulted in reducing sugar rates at 14.4 and 14.7%. These values were 

significantly greater than the 100% N rate at 11.2% (Table A2.12). It is encouraging to see the 

0% N rate resulting in the greatest reducing sugar levels. This is likely indicative of adequate N 

allowing for maturation and ripening under the cover crops with no additional N added, 

supporting the potential for supplementation or substitution. Kinston showed no treatment effects 

on reducing sugars in 2018.  

In 2019, there were no treatment effects at the Kinston location (Table 2.24). At Rocky 

Mount, both N and cover were significant. Hairy vetch (13.0%) had the lowest reducing sugar 

percentage in the cured leaf but was not statistically different from crimson clover (16.0%) or the 

no cover control (16.0%). Austrian winter pea had the greatest reducing sugar percentage at 

(16.4%) though it was not significantly greater than crimson clover or the no cover control 

(Table A2.11). N rate at Rocky Mount was also significant. The 0% N rate had the highest 

quantity of reducing sugars at 16.5%. The 100% N rate had the lowest rate at 13.7%, and the 

50% N rate was not statistically different from either treatment at 16.0% (Table A2.11). Cover 

crop treatment effects on reducing sugars is of concern. This finding is consistent with other 

chemical tissue measurements at Rocky Mount and is likely the product of an under-ripened and 

inadequately matured leaf as a result of the dry conditions. 
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Table 2.23 Kinston and Rocky Mount main effects [covers under the 100% N treatment, 

individual treatments and legume cover crop by N factorial] on post-harvest measurements of 

total alkaloids and reducing sugars in 2018.  

100% N Treatment Kinston  Rocky Mount  

Cover 

Total 
Alkaloids 

Reducing 
Sugars 

Total 
Alkaloids 

Reducing 
Sugars 

________________________________%_________________________________ 

A. Winter Pea 3.00 (0.09)† a‡ 13.5 (1.64) 3.12 (0.15) ab 12.2 (1.25) ab 
Crimson Clover 2.67 (0.16) ab 14.7 (0.32) 3.29 (0.26) a 11.4 (1.94) ab 

Hairy Vetch 2.91 (0.03) a 13.8 (0.98) 3.32 (0.13) a 10.1 (1.81) b 
No Cover 2.33 (0.16) b 15.4 (0.68) 2.54 (0.09) b 15.3 (0.35) a 

F Value 6.27 1.49 5.44 4.43 
Pr > F 0.0181 n.s. 0.0184 0.0343 

   

Treatment (10) Kinston Rocky Mount  

Cover N (%) 
Total 

Alkaloids 

Reducing 

Sugars 

Total 

Alkaloids 

Reducing 

Sugars 

A. Winter Pea 

100 

3.07 (0.09) a 13.4 (1.64) 3.12 (0.15) ab 12.2 (1.25) ab 

Crimson Clover 2.67 (0.16) abc 14.7 (0.32) 3.29 (0.26) ab 11.4 (1.94) ab 

Hairy Vetch 2.98 (0.03) ab 13.7 (0.98) 3.32 (0.13) a 10.1 (1.81) b 

A. Winter Pea 

50 

2.69 (0.12) abc 14.4 (0.68) 2.94 (0.37) ab 13.4 (1.74) ab 

Crimson Clover 3.09 (0.19) a 12.4 (0.64) 2.28 (0.27) b 15.7 (1.32) a 

Hairy Vetch 2.83 (0.06) abc 14.4 (0.49) 2.68 (0.28) ab 14.1 (1.88) ab 

A. Winter Pea 

0 

2.41 (0.16) abc 14.0 (0.94) 2.87 (0.26) ab 14.6 (1.08) ab 

Crimson Clover 2.22 (0.30) bc 15.9 (1.37) 2.66 (0.21) ab 14.3 (0.27) ab 

Hairy Vetch 2.20 (0.33) c 15.7 (1.21) 2.61 (0.13) ab 15.2 (0.65) ab 

No Cover 100 2.33 (0.16) bc 15.4 (0.68) 2.54 (0.09) ab 15.3 (0.35) a 

F Value 5.34 1.50 2.64 3.30 

Pr > F 0.0004 n.s. 0.0215 0.0062 

Factorial (3x3) Pr > F 

Cover n.s. n.s. n.s. n.s. 

N <0.0001 n.s. 0.0056 0.0012 

Cover*N n.s. n.s. n.s. n.s. 
†Numbers in parentheses are standard error (n=4). 
‡Letters within columns that are the same are not significantly different at p=0.05 
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Table 2.24 Kinston and Rocky Mount main effects [individual treatments and cover by N 

factorial] on post-harvest measurements of total alkaloids and reducing sugars in 2019.  

Treatment 
(12) 

Kinston 
Rocky Mount  

Cover 
N 

(%) 

Total Alkaloids  Reducing Sugars Total Alkaloids Reducing Sugars 
________________________________%______________________________________ 

AWP 

100 

2.60 (0.29)† 17.5(1.97) 3.14 (0.21) a‡ 13.3 (1.86) 

CC 2.27 (0.27) 18.4 (1.76) 2.88 (0.23) ab 14.9 (1.30) 

HV 2.24 (0.25) 15.2 (3.09) 3.06 (0.22) ab 12.9 (1.41) 

NC 1.96 (0.35) 18.8 (0.73) 2.82 (0.26) ab 13.6 (1.73) 

AWP 

50 

2.00 (0.61) 19.1 (2.42) 2.20 (0.09) ab 18.3 (0.28) 

CC 1.73 (0.15) 20.6 (0.56) 2.22 (0.17) ab 16.6 (0.39) 

HV 2.22 (0.39) 16.6 (2.29) 3.04 (0.17) ab 12.4 (1.95) 

NC 1.95 (0.16) 18.8 (0.17) 2.60 (0.37) ab 16.7 (1.04) 

AWP 

0 

1.87 (0.25) 19.6 (0.85) 2.14 (0.21) ab 17.8 (1.11) 

CC 2.10 (0.45) 17.8 (1.97) 2.62 (0.19) ab 16.7 (1.21) 

HV 2.09 (0.36) 18.7 (1.74) 2.59 (0.34) ab 13.7 (2.07) 

NC 2.13 (0.36) 19.3 (2.09) 1.96 (0.23) b 17.8 (0.72) 

F Value 0.52 0.62 2.90 2.00 

Pr > F n.s. n.s. 0.0078 n.s. 

Factorial 
(4x3) 

Pr > F 

Cover n.s. n.s. n.s. 0.0259 

N n.s. n.s. 0.0012 0.0325 

Cover*N n.s. n.s. n.s. n.s. 
†Numbers in parentheses are standard error (n=4). 
‡Letters within columns that are the same are not significantly different at p=0.05 

 

Reducing Sugars to Total Alkaloid Ratio: Total alkaloids and reducing sugars are 

critical constituents in the smoking profile of the cured leaf. The reducing sugar to total alkaloid 

ratio in the range of 6-10:1 is important in producing a desirable smoking tobacco. A tobacco 

with a ratio greater than 10:1 is often the result of insufficient N early in the season and produces 

a relatively mild, unsubstantial smoke. If the ratio is under 6:1, usually the result of excess N that 

interferes with ripening, tobacco smoke is strong, acrid, and over-nicotinized (Flower, 1999; 

Weybrew et al., 1983; Maw et al., 2009). For starch/reducing sugar accumulation, nicotine and 

protein synthesis must have been terminated by the lack of plant N accumulation. This occurs in 

a N deficient system or when there is no more available N for plant uptake (Tso, 1990). 
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In 2019 at the Kinston location, when analyzing all treatments (n=12), only CC50 (11.9) 

and AWP0 (10.5) were outside the desired ratio (Table A2.13). At Rocky Mount, AWP100 

(4.23), CC100 (5.17), HV100 (4.23), NC100 (4.82), HV50 (4.07), and HV0 (5.29) were outside 

the desired range (Table A2.14). In 2018, at Kinston only three treatments were within the 

desired ratio, NC100, CC0, HV0. At Rocky Mount, despite overall high quality index ratings and 

value, only two treatments met the desired reducing sugar to total alkaloid ratio, NC100 and 

CC50. All other treatments in 2018, particularly the cover crops at the 100% N rate, had a ratio 

indicative of insufficient ripening, potentially resulting from excessive N or environmental 

conditions. Where possible, growers concerned with insufficient starch accumulation could delay 

harvests to allow for additional ripening time. This in-season adjustment is one of the few 

options a grower has when a low reducing sugar to total alkaloid ratio leaf is a concern. 

 

CONCLUSION 

In 2019, there was only one case of a statistically detectable negative effect from cover 

cropping as was observed in the percentage of reducing sugars in hairy vetch treatments in 

Rocky Mount. This is likely understood due to a prolonged dry period in May, June, and July, 

that slowed mineralization, allowing fertilizer and cover crop tissue N to be available later in the 

season at Rocky Mount. At the Kinston location, where yields and value were the highest under 

hairy vetch, and not statistically different from the no cover control for the other cover crops, it 

seems that under adequate moisture conditions, cover cropping was an asset to the production of 

the tobacco crop and could be used as cost-effective, supplemental N sources for producers. 

In 2018, comparisons under the 100% N rate seem to illustrate an over fertilized system 

under the Austrian winter pea and hairy vetch cover crops in Kinston, as indicated by smaller 



   

 

84 

quality index and price measurements. At Rocky Mount, there was a negative relation of total 

alkaloids and reducing sugars within the hairy vetch 100% N system, but this did not have an 

effect on quality index. Despite concerns with excess N, neither location had detectable 

differences between cover treatments with respect to value under the 100% N treatment. In 

Kinston this was likely due to an inverse relationship with yield increases in excess N systems 

balanced out by price and quality reductions. In 2018, there does appear to be evidence that 

sufficient N was provided by the legumes to present a possible supplement or substitution in N 

management.  

Considering the relatively low cost of seed for organic legume cover crops, typically 

between $50 and $200 ha-1 for the three legumes in this study (Clark, 2007) and the 

comparatively high cost of organic fertilizers, Nature Safe (13-0-0) was purchased for this 

analysis at a cost of $1327 ha-1, this research seems to support at least a partial reduction of 

applied fertilizer in cover cropped systems could save organic flue-cured tobacco growers 

considerably, without compromising the quality or value of their product. Along with potential 

increases in profit margin, winter erosion control and other benefits associated with legume 

cover crops, seem to further support the benefits to incorporating legume cover crops into 

organic rotations in North Carolina. 

As documented in other organic tobacco production research, there is considerable risk of 

late ripening and maturation in the tobacco product in low moisture environments (Bennett et al., 

2018). While the use of a cover crop does not ameliorate this concern, in the comparison of a 

typical N regimes under organic N management to cover crop alternatives, this study found 

evidence indicating the capacity for incorporation of cover cropping into flue-cured tobacco 

systems without compromising the quality of the cured leaf. Furthermore, with calibration and 
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in-season adjustments, under careful management cover crops could be utilized to reduce the 

cost of N fertilizers for organic growers.  
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ABSTRACT 

In 2016, 21% of organically certified farms in North Carolina produced sweetpotatoes 

(Ipomoea batatas L.). Grown in hilled systems, sweetpotato beds are often intensively tilled, 

bedded, and repeatedly cultivated for bed maintenance and weed control early in the season. Our 

research was conducted to determine if cover cropping could mitigate the need for economically 

and environmentally costly weed management practices in organic sweetpotato systems. In 2019, 

a preliminary study in Goldsboro on a Wickham loamy sand (fine-loamy, mixed, semiactive, 

thermic Typic Hapludults), and in Kinston, NC on a Pocalla loamy sand (loamy, siliceous, 

subactive, thermic Arenic Plinthic Paleudults) explored no-till roller-crimped rye (Secale 

cereale L.) and a rye-hairy vetch (Vicia villosa Roth) mixture for weed suppression in 

sweetpotato production. Slips were transplanted into the roller-crimped cover crop litter. A 

conventional organic sweetpotato system with frequent cultivation for weed control was used as 

a control. Increasing N rates were nested within cover crop treatments to examine the interaction 

of cover crops and N. Due to poor cover-crop biomass, agronomically viable weed suppression 

was not attained, and more research is being conducted.  
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INTRODUCTION 

In North Carolina in 2016, a total of 226 farms were certified organic, of those 47 

produced sweetpotatoes (USDA-NASS, 2017). Nearly 21% of North Carolina’s organic farms 

undergo the intensive tillage, hilling, and cultivation necessary in sweetpotato cropping systems. 

The 47 certified farms produced 28,332 Mg of organic sweetpotatoes for market, on 1,346 

hectares of land. At an average of 21,049 kg ha-1, organic practices in 2016 constituted 3.5% of 

sweetpotato land area in the state (USDA-NASS, 2017). Conventional sweetpotatoes only 

slightly exceeded organic per ha yields, at 21,367 kg ha-1 (USDA-NASS, 2018). This small 

differential in yield does not reflect the differences in cost of production. 

Organic sweetpotatoes continue to grow in market share and represent a viable product as 

part of organic rotations in North Carolina (Reganold and Wachter, 2016). Organic practices can 

be profitable and have the potential to deliver greater ecosystem services and social benefits 

when compared to a conventional production system, but there are many production challenges 

(Reganold and Wachter, 2016). Organic sweetpotato systems produce slightly lower yields 

compared with conventional agriculture, and producers often rely on tillage and cultivation for 

weed management more extensively than in conventional systems that can use chemical controls, 

or other field crops where bedding and frequent cultivation are not essential. Frequent tillage and 

soil disturbance often leads to degradation of soil physical properties, loss of soil organic matter, 

erosion, and additional greenhouse gas emissions (Rosen and Allan, 2007). Currently extensive 

soil disturbance is critical to the success of the crop in the humid Southeast. Sustainable 

strategies that counteract these negative effects will be necessary going forward and was a 

central goal of this research. 
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Sweetpotatoes are typically grown on bare soil where weeds and erosion can be serious 

concerns. Based on North Carolina surveys, 97% of growers utilize cultivation to control weeds, 

and reported an average of 3.2 cultivations per season (Toth et al., 1997). Over two-thirds of 

growers also relied on chemical management, indicating that organic growers likely require 

additional cultivations and hand management not captured in the survey data. In 2006, these 

numbers were virtually unchanged (Haley and Curtis, 2006). Since cultivation becomes 

impractical once vines extend across the beds, growers frequently rely on mowing and costly 

hand removal to obtain adequate weed control after cultivation becomes too destructive. 

Fortunately, once sufficient stands are established, weeds are often suppressed by the canopy, 

though differential development of the leaf canopy by cultivar has been observed and can be of 

considerable concern given critical weed-free periods 2 to 6 weeks after transplant (Seem et al., 

2003; LaBonte et al., 1999). 

Using cover crop residues as a mulch could help reduce the frequency of critical and 

expensive weed management strategies, particularly in organic production. Studies have shown 

cover-crops to be a viable option for weed suppression in many Southeastern crops (Reberg-

Horton et al., 2012). Still, little is known about potential effects of N management, yield, pests, 

or quality of sweetpotatoes. From an entomological perspective, Jackson and Harrison (2008) 

found that sweetpotatoes can be successfully grown under a killed-cover crop production system 

without insecticides, in South Carolina. Treadwell et al. (2007), found a flail mown cover crop 

did not affect yield when compared to conventional and incorporated cover crops in two out of 

three years of study. The exception resulted in a 45% yield reduction attributed to late stage 

monocot weed density. Utilizing a roller crimped cover crop has been effective in previous 

research but has not been tested in sweetpotatoes. 
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 In general, N requirements in sweetpotatoes is highly variable based on cultivar, 

moisture, and temperature. Sweetpotato growers struggle to produce consistent yields because of 

wide variability in storage root formation and yield among cultivars, and between individual 

plants of the same cultivar (Villordon et al., 2009; Ankumah et al., 2003; Hill, 1984; Yencho et 

al., 2008; Taranet et al., 2017). Typically 75–135 kg N ha−1 is recommended for suitable yield 

and quality (Ankumah et al., 2003). Split applications and delayed applications have been 

explored, with optimal dates after transplant and rates mixed. Tanaret et al. (2017), found 

260 kg N ha-1 resulted in peak yield of field grown sweetpotatoes in an Australian study. Phillips 

et al. (2005) reported that in a 3-year study of the Beauregard cultivar, 28–56 kg N ha−1 was 

required to achieve maximum marketable yield in a Virginia sandy loam. Guertal and Kemble 

(1997) found that sweetpotato showed no response to N application rates up to 108 kg ha−1 on an 

Alabama fine sandy loam soil where initial soil testing showed high nutrient availability. The use 

of N fertilizer over the optimum rate has been documented to result in both no change in yield 

production compared to lower N rates, yield plateaus, or decreasing yields. This varied response 

in the literature may be indicative of the inherent variability in sweet potatoes, or a general trend 

obfuscated by soil nutrient variability. Studies have shown excess N application to sweetpotato 

results in suppression of storage root formation and/or growth (Kuo and Chen, 1992; Saki et al., 

2019). A two-year study of one cultivar on a Norfolk loamy sand soil in North Carolina by 

Villagarcia (1996) found that in the first year sweetpotato total yield peaked at 60 kg N 

ha−1 (21 t ha−1) and increasing N application to 240 kg ha−1 did not alter yield. However, in the 

second year of the same study, total yield peaked at 240 kg N ha−1 (34 t ha−1), but increasing N 

application to 360 kg ha−1 reduced the total yield by up to 35% of the maximum yield. The 

contrasting responses of sweetpotato yield to N application rate imply the variable effects from 
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soil nutrient availability, climatic conditions at the experimental site, and cultivar variability in 

nutrient requirement. 

Yencho et al. (2008) found ‘Covington’ to be more responsive to higher rates of N 

compared other cultivars and tends to size roots more uniformly. Overall, there is little research 

into the N profile and its impact on sweetpotatoes planted into a cover crop litter. Previous cover 

cropping in sweetpotato research has suggested uncompromised yields, yield costs, and effective 

weed-suppression. This preliminary study seeks additional clarity. The objective of this research 

was to measure the yield response of organic sweetpotato grown under a rye and rye-vetch roller 

crimped cover crop when supplemented with additional N, and to quantify the potential weed-

suppressive activity of winter cover crops when seeded on to sweetpotato hills formed in the fall. 

 

MATERIALS AND METHODS 

Site and Experimental Design 

Research was conducted in 2019 to evaluate the use of cover crop litter for weed 

suppression in no-till sweetpotato production. Field experiments took place at the Center for 

Environmental Farming Systems (CEFS) in Goldsboro, North Carolina on a Wickham loamy 

sand (fine-loamy, mixed, semiactive, thermic Typic Hapludults) and at the Caswell Research 

Station in Kinston, North Carolina on a Pocalla loamy sand (loamy, siliceous, subactive, thermic 

Arenic Plinthic Paleudults). Sweetpotatoes were produced using organic practices, weed 

management in the conventional beds was completed with cultivating row passes, and 

documented hours of hand-weeding of broadleaf forbs, predominately Amaranthus palmeri, in 

the cover cropped plots. 
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Three cover crop treatments were evaluated in four replicates: rye (Secale cereale L.); a 

rye-hairy vetch (Vicia villosa Roth) mixture, and a no cover control in a split-plot design. Within 

each of the three cover crop treatments nine subplots were created. Six of the subplots were 

dedicated to a N rate study and assigned one of six N rates 0, 20, 40, 60, 80, 120 kg N ha-1 

representing 0, 25, 50, 75, 100, 150% of the recommended rate for sweetpotatoes in the area. 

Two of the remaining three were maintained as a weed comparison, with one maintained as 

weed-free by hand pulling and hoeing, with the other as an un-weeded comparison. In the final 

bed, a wireworm resistant variety of sweetpotato developed at North Carolina State University 

(NCSU), NC04-0531, was planted as part of an entomological study taking place 

simultaneously. These three remaining beds were given the 100% (80 kg N ha-1) N rate (Table 

3.1). 
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Table 3.1 Treatments evaluated in 2019 to quantify the effects of cover crops on soil N, weed 
suppression, and wireworms in sweetpotato. 

Cover Crop  Cultivar Weed Management N Rate (kg ha-1) N Rate (%)b 

Rye Covington 
Forbsa 

0 0 
20 25 
40 50 
60 75 
80 100 
120 150 

Weed-freeb 
80 100 No-weeding 

NC04-0531 Forbs 

Rye-Vetch Covington 
Forbs 

0 0 
20 25 
40 50 
60 75 
80 100 
120 150 

Weed-free 
80 100 No-weeding 

NC04-0531 Forbs 

Conventionalc Covington 
Cultivation/Forbs 

0 0 
20 25 
40 50 
60 75 
80 100 
120 150 

Weed-freec 

80 100 No-weedingc 
NC04-0531 Cultivation/Forbs 

aForbs include any broadleaf, herbaceous plant growing in the plots (namely palmer amaranth 

[Amaranthus palmeri], bindweed [Convolvulus arvensis], and sicklepod [Senna obtusifolia]).  
bWeed-free includes all grasses and forbs, removed by hand weeding or hoes to minimize 

interference with sweetpotatoes. 
cConventional plots were all cultivated, supplemental weeding did not occur in no-weeding 

beds. 
 

Field Management, Nutrient Sources, and Application Methods 

Cover crop treatments were 10 m wide (eight rows), and individual sub-plots were 5 m 

wide (four rows) and 9.1 m long. Weed-free and un-weeded sub-plots were 5 m wide and 4.6 m 

long. Individual plots contained four rows, with the outer two rows being used for data collection 

and the inner two for harvest. Two guard rows separated each cover crop treatment. 
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Cover crops were planted in mid-October of 2019 by broadcast seeding. Organic rye seed 

was broadcast at 134 kg ha-1, rye/hairy vetch mixture was seeded at 62/28 kg ha-1. Cover crop 

biomass was collected on May 28th in Kinston and May 29th at CEFS. Roller crimping occurred 

on June 3rd at both locations (Figures B3.2, B3.3, and B3.5). All beds, except for the wireworm 

resistance plot, were planted with organically produced Covington sweetpotato slips and spaced 

30 cm apart. Slips were planted on June 6th at the CEFS location, and June 5th at the Kinston 

location and sourced from Jones Family Farms in Bailey, NC (Tables B3.2 and B3.3) 

Field sites were organically managed. During the growing season, conventional beds 

were cultivated and re-formed to control for weeds until an adequate canopy was established. 

Weed-free sub-plots were weeded once a week, cover cropped treatments were managed for 

broadleaf forbs, mainly Amaranthus palmeri, by weekly walk-through weeding. Fertilizer was 

applied once, on June 25th at both locations by hand application onto the transplant furrow. 

Fertilizer was applied as NaNO3 at 0, 20, 40, 60, 80, 120 kg N ha-1 with potassium at 134 kg K2O 

ha-1 on all plots.  

During the field season, several complications arose that limited data collection and 

quality of data. At the Kinston location, machinery calibration and cover crop biomass prevented 

the no-till transplanter from working effectively. Rye-vetch beds were particularly difficult and 

were unable to be planted (Figure B3.6). The rye beds were considered to be a low-quality 

planting, and where possible slips were replanted by hand to a depth necessary to facilitate their 

growth and survival (Figure B3.7). The conventional beds were planted with minimal concern 

(Figure B3.9). The following day issues were solved, and planting proceeded in all beds at CEFS 

(Figure B3.8). Due to a quarantine protocol for tropical spiderwort at CEFS, once transplanting 

was completed, we were unable to immediately return to Kinston. Due to the short-lived quality 
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of the slips in 35° C heat and the lack of time to improve the transplanter, the rye-vetch and rye 

beds at Kinston were not planted. The Kinston location also had overwhelming weed 

interference in both the conventional and rye cover crop treatments. The conventional beds were 

hand weeded due to missed cultivation windows, and the rye cover crop treatment was 

eventually dropped due to an overwhelming level of weed cover and transplant failures. Electric 

fences were installed at both locations to control for deer. Significant feeding damage took place 

at the Kinston location due to numerous fence failures as a result of missed mowing windows 

and biomass shorting the fences. Yield data from Kinston is considerably lower for this reason. 

Due to unusually dry conditions in the 2019 field season, CEFS was slow in development (Table 

3.2). Despite moisture concerns, in general, beds at CEFS met a level of consistency and control 

for confounding variables that validates their consideration as accurate to the field and 

environment during the study. 

Table 3.2 Cumulative rainfall by month compared to the 30-year average at both locations in 

2019. 

 

Sample Material Collection  

Cover crop aboveground biomass was collected on May 28th and 29th before roller 

crimping on June 3rd, by taking two 0.5 m x 0.5 m squares from each whole-plot treatment 

(Table B3.4). The aboveground samples were dried at 65° C until a constant weight was 

achieved then weighed and recorded again. Cover crop tissue in the rye-vetch mixture was 

separated and weighed independently. A representative, homogenized sample of the vetch cover 

 Monthly Cumulative Rainfall (cm) 

Location April May June July August September 

CEFS 7.4 2.9 7.2 6.1 3.7 4.1 

Kinston 8.1 4.3 13.3 12.0 11.7 5.6 

CEFS 30yr Averagea 8.5 9.6 9.8 14.1 14.9 15.2 

Kinston 30yr Averagea 8.0 9.4 12.9 14.2 13.7 14.5 
a30-year averages calculated from 1981-2010 data taken from NCEI COOP stations located 

closest to respective ECONet stations 
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crop biomass along with rye and vetch samples from the rye-vetch mixture were ground and 

tested for total N and carbon (C) using a Perkin-Elmer 2400 CHN elemental analyzer (Perkin 

Elmer Corp, Waltham, MA, USA) by the Environmental and Agricultural Testing Services 

laboratory (EATS) at North Carolina State University (NCSU). 

Within each plot, total N and C was assessed at 30 days after fertilization (30d), 60 days 

after fertilization (60d), and on final sweetpotato tissue. Green tissue samples were taken at 30d 

and 60d from transplant on the outer two rows, where two plants were randomly selected from 

each plot. Harvest sweetpotato tissue cores were taken from five sweetpotatoes for each plot, if 

available the five were in the U.S. No. 1 category. All core samples were dried at 65° C for 72 

hours before grinding. Samples were ground to <80-mesh. All tissue content was analyzed using 

a Perkin-Elmer 2400 CHN elemental analyzer (Perkin Elmer Corp, Waltham, MA, USA) by the 

EATS laboratory at NCSU. 

Soil samples were collected pre-planting, at fertilization, at 30d post-fertilization, and at 

60d post-fertilization. Five 0-15 cm soil cores were taken in a line across the bedded hill, two 

from the bottom, two from the mid-section and one at the crest, four times (two from each outer 

row), for a total of 20 samples. Soil cores were then homogenized, bagged, and transported to a 

freezer to await testing. Samples were analyzed for concentrations of soil NO3-N and NH4-N by 

a 1 M KCl extraction submitted to the EATS laboratory at NCSU for flow injection analysis 

methodology for colorimetric determination with a QuikChem IV (Lachat Instruments, 

Loveland, CO). 
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Statistical Analysis  

The variability between treatments, fields, and years was determined using a mixed 

model and all data for crop and soil measurements were analyzed using PROC GLIMMIX or 

PROC GLM procedure in SAS version 9.4 (SAS Institute, Cary, NC). Degrees of freedom and 

specific comparisons to assess cover crop treatments, N applications, weeded vs. un-weeded, and 

cultivar comparison influences on tissue N, soil N, yield, and grade distribution were adjusted for 

valid statistical analyses. All mean comparisons used Tukey’s HSD adjustments with 

significance at p ≤ 0.05. Where applicable, data distributions that did not satisfy the assumptions 

underlying an analysis of variance procedure were fit to the correct distributions and analyzed 

with PROC GLIMMIX using a technique detailed by Stroup (2015). 

 

RESULTS AND DISCUSSION 

Cover Crop 

 Cover crop biomass: At both locations, cover crop biomass showed a statistically 

significant response from cover crop treatments. Biomass measures of 6000-8500 kg ha-1 have 

been cited as necessary for reduced weed activity (Reberg-Horton et al., 2012). Treadwell et al. 

(2007), found no yield reductions when 8750-13820 kg ha-1 of a rye/hairy vetch mixture (seeded 

at 67/45 kg ha-1) was flail mown and left on the surface. Based on previous studies, cover crop 

biomass at CEFS and Kinston were well under the levels reported necessary for reduced weed 

activity. In both environments the rye-vetch mixture produced the greatest biomass at only 3000 

kg ha-1 (Table 3.3). The potential weed suppressive capabilities of the cover crop treatments was 

a point of concern immediately due to low biomass totals. The rye-vetch mixtures were 

dominated by hairy vetch, with rye generally between 5-15% of the biomass (at its greatest 21%) 
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collected from the rye-vetch treatments (Data not shown). Rye treatments (1444-2159 kg ha-1) 

lacked the desired density to prevent establishment of, and competition with, weeds that 

persisted beyond rye senescence and roller crimping. 

Table 3.3 Cover crop biomass at CEFS and Kinston field locations in 2019 prior to sweetpotato 

planting.  

 
Weed Establishment 

 Weeds: Within the first month after transplant, weeds became a concern. In the initial 

window, a considerable weed stand established due to sufficient rainfall at Kinston (Table 3.2). 

CEFS was unusually dry and weeds there were slow to emerge and establish in the cover crop 

beds. This was likely a factor of moisture, as opposed to obstruction or shade on the soil surface, 

based on visual assessments. At the Kinston location, the rye cover crop and conventional no 

cover control beds were not statistically different in weed biomass or weed percent ground cover. 

Cultivation for weeds did not occur in the conventional beds in a timely manner, despite requests 

from the research group to the research station. Given adequate moisture, sun exposure, and a 

considerable seed bank, Palmer amaranth dominated the beds at Kinston with 1156 kg ha-1 of 

growth in the conventional and 1481 kg ha-1 under the rye cover. This likely had season long 

ramifications, based on other studies measuring the critical weed free period for sufficient 

sweetpotato yields (LaBonte et al., 1999). At the CEFS location, the rye and rye-vetch did not 

differentiate statistically, though both showed considerable weed stand establishment (Figures 

Treatment Cover Crop Biomass (kg ha-1) 

 CEFS Kinston 

Conventional 530 (15)† c‡ 837 (12) c 

Rye 1444 (70) b 2159 (35) b 

Rye-vetch 2897 (91) a 3050 (11) a 

F Value 306.2 222.95 

Pr > F <0.0001 <0.0001 
aRye seeded at 134 kg ha-1, rye-vetch mixture seeded at 62/28 kg ha-1. 
†Numbers in parentheses are standard error (n=4). 
‡Letters within columns that are the same are not significantly different at p=0.05 
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B3.11 and B3.12). Data was collected on the 2nd and 3rd of July, and hand weeding of forbs was 

initiated at this point. Based on field assessments, weed cover reached 100% ground cover, with 

a hay field like density by the end of July. This data confirmed concerns of inadequate biomass 

for weed suppression (Table 3.4). 

Table 3.4 Cover crop treatment effect on weed biomass and weed percent ground cover at CEFS 

and Kinston in 2019. 

 
Soil Nitrogen 

At planting: Both locations showed a statistically significant response to the cover crop 

treatments in soil N measures taken at planting. There were no discernable differences between 

the rye and no cover conventional control. At both locations the rye-vetch mixture resulted in 

greater soil total available N (TAN) at planting. At CEFS 18.2 mg kg-1 in the rye-vetch beds 

more than doubled other treatments. A muted but similar patter occurred at Kinston. This likely 

reflected the mineralization of a vetch dominated cover crop litter at the surface (Table 3.5). 

At fertilization: Three weeks after slip transplant, soil TAN showed no significant 

differences between cover crops treatments at the Kinston or the CEFS location. In late June both 

locations had seen an extended dry period and limited transplant growth. In Kinston, the rye-

Treatment  Weed Biomass (kg ha-1) 

 CEFS Kinston 

Conventional 0 (0)† b‡ 1156 (91) 

Rye 269 (34) a 1481 (103) 

Rye-vetch 185 (32) ab n/a 

F value 6.39 2.31 

Pr > F 0.0327 n.s. 

 Weed Percent Ground Cover (%) 

 CEFS Kinston 

Conventional 0 b 30.3 (2.5) 

Rye 27.8 (4.3) a 41.3 (3.1) 

Rye-vetch 17.6 (2.2) ab n/a 

F value 7.79 6.01 

Pr > F 0.0215 n.s. 
†Numbers in parentheses are standard error (n=4). 
‡Letters within columns that are the same are not significantly different at p=0.05 
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vetch treatments were dropped from the study prior to fertilization. Only CEFS presented a 

complete picture of the research goals. At CEFS, both the rye and rye-vetch litters were 

desiccated and incompletely covering the soil surface. Limited moisture was preventing their 

decomposition, and therefore minimizing any potential observation of mineralization or 

immobilization as a result of the weed suppressing litter layer. TAN values at both locations at 

fertilization reflect the elevated soil N environment typical of dry conditions (Table 3.5). 

Table 3.5 Cover crop treatment effect on total available N at planting and fertilization in 2019. 

Treatment Total Available Nitrogen (TAN) 2019 (mg kg-1)a 

 CEFS Kinston 

 Planting Fertilization Planting Fertilization 

Conventional 7.64 (0.20)† b‡ 25.1 (2.31) 15.8 (0.78) b 39.6 (3.19) 

Rye 8.04 (0.27) b 36.8 (4.99) 15.3 (0.88) b 50.9 (5.67) 

Rye-Vetch 18.2 (0.36) a 37.1 (4.16) 22.2 (0.74) a n/a 

F value 46.32 1.82 31.01 5.12 

Pr > F <0.0001 n.s. 0.0007 n.s. 
aSum of KCl extractable NO3- and NH4+ from twenty 15cm cores taken from each sample plot. 
†Numbers in parentheses are standard error (n=4). 
‡Letters within columns that are the same are not significantly different at p=0.05 

 

At 30d: Post-fertilization a pattern of significant differentiation is evident in 30d soil test 

measurements, where the conventional no cover treatments show significantly greater TAN than 

the rye or rye-vetch beds (Table 3.6). This pattern holds true in both locations despite equal N 

application. Both N and cover crop are significant factors on 30d TAN, and there is a significant 

interaction. While observed increases in TAN with N rate are clear, the greatest differences come 

from between cover crop treatments. The conventional no cover TAN levels seem to indicate 

that the minimal weed cover in the conventional systems allowed for more and greater 

persistence of N in the soil, particularly in dry conditions in July. High weed biomass, as was 

observed under the rye and rye-vetch treatments, is the likely cause limiting and depleting 

mineralized N in the soil. Based on the minimal cover crop biomass, it seems likely that the 
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majority of this effect is not the result of immobilization by the surface litter. The significant 

interaction at CEFS likely reflects the considerably different response to N when compared to the 

conventional plots. 

If we assume a bulk density of 1.2 g cm3, the upper 15 cm of soil at CEFS under the 

conventional treatment receiving the 100% N rate has about 78 kg ha-1 of total available N. That 

same 100% N rate at CEFS under the rye cover crop is evidenced as only 25 kg N ha-1, and 

under rye-vetch as 36 kg N ha-1. Given the significant emergence of weeds at this point, it seems 

likely that competitive weed uptake is the driving force behind this differential at CEFS, with a 

substantial uptake of close to 40 kg N ha-1 greater than under the conventional production. Dry 

conditions may also contribute to this response, given the minimal sweetpotato growth and 

extensive dry, bare soil, elevated N is not unreasonable, particular when compared to a shaded 

and semi-covered surface on undisturbed, uncultivated soil. 
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Table 3.6 CEFS and Kinston main effects [individual treatments and cover crop by N factorial] 

on in-season total available N soil measurements 30d after fertilization in 2019 

Treatment (18) Main Effects 2019 

Cover Cropa N (%)a TAN (mg kg-1) 

  CEFS Kinston 

  30d 

Conventional 

0 

18.8 (4.05)† cd‡ 34.6 (4.56) ab 

Rye 6.57 (1.84) d 13.5 (3.92) c 

Rye-Vetch 7.02 (1.22) d N/A 

Conventional 

25 

24.0 (3.36) bcd 33.8 (3.47) ab 

Rye 6.00 (1.28) d 14.7 (2.05) c 

Rye-Vetch 9.17 (0.29) d N/A 

Conventional 

50 

34.9 (2.78) bc 34.6 (4.65) ab 

Rye 6.55 (1.39) d 15.5 (2.51) c 

Rye-Vetch 11.00 (1.95) d N/A 

Conventional 

75 

33.8 (4.74) bc 38.4 (6.21) a 

Rye 7.10 (1.16) d 15.4 (3.22) c 

Rye-Vetch 15.4 (2.20) cd N/A 

Conventional 

100 

43.6 (1.96) b 47.5 (10.9) a 

Rye 14.1 (4.58) cd 18.2 (4.67) bc 

Rye-Vetch 20.0 (3.54) cd N/A 

Conventional 

150 

70.4 (10.8) a 45.7 (4.42) a 

Rye 14.7 (1.16) cd 20.5 (3.38) bc 

Rye-Vetch 23.7 (10.3) bcd N/A 

F Value 15.47 13.57 

Pr > F <0.0001 <0.0001 

Factorial (3x6) Pr > F 

Cover Crop <0.0001 0.0059 

N <0.0001 0.0117 

Cover Crop*N 0.0014 n.s. 
†Numbers in parentheses are standard error (n=4). 
‡Letters within columns that are the same are not significantly different at p=0.05 

 

At 60d: Post-fertilization the same pattern observed at 30d was seen at CEFS. 

Conventional no cover treatments were notably more responsive to increased N application in 

the TAN measurements, and significantly greater than the rye and rye-vetch treatments at the 

100% and 150% N application rate (Table 3.7). At Kinston, where only the conventional no 

cover treatment was maintained to this sampling period, there was no differences detectable 

statistically from N treatments. Again, it seems likely that the significant weed biomass, resulting 
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from the poor cover crop biomass, may be the explanation behind this clear difference between 

cover cropped and conventional beds. 

Weed cover has been tied to reduced crop yields in several sweetpotato studies. Research 

has indicated that the sweetpotato canopy as a photosynthate “source” is less important than the 

root zone “sink” due to competition for nutrients with weeds in determining sweetpotato yield 

(Kuo and Chen, 1992; Porter, 1990; LaBonte et al., 1999). Early measurements of TAN during 

the growing season do not contradict this pattern and seem to evidence the same mechanism 

limiting N uptake in the sweetpotatoes as a result of considerable weed competition.  
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Table 3.7 CEFS and Kinston main effects [individual treatments and cover crop by N factorial] 

on in-season total available N soil measurements 60d after fertilization in 2019. 

Treatment (18) Main Effects 2019 

Cover Cropa N (%) TAN (mg kg-1) 

  CEFS Kinston 

  60d 

Conventional 

0 

7.51 (1.84 † bc‡ 42.9 (4.75) 

Rye 2.67 (0.79) c N/A 

Rye-Vetch 3.56 (0.80) c N/A 

Conventional 

25 

6.75 (2.35)c 36.9 (4.60) 

Rye 2.69 (0.69) c N/A 

Rye-Vetch 3.56 (0.69) c N/A 

Conventional 

50 

13.1 (2.37) bc 40.44(6.21) 

Rye 2.07 (0.24) c N/A 

Rye-Vetch 3.83 (0.89) c N/A 

Conventional 

75 

16.2 (5.20) bc 44.2 (7.28) 

Rye 2.84 (0.78) c N/A 

Rye-Vetch 3.91 (0.55) c N/A 

Conventional 

100 

26.0 (9.47) ab 55.5 (6.51) 

Rye 2.98 (0.61) c N/A 

Rye-Vetch 5.77 (1.12) (c N/A 

Conventional 

150 

40.4 (0.97) a 56.0 (7.27) 

Rye 3.02 (1.19) c N/A 

Rye-Vetch 7.76 (2.90) bc N/A 

F Value 7.76 2.22 

Pr > F <0.0001 n.s. 

Factorial (3x6) Pr > F 

Cover Crop 0.0009 n/a 

N 0.0003 n.s. 

Cover Crop*N 0.0009 n/a 
†Numbers in parentheses are standard error (n=4). 
‡Letters within columns that are the same are not significantly different at p=0.05 

 
Chemical Characteristics 

Tissue at 30d: Tissue N follows the same pattern as 30d total available N levels at CEFS, 

where conventional beds had higher TAN, conventional plots also accumulated additional tissue 

N. This is likely due to increased uptake potential from elevated levels and the minimal weed 

competition (Table 3.8). This finding is supported in other studies, that indicate weed 

competition and available soil N have a direct effect on tissue N content (Kuo and Chen, 1992; 
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Saki et al., 2019; Taranet et al., 2017). Data at Kinston did not show any significant differences 

(Table 3.8). 

Table 3.8 CEFS and Kinston main effects [individual treatments and cover crop by N factorial] 

on in-season tissue percent N measurements 30d after transplant in 2019 

Treatment (18) CEFS Main Effects 2019 
Cover Crop N (%) Tissue Percent N (%) 

  CEFS Kinston 

  30d 

Conventional 

0 

4.81 (0.12)† a‡ 3.92 (0.30) 

Rye 3.51 (0.20) cd 3.87 (0.29) 

Rye-Vetch 3.74 (0.28) bcd N/A 

Conventional 

25 

4.38 (0.21) abc 3.80 (0.37) 

Rye 3.45 (0.20) cd 4.24 (0.25) 

Rye-Vetch 3.89 (0.30) abcd N/A 

Conventional 

50 

4.26 (0.19) abcd 3.82 (0.33) 

Rye 3.57 (0.11) bcd 4.19 (0.15) 

Rye-Vetch 3.69 (0.21) bcd N/A 

Conventional 

75 

4.86 (0.12) a 3.96 (0.09) 

Rye 3.71 (0.22) bcd 4.12 (0.30) 

Rye-Vetch 4.22 (0.25) abcd N/A 

Conventional 

100 

4.32 (0.18) abc 4.15 (0.25) 

Rye 3.26 (0.13) d 3.81 (0.32) 

Rye-Vetch 4.09 (0.15) abcd N/A 

Conventional 

150 

4.57 (0.21) ab 4.30 (0.27) 

Rye 3.62 (0.21) bcd 4.01 (0.12) 

Rye-Vetch 4.02 (0.23) abcd N/A 

F Value 5.99 0.49 

Pr > F <0.0001 n.s. 

Factorial (3x6) Pr > F 

Cover Crop <0.0001 n.s. 

N n.s. n.s. 

Cover Crop*N n.s. n.s. 
†Numbers in parentheses are standard error (n=4). 
‡Letters within columns that are the same are not significantly different at p=0.05 

 
Tissue at 60d: Tissue N at 60d did not have a cover crop response at either location. At 

CEFS, there was a N response. Nearly all tissue samples at 60d were below a critical 4% level 

reported by O’Sullivan et al. (1997), possibly due to unusual drought conditions at CEFS (Table 

3.9). Despite the previously observed pattern in soil N and 30d tissue resulting from cover crops, 

60d tissue samples did not continue this trend. Perhaps the mostly likely explanation is the cover 
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crop treatment sweetpotatoes, in adapting and competing with weed cover, abandoned storage 

root formation and prioritized vertical tissue growth and nutrient allocation. Final harvest tissue 

data is not available at this time.  

Table 3.9 CEFS and Kinston main effects [individual treatments and cover crop by N factorial] 

on in-season tissue percent N measurements 60d after transplant in 2019. 

Treatment (18) CEFS Main Effects 2019 
Cover Crop N (%) Tissue Percent N (%) 

  CEFS Kinston 

  60d 

Conventional 

0 

3.02 (0.50)† 3.60 (0.23) 

Rye 2.70 (0.46) N/A 

Rye-Vetch 2.90 (0.54) N/A 

Conventional 

25 

3.19 (0.65) 4.07 (0.10) 

Rye 2.88 (0.55) N/A 

Rye-Vetch 3.21 (0.33) N/A 

Conventional 

50 

3.28 (0.44) 4.14 (0.17) 

Rye 3.06 (0.43) N/A 

Rye-Vetch 3.13 (0.45) N/A 

Conventional 

75 

3.14 (0.55) 3.74 (0.31) 

Rye 3.25 (0.37) N/A 

Rye-Vetch 3.10 (0.42) N/A 

Conventional 

100 

3.45 (0.34) 4.15 (0.16) 

Rye 3.07 (0.47) N/A 

Rye-Vetch 3.69 (0.43) N/A 

Conventional 

150 

3.87 (0.03) 4.04 (0.21) 

Rye 3.29 (0.20) N/A 

Rye-Vetch 3.44 (0.62) N/A 

F Value 0.75 1.48 

Pr > F n.s. n.s. 

Factorial (3x6) Pr > F 

Cover Crop n.s. n/a 

N 0.0409 n.s. 

Cover Crop*N n.s. n/a 
†Numbers in parentheses are standard error (n=4). 

 
Yield and Grade 

Marketable yield: Calculated as the sum of USDA Jumbo, No. 1, and canner grades, 

there was no significant differentiation in marketable yield based on N treatments. Cover crops 

did result in significant differentiation, with considerably greater yields in the CEFS 
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conventional no cover treatment as compared to the rye and rye-vetch treatments (Figure 3.1). 

Conventional productivity for marketable yields was low and not significantly different based on 

N rate at Kinston, ranging from 7232 to 9610 kg ha-1 (Table B3.7). At CEFS, conventional no 

cover beds outperformed all other cover crop treatments (Table 3.10). CEFS did not show a N 

response, this is likely due to internal variability and unusually dry conditions impacting the soil 

nutrient environment. At the CEFS location, rye and rye-vetch were not significantly different. 

Neither a quadratic plateau nor linear response fit the data (Figure 3.1).  

Previous research in the Southeast on a different cultivar showed that N rates as little as 

28 kg ha-1 optimized yield and N use efficiency (Phillips et al., 2005). Other research has shown 

increasing yields at levels well beyond the applied N rates in this study (Taranet et al., 2017). 

North Carolina State University production guides recommend 80 lb acre-1 for ‘Covington’, but 

emphasis the lack of research into organic production and fertilization. With the high variability 

in the literature and concerns with drought and deer in this study, it is difficult to draw 

conclusions about N rates in the no cover conventional treatment especially at the Kinston 

location. It is, however, evident that low biomass, roller crimped cover crops for weed control is 

not a potential strategy for optimizing yield. 

Table 3.10 CEFS marketable yield response [significant for cover crop under the factorial] in 

2019. 

Treatment CEFS Main Effects 2019 

Cover Crop Marketable Yield (kg ha-1) 

Conventional 15497 (802)† a‡ 

Rye 1626 (307) b 

Rye-Vetch 557 (100) b 

F Value 129.36 

Pr > F <0.0001 
†Numbers in parentheses are standard error (n=4). 
‡Letters within columns that are the same are not significantly different at p=0.05 
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Figure 3.1 Yield by N rate with standard errors shown for all harvested treatments at CEFS and Kinston. 
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Grade: There was no response from N treatments on sweetpotato grade distribution at 

CEFS, despite reported evidence indicating grade responses with N rate in other studies (Taranet 

et al., 2017). Despite considerable differences between cover crop treatments, the conventional 

no cover production showed little differentiation in grade distribution due to N rates. At Kinson, 

the 150% N rate did lead to a significantly higher production of Jumbo grade sweetpotatoes. 

There was not a significant effect from N rate on any other grade (Table 3.11).  

Table 3.11 CEFS and Kinston grade response for N under the conventional no cover treatment in 
2019. 

Treatment CEFS Grade Main Effects 2019 
Jumbo Ones Canners Cull 

N n.s. n.s. n.s. n.s. 
F Value 0.70 0.09 0.23 0.49 
Pr > F .6303 .9942 .9485 .7976 

Treatment Kinston Grade Main Effects 2019 
Jumbo Ones Canners Cull 

N * n.s. n.s. n.s. 
F Value 4.18 1.90 0.49 .60 
Pr > F 0.0140 .1543 .7787 .7008 

 
CONCLUSION 

 As a preliminary study into the inclusion of cover cropping as a surface residue for weed-

suppression in the production of sweetpotatoes, this study supports further research and efforts 

focusing on optimizing yield. Based on data collected in 2019, there are significant obstacles in 

management of sweetpotatoes associated with cover crop litter for weed management. Further 

questions and attention should be given to maximizing cover crop biomass and minimizing 

disturbance to the surface layer at transplant, as well as addressing questions regarding soil bulk 

density. This research seemed to support the potential implementation of a temporary weed 

control period under cover crop litter, early in the growing season, that would require 

supplemental hand weeding or mechanical cultivation later in the season, especially where weed 
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pressure is particularly concerning. Management challenges due to deer, drought, and planting 

obscured N rate data. In general, more research and adaptation of strategies will be necessary 

before North Carolina sees agronomically viable adoption of roller crimped cover crops for weed 

suppression in organic sweetpotatoes. 
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APPENDIX A 

Table A2.1 Study code, date of cover crop planting and termination, date of tobacco transplant and fertilization at each environment. 

 

Table A2.2 Study code, dates of field management and data collection. 

  

Code Cover Crop Planting Date Cover Crop Termination Date Transplant Date Fertilization Date 
COVK-18    Mid-October, 2017 May 10 May 14 May 25 

COVRM-18    Mid-October, 2017 May 10 May 15 June 5a 
COVK-19 October 22, 2018 April 29 May 1 May 10 

COVRM-19 October 31, 2018 May 9 May 14 May 23 
aWet soil conditions delayed fertilization 

Code Field Management 
 Transplant Fertilization Layby Topping Final Harvest 

COVK-18    May 14 May 25 June 18 July 10 September 12 
COVRM-18    May 15 June 5a July 6 August 1 September 20 
COVK-19 May 1 May 10 June 17 July 9 September 16 

COVRM-19 May 14 May 23 July 9 August 14 September 30 
      
 Data Collection 
 Cover Crop Biomass Fertilization Layby Topping Final Harvest 

COVK-18    May 10 May 25 June 18 July 10 September 14 
COVRM-18    May 7 June 5, July 6 August 1 N/Ab 
COVK-19 April 24 May 10 June 17 July 9 September 16 

COVRM-19 May 8 May 23 July 9 August 12 October 1 
aWet soil conditions delayed fertilization;  bCOVRM-18 post-harvest soil samples were not collected because of Hurricane Florence 



  

 

119 

Table A2.3 Study code, average temperature by month compared to the monthly average and average soil moisture by month. 

  

 Average Daily Temperature (F) 
Code April May June July August September 

COVK-18    59.5 73.4 78.1 77.7 79.2 77.5 
COVRM-18    58.1 72.8 77.9 77.8 78.0 77.1 
COVK-19 64.0 75.2 76.5 80.9 77.5 75.4 

COVRM-19 63.1 74.5 75.7 80.7 77.2 74.7 
Kinston 30yr Averagea 63.0 70.6 78.0 81.0 79.5 74.0 

Rocky Mount 30yr Averagea 58.6 67.3 75.9 79.2 77.4 71.0 
 Average Soil Moistureb  (cm3/cm3) 

Code April May June July August September 
COVK-18    0.286 0.264 0.262 0.249 0.275 0.213 

COVRM-18    0.317 0.318 0.308 0.309 0.318 0.281 
COVK-19 0.270 0.099 0.212 0.203 0.232 0.215 

COVRM-19 0.305 0.272 0.313 0.290 0.287 0.264 
a30-year averages calculated from 1981-2010 data taken from NCEI COOP stations located closest to respective ECONet stations 

bMonthly soil moisture averages calculated based on daily averages 
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Table A2.4 Kinston main effects [cover crop by N factorial] on in-season measurements of soil total available N (TAN) with 
significant factorial treatments separated in 2019.  

Treatment Kinston Main Effects 2019 
Cover Crop TAN (mg kg-1) a 

 Layby Topping 
Austrian Winter Pea 19.7 (4.33) b 9.53 (2.65) b 

Crimson Clover 12.6 (2.16) b 3.67 (0.71) b 
Hairy Vetch 32.9 (4.21) a 29.5 (6.28) a 
No Cover 14.6 (2.82) b 6.43 (1.44) b 
F Value 7.42 13.05 
Pr > F 0.0006 <0.0001 

   

N (%)b  
100 25.2 (3.50) a 16.5 (4.62) a 
50 21.1 (3.76) a 14.8 (4.46) a 
0 13.5 (2.88) b 5.54 (1.36) b 

F Value 7.59 5.55 
Pr > F 0.0019 0.0084 

Factorial (4x3)   
Cover Crop 0.0006 <0.0001 

N 0.0019 0.0084 
Cover Crop*N n.s. n.s. 

aSum of KCl extractable NO3- and NH4+ from fifteen 15cm cores taken from each sample plot. 
b 0% : 0 kg ha-1; 50% : 39.2 kg ha-1; 100% : 78.4 kg ha-1 
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Table A2.5 Rocky Mount main effects [cover crop by N factorial] on in-season measurements of soil total available N (TAN) with 
significant factorial treatments separated in 2019.  

Treatment Rocky Mount Main Effects 2019 
Cover Crop TAN (mg kg-1) a 

 Layby Topping 
Austrian Winter Pea 28.7 (5.01) 12.1 (3.03) 

Crimson Clover 32.2 (3.96) 8.30 (1.95) 
Hairy Vetch 41.9 (4.63) 18.2 (4.27) 
No Cover 29.3 (5.69) 11.2 (3.50) 
F Value 2.64 1.61 
Pr > F n.s. n.s. 

   

N (%)a  
100 44.1 (3.08) a 17.0 (3.05) a 
50 35.7 (3.53) a 10.8 (2.64) ab 
0 19.3 (3.80) b 9.47 (2.85) b 

F Value 15.05 3.89 
Pr > F <0.0001 0.0305 

Factorial (4x3)   
Cover Crop n.s. n.s. 

N <0.0001 0.0305 
Cover Crop*N n.s. n.s. 
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Table A2.6 Kinston main effects [legume over crop by N factorial] on in-season measurements of SPAD and tissue nitrate with 
significant factorial treatments separated in 2018.  

Treatment Kinston Main Effects 2018 
N (%)a SPAD Tissue Nitrate 

 Layby Topping Layby Topping 
  _______________ ppt ______________ 

100 37.7 (0.77) ab 44.5 (1.09) a 9.16 (1.19) a 1.51 (0.32) a 
50 38.8 (0.94) a 41.7 (1.40) a 7.09 (1.39) ab 0.91 (0.43) ab 
0 35.7 (1.52) b 36.7 (1.29) b 3.33 (1.34) b 0.14 (0.12) b 

F Value 4.01 10.57 10.50 10.82 
Pr > F 0.0315 0.0006 0.0005 0.0005 

Factorial (3x3) Pr > F 
Cover Crop n.s. n.s. n.s. n.s. 

N 0.0315 0.0006 0.0005 0.0005 
Cover Crop*N n.s. n.s. n.s. n.s. 
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Table A2.7 Rocky Mount main effects [cover crop by N factorial] on in-season topping measurements of SPAD and tissue nitrate 
with significant factorial treatments separated in 2018.  

Treatment Rocky Mount Main Effects 2018 

N (%)a SPAD Tissue Nitrate 
Topping Topping 

  _____________ ppt_____________ 
100 50.5 (0.92) a 2.92 (0.53) a 
50 45.9 (1.70) b 0.94 (0.21) b 
0 44.7 (0.72) b 0.43 (0.18) c 

F Value 6.57 22.24 
Pr > F 0.0047 <0.0001 

Factorial (3x3) Pr > F 
Cover Crop n.s. n.s. 

N 0.0047 <0.0001 
Cover Crop*N n.s. n.s. 
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Table A2.8 Rocky Mount main effects [cover crop by N factorial] on in-season measurements of SPAD and tissue nitrate with 
significant factorial treatments separated in 2019.  

Treatment Rocky Mount Main Effects 2019 
Cover Crop SPAD Tissue Nitrate 

 Topping Layby Topping 
  ___________________ ppt _______________ 

Austrian Winter Pea 31.1 (0.53) 17.5 (0.75) ab 2.79 (0.75) b 

Crimson Clover 31.8 (0.77) 17.6 (0.99) ab 3.10 (0.59) ab 

Hairy Vetch 31.8 (0.74) 18.6 (0.84) a 5.50 (1.03) a 

No Cover 32.8 (1.10) 14.4 (1.35) b 2.29 (0.75) b 

F Value 0.91 3.54 6.65 
Pr > F n.s. 0.0241 0.0011 

    

N (%)   

100 33.0 (0.83) a 18.4 (0.57) a 4.79 (0.68) a 

50 32.5 (0.54) a 17.7 (0.78) ab 3.26 (0.76) a 

0 30.2 (0.48) b 15.0 (1.16) b 2.21 (0.67) b 

F Value 5.94 4.89 9.91 

Pr > F 0.0059 0.0132 0.0004 

Factorial (4x3)    

Cover Crop n.s. 0.0241 0.0011 
N 0.0059 0.0132 0.0004 

Cover Crop*N n.s. n.s. n.s. 
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Table A2.9 Kinston main effects [cover crop by N factorial] on in-season measurements of tissue nitrate with significant factorial 
treatments separated in 2019.  

Treatment Kinston Main Effects 2019 
Cover Crop Tissue Nitrate 

 Layby Topping 
 ___________________ ppt _______________ 

Austrian Winter Pea 8.76 (1.31) b 6.07 (1.63) b 
Crimson Clover 5.98 (1.08) b 3.83 (1.41) b 

Hairy Vetch 14.6 (0.92) a 10.7 (1.32) a 
No Cover 5.19 (0.81) c 2.88 (0.74) b 
F Value 26.73 9.10 
Pr > F <0.0001 0.0002 

   

N (%)  
100 10.2 (1.20) a 7.67 (1.44) a 
50 9.82 (1.28) a 6.43 (1.49) ab 
0 5.88 (1.14) b 3.47 (0.84) b 

F Value 11.25 4.91 
Pr > F 0.0002 0.0136 

Factorial (4x3)   
Cover Crop <0.0001 0.0002 

N 0.0002 0.0136 
Cover Crop*N n.s. n.s. 
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Table A2.10 Kinston main effects [cover crop by N factorial] on post-harvest measurements of tissue nitrate and total alkaloids with 
significant factorial treatments separated in 2018. 

Treatment Kinston Main Effects 2018 
N (%) Tissue Nitrate Total Alkaloids 

 Post-harvest  
 ______________ ppt _____________ ________%______ 

100 0.35 (0.12) a 2.91 (0.11) a 

50 0.14 (0.01) b 2.87 (0.08) a 

0 0.12 (0.03) b 2.28 (0.13) b 

F Value 7.77 16.72 

Pr > F 0.0028 <0.0001 

Factorial (3x3) Pr > F 
Cover Crop n.s. n.s. 

N 0.0028 <0.0001 
Cover Crop*N n.s. n.s. 
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Table A2.11 Rocky Mount main effects [cover crop by N factorial] on post-harvest measurements of tissue nitrate, yield, value, total 
alkaloids, and reducing sugars with significant factorial treatments separated in 2019.  

Treatment Rocky Mount Main Effects 2019 

Cover Crop Tissue Nitrate Yield Value Total Alkaloids Reducing 
Sugars 

 ______ppt_____ kg ha-1 $ ha-1 ____________%____________ 
Austrian Winter Pea 0.14 (0.10) ab 1968 (126) 6756 (372) 2.49 (0.17) 16.4 (0.94) a 

Crimson Clover 0.12 (0.07) ab 2052 (127) 7547 (482) 2.58 (0.13) 16.0 (0.60) ab 

Hairy Vetch 0.50 (0.23) a 2224 (129) 7000 (581) 2.89 (0.15) 13.0 (0.97) b 

No Cover 0.10 (0.02) b 1855 (152) 6584 (527) 2.46 (0.19) 16.0 (0.84) ab 

F Value 2.89 2.42 1.08 2.14 3.47 
Pr > F 0.0487 n.s. n.s. n.s. 0.0259 

      

N (%)  

100 0.24 (0.12) 2277 (98) a 7586 (340) a 2.98 (0.11) a 13.7 (0.74) b 

50 0.20 (0.09) 2052 (99) a 7492 (473) a 2.51 (0.13) b 16.0 (0.76) ab 

0 0.18 (0.13) 1746 (119) b 5839 (318) b 2.33 (0.13) b 16.45(0.75) a 

F Value 0.11 9.50 7.91 8.16 3.77 

Pr > F n.s. 0.0006 0.0016 0.0012 0.0325 

Factorial (4x3)      

Cover Crop 0.0487 n.s. n.s. n.s. 0.0259 
N n.s. 0.0006 0.0016 0.0012 0.0325 

Cover Crop*N n.s. n.s. n.s. n.s. n.s. 
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Table A2.12 Rocky Mount main effects [cover crop by N factorial] on post-harvest measurements of tissue nitrate, total alkaloids, and 
reducing sugars with significant factorial treatments separated in 2018. 

Treatment Rocky Mount Main Effects 2018 
N (%) Tissue Nitrate Total Alkaloids Reducing Sugars 

 Post-harvest   
 _____________ ppt _____________ ________________%________________ 

100 0.45 (0.12) a 3.24 (0.11) a 11.2 (0.72) b 

50 0.14 (0.10) b 2.63 (0.18) b 14.4 (0.91) a 

0 0.13 (0.08) b 2.72 (0.11) b 14.7 (0.40) a 

F Value 11.09 6.48 9.00 

Pr > F 0.0004 0.0056 0.0012 

Factorial (3x3) Pr > F  

Cover Crop n.s. n.s. n.s. 
N 0.0004 0.0056 0.0012 

Cover Crop*N n.s. n.s. n.s. 
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Table A2.13 Reducing sugars, total alkaloids, and ratios by treatment and year at Kinston. 
Treatment Kinston Main Effects 2019 

 Total Alkaloids Reducing Sugars Ratio 
 ___________________________%__________________________  

2018 
AWP100 3.07 13.4 4.36 
CC100 2.67 14.7 5.50 
HV100 2.98 13.7 4.59 
NC100 2.33 15.4 6.59 
AW50 2.69 14.4 5.35 
CC50 3.09 12.4 4.01 
HV50 2.83 14.4 5.10 
AWP0 2.41 14.0 5.80 
CC0 2.22 15.9 7.16 
HV0 2.20 15.7 7.14 

2019 
AWP100 2.60 17.5 6.72 
CC100 2.27 18.4 8.12 
HV100 2.24 15.2 6.78 
NC100 1.96 18.8 9.58 
AW50 2.00 19.1 9.55 
CC50 1.73 20.6 11.9 
HV50 2.22 16.6 7.48 
NC50 1.95 18.8 9.66 
AWP0 1.87 19.6 10.5 
CC0 2.10 17.8 8.50 
HV0 2.09 18.7 8.94 
NC0 2.13 19.3 9.07 
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Table A2.14 Reducing sugars, total alkaloids, and ratios by treatment and year at Rocky Mount. 

 

Treatment Rocky Mount Main Effects 2019 
 Total Alkaloids Reducing Sugars Ratio 
 ___________________________%__________________________  

2018 
AWP100 3.12 12.2 3.92 
CC100 3.29 11.4 3.46 
HV100 3.32 10.1 3.05 
NC100 2.54  15.3 6.04 
AW50 2.94 13.4 4.57 
CC50 2.28 15.6 6.86 
HV50 2.68 14.1 5.26 
AWP0 2.87 14.6 5.08 
CC0 2.66 14.3 5.39 
HV0 2.61 15.2 5.81 

2019 
AWP100 3.14 13.3 4.23 
CC100 2.88 14.9 5.17 
HV100 3.06 12.9 4.23 
NC100 2.82 13.6 4.82 
AW50 2.20 18.3 8.30 
CC50 2.22 16.6 7.47 
HV50 3.04 12.4 4.07 
NC50 2.60 16.7 6.43 
AWP0 2.14 17.8 8.30 
CC0 2.62 16.7 6.35 
HV0 2.59 13.7 5.29 
NC0 1.96 17.8 9.06 
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Figure A2.1 Full stand of Austrian winter pea, typical in both years, at Rocky Mount prior to 
incorporation in 2019. 
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Figure A2.2 Full stand of crimson clover, atypical in 2019 field season, at Kinston prior to 
incorporation in 2019. 
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Figure A2.3 Full stand of hairy vetch, typical for 2019 field season, at Kinston prior to 
incorporation in 2019. 
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Figure A2.4 Transplant and sidedress furrow at fertilization, showing cover crop biomass at 
Kinston in 2019. 
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Figure A2.5 Sidedress furrow at fertilization, Austrian winter pea clumping shown. 
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Figure A2.6 Patchy stands of Austrian winter pea and crimson clover, all cover crops 
experienced flooding in two replications of study that resulted in patchy germination at Kinston 
in 2019. 
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Figure A2.7 Poor stand of crimson clover, with hairy vetch plots to the sides, at Rocky Mount 
prior to termination in 2019. 
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APPENDIX B 

Table B3.1 Study code, environment, soil series, transplant date, and recommended N at each environment. 

 
Table B3.2 Study code, cover crop management, transplant, and fertilization date at each environment in 2019. 

 
Table B3.3 Study code, actual cumulative rainfall by month compared to the monthly cumulative average. 

  

Code Environment Soil Series Transplant Date Recommended N Rate 

      ____________kg N ha-1__________ 
OSPC-19    CEFSa Wickham loamy sand June 6th, 2019 80 
OSPK-19    Caswellb Pocalla loamy sand  June 5th, 2019 80 

aCenter for Environmental Farming Systems—Goldsboro, N.C. 
bCaswell Research Farm—Kinston, N.C. 

Code Cover Crop Planting Date Roller Crimp Date Transplant Date Fertilization Date 

OSPC-19    Mid-October 2018 June 3rd, 2019 June 6th, 2019 June 25th, 2019 
OSPK-19    Mid-October 2018 June 3rd, 2019 June 5th, 2019 June 25th, 2019 

 

 Monthly Cumulative Rainfall (cm) 
Code April May June July August September 

OSPC-19 7.4 2.9 7.2 6.1 3.7 4.1 
OSPK-19 8.1 4.3 13.3 12.0 11.7 5.6 

CEFS 30yr Averagea 8.5 9.6 9.8 14.1 14.9 15.2 
Kinston 30yr Averagea 8.0 9.4 12.9 14.2 13.7 14.5 

a30-year averages calculated from 1981-2010 data taken from NCEI COOP stations located closest to respective ECONet stations 
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Table B3.4 Study code, environment, soil series, transplant date, and recommended N at each environment in 2019. 

 
Table B3.5 Study code, average temperature by month compared to the monthly average and average soil moisture by month. 

  

Code Soil Sample Data Collection 2019 
 Pre-plant Fertilization 30da 60db 

OSPC-19    June 6th June 25th July 24th August 19th 
OSPK-19    June 5th June 25th July 23rd August 12th 

 Tissue Sample Data Collection 
 Cover crop 30d Weed Biomass 60d Harvest 

OSPC-19    May 29th July 8th July 3rd August 5th October 3rd 
OSPK-19    May 29th July 8th July 2nd August 5th October 11th 

ab30d/60d represents 30/60 days after fertilization for soil samples, 30/60 days after transplant for tissue collection. 

 Average Daily Temperature (F) 
Code April May June July August September 

OSPC-19 63.4 74.6 76.7 80.6 77.7 75.7 
OSPK-19 64.0 75.2 76.5 80.9 77.5 75.4 

CEFS 30yr Averagea 61.7 69.7 77.5 80.6 78.9 73.0 
Kinston 30yr Averagea 58.6 67.3 75.9 79.2 77.4 71.0 

 Average Soil Moistureb  (cm3/cm3) 
Code April May June July August September 

OSPC-19 0.350 0.270 0.304 0.243 0.268 0.278 
OSPK-19 0.270 0.099 0.212 0.203 0.232 0.215 

a30-year averages calculated from 1981-2010 data taken from NCEI COOP stations located closest to respective ECONet stations 

bMonthly soil moisture averages calculated based on daily averages 
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Table B3.6 CEFS marketable yield response for cover crop and N with treatments separated. 
Treatment (18) CEFS Main Effects 2019 

Cover Crop N (%)a Marketable Yield (kg ha-1)a 
Conventional 

0 
13907 (708) a 

Rye 794 (310) b 
Rye-Vetch 653 (155) b 

Conventional 
25 

16115 (1475) a 
Rye 531 (237) b 

Rye-Vetch 689 (131) b 
Conventional 

50 
13976 (2342) a 

Rye 899 (337) b 
Rye-Vetch 1755 (971) b 

Conventional 
75 

17161 (2514) a 
Rye 118 (55) b 

Rye-Vetch 1374 (468) b 
Conventional 

100 
16380 (1943) a 

Rye 328 (126) b 
Rye-Vetch 2936 (955) b 

Conventional 
150 

15446 (2901) a 
Rye 669 (173) b 

Rye-Vetch 2348 (911) b 
F Value 32.32 
Pr > F <0.0001 

Factorial (3x6) Pr > F 

Cover Crop <0.0001 
N n.s. 

Cover Crop*N n.s. 
aSum of jumbo, no. 1, and canners. 
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Table B3.7 Kinston marketable yield response for cover crop and N with treatments separated. 
Treatment Kinston Main Effects 2019 

Cover Crop N (%)a Marketable Yield (kg ha-1)a 

Conventional 

0 7839 (1128) 

25 7232 (1556) 

50 8840 (1096) 

75 8462 (1234) 

100 9610 (896) 

150 8905 (810) 
F Value 0.92 
Pr > F n.s. 
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Figure B3.1 Pre-hilled beds, with rye, January 2019. 
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Figure B3.2 Roller crimping rye bed at Kinston. 
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Figure B3.3 Roller crimping rye beds at CEFS. 
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Figure B3.4 Rye-vetch bed at CEFS. 
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Figure B3.5 Roller crimping rye-vetch bed at CEFS. 
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Figure B3.6 Transplanting difficulties in rye-vetch beds at Kinston. 
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Figure B3.7 Transplant furrows, initially necessary for planting into the rye cover crop at 
Kinston. 
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Figure B3.8 Successful transplant into rye-vetch at CEFS. 
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Figure B3.9 Conventional transplant at Kinston. 
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Figure B3.10 30d post-transplant, limited growth in all beds due to dry conditions at CEFS. 
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 Figure B3.11 30d post-transplant, early stage of weed establishment at CEFS. 
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Figure B3.12 30d post-transplant, more effective weed-suppression in rye-vetch beds at CEFS. 
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Figure B3.13 60d post-transplant, monocot weed establishment considerable in all cover crop 
beds, weed-free check and no-weeding beds shown. 
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 Figure B3.14 60d post-transplant, monocot weed establishment considerable in all cover crop 
beds, weed-free check and no-weeding beds shown. 
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Figure B3.15 Conventional bed prior to harvest at Kinston in 2019. 
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 Figure B3.16 Prior to harvest, rye-vetch bed with weed-free check and other beds in 
background at CEFS. 


