
ABSTRACT 

NOAH, ABBEY CAY. Swine Lagoon Sludge: Vegetable Transplant and Crop Production.  

(Under the direction of Helen T. Kraus.) 

 

 Dried swine lagoon sludge (SLS) has potential as a fertilizer for vegetable production and, 

when composted, may provide a nutrient rich, alternative to peatmoss in a transplant 

substrate.  Fifty percent of the top ten hog production counties in North Carolina are also in 

the top ten for vegetable production. Usage of SLS as a nutrient source for vegetable and 

transplant production disperses the concentrated nutrients of a waste product in a cost 

effective, environmentally conscientious manner.  To evaluate the potential of dried swine 

lagoon solids as a fertilizer for field vegetable production, Cucumis melo L. ‘Athena F1’ 

(cantaloupe), Solanum melongena L. ‘Traviata F1’(eggplant), Lycopersicon esculentum Mill. 

‘Charger F1’ (tomato), Lactuca sativa L. ‘Vulcan’ (red lettuce), Brassica oleracea L. 

‘Storage No. 4’ (cabbage), and Lactuca sativa L. ‘Adriana’ (green butterhead) were grown on 

different, but fertile, soil types.  The swine lagoon solids produced equivalent yields of the 

warm and cool season crops evaluated to a commercially available organic fertilizer. 

Additionally, the yield of the warm season species fertilized with swine lagoon solids were 

similar to those with the conventional fertilizer while yield of cool season crops grown with 

the full rate of swine lagoon solids were reduced. To evaluate the potential of SLS as a 

transplant substrate, SLS was composted in an invessel compost reactor with peanut hulls 

[15:85 (v/v)]. Three species Lycopersicon esculentum Mill. ‘Charger F1’(tomato), Solanum 

melongena L. ‘Traviata’ (eggplant), Abelmoschus esculentus (L.) Moench ‘Clemson 

Spineless’ (okra) were grown in composted SLS (SLC), an organic potting mix (OM), and a 

peat-based control substrate.  Eggplant, okra, and tomato transplants produced in SLC 

substrate were significantly greater in height and dry weight than those produced in either the 

OM or control substrate.  North Carolina’s vegetable industry can utilize the waste from the 

state’s swine industry, benefitting both.    
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LITERATURE REVIEW 

 

Swine Waste 

Much of the over 67 billion kg of manure (Amer. Soc. of Agr. and Biol. Eng., 2010) 

produced by the 115 million hogs (Sus domesticus) farmed in the United States annually 

(Agricultural Statistics Board, USDA, 2015) is captured in open anaerobic lagoons.  While 

detained in the lagoon, solids settle out of the slurry and must be periodically dredged to 

maintain the functionality of the lagoon. Buildup of sludge solids reduces the available 

treatment volume, which subsequently slows the biological decomposition of organics, such 

as volatile fatty acids, creating strong odors. To circumvent these problems, intermittent 

removal of amassed sludge solids is necessary (Cantrell, et al., 2008).  

Liquid swine manure contains all plant macronutrients, especially N and P, and several 

essential micronutrients. It is considered a valued nutrient source when applied to soil at 

agronomically appropriate rates (Classen, 2016). Liquid manure has less than 5% dry matter 

and often has as little as 0.5% dry matter.  Research indicates that raw, liquid manure or 

liquid manure processed in an anaerobic digester can readily supply sufficient plant-available 

N for field produced corn (Zea mays L.) (Loria, et al., 2007) and greenhouse produced 

tomato (Lycopersicon esculentum Mill.) (Cheng, et al., 2004).  However, long distance 

conveyance of liquid swine effluent is prohibitive due to transportation cost.  The cost of 

transportation leads to recurrent effluent application to agricultural fields local to manure 
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sources. Frequent, repeated application increases the likelihood of excessive N and the 

buildup of P at the soil surface leading to degradation of surface and ground water resources 

(Edwards & Daniel, 1992). 

In a lagoon system, solids drop out of swine slurry over time and form a layer on the bottom.  

The remaining liquid waste can be pumped off the top of the lagoon but the precipitated 

solids remain. Currently, there are limited cost-effective methods available to remove, 

dewater, and store lagoon solids until proper utilization (Cantrell, et al., 2008).  One effective 

method is removal facilitated by a dredge floated in the lagoon.  Solids are freed from the 

bottom of the lagoon with a mechanical tiller.  Pumping of solids is facilitated by the addition 

of a polymer, flocculating the solids, which are then pumped into geotextile bags. Geotextile 

filtration uses high-strength porous geotextiles fabricated into geocontainers or bags 

(Muthukumaran & IIamparuthi, 2006).  The small pores in the geotextile allow water to 

drain, resulting in a decrease of both moisture content and total volume. These bags are 

decanted and repeatedly refilled with slurry until they contain several hundred wet-tons of 

sludge.  After the final cycle of filling and dewatering, the retained solids continue to 

consolidate due to residual water vapor loss (Moo-Young, et al., 1999; Muthukumaran & 

IIamparuthi, 2006).  Our data indicates that after two years in the geotextile bags, the solids 

contain only 21% dry matter and have a gelatinous texture.  To remove additional water and 

consequently more weight, dewatered swine lagoon sludge (SLS) can be air dried, 

uncovered, on a slab, reaching 79% dry matter within 60 days.  The dewatered and air dried 

SLS is lighter and can be transported with less cost.   The resulting reduction in 
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transportation cost facilitates the diffusion of nutrients from areas of high concentration, 

close to swine production, to areas in need of nutrient inputs in a cost effective, 

environmentally conscientious manner. 

Vegetable Production 

In 2015 4.2% of total cash receipts from farm operations in North Carolina were due to 

vegetable and melon production with a value of 493 million dollars added to the North 

Carolina economy (USDA National Agricultural Statistics Service, 2016).  Fifty percent of 

the top ten hog production counties in North Carolina are in the top ten counties for vegetable 

production (USDA National Agricultural Statistics Service, 2016). Vegetable production 

could create an ideal use for swine manure as most crops are grown in annual systems that 

have a high profit potential. Nine out of the ten top vegetable producing counties are in the 

inner coastal plain where soils are typically sandy, have low native fertility, and so require 

relatively high fertilizer inputs. (Lee, 1955). In 2006, 118.8 tonnes of nitrogen were applied 

to 2,800 acres in North Carolina for tomato production (USDA National Agricultural 

Statistics Service, 2006). If SLS had been utilized for tomato production in 2006, over 2971 

tonnes of waste would have been employed.  

Transplants 

 The use of transplants is the most consistent method to ensure satisfactory crop 

establishment of commercial plantings of various high-value vegetable crops (Swiader & 
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Ware, 2002).  Other benefits include reduced cost over direct seeding when using expensive 

hybrid seed, growing season extension, and improved early weed control.  Transplants can 

also result in greater early yield when sale prices for many vegetables tend to be higher.  

Transplant production for commercial vegetable growers is highly competitive and 

mechanized.  Commercial transplant growers seed directly into containerized flats and are 

tasked with delivering transplants of specified quantities at specified times to maintain 

customer satisfaction.  Therefore, rapid, consistent seedling emergence, and uniform plant 

growth is essential for effective commercial transplant production.  Mechanization of 

container filling requires a consistent medium of small particle size (Bunt, 1988).  Moisture 

retention by the medium is vital to maintain a rapid growth rate but aeration is also 

important.  Water holding capacity of media increases as the pot size decreases, slowing free 

drainage.  Therefore, a well-draining media is needed to produce transplants. 

Possible Horticultural Uses 

Dewatered and dried SLS is an attractive option for horticultural plant production as it may 

provide a portion, or all, of a plant's nutrient requirements when used as a fertilizer or 

container media additive.  However, SLS may have possible limiting factors for horticultural 

use due to salts levels (nutrients) high enough to damage plant roots along with the presence 

of organic or heavy metal pollutants (Garcia-Gomez, et al., 2002; Klock, 1997; Williams, et 

al., 2015). Specific heavy metal concerns with SLS are copper and zinc as these metals are 

used as feed supplements to increase growth performance in young pigs (Jacela, et al., 2010). 

Thus, copper and zinc tend to be found in levels higher than acceptable by the U.S. 
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Environmental Protection Agency (EPA) for horticultural or agricultural purposes. Precisely, 

zinc may not exceed concentrations of 2800 ppm and copper may not exceed 1500 ppm 

(Walker, 1994).  To be eligible for unregulated use and distribution a product developed from 

hog waste must have an Exceptional Quality (EQ) rating as defined by EPA Rule 503 (Title 

40 of the Code of Federal Regulations, Part 503, published in 1993). An EQ product meets 

low-pollutant standards, has an effective absence of pathogens, and a limited level of 

degradable compounds that attract disease vectors such as rodents or other pests (Walker, 

1994).  An additional concern when using air dried SLS is that it forms hard aggregates of 

varying sizes which are difficult to distribute evenly making additional processing necessary 

before commercial field or container application (personal observation). 

Composting provides an economical and environmentally friendly approach for manure 

treatment in general and is one of the most advantageous waste management methods for 

SLS due to the flexibility of use of completed compost, not only as a possible transplant 

media, but in other uses such as soil amending, fertilization, landfill covering, landscaping, 

etc. (Goldstein, 2000; Hauke & Stoppler-Zimmer, 1999; Raviv, et al., 1998). The growing 

understanding of the agronomic advantages of compost utilization and the increasing 

environmental restrictions on the disposal of animal manures suggest that composting is a 

synergetic solution for farmers. Compost is attained via the biological decomposition of 

organic materials which governs chemical stabilization, sanitization of human and plant 

pathogens, and inactivation of weed seeds (Burton & Turner, 2003; Noble & Roberts, 2004). 

Additionally, composting has been shown to be effective in reducing moderately persistent 
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organic compounds such as veterinary pharmaceuticals (Dolliver, et al., 2008; Ho, et al., 

2013; Ramaswamy, et al., 2010), as well as, diluting heavy metals, and eliminating hard 

aggregates formed in the drying process of SLS, providing a product which can be easily 

distributed.  

Peat moss (Sphagnum sp.) has, for some time, been the main component of media for 

vegetable transplant production (Abad, et al., 2001; Raviv, et al., 1998).  The advantages of 

peat for this purpose are its homogeneous nature, high cation exchange capacity, low bulk 

density, and high total porosity (Raviv, et al., 1998). However, there is an ongoing search for 

peat substitutes owing to the high price and scarcity of quality peat in countries without 

natural peatmoss resources (Raviv, et al., 1998; Robertson, 1993).  Also, peat is not without 

its disadvantages. It is difficult to wet, provides no nutrients, and is acidic. Composts may 

prove to be superior to peat for plant health as mature composts are suppressive of soil-borne, 

plant pathogenic fungi and oomycotes such as Pythium ultimum, Fusarium oxysporum, 

Sclerotinia minor, and Rhizoctonia solani to which peat moss is conducive (Gorodecki & 

Hadar, 1990; Mandelbum & Hadar, 1990; Noble & Roberts, 2004; Pane, et al., 2011; 

Veeken, et al., 2005). Moreover, the use of peat for horticultural purposes will probably be 

discouraged soon due to its limited sustainability and negative impact on global climatic 

change (Charlile, 2009; Robertson, 1993).  Therefore, the substitution of other organic 

substrates for peat moss is a pressing need.  
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Evaluations of composts derived from various organic wastes or agricultural byproducts used 

to produce vegetable transplants have been conducted.  Composts produced from biosolids 

have been evaluated for production of various vegetable transplants including tomato 

(Lycopersicon esculentum Mill.) (Bletosos & Gantidis, 2004; Pinamonti, et al., 1997), 

eggplant (Solanum melongena L.) (Bletosos & Gantidis, 2004), and cauliflower (Brassica 

oleracea L. Botrytis group) (Kahn, et al., 2005).  Evaluations of various composts derived 

from agricultural animal waste have been performed and have largely shown that composts 

can be used as a partial, and sometimes complete, alternative for peat (Burger, et al., 1997; 

Fitzpatrick, 2001; Hoitink & Fahy, 1986; Veeken, et al., 2005) but fewer studies have 

focused on the use of composted SLS for this purpose. 

The objectives of this study were to evaluate the potential of SLS to serve as a fertilizer for 

the field production of vegetable crops as well as developing a process for composting the 

SLS with a carbon source to reduce the concentration of soluble salts and produce a media 

that can be useful for vegetable transplant production. 



8 

 

LITERATURE CITED 

Abad, M., Noguera, P. & Bures, S., 2001. National inventory of organic wastes for use as 

growing media for ornamental potted plant production: case study in Spain. Bioresource 

Technology, Volume 77, pp. 197-200. 

Agricultural Statistics Board, USDA, 2015. Overview of the United States Hog Industry, s.l.: 

National Agricultural Statistics Service. 

Amer. Soc. of Agr. and Biol. Eng., 2010. Manure Production and Characteristics, St. Joseph: 

Amer. Soc. of Agr. and Biol. Eng. 

Bletosos, F. A. & Gantidis, N. D., 2004. The effect of municipal sewage sludge on growth of 

transplants and fruit quality of eggplant (Solanum melongena) and tomato (Lycopersicon 

esculentum). Agrochimica, 48(3-4), pp. 104-114. 

Bunt, A. C., 1988. Media and mixes for container grown plants. 2nd ed. London: Unwin 

Hyman. 

Burger, D., Hartz, T. & Forister, G., 1997. Composted green waste as a container medium 

amendment for the production of ornamental plants. HortScience, Issue 32, pp. 57-60. 

Burton, C. & Turner, C., 2003. Manure Management: Treatment strategies for sustainable 

agriculture. 2nd ed. Bedford, UK: Silsoe Research Institute. 

Cantrell, K. B., Chastain, J. & Moore, K. P., 2008. Geotextile filtration performance for 

lagoon sludges and liquid animal manures dewatering. Transactions of the ASABE, 51(3), 

pp. 1067-1076. 

Cantrell, K. B., Chastain, J. P. & Moore, K. P., 2008. Geotextile filtration performance for 

lagoon sludges and liquid animal manures dewatering. s.l., ASABE, pp. 1067-1076. 

Charlile, B., 2009. Organic materials for growing media in Europe: current and future 

scenarios. Rome, Italy, 18th Symposium of the International Scientific Centre of Fertilizer. 

Cheng, J., Shearin, T., Peet, M. M. & Willits, D. H., 2004. Utilization of treated swine 

wastewater for greenhouse tomato production. Waste Sci. and Technol., 50(2), pp. 77-82. 

Choudhary, M., Bailey, L. D. & Grant, C. A., 1996. Review of the use of swine manure in 

crop production: Effects on yield and composition and on soil and water quality. Waste Mgt. 

& Res., Issue 14, pp. 581-595. 



9 

 

Choudhary, M., Bailey, L. D. & Grant, C. A., 1996. Review of the use of swine manure in 

crop production: Effects on yield and composition and on soil and water quality. Waste 

Management & Research, Issue 14, pp. 581-595. 

Classen, J. J.,2016. Animal production, manure management, benefits and concerns: 

Traditional production vs. confined operations: Nutrients. Raleigh. Sept. 11, 2016. Class 

Lecture. 

Dolliver, H., Gupta, S. & Noll, S., 2008. Antibiotic degradation during manure composting. 

J. Environ. Qual., Issue 37, pp. 1245-1253. 

Edwards, D. & Daniel, T. C., 1992. Environmental impacts of on-farm poultry waste 

disposal. Bioresour. Technol., Volume 41, pp. 9-33. 

EnviroWaste Technology, 2009. Swine Manure High Volume Geotextile Dewatering, New 

Douglas: Farm Pilot Project Coordination, Inc. 

Fitzpatrick, G., 2001. Compost utilization in ornamental and nursery crop production 

systems. In: P. J. Stoffella & B. A. Kahn, eds. Compost Utilization in Horticultural Cropping 

Systems. Boca Raton, FL: Lewis Publication, pp. 135-149. 

Garcia-Gomez, A., Bernal, M. P. & Roig, A., 2002. Growth of ornamental plants in two 

composts prepared from agro-industrial wastes. Bioresource Technology, Issue 83, pp. 81-

87. 

Glab, T., 2014. Water retention and replellency of a sandy soil amended with municipal 

compost. Compost Science & Utilization, 22(2), pp. 47-56. 

Goldstein, N., 2000. The composting industry in the United States: Past, present, and future. 

In: P. J. Stoffella & B. A. Kahn, eds. Compost utilization in horticultrual cropping systems. 

Boca Raton: CRC Press LLC, pp. 3-16. 

Gorodecki, B. & Hadar, Y., 1990. Suppression of Rhizoctonia solani and Sclerotium rolfsi 

diseases in container media containing composted separated cattle manure and composted 

grape mare. Crop Protection, Issue 9, pp. 271-274. 

Guo, X. et al., 2012. Effects of Cu on metabolisms and enzyme activities of microbial 

communities in the process of composting. Bioresources Technology, Issue 108, pp. 140-

148. 

Hauke, H. & Stoppler-Zimmer, H., 1999. Compost based products: history, recent activities, 

chances. Berlin, s.n., pp. 363-369. 

Hoitink, H. & Fahy, P., 1986. Basis for control of soilborne pathogens with composts. 

Annual Review of Phytopathology, Issue 24, pp. 93-114. 



10 

 

Ho, Y., Zakaria, M., Latif, P. & Saari, N., 2013. Degradation of veterinary antibiotics and 

hormone during broiler manure composting. Bioresource Technology, Issue 131, pp. 476-

484. 

Ingelmo, F. et al., 1998. Use of MSW compost, dried sewage sludge and other wastes as 

partial substitutes for peat and soil. Bioresource Technology, Volume 63, pp. 123-129. 

Jacela, J. et al., 2010. Feed additives for swine: Fact sheets – high dietary levels of copper 

and zinc for young pigs. J Swine Health Prod., Issue 18, pp. 87-91. 

Jay Y. Jacela, D. P. et al., 2010. Feed additives for swine: Fact sheets – high dietary levels of 

copper and zinc for young pigs. J Swine Health Prod., Issue 18, pp. 87-91. 

Kahn, B. A. et al., 2005. Replacement of a peat-lite medium with compost for cauliflower 

transplant production. Compost Sci. & Utilization, 13(3), pp. 175-179. 

King, L. D., 1981. Effect of swine manure lagoon sludge and municipal sewage sludge on 

growth and nitrogen recovery, and heavy metal content of fescue grass. J. Environ. Qual., 

Volume 1010, pp. 465-472. 

Klock, K. A., 1997. Growth of salt sensitive bedding plants in media amended with 

composted urban waste. Compost Science Utilization, Issue 5, pp. 55-59. 

Lee, W. D., 1955. The soils of North Carolina: Their formation, identification and use.. 

Raleigh: North Carolina Agricultural Experiment Station. 

Loria, E. R. et al., 2007. Use of anaerobically digested swine manure as a nitrogen source in 

corn production. Agron. J., 99(4), pp. 1119-1129. 

Mandelbum, R. & Hadar, Y., 1990. Effect of available carbon source on microbial activity 

and suppression of Pythium aphanideramatum in compost and peat container media. 

Phytopathology, Issue 80, pp. 794-804. 

Martens, D. A. & Frankenberger, W. T., 1992. Modification of infiltration rates in an 

organic-amended irrigated soil. Agronomy J., Volume 84, pp. 707-716. 

Moo-Young, H., Myers, T. E., Townsend, D. & Ochola, C., 1999. The migration of 

contaminants through geosynthetic fabric containers utilized in dredging operations. 

Engineering Geology, 53(2), pp. 167-176. 

Muthukumaran, A. & IIamparuthi, K., 2006. Laboratory studies on geotextile filters as used 

in geotextile tube dewatering. Geotextiles and Geomembranes, 24(4), pp. 210-219. 

Noble, R. & Roberts, S., 2004. Eradication of plant pathogens and nematodes during 

composting: a review. Plant Pathology, Issue 53, pp. 548-568. 



11 

 

Pane, C. et al., 2011. Compost amendments enhance peat suppressiveness to Pythium 

ultimum, Rhizoctonia solani and Sclerotinia minor. Biological Control, Issue 56, pp. 115-

124. 

Pinamonti, F., Stringari, G. & Zorzi, G., 1997. Use of compost in soilless cultivation. 

Compost Sci. & Utilization, 5(2), pp. 38-46. 

Ramaswamy, J. et al., 2010. The effect of composting on the degradation of a veterinary 

pharmaceutical. Bioresour. Technol., Issue 101, pp. 2294-2299. 

Raviv, M., Zaidman, B.-Z. & Kapulnik, Y., 1998. The use of compost as a peat substitute for 

organic vegetable production. Compost Science & Utilization, 6(1), pp. 46-52. 

Robertson, R. A., 1993. Peat, horticulture and the environment. Biodiversity and 

Conservation, pp. 541-547. 

Sanchez-Monedero, M. A. et al., 2004. Composts as Media Constituents for Vegetable 

Transplant Production. Compost Science & Utilization, 2(12), p. 161. 

Sterrett, S., 2001. Composts as horticultural substrates for vegetable transplant production. 

In: P. J. Stoffella & B. A. Kahn, eds. Compost Utilization in Horticultural Cropping Systems. 

Boca Raton, FL: Lewis Publication, pp. 227-240. 

Swiader, J. M. & Ware, G. W., 2002. Producing vegetable crops. 5th ed. Danville: Interstate 

Publishers. 

USDA National Agricultrual Statistics Service, 2016. North Carolina Annual Statistics 

Bulletin, Washington: USDA National Agricultural Statistics Service North Carolina Field 

Office. 

Veeken, A. et al., 2005. Improving quality of composted biowaste to enhance disease 

suppressiveness of compost-amended, peat based potting mixes. Soil Biology & 

Biochemistry, Issue 37, p. 2131–2140. 

Verdonck, O., 1984. Reviewing and evaluation of new materials used as substrates. Acta 

Horticulture, pp. 467-473. 

Walker, J. T., 1994. A plain english guide to the EPA part 503 biosolids rule, Washington 

D.C.: U.S. Evironmental Protection Agency, Office of Wastewater Management. 

Williams, M., Kraus, H. & Riley, E., 2015. Dealing with the Poo: Utilizing Swine Lagoon 

Compost as an Amendment to Pine Bark. Southern Nursery Association Research 

Converence, Issue 60, pp. 41-44. 



12 

 

Zebarth, B. J., Neilsen, G. H., Hogue, E. & Neilsen, D., 1999. Influence of organic waste 

amendments on selected soil physical and chemical properties. Can. J. Soil Sci., Issue 79, pp. 

501-504. 



13 

 

SWINE LAGOON COMPOST: PHYSICAL AND CHEMICAL PROPERTY 

ANALYSIS AS TRANSPLANT SUBSTRATE FOR EGGPLANT, OKRA, AND 

TOMATO 

Abbey C. Noah, Paige Herring and Helen T. Kraus1  
North Carolina State University, Department of Horticultural Science, 114 Kilgore Hall, Raleigh, NC 27695 

 

 

 

 

 

 

 

 

 

 

Funding for this work was provided, in part, by Murphy-Brown, LLC, the North Carolina 

Agricultural Foundation, Inc., and the North Carolina Vegetable Growers Association. 

 

Elizabeth Riley, Terri Williams, James Cox, Diane Mays, and Chris Gunter are gratefully 

acknowledged for their generous contributions of labor and knowledge. 

 

1To whom reprint requests should be addressed. Email address: Helen_Kraus@ncsu.edu  



14 

 

Abstract  

Sphagnum peat is the main component of most transplant substrates for vegetable transplant 

production.  There is an ongoing search for peat substitutes owing to the high price of quality 

peat and scarcity in countries without peatmoss resources.  Composted swine lagoon sludge 

(SLS) may provide a nutrient rich alternative to peatmoss in a transplant substrate while 

dispersing the concentrated nutrients of a waste product in a cost effective, environmentally 

conscientious manner.  SLS was composted in an in-vessel compost reactor with peanut hulls 

[15:85 (v/v)] producing a transplant substrate, swine lagoon compost (SLC).  A greenhouse 

study was conducted with three vegetable species [Lycopersicon esculentum Mill. ‘Charger 

F1’(tomato), Solanum melongena L. ‘Traviata’ (eggplant), Abelmoschus esculentus (L.), and 

Moench ‘Clemson Spineless’ (okra)] grown in SLC, an organic potting mix (OM), and a 

control substrate.  Eggplant, okra, and tomato transplants produced in SLC substrate were 

significantly greater in height and dry weight than those produced in either the OM or control 

substrate.  Based on these findings SLC can provide both the physical and chemical 

requirements needed for vegetable transplant production without additional amendments or 

fertilizers.
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Introduction 

Peat moss (Sphagnum sp.) has, for some time, been the main component of substrates for 

vegetable transplant production (Abad, et al., 2001).  The advantages of peat for this purpose 

are its homogeneous nature, high cation exchange capacity, low bulk density, and high total 

porosity (Raviv, et al., 1998). However, there is an ongoing search for peat substitutes owing 

to the high price of quality peat, and scarcity in countries without natural peatmoss resources 

(Raviv, et al., 1998; Robertson, 1993).  Also, peat is not without its disadvantages. It is 

difficult to wet, provides no nutrients, and is acidic. Moreover, the use of peat for 

horticultural purposes will possibly be discouraged due to its limited sustainability and 

negative impact on global climatic change (Charlile, 2009). Therefore, substitutes for peat 

moss are needed. 

Much of the over 67 billion kg of manure (ASABE, 2010) produced by the 115 million hogs 

(Sus domesticus) farmed in the United States annually (Agricultural Statistics Board, USDA, 

2015) is captured in open anaerobic lagoons.  While detained in the lagoon, solids settle out 

of the slurry and must be periodically dredged to maintain the functionality of the lagoon. 

Buildup of sludge solids reduces the available treatment volume, which subsequently slows 

the biological decomposition of organics, such as volatile fatty acids, and creates strong 

odors. To circumvent these problems, intermittent removal of amassed sludge solids is 

necessary (Cantrell, et al., 2008). 

Dewatered and dried swine lagoon sludge (SLS) is an attractive option for horticultural plant 

production as it may provide a portion, or all, of a plant's nutrient requirements when used as 
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a container substrate additive.  However, SLS may have possible limiting factors for 

horticultural use due to its high nutrient content which can lead to electrical conductivity high 

enough to damage plant roots along with the presence of organic or heavy metal pollutants 

(Garcia-Gomez, et al., 2002; Williams, et al., 2015). Specific heavy metal concerns with SLS 

are copper and zinc as these metals are used as feed supplements to increase growth 

performance in young pigs (Jacela et al., 2010) and thus tend to be found in levels higher 

than acceptable for plant production by the U.S. Environmental Protection Agency (EPA). 

An additional challenge when using air dried SLS is that it forms hard aggregates of varying 

sizes which are difficult to distribute evenly making additional processing necessary before 

commercial field or container application (personal observation). 

Composting is an effective waste management method for SLS due to the general flexibility 

of waste compost, not only as a transplant substrate, but in other uses such as soil amending, 

fertilization, landfill covering, etc. (Raviv, et al., 1986). Composting also has the potential to 

increase the nutrient value of the SLS by binding mineral nutrients into stable organic 

structures (Burton and Turner, 2003) as well as eliminating the hard aggregates formed in the 

drying process, providing a product which can be easily distributed.  If the SLS solids can be 

removed from the lagoon and composted on site, a useful product could be produced and 

benefit both the swine and horticultural crop production industries.  

Evaluations of composts derived from various organic wastes or agricultural byproducts used 

to produce vegetable transplants have been conducted.  Composts produced from biosolids 

have been evaluated for production of various vegetable transplants including tomato 
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(Lycopersicon esculentum Mill.) (Bletosos and Gantidis, 2004; Pinamonti, et al., 1997), 

eggplant (Solanum melongena L.) (Bletosos and Gantidis, 2004), and cauliflower (Brassica 

oleracea L. Botrytis group) (Kahn, et al., 2005) with positive results.  Evaluations of various 

composts derived from agricultural animal waste have been performed and has largely shown 

that composts can be used as a partial, and sometimes complete, alternative for peat (Burger, 

et al., 1997; Fitzpatrick, 2001; Hoitink and Fahy, 1986; Veeken, et al., 2005) but fewer 

studies have focused on the use of composted SLS for this purpose. These authors developed 

a substrate by composting SLS with peanut hulls (15:85 v/v) resulting in a substrate with a 

1.8N-1.5P-0.2K analysis that was appropriate for germinating seedlings. Prior to composting, 

the Zn levels of SLS slightly exceeded the EPA target range of ≤2800 mg∙L-1 (EPA, 2016) 

with a level of 3043 mg∙L-1. Composting diluted Zn levels to below 850 mg∙L-1. Copper met 

the EPA limit (1500 mg∙L-1) before composting, nevertheless, composting also diluted Cu 

levels.  The pH and electrical conductivity were within the recommended range for seedling 

growth (Herring, et al., 2017). A bioassay analysis of this substrate indicated that it may be 

suitable for transplant production (Herring, et al., 2017).  Therefore, the objective of this 

study was to test the utility of SLS composted with peanut hulls as a substrate for vegetable 

transplant production. 

Materials and Methods 

The substrates evaluated in this study included: 1) swine lagoon solids composted with 

ground peanut hulls (SLC); 2) an organic potting medium with a nutrient charge (OM); and 

3) a commercial peat-based potting medium with a two-week nutrient charge (PEAT). The 
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OM was comprised of aged pine bark fines, peat, soil, perlite, and worm castings (Jolly 

Gardener Just Natural Organic Media, Jolly Gardener, Portland, ME). The PEAT was a 

conventional substrate comprised of peat with aged bark fines, perlite, vermiculite, dolomitic 

limestone, gypsum, and a wetting agent (Jolly Gardener Pro-Line C/P, Jolly Gardener, 

Portland, ME).  

Three vegetable species were grown; Lycopersicon esculentum Mill. ‘Moneymaker’ 

(tomato), Solanum melongena L. ‘Traviata’ (Eggplant), and Abelmoschus esculentus (L.) 

Moench ‘Clemson Spineless’(Okra) in a greenhouse at the Marye Anne Fox Teaching 

Laboratory (35.78°N/78.64°W) in Raleigh, NC beginning June 2016. Each species was 

grown in each of three substrate treatments (SLC, OM, and PEAT) with six replications in a 

randomized complete block design. Black, plastic, horticultural 72 cell inserts (3.2 cm cell 

top diameter x 4.4 cm deep, 28 cm3 max dry volume, Landmark Plastic Co.; Akron, Ohio) 

were filled with the designated transplant substrate and sown with 3 seeds of each designated 

species per cell. Trays were randomized in the greenhouse (29.4 °C day/18.3 °C night) with 

natural irradiance and photoperiod under fog (CoolNet Pro Fogger 0303420LL-B, M.L. 

Irrigation System; Laurens, South Carolina) applied for 8 s every 8 m for germination. Clear 

plastic sheeting was pulled around and over the bench. Germination was counted 12 days 

after sowing. Then plastic sheeting was removed and plants were watered by hand. 

 The substrates were evaluated and compared through chemical and physical analyses, and 

growth experiments.  Physical property analyses included total porosity (TP), airspace (AS), 

container capacity (CC), bulk density (BD), available water (AW), unavailable water 
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(UAW), and particle size distribution were conducted in the Horticultural Substrates 

Laboratory, Department of Horticultural Science, N.C. State Univ., Raleigh, NC.  Three 

replications of each substrate were packed into 347.5 cm3 cylindrical aluminum rings (7.6 cm 

diameter, 7.6 cm high) and used to determine TP, AS, CC, and BD per procedures outlined in 

Tyler et al. (1993). Five replications of each substrate were packed into 101.4 cm3 cylindrical 

aluminum rings, (7.6 cm diameter, 2.2 cm high) per modified procedures of Bilderback et al. 

(1982) and used to determine UAW following procedures described in Klute (1986). 

Available water was calculated as CC - UAW. To determine particle size distribution, three 

100 g samples of each substrate were dried at 105 °C for 48 h and placed in a Ro-tap Shaker 

(Model B, W.S. Tyler, Mentor, Ohio) fitted with seven sieves, 6.3 mm, 2 mm, .71 mm, 0.5 

mm, 0.25 mm, and 0.106 mm for 5 min. The sample from each sieve was weighed, and 

particle size was expressed as a percentage of the total weight of the sample. 

Beginning 15 days after sowing, pH and electrical conductivity (EC) were measured weekly 

using 1:2 v/v substrate to water extracts.  Before extraction, trays were watered by hand and 

allowed to drain for 3 hrs to establish container capacity within the substrate. For each 

substrate sample, 400 mL of planted substrate was thoroughly mix with 800 mL of distilled, 

deionized water and allowed to sit for 20 m. The solution was then strained through filter 

paper (185mm, Cat No 1001-185, Whatman, UK) to remove solids.  Extract solution EC and 

pH were measured using a combination EC/pH meter (HI 8424, Hannah Instruments, Ann 

Arbor, MI). After EC and pH measurements, substrate solution samples were submitted to 

the North Carolina Department of Agriculture and Consumer Services, Raleigh NC for 

solution analyses. Inorganic-nitrogen (IN-N) fraction concentrations include nitrate-nitrogen 
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plus nitrite-nitrogen (NO3-N + NO2-N) and ammonium-nitrogen (NH3-N + NH4-N). Organic 

nitrogen fraction concentration included urea. NO3-N is determined on ~10 mL homogenized 

sample, filtered using acid washed filter paper (Laboratory Filtration Group, Houston, TX) 

by nitrate-hydrazine reduction (Kempers and Luft, 1988; Skalar Analytical B.V., 1995a). 

NH4-N was determined by a modified Berthelot reaction (Krom, 1980; Skalar Analytical 

B.V., 1995b) and urea concentration was determined with the diacetyl monoxime 

thiosemicarbazide colorimetric method (Skalar Analytical B.V., 1995a; Sullivan and Havlin, 

1991) with an auto-flow spectrophotometric analyzer (San++ Segmented Flow Auto-

Analyzer, Skalar Instruments; Breda, The Netherlands). Total concentrations of P, K, Ca, 

Mg, S, Fe, Mn, Zn, Cu, B, and Na were determined on ~10 mL homogenized sample, filtered 

using acid washed filter paper (Laboratory Filtration Group, Houston, TX) with Inductively 

Coupled Plasma-Optical Emission Spectrometry (Spectro Arcos EOP, Spectro Analytical: A 

Division of Ametek; Mahwah, NJ) (Donohue and Aho, 1992; EPA, 2001). 

Plant heights, measured from the root collar to the apical meristem of the shoot, and caliper 

were assessed at harvest. Caliper was measured directly below the cotyledon node. Harvest 

dates were determined when each species reached fully developed transplant stage and were 

42, 22, and 90 days after sowing for eggplant, okra, and tomato, respectively. Shoots (stems 

and leaves) were removed at the substrate surface, dried at 62 °C for 24 h., and then weighed. 

All variables were subjected to analysis of variance (ANOVA) procedures using PROC GLM 

in SAS version 9.4 and P was considered significant at < 0.05 (SAS, 2016). All means were 
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separated with Tukey’s Honestly Significant Difference means separation test (P<0.05) 

where appropriate.  

Results and Discussion 

Regardless of composition, the SLC, OM and PEAT did not differ in their particle size 

distributions (data not shown).  Average percentage of the total samples for each sieve size 

were 4 (6.3mm), 32 (2mm), 31(0.71mm), 12 (0.5mm), 12 (0.25mm), 7 (0.11mm), and 2 

(<0.11). Substrate air and water holding capacities varied but not the total porosity which was 

similar for all substrates (Table 1). This indicates that the particles of each substrate nested 

together differently resulting in different pore sizes. Air space was highest for SLC and 

lowest for OM and PEAT. While root growth was not measured in this study, more prolific 

root growth throughout the plug was observed with SLC compared to OM and PEAT (Fig. 1) 

possibly due to the greater AS in SLC. The opposite was true for CC and AW as OM and 

PEAT were highest and SLC was lowest.  Unavailable water was highest in OM and lowest 

in PEAT while SLC was similar to both. Bulk density was highest for OM and SLC. With 

the low profile (4.4 cm) of a transplant tray where less free water is pulled from the substrate 

by gravity; a substrate with higher AS and lower CC, as with the SLC, may be advantageous.    

The sample time x substrate interaction for substrate solution pH and EC was not significant. 

EC generally decreased over time while pH did not change substantially over time (Table 2). 

SLC had higher pH and EC when compared to OM and PEAT though all substrates were 

within the acceptable range (Bunt, 1988; Raviv, et al., 1986).   
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For eggplant, the sample time x substrate interaction was significant for IN-N, NH4, NO3, P, 

K, Ca, Mg, S, Fe, Mn, and B but not for Zn and Cu. For sample times A and B, the SLC 

substrate had higher levels of IN-N, NH4, and NO3 than OM and PEAT (Table 3). At sample 

time A, NH4-N, and NH3-N concentrations each comprised approximately 50% of the IN-N. 

At sample time B, available NH4-N was nitrified to NH3-N resulting in a slight increase in 

the fraction of IN-N in the nitrate form (Fig. 2). From sample time C onward, N 

concentration in the SLC were quite low (less than 1.4 ppm). Nitrogen concentration in OM 

remained at or below 1 ppm throughout the experiment (Table 3). The initial nutrient charge 

added to the PEAT resulted in nearly 5 ppm in NH3-N form at sample time A but levels 

below 0.8 ppm from sample times B through E. The SLC also maintained higher P and B 

concentration throughout the 42-day production of eggplant transplants.  Initially, P 

concentrations were quite high (>60 ppm) and remained above 10 ppm P throughout.  Boron 

concentration ranged from .02 to 0.2 ppm, well below toxicity levels (22 ppm B) (Bunt, 

1988). Higher B may be advantageous it is the most widely deficient micronutrient in 

vegetable crops (Swiader and Ware, 2002). SLC generally did not supply as much K, Mg, 

and Fe as OM and PEAT; however, no deficiency symptoms of these nutrients were 

apparent. 

For okra and tomato, the sample time x substrate interaction was significant for Zn and Cu 

only.  SLC maintained higher Zn and Cu concentrations than OM and PEAT at each sample 

time (Fig. 3). Additionally, regardless of time, SLC provided more IN-N, NH4, NO3, P, Ca, 

Mg, Mn, Zn, and B to okra and tomato transplants than OM and PEAT which had 22 d and 

30 d production cycles for okra and tomato, respectively (Table 4).  



23 

 

The suitability of the physical and chemical characteristics of the SLC resulted in better 

transplant growth. Eggplant germinated at the same rate in SLC and OM but with lesser 

success in PEAT (Table 5). Germination of okra was not effected by substrate while tomato 

germinated at a significantly lower rate (P=0.0012) in SLC then in OM or PEAT which were 

similar to each other. However, Herring et. al. (2017) found no significant difference in 

tomato germination when examining SLC and a peat based potting substrate through three 

bioassays. Plant height was significantly greater for eggplant and tomato transplants 

produced in SLC than in OM and PEAT, while in okra transplant height was similar in SLC 

and PEAT (Table 5). Okra height was lower in OM than in SLC.  Dry weight and caliper 

were significantly greater for all species grown in SLC when compared to OM and PEAT 

substrates.  These results suggest that SLC can be used alone, with no additional fertilizer, as 

a horticultural transplant substrate for tomato, eggplant, and okra producing transplants of 

equal or greater size than when using commercial peat based or commercial organic 

substrates.  
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Table 1.  Total porosity (TP), air space (AS), container capacity (CC), 

available water (AW), unavailable water (UAW), and bulk density (BD) 

of swine lagoon compost (SLC), Jolly Gardener Just Natural Organic 

Substrate (OM), and Jolly Gardener Pro-Line 21G (PEAT). 

Substratez: TPy ASx  CCw AWv UAWu BDt 

SLC 80 42as 38b 9b 29ab 0.20a 
OM 78 20b 59a 30a 29a 0.20a 
PEAT 80 16b 63a 36a 27b 0.15b 

Optimum 
ranger 

>85 20-30 50-100 24-40 20-30 ≤0.4 

ANOVAq NS P=0.01 P=0.0009 P=0.0005 P=0.02 P=0.001 
zSubstrates include: Swine lagoon compost (SLC), an organic potting mix 

(OM), and a control substrate (PEAT).       
yBased upon percent volume of a 7.6 cm core at 0kPa.       
xTP-CC.       
wMeasured as percent volume of a 7.6 cm core at drainage.       
vCC-UAW       
uBased upon percent volume of a 7.6 cm core at 1500 kPa.       
tBD is measured as the ratio of dry solids to the bulk volume of the 

substrate.  
sMeans between substrates within a column with different letters are 

significantly different from each other based on Tukey’s Honestly 

Significant Difference means separation procedures (p>0.05).       
rPer Abad et al. (2001), Bunt (1988)       
qAnalysis of variance. NS ≥ 0.05, P-value given otherwise.  
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Table 2. Substrate pH and EC as effected by sample time and substrate composition. 

  pH   EC 

Sample 

Timez 
Okray Tomato Eggplant   Okra Tomato Eggplant 

 A 6.0    5.6abx    5.6ab   0.15b 0.1b 0.22a 

B 6.0    5.7a    5.6a   0.23a 0.2a 0.25a 

C --    5.4b    5.4b   -- 0.1b 0.12b 

D -- --    5.6ab   -- -- 0.12b 

E -- --    5.5ab   -- -- 0.13b 

ANOVAw NS NS P=0.0369   P=0.0112 P<0.0001 P<0.0001 

  pH   EC 

Substratev Okra Tomato Eggplant   Okra Tomato Eggplant 

SLC 5.9a 6.0a 6.0a   0.32a 0.21a 0.28a 

OM 5.4b 5.4b 5.0b   0.14b 0.10b 0.12b 

PEAT 5.3b 5.4b 5.0b   0.11b 0.13b 0.10b 

ANOVAw P<0.0001 P<0.0001 P<0.0001   P<0.0001 P<0.0001 P<0.0001 

 

  

z
Sample time A was 15 days after seeding. Each sample time thereafter were conducted 

7 days following the previous sampling. 
y
Species evaluated: Solanum melongena L. ‘Traviata’ (Eggplant), Abelmoschus 

esculentus (L.) Moench ‘Clemson Spineless’(Okra), Lycopersicon esculentum Mill. 

‘Moneymaker’ (tomato). 
x
Means with different letters within a column are significantly different from each other 

based on Tukey's honestly significant difference means separation procedures (P≤0.05) 
w
Analysis of variance of main effects of sample time and substrate are shown. The two-

way interaction sample time x substrate was NS at P≤ 0.05. 
v
Substrates include: Swine lagoon compost (SLC), Jolly Gardener Just Natural Organic 

Substrate (OM), and Jolly Gardener Pro-Line 21G (PEAT)  
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Figure. 1. Tomato (Lycopersicon esculentum Mill.) root growth at 

harvest in Jolly Gardener Just Natural Organic Substrate (OM), 

swine lagoon compost (SLC), and Jolly Gardener Pro-Line 21G 

(PEAT) substrates, respectively. 
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Figure 2. Nitrogen concentration of swine lagoon compost 1:2 v/v substrate to water extracts for eggplant by sample 

time.   
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Figure 3. Zinc and copper concentration of 1:2 v/v substrate to water extracts from swine lagoon compost (SLC), an 

organic potting mix (OM), and a control substrate (PEAT). 
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Abstract 

Vegetable production may be an ideal use for swine lagoon solids (SLS) in North Carolina as 

most crops are grown in annual systems that have a high profit potential and fifty percent of 

the top ten hog production counties in North Carolina are also top ten counties for vegetable 

production. The objective of this study was to evaluate the potential of dried SLS as a 

fertilizer for field vegetable production. A warm season crop study was conducted with three 

vegetable species; Cucumis melo L. ‘Athena F1’ (cantaloupe), Solanum melongena L. 

‘Traviata F1’(eggplant), and Lycopersicon esculentum Mill. ‘Charger F1’ (tomato), and a 

cool season crop study was conducted with three vegetable species; Lactuca sativa L. 

‘Vulcan’ (red lettuce), Brassica oleracea L. ‘Storage No. 4’ (cabbage), and Lactuca sativa L. 

‘Adriana’ (green butterhead). The warm and cool season crops were grown on different, but 

fertile, soil types.  The SLS produced equivalent yields of the warm and cool season crops 

compared to a commercially available organic fertilizer. Additionally, the yields of the warm 

season species fertilized with SLS were similar to those with the conventional fertilizer while 

yield of cool season crops grown with the full rate was reduced when SLS were utilized.  
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Introduction 

Much of the over 67 billion kg of manure (Amer. Soc. of Agr. and Biol. Eng., 2010) 

produced by the 115 million hogs (Sus domesticus) farmed in the United States annually 

(Agricultural Statistics Board, 2015) is captured in open anaerobic lagoons.  While detained 

in the lagoon, solids settle out of the slurry and must be periodically dredged to maintain the 

lagoon’s functionality. Buildup of sludge solids reduces the available treatment volume, 

which subsequently slows the biological decomposition of organic compounds, such as 

volatile fatty acids, and creates strong odors. To circumvent these problems, intermittent 

removal of amassed sludge solids is necessary (Cantrell, et al., 2008). 

Swine lagoon sludge (SLS) is an attractive option for horticultural plant production as it may 

provide a portion, or all, of a plant's nutrient requirements.  However, SLS may have possible 

limiting factors for horticultural use due to excess nutrients which can lead to electrical 

conductivity high enough to damage plant roots along with the presence of heavy metals 

(Garcia-Gomez, et al., 2002; Williams, et al., 2015). Specific heavy metal concerns with SLS 

are copper and zinc as these metals are used as feed supplements to increase growth 

performance in young pigs (Jacela, et al., 2010) and thus tend to be found in levels higher 

than acceptable by the U.S. Environmental Protection Agency (EPA). An additional concern 

when using air dried SLS is that it forms hard aggregates of varying sizes which are difficult 

to distribute evenly making additional processing necessary before commercial field or 

container application (personal observation).  
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Vegetable production should create an ideal use for swine manure as most crops are grown in 

annual systems that have a high profit potential. In 2015, 4.2% of total cash receipts from 

farm marketings in North Carolina were due to vegetable and melon production with a value 

of 493 million dollars added to the North Carolina economy (National Agricultural Statistics 

Service, 2016). Fifty percent of the top ten hog production counties in North Carolina are 

also in the top ten counties in the state for vegetable production (National Agricultural 

Statistics Service, 2016). Nine out of the ten top vegetable producing counties are in the inner 

coastal plain where soils are typically sandy, have low native fertility, and so require 

relatively high fertilizer inputs. (Lee, 1955). In 2006, 118.8 tonnes nitrogen were applied to 

1,133 hectares in North Carolina for tomato production (National Agricultural Statistics 

Service, 2006). If dewatered and dried swine lagoon sludge had been utilized for tomato 

production in 2006, over 2,971 tonnes of waste would have been employed. Therefore, the 

objective of this study was to test the utility of dried SLS as a fertilizer for field vegetable 

production. 

Materials and Methods 

A factorial treatment arrangement of two nutrient sources: 1) dried swine lagoon sludge 4N-

2.6P-0.83K (SLS) and 2) aerobically composted turkey litter (All Natural Landscapers’ 

Choice, Sustane Natural Fertilizer, Inc., Cannon Falls, Minn.) 4N-2.6P-3.3K (TL) and two 

rates [89.7kg (full), and 44.9 kg (half) N per ha)] arranged in a randomized complete block 

design with six replications were used to grow a variety of warm and cool season vegetables. 

From 8 May through 4 Aug. 2016, Lycopersicon esculentum Mill. ‘Charger F1’ (tomato), 
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Cucumis melo L. ‘Athena F1’ (cantaloupe), and Solanum melongena L. ‘Traviata 

F1’(eggplant) were grown at the Horticultural Crops Research Station (35°01'30.6"N 

78°16'59.5"W) in Clinton, NC (Lynchburg sandy loam). From 22 Aug. through 21 Nov. 

2016, Lactuca sativa L. ‘Vulcan’ (red lettuce), Brassica oleracea L. ‘Storage No. 4’ 

(cabbage), and Lactuca sativa L. ‘Adriana’ (green butterhead) were grown at the NCSU 

Horticulture Field Lab (35°47'33.4"N 78°41'59.3"W) Raleigh, NC (Cecil gravelly sandy 

loam). Rates of N and K per ha were based on soil samples taken before nutrients were 

applied.  Potassium chloride (0N-0P-49.8K) at a rate of 55.6 kg was added to the SLS full 

treatment and 27.8 kg KCL was added to the SLS half treatment to match the K2O in the TL. 

Potassium nitrate 15.5N-0P-0K (YaraLiva Tropicote, Yara Belle Plaine Inc., Regina, 

Saskatchewan) and potassium chloride 0N-0P-49.8K were utilized as the control fertilizers at 

a rate of 89.7kg N, and 65.1 kg K per ha. 

Swine lagoon sludge was dredged from an open, anaerobic lagoon in Garland, North 

Carolina (Murphy Brown, LLC, Warsaw, NC) using a tiller attachment to cut the sludge off 

the lagoon bottom and pumped to a holding tank where a polymer (PT1051, PolyTec Inc., 

Mooresville, NC) was added and thoroughly mixed with the sludge. The sludge and polymer 

mixture was pumped into a geotextile bag (TITANTube OS425/OS425A, Flint Industries, 

Metter, GA) situated on a plastic lined, recessed reservoir with a slight slope to one side. 

Water filtered out of the bag and was pumped from the reservoir back into the lagoon. The 

sludge/polymer mix in the bag drained for two years before use.  Once removed from the 
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bag, the SLS was spread, under shelter, on a solid concrete surface, and air dried to 21% 

moisture content.  

The nutrient composition of the SLS was determined by North Carolina Department of 

Agriculture Soil and Plant Analysis Lab, Raleigh, NC. Nitrogen (N) and carbon (C) 

concentrations were determined by oxygen combustion gas chromatography with an 

elemental analyzer (NA1500 or EA1112; CE Elantech Instruments; Lakewood, NJ) 

(Association of Official Analytical Chemists, 1990; Campbell and Plank, 1992). Inorganic-

nitrogen (IN-N) fraction concentrations include nitrate-nitrogen plus nitrite-nitrogen (NO3-N 

+ NO2-N) and ammonium-nitrogen (NH3-N + NH4-N). NO3-N was determined by nitrate-

hydrazine reduction (Kempers & Luft, 1988; Skalar Analytical B.V., 1995b) and NH4-N was 

determined by modified Berthelot reaction (Krom, 1980) with an autoflow 

spectrophotometric analyzer (San++ Segmented Flow Auto-Analyzer, Skalar Instruments; 

Breda, Netherlands). Total concentrations of phosphorus (P), potassium (K), calcium (Ca), 

sulfur (S), magnesium (Mg), boron (B), copper (Cu), iron (Fe), manganese (Mn), zinc (Zn), 

sodium (Na), nickel (Ni), cadmium (Cd), and lead (Pb) were determined with inductively 

coupled plasma-optical emission spectrometry (Spectro Arcos EOP, Spectro Analytical: A 

Division of Ametek; Mahwah, NJ)(Donohue and Aho, 1992; EPA, 2001) after closed-vessel 

nitric acid (HNO3) digestion in a microwave digestion system (MARS 6 Microwaves; CEM 

Corp.; Matthews, NC (Campbell and Plank, 1992). 
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Ten initial soil samples were taken from a depth of 0 to 15 cm from each field and compiled 

into 3 composite samples per location. Final soil samples were collected at a depth of 0 to 15 

cm from tomato plots (warm season trial) and cabbage plots (cool season trial) on the day of 

final harvest. Three representative soil samples were taken per plot then blended to form a 

composite sample for each plot (N=6).  All samples were analyzed at the North Carolina 

Department of Agriculture Soil and Plant Analysis Lab, Raleigh, NC. Samples were dried at 

62°C for 5 days, ground in a hammer mill, and sieved through an 18 mesh (1mm) screen. 

Each soil sample (1.25g) was combusted at 490°C for 6 hours. The resulting ash was 

dissolved in 10 mL 6 N HCl and diluted to 50 mL with distilled deionized water. Phosphorus 

concentrations were determined by P-2000 Inductively coupled plasma emissions 

spectrophotometer (Perkin Elmer, Norwalk, CT). Nitrogen concentration was determined 

using 10 mg samples in a Perkin Elmer 2400 CHN elemental analyzer (Perkin, Elmer, 

Norwalk, CT).  

Warm Season Trial. Prior to field planting the warm season trial, seeds of the three warm 

season vegetables were sown in a peat-based potting medium with a two-week nutrient 

charge (Jolly Gardener Pro-Line C/P, Jolly Gardener, Portland, ME) in a greenhouse at 

Marye Anne Fox Teaching Laboratory (35.78°N/78.64°W), Raleigh NC with natural 

irradiance and photoperiod and germinated under fog (CoolNet Pro Fogger 0303420LL-B, 

M.L. Irrigation System; Laurens, South Carolina) applied for 8 s every 8 m. Clear plastic 

sheeting was pulled around and over the bench. After germination, plastic sheeting was 

removed and plants were watered by hand as needed.  Upon reaching maturity, each species 
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was transferred to a polyurethane covered hoop house at NCSU Horticulture Field Lab 

(35°79"N –78°69"W) in Raleigh, NC, for hardening-off, where overhead irrigation was 

provided cyclically three times daily (8:00 AM, 12:00 PM, 4:00 PM). After 2 weeks, 

transplants were moved to a black weed barrier covered, full sun, growing area and irrigated 

as prior until field transplantation.  During hardening, fertilization (20N-4.4P-16.6K, Peters 

Professional, Everris, Dublin, OH) was supplied at a rate of 100 mg∙L-1 N applied twice 

weekly.   

Each nutrient source was weighed for each treatment combination and applied by hand after 

the field had been plowed to 20 cm.  Black plastic mulch (1.75 mm black polyethylene 

mulch, 152.4 cm-wide, Berry Hill Drip Irrigation, Buffalo Junction, VA) was pulled over a 

shaped bed (30.5 cm deep) and 0.91 L·hr drip tape (Netafim Irrigation, Fresno, CA) was laid 

2.5 cm below the soil surface and 10 cm from center all in one action. A 19 cm polyethylene 

hose (The Toro Company, Bloomington, MN) was placed perpendicular to the drip tape at 

the end of the field. Drip tape was attached with valves to the polyethylene hose. Planting 

rows were 1.5 m on center and each plot was 3 m long with one row of crops per plot and 1.2 

m of row between each plot.  Planting was done by hand. The within row spacing for tomato 

was 45.7 cm providing 7 plants per plot. Spacing for eggplant was 70 cm providing 5 plants 

per plot and cantaloupe was spaced at 30.5 cm providing 10 plants per plot. Outside rows and 

planted rows bordering drive rows were designated as border rows and removed from data 

collection to reduce any possible edge effect on the internal rows.   
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Irrigation was provided throughout the growing season as necessary to maintain crop growth, 

approximately once a week for three hours.  No additional nutrients were applied. Weeding 

was conducted manually as necessary throughout the experiment. Fungicides, herbicides, and 

insecticides were sprayed on a weekly regime as designated by the research station. 

Recommended rates of Manzate (UPL Australia Limited, Bella Vista, Australia), Kocide 

(Kocide LLC, Columbia, MD), Tanos (Dupont, Wilmington, DE), Presidio (Valent, Raleigh, 

NC), Asana (Dupont, Wilmington, DE), Previcur (Bayer, Research Triangle Park, NC), and 

Sevin (Bayer, Research Triangle Park, NC) were applied by tractor. With every 30 cm of 

height, eggplant and tomato plants were supported using nylon braided seine twine and 

basket weave trellising system braced with metal poles driven into the ground approximately 

30 cm deep, every 1.2 m.  Fruit was harvested upon reaching commercial maturity, counted, 

sorted into marketable and cull subgroups, and weighed (Bench scale FG-150KBM, A&D, 

San Jose, CA) within one hour. At final harvest (78 days after planting) of all fruit, regardless 

of maturity, was collected.  

Cool Season Trial. Cool season transplants of the three species were started as described 

above. When fully developed, each species was transferred to a black weed barrier covered, 

full sun, growing area at NCSU Horticulture Field Lab (35°79"N –78°69"W) in Raleigh, NC 

to allow hardening-off and held until field transplantation.  Overhead irrigation was provided 

cyclically three times daily (8:00 AM, 12:00 PM, 4:00 PM). During hardening, fertilization 

(20N-4.4P-16.6K, Peters Professional, Everris, Dublin, OH) was supplied at a rate of 100 

mg∙L-1 N applied, by hand, twice weekly. 
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The cool season trial field was prepared in a similar manner as above except rows were 2.1 m 

on center and each plot was 0.9 m long with two rows of crops per plot and 0.6 m of row 

between each plot. Each nutrient source was again weighed for each treatment combination 

and applied by hand. Drip irrigation was applied 1.5 h per day from 22 Aug. to 19 Oct. and 

1.5 h three days a week for the remainder of the study.   Planting was completed by hand. 

Fungicides, herbicides, and insecticides were sprayed on a weekly regime as designated by 

the research technician. Recommended rates of Presidio (Valent, Raleigh, NC), Carbaryl 

(Drexel Chemical, Memphis, TN) and Sevin (Bayer, Research Triangle Park, NC) were 

applied by backpack sprayer. The within row spacing for cabbage was 45.7 cm providing 3 

plants per plot in a staggered arrangement. Spacing for red lettuce was 20 cm providing 8 

plants per plot, and green butterhead lettuce was spaced at 30.5 cm providing 8 plants per 

plot. All species were harvested by cutting ~4 cm above ground level, counted, and weighed 

(Bench scale FG-150KBM, A&D, San Jose, CA) within 1 hour.  Red lettuce was harvested at 

34 days and 81 days. Cabbage and green butterhead were hand harvested at 81 days. 

Analyses 

All variables were subjected to analysis of variance (ANOVA) and Tukey’s Honestly 

Significantly Different means separation procedures where appropriate in SAS, Version 9.4 

(SAS, 2016) and were considered significant at P < 0.05. Species were analyzed separately. 

When nutrient source x N rate interactions were non-significant, only main effects are 

presented. The control was removed from the ANOVA procedures for half rate treatments to 

test interactions.   



45 

 

Results and Discussion   

The warm season trial was conducted on a Lynchburg sandy loam with a lower CEC than the 

Cecil gravelly, sandy loam used for the cool season trial (Table 1).  However, the pH, K, Mg, 

and Cu levels were similar between the soil types.  Phosphorus was 2.4 times higher in the 

Lynchburg sandy loam while Ca, S, Zn, and Cu were slightly higher in the Cecil gravelly 

sandy loam.  Manganese concentrations were 6.7 times higher in the Cecil gravelly sandy 

loam than the Lynchburg sandy loam.  Regardless of differences between soil nutrient levels 

and pH, both soils were fertile and ready for vegetable production (De & Bhattacharjee, 

2011; Lee, 1955).  

Since the SLS and TL were applied as fertilizers, not soil amendments, the organic matter, 

pH and cation exchange capacity were not affected, for either soil type, by the nutrient rate or 

source (Table 2). During the warm season trial, SLS supplied higher amounts of P and Mg 

than either TL or the control, especially with the 89.7 kg N per ha rate (full).  As a result, Mg 

and P contents in the soil with SLS applied remained higher than with the TL or the control 

even after the final crop harvest. Duffera et al. (1999) also found the addition of dewatered 

SLS to significantly increase the concentration of Mg across four soil types; Goldsboro, 

Hiwassee, Portsmouth, and Conaby muck; however, the P and Mg levels were within crop 

tolerance (Maynard and Hochmuth, 2007) for both Duffera et al. (1999) and this study.  No 

other nutrient contents in this Lynchburg sandy loam were affected by either nutrient source 

or nutrient rate except Ca content with the control having higher Ca content than the TL but 

equivalent to the SLS (Table 2).  High levels of Zn and Cu can be a concern with SLS.  The 



46 

 

SLS used in this study was collected from a lagoon supplied by finishing hogs and had 

received an EPA Exceptional Quality classification which meant that these solids could be 

applied to the soil as a fertilizer for plant growth without monitoring. The Zn levels (2775 

mg∙L-1) of the SLS did not exceed the EPA recommendation of ≤2800 mg∙L-1 and Cu 

concentrations (363.8 mg∙L-1) were below EPA’s recommended level of 1500 mg∙L-1.  The 

Zn and Cu levels in the soil after one application were similar regardless of fertilizer applied 

(Table 2). In contrast, Duffera et al. found extractable concentrations of Zn and Cu increased 

with increased application rates of SLS which indicates a difference in bioavailability and 

would require additional research to address. During the cool season trial, with the Cecil 

gravelly sandy loam, nutrient source and nutrient rate had no impact on the nutrient 

concentrations after final harvest (data not shown). The Cecil gravelly sandy loam had lower 

initial P and Ca levels than the Lynchburg sandy loam and may have adsorbed these nutrients 

equally regardless of source. 

For the warm season trial, the three-way interactions of species x nutrient source x nutrient 

rate was non-significant for total harvested fresh weights, total harvested fruit counts, and 

cull percentage of total weight. Neither nutrient source nor nutrient rate effected yield. The 

only significant differences found for total fresh weights, total harvested fruit counts, and cull 

percentage of total weight, were between species. Similarities in yield were not unexpected 

as Evans et al. (1977) reported corn grain yields from liquid swine manure treated plots as 

not significantly different from plots treated with an inorganic fertilizer. Total fresh weights 

only were collected for the cool season trial and the three-way interaction of species x 
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nutrient source x rate, the interaction of nutrient source x rate, and the rate main effect were 

non-significant. The main effect of nutrient source was significant. There were no differences 

in fresh weight yield between SLS, TL, and CON for cabbage (Table 3).  However, SLS 

produced similar fresh weight to TL and lower fresh weight than CON for green butterhead 

lettuce and red lettuce while fresh weight with TL was similar to the CON. Similarity 

between the whole and half rate treatments in both trials may be due to the nitrogen rates 

being too high overall even though the full rate applied (89.7kg N per ha) was within ranges 

suggested for all species, apart from eggplant for which the applied full rate was slightly low, 

based on recommendations put forth by Maynard and Hochmuth (2007).  On average, most 

vegetable crops remove 75-150 kg N per ha (De and Bhattacharjee, 2011). 

In conclusion, dried swine lagoon sludge supported the nutrient needs of the warm season 

vegetable species evaluated as well as a commercially available turkey litter and the industry 

conventional fertilizer.  Yield of cool season vegetables was reduced when the SLS were 

utilized possibly due to cooler soil temperatures and slowed mineralization (Loehr, 1974). 

The dried SLS formed hard aggregates of varying sizes which were difficult to distribute 

evenly making additional processing necessary for commercial field application to be 

practical. SLS did not increase the heavy metals (Zn or Cu) of concern in either soil type but 

did increase the P and Mg concentrations more than the turkey litter or conventional 

fertilizers.   
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Table 1. Initial soil nutrient concentrationsz. 

  CECy pH Px K Caw Mg S Zn Mn Cu 

Lynchburg sandy 

loamv 
42 6.0 82.4 161.7 47 16.0 12.1 3.9 4.8 1.5 

Cecil gravelly sandy 

loamu 
22 6.7 24.0 184.7 76 14.5 22.8 3.2 37.1 1.6 

 

 

  

z
Ten soil samples were taken prior to fertilizer application from a depth of 0 to 15 cm from 

each field and compiled into 3 composite samples per location.  
y
Cation exchange capacity, meq∙100 cm

3
  

x
 P, K, S, Zn, Mn, and Cu measured as mg∙L

-1
.  

w
 Ca and Mg measured as percent of CEC.  

v
 Warm season trial 

u
 Cool season trial  
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Table 2.  Main effect of nutrient source on Lynchburg sandy loam 

Nutrient 

Sourcez 
CECy P mg∙L-1 Mg%x 

Zn 

mg∙L-1 

Cu 

mg∙L-1 

  89.7 Kg/ha (100%) 

SLC 4.2 132.2aw 21.8a 7.2 1.8 

TL 4.0 87.8b 18.7b 9.4 1.8 

Control 3.8 73.8b 16.7b 7.4 1.6 

ANOVAv   P=0.007 P=0.003 NS NS 

  44.9 Kg/ha (50%) 

SLC 3.9 109.2a 19.2a 7.3 1.9 

TL 4.1 100.6ab 19.7b 8.9 1.8 

Control 3.8 73.8b 16.7b 7.4 1.6 

ANOVA   P=0.04 P=0.01 NS NS 

z
Nutrient sources include:  Dried swine lagoon sludge (SLS), 

aerobically composted turkey litter (TL), and potassium nitrate 
with potassium chloride (Control).  Rates: 89.7 Kg/ha N (100%), 
and 44.9 Kg/ha N (50%) 
y
Cation exchange capacity, meq∙100 cm

3
  

x
Mg measured as percent of CEC.  

w
Means within a column with different letters are significantly 

different from each other based on Tukey mean separation 
procedures (p>0.05).  
v
Analysis of variance. NS ≥ 0.05, P-value given otherwise. Analysis 

of variance of main effect of nutrient source at full and half rate is 
shown. The two-way interaction nutrient rate x nutrient source 
was non-significant.  
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Table 3. Harvest weights for cool season species. 

Nutrient Sourcez Fresh Weight (kg) 

Cabbage
y
 

SLS  2.3 

TL  2.4 

Control 4.2 

ANOVA
x
 NS 

Green butterhead lettuce 

SLS  0.7b
w
 

TL  0.7b 

Control 1.3a 

ANOVA P=0.0283 

Red lettuce 

SLS  0.7b 

TL  1.3ab 

Control 1.8a 

ANOVA P=0.0197 

 

 

z
Nutrient sources include:  Dried swine lagoon sludge 

(SLS), aerobically composted turkey litter (TL), and 

potassium nitrate with potassium chloride (Control).  
y
Species evaluated: Brassica oleracea L. ‘Storage No. 4’ 

(cabbage), Lactuca sativa L. ‘Adriana’ (green 

butterhead), and Lactuca sativa L. ‘Vulcan’ (red lettuce).  
x
Analysis of variance (ANOVA) of the main effect of 

nutrient source was significant at P≥ 0.05. The species x 

nutrient source interaction, and the main effect of nutrient 

rate were NS.   
w
Means within a column with different letters are 

significantly different from each other based on Tukey 

mean separation procedures (p>0.05). 


