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Thesis Abstract 
The accumulation of P in soil from land-applied biosolids and manure increases 

the risk for P enrichment of agricultural runoff. Transport of these residuals to areas 

where P may be efficiently utilized is necessary to reduce the threat to water quality. 

Composting can improve biosolids and manure handling characteristics to make their 

transportation more feasible; however, little is known about P dynamics in compost-

amended soil. We investigated the factors controlling P solubility and plant availability in 

two soils, a Kempsville fine sandy loam (Typic Hapludult) and a Fauquier silty clay loam 

(Ultic Hapludalf), amended with one of 4 composts (2 biosolids composts and 2 poultry 

litter - yard waste composts), poultry litter, or inorganic P (as KH2PO4) in incubation and 

greenhouse pot studies. We also compared the effects of compost, poultry litter and 

commercial fertilizer on surface P runoff from a Fauquier silty clay loam that had 

received compost, poultry litter, or commercial fertilizer for 5 years. Organic 

amendments with higher concentrations of Fe, Al, and Ca had lower relative P 

solubility/availability. Phosphorus solubility in the Kempsville fine sandy loam, having 

far lower native P binding capacity, was more affected by Fe, Al, and Ca applied with the 

organic amendments. The concentration of P in runoff from the compost treatments was 

higher; however, infiltration was increased and runoff decreased so the mass loss of P 

and sediment was lower. Improved soil physical properties associated with compost 

applications aid to limit P runoff.
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1 Introduction 

1.1 Problem, Rationale and Significance 
Soil organic matter is of integral importance to sustainable soil management and 

increases crop yield potential (Lucas et al., 1977). Organic matter increases the soil’s 

ability to hold and make nutrients available to plants through mineralization, cation 

exchange, and chelation and to resist the natural tendency of soil acidification through pH 

buffering (Cole et al., 1987). Soil organic matter improves soil tilth, the combination of 

soil physical properties that include aggregation, bulk density, and porosity. The 

enhancement of such factors increases aeration and plant available water-holding 

capacity and reduces runoff and erosion (Aggelides and Londra, 2000; Foley and 

Cooperland, 2002; Evanylo et al., 2003). 

A direct method for building SOM is to recycle organic wastes onto production 

fields. Land application of municipal, industrial, and agricultural organic wastes, 

hereafter collectively referred to as organic residuals, is an effective means of recycling 

essential nutrients and organic matter. However, the practice is not without its liabilities. 

Most organic residuals are produced in localized geographic areas having high animal 

densities, whose adjacent cropland may consistently receive such residuals at rates in 

excess of nutrient needs. Excess nutrients, particularly P, may accumulate in the soil to 

such high levels that runoff losses may threaten surface water quality. Practices and 

technologies that can reduce P mobility and/or promote the transport of nutrient-laden 

residuals to areas with nutrient needs are desirable.  

Composting can facilitate transport of organic residuals by the generation of an 

easily-handled, value-added product. Composting is the controlled aerobic, thermophilic, 
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microbial decomposition of organic material (Rynk, 1992). The process typically reduces 

the mass and volume of the initial material by 50 percent, and reduces associated 

transportation costs accordingly. The environmental and agronomic benefits of compost 

use have been inferred from a limited number of studies (Aggelides and Londra, 2000; 

Evanylo et al., 1998; Maynard, 1994); however, long term field research designed to 

determine whether the use of compost is more environmentally sound than commercial 

fertilizer or manure has not been conducted. Little work has been specifically conducted 

to determine P dynamics (e.g., plant availability, solubility, and leaching and runoff 

losses) in soils amended with compost.  

The ratio of N-to-P in most compost does not typically match non-leguminous 

crop needs. Consequently, the accumulation of P is likely to occur when compost is 

repeatedly applied based on crop N needs. Eghball and Gilley (1999) and Sharpley and 

Moyer (2000) demonstrated that compost applied at agronomic N rates may pose a risk 

for elevated P in runoff. Further research is required to determine whether composted 

organic residuals applied at beneficial rates utilizing proper application methods and 

optimum timing for crop production is an environmentally and agronomically sound 

practice. 

Phosphorus accumulation and loss must be addressed to maximize agronomic 

efficiency and minimize environmental risk. A thorough understanding of P solubility 

and movement in soils amended with these materials is critical to assess plant availability 

and environmental risk. Phosphorus solubility and bioavailability in soils amended with 

animal manures (Sharpley and Sisak, 1997; Sharpley et al., 1984; Mozaffari and Sims, 

1996) and biosolids (appropriately treated sewage sludge) (Siddique and Robinson, 2003; 
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Maguire et al., 2000; Maguire et al., 2001; Romer and Samie, 2001) have been 

investigated. Research has also been conducted to investigate P loss from soils amended 

with manure (Meek et al., 1982; Sharpley  et al., 1991; Sharpley et al., 1993; Sharpley, 

1996;  Mullins and Hajak, 1997) and biosolids (Sims et al., 2002; Penn and Sims, 2002; 

Lu and O’Connor, 2001; Elliot et al., 2002). Research is needed to elucidate the effects of 

compost applications to soils on plant P availability and risk of surface loss. 

1.2 Thesis Objectives 
 

1. Compare the effects of various soil types and P sources on plant available 

P in greenhouse pot and incubation studies. 

2. Compare the agronomic value of i) synthetic fertilizer; ii) poultry litter; iii) 

composted yard waste; iv) and composted municipal biosolids applied to a 

common Piedmont soil. 

3. Determine the risk of surface P loss from a Piedmont soil amended with:  

i) synthetic fertilizer; ii) poultry litter; iii) composted poultry litter - yard 

waste; iv) and composted municipal biosolids. 

1.3 Previous Work 
 Manures and biosolids have long been used to supplement nutrients and improve 

soil quality; however, indiscriminate use of manure or biosolids has resulted in water 

quality degradation (National Research Council, 1993). Application rates of organic 

residuals must be based on both crop nutrient needs and potential environmental impacts. 

Phosphorus is usually applied at rates higher than necessary for plant needs when organic 

residuals are applied to land at agronomic N rates. 
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1.3.1 Use of Organic Residuals to Enhance Soil Quality 
Soil quality, “the capability of a soil to produce safe and nutritious crops in a 

sustained manner over the long term, and to enhance human health, without impairing the 

natural resource base or harming the environment” (Parr et al., 1992), is integral to 

sustainable agriculture. While certain attributes of soil quality are fixed (e.g., soil depth, 

soil texture), many properties (e.g., pH, EC, organic matter content) can be affected 

positively or negatively by management. The most common soil quality attributes are 

indicators of soil tilth, nutrient supplying capacity, and biological activity. 

Soil organic matter is a critical component of soil quality (Elliot et al, 1994). 

Organic matter dynamics can be influenced by management practices such as tillage, 

crop rotations, yield levels, the amount of residues returned to the field and losses by 

erosion (Lucas, 1977). While sound tillage and cropping practices may take years to 

increase soil organic matter (Lucas, 1977), the addition of organic amendments can 

increase soil organic matter in a relatively short period (Epstein et al., 1976; Tester, 1990; 

Guisquiani et al., 1995; Evanylo et al., 1998; Aggelides and Londra, 2000; Foley and 

Cooperband, 2002). 

More than 150 million Mg of organic municipal solid waste (i.e., municipal yard 

wastes, soiled paper and paper products, food and food processing wastes, organic 

industrial wastes, and wood and woody wastes), in excess of 15 million Mg of biosolids, 

and over 73 million Mg of animal manure are produced in the Untied States each year 

(ARS, 1998). Land application of organic residuals can be a cost-effective means of 

recycling valuable nutrients and organic matter. Recognition of the tangible value of 

these materials could help to divert them from landfills or land where the nutrients 

contained in them are essentially wasted. 
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Transportation cost is usually the most limiting economic constraint to land 

application (Bosch and Napit, 1992). The cost to farmers may become increasingly 

affordable if waste producers are required to share in the cost of transporting these 

materials. The implementation of treatment technologies that improve handling and 

increase the agronomic value of organic residuals is necessary to insure their efficient 

utilization. A potential alternative treatment for organic residuals is composting.  

1.3.2 Composting As an Alternative Treatment Method 
Compost is a stable organic material similar to soil humus. The concentration of 

some macro- (P, K, Ca, Mg, and Fe) and micronutrients (Cu, Mn, Mo, and Zn) may be 

higher in compost than in the feedstock materials (WEF, 1995). Compost typically 

releases nitrogen in a plant available form at a slower rate than commercial fertilizer or 

raw manure (Evanylo, 1994). 

Composting is a desirable practice for managing manure because compost is more 

convenient to handle and store than uncomposted manure (Glenn, 1992). Composting 

reduces the mass and volume of the original material by 40-60%. Furthermore, the stable 

nature of compost permits storage without nuisance (odor, pathogens) and loss of 

nutrients. This enables the product to be applied when crop needs are greatest and 

environmental consequences are lowest. 

Cash grain farmers in Virginia have used biosolids for decades as an inexpensive 

fertilizer; however, legislation may soon limit the types of biosolids that can be used in 

Virginia. The use of Class B biosolids (containing detectable levels of human pathogens) 

has come under attack from health and environmental advocates. A potential alternative 
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to Class B biosolids may be Class A composted biosolids, which contain no detectable 

pathogens. 

Composting manure and other agricultural, industrial, and municipal wastes for 

use as a soil amendment is becoming more accepted among conventional farmers 

(Christian et al., 1998), and compost use could be increased if farmers and educators 

understood optimum agronomic and environmental application rates. 

1.3.3 Agronomic Value of Compost 
Compost application can improve several nutrient and non-nutrient properties of 

amended soils. The beneficial effects of compost on bulk density, porosity, aggregate 

stability, and water-holding capacity can improve crop productivity and reduce soil and 

water quality degradation. Compost can also satisfy some or all of a crop’s nutrient 

requirements and improve yields by additionally enhancing CEC and pH. 

1.3.3.1 Improved Soil Physical Properties 
Khaleel et al. (1981) reviewed the effects of organic residuals (i.e., animal 

manures, biosolids, municipal solid waste, and composts) applied to various cropping 

systems on soil properties. Application rates ranged from 31 to 500 Mg ha-1 yr-1. Soil 

organic matter content increased and bulk density decreased with increasing amendment 

application rates. The decrease in bulk density was attributed to the dilution effect 

resulting from the incorporation of low-density organic materials with higher density soil 

materials. The authors also noted that water-holding capacity increased across a range of 

water potentials when organic residuals were applied. 

Aggelides and Londra (2000) evaluated the effects of composted urban waste on 

selected soil physical properties. The compost was applied to a deep clay soil (Humic 
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Fluvaquent) and a loamy soil (Typic Xerochrept) at one time rates ranging from 0 to 156 

Mg ha-1. The amendments improved saturated and unsaturated hydraulic conductivity, 

water retention, total porosity, pore distribution, aggregation, aggregate stability, bulk 

density, and soil penetration resistance at both sites. 

In non-irrigated production systems, soil moisture is often recognized as the most 

limiting factor determining yield potential. One of the most valuable attributes of 

compost is its ability to enhance the soil physical properties that increase water-holding 

capacity. Foley and Cooperband (2002) reported a significant increase in plant available 

water holding capacity with the application of paper mill waste applied at 22.4 and 44.8 

Mg ha-1 and composted paper mill waste applied at 38.1 and 78.4 Mg ha-1 for two 

consecutive years in a vegetable production system on a Typic Udipsamment. There was 

a significant positive linear relationship between soil C and plant available water holding 

capacity. All amendments decreased the average amount of irrigation water required 

through the growing season by 4 to 30% and the frequency of irrigation events by 10 to 

90%. Epstein et al. (1976), Guisquiani et al. (1995), and Tester (1990) also found that 

additions of organic residuals increase plant available water in amended soils.  

1.3.3.2 Enhanced Soil Fertility 
The application of compost can have a marked effect on several soil chemical 

properties. Aggelides and Londra (2000) found that the CEC of a loamy soil (Typic 

Xerochrepts) was increased from 14.4 to 24.5 cmolc kg-1 with 156 Mg compost ha-1. 

Cation exchange capacity of a clay soil (Humic Fluvaquents) was increased from 54.2 to 

61.7 cmolc kg-1 for the 0 and 156 Mg ha-1 application rates, respectively. Evanylo et al. 
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(1998) found that compost amended soils had increased soil organic matter, CEC, and pH 

during a two-year field study. 

Compost contains all of the essential plant nutrients (Rynk, 1992); however, 

nutrient concentration and availability will vary depending on compost feedstock. When 

agronomic rates based on plant available N are accurately estimated, soils amended with 

compost produce yields equal to or greater than soils amended with commercial fertilizer. 

Reider et al. (1991) conducted a one-year study on a Berks silt loam (mixed, active, 

mesic, Typic Dystrudept) to compare the agronomic value of compost, raw manure, and 

fertilizer applied based on estimated plant available nitrogen. There were no differences 

in corn (Zea mays L.) yield among composted broiler litter plus yard waste, raw broiler 

litter, and commercial fertilizer. Maynard (1994) compared yields of vegetables grown in 

soil amended with either compost or conventional fertilizer. Yields of tomato 

(Lycopersicon esculentum Mill.), pepper (Capsicum annuum L.), broccoli (Brassica 

oleracea L.), cauliflower (Brassica oleracea L.),and  eggplant (Solanum melongena L.), 

grown in soil amended with compost were equal to or greater than in soil amended with 

conventional fertilizer. 

Few studies longer than three years have been conducted to evaluate the long-

term agronomic value of compost applications. Enduring effects are anticipated but rarely 

measured. However, Sullivan et al. (2003) did evaluate long-term effects of high 

application rates of food waste compost on N availability. Six food waste composts were 

applied at a one-time rate of 155 Mg ha-1 to a fine sandy loam (Vitrandic Haploxerolls), 

and fescue (Festuca arundinacea L.)  was planted and harvested 40 times over the 

following seven years. Nitrogen uptake from compost amended soil was increased by 294 



 9

to 527 kg ha-1. Dry matter production was increased by 8.6 to 14.6 Mg ha-1. The apparent 

N recovery by the fescue was 15 to 20% of the compost N applied. Elevated N 

concentrations in the surface soil (0-7.5 cm) accounted for 33% of the compost-N 

applied. Increased concentrations of C in the surface soil accounted for 18% of the 

compost-C. 

Environmental risks must be assessed in order to utilize compost safely. 

Phosphorus concentrations will become excessive in soils where compost, manures or 

biosolids are applied to meet the agronomic N needs of most crops. Soils with 

excessively high P concentrations may threaten water quality due to leaching and/or 

runoff losses. A considerable amount of research has examined P availability and 

transport from soils amended with manure and biosolids, but few studies have been 

conducted to determine P dynamics in soils amended with compost. 

1.3.4 Phosphorus Availability in Soils Amended With Compost 
Current Virginia nutrient management guidelines assume that the agronomic 

effectiveness of P applied in manure is equivalent to fertilizer P (DCR, 2002); however, P 

activity, not concentration, determines bioavailability and, to a great degree, mobility. In 

order to make efficient use of the P in compost, it is necessary to determine its plant 

availability. Phosphorus in manure and compost is present in both organic and inorganic 

forms, with the inorganic pool comprising 60-90 % (Barnett, 1994; Sharpley and Moyer, 

2000). Factors that control the solubility of both inorganic and organic fractions must be 

known in order to predict P availability.  

Nitrogen mineralization and availability in soil amended with compost has been 

studied extensively (Hadas and Portnoy, 1994; Chen et al., 1996; Sims, 1990; Sullivan et 
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al., 1998; Mamo et al., 1999), but little research has been conducted to determine P 

availability. Such research suggests that composting does not consistently affect the 

availability of soil P (Preusch et al., 2002; Alder and Sikora, 2003). 

While the C:N ratio has been shown to be a good indicator of organic N 

mineralization in compost, the C:P ratio has failed to be an accurate predictor of organic 

P availability from compost (Preusch et al., 2002). Mineralization of crop residue P 

occurs when the C:P ratio is less than about 200:1, while immobilization occurs when the 

C:P ratio is greater than about 300:1 (Dalal, 1977). The C:P ratio in most organic 

residuals is less than 50:1 (Sharpley and Moyer, 2000; Hue et al., 1994; Sikora et al., 

1982; McCoy et al., 1986; Maguire et al., 2001; Preusch et al., 2002; Penn and Sims, 

2002), but P availability is determined by factors other than organic P mineralization-

immobilization. Phosphorus availability of inorganic P is limited by both the P-binding 

capacity of the amended soils (Lu and O’Connor, 2001) and concentrations of P-binding 

constituents (Ca, Fe, and Al) within the applied residuals themselves (Maguire et al., 

2000; Sharpley and Moyer, 2000; Penn and Sims, 2002). 

Evaluation of P dynamics in soils amended with organic residuals is challenging 

due to the vast assortment of P forms in the residuals, the complexity of the processes 

controlling P solubility in soils, and the difficulties in measuring P forms that constitute 

available P. Phosphorus availability in soils amended with organic residuals has been 

evaluated by researchers using a number of experimental methods, including P 

fractionation in the organic residuals themselves (Maguire et al., 2000), P fractionation in 

amended soils (Sharpley and Moyer, 2000), agronomic soil test methods (Ebeling et al., 

2003a, Robinson, 2003; Preusch et al., 2002; Sims et al., 2002; Siddique and Robinson, 
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2003; Maguire et al., 2000; Mankolo, 1997; Sharpley and Sisak, 1997; Robinson and 

Sharpley, 1996) and plant uptake (Sikora et al., 1982; McCoy et al., 1986; Hue et al., 

1994; Kuo, 1995; Mankolo, 1997; Ebeling et al., 2003b). 

1.3.4.1 The Effects of Composting on Phosphorus Concentration and Solubility 
The P concentration of the manure or biosolids is initially diluted by the addition 

of low P, high C feedstocks (e.g., wood chips), but the finished product has a higher 

concentration of total P than the initial mixture due to the loss of C and the retention of P 

during composting. Vadas et al. (2004) found that total P concentration of poultry manure 

was decreased by 50% before composting due to dilution with woodchips. After 

composting, the total P content had increased by 20% of the initial material. Sharpley and 

Moyer (2000) found that composting poultry manure with woodchips decreased P 

concentration by 67%, but dairy manure composted with soybean straw had over 400% 

more total P than the raw dairy manure. DeLaune et al. (2001) found that composting 

poultry litter without woodchips increased total P by 44%. 

Phosphorus solubility is also affected by compost feedstocks. Vadas et al. (2002) 

reported that composting poultry litter with woodchips decreased the water soluble P 

(WSP) to total P ratio by 77%. Sharpley and Moyer (2000) found similar results for 

composted poultry and dairy manure. DeLaune et al. (2000) found that WSP increased by 

160% when poultry litter was composted without woodchips. Dao et al. (2001) reported 

that composting poultry litter did not affect WSP. 

Alder and Sikora (2003) investigated the affect of compost maturity on P 

availability in amended soil. Total P in turkey litter co-composted with orchardgrass 

(Dactlylis glomerata L.) increased from 14 to 19 g kg-1 after 56 days of composting, 
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while WSP did not change from its initial value of 0.2 g kg-1. Mehlich 1 extractable P 

(M1P) decreased with increasing maturity of compost. Preusch et al. (2002) also found 

that P solubility was greater in an immature compost than a well-cured compost.  

Mankolo (1997) conducted a laboratory incubation study to investigate P 

mineralization from poultry litter, and poultry litter-yard waste compost. The organic 

amendments were incorporated with a Vance soil at a rate of 26.2 mg  total P kg-1 of soil 

and incubated for 56 days at 25 oC. Potentially mineralizable P, determined by the 

difference between M1P at time zero and extractable P after the incubation period, was 

higher for the poultry litter-amended soil (45.4% of total P) than for the poultry litter-

yard waste compost-amended soil (28% of total P) after the 56 day incubation period.  

The N:P ratio of most manures ranges from 2:1 to 6:1, and that of biosolids is 

near 2:1, but the N:P uptake ratio for most crops is between 7:1 and 10:1 (Eck and 

Stewart, 1995; Evanylo, 1999; Heckman et al., 2003). The N:P disparity is exacerbated 

by the partial availability of N in organic residuals due to incomplete mineralization of 

organic N and volatilization of some ammonia N; thus, the P concentration of amended 

soil will increase to levels in excess of plant needs with continued N-based applications. 

When organic residuals are composted, the available N:P divergence from crop needs 

may be further magnified due to a decrease in the mineralization rate of organic N and 

the possible increase in ammonia volatilization during composting. If P-based 

applications are adopted, it will be useful to have an understanding of the factors that 

determine P availability in amended soils. Due to the diverse properties of organic 

residuals, our knowledge of plant response to soluble inorganic fertilizer P sources may 
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be of little use. Some work has been done to address this issue; however, more research is 

needed. 

1.3.4.2 Factors Affecting Phosphorus Availability in Amended Soils 
The study of P availability in residual amended soils is challenging due to the vast 

assortment of P forms in the residuals, the complexity of the processes controlling P 

solubility in soils, and the difficulties in measuring P forms that constitute available P. A 

number of creative approaches have been employed in the investigation of P dynamics in 

amended soils.  

 Sharpley and Moyer (2000) used a modified Hedley P fractionation to investigate 

the forms of P in manure and compost and their release during simulated rainfall. In the 

materials studied, inorganic P content was consistently greater (63 to 95 %) than the 

organic P content (5 to 25%). Both water soluble organic and inorganic P were 

susceptible to leaching losses during simulated rainfall. Phosphorus leached was highly 

correlated to WSP (r2=0.98 to 99). The authors suggested that water extractable P may be 

used to predict the potential for land applied organic residuals to enrich leachate and 

runoff. 

Robinson and Sharpley (1996) found that poultry litter leachate was only about 

67% as effective at increasing Fe-oxide P as KH2PO4 in amended soils after 28 days of 

incubation. Phosphorus sorption maxima, determined from Langmuir isotherms, 

averaged 548 mg kg-1 for leachate treated and 304 mg kg-1 for KH2PO4 treated soils. The 

authors attributed the increased P sorption maxima and the reduced Fe-oxide strip P in 

leachate treated soils to the formation of Ca-P complexes in leachate amended soils. 

Sharpley and Sisak (1997) found P availability to be consistently higher in the soils 
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treated with KH2PO4 than those treated with poultry litter. The authors attributed the 

reduced availability of P from the poultry litter to its complexation in leachate with Ca 

and soluble organic compounds (organo-Ca, Fe, and Al) in the poultry litter.  

 Wastewater treatment processing has a direct effect on P solubility in biosolids 

amended soils. Maguire et al. (2001) evaluated the effects of eight biosolids generated by 

a variety of treatment methods, with respect to addition of Fe and Al salts, or lime. The 

general trend was for higher extractable P in soils amended with biosolids produced 

without the use of Fe and Al salts, followed by biosolids treated with the metal salts and 

lime, then by biosolids treated with only metal salts. Mehlich 3 extractable P (M3P) in 

biosolids and the molar ratio of P to [Al+Fe], by either USEPA 3050 digestion or oxalate 

extraction of biosolids, was well correlated to changes in Fe-oxide P, WSP, and M1P of 

the amended soil. The authors determined that testing biosolids for P availability, rather 

than total P, was a more appropriate method for predicting extractable P in biosolids 

amended soils.  

Sequential extraction and agronomic soil tests were used by Maguire et al. (2000) 

to identify how biosolids applications affect the forms and potential loss of P from 

agricultural soils. Phosphorus content and distribution were determined in soils collected 

from eight sites in the Mid-Atlantic region that had been amended with biosolids for 2 to 

14 years. While P content was elevated in all amended soils, there was no significant 

difference in the degree of P saturation between treated soils and untreated soils from 

setback areas  when averaged across all soils studied due to the application of Fe and Al 

in the biosolids. Acid ammonium oxalate and M1P were good predictors of desorbable P 
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measured in one and five sequential extractions with Fe-oxide strips. Desorbable P was 

more closely correlated to Al-P than Fe-P, suggesting that Al-P is the more labile form. 

The application of organic residuals has the potential to reduce the P sorption 

capacity of a soil, thus increasing P mobility and environmental risk. Siddique and 

Robinson (2003) conducted a study to determine the effects of several organic residuals 

on the P sorption capacity (Langmuir isotherms) of several diverse soils. Poultry litter, 

poultry manure, cattle slurry, biosolids, and KH2PO4 were mixed with soil at rates 

equivalent to 100 mg total P kg-1
 and incubated for 20 days at 25 oC. Addition of all P 

sources decreased P sorption capacity in all five soils. The decrease in P sorption 

maximum within soils treated with poultry litter, poultry manure, and biosolids was 

similar. The decrease in sorption capacity of soils treated with either cattle slurry or 

KH2PO4 was consistently larger than the other treatments. The authors suggested that the 

mechanism responsible for the higher P solubility in soils amended with the cattle slurry 

may be the addition of soluble organic compounds that interfere with P sorption. A 

significant inverse relationship (r2=0.75) between the increase in P solubility and the 

increase in exchangeable Ca was observed in soils amended with poultry litter, poultry 

manure, and biosolids, indicating that Ca additions with these amendments limited P 

activity. 

The relative P availability from organic residuals is often significantly less than 

that from soluble inorganic fertilizers. A greenhouse study was conducted by Sikora et al. 

(1982) to evaluate plant available P in soils amended with composted sewage sludge. 

Phosphorus availability from the sewage sludge compost was only 25 to 40% that from 

Ca(H2PO4)2
.H2O. McCoy et al. (1986) compared the effectiveness of composted biosolids 
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and triple super phosphate as P sources for corn. Application rates of compost and triple 

superphosphate ranged from 0 to 1500 kg total P ha-1. Plant available P from the 

composted biosolids was at most 19% of that from triple super phosphate. A fractionation 

of the compost-amended soils indicated that most of the P in amended soils was 

associated with Fe and Al, which may explain its limited availability. About 5% of P in 

compost-amended soil was in organic forms, so mineralization was of little importance in 

determining P availability. The effectiveness of composted fish waste as a P fertilizer 

source was evaluated by Kuo (1995). Compost was applied at 4 rates ranging from 0 to 

220 Mg ha-1 to a Puyallop fine sandy loam (Fluventic Haploxeroll) in a greenhouse study 

and planted with corn to serve as the biological indicator. The relative availability of 

compost P was about 40% that of triple superphosphate P, which was attributed to the 

slow mineralization of organic P from the compost. 

Some properties of organic residuals may actually enhance P availability. 

Mankolo (1997) evaluated the effects of poultry litter-yard waste compost on P 

availability in several soils with relatively high P fixation capacities. Various levels of P 

as Ca(H2PO4)2 H2O, poultry litter, and a poultry litter-yard waste compost were applied 

to a Vance soil (Typic Kanhapludult) in a greenhouse study. Phosphorus uptake by corn 

from the poultry litter, and poultry litter-yard waste compost treatments were equal to or 

greater than P uptake from equal levels of P application as Ca(H2PO4)2 H2O. The author 

attributed this to decreased sorption of mineralized P from poultry litter or compost to 

competition by organic anions released by the organic residuals.   
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1.3.4.3 Agronomic Soil Tests for the Evaluation of Phosphorus Availability in 
Amended Soils  

The determination of P dynamics in soils amended with organic residuals may be 

accomplished by the use of common agronomic soil tests (e.g., M1P, M3P, Bray-Kurtz 

P1, and Olsen P). There are distinct advantages to this approach. The extractions are 

typically fast (< 1 hr.) and inexpensive. There is also a great deal of published data 

relating them to bioavailability. 

The relationships between agronomic soil test P and environmental soil test P 

following addition of different P sources were evaluated by Ebeling et al. (2003a). An 80-

day incubation study was conducted on a Ringwood silt loam (Typic Argiudolls) 

amended with several dairy manures, biosolids, and CaHPO4 applied on equivalent bases 

of 101, 202, and 404 kg P ha-1. Samples were collected at 16-week intervals and analyzed 

for WSP, Fe-oxide strip P, acid ammonium oxalate P, degree of P saturation, Bray-Kurtz 

P1, and M3P. The results showed that the agronomic soil tests (Bray-Kurtz P1, M3P) 

correlated well with the environmental soil tests (WSP, Fe-oxide strip P, degree of P 

saturation). The authors suggested that routinely used agronomic tests or water 

extractable P may be used in place of more time consuming and expensive environmental 

tests to determine the P status in soils and to asses the risk of P release in runoff. 

A laboratory incubation study was conducted by Leytem et al. (2004) to 

determine relative P solubility and bioavailability for several types of animal manures, 

biosolids, composts and inorganic P. Organic amendments and KH2PO4 were applied to 

an Evesboro loamy sand (Typic Quartzipsaments) at a rate of 60 mg P kg-1, incubated for 

56 days, and analyzed for WSP, Fe-oxide strip P, M3P, and the Mehlich 3 mol ratio of P 

to [Fe+Al]. The M3P content of the amended soil was significantly correlated to Fe-oxide 
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strip P at both 2 and 8 weeks of incubation (r2=0.60 and 0.76, respectively). In order to 

determine if soluble or total P in the organic amendments could be used to predict 

changes in soluble P in amended soils, the organic residuals were assayed for total P, 

WSP, and the ratio of WSP to total P. The best predictor of soil WSP after 2 weeks was 

the ratio of WSP:total P of the organic residual (r2=0.70). However, after eight weeks of 

incubation, WSP, total P, and the ratio of WSP:total P in the organic residuals were 

poorly correlated to extractable soil P. The relative WSP content of organic residuals may 

have some value in predicting short-term P solubility in amended soils, but is of limited 

value in predicting long-term P solubility due to interactions with the amended soil over 

time. 

1.3.5 Phosphorus Losses from Soils Amended with Compost 
The loss of P from agricultural fields is controlled by several integrated factors. 

The amount of soluble P in the surface soil will determine the amount and potential of P 

losses in runoff or leachate. Runoff loss is highly dependent on soil type and management 

practices (Pote et al., 1996; Sharpley et al., 1996; Andraski and Bundy, 2003), while 

subsurface loss of P is dependent on hydrology and soil P binding characteristics 

(Sharpley and Syers, 1979). Chemical properties of the P source applied and its 

interaction with the soil are important factors controlling P movement (Eghball and 

Gilley, 1999; Kleinman et al., 2002; Sims et al., 2002; Penn and Sims, 2002). As much as 

90% of P lost from agronomic land is in the particulate form when soil P levels are not 

excessive (Sharpley and Beegle, 1999); thus, erosion potential will play a significant role. 

All of these factors should be considered when assessing the risk of P loss from fields 

amended with organic residuals.  
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1.3.5.1 Subsurface Loss of Dissolved Phosphorus in Amended Soils 
Leaching losses of P are typically recognized as minor or negligible (Peterson et 

al., 1994; Sui et al., 1999), but the potential for leaching losses may be significant in 

coarse-textured soils with very little P binding capacity. Elliot et al. (2002) conducted a 

greenhouse study in order to determine leaching losses in two acidic Florida soils, 

representing moderate (Candler series: Typic Quartzipsamments) and very low 

(Immokalee series: Arenic Alaquods) P binding capacities. Soils were amended with 

biosolids, chicken manure, or triple superphosphate at 56 or 224 kg total P ha-1. Only the 

triple superphosphate applied at the high rate significantly increased leachate P 

concentration from the Candler soil. Soil leachate P concentrations were significantly 

increased by both rates of triple superphosphate, the high rate of chicken manure and the 

high rate of biosolids produced by biological P removal from the low P-sorbing 

Immokalee. 

Li et al. (1997) investigated P leaching in columns packed with an amended 

Oldsmar sand (Arenic Halaquods). Five composts (three municipal solid waste composts, 

a biosolids compost, and a sugarcane (Saccharum Sp.) filtercake compost) were applied 

to the surface of the columns at 100 Mg ha-1. The equivalent of 34 cm of simulated 

rainfall was applied to the columns over 5 days, and leachate was collected three times 

per day. Only 0.2 to 2.1% of the total applied P was leached. All treatments exceeded the 

P binding capacity of the Oldsmar sand (303 mg g-1). The cumulative loss of leached P 

followed the order: sugarcane filtercake compost≈biosolids compost >municipal solid 

waste compost; however, the authors suggested no explanation for the differences. 

The organic matter applied with residuals may enhance subsurface flow of P by 

blocking potential P binding sites (Borggard et al., 1990). McDowell and Sharpley (2004) 
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conducted a lysimeter study to investigate subsurface drainage P in a Hagerstown silt 

loam (Typic Hapludalfs) amended with triple superphosphate, poultry and dairy manure 

and poultry and dairy compost applied at 5 rates up to 200 mg total P ha-1 yr-1 for 5 years. 

Leachate was collected from 30 cm lysimeters every 30 days for 5 months to determine P 

loss. One would expect that the amendment with the highest fraction of P as 

orthophosphate would generate leachate with the highest amount of dissolved reactive P. 

Surprisingly, less dissolved reactive P and total P was lost from soil amended with the 

TSP than from the dairy manure and the poultry manure. The authors attributed this result 

to the blocking of P sorption sites by organic anions in the compost and manure. 

1.3.5.2 Runoff Loss of Dissolved Reactive Phosphorus from Amended Soils 
Dissolved reactive P is largely composed of orthophosphate and thus is 

immediately algal available (Pote and Daniel, 2000). Therefore, its movement into 

surface waters is of utmost concern. The concentration of DRP in runoff from amended 

soil is directly related to the solubility of P of the surface soil (Sharpley et al., 1996) and 

is therefore controlled by the same factors that determine P availability (McCoy et al., 

1986; Sharpley and Sisak, 1997). Therefore, soil test P may be useful for predicting DRP 

lost in runoff; however, it is of nominal value when there are differences in infiltration 

rate (Pote et al., 1996; Andraski and Bundy, 2003) or when soils have been recently 

amended (Sharpley et al., 2001; Pierson et al., 2001). 

Pote et al. (1996) evaluated the relationships between M3P, Bray-Kurtz P1, 

Olsen, Fe-oxide strip, distilled water, and acid ammonium oxalate and DRP in runoff 

from a Captina silt loam (Typic Fragiudult) with a wide range of P (e.g. M3P of 54 to 490 

mg kg-1. The greatest variability in runoff DRP concentrations was accounted for by 
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distilled water (r2=82) and acid ammonium oxalate (r2=85) extractable P. Soil test P and 

dissolved P load were poorly related (r2=0.18) because runoff volume was highly variable 

due to differences in water infiltration.   

Soil physical properties significantly influence the relationship between soil test P 

and P in runoff. Andraski and Bundy (2003) found that the dependence of DRP in runoff 

on Bray P1 was distinctly higher on a silty clay loam soil (Aquollic Hapludalfs) than on 

two silt loam soils (Typic Hapludalfs and Typic Argiudolls) from Wisconsin. The authors 

attributed the deviation to differences in soil permeability-infiltration. 

In recently amended soil, the solubility of P in the applied residual may be the 

dominant factor controlling DRP concentrations in runoff. Sharpley et al. (2001) found 

that P concentrations in surface runoff from plots receiving fertilizer P, swine slurry or 

poultry litter within three weeks of rainfall was poorly related to (r2 = 0.40 to 0.42) soil 

test P levels. Instead, DRP losses in runoff were dependent on the amount and type of 

applied P. Surface applications of manure will result in temporary increases in soluble P 

concentrations at the soil surface, which increases the likelihood of elevated levels of 

DRP in surface runoff. Potential losses of P in surface runoff from recently amended 

fields appear to be dependent on the solubility of P in the applied material. The potential 

for P loss is highest immediately following application and then declines over time as the 

applied P interacts with the soil and is converted to increasingly insoluble forms 

(Edwards and Daniel, 1993). 

Pierson et al. (2001) evaluated runoff P losses from pasture immediately 

following surface application of broiler litter and for three years thereafter. The 

concentration of DRP in runoff decreased with time following application. The 
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relationship between M1P and runoff DRP was dependent on the time elapsed since 

application of broiler litter. This discrepancy was attributed to the inflation of soil test P 

by the presence of broiler litter in samples collected after recent applications. The authors 

concluded that it would be necessary to develop separate relationships for fields with and 

without recent broiler litter applications in order to use soil test P as an indicator of 

potential loss of DRP. 

Kleinman et al. (2002) evaluated P runoff from three soils amended with either 

poultry litter, dairy manure, swine slurry or diammonium phosphate. A Hagerstown clay 

loam (TypicHapludalfs) a Lewbeach loam (Typic Fradiudepts), and a Harleton-Buchanan 

clay loam (Typic Hapludults and AquicFragudults, respectively) were packed into 

rainfall simulation boxes and amended with 100 kg total P ha-1 from each of the four 

sources and either surface applied or incorporated. The concentration of DRP in runoff 

was significantly correlated (r2=0.86) to WSP of the surface applied amendments. 

Incorporation of amendments reduced DRP losses to that of the unamended soil.   

Predicting DRP in runoff may be accomplished using various soil and/or organic 

residual P extractants; but the total quantity of P lost will be dependent on both P 

solubility and transport factors (i.e., runoff and erosion potential).   

1.3.5.3 Loss of Particulate Phosphorus in Runoff from Amended Soils 
The dominant portion (75-90%) of P lost from conventionally cultivated fields 

during runoff is in the particulate form, which is sorbed to eroded soil particles and 

organic mater (Heathwaite et al., 2000; Sharpley et al., 1994). The risk of erosion and 

loss of P to surface waters may be reduced by reducing runoff. The effects of 

amendments on runoff and erosion potential are important factors controlling P losses. 
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Application of organic amendments may increase aggregate stability and hydraulic 

conductivity, decrease bulk density, and improve soil structure (Aggelides and Londra, 

2000; Guisquiani et al., 1995; Epstein et al., 1976; Tester, 1990). These effects may 

improve environmental quality by increasing infiltration, and reducing runoff and 

erosion.   

The effects of soil amendments on aggregate stability have considerable influence 

on erosion potential and nutrient losses in runoff. McDowell and Sharpley (2003) 

investigated the effects of manure and inorganic P ferililizer applications on aggregate 

stability, exchangeable Ca, carbon quality, and P runoff. Soil collected from a 

Hagerstown silt loam (Typic Hapludalfs) that had received poultry manure, dairy manure 

or triple superphosphate at five rates from 0 to 200 kg ha-1 for five years was packed into 

runoff boxes at field bulk density. Simulated rainfall was applied at 6.5 cm hr-1, runoff 

collected for 60 minutes, and sediment and P loss determined. Sediment loss was 

inversely related to the degree of aggregation (r=0.51), exchangeable Ca (r=0.59), and 

hydrolysable carbohydrate (r=0.62). The loss of total P in runoff from soil treated with up 

to 50 kg P ha-1 as manure was not significantly greater than untreated soil, due to 

increased aggregation and decreased soil slaking attributed to added C in manure.  

In a laboratory experiment, Chandra and De (1982) evaluated the effects of cattle 

manure on soil erosion. Six different soils from India with a wide range of characteristics 

were amended with 1 and 2% (approximately 22 to 44 Mg ha-1) cattle manure and 

incubated for 15 and 30 days. Manure was effective at reducing erosion after the 30-day 

incubation period.   
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While repeat agronomic applications of compost has potential to increase soil P 

content to levels in excess of crop needs, the associated improvement in soil physical 

properties may be capable of mitigating the risk of P losses to runoff. In the fall of 2002 

we conducted a rainfall simulation study on a Fauquier silt clay loam (Ultic Hapludalfs) 

that had received agronomic applications of composted poultry litter-yard waste, poultry 

litter, inorganic fertilizer, or no amendments for 3 years (Evanylo et al., 2003). Rainfall 

was applied at a rate of 7 cm hr-1 and runoff collected for 30 minutes for determination of 

runoff volume, and sediment and P losses. The compost treatment significantly reduced 

runoff volume and sediment load. Both poultry litter and compost treatments lost 

significantly less total P in runoff relative to the control despite having significantly 

higher concentrations of soil WSP This was due to the improvment of soil physical 

properties of soil treated with organic amendments. Gilley and Eghball (1998) reported 

that runoff and erosion was not significantly influenced by the one time application of 

manure or compost to a Sharpsburg silty clay loam (Typic Argiudolls). Thus, multiple 

applications may be necessary before improvements in soil physical properties are 

measurable under field conditions. 

The risk of P loss in runoff may be significantly reduced by applying organic 

residuals on a P basis. Eghball and Gilley (1999) made one-time applications of beef 

cattle manure, compost and fertilizer to a Sharpsburg silty clay loam (Typic Argiudolls) 

at rates required to meet N or P requirements for corn production. The amendments were 

either left on the surface or disked to 8 cm. They determined the effects of simulated 

rainfall on runoff losses of N and P from the experimental plots. Concentrations of 

dissolved P, bioavailable P, and NH4-N were significantly higher in the uncultivated 
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treatments. In the cultivated treatments, compost and manure amendments at the N or P 

based application rate resulted in dissolved P concentrations of <1 mg L-1. Nitrogen-

based compost and manure applications significantly increased dissolved and particulate 

P losses, while P-based applications did not.   

1.4 Summary and Conclusions 
The use of compost as a soil amendment serves to both recycle valuable organic 

residuals and improve soil quality. The effects of compost additions on soil tilth (i.e., 

bulk density, porosity, infiltration and aggregate stability) have both agronomic (e.g., 

increased water holding capacity) and environmental (e.g., reduced runoff and erosion) 

implications. Compost is also a valuable source of soil fertility, containing all of the 

essential plant nutrients; however, the proportions of these nutrients (esp., N:P) do not 

usually match plant needs. Phosphorus is typically applied in excess of crop needs when 

compost is applied to meet the crop N requirements. Phosphorus may increase in soil to 

such high concentrations that surface and ground water quality may be threatened by 

runoff and leaching, respectively. Accumulation and potential losses of P need to be 

addressed in order to ensure that environmental risks are minimized.  

Phosphorus dynamics in residual amended soil is complex. Its solubility is 

determined by the interactions among the organic residual, the amended soil, and time. In 

recently amended soils, or where the residual is surface-applied, P solubility will 

primarily be a function of the chemical properties of the residual itself. With time, P 

solubility will be determined by the interaction of the amended soil and the residual. 

Previous work suggests that composting does not consistently affect P solubility. 

Composting does increase the concentration of P in the residual and decreases N 
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availability, which decreases the ratio of plant available N:P; thus, compost applied on an 

agronomic N basis will supply more P than uncomposted manure or biosolids. Soil P 

levels are certain to become excessive and may threaten water quality with regular 

agronomic applications of compost. 

Phosphorus contamination of water from agricultural soils occurs by two main 

pathways, leaching and runoff. Leaching losses are typically recognized as minimal in 

soils with moderate or higher P binding capacity that do not have a shallow water table. 

Runoff losses can be substantial in soils with high erosion potential and/or high 

concentrations of P. A great deal of research has been conducted to evaluate runoff P 

losses from soils amended with residuals such as manure and biosolids, but little work 

has been conducted to investigate P losses from compost-amended soils. Compost has 

been shown to increase soil infiltration and reduce erosion potential, but it is unclear 

whether the reduction in surface transport potential can compensate for the increase in 

soil P concentration if compost is applied at P rates in excess of crop needs.  
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2 Phosphorus Availability in Soils Amended With 
Compost. 

2.1 Abstract 
The accumulation of P in soil from land-applied biosolids and manures increases 

the risk for P enrichment of agricultural runoff. Transport and application of these 

residuals in areas where P may be efficiently utilized is necessary to reduce the threat to 

water quality. Composting can improve biosolids and manure handling characteristics to 

make their transportation more feasible; however, little is known about compost P 

solubility/availability. We conducted concurrent greenhouse and incubation studies to 

assess P availability in soils amended with two composted biosolids, two composted 

poultry litter-yard wastes, and an uncomposted poultry litter. The chemically 

characterized organic amendments were applied to two soils, a Fauquier silty clay loam 

(Ultic Hapludalf) and a Kempsville fine sandy loam (Typic Hapludult), at agronomic N 

rates. Five inorganic rates of P (0, 6, 20, 60, and 178 mg kg-1, as KH2PO4) were applied 

to both soils to establish P calibration curves. Amendments were added to 3 kg of soil, 

placed in plastic bags and thoroughly mixed. Five hundred gram subsamples of amended 

soil from the five organic amendments and the control were placed in aerobic incubators 

(0.25 L plastic containers) and 2.5 kg of amended soil were placed in plastic-lined 

nursery pots and planted with tall fescue (Festuca arundinacea L.). Treatments were 

replicated in quadruplicate. Soil samples were collected from incubators on days 0, 2, 10, 

42, and from both pots and incubators on day 168 and analyzed for water soluble P 

(WSP) and Mehlich 3 P (M3P). Fescue was harvested on day 42, 84 and 168 for 

determination of yield and P uptake. The organic amendments varied widely in P content 

and solubility. Organic amendments with higher concentrations of Fe, Al, and Ca had 
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lower relative P solubility. Assessment of the relative P availability by fescue was limited 

in some treatments due to N deficiency; however, Fe, Al, and Ca content of the organic 

amendments and soil type played a significant role in controlling P uptake where N was 

not limiting. Phosphorus solubility in the Kempsville soil, having far lower native P 

binding capacity, was significantly affected by Fe, Al, and Ca applied with the organic 

amendments. Both M3P and WSP accurately predicted P uptake from inorganic P 

amended soils, but WSP best predicted fescue P uptake from soil amended with organic 

sources of P. Phosphorus uptake was greater from organic than from inorganic sources at 

equivalent WSP concentrations; thus, organic residuals may be a more environmentally 

sound source of P fertility. 

 

 

 

 

 

 

 

Abbreviations: DPS, degree of P saturation; M1P, Mehlich 1 P; WSP, water soluble P; 
WSCa, water soluble Ca; WSFe, water soluble Fe; WSAl, water soluble Al; M3P, 
Mehlich 3 P; M3Ca, Mehlich 3 Ca; M3Al, Mehlich 3 Al; M3Fe, Mehlich 3 Fe; M3DPS; 
Mehlich 3 degree of P saturation; Pox, acid ammonium oxalate P; Feox, acid ammonium 
oxalate Fe;  Alox, acid ammonium oxalate Al; DPSox; acid ammonium oxalate degree of P 
saturation; 3050P, EPA 3050 P, 3050Ca, EPA 3050 Ca, 3050Fe, EPA 3050 Fe, 3050Al, 
EPA 3050 Al, 3050DPS, EPA 3050 degree of P saturation; TKN, total Kjeldahl N; TOC, 
total organic C; CCE, calcium carbonate equivalence; RBSC, Rivana biosolids compost; 
WBSC, Wolf Creek biosolids compost; PYWC, Panarama poultry litter - yard waste 
compost; HYWC, Huck’s Hen Blend broiler litter - yard waste compost; DAP, days after 
planting; RPA, relative P availability; Pi, inorganic P source; Po, organic P source 
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2.2 Introduction 
Organic residuals such as biosolids and manures are typically applied to nearby 

cropland at rates that supply an excess of crop P needs. Repeated applications leads to an 

accumulation of soil P and the increased potential for undesirable P enrichment of 

agricultural runoff (Sims et al., 1998; Sharpley et al., 1998). It is agronomically and 

environmentally desirable to transport these residuals away from areas and to apply them 

to soils where the P is needed. 

The high cost of transporting organic residuals is the primary factor limiting their 

efficient utilization (Jansen et al., 1999). One strategy that has been proposed to address 

this issue is composting (Simpson, 1998). Composting organic residuals reduces their 

mass and volume and stabilizes volatile solids and N into forms that can be safely stored, 

thereby advancing beneficial use (Rynk, 1994; Sharpley et al., 1998). 

Composting reduces the availability of N, but conserves the mass of P; thus, 

applying compost based on plant N needs increases the potential for excessive soil P 

accumulation. The availability of N in compost has been studied, but little research has 

been conducted on P availability. It is critical to quantify the factors that control P 

solubility in compost-amended soils to develop guidelines for compost application. 

Current Virginia nutrient management guidelines assume that the agronomic 

effectiveness of P in manure and composts is equivalent to commercial fertilizer P (DCR, 

2002); however, P activity, not concentration, determines bioavailability and, largely, 

mobility. Phosphorus in organic residuals is present in both soluble and recalcitrant forms 

(Penn and Sims, 2002; Sharpley and Moyer, 2000; Ajiboye et al. 2004). Organic and 

inorganic P forms comprise 10-40% and 60-90% of the total P, respectively (Barnett, 
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1994; Sharpley and Moyer, 2000). Factors that control the solubility of the inorganic and 

organic fractions must be known in order to realistically predict P availability from 

compost amended soils. 

Compost P concentration and solubility are affected by both feedstock 

composition and maturity (Vadas et al., 2004; Sharpley and Moyer, 2000; DeLaune et al., 

2000; Alder and Sikora, 2003; Preusch et al., 2002). Compost P concentration is initially 

diluted by the addition of low P, high C feedstocks, such as wood chips, but the finished 

product will have a higher total P concentration than the initial mixture due to the loss of 

C and retention of P during composting (Vadas et al., 2004; Sharpley and Moyer, 2000; 

DeLaune et al., 2000). The solubility of P is often greater in immature compost than in 

the finished product due to the production of organic acids during the initial phases of 

composting that may compete with P for sorption sites (Alder and Sikora, 2003; Preusch 

et al., 2002). 

The N:P ratio of most manures and biosolids ranges from 2:1 up to 6:1, but the 

N:P uptake ratio for most crops is between 7:1 and 10:1 (Eck and Stewart, 1995; 

Evanylo, 1999; Heckman et al., 2001). The N:P disparity is exacerbated by incomplete 

availability of organic N and volatilization of ammonia, factors that reduce the 

availability of N even further upon composting. Soil P accumulation will occur when 

compost is repeatedly applied based on crop N needs.  

The C:P ratio has not been as successful in predicting P availability as the C:N 

ratio has been in predicting N availability in compost (Preusch et al., 2002). 

Mineralization of P from crop residue occurs when the C:P ratio is less than 200 (Dalal, 

1977). The C:P ratio in most organic residuals is less than 50:1 (Sharpley and Moyer, 
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2000;  Hue et al., 1994; Sikora et al., 1982; McCoy et al., 1986; Maguire et al., 2001; 

Preusch et al., 2002; Penn and Sims, 2002), which should promote a high fraction of 

organic P mineralization; however, most P in organic residuals is found in inorganic 

forms. Phosphorus activity in amended soil is largely controlled by the concentrations of 

Ca, Fe, and Al in the residuals and the P-binding capacity of the amended soil (Maguire 

et al., 2000; Sharpley and Moyer, 2000; Penn and Sims, 2002). Accurate evaluation of P 

chemistry in soils amended with organic residuals is critical for developing 

agronomically and environmentally sound management practices  The availability of P in 

soils amended with organic residuals has been evaluated by researchers employing: P 

fractionation of organic residuals (Maguire et al. 2001), P fractionation of amended soils 

(Sharpley and Moyer, 2000), agronomic soil testing methods (Ebeling et al., 2003a; 

Siddique and Robinson, 2003; Preusch et al., 2002; Sims et al., 2002; Maguire et al. 

2000; Mankolo, 1997; Sharpley and Sisak, 1997; Robinson and Sharpley, 1996; and 

Leytem et al., 2004), and plant P uptake (Sikora et al., 1982; McCoy et al., 1986; Hue et 

al., 1994; Kuo, 1995; Mankolo, 1997; and Ebeling et al., 2003b). 

Simple approaches for the determination of P solubility/availability in soils 

amended with organic residuals using common environmental and agronomic soil tests 

(e.g. water soluble, acid ammonium oxalate, Mehlich 1, Mehlich 3 P) have distinct 

advantages. The extractions are typically fast (< 1 hr.) and inexpensive, and they have 

been well correlated to plant availability and environmental risk. Further, the use of 

plants as indicators of P availability in amended soils will allow the agronomic value of 

the materials to be assessed. Comparisons of available P between organic and inorganic 
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sources of P could be used to determine relative P availability coefficients for the organic 

P sources investigated. 

2.3 Objectives 
1. Determine the relative plant available P between inorganic and compost P 

sources in an amended coastal plain soil and a Piedmont soil. 

2. Identify factors that control P solubility in composted organic residuals 

and amended soils. 

2.4 Materials and Methods 
We initiated a greenhouse study to assess the availability of P in composted 

residuals and compost-amended soils in September 2003. The top 15 cm of a Fauquier 

silty clay loam (fine, mixed, active, mesic Ultic Hapludalf) and a Kempsville fine sandy 

loam (fine-loamy, siliceous, subactive, thermic Typic Hapludult) were used because they 

typify soils of two major physiological provinces that comprise significant agricultural 

land areas in Virginia. The Kempsville series was formed in loamy fluvial and marine 

sediments on the upper Coastal Plain. The Fauquier series formed in greenstone schist, 

metabasalt, and similar mafic rock of the Piedmont.  

2.4.1 Soil Characterization 
 The unamended soil was air-dried and ground to pass a 2 mm sieve. Soils were 

analyzed for routine soil test values (Mehlich 1 extractable P, K, Ca, Mg, Mn, and Zn and 

pH; Donohue and Friedericks, 1984), physical properties (particle size analysis by the 

pipette method; Day, 1965; and field moisture capacity; Tan, 1996), and lime 

requirement by direct titration of 2 g of soil equilibrated with 20 mL of 1 N KCl for 24 

hrs with 0.01 N NaOH to a pH of 8.2 (Nagle, 1983). Soil was also analyzed for the 
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following agronomic and environmental indices of P: Mehlich 3 extractable P (M3P; 

Mehlich, 1984), water extractable P (WSP; 1:10 soil to water, 1 h reaction time; Self-

Davis et al., 2000), EPA 3050B extractable P (3050P; acid-peroxide digestion; USEPA, 

1986) and acid ammonium oxalate extractable P, Fe, and Al (Pox, Feox, Alox; 1:40 soil to 

0.2 M acid ammonium oxalate [pH 3], 2-h reaction time in the dark; McKeague and Day, 

1966). 

The degree of phosphorus saturation (DPS), determined by Pox, Alox, and Feox, has 

been used as tool to compare soils with differing P sorption capacity (van der Zee and 

van Riemsdijk, 1988). As suggested by Beck et al., (2004), we calculated DPSox by Eq. 1. 
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where: Pox, Alox, and Feox are acid ammonium oxalate extractable P, Al, and Fe in mmols 

kg-1. 

2.4.2 Organic Residual Characterization 
Two biosolids composts, two poultry litter-yard waste composts, and an 

uncomposted poultry litter were studied. The biosolids composts were obtained from the 

Rivana Water and Sewer Authority (RBSC; Charlottesville, Virginia) and Wolf Creek 

Compost (WBSC; Abingdon, Virginia). The poultry litter-yard waste composts were 

obtained from Panorama Farms (PYWC; Earlysville, Virginia) and Huck’s Hen Blend 

(HYWC; Lightfoot, Virginia). Poultry litter was provided by Valley Pride (Harrisonburg, 

VA). 

Both of the biosolids composts were produced by processing a mixture of 

anaerobically digested biosolids and woodchips by the Beltsville aerated static pile 

method (USEPA, 1980). The biosolids cake for the production of RBSC was treated with 
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FeCl3 and Ca(OH)2 at approximately 80 and 300 g kg-1 (dry matter basis), respectively, as 

conditioning agents. The biosolids cake used to produce the WBSC was generated from 

several small municipal wastewater treatment plants, which used different methods to 

achieve solid separation and nutrient removal. The PYWC and HYWC were produced 

using the windrow method (Rynk, 1992). The PYWC was composed of yard waste and 

broiler litter, and the HYWC was composed of woody, land-clearing debris and layer 

manure. 

Samples of each residual were submitted to A&L Eastern Laboratories, Inc 

(Richmond, VA) for analysis of: total Kjeldahl N (TKN) by EPA 351.3 (USEPA, 1979); 

NH4-N by EPA 350.2 (USEPA, 1979); NO3-N by SM 4500-NO3F (AWWA, 1998);, 

specific conductance (EC) by SM 2510 (AWWA, 1998) total organic carbon (TOC) by 

EPA 415.1 (USEPA, 1999); and total nutrients (P, K, Ca, Mg, Mn, and Zn) by EPA 3052 

(USEPA, 1999). 

Further characterizations of the P chemistry of the oven-dried (65°C) and ground 

(0.85 mm sieve) residuals were performed by i) oxalate-extractable P, Fe, and Al (Pox, 

Feox, Alox; 1:40 ratio of analyte to 0.2 M acid ammonium oxalate [pH 3], 2 hr reaction 

time in the dark; McKeague and Day, 1966); ii) water soluble P, Al, Fe, and Ca (WSP, 

WSAl, WSFe, WSCa; 1:10 ratio of analyte to deionized water, 2 hr reaction time; Self-

Davis and Moore, 2000); iii) Mehlich 3 extractable P, Al, Fe, and Ca (M3P, M3Al, 

M3Fe, and M3Ca; 1:10 ratio of analyte to 0.2 M CH3COOH + 0.25 M NH4NO3 + 0.015 

M NH4F + 0.13 M HNO3 + 0.001 M EDTA, 5 min. reaction time; Mehlich, 1984); iv) 

EPA 3050B extractable P, Al, Fe and Ca (3050P, 3050Al, 3050Fe, 3050Ca; acid-

peroxide digestion; USEPA, 1986). Calcium carbonate equivalence (CCE) was 



 42

determined by AOAC 955.01 (AOAC, 2000). All P extractions and digestions and CCE 

analysis were conducted in quadruplicate. 

In order to evaluate the effects of chemical constituents of the organic residuals 

on P solubility, stepwise regression analyses were conducted to determine the 

relationships between EPA 3050, Mehlich 3, and acid ammonium oxalate extractable P, 

Fe, Al, Ca, calculated DPS for each digestion/extraction (3050DPS, M3DPS, and DPSox) 

and WSP of the organic residuals. A logarithmic transformation was applied to all 

variables prior to regression analysis because a few points were found to have extreme 

influence on the analysis (as determined leverage plots). 

2.4.3 Treatments and Sampling 
The soils were air-dried and ground to pass a 4 mm sieve prior to the application 

of amendments. The Fauquier and Kempsville soils were amended with 397 and 882 mg 

kg-1 Ca(OH)2, respectively, to raise the pH to approximately 6.0. The Kempsville soil 

was also amended with 55.9 mg kg-1 of KCl to meet crop K requirements. The limed and 

K fertilized soils were thoroughly mixed, moistened to 20% field moisture capacity, and 

incubated for 7 days to permit equilibration prior to application of residuals. 

Tall fescue (Festuca arundinacea L.) was grown as a biological indicator of P 

availability. Fertility requirements were determined based on Virginia Cooperative 

Extension Soil Testing Laboratory recommendations (Donohue and Heckendorn, 1994). 

This study was conducted in concert with a study designed to evaluate N mineralization 

rates; thus, the residuals were applied based on estimated plant available nitrogen (PAN), 

which were calculated by adding 100% of the inorganic (NH4 + NO3) N to the fraction of 

the organic N estimated to mineralize (0.1 for the composts and 0.6 for the broiler litter; 
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Evanylo, 1994). The ten treatments applied to each soil were: RBSC at 7.82 g kg -1, 

WBSC at 25.3 g kg -1, PYWC at 24.1 g kg -1, HYWC at 78.4 g kg -1, PL at 1.23 g kg-1, 

and inorganic P (as KH2PO4) applied at 0, 5.94, 19.8, 59.5, and178 mg P kg-1. The basis 

for the application rates of the inorganic P treatments was to provide 0, 0.3, 1, 3, and 9 

times the agronomic P requirements (0xPi, 0.3xPi, 1xPi, 3xPi, and 9xPi, respectively). 

Inorganic P treatments also received 45.5 mg kg-1 NH4NO3. 

Amendments were thoroughly mixed with 3 kg of soil. Five hundred gram 

subsamples of the amended soils from selected treatments (RBSC, WCBS, PYWC, 

HYWC, 0x P) were placed in aerobic incubators (0.25 L plastic containers with 10 small 

air holes in the lids) and the remaining 2.5 kg of amended soil were placed in plastic-

lined nursery pots. Aerobic incubators were included to allow temporal monitoring of P 

solubility. Pots and incubators were watered to 70% field capacity and allowed to 

equilibrate for 2 days prior to planting. Pots were arranged in a completely randomized 

design (CRD) with 4 replications and rotated weekly to minimize confounding due to 

light and/or temperature gradients within the greenhouse. Greenhouse temperature was 

maintained between 25° and 30°C. Aerobic incubators were sheltered from direct 

sunlight in the greenhouse to maintain soil temperature approximately the same as that in 

the fescue pots. 

Fescue was planted at a rate of 300 seeds per pot. During germination, and for the 

following 3 weeks, pots were maintained at approximately 70% field capacity. Once the 

fescue was established and growing vigorously, pots were watered every 2 to 3 days to 

90% field capacity. The aerobic incubators were maintained at 70% field capacity 

throughout the study period. 
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Fescue was harvested by cutting plants to 6 cm height at 42, 84 and 168 days after 

planting (DAP) and oven dried at 65°C. Biomass was measured by weighing, and dried 

plant tissue was ground in a stainless steel Wiley Mill to pass a 0.85 mm screen for 

analysis of TKN and P (EPA 351.2 and EPA 365.4, respectively; USEPA, 1979). 

Soil samples were collected from incubators on day 2, 10, and 42 and from both 

pots and incubators on day 168. All samples were analyzed to determine treatment effects 

on pH, WSP, and M3P. In addition, Pox, Alox, and Feox and 3050P were determined on 

soil samples collected on day 168. 

2.4.4 Statistical Analysis 
Analysis of variance and means separation of data in this study were performed 

using the PROC GLM procedure. The least significant difference procedure (LSD) with a 

probability level of 0.05, was used to determine significant differences between treatment 

means. Simple linear and multi-variable regression analyses were conducted using the 

PROC REG procedure (SAS Institute, 2002). A probability value of 0.05 was used for 

stepwise selection of variables used in multi-variable regression analysis.   

2.5 Results and Discussion 

2.5.1 Soil Characteristics 
Selected properties of the unamended soils used in this study are summarized in 

Table 2-1. Texture and mineralogy variations between the two soils resulted in 

differences in extractable P (Table 2-2). The Fauquier soil had far greater Pox and lower 

DPSox than the Kempsville soil, indicating that the P sorption capacity of the Fauquier is 

considerably greater than the Kempsville. 
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2.5.2 Organic Residual Characteristics 

2.5.2.1  General Agronomic Properties 
Selected properties of the organic residuals are given in Table 2-3. The EC of 

both RBSC and PL was in excess of 1 S m-1 although at the rates applied no salt damage 

was expected to occur. The CCE of all of the residuals except RBSC was below 20%. 

The high CCE (45%) of the RBSC was due to the addition of Ca(OH)2 during wastewater 

treatment to aid in flocculation. The only other residual with a CCE above 10% was 

WBSC, also likely due to the addition of lime during wastewater treatment. 

Agronomic N, P, and C characteristics of the residuals are listed in Table 2-4. 

Total N (TKN + NO3-N) ranged from 5.4 to 59 g kg-1 and followed the order: 

PL>>RBSC>PYWC≈WBSC>>HYWC. Significant quantities of NH4-N occurred only in 

the PL. The RBSC, WBSC, and HYWC contained significant quantities of NO3-N, 

whereas PL and HYWC both contained less than 20 mg NO3-N kg-1. The C:N ratios 

ranged from 8.0 to 29 and followed the order PL>RBSC>WBSC>PYWC>HYWC. 

Calculated PAN followed the order: PL>>RBSC>PYWC≈WBSC>HYWC. 

The concentration of total P (TP; as determined by EPA 3052) varied from 3.3 to 

16 g kg-1, and followed the order PL≈RBSC>WBSC>PYWC>HYWC. The C:P ratio of 

the organic residuals ranged from 14 to 69, which is well below the ratio of 200:1 at 

which P mineralization and immobilization are balanced.  

2.5.2.2 Extractable Phosphorus in Organic Residuals 
In an attempt to quantify the solubility of P in each organic residual and determine 

what controls it, several digestions/extractions were conducted. EPA 3050B, Mehlich 3, 

and water soluble P, Fe, Al, and Ca; acid ammonium oxalate P, Fe, and Al; and DPSox 

results are listed in Table 2-5. The acid-peroxide EPA 3050B digestion was developed for 
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the determination of the potentially environmentally available metal content of 

sediments, sludges, and soils (USEPA, 1986). By design, the method does not dissolve 

metal bound to silicate structures that would not be expected to become environmentally 

available (USEPA, 1986). The method has also been used for the determination of P and 

P binding constituents (i.e., Fe, Al, and Ca) in organic residuals (Maguire et al., 2001; 

Penn and Sims, 2002) and amended soils (Maguire et al., 2000). The method is likely a 

measure of total P in organic residuals, which typically have little or no silicate-bound P. 

In fact, the amounts of P extracted by EPA 3050B and EPA 3052 (a digestion procedure 

to assess total elemental content) demonstrated very close agreement (Table 2-4 and 2-5). 

As expected, the two biosolids composts had significantly more Fe, Al and Ca 

than either of the poultry litter-yard waste composts or the uncomposted poultry litter due 

to additions of Fe and Al compounds and Ca(OH)2 during wastewater treatment (Table 2-

5). The 3050 Fe content of the residuals ranged from 1 to 30 g kg-1 in the order 

RBSC>>WBSC>PYWC>HYWC>PL. Interestingly, the 3050 Fe content of PYWC was 

almost as high as WBSC and nearly twice as high as HYWC. This compost may have 

been contaminated with soil at the composting site. The concentration of 3050Al ranged 

from 12 to 0.57 g kg-1 in the order same order as 3050Fe. The 3050Ca content ranged 

from 186 to 20 g kg-1 in the order RBSC>>WBSC>>PYWC≈PL≈HYWC. 

Penn and Sims (2002) determined the concentration EPA 3050 P, Fe, Al, and Ca 

content of several biosolids produced by a range of wastewater treatments and poultry 

litter. The range of 3050P, 3050Fe, and 3050Al determined for the two biosolids 

composts used in this study were similar to those determined by Penn and Sims (2002). 

The 3050Ca content of WBSC was less than that found by Penn and Sims (2002) for 
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biosolids treated with lime but greater than biosolids not treated with lime. The 3050Ca 

content of RBSC was nearly twice as high as the highest value found by Penn and Sims 

(2002) for biosolids treated with lime, indicating that this material may be unique in this 

aspect. The 3050Ca content of PL was also much greater than that found by Penn and 

Sims (25 g kg-1 vs. 15 g kg-1; 2002). 

The M3P of the residuals examined ranged from 102.8 to 8967 mg kg-1 (Table 2-

5) and was poorly correlated with 3050P (r2=-0.053; Table 2.7). The portion of 3050P 

extracted as M3P was highest for PL (56%), approximately equal for HYWC, PYWC, 

and WBSC (23, 22, and 21%, respectively), and less than 1% for RBSC (Table 2-6). A 

likely explanation of the reduced M3P of RBSC is the neutralization of the acetic and 

nitric acids by the large amount of Ca(OH)2 in the material. 

The Pox content of the residuals ranged from 2.4 to 15 g kg-1and followed the 

trend: PL>WBSC>RBSC>PYWC>HYWC (Table 2-5). The organic residual Pox was 

well correlated to 3050P (r2=0.78) but poorly correlated to M3P (r2=0.14). An interesting 

observation is that the Pox of WBSC was greater than 100% of 3050P (Table 2-6). The 

Pox of PL was 92% of 3050P. These results suggest that most of the P in WBSC and PL 

was bound to amorphous Fe and Al oxides. The ineffectiveness of acid ammonium 

oxalate in extracting P from RBSC (42% of 3050P, Table 2-6) may have been due to the 

precipitation of Ca oxalate in the extracting solution. Maguire et al. (2001) and Penn and 

Sims (2002) similarly found Pox to be greater than 3050P in biosolids treated with Fe and 

Al salts but not lime. 

Water soluble P of the residuals in this study varied widely, ranging from 5.52 to 

4880 mg kg-1 and was well correlated to M3P (r2=0.90). Water soluble P was poorly 
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correlated to 3050P (r2=-0.046), demonstrating total P content may be of little use for the 

prediction of WSP. The percentage of 3050P that was water soluble was 31% for PL and 

<10% for the composts. The percentage of PL 3050P that was water soluble was slightly 

higher than that found by Leytem et al. (2004), who reported values ranging from 15 to 

23% for poultry litter and 1.3% to 5.4% for three beef/dairy manure composts. None of 

the organic residuals studied by Leytem et al. (2004) had a fraction of WSP/3050P as low 

as that found for RBSC. The lowest value they reported was 0.30% for an anaerobically 

digested biosolids with FeCl2 added during wastewater treatment. While P solubility was 

far greater in PL than any of the composts, this may have been due to the addition of high 

C, low P bulking agents (i.e. wood chips) added during composting. A compost produced 

from PL alone, without the addition of high C bulking agents, may have similar P 

solubility as the uncomposted PL. Applied on an equivalent P basis, the relative risk of P 

loss immediately following application would be expected to be highest for PL, 

intermediate for WBSC, HYWC, and PYWC and lowest for RBSC. 

2.5.2.3 Predicting Phosphorus Solubility of Organic Residuals 
The stepwise regression models tested for the determination of the relationships 

between EPA 3050, Mehlich 3, and acid ammonium oxalate extractable P, Fe, Al, Ca 

calculated DPS for each digestion/extraction (3050DPS, M3DPS, and DPSox) and WSP 

of the organic residuals are listed in Table 2-8, and the results are summarized in Table 2-

9. Seventy six percent of the variability in WSP among the residuals was attributed to 

3050Fe (Table 2-9). No other EPA 3050 extractable nutrients significantly (p<0.05) 

improved the model. This illustrates two important facts: i) total P was a poor indicator of 

P solubility, and ii) the Fe content of the organic residuals played an important role in 
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controlling P solubility. Water soluble P was poorly correlated with Pox (R2=0.089; Table 

2-9) but well correlated with Feox (R2=0.92) and DPSox (R2=0.83; Table 2-9). Water-

soluble P was poorly correlated with 3050DPS (R2=0.54), but the model was 

significantly improved (R2=0.88; Table 2-9) with the addition of 3050Ca, which was 

likely responsible for reducing P solubility. 

Water soluble P was well correlated to M3P (R2=0.90; Table 2-9). The addition of 

M3Fe to the model increased the R2 to 0.98. Although M3Ca and M3Al both significantly 

contributed to the model (p<0.001), they only explained 1.4 and 0.068 % of the 

variability in WSP, respectively. Mehlich 3 DPS was also very well correlated to WSP 

(R2=0.95), and the addition of M3Ca increased the R2 to 0.99. The practical ramifications 

of this are significant. The Mehlich 3 extraction is rapid (5 minutes) compared to water 

(60 minutes); thus, WSP may be accurately predicted by M3P or M3DPS of the organic 

residual, and costly analysis time could be saved. 

2.5.2.4 Application Rates 
The HYWC supplied the most and the PL the least P (Table 2-10) when the 

residuals were applied on a PAN basis (Table 2-4). Application rates of organic 

amendment EPA 3050, Mehlich 3, and water soluble P, Fe, Al and Ca, and acid 

ammonium oxalate P, Al, and Fe are given in Table 2-10. Applied 3050P with PL was 

similar to that recommended by VCE for soils with a Mehlich 1 P between 6 and 18 mg 

kg-1 (20 mg kg-1). Residual-applied 3050P was similar for HYWC and WBSC (259 and 

221 mg P kg-1, respectively), for RBSC and PYWC (120 and 109 mg P kg-1, 

respectively), and lowest for PL (20 mg P kg-1). The range of P application rates for 

HYWC and PYWC are nearly identical to the rates used by Preusch et al. (2002) for 
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composted poultry litter applied on a PAN basis (160 to 280 mg P kg-1). There were 

greater amounts of Fe, Al, and Ca applied (relative to applied P) with the composts than 

with the poultry litter (i.e., the ratios P:Al, P:Fe, and P:Ca were 0.53, 0.54, and 0.17 for 

HYWC and 28, 16, and 1.1 for PL). 

2.5.3 Greenhouse Study: Phosphorus Availability 

2.5.3.1 Fescue Yield and Phosphorus Assimilation 
 

Fescue growth was initially limited in the Fauquier soil due to what was believed 

to be residual herbicide effects. Lumax® was applied (0.70, 0.19, and 1.9 kg atrazine, 

mesotriole, and s-metolachlor ha-1, respectively) to the field 25 days prior to collection of 

soil and 82 days prior to planting fescue. The symptoms appeared to subside by day 42, 

and normal growth was observed for the remainder of the study. Cumulative fescue yield 

was greater in the Kempsville than in the Fauquier on all dates for all treatments (Fig. 2-1 

and 2-2). It is not possible to determine if differences in fescue yield and nutrient (N and 

P) uptake between soils was due to the herbicide effects or differences in soil properties. 

Cumulative yield was significantly increased in the Fauquier soil by only two 

treatments, 9xPi on days 42, 84, and 168 and by PYWC on days 42 and 168. Cumulative 

yield was increased in the Kempsville soil by 3xPi, 9xPi, PYWC, and RBSC at all dates 

(i.e., 42, 84 and 168 DAP; by WBSC on day 42 and 84; and by 1xPi on day 42). 

Cumulative N uptake from the Fauquier and Kempsville is summarized in Fig. 2-

3 and 2-4, respectively. There were no significant differences in cumulative N uptake 

between KH2PO4 (Pi) treatments in either soil. Nitrogen uptake from the HYWC- and 

WBSC-treated Fauquier was less than Pi treatments on all harvest dates. Nitrogen uptake 

from HYWC-, WBSC-, and PL-treated Kempsville was significantly lower than Pi 
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treatments on all harvest dates. Nitrogen uptake in RBSC amended Kempsville was 

significantly greater than all treatments on day 84 and all but PYWC on day 168. It 

appears that the estimated organic N mineralization coefficient of 10% was too high for 

HYWC and WBSC and, perhaps, too low for RBSC. 

Cumulative fescue P uptake was significantly correlated to Pi applied to both the 

Fauquier and Kempsville on day 42 (r2=0.71 and 0.96, respectively; Fig. 2-5 and 2-6), 

day 84 (r2=0.78 and 0.95, respectively; Fig. 2-7 and 2-8), and day 168 (r2=0.77 and 0.93, 

respectively; Fig. 2-9 and 2-10). Phosphorus uptake for the 0xPi treatment was similar 

between soils among all harvest dates; however, the increase in P uptake per equivalent 

Pi applied was approximately 6 times greater for the Kempsville than the Fauquier. The 

higher availability of P in the Kempsville soil relative to the Fauquier is likely a function 

of P-binding capacity; however, interpretation of the differences in P-uptake based on 

soil properties may be ambiguous due to the herbicide damage incurred by fescue grown 

in the Fauquier. 

One of the objectives of this study was to determine P availability from each of 

the organic P sources relative to a soluble inorganic source (KH2PO4). The relative P 

availability (RPA) for the organic residuals was calculated by Eq. 2. 

( ) ( )100(%)
ap

up

P
mbPRPA −

=   [2] 

where Pup is the cumulative P uptake by fescue in the residual amended soils in mg, b is 

the y intercept of the regression line calculated for P uptake of fescue in Pi amended soils 

in mg, m is the slope of the regression line calculated for P uptake of fescue in Pi 

amended soils in kg, and Pap is the amount of EPA3050 P applied with the residual as mg 
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kg-1. The RPA’s for each of the organic residuals in both soils are summarized in Table 

2-11. 

The RPA’s of the organic residuals applied to the Fauquier followed the trend 

PL>PYWC>RBSC>WBSC>HYWC for all three harvest dates. The RPA’s calculated for 

the WBSC and HYWC were confounded because N availability likely limited yield and P 

uptake in these treatments. Precise interpretation and comparison of the RPA’s were 

limited in the Fauquier soil, where the maximum r2 for the P uptake response was 0.78; 

however, direct comparisons among PL, RBSC, and PYWC were feasible. By day 168 

the RPA of PL was 1.4 and 3.1 times greater than PYWC and RBSC, respectively, 

indicating that PL was a more effective source of plant available P than either PYWC or 

RBSC. 

The RPA’s of the organic residuals applied to the Kempsville followed a similar 

trend to the Fauquier, i.e., PL≈PYWC>WBSC>RBSC>HYWC, after 168 days. Nitrogen 

availability again likely limited yield and P uptake from the WBSC and HYWC 

treatments. The r2 of the P uptake response for the Kempsville was greater than or equal 

to 0.93. The RPA for RBSC was considerably lower (15%) than that for PYWC (83%) on 

day 42. 

The trend of RPA’s not limited by N followed the general trend 

PL>PYWC>RBSC in both soils. This trend also corresponds to the percentage of 3050P 

as WSP (31, 8.5, and 0.036%, respectively) and as M3P (56, 22, 0.67%, respectively; 

Table 2-6). A larger data set with limited variables is needed to determine if there are any 

significant correlations between RPA and WSP:3050P or M3P:3050P. Both of the latter 

may be useful indicators of RPA. 
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2.5.3.2 Extractable Phosphorus vs. Plant Available Phosphorus 
Selected properties of the unamended and amended Fauquier and Kempsville 

soils used in the greenhouse study are listed in Table 2-12. Several treatments affected 

soil pH. The HYWC, RBSC, and PL increased the pH of the unamended Fauquier soil 

from 5.75 on day 2 to 6.27, 6.24, and 6.08, respectively. By day 168, the pH in the 

Fauquier increased from 5.93 in the control to 6.80, 6.63, 6.45, and 6.32 respectively in 

the RBSC, HYWC, WBSC, and PYWC treatments. Similarly, the HYWC, RBSC, and 

PYWC treatments increased the pH of the Kempsville soil on day 2 from 5.66 to 6.38, 

6.33, and 6.12, respectively. By day 168, the pH in the Kempsville increased from 6.03 in 

the control to 6.78, 6.78, 6.55, and 6.40 in the RBSC, HYWC, PYWC, and WBSC 

treatments, respectively. It is interesting that HYWC had nearly the same effect on pH as 

RBSC although the HYWC had a much lower CCE (9.7% vs. 45%). The inorganic P 

treatments had no significant effect on pH in either soil on either sampling date. 

The M3P values of the amended greenhouse soils on days 2 and 168 are 

summarized in Table 2-12. All treatments except 0.3xPi, 1xPi, and PL significantly 

increased M3P concentration in the Fauquier and Kempsville soils above the control on 

both sampling dates. The M3P concentrations were increased substantially more in the 

Kempsville than in the Fauquier soil which was likely due to a greater P binding capacity 

in the Fauquier. A M3P value of 45-50 mg P kg-1 is typically considered optimum for 

crop production (Sims, 2000). All treatments except PL had M3P values in excess of 

optimum on day 2 in the Fauquier; however, by day 168 M3P for all organic treatments 

except HYWC and WBSC had fallen below 45 mg kg-1. The unamended Kempsville had 

an M3P near optimum, therefore all treatments increased soil test P levels above optimum 

on day 2, which persisted through day 168 for all except PL. 
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Correlations between M3P on day 2 and 168 and cumulative P assimilation by 

fescue on day 42 and 168 from amended Kempsville and Fauquier are shown in Fig. 2-11 

through 2-14. Separate regression lines were derived for Pi and organic residual (Po) 

amended soils so differences could be resolved. The M3P concentration on day 2 was 

significantly correlated with fescue P uptake on day 42 in both the Fauquier and 

Kempsville soils amended with Pi (r2=0.64 and 0.97, respectively; Fig. 2-11 and 2-12). 

There was no significant correlation between M3P on day 2 and fescue P uptake on day 

42 in Po amended Fauquier. The M3P concentration (day 2) only explained 28% of the 

variability in fescue P uptake on day 42 in Po amended Kempsville. There were 

significant correlations between M3P on day 2 in Pi amended Fauquier and Kempsville 

and P uptake on day 42 (r2=0.63 and 0.97, respectively). On day 168, there was still no 

correlation between M3P in Po amended Fauquier and fescue P uptake, and M3P only 

explained 42% of the variability in fescue P uptake in Po amended Kempsville (Fig. 2-13 

and 2-14). The correlation between M3P on day 168 and P uptake on day 168 in Pi 

amended Fauquier and Kempsville soils was high (r2=0.96 and 0.95, respectively). 

There are several possible reasons why M3P was poorly correlated with fescue P 

uptake in Po amended soils. The most obvious is the limitation of available N in several 

treatments (Fig. 2-3 and 2-4). A lack of plant available N would limit plant growth and P 

uptake, which would have confounded the correlation between M3P and fescue P uptake. 

Another explanation is that M3P may have extracted P forms from Po amended soils that 

are not readily plant available. This may be demonstrated by a comparison of the slopes 

of the Po and Pi regression lines. McCoy et al. (1986) found similar results when 

comparing the correlation between Mehlich 1 extractable P and P uptake by corn in 
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composted biosolids vs. triple superphosphate (TSP)-amended soils. They found a good 

relationship between Mehlich 1 extractable P and P uptake in TSP-amended soils 

(r2=0.84 to 0.89) and poor relationship in composted biosolids-amended soils (r2=0.18). 

The authors attributed their findings to the theory that Mehlich 1 extracted P forms from 

composted biosolids-amended soils that were not plant available (e.g. non-labile Fe- and 

Al-P). 

Water-soluble P of the amended Fauquier and Kempsville at day 2 and 168 are 

summarized in Table 2-12. Only the 9xPi treatment significantly increased WSP in the 

Fauquier soil on day 2. By day 168, the 9xPi, HYWC, PYWC, WBSC, and PL all had 

significantly higher WSP. The amended Kempsville soil had higher WSP values than the 

Fauquier, which was likely due to its lower P binding capacity. The 3xPi, 9xPi, HYWC, 

PYWC, and WBSC treatments significantly increased WSP in the Kempsville on both 

dates. It is interesting to note that RBSC actually decreased WSP on day 2 relative to the 

control. This was likely due to the addition of P-binding constituents Fe, Al, and Ca. 

The relationships between WSP on day 2 and 168 and cumulative fescue P uptake 

on day 42 and 168, respectively, from the amended Kempsville and Fauquier soils is 

illustrated in Fig. 2-15 through 2-18. Again, separate regression lines were derived for Pi 

and the Po amended soils. Water soluble P on day 2 was poorly correlated with fescue P 

uptake on day 42 from the Fauquier amended with either Pi or Po (r2=0.42, and 0.059, 

respectively; Fig. 2-15). The same regression analysis for the amended Kempsville was 

much better correlated for both Pi and Po amendments (r2=0.97, and 0.88, respectively; 

Fig. 2-16). By day 168, the correlation of WSP to cumulative fescue P uptake from both 

Pi and Po amended Fauquier had improved (r2=0.75, and 0.71, respectively; Fig. 2-17). 
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The correlation between WSP and P uptake from the amended Kempsville on day 168 

declined slightly for both Pi and Po but remained significant (r2=0.68, and 0.93, 

respectively; Fig. 2-18). 

The correlations between WSP and P uptake for Pi and Po amended soils reveal 

some interesting trends. Cumulative fescue P uptake was higher at an equivalent WSP in 

Po than Pi amended soils. This was true on both dates in both soils. In addition, an 

equivalent increase in WSP from Po resulted in a greater increase in fescue P uptake than 

that from Pi. This is especially apparent in the regression of WSP on day 2 vs. P uptake 

on day 42 from the amended Kempsville where the slope of the Pi line is 3.8 times 

greater than that of the Po line (Fig. 2-16). This has important water quality implications. 

Water soluble P has been used as both an agronomic indicator of plant available P 

(Luscombe et al., 1979) and as a tool to assess environmental risk of P loss because it has 

been shown to be a good indicator of dissolved P in runoff (Sharpley, 1995; Pote et al., 

1996; Kleinman et al., 2002). A P source that increases plant available P while causing a 

relatively smaller increase in WSP would be preferred, since it would cause less of a 

threat to water quality while still increasing soil P fertility. For this reason, organic 

residuals may be a more environmentally and agronomically sound source of plant 

available P. 

2.5.4 Incubation Study: Phosphorus Solubility In Amended Soils 

2.5.4.1 Effects of Organic Residuals on Extractable Phosphorus  
Amendments elicited similar effects on pH in both soils in the incubation study 

(Fig. 2-19 and 2-20) as occurred in the greenhouse study (Table 2-12). Phosphorus 

solubility is highly dependent on soil pH (Kuo and Jellum, 1987; Bar-Yosef et al., 1988; 
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Leytem et al., 2004). Leytem et al. (2004) found a significant correlation (r2=0.71) 

between pH and WSP in soil amended with 28 different organic residuals. Although no 

correlation between pH and WSP was observed in the incubation study, an interaction 

between pH and Ca in the RBSC and the HYWC amended soils was likely responsible 

for reducing P solubility. 

Water-soluble P of the amended Fauquier and Kempsville on days 2, 10, 42 and 

168 are summarized in Fig. 2-21 and 2-22, respectively. Water soluble P on day 2 was 

increased only by HYWC in the Fauquier and by PYWC, WBSC, and HYWC in the 

Kempsville. By day 10, HYWC, PYWC, and WBSC had significantly increased WSP in 

the Fauquier as well. These trends persisted in both soils for the remainder of the study. 

The temporal effects on WSP in the Fauquier were similar to those reported by Maguire 

et al. (2001), in which a decrease in WSP from day 1 to 51 in two incubated soils that had 

been amended with each of eight biosolids or poultry manure occurred. Preusch et al. 

(2002) also found a sharp initial decrease, followed by a plateauing of WSP in two soils 

amended with either fresh or composted poultry litter and incubated for 120 days. The 

effect of time on WSP in the Kempsville was less typical of what has been reported. 

Water soluble P actually increased slightly from day 2 to day 10 before a plateau was 

attained. The differences between soils on day 2 and 10 were likely due to differences in 

P buffering between the two soils. The initial decrease of WSP in the Fauquier was likely 

due to the rapid sorption of reactive P by Fe and Al oxides. An initial decrease in WSP 

was not observed in the Kempsville because it has very low P-binding capacity. 

From day 10 through 168, there was either no net change or a gradual increase in 

WSP. Mankolo (1997) also observed a gradual increase in P solubility in incubated soils 
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amended with either poultry litter or poultry litter compost from day 14 to 56, which she 

attributed to organic P mineralization. We determined no correlation between the C:P 

ratio of the organic residuals and the change in WSP of the amended soils. This result 

was possibly due to the rapid conversion of mineralized P to another recalcitrant form. 

Preusch et al. (2002) also failed to find any correlation between the change in P solubility 

and the C:P ratio of organic residuals applied in a 120 day incubation study. 

Mehlich 3 P concentrations of the amended Fauquier and Kempsville on days 2, 

10, 42 and 168, are summarized in Fig. 2-23 and 2-24, respectively. The general trends of 

M3P are similar to those of WSP. There was an initial decrease in M3P in the Fauquier 

and an initial increase in M3P in the Kempsville from day 2 to 10. From day 10 to 42, 

there was an overall increase in M3P for all treatments in both soils followed by a plateau 

from day 42 to 168. 

Changes in soil WSP and M3P as mg P kg-1 per 100 mg Po added kg-1 soil 

(∆WSP/Po, and ∆M3P/Po, respectively). are summarized in Table 2-13. The range of 

∆WSP/Po was wider in the Kempsville (-0.362 to 4.86) than in the Fauquier (0.094 to 

1.27), which reflects the higher P binding capacity of the Fauquier. There were no 

significant differences among treatments in the amended Fauquier until day 10, whose 

trend persisted until day 168. Differences among treatments occurred in the Kempsville 

by day 2. The RBSC actually decreased ∆WSP/Po on days 2, 10 and 42. By day 168, the 

∆WSP/Po followed the order: PYWC>PL>WBSC≈HYWC≈RBSC in the Fauquier and 

PYWC>WBSC>HYWC≈PL≈RBSC in the Kempsville. The trend of responses to 

amendments, with the exception of PL, was identical for each soil. Only the magnitude of 

the responses was different. 
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The range and magnitude of ∆M3P/Po, as for ∆WSP/Po, was greater in the 

Kempsville (22.1 to 63.6) than in the Fauquier (13.8 to 32.6). With the exception of PL, 

the trends remained relatively constant through time in both soils. By day 168, the change 

in M3P per unit of P added followed the trend HYWC>WBSC≈RBSC≈PL>PYWC in the 

Fauquier and WBSC≈PYWC>HYWC>PL≈RBSC in the Kempsville. 

The treatment trends of ∆WSP/Po, but not ∆M3P/Po, were similar for each soil. 

This is possibly due to the selective extraction of certain P forms that may not be water-

soluble. There was a very poor relationship between WSP and M3P on all dates in both 

soils, except in the Fauquier on day 10 (r2=0.60) and in the Kempsville on day 168 

(r2=0.55) (Table 2-14). Leytem et al. (2004) also found poor correlation between M3P 

and WSP in two soils (r2=0.51 and 0.26) amended with organic residuals. 

The DPSox of the amended soils on day 168 is summarized in Table 2-15. 

Treatments increased DPSox of the amended soils in the order 

PL<PYWC≈RBSC<WBSC≈HYWC, which followed the same order as Po applied (Table 

2-10). The range and magnitude of change in DPSox reflects the difference in P binding 

capacity of the two soils. Beck et al. (2004) found that a DPSox of 20% in Virginia soils 

coincides with a marked reduction in P sorption capacity, and any increase in soil P may 

result in an increased risk of P loss to the environment. This DPSox  percentage also 

coincides with the point at which soil test P (Mehlich 1 P) exceeds agronomic needs. The 

application of the organic treatments never increased the DPSox of the Fauquier above of 

20%, but all organic treatments, except PL, increased the DPSox to levels greater than 

20% in the Kempsville. 
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There were very good relationships between Po applied and the change in DPSox 

(∆ DPSox) in both the amended Fauquier and Kempsville (r2=0.86 and 0.83, respectively; 

Table 2-16), but the relationship between ∆DPSox and the change in WSP of the amended 

soils were poor (r2=0.34 and 0.45 for the Fauquier and Kempsville, respectively). This 

indicates that, although strongly influenced by total Po applied, ∆DPSox may be a poor 

indicator of P solubility in soil amended with organic residuals. 

2.5.4.2 Influence of Applied Organic Residual Constituents on Phosphorus 
Solubility in Amended Soils 

In order to evaluate the effects of chemical constituents (Fe, Al, and Ca) of the 

organic residuals on P solubility in amended soils, stepwise regression analyses were 

conducted to determine the relationships between EPA 3050, Mehlich 3, and water 

extractable P, Fe, Al, and Ca, and acid ammonium oxalate extractable P, Fe, and Al, with 

WSP in the amended soils on day 2 and 168. The models tested are listed in Table 2-17 

and the results are summarized in Table 2-18. A p-value of <0.05 was used to select 

variables for each model. There was collinearity between applied residual P and Fe and 

Al (e.g., 3050P was correlated to 3050Fe, r2=87, p<0.0001; and 3050P was correlated to 

3050Al, r2=0.89, p<0.0001); therefore, one must interpret the regression models with 

caution. 

None of the models were able to adequately predict WSP in the Fauquier on day 

2. All forms of applied P from the organic residuals were poorly correlated with the 

change in WSP of the amended soils; however, both applied Pox and M3P were 

significantly correlated with the change in WSP of the amended Fauquier on day 168 

(r2=0.51 and 0.60, respectively) and the amended Kempsville on day 2 (r2=0.27 and 0.39) 

and day 168 (r2=0.52 and 0.47). Maguire et al. (2001) also found a significant 
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relationship between applied P content of eight biosolids and two soils as measured by 

Mehlich 3 and the change in WSP (r2=0.49 to 0.92); thus, M3P may hold a modicum of 

promise as a simple, rapid organic residual extraction for the determination of the amount 

of P that may be soluble in soils amended with organic residuals. Applied WSP was only 

significantly related to the change in WSP on day 2 in the Kempsville (r2=0.25). Siddique 

and Robinson (2003) and Leytem et al. (2004) also found WSP of applied organic 

residuals to be poorly related with WSP of amended soils where it has had time to 

equilibrate. 

Applied 3050P was only significantly correlated to the change in WSP on day 168 

in the Kempsville, and even then only explained 35% of the variability; thus, knowledge 

of the total P content of an organic residual is of little value for the prediction of P 

solubility in amended soils. Applied 3050Fe and 3050Ca were both significantly 

correlated to the change in WSP of the Fauquier soil on day 168 and the Kempsville soil 

on day 2 and 168. Calcium, Fe, and Al in organic residuals have been shown to decrease 

the solubility of applied P in amended soils (Maguire et al., 2001; Penn and Sims, 2002). 

The coefficients of Ca and Al were negative, indicating that their presence would reduce 

P solubility. Counter to what one would expect, the coefficients for applied Fe were 

always positive. This is likely a result of collinearity between applied P and Fe. 

Maguire et al. (2001) found significant correlations between applied biosolids 

DPS as measured by EPA 3050, acid ammonium oxalate, and Mehlich 3 with the change 

in soil WSP after 1 and 51 days of incubation; however, the authors did not attempt to 

separate the effects of biosolids Al and Fe. They also did not attempt to quantify a 

relationship between Ca and P content of the applied residual. 
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Organic residual applied Fe, Al, and Ca had less effect on the change in WSP in 

the Fauquier than the Kempsville. Lu and O’Conner (2001) observed a similar 

relationship between two Florida soils with vastly different P binding capacity that were 

amended with biosolids containing Fe and Al. Biosolids addition had little effect on the P 

sorption capacity of a Millhopper sand (Grossarenic Paleudult) with a high concentration 

of native Feox and Alox (2770 mg kg-1) but significantly increased P sorption capacity of 

an Immolakee fine sand (Aeric Alaquods) with a very low concentration of  Feox and Alox 

(125 mg kg-1). 

2.6 Conclusions 
One of the primary goals of this study was to determine relative P availabilty 

(RPA) values for five distinct organic residuals and evaluate the properties of the 

materials that determined P availability. When N was not limiting, the sources with the 

highest relative concentrations of Ca-, Fe-, and Al-to-P had the lowest RPA values. 

Another interesting trend that was revealed by comparing P uptake between organic and 

inorganic sources was the difference in the relationship between P solubility (WSP) and P 

availability (plant uptake). Greater P uptake resulted from organic P sources than 

inorganic P sources at an equivalent soil WSP. This has important water quality 

implications. Soil WSP has been shown to be a good indicator of environmental risk of P 

loss because it has been shown to be highly correlated with dissolved P in runoff 

(Sharpley, 1995; Pote et al., 1996; Kleinman et al., 2002). A P source that increases plant 

available P while causing a relatively smaller increase in WSP would be preferred since it 

would cause less of a threat to water quality while still increasing soil P fertility. Both of 
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these findings will need to be confirmed using a larger number of organic P sources 

under more optimum experimental circumstances. 

Our other primary objective was to determine the factors that control P solubility 

in composts. The solubility of P in organic residuals is an important aspect in the 

assessment of environmental risks associated with their application to agricultural soils, 

especially shortly after they are applied or when they are not incorporated (Sharpley et 

al., 2001; Kleinman et al., 2002). We found no discernable trend relating compost 

feedstock (i.e. poultry/layer litter or biosolids) to P solubility in the composts themselves. 

Phosphorus solubility was significantly reduced by Fe, Al and Ca in the organic 

residuals. Predictions of P solubility based exclusively on compost feedstock should be 

made with caution. Rather, the relative concentrations of P-binding constituents should 

be of the utmost consideration. Our results suggest that composts containing higher 

relative concentrations of Fe-, Al- and Ca-P, will pose less of a threat to surface water 

quality. 

One of the peripheral objectives of this study was to evaluate simple extraction 

methods of the organic residuals for use in predicting P solubility in amended soils. 

While all of the methods we tested had some value, the Mehlich 3 extraction showed the 

most promise for routine use because it is a simple, rapid technique and provided a 

reasonably accurate model. In order to confirm its usefulness, similar studies will need to 

be conducted on a variety of organic residuals applied to an assortment of soil types. 

While the Mehlich 3 extraction of the organic residuals showed promise for the 

prediction of the change in WSP of amended soils, it was not a useful soil extractant for 

the prediction of plant available P in Po amended soils. The WSP content of soil amended 
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with Po was a much better predictor of fescue P uptake. Water soluble P has also been 

shown to be a good indicator of dissolved P in runoff (Sharpley, 1995; Pote et al., 1996; 

Kleinman et al., 2002). Therefore, in organic residual amended soils WSP may be a 

superior extraction method for both agronomic and environmental evaluation of P status.  

The risk of surface losses of P from soils is dependent not just on P solubility, but 

runoff and erosion potential as well (Pote et al., 1996; Andraski and Bundy, 2003; 

Sharpley and Beegle, 1999). Clearly, repeated N based applications of compost will 

increase soil P concentrations to levels greatly in excess of crop needs; however, compost 

has been shown to significantly enhance soil physical properties that reduce runoff and 

erosion (Aggelides and Londra, 2000; Giusquiani; 1995; Epstein et al., 1976; Tester, 

1990; Evanylo et al., 2003). Long-term field studies will need to be conducted in order to 

determine if repeated N based compost applications pose a threat to surface water quality 

due to P runoff. 
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2.8 Tables 
Table 2-1.Selected properties of the unamended soils. 
  Soil Series 
Analysis Fauquier Kempsville 
pH (1:1 w:v) 5.6 4.5 
Mehlich 1 Extractable   
 P, mg kg-1 16 11 
 K, mg kg-1 203 53 
 Ca, mg kg-1 795 197 
 Mg, mg kg-1 117 28 
 Fe, mg kg-1 12 32 
Sand, % 22 72 
Silt, % 50 24 
Clay, % 28 4 

 

Table 2-2. Extractable P from the unamended soil. 
Soil Series WSP† M3P‡ 3050P§ Pox¶ DPSox††
 --------------------------mg kg-1----------------------- % 
Fauquier 1.12 29.6 1125 350 7.10 
Kempsville 2.00 59.5 183.6 93.3 13.3 

† Water soluble P (Self-Davis et al., 2000) 
‡ Mehlich 3 extractable P (Mehlich, 1984) 
§ Extractable P by the EPA 3050 acid-peroxide method (USEPA, 1986) 
¶ Acid ammonium oxalate extractable P (McKeague and Day, 1966) 
†† Degree of P saturation; DPSox = [(mol Pox kg-1)/(mol Alox kg-1 + mol Feox kg-1)] * 100 
 
Table 2-3. Selected properties of the residuals. 
Residual pH EC Solids CCE† 
  S m-1 ---------%-------- 
RBSC‡ 7.2 1.4 62 45 
WBSC 6.7 0.36 57 17 
PYWC 6.6 0.27 39 7.1 
HYWC 7.9 0.11 57 9.7 
PL 7.6 1.7 79 3.3 

† Calcium Carbonate Equivalence, AOAC 955.01 (AOAC, 1975) 
‡ RBSC, Rivana biosolids compost; WBSC, Wolf Creek biosolids compost; PYWC, 

Panorama poultry litter-yardwaste compost; HYWC, Huck’s Hen Blend poultry litter-
yardwaste compost; PL poultry litter 
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Table 2-4. Selected N and P nutrient properties of the residuals used in this study. 
Residual TKN† NH4 -N NO3 -N PAN‡ TP§ TOC¶ PAN:TP TOC:N TOC:TP 
 ---------------------------mg kg-1---------------------------- g kg-1    
     
RBSC# 18700 0 4480 6350 14300 194. 0.44 10 14 
WBSC 15900 100 491 2181 9400 265 0.23 17 28 
PYWC 17000 0 923 2623 4500 311 0.58 18 69 
HYWC 5400 0 11.0 551.0 3500 153 0.16 29 44 
PL 58700 11600 18.0 16330 15400 482 1.1 8.0 31 

† Total Kjeldahl Nitrogen, EPA 351.3 (EPA, 1979). 
‡ Plant Available Nitrogen. Estimated by adding 100% of the measured (NO3+NH4)-N and the fraction 

of organic-N estimated to be mineralizable during the first season. Mineralization coefficients used 
were 0.1 for composted residuals and 0.6 for poultry litter. 

§ Total phosphorus, determine by EPA 3052 microwave assisted digestion (USEPA, 1999). 
¶ Total Organic Carbon, EPA 415.1 (EPA, 1999). 
# RBSC, Rivana biosolids compost; WBSC, Wolf Creek biosolids compost; PYWC, Panorama poultry litter-yardwaste compost; 

HYWC, Huck’s Hen Blend poultry litter-yardwaste compost; PL poultry litter 
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Table 2-5. Selected P related characteristics of the residuals used in this study. 
Residual  EPA 3050† M3‡ WS§ Ox¶ DPSox#  EPA3050 M3 Ox WS 
  ---------------------------mg/kg----------------------- %  ------------------------mg/kg--------------------- 
  P   Fe 
RBSC††  15283  102.81  5.52 6454.1 38.10  29942 326.04  12808 0.94 
WBSC  8732.1  1846.7  102 8991.4 107.0  12504  318.35  4948.9 2.99 
PYWC  4541.1  998.90  387 2645.4 102.0  11591  169.62  1971.1 1.89 
HYWC  3299.9  761.04  49.4  2418.7 60.00  6137.3  409.84  2726.3 10.1 
PL  15910  8966.9  4880  14563.7 2080   976.56  199.10  557.75 80.5 
LSD‡‡  518.2 168.48 156 395.69 24.88  826.83 17.713 513.55 5.49 
     
  Ca  Al 
RBSC  186060  51821 10710 ND§§ N/A  12188  32.937  3990.1 1.87 
WBSC  42859  11978  839.87  ND N/A  11087  493.30  4946.9 1.62 
PYWC  25153  8905.37 642.86  ND N/A  6401.3  50.908  578.41 1.12 
HYWC  19984  8666.7 266.83  ND N/A  6209.1  655.43  1622.4 6.76 
PL  24585  4478.1  977.67  ND N/A  572.57  10.814  102.94 3.88  
LSD  6152.9 1739.2 269.98 N/A¶¶ N/A  434.92 36.349 174.55 0.28 

†  Extractable P, Al, Fe, and Ca by the EPA 3050B acid-peroxide method (USEPA, 1986) 
‡  Mehlich 3 extractable P, Fe, Al, and Ca (1:10 ratio of residues to 0.2 M CH3COOH + 0.25 M NH4NO3 + 0.015 M NH4F + 0.13 M 

HNO3 + 0.001 M EDTA, 5-min reaction time, filtered through a Whatman #42 paper; Mehlich, 1984) 
§  Water soluble P, Al, Fe, and Ca (1:10 ratio of analyte to deionized water, 2 hr reaction time, filtered through a 0.45 Millipore 

filter; Self-Davis and Moore, 2000) 
¶  Acid ammonium oxalate extractable P, Fe, and Al (Pox, Feox, Alox; 1:40 soil to 0.2 M acid ammonium oxalate, pH 3, 2-h reaction 

time in the dark, filtered through a Whatman #42 paper); McKeague and Day, 1966) 
#  Degree of P saturation; DPSox = [(mol Pox kg-1)/(mol Alox kg-1 + mol Feox kg-1)] * 100 
††  RBSC, Rivana biosolids compost; WBSC, Wolf Creek biosolids compost; PYWC, Panorama poultry litter-yardwaste compost; 

HYWC, Huck’s Hen Blend poultry litter-yardwaste compost; PL poultry litter 
‡‡  LSD, least significant difference. Differences between means great than LSD indicate significant difference at p<0.05. 
§§  Not determined for Ca due to analytical limitations 
¶¶  Not applicable 
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Table 2-6. Percentage of  EPA 3050 extractable P Al, Fe, and Ca extracted by Mehlich 3 (M3), water (WS), and acid-
ammonium oxalate (Ox) from the residuals used in this study. 
Residual ____________M3____________ _______________WS____________ ______Ox_______
  P Al Fe Ca P Al Fe Ca P Al Fe 
 -------------------------------------------------------------------%---------------------------------------------------------------------- 
RBSC† 0.67 0.27 1.1 28 0.036 0.015 0.0031 5.8 42 33 43 
WBSC 21 4.4 2.5 28 1.2 0.015 0.024 2.0 103 45 40 
PYWC 22 0.8 1.5 35 8.5 0.017 0.016 2.6 58 9.0 17 
HYWC 23 11 6.7 43 1.5 0.11 0.17 1.3 73 26 44 
PL 56 1.9 20 18 31 0.68 8.2 4.0 92 18 57 

† RBSC, Rivana biosolids compost; WBSC, Wolf Creek biosolids compost; PYWC, Panorama poultry litter-yardwaste compost; 
HYWC, Huck’s Hen Blend poultry litter-yardwaste compost; PL poultry litter 
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Table 2-7. Relationship between extractable P forms in organic residuals used in this 
study†. 
Correlation r2 

WSP vs. M3P 0.90*** 

WSP vs. Pox 0.089 
WSP vs. 3050P  -0.046 
M3P vs. Pox 0.14 
M3P vs. 3050P -0.053 
Pox vs. 3050P 0.78*** 
†All regression analysis performed on ln(x) transformed data. 
* Correlations significant at p<0.05(*), p<0.01(**) or p<0.001(***) 
 
Table 2-8. Stepwise regression models tested for the determination of water soluble P in 
the organic residuals used in this study.† 
Stepwise Regression Models 
Water Soluble P =3050P+3050Al+3050Fe+3050Ca 

 =3050DPS+3050Ca 
 =Pox+Alox+Feox 
 =DPSox 
 =M3P+ M3Al+ M3Fe+ M3Ca 
 = M3DPS+ M3Ca 
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Table 2-9. Water soluble P as a function of  EPA 3050, and extractable (Mehlich 3 and acid ammonium oxalate) P, Ca, Fe, and 
Al of organic residuals used in this study†. 

Extraction/Digestion 
Regression Equation 
y=Water Soluble P Model R2 

EPA 3050 =20.2-1.71(3050Fe) *** 0.76 
   
 =-0.130+1.16(3050DPS) *** 0.54 
 =18.0+0.988(3050DPS) ***-1.64(3050Ca)*** 0.88 
   
Acid Ammonium  =21.5-2.08(Feox)*** 0.92 

   Oxalate =16.0-2.00(Feox)***+0.563(Pox)** 0.95 

   
 =-2.22+1.46(DPSox)*** 0.83 
   
Mehlich 3 =-5.41+1.45(M3P)*** 0.90 
 =12.0+1.17(M3P)***-2.71(M3Fe)*** 0.98 
 =25.3+0.684(M3P)***-3.02(M3Fe)***-0.870(M3Ca)***  0.99 
 =21.2+0.692(M3P)***-1.85(M3Fe)***-1.04 (M3Ca)***-0.215(M3Al)*** 1.0 
   
 =-2.18+1.22(M3DPS)*** 0.95 
 =8.95+0.879(M3DPS)***-0.97(M3Ca)*** 0.99 
†All regression analysis performed on ln(x) transformed data. 
*Significant at p<0.05(*), p<0.01(**) or p<0.001(***) 
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Table 2-10. Application rates of organic residual EPA 3050B P, Al, Fe, and Ca; Acid 
ammonium oxalate (Ox) P; Mehlich 3 (M3) P and; Water soluble (WS) P. 
  _________EPA 3050________ __Ox___ ___M3___ __WS__
Amendment dry matter P Al Fe Ca P 
 g kg-1 --------------------------------------mg kg-1----------------------------------- 
RBSC† 7.823 119.7 95.35 234.2 1455 50.49 0.8043 0.04013 
WBSC 25.32 221.0 280.7 316.6 1085 227.7 46.76 1.361 
PYWC 24.11 109.4 154.3 279.4 606.3 63.77 24.08 5.161 
HYWC 78.36 258.6 486.6 480.9 1566 189.5 59.64 2.170 
PL 1.235 19.63 0.7068 1.206 30.35 17.98 11.07 1.753 

† RBSC, Rivana biosolids compost; WBSC, Wolf Creek biosolids compost; PYWC, 
Panorama poultry litter-yardwaste compost; HYWC, Huck’s Hen Blend poultry litter-
yardwaste compost; PL poultry litter 

 
Table 2-11. Relative phosphorus availability† from amended Fauquier and 
Kempsville soils 42, 84, and 168 days after planting. 
  Relative P Availability 
  Days After Planting 
Treatment 42 84 168 
  % 
Fauquier    
 RBSC‡ 59.6 109.8 114.4 
 WBSC 33.4§ 70 96 
 PYWC 123.1 181.8 255 
 HYWC 42.9 51 45.8 
 PL 155 332 350 
Kempsville    
 RBSC 14.66 43.7 29.0 
 WBSC 41.9 61 56.4 
 PYWC 83.2 114.4 102.1 
 HYWC 18.8 32.5 26.7 
  PL 68.4 192 102 

† Relative P availability from organic residual amended soils compared to KH2PO4 
amended soils. 

‡ RBSC, Rivana biosolids compost; WBSC, Wolf Creek biosolids compost; PYWC, 
Panorama poultry litter-yardwaste compost; HYWC, Huck’s Hen Blend poultry litter-
yardwaste compost; PL poultry litter 

§ Interpretations of italicized RPA values may be ambiguous since fescue growth in soils 
amended with these treatments may have been N limited (see Figures 2-3 and 2-4). 
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Table 2-12. Selected properties of the amended greenhouse study soils on days 2 and 
168. 

  _____pH________ _____M3P______ _____WSP______
Soil Series Treatment day 2 day 168 day 2 day 168 day 2 day 168 
Fauquier    ----------------mg kg-1------------------ 
 0xPi† 5.75 5.94 29.6 22.9 1.12 1.25 
 0.3xPi 5.83 6.07 30.9 22.0 1.17 1.26 
 1xPi 5.82 6.04 35.8 25.9 1.32 1.36 
 3xPi 5.76 6.09 47.4 31.5 1.91 1.53 
 9xPi 5.80 5.99 99.3 55.6 4.54 3.50 
 HYWC 6.27 6.62 94.0 81.8 2.00 2.22 
 PYWC 5.81 6.31 52.1 33.6 1.69 2.59 
 WBSC 5.87 6.46 75.9 61.2 1.53 1.92 
 RBSC 6.24 6.77 47.8 43.4 1.56 1.36 
 PL 6.08 6.13 32.9 24.2 1.37 2.08 
 LSD‡ 0.142 0.186 12.5 5.36 1.23 0.638 
Kempsville       
 0xPi 5.66 6.01 59.5 36.1 2.00 2.01 
 0.3xPi 5.55 5.75 60.3 39.1 2.34 2.22 
 1xPi 5.49 5.79 70.3 37.4 3.66 2.19 
 3xPi 5.59 5.80 113 62.0 11.9 4.99 
 9xPi 5.45 5.90 245 130 47.3 15.2 
 HYWC 6.38 6.76 172 115 5.29 5.36 
 PYWC 6.12 6.53 107 68.8 6.93 4.38 
 WBSC 5.69 6.38 138 111 5.89 5.93 
 RBSC 6.33 6.78 86.0 61.1 1.71 2.17 
 PL 5.81 5.77 66.6 39.1 2.35 2.68 
 LSD 0.307 0.236 19.8 7.88 1.74 1.47    

† 0xPi, 0.3xPi, 1xPi; 3xPi, and 9xPi, 0, 5.94, 19.8 59.5 and 178 mg P kg-1 applied as 
KH2PO4; RBSC, Rivana biosolids compost; WBSC, Wolf Creek biosolids compost; 
PYWC, Panorama poultry litter-yardwaste compost; HYWC, Huck’s Hen Blend 
poultry litter-yardwaste compost; PL poultry litter 

‡ LSD, least significant difference. Differences between means great than LSD indicate 
significant difference at p<0.05. 
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Table 2-13. Change in water soluble and Mehlich 3 P from amended Fauquier and Kempsville soils used in the incubation 
study. Results are expressed as the change in extractable P, relative to the control, per 100 mg EPA 3050 P added kg-1 soil. 

† LSD, least significant difference, within treatment, by date. Differences between means great than LSD indicate significant 
difference at p<0.05. 

‡ HYWC, Huck’s Hen Blend poultry litter-yardwaste compost; PYWC, Panorama poultry litter-yardwaste compost; WBSC, Wolf 
Creek biosolids compost; RBSC, Rivana biosolids compost; PL poultry litter 

§ LSD within date, by treatment. 
 

  __________________Water Soluble P____________ __________________Mehlich 3 P_______________
  Days After Amending  
Soil Series Treatment 2 10 42 168 LSD†  2 10 42 168 LSD† 
  change in P in mg kg-1 per 100 mg  P added  kg-1 soil. 
Fauquier HYWC‡ 0.425 0.425 0.498 0.453 0.150  24.9 22.1 32.6 27.7 7.53 
 PYWC 0.520 0.803 0.957 1.15 0.260  20.6 19.2 18.2 16.1 3.58 
 WBSC 0.182 0.352 0.417 0.595 0.100  20.9 19.3 25.2 22.7 3.08 
 RBSC 0.360 0.094 0.230 0.330 0.600  15.2 13.8 25.9 22.3 4.10 
 PL 1.27 0.817 1.08 0.954 1.40  16.9 15.5 17.1 21.4 9.01 
 LSD§ 1.100 0.300 0.440 0.610   4.69 4.92 7.70 5.48  
             
Kempsville HYWC 1.27 1.31 1.16 1.46 0.500  43.3 49.3 53.8 45.6 14.7 
 PYWC 4.50 4.34 4.60 4.86 0.970  43.5 41.1 57.3 50.1 8.03 
 WBSC 1.76 2.17 2.33 2.97 0.920  35.5 48.4 63.6 54.7 14.2 
 RBSC -0.245 -0.362 -0.161 0.409 0.260  22.1 30.6 43.9 34.2 8.33 
 PL 1.77 2.48 1.38 0.430 4.52  36.1 26.1 60.8 36.3 32.4 
 LSD 3.27 1.34 1.58 1.50   19.2 16.0 20.8 12.8  
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 Table 2-14. Correlation between water soluble P and Mehlich 3 P from the 
amended Fauquier and Kempsville soils used in the incubation experiment.  
 Days After Amending 
Soil Series 2 10 42 168 
 r2 

Fauquier 0.13ns 0.60*** 0.41* 0.27* 

Kempsville 0.35* 0.33* 0.34* 0.55** 

*Significant at p<0.05(*), p<0.01(**) or p<0.001(***) 
 
Table 2-15. The degree of phosphorus saturation (DPSox)†, as determined by acid 
ammonium oxalate extractable P, Fe and Al of amended Fauquier and Kempsville 
soils on day 168 of the incubation experiment. Means separations are for differences 
within soils. 
Treatment DPS ∆DPS 
Fauquier ---------%------- 
 0xP 7.00  
 HYWC 11.5 4.50 
 PYWC 8.79 1.90 
 WBSC 11.2 4.20 
 RBSC 9.70 2.20 
 PL 7.44 0.440 
 LSD‡ 0.785 0.785 
Kempsville   
 0xP 14.7  
 HYWC 36.6 21.9 
 PYWC 26.4 11.7 
 WBSC 40.7 26.0 
 RBSC 26.3 11.6 
 PL 17.4 2.70 
  LSD 4.15 4.15 

† Degree of phosphorus saturation, DPS = mole ratio of acid ammonium oxalate P to 
[Fe+Al]. 

‡ 0xP, no P added; HYWC, Huck’s Hen Blend poultry litter-yardwaste compost; PYWC, 
Panorama poultry litter-yardwaste compost; WBSC, Wolf Creek biosolids compost; 
RBSC, Rivana biosolids compost; PL poultry litter. 

§ LSD, least significant difference. Differences between means greater than LSD indicate 
significant difference at p<0.05. 
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Table 2-16. Correlation between the change in the degree of phosphorus saturation 
(∆DPSox)† of amended Fauquier and Kempsville soils on day 168 of the incubation 
experiment, the change in water soluble soil P (∆WSP) on day 168, and applied 
residual P (Po)†. 
Soil Series 

 r2 
Fauquier   
 ∆DPSox vs. Po applied 0.86*** 
 ∆DPSox vs. ∆WSP 0.34* 
   
Kempsville   
 ∆DPSox vs. Po applied 0.83*** 
 ∆DPSox vs. ∆WSP 0.45*** 
†Residual P determined by EPA 3050B method. 
*Significant at p<0.05(*), p<0.01(**) or p<0.001(***) 
 
 
 
Table 2-17. Stepwise regression models tested for the determination of the change in 
water soluble P in amended Fauquier and Kempsville soils on day 2 and 168 of 
incubation based on applied EPA 3050, and extractable (Mehlich 3, acid ammonium 
oxalate, and water soluble) P, Ca, Fe, and Al of the organic residuals. 
Stepwise Regression Models 
Water Soluble Soil P =3050P+3050Al+3050Fe+3050Ca 

 =Pox+Alox+Feox 
 =M3P+ M3Al+ M3Fe+ M3Ca 
 =WSP+WSAl+WSFe+WSCa 
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Table 2-18. Stepwise regressions for the prediction of the change in water soluble P in amended Fauquier and Kempsville 
soils on day 2 and 168 of incubation by applied EPA 3050, and extractable(Mehlich 3, acid ammonium oxalate, and water 
soluble) P, Ca, Fe, and Al of organic residuals. 

Soil Series 
Sample 
Date 

Regression Equation 
y=Change in Water Soluble Soil P Model R2 

Fauquier day 2 No significant variables  
 day 168 =0.243+0.00237(3050Fe)** 0.52 
  =0.354+0.00448(3050Fe)**-0.000700(3050Ca)* 0.72 
  =0.385+0.00437(Pox)** 0.51 
  =0.211+0.0139(Pox)**-0.0146(Alox)* 0.63 
  =-0.208+0.0231(Pox )**-0.0364(Alox)**+0.00725(Feox) 0.76 
  =0.331+0.0181(M3P)** 0.60 
  =0.206+0.0287(M3P)**-0.0144(M3Al) 0.70 
  =-0.0268+0.0279(M3P)**-0.0869(M3Al)**+0.126(M3Fe)* 0.82 
Kempsville day 2 =0.408+0.00772(3050Fe) 0.30 
  =1.11+0.0212(3050Fe)***-0.00446(3050Ca)*** 0.75 
  =0.923+0.0137(Pox) 0.27 
  =-0.0961+0.0696(Pox)*-0.0860(Alox) 0.51 
  =0.700+0.0609(M3P)* 0.39 
  =0.119+0.116(M3P)**-0.0748(M3Al) 0.54 
  =0.932+0.344(WSP) 0.25 
 day 168 =0.432+0.0193(3050P)* 0.39 
  =1.07+0.0395(3050P)**-0.00377(3050Ca)* 0.63 
  =0.162+0.0721(3050P)**-0.00457(3050Ca)**-0.0152(3050Al) 0.72 
  =-1.05+0.0676(3050P)**-0.00711(3050Ca)**-0.0326(3050Al)** +0.0298(3050Fe)** 0.95 
  =0.726+0.0229(Pox)** 0.52 
  =-0.648+0.0979(Pox)**-0.115(Alox )** 0.81 
  =-1.87 +0.125(Pox)**-0.179(Alox)**+0.0212(Feox) 0.86 
  =0.943+0.808(M3P)** 0.47 
  =-0.0312+0.173(M3P)**-0.125(M3Al)** 0.75 
  =-1.45+0.190(M3P)**-0.194(M3Al)**+0.00568(M3Ca) 0.82 
*Significant at p<0.01(*) or p<0.001(**) 
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2.9 Figures 
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Figure 2-1. Cumulative biomass harvested (dry matter basis) from fescue grown in 
amended Fauquier soil. Harvested 42, 84, and 168 days after planting (DAP). Each 
bar represents the mean of four replications. Means separations are within date. 
0xPi, 0.3xPi, 1xPi; 3xPi, and 9xPi, 0, 5.94, 19.8 59.5 and 178 mg P kg-1 applied as 
KH2PO4; RBSC, Rivana biosolids compost; WBSC, Wolf Creek biosolids compost; 
PYWC, Panorama poultry litter-yardwaste compost; HYWC, Huck’s Hen Blend 
poultry litter-yardwaste compost; PL, poultry litter. 
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Figure 2-2. Cumulative biomass harvested (dry matter basis) from fescue grown in 
amended Kempsville soils. Harvested 42, 84, and 168 days after planting (DAP). 
Each bar represents the mean of four replications. Means separations are within 
date. 0xPi, 0.3xPi, 1xPi; 3xPi, and 9xPi, 0, 5.94, 19.8 59.5 and 178 mg P kg-1 applied as 
KH2PO4; RBSC, Rivana biosolids compost; WBSC, Wolf Creek biosolids compost; 
PYWC, Panorama poultry litter-yardwaste compost; HYWC, Huck’s Hen Blend 
poultry litter-yardwaste compost; PL, poultry litter. 
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Figure 2-3. Cumulative N uptake by fescue grown in amended Fauquier soil 42, 84, 
and 168 days after planting (DAP). Each bar represents the mean of four 
replications. Means separations are within date. 0xPi, 0.3xPi, 1xPi; 3xPi, and 9xPi, 0, 
5.94, 19.8 59.5 and 178 mg P kg-1 applied as KH2PO4; RBSC, Rivana biosolids 
compost; WBSC, Wolf Creek biosolids compost; PYWC, Panorama poultry litter-
yardwaste compost; HYWC, Huck’s Hen Blend poultry litter-yardwaste compost; 
PL, poultry litter. 
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Figure 2-4. Cumulative N uptake by fescue grown in amended Kempsville soils 42, 
84, and 168 days after planting (DAP). Each bar represents the mean of four 
replications. Means separations are within date. 0xPi, 0.3xPi, 1xPi; 3xPi, and 9xPi, 0, 
5.94, 19.8 59.5 and 178 mg P kg-1 applied as KH2PO4; RBSC, Rivana biosolids 
compost; WBSC, Wolf Creek biosolids compost; PYWC, Panorama poultry litter-
yardwaste compost; HYWC, Huck’s Hen Blend poultry litter-yardwaste compost; 
PL, poultry litter. 



 87

 
 

y = 0.026x + 4.1915
r2 = 0.7117
p<0.0001

0

1

2

3

4

5

6

7

8

9

10

0 50 100 150 200 250 300
P applied (mg/kg)

Σ 
P 

up
ta

ke
 4

2 
D

A
P 

(m
g 

po
t-1

)

Pi
HYWC
PYWC
WBSC
RBSC
PL

 
Figure 2-5. Sum of fescue P uptake 42 days after planting in amended Fauquier soil 
by P applied. Applied P is defined as either EPA3050 extractable P or inorganic P 
for residual or KH2PO4, respectively. The regression line is for the KH2PO4 (Pi) 
amended soils. Each point represents the mean of four replications ±SE. Pi, 0, 5.94, 
19.8 59.5 and 178 mg P kg-1 applied as KH2PO4; RBSC, Rivana biosolids compost; 
WBSC, Wolf Creek biosolids compost; PYWC, Panorama poultry litter-yardwaste 
compost; HYWC, Huck’s Hen Blend poultry litter-yardwaste compost; PL, poultry 
litter. 
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Figure 2-6. Sum of fescue P uptake 42 days after planting in amended Kempsville 
soils by P applied. Applied P is defined as either EPA3050 extractable P or 
inorganic P for residual or KH2PO4, respectively. The regression line is for the 
KH2PO4 (Pi) amended soils. Each point represents the mean of four replications 
±SE. Pi, 0, 5.94, 19.8 59.5 and 178 mg P kg-1 applied as KH2PO4; RBSC, Rivana 
biosolids compost; WBSC, Wolf Creek biosolids compost; PYWC, Panorama 
poultry litter-yardwaste compost; HYWC, Huck’s Hen Blend poultry litter-
yardwaste compost; PL, poultry litter. 
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Figure 2-7. Sum of fescue P uptake 84 days after planting in amended Fauquier soil 
by P applied. Applied P is defined as either EPA 3050 extractable P or inorganic P 
for residual or KH2PO4 treatments, respectively. The regression line is for the 
KH2PO4 (Pi) amended soils. Each point represents the mean of four replications 
±SE. Pi, 0, 5.94, 19.8 59.5 and 178 mg P kg-1 applied as KH2PO4; RBSC, Rivana 
biosolids compost; WBSC, Wolf Creek biosolids compost; PYWC, Panorama 
poultry litter-yardwaste compost; HYWC, Huck’s Hen Blend poultry litter-
yardwaste compost; PL, poultry litter. 
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Figure 2-8. Sum of fescue P uptake 84 days after planting in amended Kempsville 
soil. Applied P is defined as either EPA3050 extractable P or inorganic P for 
residual or KH2PO4, respectively. The regression line is for the KH2PO4 (Pi) 
amended soils. Each point represents the mean of four replications ±SE. Pi, 0, 5.94, 
19.8 59.5 and 178 mg P kg-1 applied as KH2PO4; RBSC, Rivana biosolids compost; 
WBSC, Wolf Creek biosolids compost; PYWC, Panorama poultry litter-yardwaste 
compost; HYWC, Huck’s Hen Blend poultry litter-yardwaste compost; PL, poultry 
litter. 
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Figure 2-9. Sum of fescue P uptake 168 days after planting in amended Fauquier 
soil by P applied. Applied P is defined as either EPA3050 extractable P or inorganic 
P for residual or KH2PO4, respectively. The regression line is for the KH2PO4 (Pi) 
amended soils. Each point represents the mean of four replications ±SE. Pi, 0, 5.94, 
19.8 59.5 and 178 mg P kg-1 applied as KH2PO4; RBSC, Rivana biosolids compost; 
WBSC, Wolf Creek biosolids compost; PYWC, Panorama poultry litter-yardwaste 
compost; HYWC, Huck’s Hen Blend poultry litter-yardwaste compost; PL, poultry 
litter. 
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Figure 2-10. Sum of fescue P uptake 168 days days after planting in amended 
Kempsville soil by P applied. Applied P is defined as either EPA3050 extractable P 
or inorganic P for residual or KH2PO4, respectively. The regression line is for the 
KH2PO4 (Pi) amended soils. Each point represents the mean of four replications 
±SE. Pi, 0, 5.94, 19.8 59.5 and 178 mg P kg-1 applied as KH2PO4; RBSC, Rivana 
biosolids compost; WBSC, Wolf Creek biosolids compost; PYWC, Panorama 
poultry litter-yardwaste compost; HYWC, Huck’s Hen Blend poultry litter-
yardwaste compost; PL, poultry litter. 
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Figure 2-11. Cumulative P uptake by fescue 42 days after planting in amended 
Fauquier soil vs. Mehlich 3 soil P (M3P) 2 days after planting. The solid regression 
line is for the KH2PO4 (Pi) amended soils and the dashed regression line is for 
organic residual amended soils. Each point represents the mean of four replications 
±SE. Pi, 0, 5.94, 19.8 59.5 and 178 mg P kg-1 applied as KH2PO4; RBSC, Rivana 
biosolids compost; WBSC, Wolf Creek biosolids compost; PYWC, Panorama 
poultry litter-yardwaste compost; HYWC, Huck’s Hen Blend poultry litter-
yardwaste compost; PL, poultry litter. 
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Figure 2-12. Cumulative P uptake by fescue 42 days after planting in amended 
Kempsville soil vs. Mehlich 3 soil P (M3P) 2 days after planting. The solid regression 
line is for the KH2PO4 (Pi) amended soils and the dashed regression line is for 
organic residual amended soils. Each point represents the mean of four replications 
±SE. Pi, 0, 5.94, 19.8 59.5 and 178 mg P kg-1 applied as KH2PO4; RBSC, Rivana 
biosolids compost; WBSC, Wolf Creek biosolids compost; PYWC, Panorama 
poultry litter-yardwaste compost; HYWC, Huck’s Hen Blend poultry litter-
yardwaste compost; PL, poultry litter. 
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Figure 2-13. Cumulative P uptake by fescue 168 days after planting in amended 
Fauquier soil vs. Mehlich 3 soil P (M3P) 168 days after planting. The solid 
regression line is for the KH2PO4 (Pi) amended soils and the dashed regression line 
is for organic residual amended soils. Each point represents the mean of four 
replications ±SE. Pi, 0, 5.94, 19.8 59.5 and 178 mg P kg-1 applied as KH2PO4; RBSC, 
Rivana biosolids compost; WBSC, Wolf Creek biosolids compost; PYWC, 
Panorama poultry litter-yardwaste compost; HYWC, Huck’s Hen Blend poultry 
litter-yardwaste compost; PL, poultry litter. 
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Figure 2-14. Cumulative P uptake by fescue 168 days after planting in amended 
Kempsville soil vs. Mehlich 3 soil P (M3P) 168 days after planting. The solid 
regression line is for the KH2PO4 (Pi) amended soils and the dashed regression line 
is for organic residual amended soils. Each point represents the mean of four 
replications ±SE. Pi, 0, 5.94, 19.8 59.5 and 178 mg P kg-1 applied as KH2PO4; RBSC, 
Rivana biosolids compost; WBSC, Wolf Creek biosolids compost; PYWC, 
Panorama poultry litter-yardwaste compost; HYWC, Huck’s Hen Blend poultry 
litter-yardwaste compost; PL, poultry litter. 
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Figure 2-15. Cumulative P uptake by fescue 42 days after planting in amended 
Fauquier soil vs. water soluble P (WSP) 2 days after planting. The solid regression 
line is for the KH2PO4 (Pi) amended soils and the dashed regression line is for 
organic residual amended soils. Each point represents the mean of four replications 
±SE. Pi, 0, 5.94, 19.8 59.5 and 178 mg P kg-1 applied as KH2PO4; RBSC, Rivana 
biosolids compost; WBSC, Wolf Creek biosolids compost; PYWC, Panorama 
poultry litter-yardwaste compost; HYWC, Huck’s Hen Blend poultry litter-
yardwaste compost; PL, poultry litter. 
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Figure 2-16. Cumulative P uptake by fescue 42 days after planting in amended 
Kempsville soil vs. water soluble P (WSP) 2 days after planting. The solid regression 
line is for the KH2PO4 (Pi) amended soils and the dashed regression line is for 
organic residual amended soils. Each point represents the mean of four replications 
±SE. Pi, 0, 5.94, 19.8 59.5 and 178 mg P kg-1 applied as KH2PO4; RBSC, Rivana 
biosolids compost; WBSC, Wolf Creek biosolids compost; PYWC, Panorama 
poultry litter-yardwaste compost; HYWC, Huck’s Hen Blend poultry litter-
yardwaste compost; PL, poultry litter. 
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Figure 2-17. Cumulative P uptake by fescue 168 days after planting in amended 
Fauquier soil vs. water soluble P (WSP) 168 days after planting. The solid 
regression line is for the KH2PO4 (Pi) amended soils and the dashed regression line 
is for organic residual amended soils. Each point represents the mean of four 
replications ±SE. Pi, 0, 5.94, 19.8 59.5 and 178 mg P kg-1 applied as KH2PO4; RBSC, 
Rivana biosolids compost; WBSC, Wolf Creek biosolids compost; PYWC, 
Panorama poultry litter-yardwaste compost; HYWC, Huck’s Hen Blend poultry 
litter-yardwaste compost; PL poultry litter. 
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Figure 2-18. Cumulative P uptake by fescue 168 days after planting in amended 
Kempsville soil vs. water soluble P (WSP) 168 days after planting. The solid 
regression line is for the KH2PO4 (Pi) amended soils and the dashed regression line 
in for organic residual amended soils. Each point represents the mean of four 
replications ±SE. Pi, 0, 5.94, 19.8 59.5 and 178 mg P kg-1 applied as KH2PO4; RBSC, 
Rivana biosolids compost; WBSC, Wolf Creek biosolids compost; PYWC, 
Panorama poultry litter-yardwaste compost; HYWC, Huck’s Hen Blend poultry 
litter-yardwaste compost; PL poultry litter. 
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Figure 2-19. Soil pH of the amended Fauquier soil on day 2, 10, 42 and 168 of the 
incubation period.  Data points accompanied by a different letter are significantly 
different. Each point represents the mean of four replications. Means separations 
are for pH values within date. 0xPi, control; RBSC, Rivana biosolids compost; 
WBSC, Wolf Creek biosolids compost; PYWC, Panorama poultry litter-yardwaste 
compost; HYWC, Huck’s Hen Blend poultry litter-yardwaste compost; PL poultry 
litter. 
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Figure 2-20. Soil pH of the amended Kempsville soil on day 2, 10, 42 and 168 of the 
incubation period. Data points accompanied by a different letter are significantly 
different. Each point represents the mean of four replications. Means separations 
are for pH values within date. 0xPi, control; RBSC, Rivana biosolids compost; 
WBSC, Wolf Creek biosolids compost; PYWC, Panorama poultry litter-yardwaste 
compost; HYWC, Huck’s Hen Blend poultry litter-yardwaste compost; PL poultry 
litter. 
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 Figure 2-21. Water soluble P (WSP) of the amended Fauquier soil on day 2, 10, 42 
and 168 of the incubation period. Data points accompanied by a different letter are 
significantly different. Each point represents the mean of four replications. Means 
separations are for WSP within date. 0xPi, control; RBSC, Rivana biosolids 
compost; WBSC, Wolf Creek biosolids compost; PYWC, Panorama poultry litter-
yardwaste compost; HYWC, Huck’s Hen Blend poultry litter-yardwaste compost; 
PL poultry litter. 



 104

 
 

b
b

b
c

a b

ab

a a

a

c c c d

0

1

2

3

4

5

6

7

8

9

0 20 40 60 80 100 120 140 160 180

Time (days)

W
SP

 (m
g 

kg
-1

)
0xP
HYWC
PYWC
WBSC
RBSC
PL

 
Figure 2-22. Water soluble P (WSP) of the amended Kempsville soil on day 2, 10, 42 
and 168 of the incubation period. Data points accompanied by a different letter are 
significantly different. Each point represents the mean of four replications. Means 
separations are for WSP within date. 0xPi, control; RBSC, Rivana biosolids 
compost; WBSC, Wolf Creek biosolids compost; PYWC, Panorama poultry litter-
yardwaste compost; HYWC, Huck’s Hen Blend poultry litter-yardwaste compost; 
PL poultry litter. 
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Figure 2-23. Mehlich 3 extractable P (M3P) from the amended Fauquier soil on day 
2, 10, 42 and 168 of the incubation period. Data points accompanied by a different 
letter are significantly different. Each point represents the mean of four 
replications. Means separations are for M3P within date. 0xPi, control; RBSC, 
Rivana biosolids compost; WBSC, Wolf Creek biosolids compost; PYWC, 
Panorama poultry litter-yardwaste compost; HYWC, Huck’s Hen Blend poultry 
litter-yardwaste compost; PL poultry litter. 
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Figure 2-24. Mehlich 3 extractable P (M3P) from the amended Kempsville soil on 
day 2, 10, 42 and 168 of the incubation period. Data points accompanied by a 
different letter are significantly different. Each point represents the mean of four 
replications. Means separations are for M3P within date. 0xPi, control; RBSC, 
Rivana biosolids compost; WBSC, Wolf Creek biosolids compost; PYWC, 
Panorama poultry litter-yardwaste compost; HYWC, Huck’s Hen Blend poultry 
litter-yardwaste compost; PL poultry litter. 
 
 
.
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2.10 Appendix 
 
Appendix A. Lime calibration for untreated Fauquier and Kempsville soils used in greenhouse pot and 
incubation studies. Ca(OH)2 was thoroughly mixed with soil, moistened to approximately field capacity and 
incubated for 7 days before measuring soil pH of a 1:1 soil:water mixture. 

           Fauquier        .          Kempsville        . 
Ca(OH)2  pH Ca(OH)2  pH 

g kg-1  g kg-1  
- 5.93 - 4.53 
- 5.97 - 4.53 

0.19 6.12 0.19 4.74 
0.19 6.08 0.19 4.75 
0.37 6.16 0.37 4.92 
0.37 6.2 0.37 4.95 
0.56 6.3 0.56 5.1 
0.56 6.34 0.56 5.13 
0.74 6.37 0.74 5.64 
0.74 6.43 0.74 5.41 
1.48 6.66 1.48 6.05 
1.48 6.76 1.48 6.16 
2.22 6.99 2.22 6.75 
2.22 7.05 2.22 6.87 

 
Appendix B. Estimation of field capacity for soils treated with organic amendments used in greenhouse pot 
and incubation studies. Field capacity estimated using the method of Tan (1996).  
Treatment               Soil             . 
 Fauquire Kempsville 
 Moisture Content 
 --------%---------- 
PYWC† 38 28 
PYWC 40 29 
WBSC 39 26 
WBSC 40 26 
HYWC 40 29 
HYWC 39 30 
RBSC 34 23 
RBSC 39 23 
CTL 35 22 
CTL 35 23 

†  PYWC, Panorama yard-waste compost; WBSC, Wolf Creek biosolids compost; HYWC, Huck’s yard-waste 
compost; RBSC, Rivana biosolids compost; CTL, unamended control.  
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Appendix C. Selected extractions preformed on the organic residuals used in greenhouse pot and incubation studies (see Chapter 2). Each extraction 
was preformed in quadruplicate due to heterogeneity of the material. 

Treatment                  EPA 3050†                     .                       M3‡               .                      WS§              .                     Ox¶                  . CCE†† 
 P Al Fe Ca P Al Fe Ca P Al Fe Ca P Al Fe DPS#  
 --------------------------------------g kg-1------------------------------------ --------------mg kg-1------------ --------g kg-1------- ---------%-------- 

RBSC‡‡ 15.1 12.0 29.8 179.9 0.1 0.0 0.3 50.5 4.8 1.9 0.9 10391 6.9 4.3 13.9 37.7 46.5 
RBSC 15.5 12.5 30.5 191.4 0.1 0.0 0.3 53.7 5.3 1.8 0.9 10692 6.1 3.8 12.2 38.1 43.9 
RBSC 14.6 11.6 28.5 177.3 0.1 0.0 0.3 49.2 5.8 1.9 0.9 10486 6.4 4.0 12.5 38.8 44.1 
RBSC 16.0 12.7 31.0 195.6 0.1 0.0 0.3 53.9 6.1 1.9 1.0 11273 6.4 3.9 12.6 38.1 44.8 
WBSC 8.4 10.9 12.7 45.2 1.8 0.5 0.3 11.9 98 1.6 2.9 825 8.8 4.9 4.9 105.4 21.0 
WBSC 8.6 11.1 12.7 43.7 1.9 0.5 0.3 11.6 103 1.6 3.0 850 8.5 4.7 4.7 106.1 15.4 
WBSC 8.9 11.5 12.5 41.9 1.8 0.5 0.3 12.5 101 1.6 2.9 834 9.4 5.1 5.1 107.6 15.8 
WBSC 9.0 10.9 12.1 40.6 1.8 0.5 0.3 11.9 105 1.7 3.1 850 9.2 5.0 5.0 107.8 17.4 
PYWC 4.5 6.4 11.9 25.0 1.3 0.1 0.2 9.0 428 1.2 2.1 696 2.6 0.6 2.0 101.2 7.3 
PYWC 4.4 6.3 11.4 24.7 1.0 0.0 0.2 7.7 350 1.0 1.7 579 2.5 0.6 1.9 101.9 6.8 
PYWC 4.6 6.7 12.1 25.3 1.3 0.1 0.2 9.9 409 1.3 2.0 682 2.7 0.6 2.0 103.7 7.2 
PYWC 4.6 6.2 10.9 25.6 0.3 0.0 0.0 9.0 360 1.0 1.7 615 2.7 0.6 2.0 102.7 7.1 
HYWC 3.3 6.2 6.3 20.4 0.7 0.6 0.4 8.4 52 6.6 10 262 2.4 1.6 2.7 59.5 12.8 
HYWC 3.3 6.0 6.0 19.9 0.8 0.7 0.4 8.4 50 6.6 10 266 2.3 1.7 2.6 58.8 8.0 
HYWC 3.4 6.5 6.3 19.4 0.8 0.7 0.4 9.0 48 6.8 10 261 2.6 1.6 2.8 62.0 8.2 
HYWC 3.2 6.1 6.0 20.2 0.8 0.7 0.4 8.8 48 7.0 11 278 2.4 1.6 2.7 59.8 9.7 
PL 15.9 0.6 1.0 24.7 9.1 0.0 0.2 4.6 4959 4.1 85 979 14.2 0.1 0.6 2043.4 6.6 
PL 16.3 0.6 1.0 25.4 8.9 0.0 0.2 4.7 5137 4.2 89 1006 14.6 0.1 0.6 2079.8 0.0 
PL 16.2 0.6 1.0 24.8 9.1 0.0 0.2 4.4 4590.6 3.6 77.6 940.3 14.9 0.1 0.6 2131.4 3.2 
PL 15.4 0.5 0.9 23.4 8.7 0.0 0.2 4.3 4847.0 3.6 70.5 985.0 14.5 0.1 0.6 2099.7 3.2 

†  Extractable P, Al, Fe, and Ca by the EPA 3050B acid-peroxide method (USEPA, 1986). 
‡  Mehlich 3 extractable P, Fe, Al, and Ca (1:10 ratio of residues to 0.2 M CH3COOH + 0.25 M NH4NO3 + 0.015 M NH4F + 0.13 M HNO3 + 0.001 M EDTA, 

5-min reaction time, filtered through a Whatman #42 paper; Mehlich, 1984) 
§  Water soluble P, Al, Fe, and Ca (1:10 ratio of analyte to deionized water, 2 hr reaction time, filtered through a 0.45 Millipore filter; Self-Davis and Moore, 

2000) 
¶  Acid ammonium oxalate extractable P, Fe, and Al (Pox, Feox, Alox; 1:40 soil to 0.2 M acid ammonium oxalate, pH 3, 2-h reaction time in the dark, filtered 

through a Whatman #42 paper); McKeague and Day, 1966) 
#  Degree of P saturation; DPSox = [(mol Pox kg-1)/(mol Alox kg-1 + mol Feox kg-1)] * 100 
††  Calcium carbonate equivalence, AOAC 955.01 (AOAC, 1975).  
‡‡ RBSC, Rivana biosolids compost; WBSC, Wolf Creek biosolids compost; PYWC, Panorama poultry litter-yardwaste compost; HYWC, Huck’s Hen Blend 

poultry litter-yardwaste compost; PL poultry litter 
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3 Field Study: Agronomic value and environmental 
impact of compost applications in the Piedmont. 

3.1 Abstract 
Repeat applications of biosolids and manure to cropland increase the risk for P 

enrichment of agricultural runoff. Composting improves handling and storage 

characteristics of manure and biosolids, which permits their application to land at times 

that are more environmentally sound. We conducted field research in 2003 and 2004 on a 

Fauquier silty clay loam (Ultic Hapludalf) to compare the effects of continuous (since 

1999) annual applications of composted and uncomposted organic residuals on P runoff 

characteristics. Biosolids compost (BSC); poultry litter-yard waste compost (PLC); 

uncomposted poultry litter; and commercial fertilizer (CF) were applied based on 

estimated plant available N. An unamended control treatment (CTL) was also included. 

The crop rotation was corn (Zea mays L.)-cereal rye (Secale cereal L.). Composts and PL 

were analyzed for water soluble P (WSP) and EPA 3050 P, Ca, Fe, and Al. End of season 

soil samples were analyzed for Mehlich 3 P (M3P), EPA 3050 P (3050P), water soluble P 

(WSP), degree of phosphorus saturation (DPS), soil C, and bulk density. We applied 

simulated rainfall in fall 2004 and analyzed runoff for dissolved reactive P (DRP), total 

dissolved P (TDP), total P (TP), total organic C (TOC), and total suspended solids (TSS). 

The molar ratio of EPA 3050 [Fe+Al]:P was similar between composts and significantly 

higher than PL. The molar ratio of EPA 3050 Ca:P was significantly higher in BSC and 

significantly lower in PL. The WSP:EPA3050-P ratio of the organic amendments 

followed the trend PL>>PLC>>BSC. Agronomic N-based applications of BSC, PLC, and 

PL produced similar yields as CF. Compost treatments significantly increased soil C, 

decreased bulk density, and increased M3P, 3050P, WSP, and DPS. The concentration of 
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DRP, TDP, and TP in runoff was highest in the compost treatments, but the mass of DRP 

and TDP was not different among treatments because infiltration was higher and runoff 

lower in compost-amended soil. Improved soil physical properties associated with PLC 

application decreased the total loss of TP and TSS. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Abbreviations: M1P, Mehlich 1 P; WSP, water soluble P; 3P, Mehlich 3 P; Pox, acid 
ammonium oxalate P; DPSox; acid ammonium oxalate degree of P saturation; 3050P, 
EPA 3050 P, 3050Ca, EPA 3050 Ca, 3050Fe, EPA 3050 Fe, 3050Al, EPA 3050 Al,; 
TKN, total Kjeldahl N; PAN; plant available N; TOC, total organic C; CCE, calcium 
carbonate equivalence; BSC; biosolids compost; PLC, poultry litter compost; PL, poultry 
litter; CF, commercial fertilizer; CTL, control; LC, low compost; LCF; low compost plus 
commercial fertilizer; BC, biennial compost; BCF, biennial compost plus commercial 
fertilizer; HC, high compost; HBSC, biosolids compost; ABSC, agronomic biosolids 
compost; LBSC, low biosolids compost; APLC, agronomic poultry litter - yard waste 
compost; LPLC, low poultry litter - yard waste compost; TP, total P; TDP, total dissolved 
P; PP, particulate P; DURP, dissolved unreactive P; DRP, dissolved reactive P; TSS, total 
suspended P.  
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3.2 Introduction 
The largest quantities of biosolids and manures are typically produced near urban 

centers and in rural areas with a high density of confined animal feeding operations, 

respectively. Repeated N based applications of these residuals leads to an accumulation 

of soil P in excess of crop needs, which can increase the P enrichment of agricultural 

runoff (Sims et al., 1998; Sharpley et al., 1998). It is agronomically and environmentally 

beneficial to move these materials away from these areas and apply them to soils where P 

can be used more efficiently. The high transportation cost associated with moving 

organic residuals is the primary factor limiting their distribution (Bosch and Napit, 1992; 

Janzen et al., 1999); thus, organics residuals, especially manures, have often been applied 

to nearby cropland in excess of plant P needs. 

One practice that has been increasingly employed to increase manure 

transportation out of high-density livestock and poultry production areas is composting 

(Simpson, 1998). Composting organic residuals improves handling and storage 

characteristics and may make transportation more feasible (Rynk, 1994; Sharpley et al., 

1998). Agronomic benefits of compost use have been inferred from a limited number of 

studies (Aggelides and Londra, 2000; Evanylo et al., 1998; Maynard, 1994). Long term 

field research designed to determine the effects of compost on the surface mobility (i.e. 

runoff) of P in compost-amended soils is lacking. 

The ratio of plant available N (PAN):P in manure or biosolids compost is 

approximately 1:2, while the ratio of N:P in most crops is between 7:1 and 10:1 (Preusch 

et al. 2002; Sikora and Enkiri, 2004; Eck and Stewart, 1995; Evanylo, 1999; Heckman et 

al., 2003). The accumulation of P in amended soil is likely to occur when compost is 
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repeatedly applied based on crop N needs. Eghball and Gilley (1999) and Sharpley and 

Moyer (2000) have demonstrated that compost applied at agronomic N rates may pose a 

risk for elevated P in runoff; however, neither of these studies considered the long-term 

effects of repeated compost applications on soil physical properties that influence runoff, 

such as bulk density, aggregate stability, or water infiltration. As much as 90% of P lost 

from agronomic land is in the particulate form when soil P levels are not excessive 

(Sharpley and Beegle, 1999); thus, erosion potential plays a significant role. Evanylo et 

al. (2003a) demonstrated that P loss from soils that had been amended with N-based rates 

of poultry litter-yard waste compost for three years was far less than soils amended with 

poultry litter, commercial fertilizer, or an unamended control. The authors attributed the 

reduction in runoff P to improved soil physical properties of the compost-amended soils. 

There is a lack of research regarding the long-term agronomic value of composts. 

Soils amended with compost can produce yields comparable to those obtained using 

conventional fertilization (Reider et al., 1991; Maynard, 1994; Evanylo et al. 1998). In 

addition to being a source of N and P, compost also provides significant quantities of 

several other macro- and micro-nutrients (i.e. K, Ca, Mg, Zn, Mn, Cu, Fe, and B). The 

tangible value of compost is potentially far greater than its fertilizer replacement value. 

Compost applications can also improve several non-nutrient properties of amended soils. 

The beneficial effects of compost on soil tilth, the combination of soil physical properties 

that include aggregation, bulk density, porosity, and water holding capacity can improve 

crop productivity, and minimize soil and water degradation by reducing runoff and 

erosion (Khaleel et al. 1981; Aggelides and Londra, 2000; Foley and Cooperland, 2002; 

Evanylo et al., 2003a). 
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Further research is required to determine the long-term effects of compost applied 

at beneficial rates utilizing proper application methods and optimum timing for crop 

production on environmental quality. Agricultural producers may be encouraged to 

utilize compost to supplement their fertility management, and the geographic distribution 

of organic residual P may be increased if compost use can be shown to be an 

agronomically, environmentally and economically sound alternative to direct land 

application of manures and biosolids. 

3.3 Objectives 
1. Evaluate differences in crop and soil responses (i.e., yield, soil test P, soil 

C, bulk density) resulting from the application of composted poultry litter-

yard waste, composted biosolids, poultry litter, and commercial fertilizer. 

2. Determine P runoff losses from soil treated with composted poultry litter-

yard waste, composted municipal biosolids, and poultry litter during 

simulated rainfall. 

3.4 Materials and Methods 
Field research was conducted at the Northern Piedmont Agricultural Research and 

Education Center (NPAREC) in Orange, Virginia on a Fauquier silty clay loam (fine, 

mixed, mesic Ultic Hapludalf) having a slope of 7 to 10%. The experimental design was 

a randomized complete block with four replications of each treatment. Treatment plots 

measured 3.65 by 7.60 m. 
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3.4.1 Experimental Design 

3.4.1.1 History of Research Site: 2000-2002 
Eight treatments established in spring 2000 and implemented through 2002 were 

modified in spring 2003 and investigated through 2004. The original treatments were: 

control (CTL), partial agronomic N compost application rate (LC), partial agronomic N 

compost application rate + supplemental N fertilizer (LCF), full agronomic N compost 

application rate (HC), biennial full agronomic N compost rate application (BC), biennial 

full agronomic N compost application rate + supplemental N fertilizer (BCF), poultry 

litter (PL), and commercial fertilizer (CF) (Table 3-1). No amendments were ever applied 

to the CTL. The LC received compost annually at a rate that would provide 20% of crop 

N requirements. The LCF received compost annually at a rate that would provide 20% of 

crop N requirements, and the balance of the N requirements were met with NH4NO3. The 

HC received compost annually at a rate that would fulfill crop N requirements. The BC 

received compost every other year at a rate to fulfill crop N requirements. The BCF 

received compost every other year to fulfill crop N requirements, and the balance of the 

fertility requirements were met with commercial fertilizer. The PL received poultry litter 

annually at a rate to meet crop N requirements. The CF received commercial inorganic 

fertilizer to fulfill crop N, P, and K requirements. 

Compost used in 2000 to 2002 was a poultry litter–yard waste compost (PLC) 

obtained from Panorama Farms (Earlysville, VA). The poultry litter (PL) used was an 

uncomposted material provided by Valley Pride (Harrisonburg, VA). 

The first three years of the study examined the impacts on soil and water quality 

and yield of the original treatments in a vegetable production system (Evanylo et al., 

2002; Sherony et al., 2002; Evanylo et al., 2003a; Evanylo et al., 2003b). Crops grown 
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included pumpkin (Cucurbita pepo; V. Magic Lantern) in 2000, sweet corn (Zea mays; 

V. Silver Queen) in 2001, and bell pepper (Capsicum annuum; V. Aristotle) in 2002. 

Cereal rye (Secale cereal L.) was planted in all plots in the autumn of every year as a 

winter cover crop. 

The N requirements for pumpkins, sweet corn, and bell peppers were estimated as 

84, 168, and 140 kg ha-1, respectively, based on Virginia Cooperative Extension (VCE) 

vegetable production recommendations (Alexander et al., 2000). Limestone, P and K 

requirements were determined by VCE soil test recommendations (Donohue and 

Heckendorn, 1994). Ammonium nitrate (33-0-0), triple superphosphate (0-46-0) and 

muriate of potash (0-0-60) were used to supply N, P, and K, respectively. 

The original treatments were applied annually in mid-April and incorporated with 

a rototiller to a depth of 15 cm on the day of application. Crops were planted within a 

week of the application of the amendments. Vegetables were mulched with barley 

(Hordeum vulgare L.) straw in all years to control weeds. The study site was planted in 

October 2000 and 2001 with a rye cover crop, which was incorporated by disking prior to 

applying amendments each spring. 

3.4.1.2 Current Treatments: 2003-2004 
The study was modified in spring 2003 to address new objectives. Modified 

treatments are summarized in Table 3-2. The CTL, PL, and CF treatments remained 

unchanged. The former HC treatment received annual applications of biosolids compost 

(BSC) at a rate estimated to provide 150% of the agronomic N requirements (new 

treatment HBSC). The LC and LCF treatments received annual applications of compost 

at rates estimated to provide 30% of the crops’ N needs. Half of the LC and LCF plots 



 116

(i.e., replicates) continued to receive PLC (new treatment LPLC), and half received BSC 

(new treatment LBSC). Both BCF and BC treatments received annual applications of 

compost at rates estimated to provide 100% of the crops’ N requirements. Half of the BC 

and BCF plots (i.e., replicates) continued to receive PLC (new treatment APLC), and half 

received BSC (new treatment ABSC). The new treatments resulted in different 

application rates of compost, but the relative amounts of compost applied to the soil in 

2003 and 2004 remained in the same ratio as applied from 2000 through 2002 (i.e., 

3:10:15). The major change was in the source of the compost for 3/5 of the compost 

treatments (i.e., 3 former poultry litter-yard waste compost treatments were converted to 

biosolids compost). 

The PL and PLC used in 2003-2004 were obtained from the same sources as the 

earlier study. Class A composted biosolids (BSC) was obtained from Rivana Water and 

Sewer Authority (Charlottesville, Virginia). The BSC was produced by processing a 

mixture of anaerobically digested biosolids and woodchips using the Beltsville aerated 

static pile method (USEPA, 1980).The biosolids cake for the production of BSC was 

treated with FeCl3 and Ca(OH)2 at approximately 80 and 300 g kg-1 (dry matter basis), 

respectively, as conditioning agents. The PLC was produced using the windrow method 

(Rynk, 1992) with feed stocks of yard waste and broiler litter. 

A two-year rotation of corn (Zea mays L.)-cereal rye was grown on all treatments. 

Nitrogen needs were determined according to the yield potential for the Fauquier silty 

clay loam by the Virginia Agronomic Land Use Evaluation System (VALUES; Simpson, 

et al., 1993), and P and K needs were determined by Virginia Cooperative Extension 
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(VCE) soil test recommendations (Donohue and Heckendorn, 1994). The lime 

requirement was determined by the Adams-Evans single buffer method (Sims, 1996). 

Plant available N in compost and poultry litter was estimated by adding 100% of 

the measured NO3-N and NH4-N and the fraction of organic N estimated to be 

mineralizable during the first season. Mineralization coefficients used were 0.1 for 

compost and 0.6 for poultry litter (Evanylo, 1994; DCR, 2002). Treatments were applied 

on June 5, 2003 and June 11, 2004. Amendments were immediately incorporated to a 

depth of 15 cm with a rototiller. Corn (Pioneer 31G20) was planted on May 9, 2003 and 

May 11, 2004 and thinned to approximately 52,000 plants ha-1 within three weeks after 

emergence. Weed control was accomplished with the use of Lumax © (0.70, 0.19, and 

1.9 kg atrazine, mesotriole, and s-metolachlor ha-1, respectively) applied at planting. 

Daily temperature and precipitation data were collected on site throughout the study 

period. 

3.4.2 Sampling and Analysis 

3.4.2.1 Organic Residual Characterization 
The organic amendments were sampled at application and analyzed by A&L 

Eastern Laboratories, Inc (Richmond, Virginia) for: total Kjeldahl N (TKN-N) by 

USEPA 351.3 (USEPA, 1979), NH4-N by SW 4500-NO (AWWA, 1998), total organic 

carbon by USEPA 415.1 (USEPA, 1999), and available nutrients (P, K, Ca, Mg, Mn, and 

Zn) by USEPA 3052 (USEPA, 1999). Samples collected immediately following 

application were oven-dried (60 °C), ground to pass a 0.85 mm screen in a stainless steel 

Wiley mill, and analyzed at Virginia Tech for i) oxalate-extractable P, Fe, and Al (Pox, 

Feox, Alox, respectively); ii) water soluble P, Al, Fe, and Ca (WSP, WSAl, WSFe, WSCa, 
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respectively); iii) Mehlich 3 extractable P, Al, Fe, and Ca (M3P, M3Al, M3Fe, and 

M3Ca, respectively); and iv) USEPA 3050B extractable P, Al, Fe and Ca (3050P, 

3050Al, 3050Fe, 3050Ca, respectively). The Pox, Feox, and Alox were extracted during a 

2-hr reaction time in the dark using a 1:40 ratio of analyte:0.2 M acid ammonium oxalate 

(pH 3) (McKeague and Day, 1966). The WSP, WSAl, WSFe, and WSCa were extracted 

during a 2-hr reaction time using a 1:10 ratio of analyte:deionized water (Self-Davis and 

Moore, 2000). M3P, M3Al, M3Fe, and M3Ca were extracted during a 5-min reaction 

time using a 1:10 ratio of analyte:0.2 M CH3COOH + 0.25 M NH4NO3 + 0.015 M NH4F 

+ 0.13 M HNO3 + 0.001 M EDTA (Mehlich, 1984). The USEPA 3050B employed an 

acid-peroxide digestion (USEPA, 1986). Calcium carbonate equivalence (CCE) was 

determined on all amendments by AOAC 955.01 (AOAC, 2000). All P extractions, 

digestions and CCE were conducted in quadruplicate. 

3.4.2.2 Soil and Plant Assays 
Soil was sampled to a depth of 15 cm in the fall, three weeks following corn 

harvest in 2003 (27 September) and one week following harvest in 2004 (20 September). 

Soil samples collected in the fall of 2002 (prior to treatment modification) were used to 

represent baseline status of the soil prior to modification of the treatments. Soil samples 

were analyzed for routine analysis by The Virginia Tech Soil Testing Laboratory (pH, 

and Mehlich 1-P, K, Ca, Mg, Mn, and Zn; Donohue, and Friedericks, 1984).  Soils were 

also analyzed for Mehlich 3 extractable P (M3P; Mehlich, 1984); water extractable P 

(WSP; Self-Davis and Moore, 2000); USEPA 3050 extractable P (3050P; USEPA, 1986), 

and acid ammonium oxalate extractable P, Fe, and Al (Pox, Feox Alox; McKeague and 

Day, 1966). 
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The concept of degree of phosphorus saturation (DPS), determined by Pox, Alox, 

and Feox, has been used as a tool to determine the status of a soils P binding capacity (van 

der Zee and van Riemsdijk, 1988).  In this study, DPSox is defined by Eq. 1. 
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ox

FeAl
PDPS                [1] 

where: Pox, Alox, and Feox are acid ammonium oxalate extractable P, Al, and Fe in mmols 

kg-1. 

Additional soil samples were collected in both years to 30 cm when corn plants 

were approximately 25 cm tall (V4 to V5 corn growth stage; 12 June 2003 and 2 June 

2004) for determination of plant available N (Evanylo and Alley, 1997; Mulvaney, 1996). 

Soil samples were immediately frozen following collection. A five gram (dry weight 

basis) subsample of each sample was extracted with 50 mL of 2 M KCl for one hour on a 

reciprocating shaker. Extracts were filtered through a 0.45 µm Millipore filter and 

analyzed colorimetrically for NH4-N and NO3-N with a QuickChem Automated Ion 

Analyzer (Methods No. 12-107-04-1-B and No. 12-107-06-2-A; Lachat Instruments, 

1986). Corn earleaf samples were collected from the center two rows at silking in 2004. 

The tissue samples were oven dried (65 oC), ground to pass a 0.85 mm sieve, and 

analyzed for total Kjeldahl N and P (EPA 351.2 and EPA 365.4; USEPA, 1979). Grain 

was hand harvested at black layer formation (2 September 2003 and 14 September 2004) 

from 3 m sections of the center two rows, and yields were adjusted to a 155 g kg-1 

moisture content basis. The balance of the grain and stover was removed from plots both 

years. Rye was planted in October as a winter cover crop and incorporated as green 

manure by disking in early April. 
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3.4.2.3 Soil and Water Quality 
Rainfall simulations were conducted in September 2004, one week following corn 

harvest on all four replicates of the CTL, CF, PL, APLC, and ABSC treatments. 

Sampling events were generated using a portable rainfall simulator based on the design of 

Miller (1987). Water was delivered at a rate of 7.5 cm hr-1 to overland flow plots, 1.5 by 

2 m, with the long axis oriented down slope. Steel borders were installed 5 cm below and 

10 cm above ground level to contain the overland flow. Runoff water was collected from 

the plots for 30 min. after the initiation of runoff. The volume of runoff was determined 

on a mass basis and a one liter sub-sample was collected for analysis. A 50 mL aliquot 

was immediately filtered through a 0.45 µm Millipore filter, and both filtered and 

unfiltered samples were stored at 4 oC until analysis was conducted. Water samples were 

analyzed for total P by EPA 365.4 (TP), ortho-P by EPA 365.1, total organic carbon by 

EPA 415.1 (TOC) and total suspended solids by EPA 160.2 (TSS; USEPA, 1979). Total 

dissolved P (TDP) and dissolved reactive P (DRP) were determined on filtered (<0.45 

µm) samples. Phosphorus fractions in runoff water defined as dissolved unreactive 

phosphorus (DURP) were determined as the difference between TDP and DRP and 

particulate phosphorus (PP) as TP less TDP. 

Soil collected from the 0-5 cm depth following the simulated rainfall event was 

analyzed for WSP and M3P. Total C was determined on soil samples collected from 0-15 

cm using a VarioMax CNS macro elemental analyzer. Bulk density was measured by 

collecting three cores 7.5 cm in diameter and 7.5 cm deep from each plot (Soil Quality 

Institute, 1999). 
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3.4.3 Data Analysis 
Analysis of variance and mean data separation were performed using the PROC 

GLM procedure. The least significant difference procedure (LSD) with a probability level 

of 0.05 was used to determine significant differences between treatment means. Simple 

linear regression analysis was conducted using the PROC REG procedure (SAS Institute, 

2002). 

3.5 Results and Discussion 

3.5.1 Organic Amendment Characterization 

3.5.1.1 Fertility Properties 
Selected chemical properties of the organic residuals applied in 2003 and 2004 

were consistent across years (Table 3-3). Total N (TKN + NO3-N) was similar between 

both PLC and BSC and less than half of PL. Estimated PAN, ranging from 1.89 to 37.0 g 

kg-1
, was higher in PL than composts. The estimated PAN for PL and BSC remained 

relatively constant in 2003 and 2004, while it increased more than 60% for PLC from 

2003 to 2004. The concentration of total P (TP) in PLC was 1/4 to 1/3 that of the BSC or 

PL. The PAN:TP ratio of PLC was similar to BSC in 2003 (0.44 and 0.40, respectively) 

but was nearly twice as high (0.77 and 0.38, respectively) in 2004. The PAN:TP ratio of 

PL was consistent both years and higher than either of the composted materials (2:1). 

Net mineralization of organic P is expected to occur when the C:P ratio is less 

than 200:1 (Dalal, 1977). The C:P ratio of the organic residuals ranged from 15:1 to 94:1 

and followed the order BSC>PL>PLC both years; thus, mineralization-immobilization 

transformations were not expected to influence P availability. 
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The CCE of BSC, due to the addition of Ca(OH)2 during wastewater treatment, 

was 45% in 2003 and 34% in 2004. The high CCE and resulting increased pH was 

expected to influence P solubility in the organic residual and amended soil.  

3.5.1.2 Phosphorus Solubility 
Selected P solubility characteristics of the organic amendments applied in 2003 

and 2004 are listed in Table 3-4. The EPA 3050B acid-peroxide digestion method was 

developed to determine the environmentally available metal content of sediments, 

sludges, and soils (USEPA, 1986). The method has also been used to determine the 

concentrations of P and P binding constituents (i.e., Fe, Al, and Ca) in organic residuals 

(Maguire et al., 2001; Penn and Sims, 2002). By design, the method does not dissolve 

metals bound to silicates, because they are not environmentally available (USEPA, 1986). 

Phosphorus concentrations determined by EPA 3050B and EPA 3052 (a total digestion 

procedure) for each of the residuals agreed well with one another (Tables 3-3 and 3-4). 

Phosphorus solubility in residual-amended soils is controlled by the 

concentrations of Fe, Al and/or Ca in the applied residuals (Sharpley and Sisak, 1997; 

Maguire et al., 2000; Sharpley and Moyer, 2000; Penn and Sims, 2002). The 3050Ca 

concentration of BSC was significantly higher in 2003 and 2004 (186 and 132 g kg-1, 

respectively) than in either PLC or PL (Table 3-4). The 3050Ca concentration of PLC 

and PL was similar in 2003 (25.6 and 24.6 g kg-1, respectively) and 2004 (18.5 and 25.3 g 

kg-1, respectively). The 3050Fe content varied widely among the organic amendments 

ranging from approximately 1 to 30 g kg-1. The concentrations of 3050Al varied widely 

among the organic residuals, ranging from approximately 0.5 to 12 g kg-1, following the 

same trend as 3050Fe (Table 3-4). Based on the relative concentrations of P binding 
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constituents, we expected P solubility in the amended soil to differ markedly among 

treatments. 

In recently amended soils or where residuals are surface applied, WSP of the 

organic residual has been shown to be a good indicator of the release of P to runoff (Penn 

and Sims, 2002; Sharpley and Moyer, 2000; Kleinman et al., 2002). Water soluble P of 

the organic amendments in this study ranged from 0.006 to 3.46 g kg-1 and followed the 

trend PL>PLC>BSC (Table 3-4). The ratio WSP:3050P followed the same trend as WSP 

and was likely controlled by the relative concentration of P binding constituents (Table 3-

5). The WSP:3050P ratio of BSC was extremely low, only 0.08% in 2003 and 0.2% in 

2004. Applied on an equivalent P basis, the relative risk of P loss immediately following 

application would be expected to be highest for PL, intermediate for PLC, and lowest for 

BSC. Leytem et al. (2004) reported similar WSP:3050P values for poultry litter (15 to 23 

%), dairy/beef manure compost (1.3 to 5.4 %), and FeCl2 treated biosolids (0.30 %). 

3.5.1.3 Amendment Application Rates 
Nitrogen and P were applied to the CF treatment at 146 kg ha-1 and 19.6 kg ha-1, 

respectively, in both 2003 and 2004. The application rates of the organic amendments 

from 2000 to 2004 are summarized in Table 3-6. Amendments were applied to the 

agronomic N treatments (CF, PL, APLC, and ABSC) to provide 146 kg PAN ha-1 in both 

2003 and 2004. Due to the wide range of estimated PAN among the organic amendments, 

the applied dry weight equivalent of the materials to the agronomic N based treatments 

ranged from 4.15 to 69.7 Mg ha-1, following the order PL<ABSC<APLC. While the 

application rates of PL and BSC treatments remained relatively constant each year, the 
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rate of PLC treatments decreased by more than 30% from 2003 to 2004 due an increase 

in estimated PAN in 2004. 

The mass of total P applied to each treatment during the five years of the study 

were 72.2 (CF), 355.3 (PL), 1059 (APLC), and 1217 (ABSC) kg TP ha-1 (Table 3-7). The 

APLC and ABSC treatments received the same amount of P from 2000 to 2002 (before 

the treatments were modified) and similar amounts in 2003, but the APLC received about 

half as much P as the ABSC in 2004 due to an increase in the PAN:TP ratio of PLC in 

2004. 

The quantity of C applied with the organic treatments ranged from 11 to 76 Mg 

ha-1 between 2000 and 2002 (Table 3-7). The mass of C applied to the ABSC treatment 

was 1/5 to 1/4 of that applied to APLC in 2003 and 2004 because the BSC had a higher 

concentration of PAN and a lower concentration of total C than PLC. Total C applied to 

the PL treatment over 5 years was only about 1/7 of that applied to APLC. 

3.5.2 Agronomic Effects 

3.5.2.1 Yield  
Corn yields for 2003 and 2004 are summarized in Table 3-8. Yield was 

substantially higher in 2004 than in 2003, likely a result of more timely precipitation in 

2004 (Table 3-9). There was no significant difference in yield among agronomic N-based 

treatments in either year, which ranged from 9.16 to 9.57 Mg ha-1 in 2003 and 12.4 to 

13.6 Mg ha-1 in 2004. Yields from LPLC and LBSC treatments were significantly lower 

than the agronomic treatments but not different from each other. It appears that the 

estimated mineralization coefficients of 10% for the composts and 60% for PL was 

reasonably accurate. The yield for the HBSC treatment, which was applied to supply 
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150% of the agronomic N rate, was not statistically different from the agronomic N rate 

treatments. This likely indicates that some other factor other than nutrient supply (esp., 

N) had limited corn yield in this treatment. No further benefit was achieved with the 

additional organic C provided by the high biosolids compost treatment. In fact, this 

practice may threaten groundwater quality since inorganic N not taken up by the plant is 

prone to leaching in the mid-Atlantic region (Evanylo, 1994). 

3.5.2.2 Soil pH and Mehlich 1 extractable nutrients 
There were no significant differences in pH or Mehlich 1 extractable K, Ca, Mg, 

Zn, Mn, Ca, Fe, and B among the plots that ultimately were converted to the low (i.e., 

LPLC and LBSC) or agronomic (i.e., APLC and ABSC) compost treatments prior to 

2003 (Table 3-10). This enabled us to ascribe differences that developed in 2003 and 

2004 to the materials applied in 2003 and 2004. 

Soil pH was not significantly different among treatments, with the exception of 

CF,  prior to the inception of the current portion of this study. Soil pH was significantly 

lower in the CF treatment than the CTL in all years. Soil pH ranged from 5.9 to 6.9 in 

2003. Both HBSC and ABSC treatments significantly increased soil pH in 2003 due to 

the higher CCE of the BSC than the other amendments. To reduce confounding of soil 

chemical responses due to variable soil pH, Ca(OH)2 was applied in April 2004 to 

equalize soil pH (Table 3-11). The soil pH resulting from the applications of compost 

with a high CCE and the Ca(OH)2 ranged from 6.6 to 7.3, with the HBSC and ABSC 

continuing to maintain the highest soil pH.  

Prior to the inception of the current study, M1K, M1Ca, M1Mg, M1Zn, M1Cu, 

and M1B, were all significantly higher in agronomic N-based compost treatments. This 
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trend persisted and was magnified by the agronomic treatments applied in 2003 and 2004. 

The composted biosolids treatments dramatically increased M1Ca over all other 

treatments, which was due to the high Ca content of the material. Several Mehlich 1 

extractable nutrients (i.e., Ca, Mg, Zn, and B) were decreased by CF relative to the 

control, which was likely a consequence of increased yield and subsequent plant uptake 

of nutrients; however, all macro- and micronutrients were within sufficiency range for 

corn production (Donohue and Heckendorn, 1994). 

3.5.2.3 Presidedress Soil Nitrogen  
Presidedress soil N was greater than or equal to 18 mg [NO3 + NH4]-N kg-1 in the 

agronomic N treatments in both 2003 and 2004 (Table 3-12). This value is similar to the 

critical value of 22 mg [NO3 + NH4]-N kg-1 established for Virginia (Evanylo and Alley, 

1997). The only significant difference in [NO3 + NH4]-N among the agronomic N 

treatments was in 2003, when APLC was slightly lower than the other treatments. In 

2004, there was very little difference in [NO3 + NH4]-N among agronomic treatments. The 

HBSC treatment had a significantly higher concentration of [NO3 + NH4]-N both years. 

The [NO3 + NH4]-N concentration was lower in all treatments in 2003 than in 2004. The 

cooler temperatures in 2003 than in 2004 between planting and presidedress soil N 

sample collection (Table 3-9) may have been responsible for reduced mineralization and 

nitrification rates. Corn yield was significantly related to presidedress soil N in both 2003 

and 2004 (r2=0.76 and 0.67, p<0.001; Fig. 3-1 and 3-2, respectively). 

3.5.2.4 Soil Test Phosphorus 
In 2002, there were no significant differences in soil test P, 3050P, Pox, or DPSox 

between LPLC and LBSC or between APLC and ABSC (Table 3-13). Soil test P and 
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DPSox of the APLC, ABSC, and HBSC treatments were all significantly higher than the 

CTL prior to the application of the modified treatments in 2003. 

The PL treatment significantly increased soil test P in 2003 and 2004. The only 

low compost treatment that increased soil test P was the LBSC treatment, which 

increased M3P in 2004. Soil test P remained significantly elevated by APLC, ABSC and 

HBSC in 2003 and 2004, but the APLC increased soil test P to a greater extent than 

ABSC despite being applied at a similar P rate in 2003 and at a lower P rate in 2004. The 

difference in P solubility between APLC and ABSC is especially apparent for WSP in 

both 2003 and 2004. Water soluble P from the APLC treatment was nearly twice as high 

as ABSC and more than five times greater than the control in both 2003 and 2004. The 

WSP concentration of ABSC and HBSC decreased from 2002 to 2004. 

Only the HBSC, ABSC and APLC treatments significantly increased Pox in 2003 

and 2004. There were no differences in Feox or Alox among treatments in 2003, but ABSC 

significantly increased both over the CTL in 2004. It is interesting that Feox and Alox from 

the HBSC treatment was lower than ABSC even though it received 1.5X as much 

biosolids compost in 2003 and 2004. The high concentration of Ca in the soils treated 

with the biosolids compost may have reduced the effectiveness of the acid ammonium 

oxalate extraction solution; thus, acid ammonium oxalate may not be an appropriate 

extract for soils amended with materials containing high levels of Ca. The DPSox ranged 

from 6.8 to 19% and followed the order 

CTL>CF>LPLC>PL>LBSC>ABSC>APLC>HBSC in 2004. Beck et al. (2004) found 

that a DPSox in excess of 20% in Virginia soils is associated with a marked decrease in P 

sorption capacity, and any increase in soil P beyond that point may result in an increased 
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risk of P surface loss. It is likely that the DPSox will exceed 20% with only a few more 

annual applications of HBSC, ABSC and APLC. 

The concentrations of 3050P were significantly higher in APLC, ABSC, and 

HBSC treatments prior to initiating the application of the biosolids’ compost in 2003 (see 

Table 3-13, 2002) due to the higher total P applied with the high compost rates between 

2000 and 2002. The annual application of all treatments, except LPLC and CF, continued 

the temporal increase in 3050P. By 2004, the HBSC and the APLC were much higher in 

3050P concentrations than the rest of the treatments. 

Comparison of soil test P between PLC and BSC treatments is of particular 

interest since they have both received similar P application rates over the previous 5 

years. The M3P, M1P, Pox, and 3050P were similar between the agronomic compost 

treatments. The WSP concentration provided greater discrimination between APLC and 

ABSC. This indicates that some factor may be limiting P solubility in the BSC treated 

soil. Both PLC and BSC had very similar molar ratios of [Fe+Al]-to-P in both 2003 and 

2004; however, the Ca-to-P ratio of BSC was far greater than PLC (Table 3-5). Siddique 

and Robinson (2003) found a significant inverse relationship (r2=-0.75) between the 

increase in soluble P and the increase in exchangeable Ca in soils amended with poultry 

litter, poultry manure, and biosolids. Robinson and Sharpley (1996) attributed reduced 

availability of P from a poultry litter leachate amended soil to its complexation with Ca 

and soluble organic compounds in the poultry litter. Calcium may play a key role in 

limiting P solubility in soils amended with organic residuals that have a low P/Ca ratio. 

This may be particularly true where soil pH is favorable for the precipitation of discrete 

Ca-P minerals, as was the case in the ABSC and HBSC treatments. 
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3.5.2.5 Earleaf Nitrogen and Phosphorus Concentration 
Corn earleaf N and P concentrations from 2004 are summarized in Table 3-14. All 

agronomic treatments and HBSC had similar earleaf N concentrations, whose range of 

25.4 to 26.7 g kg-1 was slightly below published critical values (e.g., 30 to 35 g kg-1; 

Donohue, 1998). Earleaf P concentrations varied widely (i.e., 2.15 to 4.00 g kg-1) among 

treatments and followed the order APLC≈CF≈ABSC≈PL≈HBSC>LPLC>LBSC>CTL. 

The earleaf P concentrations for the agronomic rates (3.64 to 4.00 g kg-1) were within the 

critical range (2.5 to 4.5 g kg-1) as published by Donohue (1998). The earleaf P 

concentration of corn grown in the APLC treatment was significantly greater than that 

grown in the ABSC treatment. It is likely that the same factors that reduced WSP in the 

ABSC below that of the APLC also limited plant available P. Yield was significantly 

related to both earleaf N and P concentrations (r2=0.87 and 0.87, p<0.0001; Fig. 3-3 and 

3-4, respectively). 

3.5.3 Soil and Water Quality 

3.5.3.1 Soil Carbon and Bulk Density 
Total soil C was significantly increased by both of the agronomic compost 

treatments and followed the order CTL≈CF<PL<ABSC<APLC (Table 3-15). Total C in 

the APLC treatment was especially high and, at 40 g C kg-1, more than twice as high as 

CTL, CF, and PL treatments. Soil carbon in compost-amended soil is more stable than in 

manure-amended soils due to microbial decomposition during the composting process 

(Robertson and Morgon, 1995; Hartz et al., 2000). Compost was considerably more 

effective at building total soil C than PL as assessed by calculating the increase in total 

soil C per unit of C applied with each of the organic residuals. The total soil C increased 

by 1.4 g kg-1, or 2.6 Mg ha-1 (assuming 2.2 million kg ha-1 15 cm-1), with the PL 
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application of 10.5 Mg C ha-1 over five years, which is approximately 25% of the C 

applied. By contrast, approximately 70% of the C applied persisted in the APLC 

treatment after five years. This has important ramifications regarding long-term soil 

quality effects. 

Both agronomic compost treatments significantly reduced bulk density, but the 

bulk density in the APLC treatment (0.97 g cm-3) was significantly lower than that in the 

ABSC. This appeared to be due to the greater C application rate of APLC in both 2003 

and 2004 (Fig. 3-5), as bulk density was highly correlated with total soil carbon (r2= 0.84; 

Fig. 3-6). Such a reduction in bulk density with compost addition is simply a result of the 

dilution of soil mineral matter with less dense organic matter (Khaleel et al., 1981). 

The striking increase in organic matter and decrease in bulk density have some 

important implications to soil and water quality. Increased organic matter and decreased 

bulk density in compost-amended soils have been associated with increased porosity, 

water holding capacity, and plant-available water (Tester, 1990; Giusquiani et al., 1995) 

and decreased runoff and erosion (Khaleel, 1981; Aggelides and Londra, 2000; Foley and 

Cooperland, 2002; Evanylo et al., 2003). 

3.5.3.2 Soil Surface Phosphorus Concentrations 
The concentration of WSP and M3P in the surface 0-5 cm of soil measured at the 

time of the rainfall simulation are given in Table 3-16. The concentrations of M3P and 

WSP (except in the APLC treatment) of the surface 0-5 cm of soil were approximately 

twice as high as those of the surface 0-15 cm, but all treatments followed the same trend. 

The CF, PL, APLC, and ABSC treatments significantly increased M3P and (except for 
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CF) WSP in the surface 0-5 cm layer. The WSP concentration in the surface 0-5 cm layer 

of the APLC treatment was nearly five times greater than in the surface 15 cm. 

3.5.3.3 Rainfall Simulation 

3.5.3.3.1 Runoff and Infiltration 
The time from the commencement of rainfall to the initiation of runoff was only 

greater than the CTL for the APLC treatment (Table 3-17). Likewise, infiltration was 

significantly greater and runoff significantly less from APLC than any other treatment 

(Table 3-17 and Fig. 3-7). The PL and ABSC treatments also increased infiltration and 

decreased runoff compared to the CTL. Increased infiltration into and decreased runoff 

from the soils amended with organic residuals was likely due to the buffering of the 

raindrop impact, maintenance of aggregate stability, and prevention of pore clogging by 

the added organic matter (Khaleel, 1981; Aggelides and Londra, 2000; Foley and 

Cooperland, 2002; Evanylo et al., 2003). This is illustrated by the negative relationship 

between runoff and total soil C content (r2=0.60, p<0.001; Fig. 3-8). 

3.5.3.3.2 Phosphorus and Sediment Losses 
The concentration and mass loss of P in runoff from treated plots is summarized 

in Table 3-18. The concentration of TP in runoff ranged from 1.98 to 3.88 mg L-1 and 

was only significantly increased by ABSC. The concentration of PP in runoff (1.05 to 

2.63 mg kg-1) comprised 40 to 73% of the TP concentration (Fig. 3-9). The majority of 

the P in runoff from the CTL, CF and ABSC treatments was in the PP form, while that 

from the APLC treatment was primarily TDP. The concentration of TDP in runoff from 

both agronomic compost treatments was significantly higher than other treatments and 

was significantly greater from APLC than from ABSC. The significant decrease in the 
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percent of PP in runoff from APLC is likely due to both reduced erosion and elevated 

soluble P (i.e., WSP). Dissolved reactive P is the fraction of runoff P deemed to have the 

greatest environmental impact, since it is largely composed of orthophosphate and, thus, 

is immediately algal available (Pote and Daniel, 2000). The concentration of DRP in 

runoff followed the same treatment trend and comprised very similar portions of TDP (29 

to 33%) among treatments. All treatments increased the concentration of DRP; however, 

only ABSC and APLC increased it significantly. The concentration of DRP from the 

ABSC and APLC treatments was nearly two and three fold higher than that of the 

control, respectively. 

The concentration of P in runoff may serve as an index of environmental risk; 

however, measurement of the mass loss of P is a more direct indication of environmental 

impact. Organic amendments can have a significant effect on infiltration and, thus, 

confound the relationship between the concentration and the mass loss of P in runoff 

(Pote et al., 1996; McDowell and Sharpley, 2003; Andraski and Bundy, 2003; Evanylo et 

al., 2003). The mass loss of TP (ranging from 218 to 647 g ha-1) was significantly 

reduced by PL and APLC treatments (Table 3-18). There were no significant differences 

in mass loss of TDP among treatments which ranged from 116 to 178 g ha-1 and followed 

the order ABSC>CF>PL>CTL>APLC. The mass loss of PP was significantly lower from 

both PL and APLC treatments. The ABSC treatment gave rise to the highest P mass loss, 

despite significantly decreasing runoff. 

The relationship between the concentration and load of DRP in runoff and soil 

WSP, M3P and DPSox  is summarized in Table 3-19. The concentration of DRP in runoff 

was significantly related to M3P and WSP in the surface 5 cm of soil (r2=0.71 and 0.68, 
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p<0.0001; Fig. 3-10 and 3-11, respectively). The concentration of DRP in runoff was also 

significantly related to WSP (p<0.001), M3P (p<0.001), and DPSox (p<0.01) of the 

surface 0-15 cm layer of soil; however, only 51, 50 and 40% of the variability could be 

explained by the WSP, M3P, and DPSox, respectively. There were no significant 

relationships between any of the soil P extraction methods and the mass loss of DRP due 

to vast differences in infiltration and runoff among treatments. Our results support the 

validity of using WSP and M3P of the surface 5 cm soil layer to predict DRP 

concentrations in surface runoff and confirm their inadequacy to predict the mass loss of 

P when treatments affect infiltration and runoff. 

Our results are consistent with those of McDowell and Sharpley (2003), who 

demonstrated the critical role of soil C in controlling the mass loss of P in runoff. 

Andraski and Bundy (2003) and Pote et al. (1996) suggested that the development of an 

accurate method for predicting runoff volume could be combined with soil test P for the 

prediction of the mass loss of P. It is apparent that such a model will depend heavily on 

soil C concentrations, particularly in soils amended with organic residuals. 

The greater loss of P from the APLC than the ABSC treatment demonstrates the 

importance of transport factors, such as runoff in controlling P loss, in addition to 

chemical factors, such as Ca:P, Fe:P, or Al:P ratio, that control P solubility. The 

concentration of P-binding constituents also influences the loss of P in runoff. This can 

be seen by comparing the concentrations of Pox and 3050P with runoff P among 

treatments. The concentration of Pox in ABSC-amended soil was more than twice as high 

as the CF or PL treatments; however, the concentration and mass loss of DRP among the 

three treatments were similar. 
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Mass loss of TOC was not different among treatments. The mass loss of TSS was 

lower in all treatments than the CTL and was most drastically reduced by APLC. It is 

interesting that the CF treatment reduced erosion by half despite providing no direct 

addition of organic matter and no increase in total soil carbon. 

3.6 Conclusions 
The yield response of corn grain to the amendments confirmed that, when organic 

N mineralization is accurately estimated, compost can produce yields equivalent to 

commercial fertilizer. Compost additions also increased the soil concentration of several 

macro- and micronutrients (i.e., P, K, Ca, Mg, Zn, Mn, Cu, Fe, and B). In addition to its 

tangible agronomic nutrient value, compost treatments significantly increased soil 

carbon, decreased bulk density, increased infiltration and decreased erosion. During 

droughty years, the increase in soil C may also prove to be a significant agronomic asset 

due to its association with increased plant available water holding capacity. 

The reduced mass loss of both TDP and PP from the APLC treatment illustrates 

the importance of improved soil tilth in limiting P loss in runoff. Although the APLC 

treatment increased soil test P concentrations to near environmental thresholds, the risk of 

P loss was reduced 3 fold relative to the CTL and 2 fold relative to the CF, PL, and 

ABSC treatment. Curiously, the ABSC treatment resulted in considerably higher P runoff 

loss than the APLC despite causing significantly lower soil WSP than the APLC. Our 

results demonstrate that the soil factors that control infiltration and runoff (e.g., organic 

matter, bulk density, water-holding capacity, aggregate stability) may be as important as 

the chemical factors that control P solubility (e.g., concentration of P-binding Ca, Fe, or 

Al). 
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We demonstrated that 4 subsequent N-based compost applications did not 

increase the risk of runoff losses of P and, in the case of APLC, actually decreased it. 

What is not clear is how many more years of N-based applications it will take before 

water quality is threatened. For the ABSC treatment, we expect that runoff P will be 

significantly increased after one or two more applications. Our results suggest that for the 

APLC treatment, it could take many more applications before the concentration of P in 

soil solution is high enough that the reduced runoff is no longer sufficient to prevent 

deleterious runoff P losses. Land application of composted organic residuals is a 

promising alternative management option for biosolids and manure for the reduction of P 

losses in surface runoff. 
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3.8 Tables 
 
Table 3-1. Treatment descriptions from 2000 through 2002, prior to modification. 
 2000 2001 2002 
 Crop† 
Treatment  Pumpkins Sweet Corn Peppers 
CTL‡ No treatment No treatment No treatment 
LC Compost‡ 20% N rate Compost 20% N rate Compost 20% N rate 
LCF 
 

Compost 20% N rate         
+ fertilizer¶ 

Compost 20% N rate          
+ fertilizer 

Compost 20% N rate          
+ fertilizer 

BC Compost 100% N rate No treatment Compost 100% N rate 
BCF Compost 100% N rate Fertilizer only Compost 100% N rate 
HC Compost 100% N rate Compost 100% N rate Compost 100% N rate 
PL Poultry Litter 100% N rate Poultry Litter 100% N rate Poultry Litter 100% N rate 
CF Commercial fertilizer Commercial fertilizer Commercial fertilizer 

† Crop rotation included a winter cover crop of cereal rye. 
‡ CTL, control, LC, low compost; LCF, low compost plus fertilizer; BC, biennial compost, BCF, biennial compost plus fertilizer; HC, 
high compost; PL, poultry litter; CF, commercial fertilizer.  
§Compost prepared from poultry litter - yard waste. 
¶ Fertilizer N applied as NH4NO3 and P as triple super phosphate. 
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Table 3-2. Modified treatment descriptions,2003 through 2004. 
 2003 2004 
 Crop† 
Treatment Corn Corn 
CTL No treatment No treatment 
LPLC Poultry litter – yard waste compost 30% N rate Poultry litter – yard waste compost 30% N rate 
LBSC Biosolids compost 30% N rate Biosolids compost 30% N rate 
APLC Poultry litter–yard waste compost 100% N rate Poultry litter–yard waste compost 100% N rate 
ABSC Biosolids compost 100% N rate Biosolids compost 100% N rate 
HBSC Biosolids compost 150% N rate Biosolids compost 150% N rate 
PL Poultry Litter 100% N rate Poultry Litter 100% N rate 
CF Commercial fertilizer‡ Commercial fertilizer 

† Crop rotation included a winter cover crop of cereal rye. 
‡ CTL, control; LPLC, low rate poultry litter - yard waste compost; LBSC, low rate biosolids compost; APLC, agronomic rate poultry 

litter-yard waste compost; ABSC, agronomic rate biosolids compost; HBSC, high rate biosolids compost.; PL, poultry litter; CF, 
commercial fertilizer. 

‡ Fertilizer N applied as NH4NO3 and P as triple super phosphate. 
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Table 3-3. Selected chemical properties of the organic residuals applied in 2003 and 2004. 

Residual TKN† NH4 -N NO3 -N PAN‡ C§ TP¶ PAN:TP C:N C:TP CCE†† 
 ----------------------------------g kg-1-------------------------    % 

2003           
BSC‡‡ 20.1 2.40 1.64 5.81 221 14.7 0.40 11 15 44.8 
PLC 18.3 <0.1 0.555 1.89 381 4.30 0.44 21 89 7.09 
PL 55.7 8.60 0.00160 36.9 471 17.2 2.1 8.0 27 3.25 

2004           
BSC 26.0 3.90 0.107 6.22 257 16.5 0.38 10 16 34.3 
PLC 20.2 .200 0.887 3.09 377 4.00 0.77 19 94 7.94 
PL 56.5 7.70 0.0360 37.0 476 18.0 2.1 8.0 26 6.20 

† Total Kjeldahl nitrogen by EPA 351.3 (EPA, 1979). 
‡ Plant available nitrogen.  Estimated by adding 100% of the measured (NO3+NH4)-N and the fraction of organic-N estimated to be 

mineralizable during the first season.  Mineralization coefficients used were 0.1 for composted residuals and 0.6 for poultry litter. 
§ Organic carbon by EPA 415.1 (EPA, 1999). 
¶ Total phosphorus, by EPA 3052 microwave assisted digestion (USEPA, 1999). 
†† Calcium carbonate equivalence by AOAC 955.01 (AOAC, 1975) 
‡‡ BSC, Biosolids compost; PLC, Poultry litter - yard waste compost; PL, Poultry litter. 
 



 145

Table 3-4. Selected chemical characteristics of organic residuals applied in 2003 and 
2004.  

 Residue                             3050†                    .    WS‡  .
  P Ca Fe Al P 
  --------------------------- g kg-1-------------------------

2003       
BSC§  15.2 186 29.9 12.2 0.006 
PLC  4.54 25.2 11.6 6.40 0.38 
PL  15.9 24.6 0.976 0.57 3.46 
LSD¶  0.67 8.21 1.10 0.50 0.21 

2004       
BSC  17.5 132 32.1 11.5 0.035 
PLC  4.32 18.5 7.00 3.68 0.494 
PL  15.7 25.3 0.822 0.360 3.26 
LSD  1.91 7.89 1.86 0.647 0.13 

†Extractable P, Al, Fe, and Ca by the EPA 3050B acid-peroxide method (USEPA, 1986) 
‡ Water soluble P (1:10 ratio of analyte to deionized water, 2 hr reaction time, filtered 

through a 0.45 Millipore filter; Self-Davis and Moore, 2000). 
§ BSC, Biosolids compost; PLC, Poultry litter - yard waste compost; PL, Poultry litter. 
¶ LSD, least significant difference.  Differences between means greater than LSD indicate 

significant difference at p<0.05. 
 
 

Table 3-5. Water soluble to EPA 3050 P and the molar ratios of EPA 3050 Ca:P and 
[Fe+Al]:P contained in residuals applied in 2003 and 2004. 

 Residue  WS‡:3050.           3050†       . 
 P Ca:P [Fe+Al]:P
 %   

2003    
BSC§ 0.04 9.43 2.00 
PLC 8.28 4.29 3.03 
PL 21.8 1.20 0.08 
LSD¶ 1.59 0.13 0.10 

2004    
BSC 0.20 5.83 1.77 
PLC 11.4 3.33 1.87 
PL 20.8 1.25 0.06 
LSD 2.4 0.14 0.01 

†Extractable P, Al, Fe, and Ca by the EPA 3050B acid-peroxide method (USEPA, 1986) 
‡ Water soluble P (1:10 ratio of analyte to deionized water, 2 hr reaction time, filtered 

through a 0.45 Millipore filter; Self-Davis and Moore, 2000). 
§ BSC, Biosolids compost; PLC, Poultry litter - yard waste compost; PL, Poultry litter. 
¶ LSD, least significant difference. Differences between means greater than LSD indicate 

significant difference at p<0.05. 
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Table 3-6. Application rates of the organic amendment from 2000 to 2004. 

Treatment 2000 2001 2002 2003† 2004 
 -------------Mg ha-1(dw)----------- 
PL‡ 2.15 4.76 5.78 5.05 4.15 
LPLC 8.72 6.35 6.15 20.9 14.3 
APLC 43.7 - 40.8 69.7 47.6 
LBSC 8.72 6.35 6.15 6.28 6.18 
ABSC 43.7 - 40.8 20.9 20.6 
HBSC 43.7 31.8 33.0 31.4 30.9 

† Prior to 2003, both PLC and BSC treatments received poultry litter compost.  In 2003, the 
treatments were modified to include biosolids compost. 

‡ PL, poultry litter; LPLC, low rate poultry litter - yard waste compost; APLC, agronomic 
rate poultry litter  -yard waste compost; LBSC, low rate biosolids compost, ABSC, 
agronomic rate biosolids compost; HBSC, high rate biosolids compost.  

 
 

Table 3-7. Total phosphorus and organic carbon applied to agronomic treatments 
from 2000 to 2004†. 

Treatment 2000 2001 2002 2003 2004 Sum
 P‡ 
 --------------------------kg ha-1------------------------- 
CF§ 17.5 10.5 5.24 19.5 19.5 72.2 
PL 30.1 71.4 92.5 86.6 74.7 355 
APLC 253 - 317 299 190 1060
ABSC 253 - 317 307 340 1220
 C¶ 
 --------------------------Mg ha-1------------------------- 
CF - - - - - - 
PL 1.04 2.31 2.75 2.38 1.98 10.5 
APLC 12.9 - 18.5 26.6 18.0 76.0 
ABSC 12.9 - 18.5 4.63 5.28 41.3 

† Prior to 2003, both APLC and ABSC treatments received poultry litter compost.  In 2003, 
the treatments were modified to include biosolids compost. 

‡ Phosphorus applied to organic residual treatments reported as determined by EPA 3052 
(EPA, 1999). 

§ CF, commercial fertilizer; PL, poultry litter; APLC, agronomic rate poultry litter  -yard 
waste compost;, ABSC, agronomic rate biosolids compost. 

¶ Total organic carbon applied to organic residual treatments reported as determined by EPA 
415.1 (EPA, 1999). 
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Table 3-8. Mean corn grain yields in 2003 and 2004†. 

Treatment 2003 2004 
 Mg ha-1 

CTL‡ 5.50 6.32 
CF 9.16 13.3 
PL 9.71 12.4 
LPLC 7.73 10.3 
APLC 9.47 13.6 
LBSC 7.59 9.12 
ABSC 9.57 12.8 
HBSC 8.79 13.5 
LSD§ 1.19 1.52 

† Grain yield expressed based on 155 g kg-1 moisture content. 
‡ CTL, control; CF, commercial fertilizer; PL, poultry litter; LPLC, low rate poultry litter - 

yard waste compost; APLC, agronomic rate poultry litter  -yard waste compost; LBSC, 
low rate biosolids compost, ABSC, agronomic rate biosolids compost; HBSC, high rate 
biosolids compost. 

§ LSD, least significant difference.  Differences between means greater than LSD indicate 
significant difference at p<0.05. 
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Table 3-9. Climate data for Northern Piedmont Agricultural Experiment Station during the growing season for the duration 
of the study period, 2003-2004.   

Year March April May June July August September Total 
 -----------------------------------precipitation, cm--------------------------------------- 
2003 11.1 8.15 16.5 18.5 11.5 10.3 27.0 103 
2004 3.99 9.47 12.1 13.1 23.0 4.52 17.6 83.8 
30-yr avg. 9.47 7.85 10.5 10.4 12.8 9.01 10.6 70.7 
 -----------------------------mean temperature, oC---------------------------  
2003 8.01 12.1 16.2 20.9 24.2 24.6 19.8  
2004 8.66 13.2 20.8 21.5 23.8 22.7 20.4  
30-yr avg. 7.12 12.8 17.6 22.2 24.5 23.7 19.9  
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Table 3-10.End of season pH, and Mehlich 1 extractable, K, Ca, Mg, Zn, Mn, Cu, 
Fe, and B from 2002 to 2004. Soil samples collected from surface 15 cm. 

Treatment pH K Ca Mg Zn Mn Cu Fe B 
  --------------------------------------mg/kg------------------------------------ 

2002†          
CTL‡ 6.30 215 935.3 128.5 2.00 62.9 1.48 12.1 0.425 
CF 5.90 194 818.8 108.8 1.80 65.4 1.38 11.5 0.375 
PL 6.28 311 989.8 150.5 3.53 75.2 2.25 9.48 0.525 
LPLC 6.20 283 1079 140.0 2.88 76.5 1.38 10.8 0.550 
APLC 6.33 373 1428 187.0 5.90 90.8 1.18 7.93 0.800 
LBSC 6.11 283 1052 146.8 2.93 80.4 1.45 10.5 0.525 
ABSC 6.29 379 1473 189.0 6.08 91.2 1.23 8.80 0.750 
HBSC 6.48 398 1571 217.3 6.58 78.6 0.950 7.35 0.925 
LSD§ 0.29 65.2 231.9 22.61 1.20 10.2 0.192 1.57 0.104 

2003          
CTL 6.20 189 927.0 129.5 1.90 31.0 1.43 10.2 0.450 
CF 5.85 182 805.8 106.0 1.78 31.6 1.43 9.73 0.425 
PL 6.20 301 946.8 148.3 3.73 31.7 2.43 8.33 0.550 
LPLC 6.35 250 1166 154.3 3.43 34.5 1.38 8.75 0.650 
APLC 6.50 383 1836 244.8 8.50 45.3 0.95 6.95 1.13 
LBSC 6.47 209 1340 139.3 3.55 31.5 1.40 9.55 0.575 
ABSC 6.86 252 2102 168.3 6.73 36.6 1.05 7.03 0.850 
HBSC 6.93 276 2588 193.8 8.45 40.4 0.800 5.70 1.03 
LSD 0.29 42.8 281.5 15.11 0.936 3.32 0.162 1.53 0.099 

2004          
CTL 6.76 157 1140 126.5 1.85 26.8 1.68 7.63 0.425 
CF 6.57 133 1159 103.5 1.83 28.5 1.55 7.93 0.450 
PL 6.87 241 1359 153.3 4.00 27.9 2.50 6.03 0.600 
LPLC 6.88 194 1500 164.8 3.63 31.1 1.20 6.88 0.675 
APLC 6.91 319 2287 280.5 9.95 39.9 0.68 5.10 1.28 
LBSC 6.94 144 1703 137.3 4.28 35.7 1.00 9.23 0.600 
ABSC 7.27 167 2685 149.3 7.30 38.4 0.600 5.65 0.800 
HBSC 7.32 134 3578 179.0 10.4 41.4 0.450 3.93 1.03 
LSD 0.21 45.5 451.9 23.57 1.93 6.32 0.489 0.96 0.147 

† Samples taken for 2002 represent baseline values prior to treatment modification in 
2003.  Prior to 2003, both PLC and BSC treatments received poultry litter compost.  In 
2003, the treatments were modified to include biosolids compost. 

‡ CTL, control; CF, commercial fertilizer; PL, poultry litter; LPLC, low rate poultry litter 
- yard waste compost; APLC, agronomic rate poultry litter  -yard waste compost; 
LBSC, low rate biosolids compost, ABSC, agronomic rate biosolids compost; HBSC, 
high rate biosolids compost. 

§ LSD, least significant difference.  Differences between means greater than LSD 
indicate significant difference at p<0.05.
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Table 3-11. Lime (Ca(OH)2) application rates in April 2004. 

Treatment Ca(OH)2 

 Mg ha-1 

CTL† 1.43 
CF 2.08 
PL 2.31 
LPLC 1.65 
APLC 1.35 
LBSC -- 
ABSC -- 
HBSC -- 
† CTL, control; CF, commercial fertilizer; PL, poultry litter; LPLC, low rate poultry litter - yard waste 

compost; APLC, agronomic rate poultry litter  -yard waste compost; LBSC, low rate biosolids 
compost, ABSC, agronomic rate biosolids compost; HBSC, high rate biosolids compost. 

 

Table 3-12. Pre-side dress soil nitrogen test 2003 and 2003. Soil samples collected from surface 
30 cm. 

Treatment NO3-N NH4-N [NO3 + NH4]-N 
 -------------------mg kg -1------------------------ 
2003    

CTL† 3.71 2.21 5.91 
CF 16.3 1.53 17.8 
PL 15.3 3.01 18.3 
LPLC 4.74 3.87 8.61 
APLC 4.79 10.1 14.9 
LBSC 7.48 3.91 11.4 
ABSC 14.9 4.88 19.7 
HBSC 20.1 5.65 25.8 
LSD‡ 2.87 1.51 2.90 

2004    
CTL 10.2 2.38 12.6 
CF 36.6 2.97 39.6 
PL 24.7 2.56 27.2 
LPLC 14.0 3.28 17.3 
APLC 29.2 4.37 33.5 
LBSC 19.1 4.24 23.4 
ABSC 32.4 3.26 35.6 
HBSC 46.0 2.89 48.9 
LSD 8.31 1.67 9.11 

† CTL, control; CF, commercial fertilizer; PL, poultry litter; LPLC, low rate poultry litter - yard waste 
compost; APLC, agronomic rate poultry litter  -yard waste compost; LBSC, low rate biosolids 
compost, ABSC, agronomic rate biosolids compost; HBSC, high rate biosolids compost. 

‡ LSD, least significant difference.  Differences between means greater than LSD indicate significant 
difference at p<0.05  
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Table 3-13. End of season Mehlich 1 P (M1P), Mehlich 3 P (M3P), water soluble P (WSP), 
EPA3050 P (3050P), acid ammonium oxalate P (Pox) , (Feox), and (Alox)  and the degree of 
P saturation (DPSox) from 2002 through 2004. 

Treatment M1P M3P WSP 3050P Pox Feox Alox DPSox 
 -------------------------------mg kg-1----------------------------- % 
2002†         

CTL‡ 12.3 19.0 1.28 1169 247.8 2569 2001 6.66 
CF 16.5 27.1 1.57 1217 285.3 2428 2072 7.66 
PL 20.0 33.4 2.04 1232 273.9 2277 1932 7.85 
LPLC 16.3 28.0 1.97 1212 253.3 2325 1857 7.38 
APLC 44.8 71.5 3.70 1374 353.6 2265 1909 10.3 
LBSC 17.8 27.9 1.91 1236 250.6 2294 1806 7.48 
ABSC 44.0 66.8 3.35 1334 315.4 2110 1747 9.80 
HBSC 49.8 77.7 3.61 1374 347.9 2138 1816 10.6 
LSD§ 12.3 18.4 0.985 79.71 57.75 349.8 262.7 1.19 

2003         
CTL 12.0 19.4 0.890 1269 309.0 2361 2213 8.61 
CF 16.3 28.1 1.09 1278 327.8 2312 2318 8.92 
PL 23.0 38.8 1.93 1395 327.5 1971 2019 10.3 
LPLC 18.8 32.2 1.51 1290 311.9 2261 2054 9.24 
APLC 62.3 102 5.22 1487 514.0 2286 2039 15.3 
LBSC 20.0 32.4 1.23 1335 333.1 2363 2051 9.72 
ABSC 46.3 83.8 2.33 1670 438.9 2214 1984 13.3 
HBSC 61.8 116 2.86 1676 580.5 2532 2256 15.6 
LSD 9.74 19.3 0.734 287.7 89.53 312.0 247.4 2.21 

2004         
CTL 12.3 18.5 0.747 1065 242.9 1957 2280 6.79 
CF 19.8 29.7 1.01 1119 256.3 1912 2039 7.68 
PL 29.5 44.7 1.76 1233 317.7 1911 2151 9.33 
LPLC 22.3 34.5 1.38 1022 265.9 1791 2217 8.07 
APLC 85.3 120 5.89 1649 491.9 1820 2364 14.8 
LBSC 21.3 44.6 1.25 1219 323.0 1744 2322 9.81 
ABSC 56.8 110 2.27 1299 660.1 2284 3282 14.5 
HBSC 78.0 161 2.78 1741 665.7 1888 2556 18.7 
LSD 15.2 24.6 1.24 188.0 151.7 824.2 459.9 2.45 

† Samples taken for 2002 represent baseline values prior to treatment modification in 2003. 
Prior to 2003, both PLC and BSC treatments received poultry litter compost. In 2003, the 
treatments were modified to include biosolids compost. 

‡ CTL, control; CF, commercial fertilizer; PL, poultry litter; LPLC, low rate poultry litter - 
yard waste compost; APLC, agronomic rate poultry litter  -yard waste compost; LBSC, low 
rate biosolids compost, ABSC, agronomic rate biosolids compost; HBSC, high rate biosolids 
compost. 

§ LSD, least significant difference.  Differences between means greater than LSD indicate 
significant difference at p<0.05.  
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Table 3-14. Corn earleaf N and P concentrations in 2004.  

Treatment P N 
 g/kg 

Ctl† 2.15 15.0 
CF 3.79 26.7 
PL 3.66 25.4 
LPLC 3.20 20.5 
APLC 4.00 25.5 
LBSC 2.64 19.4 
ABSC 3.72 25.7 
HBSC 3.64 25.8 
LSD‡ 0.24 1.89 

† CTL, control; CF, commercial fertilizer; PL, poultry litter; LPLC, low rate poultry litter 
- yard waste compost; APLC, agronomic rate poultry litter  -yard waste compost; 
LBSC, low rate biosolids compost, ABSC, agronomic rate biosolids compost; HBSC, 
high rate biosolids compost. 

‡ LSD, least significant difference.  Differences between means greater than LSD 
indicate significant difference at p<0.05. 

 

Table 3-15. Total soil C and N at the time of rainfall simulation, September 2004. 

Treatment C N 
 g kg-1 

CTL† 15.3 0.925 
CF 15.5 0.973 
PL 16.7 1.16 
APLC 40.0 2.73 
ABSC 24.0 1.70 
LSD‡ 3.20 0.265 

† CTL, control; CF, commercial fertilizer; PL, poultry litter; LPLC, low rate poultry litter 
- yard waste compost; APLC, agronomic rate poultry litter  -yard waste compost; 
LBSC, low rate biosolids compost, ABSC, agronomic rate biosolids compost; HBSC, 
high rate biosolids compost. 

‡ LSD, least significant difference.  Differences between means greater than LSD 
indicate significant difference at p<0.05. 
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Table 3-16. Water soluble P (WSP) and Mehlich 3 P (M3P) of the surface 5 cm at 
the time of rainfall simulation, September 2004. 

Treatment M3P WSP 
 mg kg-1 

CTL† 23.1 1.15 
CF 69.2 2.17 
PL 77.1 4.12 
APLC 247 28.1 
ABSC 218 5.90 
LSD‡ 36.2 2.26 

† CTL, control; CF, commercial fertilizer; PL, poultry litter; LPLC, low rate poultry litter 
- yard waste compost; APLC, agronomic rate poultry litter  -yard waste compost; 
LBSC, low rate biosolids compost, ABSC, agronomic rate biosolids compost; HBSC, 
high rate biosolids compost. 

‡ LSD, least significant difference.  Differences between means greater than LSD 
indicate significant difference at p<0.05. 

 

Table 3-17. Mean infiltration, runoff, and time to initiation of runoff during rainfall 
simulation in September 2004. 

Treatment Infiltration Runoff Time to Runoff
 ----------mm-------- minutes 
CTL† 23 25 8.5 
CF 27 20 8.0 
PL 37 17 14 
APLC 86 6.7 45 
ABSC 41 14 15 
LSD‡ 35 6.9 25 

† CTL, control; CF, commercial fertilizer; PL, poultry litter; LPLC, low rate poultry litter 
- yard waste compost; APLC, agronomic rate poultry litter  -yard waste compost; 
LBSC, low rate biosolids compost, ABSC, agronomic rate biosolids compost; HBSC, 
high rate biosolids compost. 

‡ LSD, least significant difference.  Differences between means greater than LSD 
indicate significant difference at p<0.05. 
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Table 3-18. Mean P fraction , organic carbon and sediment concentration and mass 
loss in runoff during rainfall simulation in September 2004.† 

Treatment DRP† DURP TDP PP TP TOC TSS 
 -------------------------------------mg L-1------------------------------------ 
CTL‡ 0.185 0.395 0.580 2.00 2.58 1.23 1130 
CF 0.228 0.553 0.780 1.65 2.43 1.52 716 
PL 0.295 0.633 0.928 1.05 1.98 1.95 836 
APLC 0.540 1.10 1.635 1.29 2.93 2.40 516 
ABSC 0.373 0.875 1.248 2.63 3.88 1.74 782 
LSD§ 0.177 0.290 0.400 1.00 1.09 0.826 403 
 ---------------------------------g ha-1------------------------------- kg ha-1 
CTL 46.6 98.2 145 502 647 309 283 
CF 45.6 111 156 326 482 314 140 
PL 51.3 103 154 192 346 351 151 
APLC 38.1 77.8 116 102 218 188 35.0 
ABSC 53.8 124 178 350 528 240 111 
LSD 25.3 55.6 80.0 192 210 169 85.9 
† DRP, dissolved reactive phosphorus; DURP, dissolved unreactive phosphorus; TDP, 
total dissolved phosphorus; PP, particulate phosphorus; TP, total phosphorus; TOC, total 
organic carbon; TSS, total suspended solids. 
‡ CTL, control; CF, commercial fertilizer; PL, poultry litter; LPLC, low rate poultry litter 

- yard waste compost; APLC, agronomic rate poultry litter  -yard waste compost; 
LBSC, low rate biosolids compost, ABSC, agronomic rate biosolids compost; HBSC, 
high rate biosolids compost. 

§ LSD, least significant difference.  Differences between means great than LSD indicate 
significant difference at p<0.05. 
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Table 3-19. Relationship between the concentration and load of dissolved reactive P 
in runoff and water soluble P (WSP), Mehlich 3 P (M3P) and the degree of P 
saturation (DPSox).  

  r2 

Soil P  Depth  Dissolved Reactive P 
 cm mg L-1 mg kg-1 

WSP 0-5 0.71***        NS† 
 0-15 0.51*** NS 
M3P 0-5 0.68*** NS 
 0-15 0.50*** NS 
DPSox 0-15  0.40** NS 
**, *** Significant at the 0.01 and 0.001 probability levels, respectively.  
† NS, nonsignificant at the 0.05 level.  
 



 156

3.9 Figures 
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Figure 3-1. Corn grain yield vs. presidedress soil nitrogen test 2003. Values are the 
average of four replications ± SE. CTL, control; CF, commercial fertilizer; PL, 
poultry litter; PLC, poultry litter - yard waste compost; BSC, biosolids compost. 
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Figure 3-2. Corn grain yield vs. presidedress soil nitrogen test 2004. Values are the 
average of four replications ± SE. CTL, control; CF, commercial fertilizer; PL, 
poultry litter; PLC, poultry litter - yard waste compost; BSC, biosolids compost.
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Figure 3-3. Corn earleaf nitrogen vs. corn grain yield 2004. Values are the average 
of four replications ± SE. CTL, control; CF, commercial fertilizer; PL, poultry 
litter; PLC, poultry litter - yard waste compost; BSC, biosolids compost. 
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Figure 3-4. Corn earleaf phosphorus vs. corn grain yield 2004.  Values are the 
average of four replications ± SE. CTL, control; CF, commercial fertilizer; PL, 
poultry litter; PLC, poultry litter - yard waste compost; BSC, biosolids compost.
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Figure 3-5. Mean bulk density of the subset of treatments subjected to rainfall simulation, 
September 2004. Values with a different letter indicate a significant difference at the 0.05 
level. CTL, control; CF, commercial fertilizer; PL, poultry litter; APLC, agronomic rate 
poultry litter - yard waste compost; ABSC, agronomic rate biosolids compost. 
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Figure 3-6. Relationship between bulk density and total carbon in subset of treatments 
subjected to rainfall simulation, September 2004. Values are the average of four 
replications ± SE. CTL, control; CF, commercial fertilizer; PL, poultry litter; APLC, 
agronomic rate poultry litter - yard waste compost; ABSC, agronomic rate biosolids 
compost. 
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Figure 3-7. Mean infiltration and runoff during rainfall simulation conducted in 
September of 2004. Values with a different letter indicate a significant difference at the 0.05 
level. CTL, control; CF, commercial fertilizer; PL, poultry litter; APLC, agronomic rate 
poultry litter - yard waste compost; ABSC, agronomic rate biosolids compost. 
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Figure 3-7. (alternative). Infiltration and runoff rate from rainfall simulation conducted in 
September of 2004. Values with a different letter indicate a significant difference at the 0.05 
level. CTL, control; CF, commercial fertilizer; PL, poultry litter; APLC, agronomic rate 
poultry litter - yard waste compost; ABSC, agronomic rate biosolids compost. 
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Figure 3-8. Relationship between runoff and total soil carbon content. Values are the 
average of four replications ± SE. CTL, control; CF, commercial fertilizer; PL, poultry 
litter; APLC, agronomic rate poultry litter - yard waste compost; ABSC, agronomic rate 
biosolids compost. 
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Figure 3-9. Percentage of total phosphorus (TP) concentration in runoff as particulate 
phosphorus (PP). Values with a different letter indicate a significant difference at the 0.05 
level. CTL, control; CF, commercial fertilizer; PL, poultry litter; APLC, agronomic rate 
poultry litter - yard waste compost; ABSC, agronomic rate biosolids compost. 
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Figure 3-10. Relationship between Mehlich 3 P (M3P) in the surface 5 cm layer of soil and 
dissolved reactive P (DRP) in runoff. Values are the average of four replications ± SE. 
CTL, control; CF, commercial fertilizer; PL, poultry litter; APLC, agronomic rate poultry 
litter - yard waste compost; ABSC, agronomic rate biosolids compost. 
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y = 0.0361x + 0.662
r2 = 0.72
p<0.0001

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.000 5.000 10.000 15.000 20.000 25.000 30.000 35.000

WSP (mg kg-1)

D
R

P 
(m

g 
L-1

)
CTL
CF
PL
APLC
ABSC

 
Figure 3-11. Relationship between water soluble P (WSP) in the surface 5 cm layer or soil 
and dissolved reactive P (DRP) in runoff. Values are the average of four replications ± SE. 
CTL, control; CF, commercial fertilizer; PL, poultry litter; APLC, agronomic rate poultry 
litter - yard waste compost; ABSC, agronomic rate biosolids compost. 
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3.10  Appendix 
 
 
Appendix A. Penetration resistance shortly following rainfall simulation in 2004. Measured in each plot to a 
depth of 30 cm in 5 cm increments with a hand-held digital cone penetrometer manufactured by Spectrum 
Industries © (Plainfield, IL) by taking two measurements in the row and two measurements between rows in 
each plot (see Chapter 3). 
Treatment Depth, cm 
 0 to 5 5 to 10 10 to 15 15 to 20 20 to 25 25 to 30 
 -----------------------------------------Mpa----------------------------------------- 
APLC† 0.28 0.60 1.0 1.6 1.9 1.9 
ABSC 0.38 0.56 1.3 1.6 1.5 1.8 
PL 0.39 0.84 1.4 1.6 1.4 1.7 
CF 0.51 0.62 1.7 1.7 1.8 1.9 
Ctl 0.48 1.3 1.9 1.6 1.7 2.1 
LSD‡ 0.13 0.61 0.40 0.42 0.36 0.47 

† APLC, agronomic rate poultry litter  -yard waste compost; ABSC, agronomic rate biosolids compost; PL, poultry 
litter; CF, commercial fertilizer; CTL, control. 

‡ LSD, least significant difference.  Differences between means greater than LSD indicate significant difference at 
p<0.05 

 
 
 
Appendix B. Ground cover estimates made following rainfall simulation in 2004. Ground cover estimated 
using a one meter measuring stick randomly laid across each plot and counting each piece of debris 
intersecting with a cm mark. Measurements were taken two times in each plot. Only debris greater that 1 mm 
counted. 
Treatment Ground Cover 
 % 
APLC† 28 
ABSC 9.6 
PL 5.8 
CF 6.8 
CTL 4.6 
LSD‡ 6.6 

† APLC, agronomic rate poultry litter  -yard waste compost; ABSC, agronomic rate biosolids compost; PL, poultry 
litter; CF, commercial fertilizer; CTL, control. 

‡ LSD, least significant difference.  Differences between means greater than LSD indicate significant difference at 
p<0.05 
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Appendix C. Rye yield and C and N content, spring 2004. Rye harvested on April 4th, from two random 0.5 
m2 quadrants within each plot.  Total C and N content determined on oven dried, 650C, ground tissue using a 
VarioMax CNS macro elemental analyzer. 
Treatment Yeild C  N 
 kg ha-1 ------g kg-1----- 
LPLC 5250 449 22 
APLC 14054 449 27 
LBSC 3425 453 23 
ABSC 9396 442 25 
HBSC 9949 442 24 
PL 7383 447 25 
CF 3306 442 22 
CTL 2878 433 22 
LSD 3140 9 3 

† LPLC, low rate poultry litter - yard waste compost; APLC, agronomic rate poultry litter  -yard waste compost; 
LBSC, low rate biosolids compost; ABSC, agronomic rate biosolids compost; HBSC, high rate biosolids compost; 
PL, poultry litter; CF, commercial fertilizer; CTL, control. 

‡ LSD, least significant difference.  Differences between means greater than LSD indicate 
significant difference at p<0.05
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4 Summary and Conclusions  

4.1 Introduction 
Large amounts of animal manures and biosolids are produced in areas with a high density 

of confined animal feeding operations or urban centers, respectively. Repeated N-based 

applications of these materials in localized areas leads to an accumulation of soil P in excess of 

crop needs and may threaten water quality due to the potential P enrichment of runoff (Sims et 

al., 1998; Sharpley et al., 1998). Two possible ways to address this problem are to transport the 

materials to areas where the P applied to soil may be utilized efficiently in crop production and 

reduce the mobility of P in the amended soils. Composting has been suggested as a means of 

improving handling characteristics of manures, thereby facilitating its efficient utilization 

(Simpson, 1998). 

Previous work has shown that composting does not consistently affect P solubility. 

Composting increases the concentration of P and decreases N availability, thereby decreasing the 

ratio of plant available N:P. Compost applied at agronomic N rates will supply more P than 

uncomposted manure or biosolids. Soil P levels will exceed crop needs and could threaten water 

quality with regular agronomic N-based applications of compost. 

Phosphorus dynamics in compost amended soil is complex. Phosphorus solubility is 

determined by interactions between the amendment, the amended soil, and time. In recently 

amended soils, or where the residual is surface-applied, P solubility will primarily be a function 

of the chemical properties of the amendment itself. With time, P solubility will be determined by 

the interaction of the amended soil and the residual. Plant available P is governed by the same 

factors. The potential of P to be lost in runoff is dependent not only on P solubility, but also 

factors that control infiltration, runoff and erosion. 
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Research addressing P dynamics in compost amended soils is generally lacking. The 

purpose of our research was to increase our understanding of the factors that control P 

availability, solubility, and surface loss in runoff from compost amended soils. 

4.2 Phosphorus Availability in Compost Amended Soils 
We found that the availability of P in compost amended soils is largely controlled by the 

relative concentration of Ca-, Fe-, and Al-to-P in the material and the P binding capacity of the 

soil (section 2.5.3.1, 2.5.4.2 and 3.5.2.5). This agrees with the current literature regarding plant 

available or soluble P in organic residual amended soils (Robinson and Sharpley, 1996; Sharpley 

and Sisak, 1997; Maguire et al., 2001). Knowledge of the total concentration of P in compost, or 

any other organic waste, is of little value unless the effects of these P binding constituents are 

also considered. This has important management ramifications. For example, the current Virginia 

nutrient management program considers only total P applied with manures and biosolids to 

determine permissible P rate recommendations (DCR, 2002). Bioavailable P must be assessed in 

order to truly reflect the potential for P risk to surface water from applied organic residual P. 

Other studies have shown that the ratio WSP:total P of organic amendments may have 

some promise as an index of available or soluble P in amended soils (Leytem et al., 2004; Sims 

et al., 2002). We also found that the ratio WSP:total P of the composts was related to relative P 

availability in amended soils (section 2.5.3.1). Further research is needed to determine if 

WSP:total P may be utilized for routine analysis and recommendations. 

In addition to our investigations to evaluate the usefulness of P extractions of composts 

for the prediction of P availability in amended soils, we also examined the utility of soil test P in 

amended soils for the prediction of plant available P. It is apparent from our work, and that of 

others (McCoy et al., 1986), that routine soil P extractions (i.e., Mehlich 3 and Mehlich 1) may 
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not be as well suited for the prediction of plant available P in soils amended with organic 

residuals as they are for soils amended with commercial fertilizer P sources (see section 2.5.3.2). 

We did find that WSP of amended soils was reasonably well correlated with P uptake (see 

section 2.5.3.2). It has also been shown to be an accurate indicator of the concentration of P in 

runoff from organic residual amended soils. Thus, WSP may be a superior assay to routine soil 

test P methods for the agronomic and environmental P status of soils amended with organic 

residuals. 

4.3 Runoff Losses of P from Compost Amended Soils 
Phosphorus contamination of water from agricultural soils occurs by two main pathways: 

leaching and runoff. Leaching losses are typically recognized as minimal in soils with moderate 

or better P binding capacity that do not have a shallow water table. Runoff losses can be 

substantial in soils with high erosion potential and/or high concentrations of soil P. A great deal 

of research has been conducted to evaluate runoff P losses from soils amended with manure and 

biosolids, but little work has been conducted to investigate P losses from compost-amended 

soils. We investigated runoff P losses from soils that had received N-based applications of 

poultry litter compost, biosolids compost, uncomposted poultry litter, or commercial fertilizer for 

up to five consecutive years. Our results have some important implications for the management 

of organic residuals to minimize runoff P losses. 

Immediately following application of organic residuals, or when they are surface applied, 

P concentration in runoff has been shown to be well correlated to WSP of the organic 

amendment (Penn and Sims, 2002; Sharpley and Moyer, 2000; Kleinman et al., 2002). We found 

that the WSP content of the composts and poultry litter with which we worked were highly 

dependent on the total P, Ca, Fe, and Al content of the material. Organic residuals with higher 
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relative concentrations of Ca-, Fe-, and/or Al-to-P had lower WSP; thus, they would pose less of 

a threat to surface water quality immediately following application.  

The risk of surface losses of P from soils is dependent not just on P solubility, but runoff 

and erosion potential as well (Pote et al., 1996; Andraski and Bundy, 2003; Sharpley and Beegle, 

1999). Repeated N-based applications of compost may well increase soil P concentrations to 

levels far in excess of plant needs; however, compost has been shown to significantly enhance 

soil physical properties that reduce runoff and erosion (Aggelides and Londra, 2000; Giusquiani, 

1995; Epstein et al., 1976; Tester, 1990; Evanylo et al., 2003). We found that less total P was lost 

in runoff where N-based poultry litter compost was applied than where poultry litter and 

commercial fertilizer were applied, despite the compost supplying 3 and 17 times the amount of 

P as the litter and fertilizer, respectively (see section 3.5.3.3). The decreased runoff P loss was 

due to the increased infiltration and reduced runoff and erosion resulting from the improved 

physical properties associated with the increase in soil C. Similarly, N-based applications of 

biosolids compost failed to significantly increase runoff P losses. While biosolids compost did 

not have as great an effect on infiltration or runoff, the high concentration of P binding 

constituents limited P solubility and runoff P losses. Our results demonstrate that relative 

application of C-to-P with N-based compost applications is at least as important as the relative 

application rate of Ca-, Fe-, and/or Al-to-P. 

4.4 Management Implications 
Traditionally, agronomic applications of organic residuals have been based on estimates 

of the plant available N of the amendments. This practice results in P applied at rates in excess 

crop needs. In order to minimize environmental impact and make more efficient use of natural 

resources, organic residuals could be applied on a P basis. This is especially imperative in soils 
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that have excessive P concentrations. Considerable work has been done to determine plant 

available N from organic amendments; however, little has been done to evaluate P availability. If 

P-based applications are to be made to meet crop needs, methods to assess P availability must be 

developed. In Virginia, nutrient management budgets consider only total P applied with biosolids 

and manures (DCR, 2002). This practice may be adequate when organic residuals are applied on 

an N basis because P is usually applied far in excess of crop needs. However, if organic residuals 

are to be applied on a P basis it will be useful to have a reasonable estimate of P availability. Our 

work has shown that estimates of P availability from organic residual can not be based on total P 

alone. We found that applied residual Ca, Fe, and Al all reduce P availability. An assessment of 

P availability in soils amended with organic residuals must consider the relative concentrations 

of these P-binding constituents. This may be accomplished with the development of a 

multivariable equation based on the content of total P, Ca, Fe, and Al in the material, which is 

similar to what we determined for the materials used in our work (see sections 2.5.2.3 and 

2.5.4.2). Alternatively, the ratio WSP:total P of the applied organic residual has also shown some 

promise for the prediction of P solubilty in amended soils. This method may be more appropriate 

for routine use due to fewer extraction analytes. 

We demonstrated that five N-based compost applications did not increase the risk of 

runoff losses of P and, in the case of the poultry litter compost, actually decreased it. Our results 

also suggest that composts containing higher relative concentrations of Fe-, Al- and Ca-to-P, will 

pose less of a threat to surface water quality. Land application of composted organic residuals 

appears to be a promising alternative management option for biosolids and manure for the 

reduction of P losses in surface runoff. 
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4.5 Future Research 
While our results have some important implications, they also bring to light questions 

that have yet to be answered. The most critical information is lacking in two areas: the long-term 

effects and the economic viability of compost applications as an alternative management option 

for manures and biosolids.  

4.5.1 Long-Term Effects 
We have shown that while five annual N-based applications of compost greatly increased 

soil P, runoff P losses were either not increased, as was the case for biosolids compost, or 

actually decreased, as was the case for poultry litter compost. What is not clear is how many 

more N-based applications can be made before water quality is threatened. It may take several 

more applications of the poultry litter compost before the concentration of soil solution P is high 

enough that the improved soil physical properties are no longer adequate to limit P runoff losses. 

The other aspect of long-term effects that remains elusive is the relative endurance of the 

improved soil physical properties and P assimilation by harvested crops. For example, if no more 

compost applications were made at our field research site, how does the crop P removal rate 

compare to the persistence of the applied C that has limited runoff P losses? The risk of runoff P 

losses may be high if the improved soil physical properties only persist for a few years following 

the final compost application, because soil P levels will still be elevated. This aspect deserves 

further investigation. 

4.5.2 Economics 
The economic benefits of composting as an alternative management option have been 

inferred by a number of authors; however, a thorough audit of the practice has yet to be 

published. Composting does take a considerable amount of capital investment (Rynk, 1992). It is 
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unclear if the savings brought about by improved handling characteristics are enough to offset 

the costs involved with composting.  
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