
INMC Meeting Notes

July 15, 2021

Members present: Michael Shepherd, Joe Hudyncia, Stephanie Kulesza, Luke Gatiboni, Deanna Osmond, Ramesh Ravella, Christine Lawson, Colleen Hudak-Wise, and Jeff Young

Agenda: 

· Discuss of the USDA-NRCS Mandatory soil test phosphorus level for the 590 standard that is undergoing review.

· New methodology for measuring total N in animal waste.
1. Discussion of the USDA-NRCS soil test phosphorus threshold that needs to be establish for the new 590 standard.
The committee read and discussed the information provided in these notes.  There were a few technical questions.  The committee agreed that based on the production and water quality information provided that a Mehlich 3 soil test phosphorus level should be suggested to USDA-NRCS for their NC 590 threshold value.

Under the new USDA-Natural Resources Conservation Service (NRCS 590) standard, each state must set a soil test phosphorus (STP) level above which no P can be added (USDA NRCS, 2021.  This is in addition to using state-developed P Indices.  Soil test P in North Carolina is based on the Mehlich 3 P (M3P) extractant.  Recent STP (mg/kg) data from the North Carolina Department of Agriculture and Consumer Services (NCDA&CS) Agronomic Division as compiled by Drs. Kulesza and Gatiboni (NC State University) indicate that 4% of cropped soils have a STP level of 0-30, 16% of cropped soils have a STP level of 31-60, 39% of cropped soils have a STP level of 61-120, and 42% of cropped soils have a STP level above 120. Thus over 80% of the cropped soils have STP levels greater than 60 STP. 

Currently NCDA&CS and NC State University are working to re-evaluate P and potassium critical level recommendations.  A recent paper by Zhang et al. (2021) demonstrate that North Carolina has the highest STP critical levels of all 12 southern states.  In reviewing historical soil test correlation and calibration trials conducted by the Soil Science Department at NC State, it appears that the critical level for piedmont soils is 12 mg/kg (~ 10 PI) and 27 mg/kg (~ 29 PI) for coastal plain mineral soils.  NCDA&CS now cuts off additional P application at or above a PI of 50. 
In addition to soil testing, the North Carolina P Index was developed by the Phosphorus Loss Assessment (PLAT) Committee, which was composed of primarily NC State faculty in Soil Science and Biological and Agricultural Engineering, in addition to personnel from NCDA&CS and USDA-NRCS. The PLAT Committee developed a process based model, PLAT, which provides an overview of the bio-physical loss processes of P in agricultural systems. Agricultural P losses occur from three major pathways: erosion, runoff, and leaching.  Additionally, P sources, such as fertilizer or animal waste, can affect the P lost through these pathways, but for the purposes of this discussion, we are excluding P sources to focus on STP.

For pathway losses, there are two primary factors: 1) the concentration of P (STP) and quantity of water and/or soil leaving the field. The greater the STP level, generally the larger the loss, whether from erosion, runoff, or leaching.  However, it must be understood that the relationship to STP and total soil P is a function of the P buffering potential, which is the amount of P (mg/kg) required to raise the M3P result by 1 mg/kg.  
Cox (1994) correlated the P Buffer Potential to average clay content of soil from North Carolina. In practical terms, a piedmont soil with a STP of 100 mg/kg would have five times more total P than a sandy textured soil in the eroding soil particles when measured using Mehlich 3 P (M3P).  Based on these relationships, the total P to achieve the resulting M3P extractable level can be back calculated if the clay content is known, as shown in Figure 1.  This procedure does not include occluded or other highly insoluble forms not readily extracted by Mehlich 3, but probably provides a more accurate estimate the potential bioavailable forms. In general, most soil series in North Carolina would lose about 0.5 to 1.5 lb P per ton of soil at a STP level of 150. Research by Johnson et al. (2005) demonstrated that overall P losses through erosion are less than runoff loses.
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	For M3P (mg/kg) values <or = to the threshold for a specific soil group: Total P Factor =0.002xM3Px[1.579–(0.0784x%Clay+(0.0058x%Clay2)]

For M3P (mg/kg) values > than the threshold: Total P Factor=0.002xThreshold M3Px[1.579–(0.0784x%Clay)+(0.0058x%Clay2)] + [ 0.002 x (M3P -Threshold M3P)]


       Figure 1.  Total P content as affected by clay content and STP (M3P).

Release of P to runoff depends on STP and soil physical and chemical properties affecting runoff and release kinetics.  In particular, empirical in-field measurements relating runoff P to STP (Mehlich 3) were derived (Figure 2). These vary with soil texture.  Five soil textural groups were identified:  Organic, Mineral Organic, Sands, Loamy soils, Fine and Fine-loamy soils of the Piedmont, and Fine and Fine-loamy soils of the Mountains. This relationship allows an estimate of P concentration from STP.
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 Figure 2.  Runoff P concentrations by soil groups as a function of STP (M3P)
Three of the five textures – organic, mineral-organic and sandy all lose 1 mg/L or greater when STP is 150 mg/kg M3P.   Clay texture soils have the lowest P runoff concentration (0.25 mg/L) at 150 mg/kg STP.  Runoff losses were the greatest loss pathway (Johnson et al., 2005) when a state-wide study of PLAT was conducted.
Release of P to percolating waters is a function of STP, leaching potential and soil properties, especially those affecting retention capacity.  Soils with high P in the surface are subject to P loss via leaching, but the best empirical indicator is a subsoil P level assessment.  (Clay textured soils bind P so well that leaching does not occur in these soils.) Soils with low subsoil P, a long pathway to the water table, and substantial P retention capacity have low potential for P Loss.  Table 1 demonstrates the relationship between soil texture, STP and the need to take a deep soil sample. 

	Table 1.  Soil test P (M3P) threshold levels for 30 in depth sampling.

	Soil Group
	M3-P (mg/kg)

	Organic
	50

	Sands
	100

	Loams
	200

	Clays
	500


Research has demonstrated that P leaching losses primarily occur in sandy textured soils that have a high STP and to which swine waste has been applied (Johnson et al., 2005) but that overall P leaching losses are minor. Organic soils do not appear to leach much P due to the reduction of leaching in these soils.  
Based on prior studies and current soil test levels, we believe that setting a STP at 150 is both somewhat environmentally protective, while recognizing the reality that over the years because of tobacco, vegetables, and animal waste, soils in North Carolina have rather high STP levels.
Discussion focused on the outreach needs for nutrient management plans associated with NRCS 590 standard and the difference between the use of a soil test threshold cutoff and the use of PLAT.  If the soil test is greater than 150 PI, then no more P can be applied and PLAT does not need to be run.
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1. New methodology for measuring total N in animal waste.
NCDA&CS has updated their analytical equipment and methods for analyzing total N in animal wastes. 

· Previous method: 

· Primary samples were subsampled, weighed and dried in a soil box for 24-48 hours at 85C

· Sample was ground and 12-15 mg analyzed by combustion

· Client report showed results in mg/kg on a dry weight basis and lb/ton on as-received basis

· New method:

· Primary samples subsampled and stored as-is at 4C until analysis

· 200-500 mg analyzed by combustion

· Client report will show results in mg/kg and lb/ton on as-received basis

With this change, samples are no longer dried prior to analysis, which reduces N loss during sample processing. As a result, some manures with very high moisture and low N will have higher N on the report as compared to previous samples submitted and analyzed under the older method. With the removal of the drying step and the analyzed portion increasing by over tenfold, the new method is a much more accurate representation of the actual sample submitted. 
To determine the impact of this change to waste results, NCDA&CS conducted two calibration studies, comparing the two methods under a wide range of waste types. The results of these calibration studies found that total N from the new method for the majority of samples was within 10% of the old method. However, dairy slurry samples had the highest variance due to their low total N and high moisture content, resulting in a 20% difference between the two methods. To inform clientele of this change, NCDA&CS will send a letter via email to anyone who has submitted samples under this waste code in the past 5 years. Additionally, Michael Shepherd and Stephanie Kulesza will send the same letter to technical specialists, Extension Agents, and other stakeholders who might work with producers generating dairy slurry or using dairy slurry.  
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