Calculation of P balances for Counties in Georgia

The P-index committee of the AWARE team1

Introduction and Methods used.

At the request of the Georgia Environmental Protection Division of the Department of Natural Resources, we have investigated possible methods of identification of counties that may present higher risks of water quality impairment in Georgia.   While the utilization of poultry litter as a fertilizer and soil amendment is recognized as the most effective utilization strategy, long-term use leads to a build-up of phosphorus (P) in the soil due to imbalances between the nutrient content of litter and the nutrient needs of most crops.  High soil test P levels can lead to increased risk of eutrophication in surface water. After much discussion and consideration of several risk identification strategies, six measures of environmental risk for all counties in Georgia were determined and are presented herein. 

The measures of P risk are based on the following four initial values for each county: 1. P generated in poultry litter. 2. P removed by crops in the county. 3. Acres of crops and pasture in the county, and 4. Total acres in the county. All the data on poultry and crop production for each county used to make the calculations are from the Center for Agribusiness and Economic Development’s 2002 Farm Gate Report. The values of P generated per poultry unit were determined based on Standards of the ASAE and provided by Dr. John Worley of the Department of Biological and Agricultural Engineering at the University of Georgia. These values were: Broilers- 0.1 lb P per year per space (Space means room for one bird in a house), and Hens- 0.4 lb P per year per space. The values for crop removal of P per unit of yield are those published by Lander, Moffitt, and Alt (1998) with the addition that P removal by grass hay was considered to be the same as for the published values for alfalfa hay. P removal for pasture was 11 lb P per acre (Lander, Moffitt, and Alt, 1998) with acres of pasture based on numbers of beef cows in each county times a constant. Yield values were for the crop year 2002 as reported in the 2002 Georgia Farm Gate Value Report. Although this was a dry year, comparison with other years revealed that yield differences between years were small.

Results and Discussion

A map with county boundaries and names for the state of Georgia is shown in Fig. 1. It will be useful when comparing maps and data provided in Figs 2 to 7. Each of these maps provides a ranking of counties for six different measures related to litter and P.
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The values of lb P generated/total acres in a county is shown in fig. 2. These values range from 0 to 14.36 lb per acre. Those counties with more than 4 lb P generated per acre are all located in North Georgia, and those counties with greater than 6.3 lb P per acre are located in a cluster in NE Georgia. A ranked list of the top 30 counties is also provided in Fig. 2.

Since the P generated by poultry production is applied primarily to crop and pasture land, calculation of the amount of P generated per acre of crop and pasture land should give some indication of average application rates needed to use all the litter in the given county. These values range from 0 to 71.5 lb P/acre (Fig. 3). The counties with values greater than 40 lb P per acre are primarily located in North Georgia with the lone exception of Chattahoochee county, a heavily forested county, which has a very low acreage of crop and pasture land. Chattahoochee county is not in the top 30 listing in Fig. 2, since its level of poultry production is not large. Based on this example, it appears that this measure can be misleading.

In comparison to P generated/acre of crop and pasture land, the P removed/acre crop and pasture land is considerably less (Fig. 4). The maximum value for average P removal was around 16 lb P/acre, and the majority of counties are in the range of 10-12 lb P/acre.  While one would expect to put on slightly more P than will be removed to allow for losses in the system, it is readily apparent that some counties have significant more P generated than removed.

Ratios of P generated/P removed are shown in Fig. 5. Those counties with greater P generated than removed by crops have values greater than 1. The values of P generated/ P removed ranged from near 0 to 6.49. A value of P generated / P removed greater than one should indicate those counties where P will accumulate in soils, but it does not give a good indication of the intensity of accumulation and its long term threat to water quality.  A county could have twice as much P generated than it uses but if not much is generated then there is not likely to be any water quality impacts. 

To better evaluate the intensity of accumulation, we calculated the P balance, or difference between P generated and removed (P generated – P removed in lbs.). If the value of the balance is greater than 0, more P is generated than is removed by crops, and it will accumulate in that county. A better value for assessing the potential for accumulation of P in soils is the value of P balance/ acres of crop and pasture land, since most litter will be applied to crop and pasture land (Fig. 6). Although not all litter generated in a county is applied to crop and pasture land in that county, most would be, and the number generated from this calculation is therefore an estimate of the average lb of P per acre that will either accumulate in the crop and pasture land of that county or move into storm runoff from the field. 

It can be argued that a better estimate of environmental risk to water quality is the value of balance/total acres in a county, because runoff occurs from all land, much of it from forest land that would be low in P. Runoff from land low in P would dilute more concentrated runoff, which would reduce the overall concentration of P in a stream. The balance/total acres in a county is the P generated that is in excess of P removal, distributed across all acres in the county (Fig. 7). 

It should be pointed out that all of these calculations are based on several assumptions that may present some error or bias.  In no way do we account for any poultry litter transport across county lines or poulty litter that is composted, bagged, or applied to non-agricultural land.  Litter transport and marketing is common in Georgia and will continue to grow in the future.  Several brokers in North Georgia haul litter to South Georgia where the nutrients are needed and the price of litter is higher.  We have also not accounted for any other sources of P in each of the counties.  Counties with significant livestock, with wastewater treatment plants, and that import significant quantities of P fertilizer would have a higher risk.
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