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Background: 

Intensive use of land for crop production has contributed to reduced soil quality, and resulted in lower crop productivity and farm profitability. Among the causes are soil compaction, surface crusting, low organic matter, increased pressure and damage from diseases, weeds, insects and other pests as well as a lower density and diversity of beneficial soil organisms. Growers and land managers in Northern New York (NNY) have continued to show interest in assessing the health status of their soils and are willing to implement sustainable soil management practices. In 2006, we were able to develop and fine tune our soil health assessment protocol based on extensive research over the past five years. We developed a visually enhanced, grower friendly soil health report format, which enabled the growers to easily identify major soil constrains in their fields and the necessary management strategies to overcome them. The long-term research sites in Willsboro and Chazy as well as numerous samples collected from growers fields in NNY contributed significantly to the development of this new soil health test.  This protocol was used in assessing fields in NNY. The results from these assessments gave a picture of the major areas to target soil management efforts in NNY, for increased farm profitability.

Methods:  

We have developed a cost effective soil health assessment method, which is planned to be offered as a for-fee service by Cornell University. We identified important soil health indicators that are relevant for the interpretation of key soil functions and processes in agronomic systems. This led to the development of the Cornell Soil Health assessment protocol. Table 1 shows these indicators and the associated relevant soil processes. We used these indicators to assess the state of soil health in NNY. We sampled over 40 fields from 17 farms during the spring of 2006 as part of the soil health project funded by the Northern New York Agricultural Development Program. These samples were taken across different parts of the region and also represent a range of management practices in the NNY counties. Samples were collected from both plow-till and no-till systems, dairy and non-dairy systems, field crops and vegetable systems and some orchards. This provided the opportunity to assess soil health in NNY under a variety of soil/crop management scenarios.

Table 1. Indicators of physical, biological and chemical health of soil and their respective soil processes.

	Soil Health Assessment Indicator
	Soil Functional Processes

	Physical Indicators
	

	Aggregate Stability
	aeration, infiltration, shallow rooting, crusting

	Available Water Capacity (AWC)
	water retention

	Surface Hardness (SH)
	rooting, water transmission

	Subsurface Hardness (SSH)
	rooting at depth

	Biological Indicators
	

	Organic Matter Content (OM)
	energy/C storage, water and nutrient retention

	Active Carbon Content 
	organic material to support biological functions

	Potentially Mineralizable Nitrogen (PMN)
	N supply capacity, N leaching potential

	Root Health Rating 
	soil-borne pest pressure

	Chemical Indicators
	

	pH
	toxicity, nutrient availability

	Extractable Phosphorus
	P availability, environmental loss potential

	Extractable Potassium
	K availability

	Minor Element Contents
	micronutrient availability, element imbalances


Results:

Soil health assessment in NNY suggests that many farms can benefit from soil-building management practices (Figure 1).  Thirty two percent of NNY fields sampled had poor aggregate stability, and 12% ranked in the medium range.  The poor aggregate stability cuts across all the major textural classes that were sampled. Poor aggregation suggests that the soil will be easily prone to crusting, runoff and erosion. Since a significant number of sampled fields have concerns related to poor aggregate stability, there is a need to focus management efforts towards improving soil aggregation and structure.  Available water capacity was generally high and did not appear to be a constraint to crop production for most NNY fields sampled in 2006, which is mostly related to the dominant medium and fine-textured soils in the region. Surface hardness (SH) and subsurface hardness (SSH) were not major concerns but may become a problem in the future (Figure 1).  The majority of the sampled fields had medium SSH, indicating the need to carefully manage these soils to prevent further development of subsoil pans, and perhaps consideration of deep tillage or zone building.
[image: image1.emf]
Figure 1. Percentage of NNY fields receiving sores of good, medium, or poor based on Cornell Soil Health Test.

NNY farms generally scored well for percent organic matter, unsurprisingly since 44% of the fields had received compost or manure. Root health scores were also high, as expected for field crops and pastures.  Scores for active carbon and potentially mineralizable nitrogen (PMN) were less favorable indicating that some farms may need to pay attention to soil biological functions.  Chemical analysis revealed that extractable potassium was the most frequent limiting macronutrient.   Low pH was also detected in many of these soils, and pH correction was needed in a minority of soils. 

Comparing results for different farms confirms that sustainable management practices (reduced tillage, organic matter additions, cover cropping) improves soil health.  Manure applications on dairy farms apparently do not result in great soil biological or physical benefits with intensive tillage, soil compaction and lack of cover crops.  Greater benefits are presumably attained with a more comprehensive approach to soil health management.

Conclusions/Outcomes/Impacts:
The newly developed soil health assessment provided useful insights into potential yield-limiting factors for crop production in NNY.  Many farms have soils that are in good health, mostly due to the addition of organic matter, good rotation, or reduced tillage.  Many other fields are shown to have soil constraints that may result in yield declines or increased potential for environmental impacts.  The reports allow farmers to identify such constraints and target management practices for soil improvement.  The assessment protocols, reports and interpretations have been shared with growers and are currently being refined.  Soil health assessment tests will be commercially offered in the near future.  
Outreach: 

We have engaged many growers in discussions on soil health assessment and management, and demonstrated the basic concepts and measurements of soil health during our field meetings and farm visits. We carried out two major outreach activities in NNY during 2006. The first event took place in Willsboro, Essex County, NY with about 25 people in attendance. The second took place on Ellsworth Dairy Farm, Ft. Covington, NY in Franklin County with 20 people in attendance. During these field meetings, we demonstrated the new soil health assessment protocols and discussed with growers the specific interpretations of their soil health results. We also emphasized the importance of managing subsurface soil compaction in the soil to prevent adverse effects on crop growth and development. Specific techniques were suggested to growers on how to mitigate subsurface soil compaction. We published two extension articles on soil health in “What’s Cropping Up?” a widely circulated journal for land managers and educators in the state. Copies of these articles are hosted on the NNYADP website.
The titles and links to the soil health articles are provided below:

1. Soil Health Assessment and Management: The Concepts
http://www.nnyagdev.org/PDF/soilhealthassmgmt.PDF
2. Soil Health Assessment and Management: Measurements and Results
http://www.nnyagdev.org/PDF/SoilHealthFSPart2.pdf
In addition, we have a growers-oriented soil health website (http://www.hort.cornell.edu/soilhealth/) which contains information on the soil health initiate at Cornell University. We are in the process of completing a Soil Health Manual which will be hosted on this website. 

Next steps if results suggest continued work is needed in the areas of research, demonstration and/or education.

Additional research work is needed for soil health assessment in dairy systems. Dairy farming constitutes a relatively large sector in NNY farming. A specific concern from dairy growers has been the soil health management with manure additions. Therefore, specific soil health assessment, interpretations and management strategies are needed for these soils. We plan to work on this in 2007.

In previous years of project implementation, we have focused mainly on the field crop growers in NNY. Management of vegetable fields for soil health improvement has received little attention.  We plan to start addressing issues related to soil health in vegetable systems, by studying the impacts of reduced tillage on the management of vegetable soils in NNY. Another focal area for 2007 is to investigate how long term harvest of corn biomass affects soil quality. This study is crucial in the debate on the use of plant biomass as an alternative energy source. We have identified a research site in NNY for this study.  We also plan to continue with the soil health literacy campaign in the region through on-farm demonstration trials, field days, conferences and other growers meetings. The soil health issues listed above will be our target for 2007. 
