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Executive Summary
The Souris and Area Branch of the PEI Wildlife Federation acted as the main applicant and administrator of the PEI Ecological Goods and Services Pilot Project while co-hosting this project with the Trout River Environmental Committee (Founds Watershed). This document is meant to give a short overview of this two year project with the final report submitted prior to June 30, 2009.
This document consists of seven key sections. Firstly, the Background and Rationale for Investigation explores the history of agriculture on Prince Edward Island and the environmental problems that have become associated with it.
Secondly, the Objective of this project was to evaluate the effectiveness of implementing a set of financial incentives to agricultural producers for the provision of ecological goods and services through a Comprehensive EG&S Land Management Package (CLMP). This should address environmental priorities identified in both watershed management plans.
Thirdly, the Funding and Partnerships are identified that make a project of this magnitude work. The total project costs of the activities and objectives Prince Edward Island Ecological Goods and Services Pilot project was projected at $551,500 over two years with projected contribution of $354,000 from ACAAF funding. 
Fourthly, the Methods and Implementation explores several sections, including the producer uptake in the activities promoted under the Comprehensive EG&S Land Management Package.  A socio-economist Dr. Van Lantz from the University of New Brunswick was hired by the Souris & Area Wildlife Branch to determine the social benefits of environmental actions performed in the PEI Ecological Goods and Services Pilot Project through a major public survey. Water quality testing within freshwater tributaries and the estuary were conducted. LEACHM-N modelling was conducted to determine results on nitrate leaching in nutrient management trials. The Quebec Pesticide Risk Indicator model (QPRI) was used to evaluate environmental and health risks associated with the active ingredients applied per hectare in producers’ fields in both watersheds.
Fifthly, the Results, Cost & Benefits were discussed in an appropriate manner. A number of tables appear reflecting percentage uptake of the Comprehensive Land Management Package by producer in year 2 vs year 1. A computer model gives results in a chart fashion on the leaching of nitrates in various crop rotations, specific variety of potatoes and grain combined with some element of spring ploughing. Results from a pesticide risk model also depicted the environmental risks and health risks of pesticides in both watersheds.
Finally, some Conclusions and suggestions to the Future are drawn from the experiences in this project that could have implications on a broader basis. 
Background and Rationale
Prince Edward Island’s history, culture, and economy are deeply rooted in agriculture. In 2003, total farm cash receipts totalled $354.3 million, with crop production accounting for 53% of this total [1]. Both nationally and internationally, PEI is renowned in particular for its potato production. In fact, PEI stands as the largest potato producing province in Canada, accounting for 24.9% of national production in 2004 [1]. Aside from this significant, direct economic contribution, the agriculture industry provides meaningful employment to thousands of Islanders annually. Furthermore, the farming lifestyle has been engrained in the culture of the Island, establishing itself as the heart of rural PEI. While agriculture has been a viable industry in the province for almost a century, changing markets and emerging technologies have resulted in a monumental shift in the way the industry is conducted. The availability of high powered equipment has resulted in a marked expansion of the average farm size, from 44 ha in 1951 to 119 ha in 1996 [2]. In accordance, the number of farms on PEI has dropped by 78% during this period [2]. Essentially, farming on PEI has changed from a small scale, subsistence based operation to a big business enterprise driven by a challenging marketplace. 
The impacts of such a paradigm shift extend far beyond the agriculture industry directly. Changes in traditional farming methods, combined with increasing pressures on farmers to maximize yield to gain even a modest profit, have altered the delicate relationship between the farmers and their lands. Efforts to increase production have often come at the expense of the environmental health, with agricultural activities being implicated in a variety of contentious issues in the province. Erosion from large fields, for example, has led to degradation of stream habitat throughout the province, and has been shown to impact brook trout in the Wilmot River [3]. In addition, agricultural pesticides have been implicated in fish kills throughout the province [4], catastrophic events with long term ramifications in terms of community structure [5] and health. Such ecosystem impacts are numerous and varied, and demonstrate the profound influence that agriculture can have on environmental health. Effects are not limited to wild systems, however, as nitrate concentrations in groundwater reserves, for example, have been correlated with agricultural production [6, 7] on PEI, and research has related living in PEI watersheds with high nitrate levels to premature births and intrauterine growth restriction [8]. 
As the body of knowledge concerning agricultural impacts has expanded, so too has the public understanding of these issues. On PEI, events such as fish kills and estuarine anoxia receive considerable media attention [9, 10, 11, 12, 13]. As a result, the public as a whole has begun to voice its concern over the impacts of agriculture on the environment around them. As informed individuals, the public is aware that these problems are directly relevant to their quality of life, and are eager to ensure that such issues are promptly resolved. 
Environmental groups on PEI have a rich history of tackling such challenging problems. Two such organizations, the Souris and Area Branch of the PEI Wildlife Federation and the Trout River Environmental Committee Inc., have gained recognition as provincial leaders in environmental protection. These groups have taken a pro-active approach, engaging in Watershed Management Planning with the support of their respective communities. The Souris & Area Branch (SAB) was formed in 1954, as a chapter of the Prince Edward Island Wildlife Federation, formed in 1906. The Souris River Watershed Management Committee, a sub-committee of the Souris & Area Branch of the P.E.I. Wildlife Federation (SAB), is specifically concerned with the quality of water resources within the Souris River drainage basin. The committee recognizes that healthy water resources are contingent on proper practices in all areas of the watershed. Keeping with this holistic approach, the watershed management committee has representatives from the aquaculture, agriculture, and forestry sectors, recreational and commercial fishery, Souris Wildlife Federation, municipal, provincial & federal governments and the community at large. The committee has developed strong contacts with the agricultural producers within the watershed who have been active participants in the watershed planning process. The Trout River Environmental Committee Inc. (TREC) is a volunteer, non-profit, non-partisan, community-based watershed improvement group that was originally formed in 1993. TREC was later incorporated on March 4th, 1999 with the stated purpose of restoring and conserving the natural integrity of the Trout River watershed and to promote good environmental stewardship in the drainage basin. Although TREC originally focused its efforts in the Trout River watershed, it became evident that water quality issues in the entire estuary would only be addressed by working on the whole of the Stanley River watershed, including the Granville Creek and Found's Mill river systems. In the winter of 2002, TREC once again expanded its boundaries to include three other watersheds in the Bayview area that also flow into the Southern portion of New London Bay. In total, the six watersheds consist of 30,559 acres (12,367 ha) of land and more than 150 kilometres of fresh water tributaries carrying water to New London Bay, which ultimately empties into the Gulf of St. Lawrence. Surface water quality and fish habitat restoration have always been a priority for TREC and will continue to be the focus of future work in the area. TREC will continue to work closely with farmers, fishers, home and cottage owners, tourist operators and federal and provincial government departments to reduce the input of various contaminants including sediment, bacteria, nutrients and pesticides, and to restore natural flushing action of streams and estuaries.
The communities served by these groups are fortunate to not only have an informed populace, but also a responsible farming contingent willing to cooperate with environmental organizations for the betterment of the community. Agricultural producers in these areas are acutely aware of the damage their operations can potentially cause, and are willing to implement practices designed to prevent/mitigate these impacts. However, such practices can be costly to incorporate, and increasing market pressures means that they must not compromise the quality or quantity of the harvest. Essentially, farmers in these regions are hindered in their efforts to become more ecologically responsible by the prohibitive costs associated with doing so. 
In recognition of this dilemma, the Souris and Area Branch of the PEI Wildlife Federation seized the opportunity provided by the Ecological Good and Services program administered by Agriculture and Agri-Food Canada. The core of this project, financially compensating farmers for implementing Best Management Practices (BMPs) on their farms, provided an opportunity to effect significant change, lessening the impacts of their operations in tangible, quantifiable ways. The practices rewarded by EG&S have been proven to do just that. Kachanoski and Carter [14] showed that soil erosion on PEI is more severe in steep sloped fields than in shallow sloped fields, lending credence to the concept of retiring sensitive land. Carter et al. [15] demonstrated that spring plowing on PEI did not effect potato yield and caused little change in soil quality, and suggested that this practice could be used for soil conservation as rewarded by EG&S. Edwards et al. [16] showed that straw mulching cut rain-induced soil erosion by half in test plots in PEI, a practice endorsed by EG&S. White and Sanderson [17] determined that applying nitrogen fertilizers in excess of 134 kg/ha did not improve yield on PEI, suggesting that nutrient management (as advocated by EG&S) may be a viable option for farmers to reduce their impacts on groundwater nitrate levels. These few examples show clearly that the programs offered as part of the EG&S project have the ability to produce meaningful changes on PEI.  
Furthermore, this project allowed these groups to gauge the public interest in allocating tax dollars to offset otherwise prohibitive costs to farmers implementing such practices. Programs such as this are impossible to deliver without public support and part of EG&S consisted of quantifying the community interest in doing so. The willingness of the community to devote some of their tax dollars, in such harsh economic times, to supporting environmental initiatives is a powerful tool when developing and implementing future projects.
Put simply, the Souris and Area Branch of the PEI Wildlife Federation and the Trout River Environmental Committee Inc. chose to investigate the feasibility of EG&S to ensure the ongoing viability of sensitive ecosystems and habitats in their areas. The mandate of environmental protection guides all management decisions made by these groups, with subsequent benefits contributing to improved public health and quality of life for residents.
Project objectives
The objective of this project was to evaluate the effectiveness of implementing a set of financial incentives to agricultural producers for the provision of ecological goods and services through a Comprehensive EG&S Land Management Package (CLMP). This should address environmental priorities identified in both watershed management plans. The initiatives that have been implemented through the CLMP should lead to improved water quality and biodiversity in each of the watersheds. This project has provided the opportunity to assess the benefits/costs of the various incentives in the CLMP and the level of adoption by producers in what are considered to be the most effective solutions to enhance EG&S in the province of Prince Edward Island.
Specific sub-objectives included:
(1) Estimate the social value (or natural capital) benefits from providing EG&S in the pilot watersheds.
(2) Estimate the private costs to agricultural producers for the provision of EG&S in the pilot watersheds.
(3) Deliver a Comprehensive Land Management Package.
(4) Determine the extent to which the local watershed communities, in partnership with government, the agricultural industry and agri-business, are an effective delivery agent for encouraging the adoption and implementation of EG&S activities that address watershed priorities indentified in the watershed planning process.
(5) Determine the extent to which a CLMP can provide appropriate incentives to encourage widespread adoption of sustainable practices resulting in a measureable impact on environmental outcomes at a watershed level.
(6) Conduct a cost-benefit analysis of specific EG&S activities provided by agricultural producers in the pilot watersheds.
(7) Determine the cost implications of delivering a similar program on a broader basis.

Funding and Partnerships
The total project costs of the activities and objectives Prince Edward Island Ecological Goods and Services Pilot project was projected at $551,500 over two years with projected contribution of $354,000 from ACAAF funding. 
 The Souris and Area Branch of the PEI Wildlife Federation was the main applicant. They were responsible for the administering and delivering the activities and objectives indentified in their Agreement. They also provided the Project Manager and were represented on the Management, Technical Advisory, Watershed Agricultural and Evaluation and Monitoring committees.
[image: Souris Wildlife Federation Logo.jpg]


[image: http://www.isn.net/~alexnanc/trec/logo.gif]The Trout River Environmental Committee was a co-partner watershed group to the main applicant. They provided in-kind assistance as a member of the Technical Advisory and Watershed Agricultural Committees. They also were ex-officio members of the Management Committee. 



The PEI Federation of Agriculture provided in-kind assistance to the Management, Technical Advisory, and Watershed Agricultural Committees. They assisted in garnering producer support in the project, and became a strong advocate of the project.
[image: ]



The PEI Department of Environment, Energy and Forestry provided in-kind assistance to the Management, Technical Advisory, and Monitoring and Evaluation Committees. They conducted water quality monitoring in cooperation with Environment Canada. They also provided a hydrogeologist who performed the predictive water quality monitoring. The PEI Department of Agriculture provided in-kind assistance to the Management, Technical Advisory, Monitoring and Evaluation Committees. They also provided technical support for soil conservation, nutrient management and pesticide risk reduction. They also performed lysimeter monitoring. The PEI Agricultural Insurance Corporation administered the [image: PEI DEEF LOGO]payments to the producers.



The University of New Brunswick provided the services of an economist who conducted the valuation of various EG&S activities and provided the social and economic evaluation. Dr. Van Lantz was also a member of the Technical Advisory and Evaluation and Monitoring Committees.
[image: http://www.geocities.com/CapeCanaveral/Hangar/8792/imatges/logo_unb2.gif]


[image: agcanadalogo]Agriculture and Agri-Food Canada’s Regional Office provided a representative on the Management, Technical Advisory and Evaluation and Monitoring Committees.

Ducks Unlimited Canada provided in-kind assistance with GIS mapping and had representation on the Technical Advisory and Evaluation and Monitoring Committees.
[image: osNSPLSN_336_top_Logo%20-%20Ducks%20Unlimited%20Canada]


[image: Syngenta]Syngenta provided funding for the EG&S Activities and recommendations for pesticide risk reduction strategies.


[image: http://www.careerbeacon.com/_logo/29_1_cavendish_agri_services2008.gif]Cavendish Agri-Services provided nutrient management recommendations for potatoes and determined the financial returns for split field nutrient management trials.




Methodology and Implementation
Producer Uptake:
Producers in both the Souris & Founds Watersheds were supported in this project by two agrology specialists and a part time project manager. This project was initially promoted by meetings with producers and repetitive visits by the agrology specialists and the project manager. Most producers became very willing to participate, but needed time to get a full understanding of the project and to develop a trust between all cooperating bodies.
 The signing of the Contribution Agreement (May 23, 2007) was in the middle of cropping season so much of what happened in year one of the EG&S Pilot Project could be considered status quo. In year 2 we saw many producers incorporate many features of this project that applied to their farm.
All measurements of soil erosion structures, retired land, grassed headlands, hedgerows, sensitive land adjacent to legislated buffers, and reduction of red land over winter were done by the agrology specialists utilising the Global Plotting System. The agrology specialists were also very much involved with the nutrient management trials and the collection of data for the pesticide risk section.
Socio-Economic Survey:
A socio-economist Dr. Van Lantz from the University of New Brunswick was hired by the Souris & Area Wildlife Branch to determine the social benefits of environmental actions performed in the PEI Ecological Goods and Services Pilot Project. 
The purpose of his study was to estimate the social benefits of seven environmental actions performed by agricultural producers in the Souris and Founds watersheds on PEI. The specific activities included: (1) an increase in acres of erosion control structures; (2) an increase in acres of sensitive high sloped land retired; (3) an increase in acres of hedgerows; (4) a reduction in pesticide risk; (5) a reduction in acres of tilled (red) land over winter; (6) an increase in acres of sensitive land adjacent to legislated buffers retired; and (7) an increase in acres of permanent grassed headlands.
A stated preference choice experiment (CE) method was used to facilitate his analysis. Specifically, he used a total of 4 public surveys to present samples of households in the watersheds with hypothetical government incentive programs that would encourage agricultural producers to perform specific environmental actions that improve EG&S in the watersheds. He then asked them to choose among the programs. A cost was attached to each program, indicating the amount of additional income tax each household would have to pay to implement the specific programs. Through statistical analysis of the responses, an estimate of the average household’s willingness-to-pay for each environmental action in each watershed was derived. These values were then aggregated to the local population in each watershed and converted into per acre annual social benefits in order to set the stage for a comparison with the costs outlined in Lantz et al. [18].
Evaluation and Monitoring of fresh and saltwater:
The PEI Department of Environment, Energy, and Forestry in partnership with Environment Canada sampled the fresh water river systems and the estuary of Souris River regularly on a bi-weekly manner (May-Oct) for bacterial contamination and nutrient load over the past three years. It is suggested that over such a short period of time that it would be inconclusive to indicate that the land use practices of the Ecological Goods and Services Pilot Project had any effect on the nutrient load entering the estuary. Important baseline data has been collected and over a longer period of time a conclusion may very well be developed.
Bacteriological Water Quality Souris River:
The Souris River estuary is an area of importance to the shellfish industry on PEI. The area has a number of seed mussel leases as well as some oyster resources and a significant clam fishery.
In terms of shellfish classification status, Colville Bay and the tidal portion of Souris River have had relatively stable water quality in recent years.  Restrictions on the harvest of bivalves within this area have existed since the 1960’s.  Overall, the amount of closed shellfish harvesting area has been reduced as the town of Souris has improved its sewage treatment system over the years.
In 2005, analysis of recent and historical water quality data revealed that the approved portion of the Souris River no longer met acceptable criteria and the classification for that section of the river was downgraded to closed. While the area could still be utilized as a seed and relay source of shellfish, this closure effectively closed the entire Souris River to the harvest and direct consumption of shellfish above the causeway.
Sanitary surveys of the area did not uncover any significant changes in local conditions or land use practices. The change in water quality was not dramatic and examination of the data showed that the water quality in Souris River with respect to Canadian Shellfish guidelines had been marginal for some time. Since there were few livestock operations and no new sources of contamination discovered in the area, it was felt by some that little could be done to improve water quality in the short term. An education and awareness program was initiated by the Souris and Area Wildlife Federation with the hope of improving practices so that, over time, the area could be reopened. Under the stringent criteria used by the Canadian Shellfish Sanitation Program this could take up to five years to achieve.
Discussion ensued between the regulatory authorities (Environment Canada, Fisheries and Oceans Canada and the Canadian Food Inspection Agency), the Province of PEI (Departments of Environment, Energy and Forestry and Agriculture, Fisheries and Aquaculture), stakeholders and the Souris and Area Wildlife Federation in order to make the best of the situation. This resulted in additional water quality sampling being carried out.
Preliminary assessment of the impacts of nutrient management on water quality in the Souris River watershed:
This study is to investigate the effects of nutrient management (NM) on nitrate levels in groundwater and associated surface water in the Souris River watershed. The study covers an area of 14341 ha, including the Souris River watershed and the Norris Pond watershed. Several commercial fields (known as A, B, C, D, E and F) were selected for testing purposes during 2007-2008. Each field was split into conventional treatment (CON) and nutrient management treatment (NM) parts. Field locations and management details on each field were discussed by Thompson et al. [19].
Nitrate concentration of lysimeter water samples and soil nitrate content were used as measurement of nutrient management efficiency. The hypothesis is nitrate in lysimeter samples under NM will be lower than that under CON treatment, and total N (mineralization N) in the soil profile upon harvest under NM is lower that under CON treatment. 
Another hypothesis is that average nitrate level of well water and nitrate levels in Souris River and its tributaries would show declining trend under NM. This hypothesis is not tested during this work because the sampling program did not extend long enough to demonstrate the trend and the effects of NM may be lost into the noise derived from the other processes (such as spatial variability of soil property, buffer effect of soil on nitrate leaching, spatial variability of management and weather). 
In this work, models were employed to assess the effects of NM on water quality. A LEACHM-N model was developed by Jiang et al. [20] to examine nitrate leaching from a potato production system in PEI. The model was calibrated to data from a management experiment conducted at the Harrington Farm during 1988-1992. Information that was required for model input and was not included in the experiment reports was derived from a database maintained by Jerry Ivany (personal communications, 2007) or from Zebarth et al. [21, 22, 23, 24]. Details on the modeling can be found in Jiang et al. [20]. This model was customized to the Souris River watershed by assuming that the soil properties of the Harrington Farm are similar to those in the Souris River watershed and the weather conditions of 1988-1992 in the Harrington Farm are typical and could reoccur in the Souris River watershed. Site specific crop information and management practices (fertilizer rates and timing of fertilizer applications) were incorporated into the model. It is also assumed that the cropping sequence for the tested period (1988-1992) was wheat, barley, red clover, potato (Russet Burbank) and barley. Simulated nitrate leaching for the period 1989-1991 was used as an indicator of NM efficiency on reducing nitrate loading to groundwater and associated surface water.
The effects of NM on water quality at the watershed scale were also evaluated using an acreage-weighted leaching model. Details about the modeling approach were discussed in Jiang et al. [25]. Land use information and associated nitrate leaching rates are required as model input. To generate land use input, land uses in the watershed were categorized as A) agriculture (6385 ha) and B) others (14341-6385 ha), and acreage for each category was calculated based on data from 1990. Category A was further subdivided into A1) land in potato production rotation (3705 ha) A2) pasture/grass based on data of period 1996-2000 (2680 ha). Rotation lengths for Category A1 were based on GIS analysis by PEIDA. LEACHM-N simulations, tile drain measurements [26], field N budgets and groundwater modeling [27] were employed to define annual nitrate leaching to shallow groundwater for each land use category. Acreage-weighted nitrate leaching concentration was calculated. With the assumption that the acreage-weighted nitrate concentration is equal to mean nitrate concentration of well water, percentage of well water samples with nitrate level >10 mg N/l was predicted based on a normal distribution derived from statistics of well water samples across PEI [25]. Acreage-weighted nitrate concentrations for several scenarios, which include A) current land use practices (2-3 yr rotation) continue, B) 3-yr rotation plus current management, C) 3-yr rotation plus NM and D) 3-yr rotation, NM and spring plow are evaluated respectively (see Table 2). By assuming the acreage-weighted nitrate concentrations are equal to nitrate levels of low flow [27], the effects of NM on surface water quality were predicted.
Quebec Pesticide Risk Indicator Model:
The Quebec Pesticide risk Indicator (QPRI) model was used to determine the environmental and health risks associated with the active ingredients applied per hectare on potatoes. The QPRI has 2 separate components: the Environment Risk Index (ERI) and the Health Risk Index (HRI).  The ERI of each product takes into the impact of the active ingredients (AI) on terrestrial invertebrates, birds, and aquatic organisms, its mobility, persistence in soil, and bioaccumulation. The HRI of each product takes into account the acute and chronic toxicity of the AI, as well as persistence potential in the environment and the bioaccumulation potential in the body. Application method/end use can impact both ERI and HRI values. As the ERI and HRI are based on different variables, and weighted differently, the health index of products/AIs must be considered independently of its environmental index.
Spray records were collected by the agrology specialists from the producers and they were entered into this model by staff of the PEI Department of Agriculture. Agricultural meetings with staff from the (PEI Department of Agriculture, project manager, watershed coordinators and agrology specialists) with producers in each watershed at the end of year one explained the model to producers and the environmental and health risks associated with the various products. In the Souris and Trout River watershed the sum of the ERI and HRI (E-ERI&HRI) was calculated in each year for each field and the mean overall value was determined. Fields with E-ERI&HRI below the mean value received EG&S payments.
Results, Cost Benefits & Discussion
Producer Uptake:
It was felt by the Souris & Area Branch, Trout River Environmental Committee and the producers involved that this was a very worthwhile project. Producers that have a history of doing many environmentally friendly practices on their farm felt that they were finally getting recognized. That encouragement prompted them to attempt new practices and the payment encouraged them to expand older practices that fit the mandate of the project that they normally couldn`t afford.
It took a year for everyone to get comfortable and gain a full understanding and trust with the project and significant producer uptake occurred in year 2 using year 1 as the status quo. This uptake is reflected in the table as follows:





Table 1: Producer percentage increased uptake 
	Structure/Activity
	Total Acres 2007
	Total Acres 2008
	Percentage Increase Uptake

	Land Utilized by Terraces
	26.03
	26.03
	0

	Land Utilized by Grassed Waterways
	48.83
	56.4
	15.5

	Land Utilized by Farmable Berms
	1.78
	1.78
	0

	Land Utilized by Non Legislated Grassed Headlands
	25.21
	33.61
	33.3

	Land Utilized by Hedgerows That Meet Standard 
	53.27
	57.55
	8.03

	Retired Sensitive High Sloped Land
	72.59
	83.69
	15.3

	Enhanced Stream or Wetland Buffers
	22.81
	43.16
	89.2

	Spring Plough
	285.3
	1031.2
	261.4

	Winter Cover
	732.55
	862.15
	17.7

	Nutrient Management Split Field Trials
	31
	73.9
	138.4

	Total Acres
	1299.37
	2269.47
	

	
	
	
	

	Structure
	Total (ft.)
	Total (ft.)
	Percentage Uptake

	Maintaining electric fence@ stream/wetland/hedgerows
	9134.35
	20716.35
	126.8

	Maintaining barbed wire fence @stream/wetland/hedgerows
	10149
	10149
	0

	Structure
	Total
	Total
	Percentage Uptake

	Maintaining alternate watering systems
	19
	19
	0

	Maintaining stream crossings
	6
	6
	0

	Maintaining both water source and stream crossing within the same field
	0
	2
	200



Impacts of Nutrient Management on Water Quality in the Souris River:
LEACHM-N modeling showed that nitrate leaching mainly occurred between crop harvest and the planting of subsequent crop (i.e. between earlier October and earlier May of the following year). Simulated leaching concentration peaked at 25-35 mg N/l in late October or earlier November and declined to above 4 mg N/l in earlier May, depending on fertilizer N rate, managements, land use history and weather. 
The model respected the timing of nitrate leaching processes observed in the experiment (see Fig.) and reported by Thompson et al. [19]. The model predicted nitrate leaching following grain harvest was generally lower than that following potato crop but not significantly. The magnitude of simulated concentrations generally agreed with measurements from the experiments mentioned above, given that the measurements were subject to large variability. The model indicated NM reduced nitrate leaching while observations may show leached concentrations under NM higher than those under conventional treatments (Fig.). The discrepancy could be due to the effects of previous land use and/or the lack of spatial uniformity of management. Longer period of data and more sampling sites on each field are required to diagnose the causes. 
LEACHM-N predicted switching from B to C, annual volume-weighted leached concentration would decrease by ~2 mg N/l, and from C to D, by ~0.7 mg N/l respectively, suggesting that the effects of NM and spring plow were relatively significant for shallow groundwater directly underlying the field; however, the effects of NM and spring plow at a watershed scale (Table 2) as predicted by the acreage-weighted leaching model were marginal because only a small percentage of land mass is under crop rotation production in the watershed (26%). The acreage-weighted leaching model also predicted marginal reductions on nitrate loading to shallow groundwater and surface water (Table 2) by NM and NM plus spring plow at the watershed scale.
The acreage-weighted leaching model predicted average nitrate of well water (steady state) was (4.2 mg N/l) and was very close to the average (4.6 mg N/l) based on the statistics of 198 samples during 2004-2008 in the watershed, implying the prediction agreed with the measurements well.
Ideally, longer period of experiment, more sampling sites on a field and experiments in more watersheds are required to validate the models and help decide what the Island wide picture looks like.


Table 2: Predicted effects of NM on water quality in the Souris River watershed.
	Scenario
	A: 2-3 yr rotation, 220-240 kg N/ha for RB and 90 kg N/ha for grain
	B: 3-yr rotation, 240 kg N/ha for RB and 90 kg N/ha for grain
	C: 3-yr rotation, 180 kg N/ha for RB and 60 kg N/ha for grain (NM)
	D: 3-yr rotation, 150 kg N/ha for RB and 60 kg N/ha for grain (NM & spring plow)

	Average nitrate in shallow groundwater/dry-season surface water (mg N/l)
	4.2 
	3.9
	3.8
	3.7

	Percentage of wells with nitrate > 10 mg N/l
	2.1%
	1.7%
	1.4%
	1.3%

	Nitrate loading to shallow groundwater and associated surface water (kg N/ha)
	17.6
	16.4
	16.0
	15.5


Notes: fertilizer N for red clover was assumed 0 for all the simulations; RB represents Russet Burbank; nitrate leaching from septic effluent was super-imposed; N credits from manure were assumed accordingly offsetting N fertilizer applications.


Bacteriological Water Quality Souris River:
Results from this intensive set of sampling runs demonstrated that part of the Souris River could be classified as Conditionally Approved from the beginning of April to the end of June.  This type of seasonal classification is an accepted form of management under the Canadian Shellfish Sanitation Program.
It is difficult to say definitively whether improved practices within the Souris River watershed will lead to improved bacteriological water quality over the long term. It is however, quite likely, that local water quality conditions would have continued to degrade and perhaps affect a larger portion of Colville Bay without the efforts of the Souris and Area Wildlife Federation.  The involvement of the Federation has been instrumental in the establishment of the Conditionally Approved portion of Souris River has resulted in great benefit to the local fishing community and leaseholders.
Costs & Benefits:
At the time of preparation of this paper the final details of payment to producers is being developed. Because of several delays in determining the pay-out or non pay–out within the nutrient management section the final payments to producers were determined on March 30, 2009. It is impossible for us at this early date to do a cost benefit analysis. It is planned that a cost benefit analysis will appear in our final report.
We find it difficult to produce well researched documentation in all aspects of our project on April 1st when the project ends on March 31st and final reports are not due until June 30th. 

Estimating the social benefits of environmental actions preformed by the agricultural producers in the Souris & Founds Watersheds:
· Socio-demographic characteristics of respondents
This section will simply deal with the highlights of the socio-demographic characteristics of respondents to the public survey conducted by Dr. Van Lantz. Gender, age, education, income, employment and household size characteristics tended to be similar in both watersheds with some marginal differences. The largest age group that responded was the 50-64 year age class. The largest education group that responded in both watersheds was post secondary education. The annual household income was also quite similar in both watersheds with the largest income group classification in the $20-39 or $40-59 thousand ranges.
The respondents with family members having worked on a farm, their agricultural education, their membership in environmental organizations and frequency in recreation around their watershed were relatively similar in both watersheds.
· Respondents’ knowledge of selected watershed questions and their importance rating of environmental characteristics within their watersheds.
A very large majority of respondents were aware of the definition of a watershed before receiving the survey. Souris respondents were more knowledgeable in this environmental area than those from the Founds. Souris had more recently gone through a watershed planning process in their community which probably explains this difference.
A large majority of the respondents indicated that water, wildlife habitat, soil and scenic quality were all very important to them.
· Respondents’ perceptions about current/future state and management of their watersheds
In most cases a large proportion of respondents across samples rated the current state of water, wildlife habitat, soil and scenic quality in their respective watersheds as either good or fair. Respondents from Souris tended to lean more closely to good than those from Founds. Respondents’ perspectives about the future state of these environmental characteristics over the next 10 years indicated that they believed the quality to become slightly worse or much worse in the future.
When considering the activities that they thought negatively impacted environmental quality in the watersheds, a majority of respondents across all samples indicated that row crop farming, timber harvesting and livestock farming were the major contributors, in descending order.
Finally, when considering their perceptions of financial incentives and paying higher taxes to improve the environment, respondents across both watersheds replied in a similar fashion. Specifically, a majority of respondents indicated they thought environmental regulations and enforcement in PEI should be stricter, farmers should receive financial incentives to farm in a environmentally friendly way and the environment is worth paying for.
· Average household willingness-to-pay and social benefits of environmental action
It is clear in the following tables that respondents across both watersheds are most willing to pay for increasing hedgerows, retiring high sloped land and reducing pesticide risk on agricultural land. Additionally respondents in both watersheds indicated a positive willingness to pay for reducing tilled (red) land over winter. Increasing grassed headlands, increasing retired land adjacent to legislated buffers and increasing erosion control structures were valued differently by individuals in both watersheds.
Table 3: Estimates of household’s willingness-to-pay/yr and social benefits/acre/yr for agricultural producer actions that improve ecological goods & services in the Souris Watershed

	Landowner Activities
	Average Household willingness-to-pay/yra
	Social benefits/Acre/Yearb

	Increase in hedgerows 
(26 acre increase)
	$18.58
	$869

	Increase in retired sensitive high sloped land 
(44 acre increase)
	$32.55
	$900

	Reduction in pesticide risk
(a large reduction in risk across agricultural land in the watershed totalling 5,093 acres)
	$56.44
	$14

	Reduction in tilled (red) land over winter (310 acres additionally covered)
	$32.61
	$128

	Increase in grassed headlands (20 acre increase)
	$0
	$0

	Increase in land adjoining legislated buffers 
(18 acre increase)
	$23.67
	$1599

	Increase in erosion control structures
(52 acre Increase)
	$10.90, 23.38c
	$255, $547c


a  The method of payment was defined as increase in provincial taxes over a 10-year period.
b Social benefits were annualized over a 10 year period (discounted by 5%) and based on a total of 1500 households in the region.
c The two values presented here are due to the same erosion control structure activity being included in two random survey samples of households in the region, and each produced a different estimate.




Table 4: Estimates of household’s willingness-to-pay/yr and social benefits/acre/yr for agricultural producer actions that improve ecological goods & services in the Souris Watershed
	Landowner Activities
	Average Household willingness-to-pay/yra
	Social benefits/Acre/Yearb

	Increase in hedgerows 
(26 acre increase)
	$35.65
	$1993

	Increase in retired sensitive high sloped land 
(44 acre increase)
	$69.39
	$3309

	Reduction in pesticide risk
(a large reduction in risk across agricultural land in the watershed totalling 5,093 acres)
	$37.59
	$156

	Reduction in tilled (red) land over winter (310 acres additionally covered)
	$3.90
	$21

	Increase in grassed headlands (20 acre increase)
	$21.60
	$1,751

	Increase in land adjoining legislated buffers 
(18 acre increase)
	$0
	$0

	Increase in erosion control structures
(52 acre Increase)
	$0, 0c
	$0, 0c



a  The method of payment was defined as increase in provincial taxes over a 10-year period.
b Social benefits were annualized over a 10 year period (discounted by 5%) and based on a total of 1500 households in the region.
c The two values presented here are due to the same erosion control structure activity being included in two random survey samples of households in the region, and each produced a different estimate.

Pesticide Risk:
There was no consistent trend among the indexes. Pest management decisions change each year depending on pest pressures, crop and varieties grown, field history, available treatments.  The growing season in 2008 saw unprecedented rains in August and as a result the disease pressure was much greater than in 2007. As a result pest management strategies may have changed on farm which could have resulted in increased pesticides being applied. Although farmers could utilize the QPRI to make choices that posed less risk to environment and health, if more overall product were applied as a result of increased pest pressures, an increase in ERI or HRI value between years could still result. In future crop/variety and product choices and application numbers should be more closely examined.
Farmers should be rewarded for making better pesticide decisions that impact themselves, as well as their environment and, in turn, their community.  The QPRI can be used to assign value to each farm field based on pesticide choices. Decreasing ERI and HRI values could indicate selection of reduced risk pesticide products and/or increase in adoption of pest management strategies which reduce the requirement for pesticide use.

Conclusions
Much was learned from the Prince Edward Island EG&S Pilot Project, both in terms of advantages and drawbacks. Producers appreciated the “carrot vs. stick” approach employed by the project. Essentially, participating producers welcomed the opportunity to voluntarily implement BMPs on their farms rather than being forced to do so by legislation. These producers valued being able to contribute to the improvement of their respective watersheds while not incurring prohibitive costs.
 Participation of producers in the Pesticide Risk component exposed them to chemicals that have less environmental risk but are still effective at controlling the challenges of producing a good crop.
Producers that participated in the Nutrient Management section were exposed to two year field trials that showed no significant change in yield with less fertilizer, meaning they can still produce a similar yield at less economic and environmental cost. Producers in general, at the completion of this project, are much more aware of the resources at their disposal, and have adopted an improved attitude towards environmental protection. 
	Another positive outcome of this project was the development of a PEI Alternative Land Use Services (ALUS) program. This provincial program was based on the payments developed for the PEI EG&S Pilot Project, and it includes many of the Comprehensive EG&S Land Management Package components. This will offer producers the opportunity to continue with some of the environmentally responsible practices implemented under EG&S. 
	While these outcomes and lessons are important, the EG&S Project nonetheless featured some drawbacks. Firstly, a two-year pilot project is not long enough to collect the data that is needed to reach long term outcomes. Producer interest and participation is just beginning to peak as the project is concluding, and this might discourage producers from participating in similar projects in the future. It is suggested that the minimum duration for this type of project be 3 years, with 5 years being an optimum timeframe to reach the project goals. 
	The timing of signing contribution agreements is crucial to ensure producer uptake in the first year. Having a contribution agreement signed (May 23rd) in the middle of cropping season is detrimental to producer uptake in year one, as it is too late to implement many of the practices at this time. 
	Another lesson learned from this project is that having a strong project manager and agrology specialists who are familiar with the producers, environmental issues, and who also have experience in agriculture is crucial to quick producer uptake. Producers who respect and trust these individuals are more willing to participate. We must realise that there are many failed government projects that have soured producers’ attitudes, and knowing the project officials they are dealing with can reconcile many of these issues. 
	It is felt that all services provided by the EG&S Project will contribute to the long term health of the Souris and Founds River watersheds.   During the summers of 2007 and 2008, both watersheds experienced above average rainfall. The general perception of the stakeholders, especially in the Souris watershed, was that the river experienced less “red” events and this was attributed to the farmers’ implementation of the CLMP services. Approximately nineteen (19) anoxic events occurred in the summer of 2008 in Prince Edward Island, with none in the Souris River. It must be emphasized that it is the combination of all EG&S services offered that enables the project to be successful. 
	The provincial ALUS program has implemented compensation for the following BMPs with rate payment taken from the PEI EG&S Pilot Project; soil erosion control structures, sensitive high sloped land retired, sensitive land adjacent to legislated buffers retired, and permanent grassed headlands. The province has recognized that these are the most cost-effective practices to endorse, and that they are the most important for eliminating red water events during sudden, torrential rainstorms. These practices can be implemented across the total province with an annual budget of $750,000. 
Future
	The results of Dr. Van Lantz’s socioeconomic survey illustrate the difficulties associated with implementing EG&S on a national scale. Respondents in the two watersheds surveyed differed in their opinions and priorities with regards to BMPs and the environment in general. This country is too large, with diverse geographic and economic features that make it extremely difficult to satisfy everybody’s needs. 
	Prince Edward Island is completely dependent upon groundwater for their drinking water. In the past 3 years, valuable data has been collected that will lead to solutions to mitigate the impact of nitrates. This research should be continued, with emphasis on understanding the relationship between nitrate leaching and spring plowing vs. fall plowing, and the long-term effects of reducing nutrient input on aquatic ecosystems. Continued data collection with lysimeters will result in a long-term data set that will enable managers to determine trends and respond as necessary.
	The partnerships required to deliver a successful project like EG&S should include the following; Agriculture and Agri-Food Canada, Provincial Departments of Agriculture and Environment, municipal governments, local watershed groups, farm organizations, farm suppliers, agricultural processors, academic institutions, and local environmental groups. 
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