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Introduction  

Why Develop a Soil Health Roadmap? 

Farmers intuitively understand soil health is the fundamental basis of farm health.  Yet there is no 

prescriptive path which will achieve the goal of improving soil health for all agricultural operations. 

By developing a Soil Health Roadmap, practical questions can be explored: 

¶ How can farmers skillfully evaluate the specific health of the living, changing soil system 

under their care? 

¶ What does the term ògood soil healthó mean in the context of the goals of a diversified 

farm? 

¶ What decision making framework can farmers use to evaluate management practices in 

terms of supporting the restorative capacity of the soil? 

¶ Can necessary adjustments to management practices be implemented while maintaining the 

economic viability of the farm?  

¶ Can management approaches that directly contribute to improved soil health concurrently 

reduce reliance on external inputs, and/or buffer threats such as development pressure and 

climate change?  

Diversified farms are complex systems which require multifaceted approaches to address the needs 

of the many stakeholders.  Because of the intrinsic challenges, too often the goal of improving soil 

health is deferred or addressed in a piecemeal approach.  A soil health roadmap is intended to 

provide the farmer a comprehensive view of her/his farm operations from the perspective of its co-

creator: the living soil.  It is the intent of this project team that by doing so, farmers will pursue their 

work with increased confidence and feel empowered to make operational changes that create long-

term resilience and improved health for themselves, their families, and the farms they steward. 
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The Soil Health Roadmap 

A Soil Health Roadmap is comprised of four sections: 

1. A comprehensive soil health assessment establishes a baseline measurement of soil 

health for the farm. 

2. A systems nutrient budget provides an overview of how nitrogen and phosphorous are 

cycling through the farm. 

3. A nutrient management plan outlines the comprehensive historic and current practices 

which affect soil health.  The nutrient management plan identifies specific, actionable 

recommendations in four categories: crop rotations, cover crops, organic material & fertility 

management, and machinery/equipment. 

4. A carbon footprint analysis evaluates baseline farm management practices and proposed 

recommendations which impact greenhouse gas emissions and sequestration. 

 

Figure 1: Crimson clover roots with nodules support nitrogen-fixing Rhizobia bacteria, September 2017 
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April Joy Farm: An Overview 

April Joy Farm is a diversified crop and livestock farm located in southwest Washington state (see 

Table 1 for a farm profile).  The certified organic, Animal Welfare Approved operation was started 

by April Jones Thatcher in 2006 and has developed strong partnerships with grocers, restaurants, and 

hundreds of area families.  The April Joy Farm 50-member CSA program has a 93% retention rate. 

April Joy Farm is a Limited Liability Company with two active managers (Brad and April Thatcher).  

The farm is April and Bradõs (the farmersõ) sole livelihood.  The 24-acre parcel is owned by the 

farmers (50%) and immediate family (50%) who live adjacent to the farm.  In addition to two full-

time farmers, several family members/ volunteers have historically provided all the labor for farm 

operations.  In 2017, the farm was certified by the Washington State Department of Labor and 

Industry as Clark Countyõs first Agricultural Internship program.  In 2018, the farm will host two 

part-time interns. 

Initially, the farm established four market channels: grocers, restaurants, a CSA program, and direct 

sales of heritage pork.  In 2013, the farm ceased sales to grocers due to the lower profitability of this 

market sector.  In 2017, the heritage pork program was suspended due to limited pasture acreage and 

to allow the establishment of a 1.5-acre orchard.  To support this transition, the CSA program has 

grown and the restaurant crop plan expanded to increase spring and late fall season sales.  Farm 

livestock currently supporting the market produce operation include 50 layer hens, two donkeys, and 

two sows.  The limited, yet highly diverse (forest, pasture, cropland, and riparian) acreage of April Joy 

Farm presents challenges and opportunities (Figure 2). 

 

Figure 2: Aerial photo of April Joy Farm, 24 acres 
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Table 1: Farm Profile 

Name April Joy Farm 

Location Southwest Washington State, Clark County 

Biome Temperate Forest 

Land Base of Operation 
24 acres total, including: 2 acres annual crops, 5 acres hay, 1.5 acres 
grazing/orchard, 1 acre vineyard/orchard 

Soil Types Hillsboro Silt Loam, Gee Silt Loam 

Annual Rainfall 40 inches, 85% occurring October ð April 

Markets Direct (CSA) & wholesale (Restaurants) entirely within county of operation 

Enterprises 

Primary: Mixed Vegetables, Herbs, Fruit 

Secondary: Wine and Table Grapes 

Tertiary: Egg Sales 

Land Ownership Farmer Owned 

Farm Ownership & 
Legal Structure 

Brad and April Thatcher, Limited Liability Company 

Age of Farm Established in 2006 

Labor Structure Owner/Operators, with 2.5 FTE 

Weather Patterns 

 

Short, warm, dry, clear summers and moderately cold, wet, overcast winters.  
Mean daily temperature varies from 35°F to 84°F and is occasionally below 
25°F or above 95°F.1 

Population density of 
County 

718 people per square mile 

Per capita personal 
income of County 

$43,153 in 20142 

No. of plant varieties to 
be sown in 2018: 

248 plant varieties 

No. of seed varieties 
produced and saved on-
farm: 

30 

% certified organic 
seed: 

92% 

% open pollinated seed: 93% 

2017 on-farm energy 
production (solar 
electricity): 

11,200 kWh, 48% of all farm usage 

                                                      

1 https://weatherspark.com. 

2 https://fortress.wa.gov/esd/employmentdata/reports-publications/regional-reports/county-profiles/clark-county-

profile. 

https://weatherspark.com/
https://fortress.wa.gov/esd/employmentdata/reports-publications/regional-reports/county-profiles/clark-county-profile
https://fortress.wa.gov/esd/employmentdata/reports-publications/regional-reports/county-profiles/clark-county-profile
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Farm Goals 

The farmers seek to grow April Joy Farm into a diversified, resilient enterprise that provides a 

comfortable livelihood while protecting the regenerative ability of the natural ecosystem.  Their goal 

is to establish April Joy Farm as a community asset which provides area residents access to healthy, 

high quality food.  The farm is located on the outskirts of Ridgefield, which is currently the fastest 

growing community in the State of Washington.  New housing developments and urban pressures 

are eliminating the viability of area agricultural operations.  The farmers have been proactive in 

pursing multiple measures in an effort to safeguard the farmõs long-term health. 

Measure 1, Transforming Waste:  Annually, the farmers complete a process improvement and 

operations review.  The goal of this evaluation is to identify and transform or mitigate waste in three 

categories: materials (resources), time (labor), and finances (expenses).3  The results of this review 

inform enterprise and market selection, staffing requirements and capital improvement projects.  

One such example is the pending (2018) construction of a static aerated composting structure 

capable of generating all the required compost necessary to meet the needs of the farm while 

reducing labor associated with management of the composting process.  Through energy 

conservation, elimination of redundant labor, and reduction of food waste, the farmers continue to 

incrementally refine their farm model and improve their resiliency.  Partnerships with the Natural 

Resources Conservation Service (NRCS) and the Clark Conservation District (CCD) have provided 

essential assistance to implement many of the farmersõ waste reduction goals (Figure 3). 

                                                      

3 The farmers have received Holistic Financial Management training, which has formed the basis for their annual review 

process.  More information can be found at: https://www.savory.global/. 

https://www.savory.global/


APRIL JOY FARM: AN OVERVIEW 2018 APRIL JOY FARM SOIL HEALTH ROADMAP 

6 

 

Figure 3: NRCS and CCD Projects Completed at April Joy Farm 2009-2016 

Measure 2 Adapting to and Mitigating Climate Change: In 2017, the farmers developed a 

Climate Change Adaptation & Mitigation Plan (CCAMP) through Cornell Universityõs inaugural 

Climate Smart Farming Class.4  The CCAMP identified protecting and improving soil health as the 

most crucial link to ensuring long-term farm viability.  See Appendix A for details. 

Measure 3 Reduction of Carbon Footprint: In 2011, the farmers began a multi-year collaboration 

with Washington State University (WSU) Organic Farming Footprints (OFoot) Project.5  The OFoot 

Project developed a scientific tool to estimate the carbon footprint of organic farms.  April Joy Farm 

was one of five OFoot focus farms for the project.  The OFoot carbon footprint analysis of April 

Joy Farm provides an important justification for focusing on soil health. 

OFoot research identified that electricity use, tillage, and amendments/fertilizers represent a 

combined total of 75% of April Joy Farmõs carbon footprint.  To address the first of these òbig 

three,ó the farm received a 2014 USDA grant to install an 8.64 kW photovoltaic system.  This system 

annually provides over 45% of the entire farmõs energy usage.  By developing this Soil Health 

Roadmap, the farmers believe they can reduce greenhouse gas emissions associated with the second 

and third òbig threeó: tillage and soil amendment usage. 

                                                      

4 For more information about the project, visit: http://climateinstitute.cals.cornell.edu/climate-smart-farming-2/ .   

To find the carbon footprint of your farm visit: https://ofoot.wsu.edu/. 

5 http://csanr.wsu.edu/organic-farming-footprints/. 

http://climateinstitute.cals.cornell.edu/climate-smart-farming-2/
https://ofoot.wsu.edu/
http://csanr.wsu.edu/organic-farming-footprints/
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Comprehensive Soil Health Assessment 

Due to the wide variation of soil types and climatic environments, as well as diverse management 

styles and production methods utilized by farmers, one size does not fit all when it comes to caring 

for agricultural soils.  A key objective of this soil health assessment is to identify assessment criteria 

and evaluation methods that are accessible and meaningful for farmers to undertake, given their 

location, existing resources and production methods.  It is the intent of the project team that the 

framework utilized in this roadmap be of use for diversified farmers across Washington state. 

While laboratory analysis provides necessary information, the farmers know a healthy soil ecosystem 

begins with knowledgeable, astute land stewardship.  Thus, where feasible, on-farm assessment 

techniques were identified, with the hope that over time, evaluation of soil health can become more 

of an ongoing, real-time process and less of a once a year òreview-the-soil-testó event. 

The project team began by identifying the physical, chemical and biological assessment criteria of 

regionally appropriate and/or widely available soil health assessment resources (Table 2).6  From this 

side-by-side comparison, a list of criteria appropriate to the farmerõs management practices and the 

site characteristics of April Joy Farm were agreed upon, with input from project advisor Dr. Lynne 

Carpenter-Boggs of WSU. 

Table 3 lists the selected soil health indicators selected specifically for April Joy Farm.  Some 

common indicators were not included for evaluation or monitoring at April Joy Farm.  Erosion for 

example, was excluded based on the lack of historical occurrence at the farm, the slopes of the field 

location, the existence of extensive perennial field buffers, the usage of cover crops and the timing of 

tillage relative to significant rain events.   A neighboring farmer with extensive winter field operations 

and/or more steeply sloped fields would want to include erosion as part of their soil health 

evaluation. 

  

                                                      

6 A spreadsheet was developed for this project which organizes all soil health indicators by assessment source.  This 

spreadsheet could be the basis for the development of a tool which helps farmers identify soil health indicators most critical 

to their operation.  By entering information about their farm and management practices, a customized soil health 

assessment indicator list could be provided.  There are so many ways to evaluate soil health; how does a diversified farmer 

choose what to focus on?  Many simply choose the easiest to evaluate or the simplest to understand.  This selection method 

does not necessarily encourage the farmer to make investments in long-term soil health.  By providing a tool as described 

above, farmers may be able to better understand lowest/limiting factors in the health of their soil system. 
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Table 2: Soil Health Assessment Criteria 
Assessment Method Letter Codes are referenced in Table 5 

Letter 
Code 

Source 

(A) Palouse and Nez Perce Prairies Soil Quality Card 

http://www.nezperceswcd.org/Projects/SoilQuality/SoilQualityIndicator.aspx 

(B) Willamette Valley Soil Quality Card (Oregon State University) 

http://smallfarms.oregonstate.edu/sites/default/files/small-farms-
conference/2016Handouts/sfc2016_3soil_willamette_valley_soil_quality_cardem8711.pd
f 

(C) Cornell University Comprehensive Assessment of Soil Health 

https://soilhealth.cals.cornell.edu/ 

(D) NRCS Soil Quality Test Kit 

https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/health/assessment/?cid=nrcs1
42p2_053873 

(E) The Soil of Soil: A Soil-Building Guide for Master Gardeners and Farmers.  Gershuny & 
Smillie 

(F) Building Soils for Better Crops.  Magdoff & Van Es 

(G) Dr. Lynne Carpenter-Boggs, Washington State University 

(H) Know Soil Know Life.  Lindbo, Kozlowski, Robinson 

 

Table 3: List of April Joy Farm Soil Health Indicators7 
Criteria that could feasibly be evaluated on-farm are indicated in bold.8 

Physical Chemical Biological 

P1: Texture C1: pH and buffer pH B1: Organic Matter 

P2: Structure & Soil 

Tilth  

C2: Plant Nutrients 

(See Table 4) 
B2: Macrobiotic Soil Life 

P3: Compacted Layers 

0-12ó, 12-24ó 

C3: Initial Baseline: Soluble 

Salts 
B3: Plant Growth 

P4: Infiltration  B4: Weed Evaluation 

P5: Water Holding Capacity  B5: Active Carbon 

P6: Depth of A and B 
Horizons 

 B6: Legume nodules 

  B7: Mycorrhizae 

                                                      

7 Four biological soil health indicators, Macrobiotic Soil Life, Plant Growth, Weed Inventory, and Mycorrhizae could not 

be assessed in 2017 due to the timing of the grant.  It is important these indicators are evaluated during the warm/active 

growing season. 

8 While organic matter and pH can be evaluated on farm, they are commonly included in laboratory analysis with base 

chemical analysis. 

http://www.nezperceswcd.org/Projects/SoilQuality/SoilQualityIndicator.aspx
http://www.nezperceswcd.org/Projects/SoilQuality/SoilQualityIndicator.aspx
http://smallfarms.oregonstate.edu/sites/default/files/small-farms-conference/2016Handouts/sfc2016_3soil_willamette_valley_soil_quality_cardem8711.pdf
http://smallfarms.oregonstate.edu/sites/default/files/small-farms-conference/2016Handouts/sfc2016_3soil_willamette_valley_soil_quality_cardem8711.pdf
http://smallfarms.oregonstate.edu/sites/default/files/small-farms-conference/2016Handouts/sfc2016_3soil_willamette_valley_soil_quality_cardem8711.pdf
http://smallfarms.oregonstate.edu/sites/default/files/small-farms-conference/2016Handouts/sfc2016_3soil_willamette_valley_soil_quality_cardem8711.pdf
https://soilhealth.cals.cornell.edu/
https://soilhealth.cals.cornell.edu/
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/health/assessment/?cid=nrcs142p2_053873
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/health/assessment/?cid=nrcs142p2_053873
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/health/assessment/?cid=nrcs142p2_053873
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The laboratory tests undertaken using samples collected in October 2017 are listed in Table 4.  All 

soil samples submitted to A&L Western Agriculture Laboratories as well as Cornell were a composite 

mix of individual soil samples taken from all ten annual field blocks (see Figure 7) at each respective 

depth range.  Due to cost, only one sample was submitted to Cornell. 

Table 4: April Joy Farm Off-Farm Soil Health Evaluation, October 2017 

Laboratory Test Name Test Details 

A&L Western Agriculture 
Laboratories 

(503) 968-9225 

http://www.al-labs-
west.com 

S3CG  

(Complete Soil Package) 

Three samples submitted: 

0-6ó depth 

6-12ó depth 

12-24ó depth 

Organic Matter, Estimated Nitrogen Release, 
Phosphorus (Weak Bray and Sodium Bicarbonate-P), 
Extractable Cations (Potassium. Magnesium, 
Calcium, Sodium), Hydrogen, Sulfate-S, pH, Cation 
Exchange Capacity and percent cation saturation 
(computed), Soluble Salts, Excess Lime, Nitrate-
Nitrogen, Zinc, Manganese, Iron, Copper and Boron 

Cornell Soil Health 

Laboratory 

(607) 255-1672 

http://soilhealth.cals.corn

ell.edu 

Standard Soil Health Analysis 
Package with Soluble Salts and 

Hot Water-soluble Boron 

One sample submitted: 

0-6ó depth 

Soil pH, Organic Matter, Phosphorous (Modified 
Morgan Extractable), Potassium (Modified Morgan 

Extractable), Calcium, Magnesium, Sulfur, Iron, 
Manganese, Zinc, Copper, Boron, Molybdenum, Wet 
Aggregate Stability, Soil Respiration, Available Water 

Capacity, Surface and Subsurface hardness 
interpretation (based on on-farm penetrometer 

readings), Active Carbon, Soil Protein 

The results of all tests are shown in Table 5, which is a snapshot of the spreadsheet to be used to 

track soil health indicators on an annual basis.  This will provide the farmers an opportunity to 

collect all test results each year in an easy to use format and thus analyze changes over time.  

Appendix B and C provide detailed information and laboratory test results.  Appendix D provides 

on-farm data collected for evaluation.  Soil respiration and soil protein analysis are also listed in Table 

5 because they were included as part of the standard soil health analysis package provide by Cornell 

Soil Health Laboratory. 

  

http://www.al-labs-west.com/
http://www.al-labs-west.com/
http://soilhealth.cals.cornell.edu/
http://soilhealth.cals.cornell.edu/
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Table 5: April Joy Farm 2017 Soil Health Assessment Results 

 

2017

Assessment 

Date

Estimated Soil 

Moisture (% 

Available) per NRCS 

Soils Assessment Method Assessment Method

Physical   

P1: Texture

Silt Loam

Sand 18%, Silt 69%, Clay 

11% 1-Oct 25-50%

(H) pg 20, 

Cornell Soil

P2: Structure & Soil Tilth 

(Aggregate Stability)

Rating Indicator = 5

43.9% 11-Oct 25-50%

(A) Basic Test,

Cornell

P3.1: Compacted Layers 0-12" 131 psi 24-Oct Field Capacity

(C)Pentrometer & 

Cornell

P3.2: Compacted Layers 12-24" 200 psi 24-Oct Field Capacity

(C)Pentrometer & 

Cornell

P4: Infiltration

Good rating.  No 

ponding or runoff. 1-Oct 25-50% (F) pg. 259

P5: Water Holding Capacity 0.29 g/g 11-Oct 25-50% Cornell

P6.1: Depth of Horizon A 0-7 inches 1-Oct 25-50% (D) On-Farm

P6.2: Depth of Horizon B 7-55 inches Clark County Soil Survey

Chemical
C1: pH

(0-6" depth)

6.1,

6.3 20-Oct

25-50% at time of 

sampling

A&L Lab, 

Cornell

C2.1: Macronutrients 

(N-P-K-Ca-Mg-S, ppm) 22-131-224-1349-237-14 20-Oct

25-50% at time of 

sampling A&L Lab

C2.2: Micronutrients

Fe-Mn-B-Cu-Zn, ppm 60-4-0.2-0.5-1 20-Oct

25-50% at time of 

sampling A&L Lab

C2.3: Soluble Boron (mg/Kg)

Medium-Low 

0.36 mg/Kg 12-Dec

25-50% at time of 

sampling Cornell

C3: Soluble Salts & 

Sodium

0.14 mmho/cm

Na = 27 ppm 6-Dec

25-50% at time of 

sampling

Cornell,

A&L Lab

Biological
B1: Organic Matter 

(0-6" depth)

3.6, 

3.7 20-Oct

25-50% at time of 

sampling

A&L Lab, 

Cornell

B2: Macrobiotic Soil Life 

(Earthworms)

(F) On-farm

 2018

B3: Plant Growth

(B) On-farm

 2018

B4: Weed Evaluation

(E) On-farm

 2018

B5: Active Carbon 495 ppm 20-Oct

25-50% at time of 

sampling Cornell

B6: Legume Nodules (% nodules 

dark/bright pink)

50% of sampled nodules 

dark pink, 

10% bright pink 9-Sep 50-75% (G) On-farm, Oct. 2017

B7: Mycorrhizae

(G) Lab, on-farm 2018

 2018

Soil Respiration 0.5 mg 20-Oct

25-50% at time of 

sampling Cornell

Soil Protein Index 7.1 20-Oct

25-50% at time of 

sampling Cornell
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Assessing Soil Health at April Joy Farm 

 

Figure 4: Soil Sampling to a depth of 24ó depth newly seeded winter cover crop, October 2017 

Physical Characteristics 

Overall, the inherent physical characteristics of April Joy Farm soil are highly desirable for specialty 

crop production.  The Cornell Soil Health assessment indicates òexcellentó or ònear-optimaló 

functioning of soil processes with respect to available water capacity, hardness, and aggregate 

stability. 

What the Farmers Learned: 

Á Profile Analysis. Soil samples at three depths had not been analyzed in the history of the 

farm (Figure 4).  This is valuable information the farmers can begin to leverage.  Considering 

the soil horizons can provide key insights, including the ability to assess leaching of nitrogen, 

and the identification of available nutrients in the lower soil horizons (i.e., òBó horizon), 

such as iron (Fe) and phosphorous (P).  When identifying the nutrient status of the top 6" 

layer of soil, samples at three depths, (0-6ó, 6-12ó and 12-24ó), can help assess if it is 
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necessary to import fertility.  For example, if boron is low in the top profile, but in excess at 

24", deep-rooted or cover crops which tend to mine the deeper soil horizons could make 

this nutrient potentially available to the crop in the top 6" of the soil. 

Á Soil Formation Cycle.  Understanding the three primary factors of soil formation: parent 

material9, climate, and organisms, as well the two modifying factors: topography and time, 

provides farmers a critical contextual perspective.  It is valuable to recognize that aside from 

utilizing climate-controlled structures and drastically regrading slopes and/or water channels, 

there is only one of the five factors which farmers can influence.  At April Joy Farm, the 

basalt rock, damp, moderate climate, topography of fields and time horizon are a fixed 

framework.  When considering soil health and management practices, it is only through 

changes in micro and macro flora and fauna (i.e., organisms) that farmers impact the 

restorative capability of the soil. 

Á Compaction.  Due to intensive rotovator usage, the farmers have been concerned about 

compaction.  Based on penetrometer readings, compaction is not severe.  The procurement 

of an AMS Soil Compaction Tester (model BCK-315-59040) for the farm represents an 

economical tool to monitor this key soil health indicator.10  The farmersõ efforts to avoid 

machinery usage at critical soil moisture levels has apparently been successful. 

Á Evaluation is Relative.  Many physical soil health indicators are òscored against a 

distribution observed in regional soils with similar texture.ó11  It is important to understand 

this evaluation is only a relative indicator of health, because the overall health of other 

regional soils is not known.  A more accurate evaluation of soil health will be possible if 

these physical indicators are evaluated from the same location on a regular basis.  By tracking 

changes over time on a particular farm (not relative to other regional soils), physical soil 

health can be more accurately assessed as declining, stable or improving. 

Chemical Indicators 

The chemical soil health indicators evaluated by Cornell: pH, extractable phosphorous, extractable 

potassium and minor elements (Mg, Fe, Mn and Zn) were all interpreted as residing in the òoptimaló 

range (Appendix L).  This assessment differs from the recommendations provided by A&L 

Laboratories (which is assumed to have more regionally appropriate experience).  A&L lab results 

                                                      

9 The parent material of April Joy Farm soil is alluvial deposits from the Columbia River comprised mostly of 

basalt.  A Geological Map of Washington State can be found at: 

https://ngmdb.usgs.gov/Info/dmt/docs/schuster07b.pdf. 

10 A quality penetrometer can be purchased for ~$250.  https://www.certifiedmtp.com/ams-soil-compaction-

tester/. 

11 Cornell Soil Health Assessment Report for April Joy Farm, pg. 4. 

https://ngmdb.usgs.gov/Info/dmt/docs/schuster07b.pdf
https://www.certifiedmtp.com/ams-soil-compaction-tester/
https://www.certifiedmtp.com/ams-soil-compaction-tester/
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identify pH, buffer pH, sulfur, boron and nitrogen as limiting and recommend amendments to 

improve the fertility of the soil (Appendix B).  

What the Farmers Learned: 

Á Plant Available versus Total Nutrient Values.  It is crucial growers are able to identify 

the forms of plant available nutrients, i.e., nitrate, ammonium, phosphates and potassium ion 

(NO3
-
, NH4

+
, H2PO4

-
 and K

+
) and how these values relate to reported soil test results and 

total nutrient values.  Soil fertility testing tends to report the values of available nutrients, but 

does not indicate quantities of mineralizable nutrients.  It is also important to understand 

how the various plant available nutrients are retained and removed from soils, (i.e., the 

transport mechanism for all biologically available forms of nutrients). 

Á Utilization  ratios are important. Some resource materials aimed at assisting farmers with 

nutrient management indicate that nitrogen and phosphorous are utilized by plants in a 6:1 

ratio.12  Evaluating ratios of planned organic material and fertilizer applications is critical to 

avoid causing or exacerbating imbalances. 

Á The interpretation of the results can be expected to vary.  It is important farmers 

develop their own insights to identify what is appropriate and necessary with respect to test 

result recommendations.  Understanding what specific values are truly measuring is the first 

step.  Recognizing the reliability of the test results is also important.  For instance, organic 

matter is frequently tested by laboratories using the loss on ignition method, but this method 

is an indirect test, and not as reliable as a test which directly measures soil carbon.13  

Likewise, test results will often vary by laboratory, so consistency is important. 

Á pH and some micronutrients (Zn, B, Cu) are low according to A&L, but in the 

òexcellentó category according to Cornell Soil Health Testing.  Dr. Carpenter-Boggs also 

believes these values are relatively low and based on the 12-24ó soil report, these nutrients 

are not available and thus will need to be imported to the farm.  An application of lime will 

be important to raising the pH.  The buffer pH test is used to guide lime applications.  Soils 

with the same pH can have different lime requirements based on reserve acidity.  Further 

investigation will be necessary to address potential micronutrient deficiencies. 

Á Phosphorous Indigestion.  Levels of phosphorous are very high, (131 ppm in the 0-6ó 

depth), but are also very high lower in the soil profile (54 ppm at 12-24ó depth).  Such levels 

are not necessarily indicative of over-fertilization by the grower, but could be from of 

naturally occurring deposits or prior land usage.  The previous land renter grew 

conventionally fertilized raspberries and prior to perennial fruit production the land was a 

cattle pasture.  It will be important to address this imbalance because mycorrhizae fungi and 

soil microorganisms do not function as effectively in soils saturated with phosphorus.  

                                                      

12 Grubinger, Vern.  Nutrient Management on Organic Vegetable Farms. 

13 Sullivan, D.M., Peachey, E., Heinrich, A.L., and L. J. Brewer.  Nutrient Management for Sustainable Vegetable Cropping Systems 

in Western Oregon, Oregon State University Extension Service Publication EM9165.  

https://catalog.extension.oregonstate.edu/sites/catalog/files/project/pdf/em9165_0.pdf. 

https://catalog.extension.oregonstate.edu/sites/catalog/files/project/pdf/em9165_0.pdf
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Further research into a market crop that could export significant quantities is suggested. 

(Potatoes, onions, and cabbage can export 50-60 pounds of phosphate per acre.)14  Use of 

alternative market crops could also provide significant phosphorous removal.  University of 

Idaho Extension publication indicates crops such as wheat grain, mint hay, alfalfa hay15 and 

corn silage16 may remove 28, 30, 44 and 51 pounds of phosphorous17 respectively per acre.18 

Á The Cation Exchange Capacity (CEC) is most affected by the clay content and type as 

well as the quantity and quality of organic matter present in the soil.  The former is difficult 

for farmers to influence or change.  Improvements to the CEC then, are primarily achieved 

through additions of organic matter. 

Biological Function 

Organic matter levels are in the òexcellentó range as rated by Cornell Soil Health Report, however 

the farmers believe there is significant room for improvement.  Measured active carbon was scored 

as òmediumó at 495 ppm, with indications that òmanagement practices should be geared toward 

improving this condition as it currently indicates suboptimal functioning.ó  Nitrogen fixation appears 

to be functioning as evidenced by results of the legume nodules sampling. (See Appendix D.)   Soil 

Respiration appears low, (0.5mg C02-g soil-1-4 days-1), but this may be a result of the delay between 

soil sampling and actual assessment due to the shipping distance between the farm and the Cornell 

Laboratory. 

What the Farmers Learned: 

Á Biological soil health monitoring is in its infancy.  Biological indicators of soil health 

have traditionally been very qualitative.  Aside from organic matter, only recently have 

quantitative tools been accessible for evaluating biological soil health, and the validity of 

such tests are not widely agreed upon.  Complicating matters, such measurements are 

variable throughout the seasons. 

                                                      

14 Sullivan, D.M., Peachey, E., Heinrich, A.L., and L. J. Brewer.  Nutrient Management for Sustainable Vegetable Cropping Systems 

in Western Oregon, Oregon State University Extension Service Publication EM9165.  

https://catalog.extension.oregonstate.edu/sites/catalog/files/project/pdf/em9165_0.pdf (see Table 3). 

15 Cornell University research indicates clover hay may provide a similar benefit. 

http://nmsp.cals.cornell.edu/publications/factsheets/factsheet28.pdf. 

16 Silage is not feasible to be produced at April Joy Farm, but as long as the aerial portion of the corn crop is removed, it is 

assumed the same quantity of phosphorous would be exported from the farm.  Stalks and leaves could be utilized as swine 

fodder. 

17 To convert from P to P2O5, divide by 0.44. 

18Sheffield, R., Brown, B., Chahine, M., de Haro Marti, M., and C. Falen.  Mitigating High-Phosphorous Soils. University of 

Idaho Extension, Bulletin 851.  https://www.cals.uidaho.edu/edcomm/pdf/BUL/BUL0851.pdf (see Table 10).  To 

convert from P2O5 to P, multiply by 0.44. 

https://catalog.extension.oregonstate.edu/sites/catalog/files/project/pdf/em9165_0.pdf
http://nmsp.cals.cornell.edu/publications/factsheets/factsheet28.pdf
https://www.cals.uidaho.edu/edcomm/pdf/BUL/BUL0851.pdf
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Á The data is only as good as the sampling procedure. Farmers need to be consistent 

with the test method, tools used and time of year.  Appendix E is the first soil test report 

the farmers had assessed by A&L Labs in 2009.  OM is indicated at 2.9%.  However, over 

the years, the test results have fluctuated significantly: in 2010 OM was 3.8%, in 2011: 3.9%.  

2012, 5.7%; 2013, 4.2%; 2014, 3.7%; 2016, 4.1%.  A&L Laboratory was consistently used for 

all these tests, but some surface debris was included in early samples due to the inexperience 

of the farmer.  Teaching farmers good soil sampling procedures, with an emphasis on proper 

procedures, consistency and timing, is important. 

Á Time of year and/or stage of plant growth is crucial when assessing most on-farm 

biological measures of soil health.  Evaluating earthworms, plant growth, weeds and 

mycorrhizae in the spring/summer (active) season is necessary.  Setting aside time to 

evaluate these indicators during the active growing season will be important for the success 

of monitoring change in biological soil health (Figure 5). 

 

Figure 5: Earthworms mating in early spring on sparsely vegetated drive aisles 
along the produce field are a common sight at April Joy Farm.  March 2017. 

Á Biological soil health is an essential element of healthy soil.  The complex ecosystem of 

living soil provides a number of critical soil functions.  By committing to learn more about 

supporting biological soil health, it is clear the farmers will be most capable of supporting 

the long-term health of their farm.  Significant biological indicators are best assessed on-

farm, in-situ.  Developing such a practice will be a focus area for the farmers. 

Á Soil is and must always be considered as a living system, not simply a stale medium 

or a material input.  While scientists do not yet fully understand the complex biological 
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workings of soil function, this does not mean we cannot take steps to protect and encourage 

the soilõs natural processes including: air exchange, nutrient mixing, decomposition, 

reorganization, maintaining (structural integrity), growing (nitrogen fixation) and 

reproduction (humus formation) (Figure 6). 

 

Figure 6: Understanding soil biology to a key to understanding soil health. Photo credit: Aaron Roth, NRCS-
Oregon, Slide design: Jen Moore Kucera, NRCS-SHD
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Systems Nutrient Budget 

The following systems nutrient budget (SNB) was prepared for the 1.98-acre annual crop field at 

April Joy Farm.  While the SNB was focused on the nitrogen and phosphorous, where possible, data 

for potassium and sulfur are also provided.  The field is divided into ten blocks (Figure 7).  Blocks 1-

5 and 13-15 are each comprised of twelve, 5 feet wide by 160 feet long beds for a total block area of 

60 feet by 160 feet (0.22 acres).  Blocks 11 & 12 are each comprised of twelve 5 feet wide by 80 feet 

long beds for a total area of 60 feet by 80 feet in length (0.11 acres). 

 

Figure 7: Annual Crop Field Blocks 

The SNB budget was prepared using 2016 (winter) cover crop records and 2017 market crop data.  

Because manure imports were not uniformly applied to the two-acre field, and because the manure 

represents a significant nutrient source, the nutrient budget was calculated in two ways: for the blocks 

that did not receive any application of manure in 2017 and for those blocks (3, 14, and 15) that did, 

at a rate of 2000 pounds of manure per block. 

Nutrient imports utilized on the 1.98-acre crop field from October 2016 through September 2017 are 

categorized in Table 6, with actual values calculated in Table 7. 

Nutrients exported off the crop field included the categories outlined in Table 8, with calculated 

results shown in Table 9.  See Table 11 for the completed system nutrient budget.  Appendix F 

includes calculations for nutrient imports.  Appendix G provides nutrient values from 2017 lab tests 

for donkey manure, maple leaves, and wheat straw.  Appendix H includes 2017 crop yield data and 

nutrient export values for all harvested crops.  The export data represents only that portion of the 

crop that was sold off the farm, i.e., the broccoli heads and tomatoes, not the broccoli leaves or 

tomato vines. 


































































































































































