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Introduction

Why Develop a Soil Health Roadmap?

Farmersntuitivelyunderstand soil health is the fundamental basis of farm Neattrere is no
prescriptive pattvhich will achieve the goal of improving soil h&alill agricultural operations.
By ckvelong a Soil Health Roadmapactical questions canéoglored

1 How can farmerskillfully evaluate tlepecifichealth of the living, changing soil system
under their cafe

T What does the term 06good soil healthdé mean i
farm?

1 What decisiomaking framework can farmers use to evaheategement practices in
terms of supporting the restoratinapacity of the soil?

1 Can necessary adjustments to management practices be implemented while maintaining the
economic viability of the farm?

1 Can manageent approaches that directly contribute to improved soil health concurrently
reduce reliance on external inpautsl/or buffer threats such as development pressure and
climate chan@e

Diversified farmare complex systems which require multifacetecaappsoto address the needs
of the maw stakeholders. Because ofithénsic challenggetoo oftenthe goal of improving soil
healthis deferred or addressed in a piecemeal approach. A soil health roadmap is intended to
provide the farmer a compreheasiiew of her/his farm operations from the perspective ofits co
creatorthe living soil. It is the inteot this project team that by doing so, farmerpwilueheir
work withincreased confidence and taepowered to makgerationathanges thateate long

term resilience amehprovedhealth for themselves, their famibesl the farms they steward.
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The Soil Health Roadmap

A Soil Health Roadmag comprised of fougections:

1. A comprehensive soil health assessmeastablisbsa baseline measuarent of soil
health for the farm.

2. A systems nutrient budgefprovidesan overview of how nitrogen and phosphosoeis
cycling through the farm.

3. A nutrient managementplan outlinesthe comprehensive historic and current practices
which affect soil healtfhe nutrient management plan identifpeific, actionable
recommendations in four categories: crop rotations, cover crops, organi&etdiigl
management, and machinery/equipment.

4. A carbon footprint analysisevaluatebaselindarm managementarticeand proposed
recommendations which impact greenhouse gas emissions and sequestration.

Figure 1 Crimson clover reittsnodukagpport nitrofieing Rhizobia bact8eatemBed. 7
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April Joy Farm:An Overview

April Joy Farm is diversified crop and livestdekmlocated in southwest Washington gtste
Table Ifor a farm profile The certified organic, Animal Welfare Approved operatictasias
by April Jones Thatcher in 2006 anddegloped strong partnerships withcersrestaurantand
hundreds of area familiekhe April Joy FarriO-membelCSA prograrhas a 93%etention rate.

April Joy Farm is a Limited Liability Company withastiwemanagers(Brad and ApriThatcher)

The farm is Apr i §solelivelihoBd ahd-Bdse pérdeliseowniechby time r s
farmers (50%) anchmediate famil§p0%) who live adjacent to the fatmaddition tatwo fulk

time farmers, sevefamilymembeg/ volunteersiave historically providedl the labofor farm

operationsIn 2017, the farm was certified by the Washington State Depaitheddr and

Il ndustry as Clark Countyds first Abpostiwoul t ur al
parttimeinterns

Initially, the farm established four market channels: grocers, restaurants, a CSA program, and direct
sales of heritage porkn 2013, the farm ceased sales to grocers due to the lower profitability of this
market sectorln 2017 the heritage pork programassuspendedue to limited pasture acreage and

to allow theestablisiment ofa 1.5acre orchard. To support this titios, the GA progranhas

grownand therestaurant crop plaxpandedo increasspring and late faleason saleBarm

livestock currentlsupporingthe market produce operation inclédéyer hengwo donkeys, and

two sows. The limited, yet hidpdiverse (forest, pasture, cropland, and riparian) acreage of April Joy
Farm presentshallenges and opportunities (Figure 2).

3333 0 333.3Feet

WGS_1884_Web_Mercator_Auxiliary_Sphere
Clark County, WA. GIS - hitp:/Igis.clark.va.gov

Figure 2: Aerial photo of April Joy F&racres
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Table I Farm Profile

Name April Joy Farm
Location Southwest Washington St&éark County
Biome Temperaté-orest

24 acres total, includirjacres annual crofisacres hay, 1.5 acres

Land Base of Operation grazing/orchardlacre vineyarddrchard

Soil Types HillsboroSilt Loam, Gee Silt Loam

Annual Rainfall 40 inches, 85% occurridgtoberd April

Markets Direct(CSA)& wholesaléRestaurant@ntirely within county of operatio
PrimaryMixed Vegetables, Herbs, Fruit

Enterprises SecondaryVine and Table Grapes
TertiaryEggSales

Land Ownership Farmer Owned

Farm Ownership &
Legal Structure

Age of Farm Establishechi2006

Brad and April Thatcher, Limited Liability Company

Labor Structure Owner/Operators, with.8 FTE

Short, warm, dry, clesummers and moderatebld, wet, overcast winte
Mean dailyemperature varies fradb°Fto 84°Fand is occasionally belo
25°For aboved5°F1

Weather Patterns

Population density of

County 718 people per square mile

Per capita personal

income of County $43,153 2014

No. of plant varietiesto

be sown in 2018 248 plant varieties

No. of seed varieties
produced and saved on| 30
farm:

% certified organic

0,
seed: 92%

% open pollinated seed:| 93%

2017 orfarm energy
production (solar 11,200 kWh, 48% all farm usage
electricity):

1 https://weatherspark.com

2 https://fortress.wa.gov/esd/employmentdata/repeptsblications/regionakports/countyprofiles/clarkcounty
profile.
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Farm Goals

The farmers seek to gréwril Joy Farm into a diversifiedsilienenterprise thairovides a

comfortable livelihood whipgotectinghe regeneratiabilityof thenatural ecosysteritheir goal

is to establish April Joy Farm as a community asset which provides area residents access to healthy,
high quality foodThe farm is locateah the outskirts of Ridgefield, which is currently the fastest
growing community in the State of WagbimgNew housing developments and urban pressures
areeliminatinghe viability ofireaagricultural operationghe famers have been proactive in

pursing mulplemeasurgin an effort tesafguardd h e f a+tembhealth. o n g

Measurel, Transforming Waste Annually, the farerscomplete @rocess improvement and
operations reviewThe goal othisevaluation is to identiyndtransform or mitigateaste in three
categories: materials (resources), time (labor), and finances (&xpeasesitsf this review

inform enterprise and market selection, staffing requirements and capital improvement projects
One such exampletie 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 filocessh energy

conservabn, 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
Resource€onservatioservice (NRCSnd the Clark Conservatiorsict(CCD) have provided
essential assistance to implement many bfdhe mer s 6 waste reduction goal s

3 Thefarmers have received HoligtisanciaManagement training, which has formed the basis for their annual review
process. More information can be founttgis://www.savory.global/
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Forest.Managment.Plan

(includes’agroforestry, management areas)

Nutrient!Pestand Irrigation
Water, Managgment
Energy/Audit 5

Conservation . Cover,

Perch Poles and|Kestrel Boxes

Figure 3: NRCSandCCDProjects Completed at April J&pF2261.6

Measure 2Adapting to and Mitigating Climate Change In 2017, hefarmersdeveloped a

Climate Chaye Adaptation & Mitigation PIGGCAMP)throughCo r ne | | Universityods i
Climate Smart Farming Clasthe CCAMHdentified protecting and improving soil headtthe

most crucial link to ensuring letegm farm viability SeeAppendixA for details

Measure 3Reduction of Carbon Footprint In 2011, the farmers begamulti-year collaboration
with Washingn State UniversityMSU Organic Farming Footprints (OFoot) Profedtie OFoot
Project developed a scientifiol to estimate the carbon footprint of organic farms. JgyriFarm
was one of five OFoot focterms for the project. The OFoot carbon footprint analysis of April
Joy Farm provides an importargtification for focusing on soil health.

OFoot research identifitithtelectricity use, tillage, and amendments/fertitzanssent a

combined total of 75% of Toladdresslthe firsi §iesdbigr més car bor
three the farm received a 2014 USDA grant to install an 8.64 kW photovoltaic Hyisteystem
annuallyrovidesoover £% oft he ent i r e f @&y devlspingthi®SoibgHealtn s a g e .
Roadmapthe farmers believe thegnreduce greeluse gas emissions associatédétsecond

and thirdobig threé: tillage and soil amendment usage

4 For more information abothe project, visihttp:/climateinstitute.cals.cornell.edu/climateartfarming?2/ .
To find the carbon footprint of your farm vikitps://ofoot.wsu.edu/
5 http://csanr.wsu.edu/organi@rmingfootprints/.
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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 faroeessize does not fit alhen it comes to caring

for agriculturasoik. A key objective dhis soil health assessmetd iglentifyassessmeantiteria

and evaluation methods thataccessible and meaningbulfarmers to undertakgiven their

location, existing resources and production methibdsthe intent ofhe project team that the
framewak utilized in this roadmdge of use for diversified farmers across Washington state.

While laboratory analypi®vides necessary informatitve farmer&nowa healthgoilecosystem
begins with knowledgeable, astuig hewarship Thus, whereehsible onfarmassessment
techniques weidentified with the hope that over time, evaluation of soil health can become more
of an ongoing, reéime process and lessaodnce a yearr e stheso e st 6 event

The projet teanbegan bydentifyingthe physical, chemical and biological assessment afiteria
regionally appropriate andieidely availabkoil health assessmezgourceélable2)s Fromthis
sideby-side compdson,a list of criteriappropriatégot he f ar mer 6 s management
site characteristio$ April Joy Farm wemrggreed upqrwith input from project advisor Dr. Lynne
CarpenteBoggs of WSU

Table Jists the selected soil health indicatelected specificaibr April Joy FarmSome

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 perergldhbiiffers, 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 waintdiade erosion as part of theail health

evaluation.

6 A spreadsheet was developed for this project which organizes all soil health indicators bysassessiiibig

spreadsheet could be the basis for the development of a tool which helps farmers identify soil health indicatdrs most critica
to their operation. By entering information about their farm and management practices, a customized soil health

asessment 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 neessarily encourage the farmer to make investmentstertorsgil 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 Lettear€odfesenced in Table 5

Letter
Code Source
(A) Palouse and Nez Perce Prairies Soil Quality Card

http://www.nezperceswcd.org/Projects/SoilQuality/SoilQualitylndicator.aspx
(B) Willamette Valley Soil Quality Card (Oregon State University)

http://smallfarms.oregonstate.edu/sites/default/files/srfeaiins
conference/2016Handouts/sfc2016_3soil_willamette valley soil_quality _carder
f

© Cornell University Comprehensive Assessment of Sail Health
https://soilhealth.cals.cornell.edu/

(D) NRCS Soil Quality Test Kit
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soilstalth/assessment/?cid=nrc
42p2_ 053873

(E) The Soil of Soil: A Seluilding Guide for Master Gardeners and Farn@esshuny &
Smillie

(3] Building Soils for Better CropMagdoff & Van Es
(G) Dr. Lynne CarpentéBoggs, Washington State University

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

Table 3: List of April Joy Farm Soil Health Indicatorg
Criteria that could feasibgluatedfarm are indicated i bold.

Physical Chemical Biological
P1:Texture C1:pH and buffer pH B1: Organic Matter
P2:Structure & Soll C2: Plant Nutrients B2:-Macrobiotic Soil Life
Tilth (See Tablg) '
P3:Compacted Layers C3: Initial Baseline: Soluble
B3:Plant Growth
012624862 Salts
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 indimat, 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 danevaluated 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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Thelaloratory testsindertaken using samples collected in Ock@i&are listed in Table 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 samplswhasitted to Cornell.

Table 4: April Joy Farm OffFarm Soil Health Evaluation October 2017

Laboratory Test Name Test Details
A&L Western Agriculture S3CG Organic Matter, Estimated Nitrogen Release,
Laboratories (Complete Soil Package) Phosphorus (Weak Bray and Sodium BicarbBhat

(503) 968225 Three samples submitted: Extractable Cations (Potassium. Magnesium,

Calcium, Sodium), Hydrogen, SulggtpH, Cation

http://www.al-labs 06 6 dept h | Exchange Capacity and percent cation saturatio
west.com 6126 dept h (computed), SolublelSaExcess Lime, Nitrate
12046 deptH Nitrogen,Zinc, Manganese, Iron, Copper and Bo
Cornell SoilHealth Standard Soil Health Analysi|  Soil pH, Organic Matter, Phosphorous (Modifig
Laboratory Packagwith Soluble Salts anq Morgan Extractable), Potassium (Modified Morg
(607) 258672 Hot Watersoluble Boron Extractable), Calcium, Magnesium, Sulfur, Iro
. itad- Manganese, Zinc, Copper, Boron, Molybdelen
http://soilhealth.cals.corn Onesamplesubmitted: o . - :
el edu 066 depth Aggregate Stability, Soil Respiration, Available

Capacity, Surface and Subsurface hardnes
interpretatior{based on ofarm pemtrometer
readings), Active Carbon, Soil Protein

The results of all tests are showhahle 5which is a snapshot of the spreadsheet to be used to
track soil health indicators on an annual basis. This will provide the farpeostanity to

collect all test results each year in an easy to use format and thus analyze changes over time.
Appendix B and C provide detailermation andaboratory test results. Appendix D provides
on-farm data collected for evaluation. Soilra&m 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 Laboratary


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 Assa®ient Results

Assessment

Estimated Soil
Moisture (%
Available)pernres

2017 Date Soils Assessment Method | ASSessment Methog
Physical
Silt Loam
Sand 18%, Silt 69%, C (H) pg 20,
P1: Texture 11% 1-Oct 25-50% Cornell Soil
P2: Structure & Soil Tilth Rating Indicator = 5 (A) Basic Test,
(Aggregate Stability) 43.9% 11-Oct 25-50% Cornell
(C)Pentrometer &
P3.1: Compacted Layers 0-12/' 131 psi 24-Oct Field Capacity Cornell
(C)Pentrometer &
P3.2: Compacted Layers 12-24" 200 psi 24-Oct Field Capacity Cornell
Good rating. No
P4: Infiltration 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 Surve
Chemical
Cl:pH 6.1, 25-50% at time of A&L Lab,
(0-6" depth) 6.3 20-Oct sampling Cornell
C2.1: Macronutrients 25-50% at time of
(N-P-K-Ca-Mg-S, ppm) 22-131-224-1349-237-14  20-Oct sampling A&L Lab
C2.2: Micronutrients 25-50% at time of
Fe-Mn-B-Cu-Zn, ppm 60-4-0.2-0.5-1 20-Oct sampling A&L Lab
Medium-Low 25-50% at time of
C2.3: Soluble Boron (mg/Kg) 0.36 mg/Kg 12-Dec sampling Cornell
C3: Soluble Salts & 0.14 mmho/cm 25-50% at time of Cornell,
Sodium Na = 27 ppm 6-Dec sampling A&L Lab
Biological
B1: Organic Matter 3.6, 25-50% at time of A&L Lab,
(0-6" depth) 3.7 20-Oct sampling Cornell
B2: Macrobiotic Soil Life (F) On-farm
(Earthworms) 2018
(B) On-farm
B3: Plant Growth 2018
(E) On-farm
B4: Weed Evaluation 2018
25-50% at time of
B5: Active Carbon 495 ppm 20-Oct sampling Cornell
50% of sampled nodulg
B6: Legume Nodules (% nodul dark pink,
dark/bright pink) 10% bright pink 9-Sep 50-75% (G) On-farm, Oct. 2017
(G) Lab, on-farm 2018
B7: Mycorrhizae 2018
25-50% at time of
Soil Respiration 0.5 mg 20-Oct sampling Cornell
25-50% at time of
Soil Protein Index 7.1 20-Oct sampling Cornell

10



2018 APRIL JOY FARMOIL HEALTH ROADMAP COMPREHENSIVE SOIIHEALTH ASSESSMENT

AssessingSoil Health at April Joy Farm

Figure 4: Soil Samplingp a d e p tew seeded \Rinted cph@ciolBdh7 n

Physical Characteristics

Overall, the inherent physical characteristics oflJagritarm soil are highly desirable forapeci
crop production. The CornebiS Heal t h assessmedhneogpntdiintaaltée s 0 e X C ¢
functioningof soil processes with respect to available water capacity, hardness, and aggregate

stability.

What the FarmersLearned:

A Profile Analysis.Sdl samples dhree depths had not been analyzed in $h@riof the
farm (Figure 4) This is valuable information the farmers can begin to leverage. Considering
the @il horizonscanprovide key insights, includihg ability to assess leachingitobgen,
and thedentification ofwvailableutrientsn the lower soil horizons (j@B6 hor i zon) ,
such ag&on (Fe) and gosphorous (P)When identifying the nutriestatusof the top 6"
layer ofsoil, samples at three dep(l@6 6-1 2® a2ndd@ayth@passest it is
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necessary to import fertilitfor examplef boron is low in the top profile, butexcessit
24", deepootedor cover cropsvhich tend taninethedeepesoil horizongouldmake
this nutrienpotentiallyavailable to therop in the top 6" of the soil.

A Soil Formation Cycle. Understanding the three primary facbboil formationparent
materid, climate, andrganismsas well the two modifyitfigctas: topography andrte
providesfarmersa criticatontextual perspectivi.is valuable to recognize that aside from
utilizing climateontrolled structures and drastically regrading sloges water channels
there is only one of the five factatsich farmers canfluence At April Joy Farm, the
basalt rock, damp, moderelienate, topography of fieldsd time horizon arefiaed
framework When considering soil health and management practices, it isagty thr
changes in micro and macro flora and féieaorganism#)at farmers impatte
restorative capability the soil

A Compaction. Due to intensive rotovator usagdpe tarmers have beamcerned about
compaction. 8sed on peftrometer readirgg compction is not severdhe procurement
of an AMS Soil Compaction Tester (model BCB59040¥or the farm represents an
economical tool to monitthis key soil health indicatérThe farmer@efforts to avoid
machinery usage at critical soil moistuetsldas apparently been successful.

A Evaluation is Relatve.Many physical soil health indicat o
di stribution observed i %ltisimgoitantioauhderstamd | s wi t h
this evaluation @nly arelativendicator of healthhecause the overall health of other
regional soils is not know more accurate evaluation of soil health will be possible if
these physical indicators are evaluated from the same location on a regBlatraakiag
changes over teron a particular far(not relative to otheegionakoils), physical $oi
healthcan be more accuratafsessed dsclining, stable or improving

Chemical Indicators

The chemicaoil health indicators evaluated by Cornell: pH, extrgdtabljghorous, extractable
potassium and minokree ment s ( Mg, Fe, Mn and Zn) were al/l i n
ranggAppendix L) This assessment differs from the recommendations provided by A&L

Laboratories (which is assumed to have ngitmedly 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 8teén be found at:
https://ngmdb.usgs.gov/Info/dmt/docs/schuster07b.pdf

10 A quality penetrometer can be purchased for ~$28i&.//www.certifiedmtp.com/amsoilcompaction
tester/.

11 Cornell Soil Health Assessment Report for April Joy Farm, pg. 4
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identify pH buffer pH,sulfur, boron and nitrogen as limiting and recommend amendments to
improvethe fertility of the so{Appendix B)

What the Farmerd_earned

A Plant Available versus Total Nutrient \lues It is cruciagrowersare able taentify
the forms of plant available nutrients,riitrate, ammonium, phosphates and potassium ion

(NOgz, NH4+, H.PO, and K+) and how these values relateeported soil test results and

total nutrient valuesSoil fertility testing tends to report the values of available nutrients, but
does not indicate quantities of mineralizable nutriergsalso important to understand
how the various plant akdale nutrients are retained and removed from(sejlthe
transport mechanism for laiblogically available forms of nutrignts
A Utilization ratios are important.Some resource materials aimed at assisting farmers with
nutrient management indicdtattritrogen and phosphorous ariized by plants in a 6:1
ratiol2 Evaluating ratios g@flanned organic material and fertilizer applicasieni¢ical to
avoid causing @xacerbating imbalances

A The interpretation of the resultscan be expected to varylt is important farmers
develop their own insights to identify what is appropriate and necessappegtito test
result recommendationi/nderstanding what specifidues are truimeasurings the first
step. Recognizirige reliability of the test results is also important. For instance, organic
matter is frequentlydied by laboratories using the losgoition method, but this method
is an indirect test, and not as reliable as a test which directly measubem bil ca
Likewise, test ressilill often vary by laboratory, so consistency is important.

A pH and some micronutrients (Zn, B, Cu)are low according to A&L, but in the
dexcell ent 6 c a trneligSoilrHgaltraTestindpr. GarperdeBdggs al€bo
believes these values are relatively low and based o8 #hed12 s o i | report, thes:
are not available and thus will need to be imported to the farm. An application of lime will
be important to raising the pAThe buffer pH test is used to gulidee applications. Soils
with the same pH can have different lime requirements based on reservELattigity.
investigation will be necessary to address potential micronutrient deficiencies.

A Phosphorousindigestion. Levels of phosphorous are veghhi(131 ppm in the® 6
depth), but are also very high lower in the soil profile G4 ppra @ 62 dept h) . Such
are not necessarily indicative of -de@dilization by the grower, beduld be fronof
naturally occurring depositsprior land usge The previous land renter grew
conventionally fertilized raspberries and prior to perennial fruit production the land was a
cattle pasturdt will be important to address this imbalance because izamfungi and
soil microorganisms do not functias effectively in soils saturated with phosphorus.

12Grubinger, VernNutrient Management on Organic Vegetable Farms

13 Sullivan, D.M., Peachey, E., Heinrich, A.L., and L. J. Biutgent Management for Sustainable Vegetable Cropping Systems
in Western Ore@negon State University Extension Service RiitidEM9165.
https://catalog.extension.oregonstate.edu/sites/catalog/files/project/pdf/em9165_0.pdf
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Further researdhto a market crop that could expsgnificant quantities suggested.
(Potatoesonions, and cabbaganexport50-60 pounds of phosphate per g&rdJse of
alternative marketropscouldalso providsignificanphosphorous removalniversity of
Idaho Extension publication indicates crops sushesgrain mint hay alfalfa ha§and
corn silagé may remove 28, 3®and 51 pounds of pephorou¥ respectivelger acras

A The Cation Exchange Capacity (CECjs most affected lifieclay 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. Improventeritee CEC then, are prinfgrachieved
through additions of organic matter.

Biological Function

Organic matter |l evels are in the oO0excellentod r
the farmers believe there is significaminrfor improvement. Measured actarbanwas scored

as Omediumo6é at 495 ppm, with indications that
i mproving this condition as it currently indic

to be functioning as evidenced by results oégluerle nodules sampling. (See Appendix D.) Saoll
Respiration appears low, (0.520@g soil-4 days), 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:

A Biological soil healthmonitoring is in its infancy. Biological indicators of soil health
have traditionally been very qualitative. Aside from organic matter, omjyhaaaent
guantitative tools been accessiblevatuating biological soil health, and the validity of
such tests are not widely agreed ugamplicating matters, such measurements are
variable throughout the seasons.

14 Sullivan, D.M., Peachey, E., Heinrich, A.L., and L. J. Biugent Management for SustainableGfegetaglSystems
in Western Ore@negon State University Extension Service Publication EM9165.
https://catalog.extension.oregonstate.edu/sites/ads/project/pdf/em9165_0.pdfsee Table)3

15 Cornell University research indicates clover hay may provide a similar benefit.
http://nmsp.cals.cornell.edu/publicatidfactsheets/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 tisteflusrand leaves could be utilized as swine
fodder.

17To convert from P to s, divide by 0.44.
183heffield, R., Brown, B., Chahine, M., de Haro Marti, M., and C Nfitigating Higthosphorous .Sdilsversity of

Idaho Extension, Bulletin 85kttps://www.cals.uidaho.edu/edcomm/pdf/BUL/BUL0O851.pndée Table 30 To
convert from ROs to P, multiply by 0.44.
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A The data is only as good as the sampling procedure. Farmers need to be consistent
with the test method, tools used and time of yearAppendix 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: @\20&ES 3.%, in 2011: 3.9%.
2012, 5.7%; 2013, 4.2%; 2014, 3.7%; 20%, A&L Laboratory was consistently used for
al these tests, but some surface debris was includedsarapibdue to the inexperience
of the farmer Teaching farmers good saiinplingorocedures, with an emphasipper
procedureg;onsistencgndtiming, is important

A Time of yearand/or stage of plant growth is crucial when assessing rfi@shon
biological measures of soil health. Evaluating earthworms, plant growth, weeds and
mycorthizae in the spring/summer (active) season is nec&ssaing aside time to
evaluate these indicators during the active growing season will be important for the success
of monitoring clange in biological soil hegngure 5).

Figure 5: Earthworms matirgpity spriogsparsehggetated drive aisles
along the produce fialdarenon sagi#pril Joy Farm. Ma&@h7.

A Biological soil health isan essential element dfiealthy soil. The complex ecosgsh of
living soil provides a number of critical soil functiBgscommitting to learn more about
supporting biological soil health, it is clear the farmers will be most capgipertihg
thelongterm health of their farnSignificanbiological initators are best assessed on
farm, insitu. Developing such a practice will be a focus area for the farmers.

A Soil is and must always be considedeas a living ystem, not simplya 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 soil 6s nat urexdhangenutienemixsig decompositiony d i n g :
reorgardation,maintaining (structural integrity), growing (nitrogen fixation) and
reproduction (humus formation) (Figure 6).
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Figure 6: Understandswil biologyatkey tanderstanding soil Hetadtto. credit: Aaron Roth, NRCS

Oregon, Slide design: Jen Moore Kuegrd) NRCS
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Systems Nutrient Budget

The followingsystems nutent budge(SNB)was prepared for tlie98acre annual crop fieat

April Joy FarmWhile the SNB was focused on the nitrogen and phosphorous, where possible, data
for potassium and sulfur are also providédekfield is divided into teslocks(Figure 7) Blocks 41

5 and 1315 areeachcomprised of twelvé,fea wide by 160ef long beds for a total block area of

60 fed by 160 ¢d (0.22 acresBlocks 11 & 12 aeachcomprised of twelve &d wide by 80dd

long beds for a totalea of 60dd by 80 fed in length (0.11 acres)

Figure 7: Annual Crop Field Blocks

TheSNBbudget was prepared using 2@dibter)cover crop reads and 2017 market crop data.
Because manure imports were not uniformly applied tweacre field, and because the manure
represents significanhutrient 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, 1thadmtid] 5)

ata rate of 2000 poundsmfinure per block.

Nutrient importautilized on the 1.9&cre crop field from October 2016aihghSeptembe2017are
categorizeth Tables, with aaial values calculated in Table 7

Nutrients exported othe crop field includetie¢ catgories outlined in TabBewith calculated

results shown in Tal®e See Tabl&lfor the conpleted system nutrient budget. Appendix F

includes calculations for nutrient imports. Appendix G provides nutrient values from 2017 lab tests
for donkeymanure, maple leayasd wheat straw. Appendix H includes 2017 crop yield data and
nutrient export values for all harvested crdps. export data represents only that portion of the

crop that was sold off the farm,, itlee broccoli heads and tomatoot the broccoli leaves or

tomato vines.
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