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Introduction

The Missouri Transect project, funded by the Nationadr®@® Foundation EPSCoR program,
uses different scientific approaches to study and predict the impact of climate change on
agricultural productivityand native vegetatiom Missouri, and how stakeholder communities
are likely to be affected by and respotalthe challenges adé changing climate. Important
components of The Missouri Transect are public education and outreach eMt@DIRT
MissouriandDoingImpactResearchlogether, is a citizen science initiative that crowdsousce
the collection of data on soil health and reciprocal-stithate interactions acrodglissouri This
project includes a citizen science project to assess soil health indicators over time among
different land uses at the state level. The ultimate goalthisf citizen science initiative are to
educate citizens on soil science research, to conduct research on soil healthessuidtclimate
interface and to train citizens on data collection, analysis, and reporting of scientific results.

Soil health sumysare conducted by individualsr smallgroups, all of whm are equipped with
training, guidelines, and soil test kits. The participants collect data on indicators of soil health
and soilclimate interactionsncluding: temperature, color, texture, resption, bulk density,
water content, percent watefilled space, nutrients, pH, active carbon, and organic matter.
Committedparticipants areasked andexpected to continue monitoring thegurveysites
monthly for ten months of theyear. MO DIRT offersaining toconduct soil health surveyand
manage dataA webbased portal is available to access educational and training materidls

to share science data. The data collected by the citizen sciénéigtilable for download tbe
used for teaching pyoses, land management decision making, and research on the health
status of Missouri soils.

This soil scienceitizen projectis supported by a generous grant from the National Science
Foundation Missouri EPSCoR and servicesauildies from theDonald Danforth Plant Science
Center, the University of MissowColumbia and the United States Department of Agricultgre
Natural Resources Conservation Services (LNR@S)Supplemental funding was provided by
Martiz LLC.
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This material is based upon work supported by the National Science Foundation under Award
Number 11A1355406. Any opinions, findings, and conclusions or recommendations expressed
in this material are those of the author(s) and do not oessarily reflect the views of the

National Science Foundation.






Background

SOIL HEALTH

Soil health is the capacity of soil to function as a vital ecosystem that sult@ngsorganisms,
their processesandenvironmental quality Healthy soils have the ability to perform five
essential functions:

- Sustainingbiological diversity, actity, and productivity.

- Regulating water through infiltration and storage.

- Filtering bufferingand degrading organic and inorganic materials
- Cyclingand storingnutrientsand carbon

- Providing jnysical stability and support.

In order to measureoil quality,or the capacity of the soil to functioaffectively, soil indicators
are usedThese are soil property measurements tisandetect changes in the functions or
processes of concersome indicators are inherent soil properties that do notradawith
management becausiey havebeen establishedverthousands of yearge.g.,soil texture,
type of clay, depth to bedro¢kOther indicators are dynamic properties of the sodt can
change within a year or seas@nd are dependent on human magement and natural
disturbances over decades to centur{esg.,soil respiration, soil temperature)

Evaluatng soil healthinvolvesthe examination of physical, chemicahd biological indicators.
Understanding soil health allows tsassess anthanage the soilso that it carfunction
optimally, and future degradatiomf this precious natural resourceu be prevented

Improving soil health implies maintaining suitable habitats for soil organisms by reducing soll
disturbance, increasing plantwrsity,keepingliving plants in the soil dengas possible, and
keeping the soitoverwith vegetationall the time. Soil maintenance, consequently, will
increase the productivity and profitability of soilBumans are dependable on healthy soils that
provide them with critical resources (food, fibéugl, medicines, chemicals, material¥)

addition, soils offer economic benefits for land managers, valuable resources for future
generations, and a healthy environment.

The following indicators of sdikealth will be measured during the soil surveys: air and soil
temperature, soikespiration,soil water-filled pore space, water content, bulk densisoil
fertility (nitrogen, phosphorous, potassium), pH, active carbon, soil color, soil texture, and
organic matter.



INDICATORS OF SOHAHTH

Soil color

Soil color is an indicator of various chemical processes acting on soil. These processes include
the weathering of geologic material, the oxidatioeductionreactionson soil minerals (mainly

iron and manganese), and the decomposition of organic ma@enate, physical geography,

and geology influence these processes.

Soil colorcan be usedo estimatethe organic matter content of the soil, to indicate the effects
of human disturbance and past vegetation, to identiiassifyand evaluate soils, and tocate
where thesoilwater table isamong many other sodctivities

There are two primary coloring agents in soil: organic matter and iron. Dark surface soil usually
indicates high content of organic material, while shades of red, yellow, and gray usually relate
to the quantity and form of iron present.

Color developmenand distribution of color within a soil profile are part of weathering. Also, as
organic matter decomposes into black humus, it coats surfaces of soil as it permeates through
the soil. Humus color decreases with depth, and iron pigments become more app&ce as

depth below the surface soil increases, colors become lighter, yellower, or reddefaed

below for the interpretation of soil colors.

The Munsell System of Color Notatiamfw.munsell.om) is a system used to compare soil

colors anywhere in the world. This system helps scientisketoonsistent in the interpretation

of colors. It hashree components: hue (specific color), value (lightness and darkness), and
chroma(color intensity) that are arranged in books of color chips. Soil samples are held next to
the chips to find a visual match and assigned the corresponding Munsell notation. For example,
a brown soil may be classified as: hue value/chroma (10YR 5/3).


http://www.munsell.com/

Table 1. Generahterpretation of soil colors

SOIL COLOR

DUE TO THE PRESENCE

COMMENTS

Dark or black

Organic matter

Mostly found at soil surfaces. Associateith well-
aggregated soils with abovaverage nutrient levels.

Clear or white

Calcium and magnesium
carbonates, soluble salts ol
high proportion of sand
(quartz crystals)

May indicate considerable leaching and low orgar
matter.

Red and bright

Iron is oxidized and not

Under dry conditions or wellrained soils. The iron

yellowish hydrated with water oxides have strong surface charge properties that
promote good aggregation of soil particles with
sufficient porogy to allow air and water for root
development.

Yellowish Less oxidation of iron and | Averageair and moistureconditions

brown/orange hydration

Mucky soil mass o
clay with spots of
red, yellow, and

Ferrous and ferric
compounds

In soils that are waterlogged for at least one part
the year, or due to the activity of plant roots liviirg
ponds under water

gray colors
Grey/green/bluish | Iron and manganese in In waterlogged soilleachingoxygen with colorless
grey reduced state forms due to the loss of pigments.

Solil texture

Soil texture is described by the presence and relative proportions of the three typestafies
that make up soil: sand, silt, and clay. These patrticles differ in size as fllabis 2)

Table 2.Soil particle classification according to the
International Societyof Soil Science

Diameter of the particles (mm) Classification
>2 Stony structure
2¢0.2 Coarse sand
0.2¢0.02 Fine sand
0.02¢ 0.002 Silt

<0.002 Clay

Depending on their texture, soils will vary in their ability to retain water and nutrients. A simple

way to examine soil texture is to physically handle dry antiseg samples, using your fingers
to work with small soil sampleSandy soilgeel rough (gritty) because sand particles have hard
edges. These soils do natld many nutrients because they have large pores that allow gases
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and water to move through themapidly. Thesandparticles do notadhereto each other and
cannot stay togetherSilty soilsare smooth and powdery, and when wet, they make crumbles

or ribbons but are not stickySlty soils have smaller pore spaces than sandy soils, therefore,
they can hold more watelClayey soilare smooth when dry and sticky when wet, making balls
or ribbons that stay together. Because their particles are so small, clayey soils can holl a lot o
nutrients, water, and gases.

Most soils contain different combinations of sand, silt, and clay. The Soil Textural Triangle
(Figure 1shows the twelve possible soil classes based on the relative percentages of these
combinations of textures. The most appropriate soil class for plant growth is loam, which can
absorb water very efficiently. The loam soil is composed of mostly sand analiila smaller
amount of clay.

100

;,;sénéy,léafﬁ \LTAVAT

Xoamy )
/sandX sand h
2 % % 3 % B B % B 2

[
<— Sand (%)

Figure 1. Soil Textural Triangle.

Air temperature

Air temperature isa measure ofhe kinetic energy (energy of motion) of the gases that make

up the air. As gas molecules move faster, air temperature increases. In other words, air
temperaturedescribeshow cold or hot the air is. Air temperature is important to understand
how the atmoghere works in order tonakeweatherpredictions For example, air

temperature affects the humidity of the atmosphere, influencing the fueling of storms. Also, air



temperature influences precipitation since rain, sleet, snow, or freezing rain will fadinaizmpg
uponthe temperatureof the air.

Many biological processes are also dependent on air temperature. The metabolism in animals
can slow down or increase dependingonthe temperature of the environment that surrounds
them. Thus, feeding, mating, migrating and other animal behaviors are partially regulated by
temperature. In plants, the right temperature is needed to trigger seed germination and to
promote plant growth.This indirectly affects the soil environment, for as healthy plants grow
under the right environmental conditions, thelevelophealthy rootsystemson which a large
variety of organisms depend.

Soil temperature

Soil temperature affects climate, plagtowth, soil properties and soil processes such as rate of
decomposition of organic waste. It is directly linked to the temperature of the atmosphere. Soill
is an insulator for the heat that flows between the terrestrial portion of the earth and the
atmosphere. During sunny days, the soil absorbs energy from the sun (radiation) and its
temperature increases. During the night, the soil releases heat into the air, which affects air
temperature.

Soil temperature varies through the seasons. During the sumneetaimperature of the soil is
relatively cool, while during the winter it is relatively warm when compared to air temperature.
This can influence the activities of soil organisms, indicate the right time for seed germination
or the right time for animals thibernate or emerge from the ground. For example, soil
temperature becomes a limiting factor for plant growth, microbial activity, and soil respiration
when it goes beyond 35 to 40 °C. While the ideal soil temperature for plants to grow ranges
between 1824 °C. However, these ranges will depend on species adaptations to local
environments . Soil temperature also influences the state of water (liquid, gas, or frozen), which,
combined with the amount of water in the soil, affects soil properties. Furthernmsmig,
temperature influences decomposition rates that can affect horizon characteristics. In cold
environments, the decomposition rate is low because soil microorganisms are less active. This
can result in daricolored soils. In warm tropical climates, vtlearing is increased, which

produces iron oxides and can result in reddistiored soilsLastly, soil temperature influences

the evaporation of soil moisture, which affects the humidity of the air, and consequently, the
climate. On the other hand, the amat of soil moisture affects the rate at which soil heats and
cools. Wet soils heat slower than dry soils because the water in the pore spaces between the
soil particles absorbs more heat than air in those spaces.

Soil respiration

Soil respiration is thgaseous flux ofarbon dioxide (C£from soils to the atmospheret
represents one of the largest fluxes in the global carbon cycle. Soil respiration results from
ecological processes suchdecomposition of soil organic matter and plant litter by soil
microorganisms, as well &om respiration of plant roots and soil fauna. It is an important
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indicator of soil healthbecauseit measures microbial activity that is critical for the conversion
of nutrientsinto forms that plants can use.

Soils store &ast amount of organic carbon that can be released quickly or slowly into the
atmosphere depending on soil respiration rates. Such rates are greatly influenced by several
factors that make soil respiration very variable in space and time. Climate is anvanof soil
respirationbecausesoil respirationincreases as temperature rises, peaks under optimal soil
moisture conditions, and decreases when soils are too wet or too dry. Vegetation type and
phenology(timing of flowering, fruitingandbudding)also influence soil respiration through
photosynthesisbecauselarge amounts of carbon compounds from photosynthesis are
allocated to plant roots and their associategimbiotic bacteria antlngi. Also, adding nitrogen
to the soilpromotes plant growth tht consequently increases soil respiration rates

Agriculture and other human activiti€s.qg. tillage, burning of fossil fuelsave a great impact

on soil respiration by affecting soil factors that increase the release of spiht©@@he

atmosphere Consequently, soil respiration contributes to the dramatic increase of greenhouse
gases in the atmosphere that are raising global temperatures affecting climate patterns.

In this protoco] you will use the Solvithl method to measure microbial soil resgiion.

Microbial soilrespiration is positively correlated with soil fertility and crop responses. The
health of the soil microbial communities is directly associated with the amount of humus and
mineralized nitrogen (the nitrogen available to plants agpbyduct of organic matter
decomposition completed by soil microbes).

Soil waterfilled pore space, water content, and bulk density

At the soil surface, carbon, nitrogen, and water can accumulate in large quantities leading to
greater numbers of sorhicrobes and microbial activity. Aerobic microbial activity increases
with soil water content until water displaces the air, restricting the availability of oxygen. At
relatively high water content when aeration is not a limiting factor, microbial respmat
nitrification, and mineralization occur at maximum rates. Consequently, when soil water
content reaches or exceeds field capacity, the percentage of space of soil pores filled with
water is a good indicator of microbial activity. In general, maximarolzsic microbial activity is
reached at 60% WFR®&ater-Filled Pore SpaceBelow this point, water limits microbial

activity, and above 60% of WFPS, aerobic microbial activity decreases. PerceHilledtpore
space (WFPS) is determined by soil wetetent and soil bulk density.

Soil water content is expressed as the mass (weight) of water in a soil sample (Gravimetric

water content) and as the volume of water in a known volume of soil (Volumetric water

content). How much water isstored intd2 A f RSUGSNXAySa (KS &az2ifQa

hydrological cycle, influences weather and climate, and maintainsveddr balance. Soil

moisture also influences other soil properties (color, pH, horizons) and processes. Soil processes

suchassoil@LIA NI GA2Y YR RSO2YLRaAldAz2y 2F 2NHIFYAO

10

)



effect on microbial activity. Soils saturated with water can be unhealthy, supporting only
anaerobic microbial activity and promoting plant roots decay over time. On the btoed, in

dry soils, the relatively few water molecules are strongly attached to soil particles preventing
the use by soil organisms.

Soil bulk density is an indicator of soil compaction. Bulk density is the dry weight of soil for a
given volume, where th volume includes the volume of particles (sand, silt, and clay) and pore
space between the particles. At high bulk density, less pore space is available in the soil for
oxygen, water movement, root growth, and microbe and animal activity. Bulk densityecan
dramatically altered by land use practices such as cultivation, trampling by stock animals,
agricultural machinery, construction, and weather. Activities that compact the soil increase
bulk density.

Soil fertility

Plants requirenutrients water, ar, heatand sunlight to grow. The nutrients that plants need in
large amounts arenacronutrientsand the ones that are needed in small amounts are
micronutrients The fertility of the soil indicates the availability of these nutrients for the plants.
Three macronutrients that are particularly important for plants to grow are nitrogen,
phosphorous and potassium. These nutrients are used as parameters of soil fertility. Potassium
ionsare positively charged and held in the soil by negatively charged stities. Nitrogen and
phosphorous are negatively charged and aotheldvery wellby soil particles. Consequently,
these two elements are easily lost from the soil due to leaching (removal from the soil as water
passes through it).

Nitrogen (N) is an ement found in the atmosphere in high concentrations, but in the soll, it is
found in low concentrations. Nitrogen is an important component of plant proteins and nucleic
acids (DNA, RNA) and promotes vegetative growth on plants. However, nitrogen cannot b
used by plants in its natural form. In soil and water, inorganic nitrogen is transformed to nitrate
(NG;, the most common), nitrite (N£), or ammonium (NkJ, all of which are usable forms for
plants. These forms of nitrogen are easily lost in thethadlugh leaching or evaporation.
Nitrogenfixing plants such as legumes, certain microbes, and decomposing organic matter
restore nitrogen levels.

Phosphorous (P) is important in the energy pathway of plants since it is an important element
in the compostion of DNA and RNAhosphorous is available to plants in the form of

phosphate (P@?). Phosphate can only be takeffectively upby plants when soilkave a pH
range 0f5.0-8.0. A lack of phosphorous resultssiow growth of plants anddecreasedhe
expansion of roots. Phosphate is also easily leached from the soil.

Potassium (K) & component of cell walls andessential to activate cell enzymes in plants

participating in the control of cellular turgdpressure against cell walls due to theluxfof
water in the cell)jncreasing fruit size and its flavor, having a positive effect on color and
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fragrance of flowers, and making the plants more resistant to diseases. This element is readily
available to plants, and because of its positive chaitge easily stored in the soil.

Soil pH

pH is a parameter used to describe how acidic or basic (the opposite of acidic) a solution is. This
parameter is determined by the amount of hydrogen ion¥ (H a sample. The pH scale ranges
between 1 and 14, anthe lower the number the more acidic the pH of a sample is (more H+
ions). A pH around 7 is neither acidic nor alkaline, but considered to be neutral. Values of pH 8
and above are considered to bealine.Soils with extreme pH values may break down easier

so that the soil structure and composition is not so staBtel. acidity or alkalinity (soil pH)
influences how plants grow and what kind of microorganisms may live in a soil. Soil pH is
important because it determines how available nutrients may be to a plant and how easily
plants can take up nutrients from the soil. Most nutrients that plants need can dissolve easily
when the pH of the soil solution ranges from 6.0 to 7.5. Below pH 6.0, somemtsirsuch as
nitrogen, phosphorus, and potassium, are less available. When pH exceeds 7.5, iron,
manganese, and phosphorus are less available. Soil pH is also an important measurement to
assess the potential availability of toxic elements to plants.

With a few exceptions, most plants will tolerate a fairly wide range of soiMafy

environmental factors, including the amount of rainfall, the vegetation type, and temperature,
can affect soil pH. In general, areas with heavy rainfall and forest covemhagterately acid

soils. Soils in regions with light rainfall and prairie cover, such as in parts of the Midwest, tend
to be near neutral. Areas that experience a lot of drought tend to have alkaline soils. The pH of
cultivated and developed soils ofterfféirs from that of the native soil because during
construction of buildings, or poor farming practices, topsoil is frequently removed or lost and
may be replaced by a different type of soil.

Soil active carbon

Soil organic matter (SOM) is a widely acknowledged indicator of soil health. However, it does
not have a definite chemical composition. The dominant element in SOM is soil organic carbon
(SOC). Soil organic carbon contains high levels of recalcitrant (sloagdy altered by microbial
activity) and small portions of labile fractions (decomposing readily). The labile fraction or
active carbon is the type of carbon in the SOM that is readily available to the soil microbial
community as a source of energy acarbon, driving much of the biological activity in the soil

and the cycling of nutrients. Active carbon has fractions of microbial biomass carbon,
particulate organic matter (particles less than 2 mm and greater than 0.053 mm in size), and
soil carbohydrags.

Active carboras a soil healtindicator is positively correlated with percent organic matter,
aggregate stability and with soil respiration rate, a measure of biological activity in the soil.
Active carbon is very sensitive to land management pcastiand soil productivity, responding
much sooner to changes in land management practices than total organic matter.

12



Soil organic matter

Soil organic matter (SOM) is the organic component of soil and consists of fresh plant residues
(<10 %), small living soil organisms (<5%), decomposing organic matter (active fraction; 33
50%), and stabilized organic matter (humus:5886). Soil organic matter is the most important
indicator of soil health and it plays many roles. It provides foodrficroorganisms that

themselves facilitate the availability of nutrients for plants, minimizes leaching of nutrients,
buffersthe effects of high acidity, increases the moisture retention of the soil, the available
water capacity and water filtration, helge minimize compaction and surface crusting, holds

soil aggregates together, decomposes toxic substances, and acts as a carbon sink.

The amount of organic matter in the soil ranges from less than 1% in sandy desert soils to 10
20% in forested or very poly drained soils. In most productive agricultural soils, SOM ranges

between 36%. In general, optimal SOM ranges betwee8?& These numbers are going to vary
by the influence of several factors on thete of decomposition of the soil organic matt&uich

as dimate, land managementype of vegetation, texture and drainage.

Some generalities about SOM include:

- Grassland soils have higher SOM than forest soils.

- SOM increases with increasing precipitation and decreases with increasing temperature.
- Finetextured soils have higher SOM than coatsgtured soils.

- Somewhat poorly and poorly drained soils have higher SOM than well drained soils.

- Soils in lowlands have higher SOM than soils on upland positions.

13






Methodology

This section presents all the information that you will need to have in order to conduct a soil
health survey. It includes a detailed explanation of the sampling désage 1417), the
equipment and material§page 18)the protocols to measure each varialffege 2559), and

the forms where you willeport the data(page 1924).

It isvery importantthat youbecomefamiliar with this information before you gato the field
to conduct a soil health survey

If you are not familiar with the metric system used in this manual, use the tables in Appendix 1
to convert the units of length from feet to meters and inches to centimeters, as well as the
units of temperature from Fahrenheit to Celsius. The metric syssetime International System

of Units used by the scientific community all over the world.

WHO CAN PARTICIPANEH HE SOIL HEALTHRYEYS?

Volunteers across the state are invited to participate in the soil health surveys. Teenagers and
adults working indvidually or in teams are welcome. At least one person in the team should
attend a training sessiof.he soil health survey is not designed to be a whole classroom activity
and team sizes should not exceed 5 individuals.

SURVEYI'BE SELECTION

A survey is conducted within an area of absixmeters in diametefsurvey site)n a site
representative of a habitaflo selectwhereto set up yousurvey site you need to fulfill the
requirements explained belo{rigure2). The timing of the surveys and how to collect the data
are explained in following sections (page 17 and 19 respectively).

- The survey site should e an area that is representative ofratural habitat (forest,
woodland, prairie) or an anthropogenic habitat (croplagdsssland ey field, abandoned

field), animalpasture).Urban and suburban gardens are not included because are small areas
that experience very intense human manipulation.

- The area of the habitat should Iz least one acre in sizExceptions may apply depending on
the type of habitat.

- The survey site should be homogenous in several characteristics such as topography,
elevation, habitat, soil type, etc.

- The area othe survey site should be similar in terms of managentestiory and current
management.

- The survey site shubd be at leasii5-20 metersaway from any other habitaeandfrom water
sources (ponds, lakes, and creeks), drainage, roads, trails, erodedisltebprders, fertilizer

14



bands, etclf necessaryset up yoursitel g @ FNRY @ Xg&ohdeRandn Bread and K {
parks.

- Avoid sites that are too disturbed or that are frequently disturbed (burned (unless prescribed),
flooded, eroded]ogged, etc.).

- Avoid sites that are overly dry with soil filled with rocks and pebbles.

- Toidentify the best location for your survey site based on homogenous topography and
elevation usit the US Geological Survey websliise the Map Loator and Downloader

application b download for free a topographic mayh your site((https://viewer.nationalmap.
gov/basic/?basemap=bl&category=ustopo&title=US%20Topo%20Download).

- Make sure your survey site is within the same soil map unit. Visit the SoilWeb &vebsit
(http://casoilresource.lawr.ucdavis.edu/gmap/) to learn about the kind of soil in the vicinity of
your survey site.

- Permission from landownets accessand work in asurveysite should be granted before any
measurements are taken.

- Plan to have access to the survey site oocer severamonths of a year. Each site will be
surveyed forat least one year or mordetails on the timing for sampling are explainedhe
sectiond 2 KSy (2 O2yRdzOG17: &a2Af adz2N®Seé¢ o6LJ IS

- Participans canmonitor more than one survey site.

- If you do not have a site, you still can pagate. To contact us go to pag8&.7

Corn field Woodland

220m

Soil unit

Figure 2. Hypothetical diagram of site requiremerd$a surveysite. The sirveysite
should be within the same habitate.g.,woodland), at least 20 meters from water
sources, trails, other habitats, disturbed areas, and within the same soil unit if possible
Diagram is not to scale.
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Soll
Landscape

Figure 3 Hillslope crosssection depicting soielementswithin the soil
landsca. SUg Summit; SH; Shoulder Slope; B&Backslope; F& Footslope;
TSc Toeslope/Floodplain.

REPLICATE SELECTION

Within a survey site, select fivecations (replicates) to collect treoil data(Figure 4. These
replicates should be similar among themselves. fdgiirements to select theeplicate

locations within a survey site are:

- Replicate locations should be identified within the same habitat (forest, woodland, prairie,

cropland,animal pasturegrasslangetc.).

- If the replicates are on a hillslope, make sure they areigiiin the same element (summit,
shoulder slope, backslope, footslope, or toeslofi@yure 3)Consequently, the replicates will

be similarin dope and aspect (orientation with respeio the north).

- Avoid nonrepresentative areas within the survey site that are uncharacteristically wet or dry,

extremely hilly, or eroded.

- In crop fieldsgselect replicate locations in row areas and avoid tire tracks.

Survey Site

Replicate
location

Location for
stake

Hgure 4. Hypothetical
diagram of the sampling
design in a soil health
survey site. R R5 are
replicate locations. At
each replcate location
(big blue circle), the black
dots represent soil
collection sites at least
20 cm apart. Thessoil
samplesare used to
measure different
variablesperiodically.
Diagram is not to S(i%Ie.



HOW TO SET UP THERDION OF THE RERIESNVITHIN A SURVEY SITE

The following procedures will help you position and mark the locations of the five replicates
within your survey sitéor the duration of the surveys (loAgrm monitoring)(Figure4). You

will need five stakes, mark@en, rubber malet, measuring tapecompassandaccess t&GPS
(Global Position System)

- At the center of the survey sit&sert a stake in the soil all the wayttee first mark (circle)
(about15 centimetergdeep) using the rubber mallétnecessaryUse the markepento label
the stake on its top with the replicate number 1 (R1). Redsr@P3 oordinatesin the data
sheet.

- Threemeters away to the northplace another stake and label it R2.

- Go back to R1 anitiree meters away to the east placanother stakeandlabel it R3

- Repeat this last step to place stakes at replicates R4 and R5 towards the south and west
respectively

- Verify with landowner that the location of the stakes will not interfere with management
practices(e.g.,planting, irrigation, harvesting, prescribed burning, etc.jhe longterm (year
around). If there is a possibility that the stakes will be removed or damaged by such practices,
record theGPSoordinates at each replicate locaticasaccuratly as posile in order to
relocatelocations forthe next survey.

- Take a photo of your study site showing the stakes and the type of habitat.

WHEN TO CONDUCT AISSURVEY

It is very important to conduct the soil surveys during the same period of time as other
participating individuals ogroups to give consistency and value to the data you are collecting.
Below are the guidelines omhento conduct the surveys:

- Soil surveys are conducted oncea monthbetween Februaryand November.Try to always do
the survey during the same week per month.

- The sarting monthof a survey site will vary depending when a team joins the project.

- If raining, wait about 2 days to conduthe soil survey in order to give time to the soil to reach
field capacity (the amount of water content held in the soil after excess water has been drained
away).

- You can collect the data in the morning, noon, or afternoon, but always do all yougysun

the same period of time if possible.

- Make sure that during the time needed to collect the data there is no disturbance in the
survey site Avoid prescribed burning, planting, harvesting, etc.

- Avoid areas that have been recently disturbed dudogggingor flooding

- The timing for measuring each of the soil health indicators is explain€duale 5 page 23.
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MATERIALS AND EQUIENT (SIL SURVEY KIT)

The followingable liststhe materials and equipmenteeded toconductthe soil health survey
(Table 3)Most of the items are provided by MO DIRT and sawhditional itemsare provided
by theparticipants.

Table 3. Material and equipment providedy MO DIRT and the participanfser year

MATERIAL AND EQUIPMENT PROVIDED BY MATERIAL AND EQUIPMENT PROVIDI
MO DIRT BY PARTICIPANTS

Active carbon kitKMnQ, color chart, freestanding tubes (30 ml) (2) Camera

Augerg 10 or12 inch length Flatbladed knife or pocket knife
Backpack GPS unit (or cell phone with GPS)
Balance oscale (0.1 g precision and 400 g min. capacity) Hot pad / oven mitt

Brush Oven, or lamp

Clipboard with data sheets Newspaper

Compost bowls (4) Soap

Distilled water (1 gallon) Watch or timer

Line level Weight (rock)

Manual

Measuring tape

Metal ring

Nail

Nitrile gloves (1 box) (disposable)
Permanent markers (2)

Plastic container with lid (32 246 m)

Plastic squeeze bulb pipette, 3 ml (2)
Rubber mallet

Prepaid envelope to mail organic matter samples
Rapitest

Sealable bag20)

Set of measuring cups and spoons

{ A3y awSaSINOK airidss
Soil and air thermometer

Soil box for testing of organic matter (2)

Soil color book

Soil texture feel method diagram

Solvitakit (2 jars, color chart, 10 foil pouches, notification card)
Spatula

Stakes (6)

Stick

String

Table knife

Tray

Trowel

Wooden block
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CARE OF EQUIPMENTAMATERIALS
In the field:

- Handle the equipment carefully. Avoid putting too much pressure when insertingt#kes,
thermometer, and auger in the soil.

- After collecting data in the field make sure to pick up all the items from the soil kit and place
them in the backpack

In the lab:

- Wash and clean yolequipment and materials usingater and hand soafexcept disposable
bowls),makingsure they ae dried before storage until the next survey.

- Metal tray: Avoid damage to the coating and pan by preventing the use of métakils,
abrasive cleaners, and metal scouring pa®id contact with salt tht can cause pitting
corrosion

HOW TO COLLECT THAEMD

Information collectedduring the soil health surveysriscorded onaform that includesgroup
information, site desription, andsoilvariables data (see form in pagé). The formhas
sections that are filled are a yearonce a monthandtwice a yealTable5, page 23
Depending on the variable, datae collecied from each of the five replicate locatigrisom a
composite samplenadeof soil from each of théive replicates, ofrom a single sample d@he
center of thesurvey sitgReplicate 1) (Tabk). Guidelines to prepare for the soil survaye
also included with this formEach of the sections of the forare explained below.

Information collected once (Pages 1 to 3fiorm):

Group information

Participants shoulthclude in the forntheir names, the institution they belong tas well as

the contact information of the iup leader. This information is collected once during the first
survey. Update this information as needed in evampsequensurvey.

Qrvey #te description

This section includes informatidghat describes different aspects of tiseirveysite in termsof
landscape and habitat characteristitfpdate this information as needed in the following

surveys.

Address:Include detailed information on how to get to tharseysite.
Date: Make sure the date is recorded in this order (maofathy year).
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Mean annual temperature andotal annual precipitation(Normals for the period 1982010)

This information can be found ggweather.com/normals/MO.htmlSearchfor the closest

city/town to your survey siteC 2 NJ 0 SYLISNI G dzNB € 22 | pldphdtian KS da S|
GKS Gt NBOALXE NP g3 Toevalkesohtgmparakuard i Falirenli@® f dzY'y & @
degrees andhe values for precipitation are imches. To convert these values to Celsius
degreesand millimetersuse the tabls in Appendice& and2, or use an odine conversin site

for temperature andength.

Elevation:ls the height above sea level of a location and should be recorded in meters at the
center of your survey site (Replicate 1 (R1)). Use any elevation finder in the web to search by
address or coordinates (e.g. www.distancesto.com/elevation.phgw.freemaptools.com/
elevationfinder.htm).

Slope:To estimate the slopéigureb), insert a stick in the soil at the@ghest point of the

sampling areaAttach a string at the base of tiséick. Hold the string horizontallysing the line

level towards the base of the slop&he leftover string will fall on the ground. Attach a weight

to the string to form a solid 90° angle. Measure the length of string from the high poyautio

hand. Then, measure the height from the stringyaur handto the ground. To find the

percentage of slope, simply divide the rise (the measured height) by the run (the measured
length) and multiply by 100f your site is flat, the slope is 0%.

Figure 5. How to measure a slope.

Aspect:If yoursurvey sitds a a slope, record the approximate position of the site with respect

to the points of thecompasgi.e., Nnorth, Ssouth, Eeast, Wwest, NEnortheast, NW

northwest, SESoutheast, S\outhwest). Write N/A (not applicable) when your site is flat.

Latitude and bngitude: Record thegeographical coordinataa decimal degreeat the

replicate locationl (R1)(e.g.37.715930;92.135860)To find the coordinates, use any Map

App in your phone or the SoilWeb websitatisSE LJX  AYSR Ay G(KS ySEG LI 3
dzy AU Yy I YS [f yolR coar@inatiesPafgiveh in degrees, minutes, and secoites.
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OTCPMQHME b dpnemyQnyé203 O2y@SNI GKSY (G2 RSOA
http://andrew.hedges.name/experiments/convert_lat_londf the stakes cannot be used to
mark the replicate locations, record the coordinates at each replicate lat#ioelocate them
duringthe next survey.

Habitat type:Include the type of hlitat where yoursurvey sitds [e.g.,forest, woodland,

prairie, grassland (hafield, abandoned field), cropland (tillage,-titage)or animal pastur¢
Include additionainformation to describe the crop system if applicaliise the habitat guide

to confirm that your survey site is assigned to the correct habitat type. Access the guide at
modirt.missouriepscor.org/sites/default/files/files/Habitat%20Guide.pdf

Photo of habtat: Take a photo of the habitat of your survey site and send the image to
modirt@danforthcenter.org.

Topography:Report the presence of topographical featuresy(,hills, ridges, depressions,

knolls, potholes, etc.).

Soil map unit name and symboA soil map unit is a collection of areas named the same in
terms of their soil components. To find the map unit of your site, visit the SoilWeb website
(casoilresource.lawr.ucdavis.edu/gmap/). You will see contour yellow lines that delineate soll
map unis label with five digit numbers (symbol$).Gotoda Sy dz¢ I yR &St SOG & %22
[ 2 Ol @rid 2nyeé the address or coordinates of your survey site. Zoom in as necessary until
you find the location of your survey site. 2) Click on your survey site locattba avindow will
appear on the top left of the screen with the soil map unit name and symbol on the top, as well
as additional map unit data (e.g. EHpbsonrRamsey complex, 8 to 15 percent slopes (73589)).
You can download the SoilWeb App to your phaheasoilresource.lawr.ucdavis.edu/soilweb
apps/. The coordinates are shown as you move the cursor on the bottom right of the screen.
Survey sitdandscape positionLook atthe diagramin pagel6 to identify the position of the
survey sitdn the landscapeg.g.,summit, shoulder slope, backslope, footslope,
toeslope/floodplair) (Figure 3)

Present land managemenRecord the current activities that are taking place in skhievey site

by contacting the landowner (e,dogging, reforestatin, flooding, pesticides, fertilizers,

irrigation, prescribed burns, undisturbed, etc.)

Past management systeniRecord the past activities that took place in gurvey siteby

contacting the landownerg(g, logging, reforestation, flooding, pesticides, fertilizers, irrigation,
prescribed burnsyndisturbed,unusual events (floods, fires, land leveling, etc.)).

Soil color:With asoil sampler, soil is collected from the center of tevey sitgReplicate 1)o
determine the soil color at different layersdble 5 page 2Rrotocol page6).

Soil texture:With asoil sampler, soil is collected from the center of thevey sitgReplicate 1)

to determine the solil texture at different layer$gble 5 page 2Frotocol page29).

Drawing of the siteMake a drawing that includes the approximate location of the replicate
samples and their surroundings, including landmarks or other features of relevance. Take a
photo of your drawingo upload in the data portal (opinal).

Information collected once a montifTable 5 page 23Pages 4 t® in form):

t N2 OA RS LI NI 7 @¢ll bdipgaiedrantayt infgratian and site description if
necessary.
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% Cloud coverThis is an estimate of the percentage of visible sky that is covered with clouds at
the moment of sampling and is an indication of the weather conditions at the moment. Use the
cloud cover charin Table 40 make the estimate.

Table 4.Cloud cover chart

CLOUD COVER CLASSIFICATIONS

No Clouds
The sky is cloudless; there are no clouds visible.

Clear
Clouds are present but cover less than d@asth (or 10%) of the sky.

Isolated Clouds
Clouds cover between orAenth (10%) and ondourth (25%) of thesky.

Scattered Clouds
Clouds cover between orAeurth (25%) and ondalf (50%) of the sky.

Broken Clouds
Clouds cover between oAgalf (50%) and ningenths (90%) of the sky.

Overcast
Clouds cover more than nirtenths (90%) of the sky.

Obscured

Cloudscannot be observed because more than doarth (25%) of the sky cannot be seen
clearly. If the sky is obscured, record what is blocking your view of the gkyfdg, smoke,
haze, volcanic ash, dust, sand, heavy rain, etc.).

Air temperature: Meaaure this variable in Celsius degrgé€)at 1.5 min the airat each

replicate location (Protocol pad#)).

Soil temperature:Measure this variable in Celsius degrees at surface level (0 cm), 5 cm, and 10
cm depth at each of the replicate locations (Praabpage35).

Soil respiration:Usea Solvita kit to ecord color change over time froapaddle inajar with a

soil sample to interpret C{&missions (Protocol pad®). The soil sample is a composite

sample made of soil froreach ofthe five replicate locations.

Soilbulk density, water content, and water-filled pore space Calculatehe density of dry soil

in a knownvolumeandthe amount of water from a composite soil samirotocol pagel3).

Information collected twice a yeaTable 5 page 23Page7 in form):

Soil nutrients:Use the Rapitest kito estimate the content of nitrogen, phosphorous and
potassiumin a soil sampléProtocol pagé&0). The soil sample is a composite sample made of
soil from each of the five replicate locations.

pH: U= the Rapitest kitto estimate thepH ofa soil sample(Protocol pagé3). The soil sample
is a composite sample made of soil from each of the five @gliocations.

22



Active carbon:Use a potassium permangandtsst to estimate the amount of active carbon in

a soil samplé€Protocol pagé5). The soil sample is a composite sample made of soil from each
of the five replicate locations.

Soil organic matterA soil sample, from a composite sample made of soil from each of the five
replicate locations, is sent to a stektinglab to estimate the percentage of organic matter in
the sample (Protocol padss).

Table 5 Timeline of the varidles measurd in a soil health survey over timwith the number
of replicates and eadings per variable per survey

No. of
L\le(:)lli?;tes gze:dlngs Variables Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov
variable
Once a year measurements
Soil colo® Measured at any survey
1 1 Soil texture® Measured at any survey
Monthly measurements
1 1 % cloud covetr’ X X X X X X X X X X
5 5 Air temperatureb X X X X X X X X X X
5 5 Soil temperature X X X X X X X X X X
5 1° Soil respiration X | x| x| x| x| x| x| x| x| x
5 1° Soil water content X X X X X X X X X X
1 1 Bulk densit;}j Measured during the first survey
1 1 Waterfilled pore spacéa X X X X X X X X X X
Twice a year measurements
5 1° Soil fertility (N, P , K) X X
5 1°¢ pH X X
5 1°¢ Active carbon X X
5 1°¢ Soil organic matter X X

%1t is recommended that these measurements be taken at the beginning of the project.

® 9 cloud cover and air temperature are part of the site descriptionsaothealth indicators

“ Measurement from a composite soil sample obtained from soil collected in the five reglicate
d Although it is a variable that is measured once a year, its value is used to calculatdileater
pore space on a monthly basis.

® Soil water content and bulk density are used to calculate whlled pore space.

"Twice a year measurements are collected in May and August if your site experiences major
disturbances (e.g. flooding, burning, logging, crop and pasture management,Tétese
measurements can be collected once in either May or August, if your site does not experience
major disturbance (e.g. forest, woodland, abandoned grassland).
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Consideations tofollow when you collect the data and record it in the data sheet

Checkin advancehat the instruments you are going to use are calibrated and work properly.
Become familiawith the equipment, including the meaning and interpretation of their
readings.

Be patientand wait until the readings in an instrumestiabilizein order to collectdata

accuratdy.

Make sureyou position thenstrumentsat the right depths.

Make sureto write the data in the correct cells and in the right units.

Considemwhen you record the datahat an empty cell is different from a zero value. When you
do not have data for a cell, explaime reasorh y (G KS ay2iSaé¢ aSOGA2yd
After you collect thedata, look through the values to see if you spot mistakes, for example
missing values, missing periods ircoheal numbers, extra zeros, etc.

Each variable hasm@otocolthat is describedn the next sectionEach protocol includes
background information, materials, sampling guidelines and the measurement procedures.

WHAT TO DO WITH TBEATA
Data entry

Thedata you collect every month should be kept in a safe place. If possible, make photocopies
or take photos of your data and keep them in a separate place than the originals. As soon as
possible, enter the data cline. You can find the instructions in thata Portal Manual you

should have received at the training. You can access the mantaleoat:
http://modirt.missouriepscor.org/sites/default/files/files/Manual%20data%20entry%20on
line(2).pdf.

Data sharing

When you create your account to enter thatd ortline, you will have the option to share the

data with the general public, among the MO DIRT patrticipants, or only with the EPSCoR
scientists.

Data search

MO DIRT has a Data Search Portal where the soil health surveys can be search based on habitat
type, location, and variable sets (http://modirt.missouriepscor.org/soilhealthsurveys/search

data). The data can be exported.

PHOTOS

Take photos of your study site and you and other members of your team conducting the soill
health survey. Send the images to modirt@danforthcenter.org.
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PROTOCOLS FOR VARIABLES COLLECTED ONCE
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SOIL COLOR PROTOCOL

Background

Soil color is an indicator of various chemical processes acting on soil. These processes include
the weathering of geologic material, the oxidatioeductionreactionson soil minerals (mainly

iron and manganese), and the decomposition of organic ma@enate, physical geography,

and geology influence these processes.

Soil colorcan be usedo estimatethe organic matter content of the solil, to indicateetleffects
of human disturbance and past vegetation, to identiiassifyand evaluate soils, and tocate
where thesoilwater table isamong many other sodctivities

There are two primary coloring agents in soil: organic matter and iron. Daikcgsusbil usually
indicates high content of organic material, while shades of red, yellow, and gray usually relate
to the quantity and form of iron present.

Color development and distribution of color within a soil profile are part of weathering. Also, as
organic matter decomposes into black humus, it coats surfaces of soil as it permeates through
the soil. Humus color decreases with depth, and iron pigments become more apparent. So, as
depth below the surface soil increases, colors become lighter, yallaweedder. Sedable 1

below for the interpretation of soil colors.

The Munsell System of Color Notatiamfw.munsell.conis a system used to compare soil

colors anywhere in the world. This system helps scientisketoonsistent in the interpretation

of colors. It hashree components: hue (specific color), value (lightness and darkness), and
chroma (color intensity) thasre arranged in books of color chips. Soil samples are held next to
the chips to find a visual match and assigned the corresponding Munsell notation. For example,
a brown soil may be classified as: hue value/chroma (10YR 5/3).

Materials

Auger

Clipboard and data Sheet
Distilled water

Permanent marker

Plastic squeeze bulb pipette
Rubber mallet

Soil color book

Soil sample

=4 =2 =8 =8 -8 -8 -8 9

Soil coloridentification
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Tablel. General interpetation of soil colors

SOIL COLOR

DUE TO THE PRESENC
OF:

COMMENTS

Dark or black

Organic matter

Mostly found at soil surfaces. Associatgith well-
aggregated soils with aboeverage nutrient levels.

Clear or white

Calcium and magnesium
carbonates, soluble salts
or high proportion of sanc
(quartz crystals)

May indicate considerable leaching and low organi
matter.

Red and bright

Iron is oxidized and not

Under dry conditions or wetlrained soils. The iron

yellowish hydrated with water oxides have strong surface charge properties that
promote good aggregatioaf soil particles with
sufficient porous that allow air and water for root
development.

Yellowish Less oxidation of iron ang Average air and moistureonditions

brown/orange hydration

Mucky soil mass or | Farous and ferric In soils that are waterlogged for at least one part of

clay with spots of | compounds the year, or due to the activity of plant roots living it

red, yellow, and

ponding.

gray colors
Grey/green/bluish | Iron and manganese in | In waterlogged soils with lack of oxygen withlorless
grey reduced state forms due to the loss of pigments.

Sampling guidelines

- Soil color is determined a single locatiomt the centerof the sampling site (R1)

w8 RAY 34

depth.

2F az2irf 0Oz

f2NJFNB GF 1Sy FNRY |

- Determine soil color at each layer (horizon) found along the soil core in the dulgey

differ.

- With the same soil sample obtained from the auger, readings of soil texture are (a&en

protocol).

- Never sample twice from the same spaithin a period of several years.
- Soil color readings are takemceat the beginning of the project.
- Two participants can do the sampling and processing for this indicator.
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Measurement procedures
How to take the soil sample:

1. Identifya locationat the centerof the sampling site (R1)
2. Insert the auger in the soil all the way down by turning the sampler to dig into the
ground. Use the rubber mallet to push the auger if needed.
3. If you findit difficult to insert the augerin the soil due to presence of gravel or rocks,
do not force itand take the samplenly to the depth you can.
Pull the auger out of the soil with the soil sample.
Identify differences in soil color along the sample core. The areas with different colors
are layers or soil horizons. Look for flecks or patches of color as well.
6. In the data sheet, you can include information fortogdour layers but if you find more,
FRR GKAa FTRRAGA2YIFE AYyT2NXYIGA2Y Ay GKS dabz2

o s

How to take the soil color readings:

=

For each layer, assign a soil color usingstiiecolor book.

2. Take a ped (soil aggregate) from the layer with your fingers and note whether it is moist,
dry, or wet. If it is dry, moisten it slightly with water using a plastic squeeze bulb pipette

3. Break the ped and hold it next to the color chart. Stand with the sun over your shoulder
so that sunlight shines on the color chart and the soil sample you are examining.

4. Find the coloin the colorbookthat most closely matches the color of the insideface
of the ped. Besure that all group participants agree on the choice of color.

5. Record the chosen color in the data sheet.

Use this same soil sample to determine the soil texture (See protocol in2®ge

| 2f 2= —| 2 NA T

| 2f 2= — 1 2 NA T
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SOIL TEXTURE PROTIOCO
Background
Soil texture is described by the presence and relative proportions of the three types of particles

that make up soil: sand, silt, and clay. These patrticles differ in size as fOllais 2)

Table 2.Soil marticle classification according to the
International Societyof Soil Science

Diameter of the particles (mm) Classification
> 2 Stony structure
2¢0.2 Coarse sand
0.2¢ 0.02 Fine sand
0.02¢ 0.002 Silt

<0.002 Clay

Particles classification according to the International Society
of Soil Science

Depending on their texture, soils will vary in their ability to retain water and nutrients. A simple
way to examine soil texture is to physically handle dry and wet soil samples, using your fingers
to work with small soil sampleSandy sds feel rough (gritty) because sand patrticles have hard
edges. These soils do natld many nutrients because they have large pores that allow gases
and water to move through them rapidly. Teandparticles do noedhereto each other and
cannot stay togther. Silty soilsare smooth and powdery, and when wet, they make crumbles

or ribbons but are not stickySlty soils have smaller pore spaces than sandy soils, therefore,
they can hold more wateClayey soilare smooth when dry and sticky when wet, making balls
or ribbons that stay together. Because their particles are so small, clayey soils cdarpeld
quantitiesof nutrients, water, and gases.

Most soils contain different combinations of sand, siltdatay. The Soil Textural Triangle
(Figure 1shows the twelve possible soil classes based on the relative percentages of these
combinations of textures. The most appropriate soil class for plant growth is loam, which can
absorb water very efficiently. THeam soil is composed of mostly sand and silt, with a smaller
amount of clay.
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Figure 1. Soil Textural Triangle.

Materials

Auger

Brush

Clipboard and data sheet
Distilled water

Permanent marker

Plastic squeeze bulb pipette
Rubber mallet

Soil texture feelmethod diagram
Stick

Table knife Collecting a soil core with
the auger

= =4 8 8 8 8 -5 -9 -9 -9

Sampling guidelines

- Soil texture igletermined atthe centerof the sampling site (R1)

- Readings of soil texture are from a single saihple obtained with an auger to Ifiches
depth.

- With the same soil sample obtained from the auger, readings of soil color are taken.

- Determined soitexture at each layer (horizon) found along the soil core in the auger.

- Never sample twice frorthe same spot within a period of several years.

- Soil texture readings are takemceat the beginning of the project

- Two participants can do the sampling and processing for this indicator.
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Measurement procedures
How to take the soil sample:
1. Use thesame sample used wite soil color protocol (Pagzs).
How to take the soil texture reading:
2. Use the feetest method to determine the texture of each of the soil layers you found in
the soil core. Use the flodiagram in the next page (Figure 7).
3. Record the informatiomn the data sheet.
4. In the data sheet, you can include information about ugdor layers, but if you find

more, add the additional informationintheb 2 1 Sa¢ aSOGA2y @

Cleaning: Remove the soil inside the auger with the table lamtethe brush. Wash with mild
soap and water and let it dry.
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Soil Texture by Feel

Start: Place soil in palm of hand. Add water drop-wise and knead the soil into a smooth and
plastic consistency, like moist putty.

Does the soil remain in a ball when squeezed?

Yes

4

[

[

No

Add more water

Add drv soil

0

=)

Is the soil too drv?

No >

Is the soil too wet?

Place ball of soil between thumb and forefinger, gently pushing the soil
between with the thumb, squeezing it upward into a ribbon. Form a
ribbon of uniform thickness and width. Allow ribbon to emerge and
extend over the forefinger, breaking from its own weight.

Does the soil form a ribbon?

No
Yes

What kind of ribbon does it form?

C

s

(U

Forms a weak
Moisten a ribbon less
pinch of soil in than 1" before
palm and rub breaking
with forefinger

LOAM

Does it feel Sandy
very gritty Loam
Does it feel
equally gritty
and smooth?
Does it feel iy
very smooth? m

Forms a ribbon
1-2" before
breaking

CLAY LOAM

Sandy Clay
Loam

Clay
Loam

Silty Clay
Loam

Forms a ribbon
2" or longer
before
breaking

CLAY

Sandy
Clay

G
(&)

Figure7. Diagram of the steps to conduct the feel method to determine the texture of a soil samptaurce:

CMG GardenNotes #214, Colorado State University.







PROTOCOLS FOR VARIAB LES TO MEASURE EACH
MONTH (FEBRUARY TON OVEMBER)






AIR TEMPERATURE PRODL
Background

Air temperature isa measure othe kinetic energy (energy of motion) of the gases that make

up the air. As gas molecules move faster, air temperature increases. In other words, air
temperaturedescribeshow cold or hot the air is. Air temperature is important to understand
how the atmoghere works in order tonakeweatherpredictions For example, air

temperature affects the humidity of the atmosphere, influencing the fueling of storms. Also, air
temperature influences precipitation since rain, sleet, snow, or freezing rain will fadinadimpg
uponthe temperatureof the air.

Many biological processes are also dependent on air temperature. The metabolism in animals
can slow down or increase dependingonthe temperature of the environment that surrounds
them. Thus, feeding, mating, migrating and other animal behaviors are partially regulated by
temperature. In plants, the right temperature is needed to trigger seed germination and to
promote plant growth.This indirectly affects the soil environment, for as healthy plants grow
under the right environmental conditions, thelevelophealthy rootsystemson which a large
variety of organisms depend.

Materials

Qipboardand data sheet

Measuring tape

Permanent marker

Thermometer (the same to measure soil temperature)
Watch ortimer

= =2 =4 4 A

Sampling guidelines

- An air reading is taken at each replicate location.
- Airreadings are taken once a month in Celsius degrees.
- Make sure the thermometer is positioned at therrectheight.

Measurement procedures

1. Calibrate the thermometer following the instructions that are in the box.

2. At Replicate 1 (R1)se the measuring tape to determine the height at which you will
measureair temperature (1.5 m)

3. Hold the thermometer at this height and waittil the sensor gives a stable reading (~2

minutes)

Record the readingn the data sheet.

5. Repeat steps-B at each of the remaining replicate locations {R2).

»
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SOIL TEMPERATUREOTOCOL

Background

Soil temperature affects climate, plant growth, soil properties and soil processes such as rate of
decomposition of organic waste. It is directly linked to the temperature of the atmospBeile

is an insulator for the heat that flosvbetween theterrestrial portion of theearth and the
atmosphere. During sunny days, the soil absorbs energy frorauhdradiationand its

temperature increases. During the night, the soil releases heat into the air, which affects air
temperature.

Sol temperature varies through the seasons. During the summer the temperature of the soil is
relatively cool, while during the wintet is relatively warm when compared to air temperature.
This can influencthe activities ofsoil organismandicate the right time for seed germination

or the right time for animals to hibernate or emerge from the grouRdr example, soll
temperature becomes a limiting factor for plant growth, microbial activity, and soil respiration
when it goes beyond 35 to 40 “@While the ideal soil temperature for plants to grow ranges
between 1824 °C However, these ranges will depend on species adaptations to local
environments.

Soil temperature also influences tlséate ofwater (liquid, gas, or frozen), which, combined
with the amaunt of water in the soil, affects soil propertidsurthermore, soil temperature
influences decomposition rates that can affect horizon characteristics. In cold environments,
the decomposition rate is low because soil microorganisms are less.athiigeanresult in
dark-colored soils. In warm tropical climates, weathering is increased, which produces iron
oxides andcanresult in reddiskcolored soils.

Lastly, soil temperature influences the evaporation of soil moistmgchaffectsthe humidity

of the air, and consequentlythe climate. On the other hand, the amount of soil moisture

affects the rate at which soil heats and cools. Wet soils heat slower than dry soils because the
water in the pore spaces between the soil particlesabs more heat than ain those spaces

Materials

Brush

Clipboardand data sheet
Nail

Permanent marker

Soil thermometer
Watch ortimer

=4 =2 =8 4 -8 4

Sdl thermometer at 5 cm depth.
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Sampling guidelines

- Soil eadings at three depths (0 cmch, and 10 cm) at each replicate location.

- Soil readings are takeance a month in Celsius degrees.

- The collection of soil samples for soil moisture barcollected while sampling soill
temperature.

Measurement procedures

1.
2.

Calibrate the thermometefollowing the instructions that are in the box.

Use the marker to make a line around the probe at 5 and 10 cm. Measure the distances
from the tip towards the top of the thermometer.

At Replicate 1 (R1)ppition the tip of the thermometer at the interfadeetween soil

and vegetation/leaf littel(if there is any)Wait until the sensor gives a stable reading (~2
minutes)andrecord thetemperaturein the data shee{surface temperature/0 cm).

At R1, emove leaf litter or other debris and insert the thermotaeup to 5 cm into the
soil and wait until the sensor gives a stable reading (~2 mindfgg)u cannot insert the
thermometer to the desird depth try again at a different spatfew centimeters away

or use a nail to make a hole to place the thermome#eroid moving the nail to the

sides as this generates air pockets that alter the temperature readierord the

reading in the data sheet.

After taking the second reading, push the thermometer to a depth of 1Q @it for

the sensor to stabilizé~-2 mnutes)andrecord thethird readingin the data sheetlf

there is difficulty in inserting the thermometer, tthie options mentioned earlier.

Repeat steps-2 at each of the remaining replicate locations {R2).

Clean the thermometer with a cloth or brush to remove attached soil.
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COMPOSITE SOIL SAMRIOLLECTION PROTIOD® MEASURE SOIL
RESPIRATION, NUTRIBNPH, AND ACTIVARBON

This protocol refers to the collection of a composite sample made of soil subsamples from the
five replicate locations. This composite sample is used to test the following variables: soll
respiration,water content,nitrogen, phosphorous, potassium, pHtige carbon and organic
matter.

Materials

Brush

Nitrile gloves
Permanent marker
Sealable bag

Tray

Trowel

= =4 8 4 -8 -4

Sampling guidelines

- The soil sample in this protocol is a combination of soil subsamples from each of the five
replicates.

- There is one vakiper variable instead of five per sampling period.

- The samples are taken from the top 7 cm of the soil once a month.

- The compositesoilsample will be usetb calculateonce a monthsoil respirationas well as
water content(except the month when buléensity is measured) (see page 4dnd only
twice a year (May and Augugt) calculate theother variables.

- Never sample twice from the same spot within a period of several years.

- Switch sampling location within a 1 meter radius at each replisite

- Two or more participants can do the soil collection in the replicate locations.

Sampling procedures
In the field:

1. Remove vegetation/leaf litter from where you will collect the soil sample.

2. Wear gloves to avoid touching the soil with your hantigs will prevent contamination
for future measurements.

3. Use atrowel to collect one cup of soil up to 5 cm deep from each of the five replicate
locations.Removerocks, animals, roots and other big items that are not soil.

4. Place the five soil samples (&b of 5 cupfuls) in the same sealable bag and seal it tightly.
5 [ oSt GKS o6Fl3 ¢gAGK GKS aA0S yIFrYS:E RIGSET |y
6. Return to the lakas soon as you can to analyze the soil sample.
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In the lab:

=

Keep the bag sealed and mix the sampléthmbag by kneading it with the fingers.
Place the soil sample in a tray and, using gloves, remove plant matter, leaf litter, any
fauna androcks.

Work quickly to avoid losing significant soil moisture.

Usethe composite samplein the months of May andugust.to perform each of the
analyses fosoil respiration, water content, soil nutrients (N, P, K), pH, active carbon,
and organic mattefollowing the respective protocols for each indicator.

After finishing with all tests, wash the trowel, tray, bagk. with warm water and soap
and let them dry.

Clean the work area.
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SOIL RESPIRATION PROOL

Background

Soil respiration is thgaseous flux ofarbon dioxide (C£)from soils to the atmospheret
represents one of the largest fluxes in the global carbon cycle. Soil respiration results from
ecological processes suchdecomposition of soil organic matter and plant litter by soil
microorganisms, as well &om respiration of plant roots and sdéuna. It is an important
indicator of soil healtbecauseit measures microbial activity that is critical for the conversion
of nutrientsinto forms that plants can use.

Soils store a vast amount of organic carbon that can be released quickly or isitonttye

atmosphere depending on soil respiration rates. Such rates are greatly influenced by several
factors that make soil respiration very variable in space and time. Climate is a main driver of soll
respirationbecausesoil respirationncreases as teperature rises, peaks under optimal soil
moisture conditions, and decreases when soils are too wet or too dry. Vegetation type and
phenology(timing of flowering, fruiting, and buddingJso influence soil respiration through
photosynthesisbecauselarge amounts of carbon compounds from photosynthesis are

allocated to plant roots and their associategimbiotic bacteria antlungi. Also, adding nitrogen

to the soilpromotes plant growth that consequently increases soil respiration rates

Agricultureand other human activitiege.qg. tillage, burning of fossil fuelsave a great impact
on soil respiration by affecting soil factors that increase the release of spiht@@he
atmosphere Consequently, soil respiration contributes to the dramaticease of greenhouse
gases in the atmosphere that are raising global temperatures affecting climate patterns.

In this protoco)you will use the Solvitll method to measure microbial soil respiration.
Microbial soilrespiration is positively correlated wispil fertility and crop responses. The
health of the soil microbial communities is directly associated with the amount of humus and
mineralized nitrogen (the nitrogen available to plantsads/~-product of organic matter
decomposition completed by soil otbbes).

Materials

=

Balance or scale (0.1 grams precision

and 400 grams minimum capacity) = ‘ "B’
Brush N

Clipboard and dta $eet

Composite soil sample %

Distilled water ?

Nitrile doves
Permanenimarker Solvita soil kit and set up for measuring soil respiratio

Plastic squeeze bulb pipette
Sealable bag

=2 =4 4 =4 -8 -8 -9 -9
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1 Solvita kit (1 jar with lid, foil pouch with paddle, color chart). Keep the Sdbritaouches in
a cool place or in a refrigerator (must not be allowed to freeze) away from sunlight to
prevent changes in temperaturéllow pouches to adjust to room temperature before use.

1 Tray

1 Watch

Sampling guidelines

- The soil use in this protocol is from &eshcomposite soil sample. See protocol in page 37.
- The samples are taken from the top 7 cm of the soil.
- There is one value for this variable (instead of five) per sampling.

Measurement procedureg, See video amodirt.missouriepscor.org/node/304
In thelab:

1. Using gloveglacea portion of thefreshcomposite soil samplen the tray(~ 1 cup).

Clean the soil sample as much as youaioots and any other organic materi&eep

the rest of the composite soil sampilethe sealable bagnd keep the baglosed.

Placethe Solvita jaon the balance and zerout the weight of the jar.

Fill the Solvita® jar with the sailsing thefill line as a guideintil it weighs90 g

Tap thebottom of the jar on a hard surface occasionally during filling to eliminate voids

or air pockets

5. Openthe foil pouch andnsertthe gel paddle into the soil with the gel facing the clear
side of the jar. Be careful not to jostle or tip jaihe soil shold not touch the gel in the
paddle.

6. Screw the lid on tightly ankgt the jar standundisturbedfor 24 hours, and keep it in a
room with a controlled temperature @0 °C- 22 °C 68 °F- 72 °F) away from sunlight.

7. Record in the data sheet the start time of the experiment and the color in the paddle at
0,1, 2,3,4,5, 10, and 24 hours into the experimeise thecolorchart to determine
the number for the color on thpaddle. Note that the color on the paddle magt
exactly match any of the colors on the chart. Select the best matoh.color chart
AYRAOI(GSa G2 da! asS dzyRSNJ Ff d2NBaoOSyid fAIK(GEC
type of light, you can use the day light to determine the color.

8. Do not delay lhe reading of the gel paddle because the color chamgestime with CQ
release from the sall

9. Dispose of the soil leftovers after setting up the experiment.

10. At the end of the experimentlean the jars with mild soap and water and dispose of the
paddles

B ownN

Data interpretation

Use Table 6 to translate the colors and numberth@épaddle anccolor chart to biological soll
conditions and emissions of carban carbon dioxidéCQ-C) or carbon dioxide (GQo the
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atmosphere ircultivated soilsif your survey is in a natural habitat.q., forest, woodland,
prairie), you may have to do an additional step as explainexi.

Cultivated soils

Data interpretation in Table 6 is based on soil samples frmist cultivated soils tested at
roomtemperature of20°C- 22 °C 68 °F- 72 °F)after 24 hours into the test.

Soils from natural habitats

{2Af&a FNRY a2YS ylidaNIf KFEoAGlFda YAIKEG 6S aFl
high-functioning systems with high levels of organic mated microbial ratesThis might be
reflected in a fast change paddlecolors
1. LRSYGATe @& 2dzNJ a Bak feached a dolor aufnbedi af 5 digfivefdids A T A
into the experiment.
2. Continue recording the color change until it reaches the number 6.
3. LT @& 2dzNJ a2 A fake iha color readinty @ & hoitd\addithi respective
amount of CQ@-C Ibs/acre/dayn Table 6The table will give you a range of numbers for
a particuér color.
4. Multiply both numbers in the rangdy 2.5,the conversion factoto estimate the
equivalent numbes after 24 hours. Write your result in the data sheet.
5. When you enter the data chine, the data portal will automatically calculate the
amount of CQ-C Ibs/acre/day at 24 hour¥.erify that your calculations coincide with
the data portal numbers.

Temperatureconversion to field conditions

Use Tablé& to determine the C@C emissions at field temperatubesed on your results at
room temperature at 24 hourfollowingthe stepsbelow. The data portal will automatically
make thesecalculations after you enter aline the color numbers and the soil temperature
readings at 5 cm.

1. Calculate the averagéefd soil temperature a5 cm depthbased on the data recorded
when you collected theompositesoil sampleWhen you enter these data dine, the
average soil temperature at 5 cm is automatically calculated.

In Table 7ind the average field soiemperatureand the respective conversion factor

3. Dividethe CQ-C value atoomtemperatureafter 24 hoursfound inTable 6 by the
conversion factor found in Table Do this calculation for both numbers of the range.

4. Find this new C£C value in Tablé. This value indicates the GG emissions at field
temperature at 24 hours. Record this value in your data sheet.

5. If you obtain a value that is greater than 160, this indicates that your soil sample has
extremely high biological activityfhis could béhe result of a soil very rich in organic
matter and or high soil temperatures.

6. Verify that your calculations coincide with the data portal numbers.

no

41



Table6. Solvita Field Test Performed in test jar aR0-22°C (6872°F)after 24 hours

Colorreadingof gels in paddles

BlueGray GrayGreen Green GreenYellow Yellow Bright Yellow
Color0-1.0 Color>1.0-25 Color>25-3.5 Color>35¢4.0 Color>4.0¢5.0 | Color>5.0¢ 6.0
Biological soil condition of cultivated soils

Extreme bw - Medium ¢ Low - Medium¢ High Very High
Activity LowActivity Activity Ideal Activity Activity Activity
. . . High biological
Associated with| Marginal biological| Medium activity- Active mlcrobe . Very actlve_ activity with
> ) . population and biologically with
extremely activity with low |may be accumulatin . . . | excellent supply
. : . good organic very high organic .
depleted soils organic matter organicmatter of organic
matter supply matter turnover
matter
Emissions (Flux) of G&@ as Ibs / acre / day
0.5-1 >1-5 >5-15 >15-25 >25-60 >60- 160
International emissions (flux) of C@s gams/ m?/ day **
02¢04 >0.4¢ 2 >2¢6 >6¢ 10 >10- 25 >25-65

* Units areCQ-C (amount of carbon in the G@as). Results are likely to depend on a variety of
factors such as depth of sampling, soil temperature, and field moisture.

** |International Metric Units based on @Qo convert C&values to C@C, multiply C@values
by 0.273. To convert G& valueso CQ, multiply C@-C values by 3.7.

Table7. Conversion of C&C emissiongt room temperature (20°C /70°Fjo emissions afield

temperature

Field soll 5°C 10°C 15°C 20°C 30°C 40°C
temperature*

Conversion 4 2 15 1 0.5 1
factor

*1f your averageemperature in the field is an intermediate number between the values in this
table, use intermediate values of the conversion factor. For example, if the average
temperature is 25°Cdivide your C@C value by the conversion factor 0.75.
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SOIL WATERILLE PORE SPACE, WATERITENT, AND BULKNSETY
PROTOCOL

Background

At the soil surface, carbon, nitrogen, and watanaccumulate in large quantities leading to

greater numbers of soil microbes and microbial activigrodicmicrobial activity increases

with soil water content until water displaces the air, restricting the availability of oxygen. At
relativelyhigh water content when aeration is not a limiting factor, microbial respiration,
nitrification, and mineralization occur at maximum rates. Consedly, when soil water

content reackesor exceeddield capacity, the percentage space ofoil poresfilled with

water is a good indicator of microbial activity.general, maximum aerobic microbial activity is
reached at 60% WFPS. Below this point, water limits microbial activity, and above 60% of WFPS,
aerobic microbial activity decreasd®rcentwater-filled porespace (%WFB % determined by

soil water contat and soil bulk density.

Soil water content is expressed as the mass (weight) of water in a soil sample (Gravimetric

water content) and as the volume of water in a known volume of soil (Volumetric water

content). How much water is stored inthe soil &NXY' Ay Sa (G KS a2AftQa FoAf Al
hydrological cycle, influences weather and climate, and maintainsveddr balance. Soll
moisturealsoinfluences other soil properties (color, pH, horizons) and proce&abprocesses

such assoil respiratim anddecomposition of organic mattdér NS Ay Ff dzZSY OSR o6& &2;
effect on microbial activitySoils saturated with wateran be unhealthy, supporting only

anaerobic microbial activitand promoting plant roots decay over tim@n the other hand, in

dry soils, thaelativelyfew water molecules are strongly attached to gmkticlespreventing

the use bysoil organisms.

Soil bulk density is an indicator of soil compactiBulk density is thery weight of soil for a

given volume, where the volumacludes the volume of particles (sand, silt, and clay) and pore
space between the particleat high bulkdensity, less pore spadgavailable in the soil for
oxygen, water movement, root growth, and microbe and animal activity. Bulk density can be
dramatically altered by land use practices such as cultivation, tramplirsgaokanimals,
agricultural machineryconstruction,and weather Activities thatcompact the soil increas

bulk density.

Materials (some are optional)

i Balance or scale (0.1 grams precision

and 400 grams minimum capacity)

Brush

Clipboardand data sheet

Compostable bowls (5)

Hot pad/oven mitt

Knives: table knife and flddladed knife (pocket knife

= =4 4 4 9
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Metal ring (7.62 cm diameter x 6.98 cm height)

Oven capable of maintaining a temperature not exceeding 10&°&250 Watt infrared
heating lamp (1 or 2 bulbs) tha¢aches temperatures of 680°Cor a fan

Newspaper (if you air drje soil sample)

Permanent marker
Rubber mallet
Sealable bag)
Soil sample
Spatula

Tray

Trowel
Woodenblock

== =4
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Weighing and drying a soil sample.

Sampling guidelines

- Soil bulk density is measured once per yaiaone replicate location (Rturing the first
survey This measurement is used to calcel& Volumetric water content, % Total porosity
and % Watefilled pore space.

- % Gravimetric water contenis measured every montliom acomposite soisample except
during thefirst surveywhen the soil sample is obtained from the soil bulk density collection.

- Thesoilsampleto calculate water contenistaken from the top 7 cnof the soil

- Readings of soil temperature and air temperatuwran be takerat the same time.

Measurementprocedures

Soil bulk densitgnce per year In the field- See video atodirt.missouriepscor.org/node/305

H

. If your survey site is rockyyou cannot measure soil bulk density. Continue with the
LINE OSRdzNB 2F a2 SN O2yiaSyid 2yO0S | Y2y (iKé
2. If the survey site isot rocky, in the location of replicate 1 (R1) clear an area of leaf
litter, rocks, and debris until the soil is exposed and flat. Avoid areas with soil cracks.
Place the metal ring on the ground with the beveled edge down.
Push thering into the soil with your hands as far as you can so that the bottom of the
ring is even with the ground surface. In case you can only partially push the ring,
measure the height of the ring that is not in the soil. Deduct this height from the total
ring height (6.99 cm) to have the height of the ring that is in the soil for future
calculations in page 47. Push the ring, keeping it straight. If the ring does not go all the
way down, place a wooden block on top of the ring gedtly hammer the ring intahe
soil with a rubber mallet until the top of the ring is at surface level (see photo in page
43). The wooden block spreads the force of the hammer evenly to make the ring
descend evenly into the soil.
5. If arock or a big root is interfering in the soiing collection start over in a new spot
some centimeters away within your replicate site.

Hw
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6.

7.

8.

9.

Avoid excessive compression of the soil. Compare the soil elevation inside the ring with
the original soil surface outside the ring as you insert the ring. $heyld be the same.
To remove the ringvhen it is buried at the same level of the soil, do the following:
1 Dig deep and wideraund the ring using the table knife and trowel.
1 To lift the ring outwhile preventing any loss of soil inside the ring, placewu®den
block on top of the ring, and the wide plastic spatula underneath the ring. Allow some
soil between the ring and the spatula.
1 Lift the ring and turn the sample upside down with teodenblock as the base and
the spatula on top.
Removeany excessoil from the top of the ring using the spatula or the {ftdaded
knife (pocket knife) until the soil is flat and even with the edges ofitinge
Invert the sample again with the spatula at the base, liftwWdenblock and using
the flat-bladed knife even the soil with the edges of the ring if necessary.

10.Using as little hand contact as possible, place the soil sample in a sealable bag to

prevent additional soil moisture loss. Use the table knife to push the soil out of the ring
and make sure the et sample is placed in the bag. Seal the bag tightlyvenité on it
the site name, date, antlulk density

11.Prevent the sample from being exposed to sunlight and heat and bring it to the lab as

soon as possible for processing.

12.Clean the ring with the bih.

Soil bulk densitgnce per year In the lab

1.

o o

As soon as possiblesturn to the lab to process the sample. If you cannot work on the
sample right away, make sure the hagealedtightly and storeit in a cool place away
from sunlight andchanges inemperature.
Weighthe soil sample intsbag andrecord thevaluein the data shee{Pages of form,
column A)
Weigh a clean bag (same size) and record this valthee data sheet (Paggof form,
column B) The bag weight accounts for the weight of the bag where the sample is.
Subtract the clean bag weight from the sfilled bag weight to determine weight of wet
soil (Page 6 of form, column,@nd record this value in the data shektyou enter the
values of A and B atine, C isasutomaticallycalculated.
Keep the bag sealed andxthe sample in the bag by kneadiitgwvith the fingers.
Depending on the drying method, follow the next steps:
1 If you use the compostable bowls as containers for the drying process, weigh
bowl and record iin the data sheet (Pagéof form, column E). This value
accounts for the weight of the bowl where you place a soil sample.

Oven w Makesure that theovenis not used for food.

1 Placethe soil sample in @ompostablebowl in the oven The temperature of the
oven should not exceeti05°C. Dryhe samplefor acouple ofhours.Check after
one hourto see if the samplesfully dry. If not,move the soil aroundvith atable
knife andkeep dryingt until it is.

1 Reweighthe bowl with soil each cycle until the weigho longer changes.
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Lamp: wPlace thesoilsamplein the bowlunder a lampgo dry for at least 2 day#\void
contact with the lamp.
1 Move the soil around in the bowlith atable knife twice a dayo speed up the
drying process.
1 Reweighthe bowl with soil periodicallyuntil the weigt no longer changes.
Air dryand fan
1 Placethe soil sample in theowl and ét it air dry for2-5 days.
1 Use a fan, if available, to speed up the drying process.
1 Move the soil around in the bowl withtable knife twice a day to speed up the
drying process.
1 Reweighthe bowl with soilperiodicallyuntil the weigt no longer changes.

7. Record thevalue ofdry weightof soilwith container in the data sheet (Pagebtform,
column D)

8. Subtract the bowl weight from the soil + bowl weight to determine the weight of dry soll
(Page 6 of form, column F), and record itha data sheet. If you enter the values of D
and E oHdine, F is automatically calculated.

9. Recordthe volume of your sampléPage 6 of form, column Glhis volumes 292.53
cm® if you collected soil tat filled the wholering. If the soil sampledid notfill the whole
ring, adjust the formula of volumeSge page 4ibr volume adjusments).

10.Make the calculationsof columnsH through L(H- bulk density, 1% Gravimetric water
content, J % Volumetric water content, K% Total soil porosity,1% Waterfilled pore
space) These calculations are explained in pagel#you enter thevaluesof A through
Gon-line, the @lculationsfor H through L will bautomaticallycalculated.

11. After the volume of soi[G) andsoil bulk densitfH)are on-line, their values aréocked
and areusedautomaticallyin future montHhy calculations of vaables | through L

12.1f the calculations are donautomatically orline, it is recommended that you copy the
values of these calculations in your foewmery month to have a print copy of your data.

13.CleaningAt the end of the experiment clean the equipment with mild soap and water
(exceptwoodenblocks aul bowls) Remove all soil from bowls with a cloth or bruesid
avoid contact with water. If damagdedispose of them in a compost site.

Water contentoncea month (except the month bulk density is measured)

1. Use two cups of soil from the composite sample (see protocol in page 83jculate
wet (C)and dry weigh{(F) of soievery month. Follow steps8A Yy (G KS &aSOGAz2y &
densityonceperyearLy (G KS f | 0¢é @

2. If bulk density(H)hasbeencollected fa the sitg you can make the calculations dbiL,
or enter the data of Ao F online to obtain automatic calculations of | o

3. If bulk densitycamnot be collected in your site, you ontyancalculate % Gravimetric soll
water content(l) (see page 47 for this calculatioff) youenter thevaluesfor wet and
dry soilon-line (A, B, D and Eyravimetric water contenwill be automatically
calculated.

4. During the surveys of May and August, use your dry soil sample for the organic matter
protocol (page 58).
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Calculations oboil bulk density volumetric water content,and percent wateffilled pore
space(WFR

With the valuedor weight of wet and dry soil, you can calculat@l parameters related to
water contentsuch as bulk density, gravimetric and volumetric water content, total porosity,
and watefrfilled pore space using thfellowing formulasYou have the option to entehe
valueson-line for wet and dry soil, and automatically the water content parametershll
calculated.

Bulk density is needed to calculate % Total soil porosity. % Gravimetric water cismeeided
to calculate % Volumetric water content. % Volumetric water content%ntbotal porosity are
needed to calculate % Watditled pore space.

Letters in parentheses after each variable indicate the columns of these variables in the data
sheet.

1. Soil bulk density (g/cr}) (H)= Weight of dry soilF)/ volume of soil sampléGY> 2 K SNB X
- Volume of soil sampléG)I'  NA vy 3 @ FxX LdzB8.$416'x 13.32 6.9%= 292.53 cm

L = height of ring = 6.99 cm *
r = radius = 3.65 cm (r= diameter/2 = 7.3/2 = 3.65 cm)

Notes:

*In case you cannot obtain a soil sample that fills whole ring (e.g., hard dry soils may
prevent to insert the ring all the way to the soil levelje height of the ring (L) needs to be
replaced in the formula by the height that the soil sample occupies in the ring.

2. % Gravimetricsoil water content (I) =[(weight of wet soi(C)¢ weight of dry soi(F) /
weight of dry soi(F] x 100 WhereX

- Weight of wet so0i(C)= (weight of wet soil + ba@\)) ¢ weight of bag(B)
- Weight of dry soi(F)= (weight of dry soil €ontainer(D)) ¢ weight ofcontainer(E)

3. % Water-filled pore space(%WFB (L)= (% Volumetric water conterid)/ % Totalsoil
porosity (K) x 100
WhereX

- % Volumetric water conten{J)= @oGravimetric soil water conter(t)) x (Soil bulk density
glem?® (H))
- % Total soiporosity (K)=[1 ¢ (Soil bulk densityH)/ Soil particle density)] x 100

Soil particle density is assumed to be 2.65 gl/cviou may result with a %WS8ver 100. This
could be due to the variation in theumberof decimal points.
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Data interpretation

The figure below shows a model of the behavior of microbial activity in the soil at different
percentages of watefilled pore spacdFigure6). Compareyour results with respect to 60
%NVFFS the valueat which microbial activity is at its maximum.

Relative microbial activity

25 50 60 75 100

% Water-filled pore space

Figure 6 Model of microbial activity in relation to wateffilled pore space.
Model modified from Bowman 1998 and Linn and Doran 1984.

The table below providesformation of ideal bulk density values for plant growth based on soil
texture as well as values where root growth is restricf@dble 8) This table does not apply to
red clayey soils and volcanic ash soils.

Table 8. Bulk density values ifgoils withdifferent textures

Soil texture Ideal bulk density for plant Bulk density that restricts
growth (g/cm®) root growth (g/cm?)

Sand, loamy sand <1.60 >1.80

Sandy loam, loam <1.40 >1.80

Sandy clay loam, clay loam <1.40 >1.75

Silt, silt loam <1.40 >1.75

Silt loam, silty clay loam <1.40 >1.65

Sandy clay, silty clay, clay <1.10 >1.58

loam

Clay (>45 percent clay) <1.10 >1.47

Safety instructions

- When using the overavoid touching hot surfaces and materials.
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PROTOCOLS FOR VARIAB LES TO MEASURE TWICE
A YEAR
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SOIL NUTRIENTS PRODQ

Background

Plants requirenutrients water, air, heatand sunlight to grow. The nutrients that plants need in
large amounts arenacronutrientsand the ones that are needed in small amounts are
micronutrients The fertility of the soil indicates the availability of these nutrients for the plants.
Three macrautrients that are particularly important for plants to grow are nitrogen,
phosphorous and potassium. These nutrients are used as parameters of soil fertility. Potassium
ionsare positively charged and held in the soil by negatively charged soil partilgsgen

and phosphorous are negatively charged andraseheld very wellby soil particles.

Consequently, these two elements are easily lost from the soil due to leaching (removal from
the soil as water passes through it).

Nitrogen (N) is an elemenbd@ind in the atmosphere in high concentrations, but in the soll, it is
found in low concentrations. Nitrogen is an important component of plant proteins and nucleic
acids (DNA, RNA) and promotes vegetative growth on plants. However, nitrogen cannot be
usedby plants in its natural form. In soil and water, inorganic nitrogen is transformed to nitrate
(NG;, the most common), nitrite (N£), or ammonium (NkJ, all of which are usable forms for
plants. These forms of nitrogen are easily lost in the soil thrdegbhing or evaporation.
Nitrogenfixing plants such as legumes, certain microbes, and decomposing organic matter
restore nitrogen levels.

Phosphorous (P) is important in the energy pathway of plants since it is an important element
in the composition ofDNA and RNAhosphorous is available to plants in the form of
phosphateions (PQ ). Phosphate can only be takeffectively upby plants when soilsave a

pH range 06.0-8.0. A lack of phosphorous resultssiow growth of plants anddecreased
expanson of roots. Phosphate is also easily leached from the soil.

Potassium (K) & component of cell walls andessential to activate cell enzymes in plants
participating in the control of cellular turgdpressure against cell walls due to the influx of

water in the cell)jncreasing fruit size and its flavor, having a positive effect on color and
fragrance of flowers, and making the plants more resistant to diseases. This element is readily
available to plants, and because of its positive charge, @sgyestored in the soil.

Materials
I Brush
1 Clipboard and dataheet
1 Composite soil sample
9 Distilled water
1 Nitrile doves
1 Permanent marker
I Plastic squeeze bulb pipette Soilcomparators with matching color pills
and gastic squeeze bulb pipette 50
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Plastic container (L)

Rapitest Soil Test Kit (®lor comparatorgor N, P, and Kgnd pills of matching colors)
Set of measuring cups

Watch or timer

Sampling guidelines

- The soil usedn this protocol is from a composite soil sample. See protocpage 37.
- The soil is taken from the topcmof the soiltwice per year (May and August).

- There is one value for this variable (instead of five) per sampling.

- Use the waiting time in this protocol to collect data ther variables.

Measurementprocedures

In the lab:

1.

2.

Place ¥ cup of soil from the leftovers of ttmmpositesoil sample and 2 %2 cups of
distilledwater in a plastic contained.().

Mix the soil solutionfor 1 minute. Let the solution stand undisturbéat 1 hour. A fine

clay soilvery turbid water) will take much longer to settle out than a coarse sandy soil.
The clarity of the solution will also vary, the clearer the better, however cloudiness will
not affect the accuracy of the test.

For each of the three analyses of N, P, En#latch the piltapsuleswith the color
comparators (small plastic containers) of the same color and verify that the film color
charts are in place.

Use a plastic squeeze bulb pipette to fill both the test and reference chambers (narrow
and widechambers respective)yvith the liquid part of the soil solution. Fill both
chambers up to the dotted linshownin the test chamber. Avoid pipetting debris at the
surface and or soil at the bottom.

Add the content of a capsule of the matching color to thst chamber (narrow

chamber). To do this, hold the capsule horizontally over the test chamber and carefully
separate the two halves to pour the powder into the chamber. Make sure the capsule is
totally emptied.

Cover the comparator tightlyith the cap ad mix well Alow the comparator to sit
undisturbed forl0 minutes for the color to be revealed. After exactly 10 minutes,
compare the coloof the soil solutionin the test chamber with the colorrothe color

chart. Record the valuen the data sheet, awell as the respective equivalency in parts
per million (ppm) (Table 9, page 52).

. If after the 10 minutes a colored layer has fadat the bottom of the test chamber,

gently tilt the comparator back and forthfew times. The colored layer will mix witihe
soil solution changing its color. Then, do the reading of the colors.

For better results, use the daylight rather than direct sunlight to help you identify the
colors. Look through the test chamber in the light.

At the end of the experimentglean thematerials with mild soap and water.
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10.Make sure the color charts, comparators, and lids match colors for their use in the next

survey.

Safety instructions

Dispose of the test solutions by rinsing them down the sink. Empty gelatin capsules should be
disposed of immediately with household wasRemove color charts anglash the containers

and caps in warm soapy water immediately after each use. Make sure any sediment or color
staining is removed. Rinse well and dry. Store the kit in clean, dry conditions that are also
indoors and away from children. Avoid touching theyglers and always wash your hands
thoroughly afterconductng your tests. Do not drink, eat, or smoke while using the soil test kit.
Keep powders away from food, drink and animal feed. If taken internally, drink copious

amounts of water and seek medicahack.

Data interpretation

Thetable below indicatethe equivalency of the colors in the comparators in parts per million
for nitrogen, phosphorous and potassiyfable 9)

Table9. Equivalency of the test categories for each of the nutrients (N, Rnkarts per

million (Mg/Liter)

Depleted | Deficient | Adequate | Sufficient Surplus
N NO N1 N2 N3 N4
Nitrate (NG;) 0 10 20 40 80
P PO P1 P2 P3 P4
Phosphoric Acid (s) 5 10 20 50 100
K KO K1 K2 K3 K4
Potassium Oxide (#O) 50 200 400 600 900
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pH PROTOCOL

Background

pH is a parameter used to describe how acidic or basic (the opposite of acidic) a solution is. This
parameter is determined by the amount of hydrogen i¢H§ in a smple The pH scale ranges
between 1 and 14andthe lower the number the more acidic the pH of a sample is (more H+
ions). A pH around 7 is neither acidic nor alkaline, but considered to be neutral. Values of pH 8
and above are considered to be alkaliG®ils with extreme pH values may break down easie

so that the soil structure and composition is not so staBl. acidity or alkalinity (soil pH)
influences how plants grow and what kind of microorganisms may live in a soil. Soil pH is
important because it determines how available nutrients may ba fsant andchow easily

plants can take up nutrients from the soil. Most nutrients that plants need can dissolve easily
when the pH of the soil solution ranges from 6.0 to 7.5. Below pH 6.0, some nutrients, such as
nitrogen, phosphorus, and potassium, aesd available. When pH exceeds 7.5, iron,
manganese, and phosphorus are less availé®dd.pH is also an important measurement to
assess the potential availability of toxic elements to plants.

With a few exceptions, most plants will tolerate a fairly wide range of soiMafy

environmental factors, including the amount of rainfall, the vegetation type, and temperature,
can affect soil pH. In general, areas with heavy rainfall and forest bavermoderately acid

soils. Soils in regions with light rainfall and prairie cover, such as in parts of the Midwest, tend
to be near neutral. Areas that experience a lot of drought tend to have alkaline soils. The pH of
cultivated and developed soils oftaliffers from that of the native soil because during
construction of buildings, or poor farming practices, topsoil is frequently removed or lost and
may be replaced by a different type of soil.

Materials

Brush

Clipboard and dta sheet

Composite soil sample

Distilled water

Nitrile goves

Permanent marker

Plastic squeeze bulb pipette

Rapitest Soil Test Kit color comparator
for pH and a pill of matching color)

Watch or timer Soil comparator with matching pill
and plastic squeezédulb pipette

=4 =4 8 -8 8 -8 -9 -9 -9 -9
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Sampling guidelines

- The soil usedn this protocol is from a composite soil sampee protocol ipage37.
- The soil is taken from the topcmof the soiltwice per year (May and August).

- There is one value for this variable (instead of fpp&) sampling.

- Use the waiting time in this protocol to collect data fiher variables.

Measurement procedures

1.
2.

o g

Open the pH containdrom the Rapitest Soil Test Kit. Have a colatching pill ready.

Fill the test chamber (left, narrow chamber)tbe color comparator (small plastic

O2y Ul AYySNDL S6AGK az2iAf FTNRY (GKS fSTUH20SNE 27
fAySoe

Carefully empty the capsule in the test chamber. To do this hold the capsule horizontally

over the test chamber and carefylseparate the two halves to pour the powder into

the chamber. Make sure the capsules are totally emptied.

|l RR RAAGAEESR 6l 0SSN gAGK | LXFadAO aljdzsSSi S
shown on the test chamber

Cover the container tightly ahmix very well.

Allow the soil sample to settle to the bottom and wait for the color to be revealed (1

min).

Compare the color of your soil solution against the colors in the chart to determine the

pH of your solution and record your result in the dataeh For better results, use the

daylight rather than direct sunlight to compare the colors.

At the end of the experiments clean the materials with nsitcchp and water.
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ACTIVE CARBON PROOOC

Background

Soil organic matter (SOM) is a widely acknowledged indicator of soil health. However, it does
not have a definite chemical composition. The dominant element in SOM is soil organic carbon
(SOC). Soil organic carbon contains high levels of recalcitrant ¢slomdy altered by microbial
activity) and small portions of labile fractions (decomposing readily). The labile fraction or
active carbon is the type of carbon in the SOM that is readily available to the soil microbial
community as a source of energy acarbon, driving much of the biological activity in the soil

and the cycling of nutrients. Active carbon has fractions of microbial biomass carbon,
particulate organic matter (particles less than 2 mm and greater than 0.053 mm in size), and
soil carbohydrags.

Active carboras a soil healtimdicator is positively correlated with percent organic matter,
aggregate stability and with soil respiration rate, a measure of biological activity in the soil.
Active carbon is very sensitive to land management pecastiand soil productivity, responding
much sooner to changes in land management practices than total organic matter.

Materials

=

Balance or scale (0.1 grams precision
and400 grams minimum capacity)
Brush

Clipboard and dta sheet

Color chart

Composite soil samplgir dry)
Distilledwater

Freestanding tube (30 ml)

Nitrile doves

Plastic squeeze bulb pipette
Potassium permanganate solution
(0.2M KMnQ,in 1M CadJ, 7.2pH) (5 ml)
(store in a cool plage

Set of measuringpoons

Tray

1 Watch ortimer

=4 =22 8 -8 -85 -9 -9

Preparation of soil solution, mixing,
and soil color comparisons

== =

Sampling guidelines

- The soil usedn this protocol is from a composite soil sampBee protocol ipage37.
- The soil is taken from the top 7 aoh the soiltwice per year (May and August).
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- There is one value for this variable (instead of five) per sampling.
- Use the waiting time in this protocol to collect data from other variables.

Measurement procedures

1.
2.

From theleftovers of thecompositesoil sampletake a soil subsample (1/4 cup).

Using glovescrumble the soil gently to give an eveaggregate consistency and spread
thinly on themetaltray.

Remove organic matter from the soil sample (e.g. roots, leaves, bark, animals, etc.) as
well as rocks andny other big debris.

If the soll is moistair-dry it for a couple of days. Mix the soiB2Zimes while dryingDo

not use extreme heat.

Place 2 ml of the 0.1 KMnQ, solution in thefree-standingtube and addistilled water

to the 20 ml mark. Cap the tube and mix the solution.

Add 5 g of ail to the solution.

Cap the tube tightly and shake vigorously éaactly2 min (~100 strokes/min) to oxidize
the active carbon in the sample. Stand the tube on the trayef@ctly 10 mirutes,

avoiding any kind of disturbance. Protect the sample from direct sunlight while the soll
particles settle.

After the 10 minutes, use the color chart to determine the level of active carbon in the
sample and record the results in the data shééte purple color becomes lighter as a
result of the oxidation of the carbon.

At the end of the experimentispose of the solution in a sinftush with waterand

clean the materials with mild soap and water.

Safety instructiongsee Appendices for Safety Data Sheet)

- Potassium permanganate is a very powerful oxidizersimalld not be stored near acids or
fuel sources to prevent fires, explosions, and or toxic gas buildup.

- The storage of this chemical (powder) should ba tlean and dry sealed container. It can be
stored for over a year.

- When the powder is mixed with water, it becomes a powerful dye and stains fabrics
permanently, stains skin temporarily, and causes corrosion on any metal or masonry.

Data interpretaton

Potassium permanganate (KMgQ@s an oxidizing agent that reacts with active carbon to
partially bleach the deep purple permanganate color to light pink or clHze.safety data sheet
for potassium permanganate is in Append)xThe lighter thecolor of the KMn@solution after
reacting with the soll, the greater the amount of active carbon and the better the quality of the

soil.
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The table below indicates soil quality based on the potassium permanganate method to
estimate relative amounts of &we carbon(Table 10)

Table 10Field color chart to estimate the amount of active carbon irsail sampleusing the
potassium permanganate test

Soil quality

Poor Fair

Good

Excellent

Active carbon in poundg > 0¢ 232 >232¢ 464

per acre (Ibs/A)

>464¢ 928

>928
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SOIL ORGANIC MATTHHHROTOCOL

Background

Soil organic matter (SOM) is the organic component of soil and consists of fresh plant residues
(<10 %), small living soil organismS%s), decomposing organic matter (active fractiory, 33

50%), and stabilized organic matter (humus:5886). Soil organic matter is the most important
indicator of soil health and it plays many roles. It provides food for microorganisms that
themselves factiate the availability of nutrients for plants, minimizes leaching of nutrients,
buffersthe effects of high acidity, increases the moisture retention of the soil, the available
water capacity and water filtration, helps to minimize compaction and surfacgting, holds

soil aggregates together, decomposes toxic substances, and acts as a carbon sink.

The amount of organic matter in the soil ranges from less than 1% in sandy desert soils to 10
20% in forested or very poorly drained soils. In most produ@gmecultural soils, SOM ranges
between 36%. In general, optimal SOM ranges betwee8?& These numbers are going to vary
by the influence of several factors on thete of decomposition of the soil organic mattuich

as dimate, land managementype ofvegetation, texture and drainage.

Some generalities about SOM include:

- Grassland soils have higher SOM than forest soils.

- SOM increases with increasing precipitation and decreases with increasing temperature.
- Finetextured soils have higher SOtlan coarsetextured soils.

- Somewhat poorly and poorly drained soils have higher SOM than well drained soils.

- Soils in lowlands have higher SOM than soils on upland positions.

Materials

1 Balance or scale (0.1 grams precisi(
and 400 grams minimum capacity)
Permanent marker

Prepaid post office envelope
Sealable bag

Soil box

Soil sample in soil box and in sealable bag.

= =4 4 =4 2

Soil sampldérom the bulk density
protocol

Sampling guidelines
- The soil usedn this protocol is from a composite soil samplebulk density sample.
- The soisampleisfrom the top 7cm of the soil

- Organic matter is tested twice per year (May and August) if your site experiences major
disturbances (e.g. flooding, burninggging, crop and pasture management, etc.). If your site
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does not experience major disturbance (e.g. forest, woodland, abandoned grassland), you can
collect a single soil sample in either May or August.

- There is one value for this variable (insteadiw¢) per sampling.

Measurement procedures
In the lab:

1. Useapproximatelyl Y2cups of soil from thecomposite soil sample. You may use soil
from the bulk density sample if you started your project in the monthslay or
August.

2. Remove organic mattérom the soil sample (e.g. roots, leaves, bark, animals, etc.) as
well as rocks and any other big debris.

3. Place the sample in the soil box from the University of Missouri Extension and label it
with a name, addresslate of collectionand habitat typeDisregard other requested
information and procedures in box.

4. Avoid placing in the box solil that is too humid. Let it air dry for a couple of days before

mailing it.

Weigh the sample and make sure it weighaximum283 gr(1002).

Place the box in a sealed bag ahdn in the prepaid envelope. The prpaid envelope

with the sample inside has to weidgss than368 gr(13 02).

7. Deliverthe envelopepromptly to the Donald Danforth Plant Science CenBamdra
ArangeCarq Education &utreach, 975 N Warson Rd., St. Louis, MO 63132).

8. Keep the sample away from sunlight and heat until delivenedhailed

o g

Data management

The sample will be analyzed at a soil testing laboratory using theQmkgmition (LOI) method.
This methodnvolvesestimating organic matter by measuring the weight loss after the ignition
and burning of theorganic matter.

The Danforth Center will inform the participants of the result of their samplieke certain the
Education and Outreach staff have y@amail and phone number.
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. RECOMMENDATIONS TO C ONDUCT A
SOIL SURVEY

MODIRT

Do Iuncr Researen Toemmer

The following steps will help you prepare to conduct the soil health survey in an efficient and
proper way. The soil survey manual provides detailed information about each step.

BEFORE YOU GO TO FHHED

Read the instructions for collecting the data for each of the variables before you
start with the survey.

Review topographic and soil survey mapselect your survey site and the
potential location of replicates withirhe site.

Make sure that you have all the materials and equipment needed to conduct the
survey and that everything works properly.

Review the Soil Survey form to make sure you understand how to fill it out.
Carry in your backpack only the materidisittyou are going to need for the
particular survey. Look in Tall&€page 23}o determinewhich variables are
measured when and in Table {{3age 62}o determine the materials and
equipment to bring to the field and the ones that stay at the lab.

Discuss with the members of the group who Wwél doing what and assign tasks.
The collection of some data can be done simultaneously.

DURING THE SOIL SBR\FIELD AND LAB)

Visit the potential location of the replicate sites and decide where to settlip
for the collection of data

Mark the replicate sites.

Collect the data in the following order to use the time efficiently.

In the field:
1. During sampling reduce the disturbance calibg the sampling as
much as possible.
2. Collectair and soiltemperature.
3. While waiting for the stabilization of these measurements work on the
collectionof the composite soil sample.
4. Collect the sample fasoil color, texture, and bulk densitywhen apply.
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In the lab:
1. Start thesoil respirationtest.
2. Start thesoildrying process to calculateater content and bulk
densitywhen apply
3. Conduct thesoil nutrientsand pHtests(May and August).
4. Conduct theactive carbontest (May and August).
5. Prepare the soibrganic mattersampleto ship back to the Donald
Danforth Plant Science Center (DDR8ay and August)

Avoid collecting data from the same spots within each replicate locébion
monthly surveys

Make sure that you fill all the parts of the form. An empty cell indisa@hat you
forgot to collect the respective information, unless you explain why you do not
have the information available for a particular cellg.,no signs of erosion, no
information available on the history of the site, thermometen out of battery
etc.).

Collect the data, and make sure you write the information correctly (units,
location in the data sheet, completietails etc.).

Return as soon as you can to your laboratory setting (classroom, lab, office,
kitchen, etc.) to process yogamplesSome tests can be run the next day.
Clean your equipment and wash any other supplies with soapwaterto have
them ready for the next survey.

AFTER YOU CONDUCE BHRVEY

Send the soil organic rttar sample by mail to the DDP&@en appy.
Enter the information from your data sheet in the MO DIRT wel{siteler
construction now)
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Timeline of the variables measucein a soil health survey over time with the number of
replicates and eadings per variable per survey

No. of
:\('a%“z;tes Lee"’:d'”gs Variables Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov
variable
Once a year measurements
Soil colo® Measured at any survey
1 1 Soil texture® Measured at any survey
Monthly measurements
1 1 % cloud covetr’ X X X X X X X X X X
5 5 Air temperatureb X X X X X X X X X X
5 5 Soil temperature X X X X X X X X X X
5 1° Soil respiration X | x| x| x| x| x| x| x| x| x
5 1° Soil water content X X X X X X X X X X
1 1 Bulk densityd Measured during the first survey
1 1 Water-filled pore spacéa X X X X X X X X X X
Twice a year measurements
5 1° Soil fertility (N, P , K) X X
5 1° pH X X
5 1°¢ Active carbon X X
5 1°¢ Soil organic matter X X

%1t is recommended that these measurements be taken at the beginning of the project.
® 9% cloud cover and air temperature are part of the site descriptionsothealth indicators

“ Measurement from a composite soil sample obtained from soil collected in the five replicate

locations.

d Although it is a variable that is measured once a year, its value is used to calculatdileater
pore space on a monthly basis.
® Soil water contat and bulk density are used to calculate wafidled pore space.
"The twice a year measurements are collected in May and August if your site experiences major
disturbances (e.g. flooding, burning, logging, crop and pasture management, etc.). These
measurements can be collected once in either May or August, if youl@#e not experience

major disturbance (e.g. forest, woodland, abandoned grassland).
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Table 13. List of materials and equipment by variable, to use in the f{€lphnd or the lab(L), provided byMO DIRT and bthe participants

MATERIALS AND
EQUIPMENT

Set up of
replicates

Slope

Soil
color

Soil
texture

Air
temp.

Soil
temp.

Composite
soil sample

Soil
resp.

Bulk density &
water content

Soil
nutrients

pH

Active
carbon

Organic
matter

PROVIDED BY MO DIRT

Active carbon kit

Auger- 12 inches

Backpack

Balance

Brush

Clipboard

Compost bowls (4)

[t M L L L

Distilled water (1 gallon)

Line level

Manual

Measuring tape

Metal ring

Nail

Nitrile gloves (1 box)

Plastic containe¢l )

Permanent marker§2)

Plastic pipette3 ml (3)

Ll I I

Prepaid envelope

Rapitest kit

Rubber mallet

Sealable bags (2

Set of measuring spoon/cup

Signa wS &SI NOK &

Soil and air thermometer

Soil box

Soil color book

Soil texture diagram

Solvita kit

Spatula

Stakes (6)

Stick
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MATERIALS AND
EQUIPMENT

Set up of
replicates

Slope

Soil
color

Soil
texture

Air
temp.

Soil
temp.

Composite
soil sample

Soil
resp.

Bulk density &
water content

Soil
nutrients

pH

Active
carbon

Organic
matter

String

Table knife

Tray

Trowel

Woodenblock

m|m|r | T

PROVIDED BY PARTICIPAN

TS

Camera

Pocket knife

m|rr

GPS

Hot pad / oven mitt

Oven or lamp

Newspaper

Soap

||

Watch or timer

Weight (rock)
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FORM
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MO DIRT CITIZEN SCIENCE PROJECT
SOIL SURVEY FORM

L macsiaatis =)

MODIRT

Annual, ane-time data collection¢ Page 1

Do Ineacr Researc Tocerer

GROUP INFORMATION

Group name*

t F NOAOALI*Y(1Qa VyIYSa

Institution (school, youth organization, etc?

Contact information of survey leadet
Name

Email address Phone no.

*These fields can be updated in the following surveys if necessary.

SURVEY SITE DESCRIPTION

Date of survey (mm/ddyyyy) Address (street number and name)
City County State Zip Code
Mean annual temperature | Total annual precipitation| Elevation Slope Aspect
(°C) (mm) (m) (%) (south, northwest, etc.)
Geographical coordinates in decimal degrees
Replicates
Latitude Longitude
1
2*
3*
4%
5*

* Only include these coordinates if you cannot leave the stakes in place due to management practices.

Map unit name and symbolVisit the SoilWelo find the information (http://casoilresource.lawr.ucdavis.edu/gmap/

Map unit name Map unit symbol




Annual, ane time data collectiong Page 2

e o sy ()|
SURVEVSTEDESCRPmOMaln |

Survey site landscape positigisee diagram below).

Habitat type*(e.g.,forest, woodland, prairie, grasslangr@zing field, hay field, etc.), animal pastorecropland
(tilage, netillage).

If cropland include type of crop (soy, corn, sorghum, alfalfa, etand cropping systenfrotation, cover crops, etc.)

Topography(e.g.,hills, ridges, depressions, knolls, potholes, etc.).

Present land managemerit (e.g.,logging, reforestation, flooding, pesticides, fertilizers, irrigation, prescribed burn
undisturbed.etc.).

Past management history (last 5 to 10 yea(s)g.,logging, reforestation, flooding, pesticides, fertilizers, irrigation,
prescribed burnsyndisturbed,etc.).

*These fields can be updated in the following surveys if necessary.

Soil
Landscape

Hillslope crosssection depicting soil elements within the soil landscape. §8ummit; SH;
Shoulder Slope; B&Backslope; F& Footslope; T® Toeslope/Floodplain.

Potential
soil layers Layer 1 Layer 2 Layer 3 Layer 4
Replicate | Texture Color Texture Color Texture Color Texture Color
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—

Drawing of site:Aerial view of site showing replicates sites and location of landmarks (river, lake, road, etc.) and other
features you think are important to include in the survelge colors to illustrate different featureSake a photo of your
drawing and of the dominant habitat of the survey gitebe used digitally (This is optional)

Scale 1 inch = (NA indicates sketch not to scale)




Monthly data collection¢ Page4
(Make a photocopyof this pageper survey*)

* Fill only the fields that you need to update per survey.

‘I

Group name

t I NIAOALF yiaQa ylYS

Institution (school, youth organization, etc.)

Contact information of survey leader
Name

Email address Phone no.

Habitat type(e.qg.,forest, woodland, prairie, grassland (grazing fielay field,etc.), animal pasturer cropland (tillage,
no-tillage).

If cropland include type of crofsoy, corn, sorghum, alfalfa, etand croppingsystem(rotation, cover crops, etc.)

Signs of erosion

Present land managemer(e.qg.,logging, reforettion, flooding, pesticides, fertilizers, irrigation, prescribed burns, et

Notes:
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Replicate| Air temperature Soil temperature (C°) Cloud cover (%)
No. (°C) Surface(0 cm) 5 cm depth 10 cm depth

|

Time of data collectioras hh:mm(00-23 hours: 0859 minutes) (e.g. 13:45, 08:23)
Color number by hour (h).

Oh 1h 2h 3h 4h 5h 10 h 24 h

Timeof data
collection

ColorNo.

Interpretation of colors for CQ-C emissions (Ibs/acre/day) at 24 haoair

CQ-C emissionglbs/acre/day) at room temperature (Table 6 in
protocol). *

CQ-C emissions (Ibs/acre/day) at field soil temperature (Table 7
protocol).

* |f the gel in the paddle changes color fast within the first five houfsllow the instructions in page 4bf protocol
(Soils from natural habitats) to estimate the equivale@Q-C emissionsifter 24 hours into the test.

Notes:
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Calculations for bulk densitywater content, and soil vater-filled pore space (%WFp

Sample before drying

Sample after drying

Volume of soil

sample (G)

Explanation A B C D E F Equals the
of Weight | Weight of | Weight of | Weight of dry | Weight of Weight of | interior volume of
calculations | of wet bag (g) wet sail (g) saoil + container (g) | dry soil (g)| the metal ring

soil + bag C=AB container (g) F=DE | ( xr’xL)(cm)*

(9)

Composite
sample**

Calculations for bulldensity, water content, and soil vater-filled pore space (%WFp. Continuation.

H I J K L
Soil bulk % Gravimetric soll % Volumetric soil| % Total soil porosity| % Waterfilled
density (g/cnT) water content water content K =[1¢ (H/2.65 pores
Explanation H=F/G* I =[(CcF)/F]x100 J=1xH g/cm®)] x 100 L =(J/K) x 100
of H =Weight of | | = [(Weight of wet soil | J = % Gravimetric [1 ¢ (Soil bulk (% Volumetric
calculations dry soil/ ¢ Weight of dry soil) / | soil water content| density / Soil particle| water content /
Volume of soil |  Weight of dry soil] x | x Soil bulk density, density)] x 100 % Total
sample 100 porosity) x 100
Composite
sample**

* These variables are calculated once a year when bulk density is collected. Use the valuemndfi&every month to
calculate J, K, and L.
** Use a composite soil sample every month, except the month you collect soil in a ring to calculate bulk density.

Notes:




Twice a year data collectiog Page 7
(Make a photocopy of this pagper survey)

[CATEOF SO U |
G ]

Composite N p K Composite oH Composite Active carbon
sample sample sample
Values from Soil quality
color pH number based on color
comparators chart
Equivalency in Active carbon
parts per million pH category in pounds per
(Mg/Liter) based Alkalineg acre (Ibs/A) **
on table in very Acid

protocol *

* Use Table 9 in protocol to interpret the data.

** Use Table 10 to interpret the data.

After you send the organic matter sample for testing, the results will be sent to you. You should enter the value g
organic matter in the Data Portal.

Notes:






CONTACT US

EPSCORDUCATION TEAMMO DIRT

Terry Woodford Thomas, Ph.D.

Director of Science Education and Outreach
Donald Danforth Plant Science Center

975 N. Warson Rd., St. Louis, MO 63132
Ph. 314.587.143pFax. 314.587.1964
www.danforthcenter.org

Sandra ArangeCaro, R.D.

Education Programs Facilitator

Donald Danforth Plant Science Center
975 N. Warson Rd., St. Louis, MO 63132
Ph. 314.587.1412 | Fax. 314.587.1512
www.danforthcenter.org

MO DIRT
MoDirt@danforthcenter.org
http://modirt.missouriepscor.org
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Sources

This soil health survey manual has been developed using sources from several institutions:
Cornell Soil Health soilhealth.cals.cornell.edu

Department of Environmental Science and Technology, University of Maryland
www.ensp.umd.edu

European Geosciences Unigblogs.egu.eu?
FAO Soils Portglwww.fao.org/soilsportal/en
Luster LeaN ¢ www.lusterleaf.com

Natural Resources Consation &rvice (NRCS)5oilsg
www.nrcs.usda.gov/wps/portal/nrcs/site/soils/home

Nature Educatiorr www.nature.com/nature_education
Nebraska Agricultural Experiment Statipard.unl.edu

Soil Health Assessment Centezafnr.missouri.edu/soihealth
Soil Quality for Environmental Healifsoilquality.org/home.html
Soil Science Society of Amergcaww.soils.org

SolvitaN ¢ solvita.com

The Globe Programwww.globe.gov

The Ohio State University Extensipaxtension.osu.edu

US Environmental Protean Agencyc www3.epa.gov
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APPENDICES
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Appendi x 1. Tables of unit conversions

Feet to metersconversion table.

Source: Southeastern Printing
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