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Soil Chemical Properties
(Carbon and Nutrients)

How Do We Measure Soil Health?
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How Do We Measure Soil Health?

Soil Physical Properties

 Wet aggregate stability —
Ability to withstand
disturbance

e Water infiltration —
Movement of water

e Bulk Density — Ease of root _
penetration
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https://www.nal.usda.gov/topics/soil-resource-management
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TABLE 1. Tier 1 Soil Health Indicators and Methods to be Assessed (updated 10/3/2018)

Indicator

Method

Reference

Soil pH

1:2 soilwater, standard pH electrode system

Thomas, 1995

Soil Electrical Conductivity (EC)

1:2 soilwater, standard electrical conductivity meter system

Rhoades, 1996

Cation Exchange Capacity (CEC)

Sum of Cations:
For soil pH = 7.2:
For soil pH = 7.2:

use ammonium acetate extractant;

use Mehlich 3 extractant

Knudsen, et al., 1982
Sikora and Moore, 2014

% Base Saturation (BS)

Calculation:
For soil pH = 7.2:
For soil pH = 7.2:

use ammonium acetate extractant;

use Mehlich 3 extractant

Knudsen, et al., 1822
Sikora and Moore, 2014

Extractable P

For goil pH =7.2; use sodium bicarbonate extractant;

For soil pH = 7.2

use Mehlich 3 extractant

Olgen and Sommers, 1982
Sikora and Moore, 2014

Extractable K, Ca, Mg, Na

For soil pH= 7.2
For soil pH = 7.2:

use ammonium acetate extractant;

use Mehlich 3 extractant

Knudsen, etal., 1982
Sikora and Moore, 2014

Extractable Fe, Zn, Cu, Mn

For soil pH = 7.2:
For soil pH = 7.2:

use OTPA extractant derivatives;
use Mehlich 3 extractant

Sikora and Moore, 2014
Lindsay and Narvell, 1978

Total Nitrogen

Dry combustion

Nelson and Sommers, 1996

Soil Organic Carbon {(SOC)

Dry combustion, corrected for Inorganic C, if present, using pressure-

calcimeter

Melson and Sommers, 1856
Sherred, et al., 2002

S0il Texture

Pipette Method with a minimum of 2 size classes. Weightivolume

measurements

Gee and Bauder, 19286

Aggregate Stability

Wet siave procedurs. Weight measurement

Kemper and Rosensau, 1286

Available Water Holding Capacity

Ceramic plate method measured at -33 kPa (-10 kPa for sandy soils) and

-1500 kPa

Klute, 1986

Bulk Density (BD)

Core method: diameter to be determined, (most likely 2-inch or 5.08 ¢m)

Blake and Hartge, 1936

Erosion Rating

USDA model(s) (RUSLE2,

W

EPF, WEPS) appropriate for site

USDA Agricultural Research Service

Soil Penetration Resistance

Commercial soil penetremeter

Lowery and Morrison, 2002

Water Infiltration Rate

Double ring Infiltrometer

Reynolds, et al, 2012

Crop Yield

Obtained from historical and current plot yield data provided by site manager

Short-Term Carbon Mineralization

4-day incubation followad by CO2-C evolution and capturs at 50% water-fillad

pore Space.

Zibilske, 1994

Nitrogen Mineralization Rate

Short-term anaerabic incubation with ammanium and nitrate measurad

colorimetrically pre- and post-incubation

Bundy and Meisinger, 1994

Source: https://soilhealthinstitute.org/north-american-project-to-evaluate-soil-health-measurements/




How Do We Measure Soil Health?

Soil Biological Properties
 Microbial biomass C - Size
e Soil respiration - Activity

e C, N, and P cycling enzyme activity -
Activity

 Microbial community structure
(Phospholipid Fatty Acids or PLFA) -
Diversity

Photos: www.nrcs.usda.gov
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Cover crop effects on soil Carbon

Total Organic Carbon (%)
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Cover crop effects on C cycling enzymes
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Cover crop effects on solil biological indicators

AM Fungi (nmol/g in soil)
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Spring 2018

Fall 2018

Spring 2018 Fall 2018
Microorganism %
Category Cover |No Cover| Cover [No Cover
Crop Crop Crop Crop
Fungi 3.8 3.1 3.7 3.5
AM Fungi 4.6 4.3 5.2 5.1
Actinomycetes| 16.3 17.5 15.7 15.8
Anaerobic | 4 g 1.8 1.9 1.9
Bacteria
Eukaryotes 2.0 1.6 2.3 2.3
GramNeg | 555 | 390 | 308 | 409
Bacteria
GramPos | 517 [ 357 | 313 | 305
Bacteria
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Microbial Biomass P — P Pools

In all seasons, MB-P was

correlated to Py oy 1?=0.72
(p<0.001)
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Cover crop effects on P cycling enzymes
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Treatment effects on soil chemical properties

Effects of cover crop in 2019 soil sampling

80
~—&— Control (0-5cm)
—@— Fall Broadcast (0-5cm) A A

Ll i Total Carbon (%) Total Nitrogen (%) Mehlich-3 P (mg/kg)
R R S 1 1.5 2 0.12 0.17 0.22 0 50 100

««+@ -+ Fall Broadcast (5-15 cm)
«-+@ -« Spring Injected (5-15cm) A

0

60 —a—No Cover

—@—Cover Crop

Mehlich 3 Soil Test P (mg/kg) or (ppm)

2 2 N
50 - - -
£ £ £
o -8 [-%
40 2 36 a6
£ E E
S £ S
30 f 9 58 %8
2] [=2] [-2]
10 10
20
12 === No Cover 12 &— No Cover 12
Qoo rrrzsraseennn@eniann, B =@ Cover Cro
10 gt n...i::::::;;;:;;3333‘:333&::::::::::i:‘i:’i;’ffffgffff"“""‘"“'-513?: 14 i T on T
.............. [ D
L A A A A A L A A A A A L A A A A A L A A A A A J D D
0 ————— 16 16 16
2014 2015 2016 2017 2018 2019

Year



Cover crop effects on dissolved P loss

Dissolved P concentration (ppm)
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What factors are likely contributing to dissolved P runoff

Stratification
Water - longer residence time Mehich 3P (mg/ke) Higher microbial
O L3 L3 o
e —— biomass & activity
18 ¢ > —®—Cover Crop
16 —_ " W Cover Crop  m No Cover Crop
£
A 15
14 a
fé_ g% 1
~12 | a6 2z
ke £ =
ﬁ Ir ——104 (No Cover Crop) %8 gg
z 08 r ——101 (Cover Crop) o E g
o 8 3
“ o6 | 10 F e~
04 F
12 Spring Fall
02 2018
0 . . 14 |
7/13/16 6:00 7/13/16 9:00 7/13/16 12:00 7/13/16 15:00

time




Take Away

e Biological soil health

improved with cover crops

 Cover crops reduced
erosion

e Dissolved P runoff losses
increased with cover crops,
may need to rethink P
fertility
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Final Thoughts

‘ wu-«.ﬂ [ A

Conservation management needs to be
targeted to meet specific goals

More information is needed to
understand how soil health will impact
outcomes

Soil health measurements should be

chosen and interpreted carefully K-STATE

Research and Extension
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Cover Crop
Selection
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What is your Objective

* Operation specific S\ 3
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Cover Crop Selection
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MCCC Cover Crop Decision Tools
The Midwest Cover Crop Council (MCCC) Cover Crop Decision Tools are web-based systems to assist farmers in selecting cover

crops te include in field crop and vegetable rotations

https://mccc.msu.edu/selector-tool/
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Environmental
Quality Extension

Program
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