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MANAGEMENT:

AN INTRODUCTION
TO SOIL SCIENCE
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FOUNDATIONAL SOIL PRINCIPLES NOT

COVERED TODAY
Basic soil introduction
What is soil?
What iIs in a volume of soil?
(minerals, porosity, organic matter)
The disciplines of soil science
How we organize the study of soil science (pedology, fertility,
chemistry, physics, and biology)

Soll formation, physical properties and natural history
Soil forming factors
Soll texture
Soll structure
Soll horizons
Typical WA solls



3. SOIL FUNCTION

o
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3. SOIL FUNCTION

ions of soil function

e 3.1 Defin

at.d

. .

A




3. SOIL FUNCTION

Soil Health and Quality

Protect external environment Mutualistic relationships

Develop healthy root
systems

Suppress root diseases

Water & air infiltration Supply nutrients

Provide water in dry spells

PHOTO COURTESY: NATHAN STACEY






3. SOIL FUNCTION

e 3.1 Definitions of soil function

Soil can degrade the surré d" "'g
enwronment




3. SOIL FUNCTION

e 3.2 Inherent & Dynamic
properties

Depth to bedrock




3. SOIL FUNCTION

e 3.2 Inherent & Dynamic
properties

chemistry

O¢
 —




3.3 Soil biological communities

& % The Soil Food Web

X _— TN\

Arthropods
Shredders
Nematodes
Root-feeders
Arthropods
Predators
Birds
Nematodes
Fungal- and
/\ bacterial-feeders
\_j Fungi
Mycorrhizal fungi
Saprophytic fungi Nematodes

Predators

OrgaI\ " Protozoa
Matter ‘ Amoebae, flagellates,
. ’ and ciliates

Waste, residue and

metabolites from : Animals
plants, animals and Bacteria
microbes.
First Second Third Fourth Fifth and higher
trophic level: trophic level: trophic level: trophic level: trophic levels:
Photosynthesizers Decomposers Shredders Higher level Higher level
Mutualists Predators predators predators
Pathogens, Parasites Grazers

Root-feeders



3.3 Soil biological communities

GROUPS OR GUILDS OF SOIL ORGANISMS AND THEIR RELATIVE SIZES

Functions of soil organisms go beyond who eats whom

ecosystem engineers

/ shredders/litter
earthworms transf?rmers
/ secondary and higher
consumers
millipedes _
primary consumers
v
springtails
protozoa
nematodes funos
ungl bacteria
1‘- )
. ﬁ}ﬁ‘%&f - P
fh-; 1{1___,; - - e
A\ ety T -
20 2 0.1 0.003 0.001 0.00001

Body Width (mm)



3.3 Soil biological communities

LITTER TRANSFORMERS SPEED DECOMPOSITION
THROUGH AN “EXTERNAL RUMEN.”

Wolters and Ekshmitt, 1997



3.3 Soil biological communities

EARTHWORMS ARE “ECOSYSTEM ENGINEERS”;
CHANGING THEIR ENVIRONMENT TO SUIT
THEIR PHYSIOLOGY.




3.3 Soil biological communities

EARTHWORMS DEAL WITH WASTE SIMILARLY TO
FRESHWATER ORGANISMS




3.3 Soil biological communities

INCREASED AGGREGATION ALLOWS WATER
TO INFILTRATE EASILY DURING A DOWN POUR
AND DRAIN AFTERWARD TO LET AIR IN.

Infiltration Runoff
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4. SOIL FERTILITY AND NUTRIENTS




4. SOIL FERTILITY AND NUTRIENTS

» 4.1 Soil nutrients and availability

CaICIum (Ca) Q SO‘V" Cemper (Cu) O 0006% iy
o "'-Phosphorus (P) O 20% :_. Molybdenum (I\/Io) O 00001% g
b b fl\/lagnest (I\/Ig) 0 20% Nlckel (Nl) O OOQOO 1%'-;-_2.':;7"'._ {

it e .LSuI_phurl(S)l i _@ 20%_ o S




4. SOIL FERTILITY AND NUTRIENTS

e 4.1 Soil nutrient and

availability r

Cations (+) Anions (-)

Ammonium  Potassium Nitrate Phosphorus
NH,* K+ NO,; H,PO,



4. SOIL FERTILITY AND NUTRIENTS

Soil Solution

e 4.1 Soil nutrient and
availability

Clay Particles

Root Hairs

ILLUSTRATION COURTESY: UNIVERSITY OF GEORGIA EXTENSION



4. SOIL FERTILITY AND NUTRIENTS

» 4.1 Soil nutrients and availability

pH

Measure of how acid or alkaline a substance is (related to H conc)

6.0 to 7.5 ideal for most crops.
Blueberries 4.5 to 5.5

p——— S0l pH —

Strongly acidic Neutral Strongly alkaline
4.0 5.0 6.0 7.0 8.0 9.0 10.0

Calcium and Magnesium

lron

Manganese and Boron

Copper and Zinc

Molybdenum



4. SOIL FERTILITY AND NUTRIENTS

» 4.1 Soil nutrients and availability

PO,"
R* 2+
Ca Organic Matter
Rocks and minerals SO, * , Ire™ (litter, amendments, root
+
(parent material) Mg exudates, protected, etc.)
NO, NH,7

o ¢
o
/ Nutrients in solution\ :

Surface adsorbed Surface adsorbed

(organo-mineral complexes) (soluble organic molecules)




4. SOIL FERTILITY AND NUTRIENTS

e 4.1 Soil nutrient and availability
Chemical weathering

Very slowly available

_I_
Rocks and minerals K Caz"
(parent material) PO, Mg Fe2-
Weatherin
Elements Vs 5 . Elements available
unavailable physical and chemical

“nutrients”

Minerals
e.g.: Hornblende ((Ca,Na)2(Mg,Fe,Al):(Al,Si);O,,(OH),)
Potassium Feldspar (KAISi;Oq)



4. SOIL FERTILITY AND NUTRIENTS

e 4.1 Soil nutrient and availability

Mineralizable PO,

- N e
Ca Organic Matter
S|0W|y available SO, = Fe* (litter, amendments, root

Mg exudates, protected, etc.)
NO., NH,

3

Nutrients 1n solution

ILLUSTRATION COURTESY: SOIL FERTILITY IN ORGANIC SYSTEMS: A GUIDE FOR GARDENERS AND SMALL ACREAGE FARMERS



4. SOIL FERTILITY AND NUTRIENTS |
Nutrient pool

e 4.1 Soil nutrient and availability . .
Quickly available

PO,
K+ CaQ—I—

SO, % e
b Mg?2*

/ NO," NH,™" \ .
&

Nutrients 1n solution

Surface adsorbed Surface adsorbed

(organo-mineral complexes) (soluble organic molecules)




4. SOIL FERTILITY AND NUTRIENTS

e 4.1 Soil nutrient and availability

TYPICAL CEC VALUES FOR
DIFFERENT SOIL TEXTURES

Soil Type CEC meq/100g
Sands (light colored) 3to5
Sands (dark colored) 10 to 20

Loams 10 to 15

Silt Loams 15 to 25

Clay and clay loams 20to 50

Organic soils 50 to 100




4. SOIL FERTILITY AND NUTRIENTS

» 4.2 Nitrogen cycle and organic matter

PO,
K Cq2+

o0 1 ¢

MgQ-I-
NO.- NH,*

Organic Matter

(litter, amendments, root
exudates, protected, etc.)



\ Denitrification

|

0(\

e
Nitrogen

fixing
bacteria

% Denitrifying

Soil Organic __—"  bacteria

Matter

y
1°Decomposers
Organic N

2° & 3°Decomposers

—

Ammonification

/ ° ° °
Nitrifying

bacteria M .
Leaching

Nitrifying bacteria Nitrification
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5. SOIL MANAGEMENT
What can/are we trying to manage?




5. SOIL MANAGEMENT
What can/are we trying to manage?

e = = Add organic matter
AL MR e e i Ferd I ize (|ncI u d ing I|m e)
TR e R e W dlkripate

T e e e Tlllage




5. SOIL MANAGEMENT

» 5.1 Strategies for soil management

Don 't allowbare soil
i 7% | |




5. SOIL MANAGEMENT

» 5.1 Strategies for soil management




5. SOIL MANAGEMENT

» 5.1 Strategies for soil management

Cover crops improve soil quality by:

Protecting soil
Smotherlng weeds
T'ak'lng qp excess: nutrlents
Legumes add nltrogen




5. SOIL MANAGEMENT

e 5.1 Strategies for soil management

Cover crops provide cheaper nitrogen:

- — -

‘Organic Fertilizers:
= +55To $9-Per Pound.

RGN -

| /

:, S e gum e Cover Cro PS:

$17To $3,Per Pound.

/s
7

oY
o *

X
|

e



5. SOIL MANAGEMENT

» 5.1 Strategies for soil management

{1 ',H-""‘u

i

i i

!

£ C/N less than 1

1

/7

N
-~ Ak G . » L £t

PHOTO COURTESY: DOUGLAS COLLINS
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5. SOIL MANAGEMENT

» 5.1 Strategies for soil management
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Fish and feather meals "Easy to over-apply
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5. SOIL MANAGEMENT

» 5.1 Strategies for soil management

—

C:N FROM 15:1 TO 25:1 CoOOL

- ——

R T i
Sty = By o Earred Lo Gmage

Compoted: A

yard"™debrs " Slow-release nitrogen

MOSLMANUTES — jse as's0il amendment
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A

‘Releases additional -nutrients in
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5. SOIL MANAGEMENT

» 5.1 Strategies for soil management

C:N OVER 30:1 WOODY
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Sawdust Use as mulch

Paper waste i o ~Carbon resource in compost
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5. SOIL MANAGEMENT

What tools can we use?

Reducing tillage Cover crops

Improving crop rotations Organic matter

mulches and live cover in perennial systems 4
fertilizing based off soil tests L r
. J ' : 1 3 "‘-"ﬁ | - . 4 —_—
managing dlsturbance carefully (tlmlig type and |Qten5|ty) P TUR S N R
’ . ’ " :,1 | z _ 11 ":w;-: !;’ —— fh‘h Pl N e L
¢ _soil heaJt‘h pIannmg(bulldmg c,rop plan aréund adequate coverg?bps#.[eg“?f) pESt 0
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6. SOIL TESTING

e 6.1 Taking a soil fertility test

o
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Systematic sampling




Random sampling




Stratified random sampling




6. SOIL TESTING
« 6.1 Taking a soil fertility test

Somecrop /
7
/

Some other crop




6. SOIL TESTING
e 6.1 Taking a soil fertility test

aggrad\ﬂg

Py
= degrading
S
o aggrading_..---- -
06 __________________
m T T

/ grading T Tl

>

Soil A



6. SOIL TESTING

e 6.2 Interpreting soil tests



e USE Chemical
extractant

« Measure nutrients

that are expected
to be plant
available.




6. SOIL TESTING
» 6.2 Interpreting

soil tests

University Soil Test Report S R || T
H - 0o0nNgc
Extension For Lawns and Gardens
Unlvnrg:ru:::bﬂléllssﬂuri ———————————————— -MU Laboratories—------—--- — Submitted Processed
23 Mumford Hall P.0. Box 160
Columbia, MO 65211 or Portageville, MO 3;2'&1{} ]' ﬁ 3;29 'IIIIZ ﬂﬂ?
(573) #82-0623 [573) 379-5431 http:/f'www.solltest. psu.missourt.edu/
Sample ID: Home garden |1 Lab No: CO0603?
5
This report 1s for:
Lawn Garden
1000 Univ. Ave
Last Limed: unknown Columbia, MO 65201
D RATING
SUIL TEST RESULTS Very low Low Medium High Very high | Exce
I]HS 55 TRk ATk khw
Phosphorus (P) T Ilbs/fa [**~*
Pﬂtﬂﬁﬁi“m (K} 191 lhEJ'rﬂ o e o W ook e e o o i e o o o o
l:'ﬂ]tillm {Cﬂ]‘ 5253 11:'5."'3 W W i o i i i e de o i i o o o o e i i o o i o o i o W e o e e o e o
Mﬂg“ﬂﬂi“m 495 ]_hE,.'r.E[ TR A AWk wdrdrdr o W o W W W
(Mg)
Organic Maiter: 2.6 % Neutr. Acidity: 2.0 meq/100g CEC: 16.0 meq/100g
Fertilizer & Limestone Recommendations (1bs/1000 sq ft)
Crop Nitrogen(N)  Phosphorus(P.0:) Potash (K.Q) Zinc(Zn) Sulfur(S) LIM
1 vepetables 0.5 4.0 0.5 100
2 blueberries 1.0 4.0 1.0 50 0




L& |
6. SOURTESTING

e 6.2 Interpreting soil tests

SOIL TEST RATINGS Calculated Cation
Exchange Capacity

: 10.2 meqg/100g
Buffer pH .

Phosphorus (P) %sat meq
Potassium (K) i i K 24 0.2
i ) Ca 70.6 1.2

Magnesium (Mg) Mg 11.7 1.2
H 15.7 1.6

Boron (B)

Copper (Cu)
K/Mg Ratio:  0.21[ |

Manganese (Mn) Ca/Mg Ratio:  6.03[_]

Soluble Salts
Organic Matter

— .. --




v
6. S OJTESTING

. S

e 6.2 Interpreting soil tests

PAP-Accredited

n sotltest

farm consultants, inc.

2020 2025 Driggs Dr., Moses Lake, Wa 98837 - www.solltestlab.com Pffbigirg?gr;p
Office: (500)765.1622 - Fax:(500)765-0314 - (B00)T64-1622

SOILTEST FARM CONSULTANTS -1 Date Received: 5/13/2020
2925 DRIGGS DR Grower: NATHAN STACEY
Sampled By:
Moses Lake, WA 98837 Field: WSU BIOAG PROJ 2019 101

Laboratory #: S20-07508 Customer Account #:
Soil Test Results Customer Sample ID:

Cation Exchange CEC meq/100g pH 1:1
E.C.1:1 m.mhos/cm

Est Sat Paste E.C. m.mhos/cm
Effervescence

Ammonium - N mg/kg 1.6
Organic Matter W.B. %

Depth Nitrate-N Sulfate-S  Moisture
inches mg/kg Ibs/acre mg/kg Inches
0-12 1.9 3
Totals 1.9 8
Sum of Tested N: 14 |bs/acre N

Other Tests:






6. SOIL TESTING

e 6.2 Interpreting soil tests

LOW MEDIUM HIGH

III'YEE'"
yield usually -
Increases

—

- "Maybe™:
. sometimes:
. yield

. increases : No
: low chance of
- yield increase

Soil Test Value ————————

ILLUSTRATION ADAPTED FROM: SOIL TEST INTERPRETATION GUIDE, OREGON STATE UNIVERSITY EXTENSION

Crop Yield
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| Plant Nutrient Common Extractants

INO; KCl, CaCl,
NH4 + KCL
- H,PO,/HPO,? NH,F/HCL (Bray-P)
NH,F/CH,COOH/HNO5(Melich-P)
NaHCO; (Olsen-P)
< NH,OAC e
150,72 Ca(H,PO,), CaCl, .
' Zn*2,Fe*3 Mn*2,Cu*2 DTPA, EDTA (R
Hot Water ¢ o
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6. SOIL TESTING

e 6.2 Interpreting soil tests

I\
A

Organic Matter

Rocks and minerals (litter, amendments, root

PO,"

(parent material) 4 exudates, protected, etc.)
K+ CaQ-I—
o
/ 50, Fe® ;
Mg+ o
NO.- NH,* |

Nutrients 1n solution

Surface adsorbed Surface adsorbed

(organo-mineral complexes) (soluble organic molecules)




6. SOIL TESTING

e 6.2 Interpreting soil tests

7

N

14.007

NO. -N in surface foot (ppm)

Low <10
Medium 10-20
High 20-30
Excessive >30




6. SOIL TESTING

e 6.2 Interpreting soil tests

Bray 1 Disen Ibs. per acre (P,0:)
' He)% 20 <10 0-500
P Viedium 20-40 10-25 02000,
HIgn 40-100 29-90 0310
SV 7 EXcessive > 10)0) >50

0




6. SOIL TESTING

e 6.2 Interpreting soil tests

,J 9 55)“ ':E'Lf)":'j Jl

X
\
\
%
%
%
\
L —

He) <150 ppm

Viedium 1150-250 ppm

NIgn 290=600 pPm
2 G @)%
97.U706 ,

EXCEessIve >000 ppm

100-300
50-250

0

0



araphical Soil £
DATE OF REPORT: _ 05/03/11 sBRO RS04

HablT03d-P unreliable at this soi1l pH
Soil Fertility G
CrROP: MIXED VEG
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6. SOIL TESTING

e 6.2 Interpreting soil tests

pH - the master chemical control

pH
Strongly acidic <5.1
Moderately acidic 5.2-6.0
Slightly acidic 6.1-6.5
Neutral 6.6-7.3
Moderately alkaline /.4-8.4

>8.5

- Strongly alkaline




6. SOIL TESTING

e 6.2 Interpreting soil tests

'. I:!iél_‘_.régéh’é '*_-‘.Ci‘é_“_ty . Lowreserve acidity




6. SOIL TESTING

L

* 6.2 Interpreting soil tests

pH - SMP butter

Gk

 Low reserve acidity
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