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What we’ll discuss

How soil forms
Soil texture
Soil structural
How do we degrade soil structure?
How to add organic matter to soil
Soil chemical properties



OSU Extension Service

Healthy soil has:
Good porosity
Good drainage
Good water-holding capacity
Good tilth, meaning they’re 

easy to work
Lots of organic matter
Lots of organisms
A pH of about 7
Low salinity and sodium levels



How are soils formed?

A. Miller







Soil horizons indicate age of soil

The more horizons present, the older the 
soil
The thicker the horizons, the older the 

soil
The more difference there is between 

adjacent horizons, the older the soil



Nevada Soils

Many challenges
– Climate
– Organisms
– Parent material
– Time
– Topography
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It’s not your fault!
You didn’t do anything wrong!
We have very young soils geologically
Their youth makes them:

– Highly variable both vertically and 
horizontally

– Low in organic matter
– Still a work in progress 



Compare horizons

OSU Extension Service



What are soils made of?

Minerals
Air
Water
Organic matter 

(humus)
www.statlab.iastate.edu

USDA NRCS



Water = 20 to 30%

Air = 20 to 30%

Mineral 
Fraction 

(sand, silt,
clay) = 45 to 50%

Organic Matter = 0 to 5%

“Ideal” composition of a soil
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Soil 
minerals 
textural 
classes

A. Miller



The 
dreaded 

soil 
textural 
triangle!

A. Miller



Texture by feel: Sand

Adapted from NRCS, Bozeman Mont. by A. Miller



Texture by feel: Loamy sand

Adapted from NRCS, Bozeman Mont. by A. Miller



Texture by feel: Loams and clays

Adapted from NRCS, Bozeman Mont. by A. Miller



Why determine soil texture?

Soil texture influences:
Ease of tillage
Amount of pore space or porosity
Water infiltration rates
Water-holding capacity
Soil fertility or nutrient-holding capacity



Porosity vs Permeability
Pores are the open spaces in the soil. A measure 

of the amount of open spaces is porosity. Air 
and water are stored in these open spaces.  
Plant roots grow in these open spaces.

Permeability is how well the pores are 
connected. Soils with high permeability tend to 
let water pass through quickly.

Clayey soils can have greater total porosity than 
sand and still be less permeable than sand since 
the pores are small. 





Water 
spreads 
differently 
in 
different 
soil 
textures

Deepest 
penetration 

Moderate 
spread and 
infiltration

Wide, but more 
shallow, infiltration

  

CLAY

SILT

SAND



Soil texture and infiltration

Soil texture Infiltration rate, 
inches per hour

Sand 2 - 4
Sandy loam 1 - 3
Silt loam, loams 0.25 – 1.5
Silty clay loams, clay 0.1 – 0.3

A. Miller



Sand versus Clay
Clay - “Heavy” soil

- High water-holding capacity 
- Slow infiltration 
- High nutrient-holding capacity

Sand - “Light” soil
- Low water-holding capacity 
- Fast infiltration
- Low nutrient-holding capacity



Water 
spreads 
differently 
in 
different 
soil 
textures

Deepest 
penetration 
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Where do plants get their water 
from in the root zone?

Adapted from PNW 475 by A. Miller



Soil texture
Sandy soil watering tips

 Emitters close to the 
plant

 Higher volume per 
hour emitters

 Low duration
 Increased frequency

Clay soil watering tips

 Emitters further from 
the plant

 Lower volume per 
hour emitters

 Higher duration
 Lower frequency



Can you change soil texture?

No, not really!
Add sand to clay – mess!
Add clay to sand – mess!
Texture may limit your 

plant choices
How can you improve 

your soil texture? – add 
organic matter!



Soil organic matter consists of:

Living 
organisms 
Dead organisms
Plant matter
Other 

decomposing 
organic 
materials

UNCE, Reno, Nev.



Benefits of soil organic matter

Improved water infiltration
Increased water- and nutrient-

holding capacity 
Formation of soil into stable 

aggregates
Reduced soil compaction



Nutrient-holding capacity



Water molecule



Soil 
minerals 
textural 
classes

A. Miller



Nutrients 
held in the 

soil are 
available 
for plant 
growth

lesco.com



Platy 
structure

Granular 
structure

www.statlab.iastate.edu/soils/

Soil structure:
How soil particles are grouped together into 
stable collections by organic matter “glue,” 

also called “peds” or soil aggregates





Why is soil structure important?
 Aggregates or peds are 

important as they 
influence porosity and 
permeability

 Pores within individual 
aggregates or peds are 
small, pores between 
aggregates or peds are 
larger

 Good soil structure 
reduces the potential for 
crusting and water 
runoff



Soil crusting



How do we degrade soil structure?

Compaction
Erosion
Over tilling or overworking soil



Composition of a compacted soil

Note the reduced air space in a 
compacted soil.

Before After
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Soil Compaction



Soil compaction 



Avoid walking or driving on wet soil
Avoid working wet soil

OSU Extension Service



extension.umn.edu

The wetter 
the soil, the 
worse the 

compaction 
effect by 

mechanized 
equipment 



What to do to avoid compaction:
Avoid working or walking on wet soil
Do not over till the soil
Increase soil organic matter content
Use mulches to minimize compaction
Limit travel paths, both foot and machine
Design travel paths in the landscape and 

armor them against erosion 



Erosion Control
Another method to manage soil
Soil takes time to form – you don’t want to lose 

it!
Good soil structure will allow water to infiltrate, 

not pond and form a crust.
Keep a cover on the soil – plants, mulch, etc.
Provide for drainage paths and armor them to 

reduce the potential for erosion



Protect slopes



Redirect the rain



Check irrigation often



Hydrophobic soils
After a long period 

of drought, our 
soils will have a 
hard time absorbing 
water

Water runs off the 
soil surface rather 
than infiltrating



Overworking soil
Don’t work soil if it is 

too wet or too dry
Excessive tilling can:

– Destroy structure
– Kill soil biota
– Contribute to erosion
– Cause tillage pan/ 

hardpan/ plow pan 
formation



Avoid creating 
a soil interface
when water moving 

through a soil 
reaches a 
horizontal or 
vertical interface 
between different 
soil types, it stops 
moving.



Soil Interface



Adding organic matter:
Improves water infiltration
Increases water- and nutrient-holding 

capacity 
Forms soil into stable aggregates
Reduces soil compaction
Reduces potential for erosion
 Also – feeds soil biota!



The picture can't be displayed.

USDA NRCS

The living soil



worm

USDA NRCS







Add organic matter to your soil

OSU Extension Service

What kind of organic matter?

Composted or well-aged OM



What about manure?
OSU Extension Service

Uncomposted manure can be high in salts 
(burns plants and seeds) and can contain weed 
seeds, diseases, and insect eggs and larva.



Types of composting
Slow or Cool Composting

– Less labor intensive
– Slower product production
– Good for folks that produce low volumes

Fast or Hot Composting
– More labor intensive
– Quicker production
– Good for folks that produce higher volumes

Class on Hot Composting April 20, 2021



What if I don’t want to 
compost?

How about buying organic matter to add 
to my soil?
– Steer manure
– Compost
– Worm castings
– “Triple mix”
– Neighbor’s horse manure
– “fill dirt”



Use caution adding soil 
amendments!



Amendment Pros and Cons

PROS
 Good quality organic 

matter amendments will 
improve your soil

 No down time 
 Less labor involved

CONS
 Good quality organic 

matter amendments 
cost $

May be introducing a 
new problem
– Weed seeds
– Insect eggs or larva
– Diseases



How do I add the organic matter?
Cover crop – turn under the “green manure” –

Class on this topic April 27th
Side dress shrubs and trees and row crops with 

compost
Apply as a mulch
Apply compost to soil in spring and rototill into 

the soil (only works 4-6 inches) 
Dig or hoe the organic matter in
Double dig – best in the fall when garden is done 

but soil is still warm



Mulch versus Compost 

Mulch
– Breaks down slowly
– More aesthetically 

pleasing?
– Suppresses weeds
– Helps retain water
– Regulate root/soil 

temperatures
– Helps prevent 

erosion

Compost
– Breaks down quickly
– Generally worked into 

the soil but can be 
used to side dress

– Suppresses weeds
– Helps retain water
– If you make your own 

compost, it is FREE 
mulch







Apply Organic Matter and 
Rototill into the Soil

Sounds easy – right?
Soil Moisture levels?
Overworking will destroy 

soil structure
Good for working 

amendments in or 
constructing a new garden 
bed

Not necessary to do every 
year



Add organic matter with 
shovel, hoe or fork

Add well 
decomposed 
organic matter
Food safety 

issues
Add an inch or 

two to soil surface
Work into soil



Double 
Dig



Dig a 
“trench” 
the depth 

of the 
shovel    
(8 or so 
inches)



Use a garden 
fork to break up 
the soil in the 
bottom of the 

trench 



Add 4 to 
6 inches 

of 
organic 
material



Cover the 
organic matter 

in the first 
trench with 
the soil you 

dig up 
creating the 
next trench



Break up clods with shovel, smooth with 
rake, put irrigation back in place and let the 

bed sit through the winter. 



Fall 2017       Spring 2018



Benefits of adding organic 
matter in the fall

Gives your soil time to continue decomposing 
the organic matter into a stable form (humus = 
“glue”).

Turning your soil this fall can also aid in 
controlling insect and weed pests.

The added organic matter will hang on to the 
nutrients.

Something to add to your list of garden chores



Chemical Properties of Soil
pH – potential of Hydrogen
EC – Electrical Conductivity
Nutrient content (plant nutrients)



pH
Indicates relative acidity or alkalinity
pH 7 = neutral; less than pH 7 = acid; 

more than pH 7 = alkaline or basic

Adapted from library.thinkquest.org by A. Miller



pH – Potential of Hydrogen
Measure of the amount of hydrogen
Negative logarithm of hydrogen ion 

activity  - 1 pH point is a ten-fold change 
pH of 7 = 1.0 x 10-7 hydrogen ions    

equal H+ and OH- ions
pH of 3 = 1.0 x 10-3 Hydrogen ions       

more H+ than OH- acidic  
pH of 10 = 1.0 x 10-10 Hydrogen ions 

more OH- than H+ alkaline or basic



Soil pH 
and 

nutrients

Adapted from www.soil.ncsu.edu by A. Miller

Widest part of the bar indicates maximum availability 



Can I change my soil pH?

Not really – our soils are alkaline
Limestone (calcium carbonate) buffers 

our soils
CaCO3 + 2HCl = 2Cl- + Ca+2 + H2O + CO2 (gas)

Can add sulfur, but takes time to lower 
pH and change is not always not 
permanent



Liming Your Soil
Calcium carbonate, dolomite (Ca-Mg 

carbonate) or wood ashes
Time-honored and effect method for 

INCREASING pH in very acidic soils
DON’T – JUST DON’T!
We have alkaline soils
Adding wood ashes will just INCREASE 

the alkalinity!



EC or Electrical Conductivity
Measures how well soil conducts an 

electric current
Salts that dissolve in water conduct 

electricity
Plants need some “salts” – these are 

nutrients
Very high EC = high salt content
If salt contents are high, it can interfere 

with plant growth





Classifying salt-affected soils
Electrical conductivity measurements (EC)
Exchangeable sodium percentage (ESP)
Salt-affected soils are commonly classified for 

management purposes into three groups: 
saline, sodic, and saline-sodic based on EC, 
ESP, pH and SAR (sodium absorption ratio)

Classification EC ESP pH SAR

Saline       
(aka alkali)

>4 <15% <8.5 0-12

Sodic <4 >15% >8.5 >13

Saline Sodic >4 >15% <8.5 >13



What to do about 
salt-affected soil?

If you have tested and find you have salt-
affected soil:
– Flush the soil with water to wash the salt 

down below the growing zone

Problem:
– High water tables, poorly drained soil and 

high salt content irrigation water are often 
the cause of or contribute to high salinity



Managing salt-affected soils
Select plants that can tolerate salinity 
Avoid excess or salty forms of 

fertilizers
Incorporate organic matter
If appropriate, add sulfur to lower the 

pH
If a serious problem, go to raised beds 

with good drainage



A word about gypsum
Gypsum is CaSO4

.H2O
Good source of Calcium and Sulfur
Good for Sodium-Affected Soils
NOT a panacea for clay soils!
Too much Ca can interfere with 

chemical balance in soil and can 
contribute to a magnesium deficiency 
and interfere with other micronutrient 
availability



Sulfur:
• Essential plant nutrient for production of protein
• Promotes activity and development of enzymes 

and vitamins
• Helps in chlorophyll formation
• Improves root growth and seed production
• Helps with vigorous plant growth and resistance 

to cold
• We will talk about this and other nutrients on 

Thursday



How do 
I know 
what to 
add to 

my 
soil???

A. Miller

Test 
your 
soil!



What should I test for? 

Soil textural analysis
pH and salts
Soil nutrient content
Fertilizer recommendations
Can request other tests

What information does a normal 
soil test provide?



Call the Lab FIRST!

Find out what they test for
Find out if they have package deals
Find out how much sample they want 

you to take
Find out how they want the sample 

delivered to them
Call UNCE 784-4848 for list of labs



How to take a sample

First, select the 
site. Your soil 
sample should 
represent only 
one soil type or 
soil condition.

OSU  Extension Service



Each sample 
should consist of 
sub-samples taken 
from about 5-15 
locations within 
the same soil type 
or sampling area.

OSU  Extension Service

How to take a sample



Use the “slice” 
method for a 
representative 
sample.

UNCE, Reno, Nev.

How to take a sample






How can I manage my soils to 
improve them? 

Limit compaction and erosion
Don’t overwork your soil
Increase the organic matter content  

– Increases water- and nutrient-holding capacity
– Improves soil structure
– Reduces compaction
– Reduces erosion



Questions?
For further information:
 Soil testing labs: 

https://extension.unr.edu/publication.aspx?PubID=2643
 Nevada Soils: Worth the Toil: 

https://naes.agnt.unr.edu/PMS/Pubs/2020-3066.pdf
 How to Take a Soil Sample: 

https://naes.agnt.unr.edu/PMS/Pubs/2021-3065.pdf
 Assessing Soil Quality: 

https://naes.agnt.unr.edu/PMS/Pubs/2021-3070.pdf
 Composting Yard and Vegetable Wastes: 

https://naes.agnt.unr.edu/PMS/Pubs/2009-3521.pdf

https://extension.unr.edu/publication.aspx?PubID=2643
https://naes.agnt.unr.edu/PMS/Pubs/2020-3066.pdf
https://naes.agnt.unr.edu/PMS/Pubs/2021-3065.pdf
https://naes.agnt.unr.edu/PMS/Pubs/2021-3070.pdf
https://naes.agnt.unr.edu/PMS/Pubs/2009-3521.pdf
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