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Objectives
Discuss soil components, texture and chemistry
Consider relationships between soil, water, plants 
and air
Examine steps to prevent and mitigate soil 
compaction and salt accumulation
Identify common plant nutrient deficiencies in our 
region
Calculate fertilizer requirements
Review proper techniques in soil analysis collection 2

Soil

Soil is the weathered mantle of the earth’s terrestrial 
surface.  It has formed as a result of the interactions 
between climate, vegetation, and geologic conditions.  
It is the natural medium for plant growth, providing 
water, nutrients, and a favorable environment for roots. 3

• Supports the roots and anchors the above ground plant 
material

• Provides the essential elements for uptake by trees and plants
• Holds and supplies water and essential elements to the plants
• Releases water vapor into the air, potentially creating a cooler 

microclimate

Knowing the characteristics of the soil on a particular site can be 
the difference between success and struggle.

Soil isn’t “Just Dirt”! It is the ecosystem that supports our 
landscape plants. What we do to it matters. 

Function of Soil in the Landscape and 
Why We Care:
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Soil Profile
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Most of 
our 
work is 
done in 
these 
top  
layers

Desert soils have low organic matter because there is not enough 
precipitation to support lush wild plant growth
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Ideal Soil Composition

Desert soils have significantly less than 5% organic 
matter. Why?
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Arizona Desert Soils

Mineral
Alkaline
Arid
Probably some caliche
May be rocky and shallow, particularly in 
foothills
May be saline
May be heavy 8

Urban Soil Challenges

In general, our desert, urban soils have low organic 
matter and less pore space

Soil quality directly impacts plant life

Establishment

Growth

Health

Longevity
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Benefits of Organic Matter
• Helps strengthen soil 

aggregates, thus improving soil 
structure

• Improve aeration and water 
infiltration

• Increases water-holding 
capacity 

• Provides significant amounts of 
cation exchange capacity

• What do we do with organic matter in the landscape? 
Blow it, bag it and cart it away.

• Mulching grass clippings and leaving some leaf litter as a natural mulch 
can increase the organic matter content of the soil over time.
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Organic Matter
• Group of carbon containing 

compounds
• Originated from living 

material and have been 
deposited on or within 
earths structural 
components

• Contains minerals and trace 
elements
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Organic Matter – Soil Food Web
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Soil Texture
Refers to the size of mineral particles that 
make up the soil: sand, silt and clay

‘light’ soil

‘heavy’ soils
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Heavy, Light or Just Right?
Clay
• “Heavy”
• Slow infiltration 
• High water-holding capacity
• High nutrient-holding capacity

Sand
• “Light”
• Fast infiltration 
• Low water-holding capacity
• Low nutrient-holding capacity
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Physical Properties

Soil 
Texture 
Triangle

68% sand
18% silt
14% clay
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Determine your soil texture
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The “Feel 
Method” of 
estimating soil 
texture
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Can you alter soil texture?

• “You get what you get and you don’t throw a fit!”

• Not practical to try to alter on a large scale

• Not financially feasible on a large scale

• Better to focus on selecting plants that are more 

tolerant of current site conditions
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Soil Structure:
Arrangement of soil particles into groups called 

soil aggregates. 
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Soil Structure:
Peds - Aggregates

Ped - aggregate
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Soil Structure:
Arrangement of soil particles into groups called 

soil aggregates. 

desert soils
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Soil Structure 

Impacts water infiltration
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What if you don’t have aggregates?

23 pH is a measure of acidity/alkalinity 
desert soils tend to be high in pH

pH is a measure of acidity/alkalinity

Soil Chemistry -pH
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Soil Chemistry - pH
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Cation Exchange Capacity (CEC)
The total number of cations a soil can hold--or its total 
negative charge--is the soil's cation exchange capacity. 
The higher the CEC, the higher the negative charge and 
the more cations that can be held. 

Cations held on the clay and organic matter particles in 
soils can be replaced by other cations; thus, they are 
exchangeable. For instance, potassium can be replaced by 
cations such as calcium or hydrogen, and vice versa.

Opposites Attract!
26

Cation Exchange Capacity

Cations:
NH4

+, K+, 
Fe++, Ca++

Anions:

NO3
-, SO42-

Humus and clay carry a negative charge, and 
so attract positively charged cations 27

Cation Exchange Capacity
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Cation Exchange Video

• https://www.youtube.com/watch?v=HmEyymGXOfI&feature=youtu.be29

What is a salt?

• Ionic Compounds
• Result from neutralization 

reaction of an acid and a 
base 

• Composed of cations (+) 
and anions (-)

• Electrically neutral (no net 
charge)

• Common salts:
• Sodium chloride (table salt)

NaCl 
• Ammonium sulfate 

(NH 4) 2 SO 4 
• Potassium sulfate 

K 2 SO 4
• Calcium nitrate 

Ca(NO 3) 2 (H 2 O) x
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Salinty vs. Sodicity

• Salinity has to do 
with the water

• Sodicity has to do 
with the soil 
particles
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Saline Soils
Excessive levels 
of soluble salt in 
the soil water.

s

n 

Peeling of the soil surface is a sign of poorly 
drained, salty soil and remediation is required for 

plants to grow
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Osmosis and soil salinity
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Salts contained in irrigation water will accumulate 
unless adequate leaching is provided.  

Excess water (more than plants require) must be added to 
flush salts below the root zone. This excess irrigation is 

called the “leaching requirement”.

) b dd d
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1-2-3 Rule of Irrigation

Watering depth
1 ft - Flowers, vegetables and other        

small annuals
2 ft – Shrubs
3 ft – Trees

AMWUA.org

So to leach salts, 
water past this depth 35

How does soil become saline?

Shallow watering
Fertilizers
Irrigation water quality
Application of other salty        
substances to soil

Frequent, shallow irrigation is the leading cause of 
salt build up. Watering more deeply and less 

frequently helps flush salts out of the root zone of 
plants. 
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Measures of Salinity
Estimate or measure salinity by:
• the electrical conductivity (EC) of a solution or soil and 

water mix, in the field or laboratory
• the apparent electrical conductivity of soil using an 

electromagnetic induction
(EM) device

• chemical analysis of total 
dissolved solids (TDS) of 
water or soil in a laboratory
to identify and measure ion
concentrations.

Soil Test
EC > 4 = trouble
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Sodic Soils
Excessive levels of 

sodium absorbed 
at the cation 
exchange sites in 
the clay particles.  
Sodic soils cause 
degradation of 
soil structure and 
the sealing off of 
the soil pores so 
that roots and 
water can’t 
penetrate.
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Measures of Sodicity
a measure of sodium ions in soil 

water, relative to calcium and 
magnesium ions. It is expressed 
either as sodium adsorption ratio 
(SAR) or as the exchangeable 
sodium percentage (ESP).

Soil Test
SAR > 13 = trouble
ESP > 15 = trouble
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Soil Test
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Managing Salt
• Apply extra water to prevent excessive salt 

buildup
• The amount of extra water needed is called the 

leaching requirement (LR)  
• LR is higher when using salty irrigation water 
• LR is higher when  growing salt-sensitive plants

• You can save water and prevent salt buildup 
by using adapted plant species
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Soil Treatments for Salty Soils
• Sodic soils

• Gypsum applications (replaces Na with Ca)
• Leaching program

• Saline soils
• Leaching program (best way)
• Elemental sulfur applications (soil incorporation 

is best)

• Sodic-saline soils
• Gypsum applications 
• Leaching program
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Caliche
• Layer of soil where soil particles have been 

cemented together by lime (calcium 

carbonate, CaCO3)

• Common in arid areas due to low 

precipitation

• Light in color

• Thickness of layers vary, few inches to 

several feet thick

• May be more than one layer of caliche in the 

soil profile 43

Caliche

• Reduces water movement through 
soil profile 

• Restricts root growth to upper levels 
of soil (may reduce growth) 

• Leads to salt accumulation and 
reduced aeration in soil 

• High pH can cause nutrient  
deficiencies in plants, especially iron
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Caliche Management
• Keep roots out of the caliche zone

• Physically remove caliche layers if 

possible

• Check drainage prior to planting by 

performing a percolation test

• Dig plant hole, fill with water and confirm 

drainage is at rate of 4” per 4 hours

• Utilize chimney drainage holes to 

provide drainage

m
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Evapotranspiration (Et)

Evaporation + Transpiration= 
Evapotranspiration
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Factors that Affect ET

Temperature
Relative humidity
Wind speed
Light intensity
Type of plant

47

Soil Moisture Levels

Sweet spot
48



Capillary Water in the Soil
water held in the micropores of the 
soil. It is the water that composes the 
soil solution. Capillary water is held in 
the soil because the surface tension 
properties (cohesion and adhesion) 
of the soil micropores are stronger 
than the force of gravity.
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Water Infiltration
Rate which water enters the soil surface
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Soil Texture Affects Water Movement
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Which soil texture warrants the greatest 
number of drip emitters to wet an area?
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Soil Compaction is common in 
Urban Soils
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Soil Compaction

Compaction reduces pore space: 
Restricts H2O and O2= Poor root development

Increased density of soil by packing the soil particles closer 
together causing a reduction in the volume of air.
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Also restricts root growth due to difficulty of roots to grow through soil 



FERTILIZING
55

Essential Plant Elements

• Needed in larger amounts
• Primary macronutrients

• Nitrogen (N)
• Phosphorus (P)
• Potassium (K)

• Secondary macronutrients
• Calcium (Ca)
• Sulfur (S)
• Magnesium (Mg)

* Elements in red tend to be most
commonly deficient or unavailable in AZ 
soils

• Needed in smaller amounts
• Iron (Fe)
• Boron (B)
• Manganese (Mn)
• Zinc (Zn)
• Copper (Cu)
• Chlorine (Cl)
• Molybdenum (Mo)
• Nickel (Ni)

• Other essential plant elements 
include Hydrogen (H), Carbon (C)  
& Oxygen (O) and come from the 
air and water

Macronutrients Micronutrients
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Fertilizers

Add nutrients to the soil

Organic and inorganic forms

Fertilizers are salts

Can burn plants

Must be watered in
57

Fertilizer Analysis (N-P-K)
N-P2O5-K2O 
(nitrogen-phosphate-potash )

• Complete fertilizer
• Ex: 21-7-14 or 20-10-10

(contains at least some of each N-P-K)

• Incomplete fertilizer
• Ex: 21-0-0  or 2-4-0 or 46-0-0 (urea)

(doesn’t contain all 3 N-P-K)

• Balanced fertilizer 
• Ex: 10-10-10 or 15-15-15

(N-P-K at the same percentages)
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24-0-2

Fertilizer 

• Slow-release fertilizers
• Organic - Compost
• Synthetic Organic – Urea

• May be coated to promote
slow release of minerals
• Slower acting
• Won’t leach as easily

• Quick-release fertilizers
• May be liquids or fine powders
• Highly soluble
• Will more easily wash through the soil
• Faster acting
• More likely to harm plants and soil life if misapplied 59

Fertilizer Labeling

Yes but where 
is the rate?

60



Organic or Chemical Fertilizers
Organic

• Often recycle waste materials
• May be resource intensive
• Can be bulky, heavy
• Micronutrients
• May contain pathogens, weeds
• Salty
• Generally need more fertilizer 

to get the same amount of N as 
chemical fertilizer

• Generally slow-release 
• Can improve soil structure as 

they break down

Chemical (Inorganic)

• Can be energy intensive to 
make

• Lighter weight
• Less material required
• Minerals in formulations 

readily available for plants
• Must be purchased
• Salty
• May provide more predictable 

results
• More risk of over fertilization 61

Organic or Chemical Fertilizers
Organic

• Manure
• Compost
• Fish emulsion
• Guano
• Milorganite
• Bone meal, blood meal
• Cottonseed meal

Chemical/ Inorganic

• Ammonium nitrate
• Ammonium sulfate
• Urea
• Superphosphate
• Potassium nitrate
• Calcium nitrate
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Organic  or Chemical Fertilizers

https://worcesterallotment.wordpress.com/page/25/
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Nitrogen (N)
• Makes up part of the chlorophyll in plants.  Chlorophyll is 

the green part of leaves and stems.  Chlorophyll is 
responsible for photosynthesis. 

• Regulates growth and development of plant tissues.  
Important part of plant structure.

• There is more nitrogen in plants than any other element, 
with the exception of carbon, hydrogen and oxygen.
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Nitrogen Deficiency
• Nitrogen (N)

• Yellowing (chlorosis) of older 
leaves, bottom of plant

• Rest of the plant is often 
light green

• Stunted growth
• Foliage may drop early in fall
• Mobile in soils so 

overwatering can cause 
deficiency

• Treatment
• Ammonium, Urea, Nitrate, 

manures, blood meal 65

Nitrogen-
Fixing 

Bacteria on 
our “Bean 

Trees”
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Phosphorus Deficiency
• Phosphorus (P)

• Leaf tips look burnt
• Older leaves turning a dark 

green or reddish purple
• Stunting
• Loss of lower leaves
• Poor root growth
• Mobile in plants

• Treatment
• Phosphate products
• Bone meal
• Greensand

67

Phosphorus (P2O5)
• Stimulated root development
• Increased stalk and stem strength
• Improved flower formation and seed 

production
• More uniform and earlier crop maturity
• Increased nitrogen N-fixing capacity of legumes
• Improvements in crop quality
• Increased resistance to plant diseases
• Supports development throughout entire life 

cycle
68

Phosphorus Deficiency

Phosphorus is mobile in plant tissues and moves 
from older plant parts to new growing points as 
it becomes deficient. It is needed for energy 
transfer.
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Potassium K2O
• Increases root growth and improves 

drought resistance.

• Maintains turgor; reduces water loss 
and wilting.

• Aids in photosynthesis and food 
formation.

• Reduces respiration, preventing 
energy losses.

• Enhances translocation of sugars and 
starch.

• Produces grain rich in starch.

• Increases plants’ protein content.

• Builds cellulose and reduces lodging.

• Helps retard crop diseases. 70

Iron Deficiency
• Iron (Fe)

• Interveinal chlorosis 
(yellowing leaf with 
green veins)

• Found on newer 
growth

• Leaves may be small
• Immobile in plants

• Treatment
• Iron chelates
• Ferrous sulfate
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Zinc Deficiency

• Zinc (Zn)
• New leaves 

interveinal 
chlorosis, thicker 
green pattern 
around veins

• Necrotic spots on 
margins or tips

• Dwarfed new 
leaves, cupped 
upward or distorted

Deficiency on citrus, normal leaf on right
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Zn deficiency Fe deficiencyZ d fi i
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Other 
Micronutrient DeficienciesMicronutrien

Zinc (Z) Deficiency

Manganese (Mn) Deficiency

Magnesium (Mg) Deficiency 

• Micronutrient deficiencies may be 

caused by multiple minerals lacking

• Application of micronutrient packages 

will help broaden the spectrum

• Foliar testing to confirm mineral 

deficiency
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pH is a measure of acidity/alkalinity
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Nutrient Availability and pH
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Understanding Soil pH

https://www.youtube.com/watch?v=7Z15h189LCc
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Factors Affecting Soil Fertility

Raises Fertility Lowers Fertility
High clay content High sand content

High humus content Loss of organic matter
Good structure Compaction

Warm soil Cold soil
Deep soil Shallow soil
Moist soil Dry or wet soil

Good drainage Excess irrigation or drainage
Fertilization Erosion

Desirable microbes Root damaging pests
Near neutral pH pH too acid or alkaline 78



How Much to Apply?
• Soil Test – test your soil consistently

• Collect a representative sample 

– AZ Extension Pub AZ1412 or check with your lab

• Send the sample to the lab

• Pay for the recommendations

• Follow the recommendations

• Less is more

• If in doubt, apply less!
79

How Much to Apply?
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Fertilizer Application Methods

Solid
• Broadcast
• Placement
• Incorporate

Liquid 
• Foliar
• Soak
• Fertigation
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Determining the amount of a fertilizer for a 
given area

1. Take the measurements (in feet) of the area in 
question

2. Multiply the length by the width; this gives 
you the area in square feet (sq ft.)

3. Read the label. (DO A SOIL TEST!) Determine 
how much product is required per 1000 sq. ft.  
Measure the amount fertilizer needed

4. Calibrate your spreader, load and distribute
82

Example #1
A lawn is 100 by 50 ft. How much fertilizer is necessary if the 

label states that you need 1 lb. of the product per 1000 
square feet?

Determine the area.  100 ft. X 50 ft. = 5000 sq. ft.

Since you need 1 lb. of fertilizer/ 1000 sq. ft. Divide 
5000 sq.ft. by 1000

This tells you how many 1000 sq. ft. units there are in 
the lawn. This is 5.

5 x 1 lb/1000 = 5 lbs per 5000 sq.ft.   Answer is 5 lbs. 83

Example # 2
How many lbs. of 16-20-0, applied to a 50’ by 20’ 
lawn, requiring 1 lb. of nitrogen per 1000 sq. ft.?

Step 1: Determine the area 
50’ X 20’ = 1000 sq. ft.

Step 2: Calculate how many pounds of 16-20-0 it takes 
to get one pound of nitrogen (N)

Divide 100 by 16 (10 1.6 or 1 0.16 same results)
100 16 = 6.25 lbs. of 16-20-0

50 feet

20 feet

84



Step 3: Since you have 1000 sq. ft., you’ll need 

6.25 lbs. of 16-20-0 for the lawn
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Example 3:
How many pounds of 16-20-0 should be applied to 
a lawn measuring 50’ by 40’ that requires 2 lbs of 
phosphorus per 1000 sq. ft.?

Step 1: Determine the area.

50 ft. X 40 ft. = 2000 sq. ft.

Step 2: Determine the number of lbs. of 16-20-0 
to get 1 lb of Phosphorous. 100 divided by 20 = 
5 lbs. 

(5 lbs of 16-20-0 has 1 lb of Phosphorus)

50 feet

40 feet
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Step 3: Calculate the number of lbs of  16-20-0 
that supplies the rate of 2 lbs. of phosphorus per
1000 sq. ft.

Remember that 5 lbs of 16-20-0 has 1 lb of 
phosphate

2 x  5 lbs = 10 lbs of ammonium phosphate

Your rate of 16-20-0 is:
10 lbs/1000 sq ft to apply 2 lbs of P per 1000 sq ft 87

Equipment Calibration is important

88

https://turf.arizona.edu/publications/presentations/Calibrating%20Fertilizer%20Spreaders.pdf

See the U of A presentation on Calibrating your Spreader
(link below and in our resources) or ask your local distributor

Resources 
• Laboratories Conducting Soil, Plant, Feed, or Water Testing
• https://extension.arizona.edu/pubs/laboratories-conducting-soil-plant-feed-or-water-testing

• Fertilizing Home Gardens in Arizona  
• http://extension.arizona.edu/pubs/fertilizing-home-gardens-arizona

• Soil Sampling and Analysis 
• http://extension.arizona.edu/pubs/soil-sampling-and-analysis

• Using Gypsum and Other Calcium Amendments in Southwestern Soils 
• https://extension.arizona.edu/pubs/using-gypsum-other-calcium-amendments-southwestern-soils

• Diagnosing Nutrient Deficiencies Quick-Reference 
• https://extension.arizona.edu/pubs/diagnosing-nutrient-deficiencies-quick-reference

• Nitrogen in Soil and the Environment 
• https://extension.arizona.edu/pubs/nitrogen-soil-and-environment

• Recognizing and Treating Iron Deficiency in the Home Yard
• https://extension.arizona.edu/pubs/recognizing-treating-iron-deficiency-home-yard

• University of Arizona publication search
• https://extension.arizona.edu/pubs
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Soil Testing Laboratories
Local

IAS Laboratories 602-273-7248
2515 E. University Dr. Phoenix, AZ

Motzz Laboratory, Inc. 602-454-2376
3540 E. Corona Ave. Phoenix, AZ

National
AgSource/ Harris Labs 402-476-0300

harrislabs.agsource.com
harrislabs@agsource.com 90



Thank you to those who contributed to this program:

Rebecca Senior
University of Arizona Cooperative Extension
Maricopa County
rsenior@cals.arizona.edu

Kasey Billingsley
Harmony Horticultural Consulting, LLC
Harmonyhorticulture.com

Tom Ellis
Town of Oro Valley Parks Superintendent tellis@orovalleyaz.net
Wildroot Horticultural – Consulting plantatree03@comcast.net
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