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WATER IN ARIZONA

Although January 2023 was
the 14 wettest in 129 years,
Yavapai County is often in a
state of drought

Arizona’s Colorado River water &
right has been reduced:




WHAT DO WE HOPE TO LEARN
ABOUT WATER AND IRRIGATION®

How water interacts with
our environment

How plants utilize water

How, when, and where to
irrigate plants


Presenter Notes
Presentation Notes
Water is the “universal solvent”- lots of different ions/molecules dissolve in it
As water moves through living things, it delivers those molecules
Important to every living thing on earth; water=life; we are 70% water
Has several special properties


MOLECULAR STRUCTURE OF
WATER



Presenter Notes
Presentation Notes
Atoms are bonded covalently; share electrons
Oxygen has 8 electrons and shares one with each hydrogen atom
Electrons are more drawn to oxygen, which creates a partially polar molecule (0=negative, H=positive)
This partially polar nature of water gives it special properties
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REALITY OF BONDING
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Presenter Notes
Presentation Notes
Oxygen has a higher affinity to attract electrons, making it more electronegative
Gives water molecule polarity


YDROGEN BONDING

s 4 Y

'\
4
4
4
4

\
@ (H=(H)
ﬂ.\ . . 5+
\\ V4 N\
N ’ .


Presenter Notes
Presentation Notes
Positive and negative ends are bonded together
Because water is polar it easily forms Hydrogen Bonds-Water molecules act like little magnets
Not a particularly strong bond which give water its fluid nature at normal temperatures/pressures

Has a tetrahedral Shape
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SPECIAL PROPERTIES OF WATER

* Physical States:
 Heat Capacity
« Evaporative cooling of water
« |ce is less dense than liquid water

ohesion- water sticks together through hydrogen-bonding

O other things


Presenter Notes
Presentation Notes
Evaporative Cooling: When sweat/water vaporizes, it absorbs energy and the highest kinetic energy water molecules leave the body of water to become vapor, the average kinetic energy of the water goes down.  The molecules on your skin are transferring energy to the water, which is constantly escaping and causing energy to leave the system


PHYSICAL STATES



Presenter Notes
Presentation Notes
In liquid state, H-bonds are constantly breaking and recombining
Water turns to a gas when enough energy (sun or stove) is added to break the H-bonds
In solid state, the H-bond lengths become greater, causing ice to be less dense than liquid water-why ice floats
As water freezes, tetrahedrons crystalize into hexagonal structures (snowflakes)
Water that evaporates has a lot of energy(heat), which is taken away as it evaporates
When water freezes, it releases energy

http://www.dynamicearth.co.uk/education/images/waves.jpg

COHESION

The attraction



Presenter Notes
Presentation Notes
Water sticking to itself is important in that it is necessary for plants to bring the water up

http://www.dynamicearth.co.uk/education/images/waves.jpg

ADHESION

The attraction of water
to other
surfaces/substances

®
THE UNIVERSITY
OF ARIZONA




SURFACE TENSION

Interaction between
hydrogen bonding and
the earth’s gravitational |

pull



Presenter Notes
Presentation Notes
Water molecules at the surface of water don’t have other molecules to bond to above them, and therefore cohere more strongly to those that they are associated with
It is more difficult to move an object across the surface of water than once it is completely submerged-think “belly flop”
Detergents have a polar and not polar end: they can break surface tension and remove grease


Adhesion
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Presenter Notes
Presentation Notes
The movement of water within the spaces of a porous material due to the forces of adhesion, cohesion, and surface tension
Small diameter tubes have more relative surface area than larger ones; allows water to be pulled up higher
Water also attaches to xylem vessels and tracheid and pores in soil
The finer the soil texture, the more capillary action will wick water back up to the soil surface
Xylem cells and capillary tubes function on the same principles, for the most part
The smaller the soil pores, the more tightly water is attached


PH: ALKALINITY/ACIDITY

measurement of the H+ ions found in that
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SOLVENT PROPERTIES

XYLEM AND PHLOEM



Presenter Notes
Presentation Notes
Polar molecules interact with water and solubilize Na Cl dissolves readily in water
Oil and water don’t mix
Water finds its way into the pores of soil (adhesion)


SODIUM CHLORIDE IN SOLUTION
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Presenter Notes
Presentation Notes
Sap travels both ways in phloem, only one way in xylem


OSMOSIS

I’'m Learning
Osmosis is the net movement of By Osmosis
water across a selecftively | 15

=able membrane driven by .




less solute : more solute

: THE UNIVERS
Sami-FPermeable Membrane OF ARIZO!




COHESION-TENSION THEORY & THE
SOIL-PLANT-ATMOSPHERIC
CONTINUUM

Water moves from \ ‘L
V- o

high to low
concenirations

Concentration is
highest in wet soill



Presenter Notes
Presentation Notes
Long distance water transport in xylem is driven by tension (negative pressure) gradients generated by the evaporation of water from the leaf surface
Transpiration: Water evaporates at the leaf surface/stomates due to diffusion
Cohesion/hydrogen-bonding pulls water up a column from the soil, through xylem, into leaf



Randy Moore, Dennie Clark, and Darrall Vodopich, Botany Vieual Resource Library ® 18BE The MeGraw-Hill Companiss, inc. Al rigits reserved.

Transpiration—Cohesion Hypothesis

Evaporation (the driving force)

The lower water potential
of air causes evaporation
from cell walls.

This lowers the water potential
in cell walls and in cytoplasm.

Cohesion (in xylem) Sa i, . .
Cohesion holds water columns AR B & 5
icgether in capillary-sized Xyiam ;g BeS I B850 0
elements. TR B |

Air bubbles block movement
of water to next element.

Water uptake (from soil)

Lower water potential in root
cells draws water from soil.
The absorptive surface
increases with the production
of more root hairs.

Water moves through
endodermis by osmosis.

THE UNIVERSITY
OF ARIZONA



Root structure
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BUDBREAK

When soils warm up,
plants become acftive

Need fo provide nutrient |
and water to buds ‘






Presenter Notes
Presentation Notes
Plants convert stored starch in trunk and roots to soluble sugars, which draws in water


IRRIGATION

Art and Science of providing to proper quantity
of water to plant roots when it is needed

Plants and irrigation techniques should be
ited fo:




HOW DOES WATER BEHAVE IN
SOILe

Gravity moves it in (infiltration)

Gravity + Capillary Action moves it down and
horizontally (percolation)

transpiration removes water




HOW WATER MOVES THROUGH SOIL

Infilfration: movement of water into soill
Deep percolation: water lost below the root zone

Runoff: when more water is applied than can infiltrate




HOW WATER MOVES THROUGH SOIL

Sandy soils hold less water than clay

Need to be watered less, more frequently
to avoid deep percolation







AVAILABLE SOIL WATER

Water is
held too
tightly for
plants

|



Presenter Notes
Presentation Notes
So, just like the sponge, a wet soil will lose water by drainage.  In a dry soil, the water is held so tightly that even plant roots can’t pull it out (just like the sponge).  
The water that drains out of a wet soil, and the water held very tightly in a dry soil is not available to growing plants.  The other soil water is, and it’s appropriately called available water.






ASSESSING THE DRAINAGE OF
YOUR SITE

Perform a Drainage Test:

Dig a hole the size of a 5-
gallon bucket

N water




HOW MUCH WATER DO PLANTS
REQUIRE?

Most water plants is lost through transpiration

~ Most needs to be replaced through

>




TRANSPIRATION + EVA

PORATION =

EVAPOTRANSPIRA

Evapotranspiration (Et) is
the sum of both.

Usually talked about as
inches per day (volume)

- ETis a function of;:




ACRE/FEET

Common large-scale measurement of water

The volume of water with an area of a acre one foot
deep




WINE GRAPE
EVAPOTRANSPIRATION

BT g = ETg X K X Ky R

Evapotranspiration: fotal water

evaporated from a land surface

=nce evapotranspiration
1 or clipped



Presenter Notes
Presentation Notes
Evapotranspiration is calculated by an equation that takes into account air temp, humidity, solar radiation, and wind speed


ORIGINS OF DROUGHT
RESISTANCE IN WINE GRAPES

Early Culfivation (8000 BP) began in dry
regions of the “Old World”
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WINE GRAPES ARE WATER-
EFFICIENT

Water Requirement
(acre-ft)/acre/year
Alfalfa 4-6’
Coiton L)
Bermudagrass 3-5’
Habiturf® 3’ or less
Wine grapes 1.5-3’
Native Landscaping N/A

« Water use is often measured as evapotfranspiration



WINE GRAPES EMPLOY

DEFICIT IRRIGATION
ETg/apes = ETo X K¢ for

Budbreak to Fruitset: Irrigation to full
ETgropes /

itset to Veraison (color change):

irrigation (Kypy)



Presenter Notes
Presentation Notes
Even budbreak
Nutrient uptake
Rapid shoot growth
Formation of next year’s buds
Good bloom and set

Control canopy growth
Control fruit size
Mature shoots become canes

Degree of deficit depends on:
Cultivar
weather 


DRIP IRRIGATION EFFICIENCY
(EFF)

ETgrapes = ETO X Kc X I(RDI @

Irrigation Delivery Efficiency

Furrow/Flood 40-50%
Overhead Sprinkler 60-75%
Drip Irrigation 85-95%




LYSIMETERS ARE USED TO
MEASURE ACTUAL WATER USE
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USEFUL CONSTANTS/CONVERSIONS

Weight: 62.416 pounds per cubic foot at
32°F

Weight: 8.33 pounds/gallon, 0.036
pounds/cubic inch

Density: 1 gram per cubic centimeter
~ O OF

= 128 ounces




HOW DEEP TO WATER

1 inch of water will:
Go 12" deep in a sandy loam
8-10" deep in a loam

> Jdeep in a clay loam
=-foot depth, you









Imigate plants o
the proper depth
and check with @
probe

\V\

A7



Presenter Notes
Presentation Notes
Annual/Perrennial forb=1 foot depth
Shrub=2 foot depth
Tree=3 foot depth, depends on soil depth and tree species, size



Allow plants to utilize
the water until the soll
surface dries to a
depth of (early
morning):

AN\ N


Presenter Notes
Presentation Notes
These are mature plants, babies may be different


WHAT AREADO INEEDTO
WATER: LD
TERRY MIKEL'S LAW OF PIZZA

As the radius of the root system

doubles, the area of the root system
Increases by four fimes

A=mr?

" pizza =79 in?




HOW TO KNOW WHEN TO
WATER: LOOK....

Check in the morning
New leaves smaller
ntfernode length




THE “FEEL" TEST

Dig down about 6-8"

Water when about 50%
of soil moisture is
depleted

ventually you will learn




“FEEL™ TEST

Available
Moisture

Sandy Loam

Clay Loam

Clay

Close to 0%

50% or less

50% to 75%

/5% to field
Capacity

Field
Capacity

Above Field
Capacity

Dry, loose, falls
through fingers

Dry, won't form
a ball

Dry, won't form
a ball

Sticks together
slightly, weak
ball

Squeeze; leaves
hand moist

Free water
released

Dry, loose, falls
through fingers

Dry, won't form
a ball

Forms a ball
temporarily

Weak ball,
breaks easily

Squeeze; leaves
hand moist

Free water
released

Dry clods that
break into
powder

Crumbly, but will
form a ball

Forms ball,
pliable

Forms a ball,
very pliable, slick

Squeeze; leaves
hand moist

Free water
released

Hard clods,
difficult to break

Pliable, will form
a ball

Forms ball, will
ribbon

Easily ribbons,
feels slick

A\

Squeeze; leaves
hand moist

Free water
released



Presenter Notes
Presentation Notes
If growing in true sand, you must water less and more frequently


TURFGRASS IN THE UNITE

D STATES

Constitute the largest irrigated crop in

America (almost 40 million acres)

Vast majority are residential lawns

@

THE UNIVERSITY
OF ARIZONA



B TURF BENEFITS VS COSTS

The Good: The Bad:

Color High Water use
High Fertilizer use
igh Pesticide use



Presenter Notes
Presentation Notes
Water use: estimated that lawns use between 30 and 60 percent of municipal water per year
Fossil fuel use: $5.2 billion in fertilizers
800 million gallons of gas
$700 million in pesticides


ALTERNATIVE: NATIVE PLANT
LANDSCAPING

Plants that occurred in the region before
the settlement of Europeans

N




NATIVE PLANT MANAGEMENT

Give water and manage weeds during
first 2 years of establishment

Give supplemental water during
extremely hot, dry summers

Be mindful of microclimate
Contact landsca

pe architect
i ‘.; S




NATIVE PLANT RESOURCES

A Yavapai County Native & Naturalized Plants

.} Yavapai County Cooperative Extension

Suggested

Plant Palette

For the Town of Camp Verde, Arizona
A Tree City USA Since 2014

Home Plant Communities Plant Lists Search Forbs/Subshrubs Search Grasses Search Woody Plants Additional Resources About this Website

T e LA

Second Edition
2020

Compiled by
The Camp Verde Tree Advisory Committee

Woody Vines Noxious and Invasive Plants Gardens Featuring Xeric Plants

Arizona Cooperative Extension Version 8.0
“Yavapai County http://cals.arizona eduly iplants/index php
840 Rodeo Dr#C Last Updated: Nov 21. 2021

Prescott, AZ 86305 Content QuestionsiComments: Email Mary E
(eme)dssesR) Logai pisc A



ALTERNATIVE : NORTH AMERICAN
TURFGRASSES
EXAMPLE: BUFFALOGRASS

(BOUTELOUA DACTYLOIDES)

Disadvantages

Advantages ®» Some sensitivity to

Drought resistant foot traffic

Slow-growing » | ess resistant to

Invasive weeds

grey/green)



ALTERNATIVE : NORTH AMERICAN
TURFGRASS EXAMPLE: HABITURF ©

Developed at the University of Texas at Austin
Ladybird Johnson Wildflower Center

62 % Buffalograss (bouteloua {formerly Buchloe}
dactyloides)

Perennial, C4 turfgrass

a (bouteloua gracillis)


http://www.dkseeds.com/

Contents lists available at ScienceDirect
Ecological Engineering
journal homepage: www.elsevier.com/locate/ecoleng

Review

The performance of native and non-native turfgrass monocultures and native
turfgrass polycultures: An ecological approach to sustainable lawns

37, United States

ABSTRACT



Presenter Notes
Presentation Notes
Multiple species have multiple ecological niches to fill and could therefore suppress weeds more effectively-bunchgrass and stoloniferous growth habits




ORTICULTURAL VS. ECOLOGICAL

APPROACHES
Horticultural icologiC%I
Approach pproac
: Mimic a plant
Select and modify community
a single species P ot
culture) multiple biotic and
abiotic processes



Presenter Notes
Presentation Notes
Ecological approach-the frequency of a single species might change year to year, season to season, but the community remains resilient


POTENTIAL CONS AND PROS OF NATIVE

POLYCULTURE TURF
CONS PROS
Color (blue/green) Dormant grass may be

preferable to xeriscape

> . .
IN SOMe SCenarios

>


Presenter Notes
Presentation Notes
Greater functionality under changing environments
Drought
Light
Disturbance
Soil variability
Traffic/ compaction
Greater water and nutrient efficiency



IRRIGATION TIPS:

Water deeply and infrequently (mature plants)
Encourages plants to root deeper
Lower proportion lost to evaporation

Irigate early in the morning or at night, reducing
evaporation before percolation

Adjust your watering schedule as needed:

Plant Species .

Plant age


Presenter Notes
Presentation Notes
Shallow watering is lost to evaporation
Evaporation can cause salt buildup



IRRIGATION METHODS-DRIP

Frequent, slow and precise application of water
through emitters

Tube or tape that may have emitters installed
or be blank

Emitters are made in different sizes

mitters can plug, animals can chew



Presenter Notes
Presentation Notes
Slow application reduces runoff
Must be careful that you are keeping up with the growth of the plant
Can attach microsprinklers, bubblers, spaghetti hose


IRRIGATION METHODS-SPRINKLER
HEADS

Excellent for tfurf and ground
covers

ot as good for trees and




IRRIGATION METHODS-OTHER

Soaker hoses work great for trees, shrubs,
vegetables, and annuals

Good, old fashioned hose spraying works well
for natives that only need periodic watering
during drought

&Y




IRRIGATION METHODS-TIMERS,
MANIFOLDS AND SOLENOIDS

Design system for |

optimum pressure

=r=r '
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IRRIGATION METHODS:

Standard Bypass
Installation Includes:

Filter (200 mesh/80 micron)
Pressure Regulator

Check Valve

Ball Valves

Water Hammer Arrestor

Nutrient Delivery System Installation




ON METHODS-




IRRIGATION METHODS- BUILDING
AND REPAIR TOOLS

fae) -

| ~ HANDY PACK

- s
7 CONJUNTO
( Gatey ) UTILITARIO
REE RS

FOR CPVC, PVG

FOR CPVC, PVC, ABS
PURPLE PRIMER ALL PURPOSE CEMENT
PARA CPVG, PYC PARA CBVC, PVC, ABS
IMPRIMADOR PURPURA MULTI-USO CEMENTO




Water shut-off valve is located here

Correct installation requires downward pitch.
Automatically drains with hose removed.




PRO TIPS

Use plumber’s tape on
ed connections

UE MO

ta | Pipe Thread Sealant



WATER & IRRIGATION
WRAP-UP

The special properties of water make life
possible

Soll, weather, and plant type dictate irrigation
scheduling

Do not overwater or fertilize native and/or
drought tolerant plants and cause them to
O much
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