


We hope that you enjoy your complimentary copy of Nursery
Irrigation: A Guide for Reducing Risk and Improving Production. Please
help us gauge how effectively this publication meets your needs so that
we can continue to develop helpful resources! Please estimate rather
than leave questions blank.

1. lama: Nursery grower
Landscaper
Arborist
Garden center operator
Extension professional
Educator/Student
Other, please fill in:

2. | found this book:
not useful somewhat useful useful
very useful extremely useful

3. The best parts were:

4. The information that | have gained from this book has saved or
earned my business:
$500 $501-$1,000 $1,001-$5,000
$5,001-$10,000 >$10,000

5. Additional resources like this one would benefit my business/career:
Yes No
Please suggest topic (s)

6. 1 would be willing to pay this amount for this book:
$0-4.99 $5.00-9.99 $10.00-19.99
20.00-39.99 $40.00-59.99 >$60.00

Please return to Amy Fulcher: E-mail: afulcher@utk.edu, Fax: 865-974-1947

Mail: 2431 Joe Johnson Drive, Rm 252 Ellington Plant Science Bldg., Knoxville, TN 37996.
Have a smartphone? Take a picture of your completed form and e-mail to
afulcher@utk.edul



NURSERY IRRIGATION:
A Guide for Reducing Risk and
Improving Production

Whitney Yeary
Extension Assistant, Plant Sciences
Amy Fulcher

Assistant Professor, Plant Sciences
Brian Leib

Associate Professor, Biosystems Engineering and Soil Science

UNIVERSITY OF TENNESSEE
PB 1836



ACKNOWLEDGMENTS

This manual was prepared by Whitney Yeary, Amy Fulcher and
Brian Leib, University of Tennessee, with contributions from Quinn
Cypher, University of Tennessee, and Adam Blalock, Tennessee

State University.

The authors gratefully acknowledge Adam Blalock, Ed Burns,
Rick Cantrell and the Middle Tennessee Nursery Association for
their support of this project and Blankenship Farms and the TSU
Otis L. Floyd Nursery Research Center for hosting the workshop

conducted as part of this project.

We are indebted to reviewers Quinn Cypher, Jeb Fields, Jim Owen,
Tyson Raper and Sarah White. Their thoughtful review added
clarity and greatly improved the content of this publication. Any
errors that remain are those of the authors. We would also like
to express our gratitude to the nursery growers and Extension
and research faculty who graciously shared their success stories
with us. They will encourage and inspire readers far beyond what
the concepts alone could. Much appreciation is expressed to the
Southern Risk Management Education Center in partnership with
the National Institute of Food and Agriculture for financial support

that made this project possible.

This guide would not be informative without illustrative images.
We are very grateful to those who provided images. Unless
otherwise indicated, images used in this guide are those of

Quinn Cypher and Amy Fulcher.



TABLE OF CONTENTS

1. Introduction
Current Tennessee Water Regulations

Water Quality Trading, Future Water Regulations

Success Story: The Switch to Drip Saved Water and Fertilizer

2. Water Sources
Municipal Water
Ground Water: Wells
Surface Water: Ponds/Rivers/Creeks

Success Story: A Twist on Leaching Fraction Leads to
Nursery-Wide Savings

3. Water Testing
Collecting Water Samples
Where to Send Samples
How to Interpret Water Test Results
Water pH
Alkalinity
Water Salinity
Nutrients
Diagnosing Clogged Emitters

Success Story: Saving Water, Increasing Plant Survival
by Refining Container Substrate

4. Cultural Practices That Can Reduce Water Use
Plant Water Requirements
Container Spacing
Substrate Selection
Rainy Days

Success Story: A Win-Win Irrigating Field Production:
Less Water, More Growth

5. Irrigation Delivery Systems
Overhead Irrigation
Microirrigation

Vo]

13

14
14
14
15

16

17
18
19
19
20
22
24
27
31

32

33
33
37
40
42

43

44
44
47



Success Story: Pot-in-Pot: Building on Success

6. Scheduling Irrigation
Irrigation Timing
Cyclic Irrigation
Using Leaching Fraction
Evapotranspiration Models
Soil and Substrate Moisture Sensors
Using Deficit Irrigation

Success Story: Success with Water Sensitive Crops

Success Story: Leaching Less, Growing Better:
Leachate-based Irrigation Scheduling Leads to
Water Savings and Enhances Plant Appearance

7. Irrigation System Efficiency
Irrigation Distribution Uniformity
Measuring Distribution Uniformity
Matched Precipitation Rate
Maximizing Efficiency with a Single Row of Sprinklers
Application Rate
Scheduling Coefficient

Success Story: Constructed Wetlands:
Cleansing Water, Reducing Fertilizer Inputs

8. Reclaiming Water
Collection Structures
Water Conveyance

Success Story: Reducing Water Use Producing a Water Hog

9. Drought Preparedness
State Plan
Devloping a Drought Preparedness Plan...
Its Not Always as Easy as Drilling a Well!
Drought Preparedness Plan

50

51
51
52
53
56
58
60

61

62

63
63
64
68
68
70
71

72

73
75
76

78
79
79
80

83



Calculations 86

Capture Factor 86
Distribution Uniformity 89
Irrigation Delivery Rate 90
Evapotranspiration 91

Determine How Long to Irrigate Using CF, DU, ET and 92
Irrigation Delivery Rate

Leaching Fraction based on Water Volume 93
Leaching Fraction based on Weight of Water 95
Glossary 96
Irrigation Checklist 101
Resources 103
Notes 111



1. INTRODUCTION

Water scarcity is a growing concern in the U.S. and beyond
and is projected to become more severe. Competition for

water exists among agricultural users, municipalities and

industrial plants and is fueled - ~
by increases in population,
urbanization of rural areas,
increases in agricultural
irrigation, climate change
and salt water intrusion.
Currently, many sources of

freshwater in the U.S. are at

J

risk of depletion. Careful use Figure 1. Irrigation pond below

of freshwater is becoming desirable water level
. . . Photo credit: Anthony V. LeBude
increasingly important as a

result of this trend (Figure 1).

Agriculture, primarily irrigating crops, accounts for
about 80% of ground and surface (consumptive) water use
in the United States. As of 2013, over 55 million acres of U.S.
land were irrigated. Irrigation water can be delivered through a
variety of methods and each of these can vary substantially in
their efficiency. Modifying irrigation systems and practices to use
water more efficiently is becoming more important in the U.S. as
increasing regulations continue to restrict water use, and droughts

lead to depleted surface water and over-reliance on groundwater.



Water is essential to the survival of all types of plants.
Water serves as a solvent to transport nutrients to cells and
remove waste, maintains turgor pressure for physical structure,
regulates temperature and supports photosynthetic reactions.
Water management is crucial to the success of a nursery. In order
to produce premium plants in a short amount of time, irrigation
water must be managed to keep the container substrate moisture
content at appropriate levels. Too much or too little irrigation can
have negative consequences. Underwatering has traditionally
been the greater concern to growers because of more
immediate and obvious effects on plant appearance and growth.
Water deficit elicits a number of responses in plants in an effort to

conserve water. As plants

~

become dry, the

stomata begin to close
and cellular growth
slows. If water stress is
not alleviated,
photosynthesis will cease
and the plant will stop

assimilating carbon from

the atmosphere into plant
Figure 2. Underwatering has

tissue; normal dramatic consequences

metabolism will also be

disrupted. Because of these responses, plants experiencing water
stress will be smaller, look less attractive and may

require a longer growing period resulting in greater inputs and
reduced nursery profits (Figure 2).



Managing irrigation systems to avoid water deficits can

lead to wasteful overwatering practices (Figure 3). In addition to

the wasted water, too much irrigation can create a good

environment for disease proliferation (especially root rots) while

making plants less
resilient to stress.
This can directly
lead to smaller,
less robust root
systems (Figure 4).
Overapplying
water has some

other unintended \_

~

J

consequences that

are becoming more

appreciated in

nursery crops

Figure 3. Overwatering can cause nutrients

and pesticides to leach from containers, create
worker safety issues and reduce

plant quality and health

production. For example, overirrigating can lead to excess

leachate from the container. Leachate can carry away nutrients

from fertilizer and active ingredients from pesticides and other

/

N

~

J

Figure 4. Root rot from
overirrigating

chemicals, leaving crops at risk for
nutrient deficiencies and pest
damage. Fertilizers, plant growth
regulators and pesticides may need
to be applied more frequently or
at higher rates when overwatering
increases leachate above

recommended rates.



There is also concern that leached agrichemicals could
contaminate both natural waterways and water that is retained on
site and applied to crops. All of these factors give growers an
incentive to take a close look at issues surrounding access to
water, future competition for water, the true cost of over- and
underirrigating and risk due to drought and other causes of an

inadequate water supply.

CURRENT TENNESSEE
WATER REGULATIONS
California, Florida, North Carolina, Oregon, Texas and other

states currently have regulations that limit the amount of water
nurseries can consume. Tennessee, however, has enjoyed a
relatively stable and adequate water supply and therefore does
not (as of yet) have strict water laws. Tennessee water laws are
based on traditional riparian rights that give landowners the right
to use any body of water on or adjacent to their property.
However, this does not mean that a landowner owns the water.
Unless there is surface water (a pond, lake, etc.) that is confined
to a single property and not fed by a groundwater source (spring
or aquifer), all water within the borders of Tennessee is owned by
the state of Tennessee. Water is shared among all landowners sur-
rounding or above a water source. Rights to the water are equal
regardless of the size of the land owned, number of years owned
or the length of waterfront property. Water can be pumped from
a source as long as it does not limit or injure a neighbor’s ability to

use the water source (Figure 5).



In Tennessee (with the exception of Shelby county), no
special permit is required to drill a well, but it must be installed by
a licensed contractor following Tennessee Department of
Environment and Conservation’s (TDEC) Division of Water
Supply (DWS) rules and regulations. While it was once okay to
notify the government within 60 days of a well’s construction, now
a well owner or the driller acting on behalf of the owner must
notify the TDEC commissioner prior to a well's installation.

4 )

Figure 5. Tennessee waterways
adjoining a property may be used for irrigation

While there are intake methods that do not require a
structure, building an intake structure to withdraw water from
public surface water sources such as streams, rivers or lakes may
require a special permit from the Aquatic Resource Alteration
Program (ARAP) (Figure 6). These regulations were established to
prevent the building process or structure from disrupting the
water quality, flow rate, water level and/or ecology of the
resource. Before construction can begin, an application must be
filed stating the proposed withdrawal rates and withdrawal

schedule. Depending on the source, maximum withdrawal rates

10



may be set. Certain sources may even have a minimum water level
at which no withdrawals may be made. These regulations protect

the future of these natural resources and the businesses that rely

on them.
4 2\
\_ J

Figure 6. In Tennessee, special permits
may be required to use a public waterway
in any way that may stir up sediment

EPA-USDA WATER QUALITY
TRADING INITIATIVE
AND FUTURE WATER REGULATIONS
In 2013, the U.S. Department of Agriculture (USDA) and

the Environmental Protection Agency (EPA) became partners
in promoting water quality trading and other market-based ap-
proaches that recognize the value of water quality benefits that
are created on forests and farms. Water quality markets provide a
financial incentive for conservation practices that improve soil and
protect water resources. The underlying principle behind water
quality trading is that sources of pollution in a watershed encoun-
ter different costs associated with controlling that pollution. A
water quality trading program allows an entity to purchase the
environmental equivalent or (better) pollution reductions from an-

other entity who can achieve these reductions at a lower cost. The

11



end result is that the water quality goals are met but at a lower
cost. The goal behind the joint USDA and EPA agreement is that
water quality is improved in a way that also benefits companies
and agricultural enterprises economically (Figure 7). The program

is being supported by Conservative Innovation Grants.

4 )

Figure 7. Water quality trading can create partnerships
between the agriculture community
and other water consumers

Athough Tennessee currently has a sufficient water supply,
water use within the state has been increasing. Between 2007
and 2012, the number of irrigated acres in Tennessee increased by
almost 80 percent. As this number continues to increase, so too
may the need for water regulation. The rest of this guide provides
strategies and techniques to reduce risk related to water quantity
and quality with the goal of helping Tennessee nurseries remain

competitive while becoming more sustainable.
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Success Story
The Switch to Drip

Saved Water and Fertilizer
J. Frank Schmidt and Son Nursery

J. Frank Schmidt and Son Nursery relied exclusively on overhead
irrigation to provide water to their field grown liners. They hand moved lines
from field to field to permanent risers. Between the inherent inefficiency of
overhead irrigation systems, minimum wage increases, overtime needed by
the irrigation crew, safety concerns from moving heavy pipes with wet, slippery
surfaces and water quality decline in certain wells, it became logical to consider
changing to drip irrigation. So, Sam Doane, Production Horticulturist at J. Frank
Schmidt and Son Co., prepared a labor savings analysis for the owners that
showed the return on investment for the infrastructure expense was two years,
what previously required 16 people could now be done by three workers, and
by the end of the third year water use would decrease 30 percent! Sam began
converting the Canby, OR farm to drip irrigation. By switching to subsurface
drip, Sam noticed that the application was much more efficient. The next step
was to develop an irrigation program suited to this more efficient delivery. Sam
worked with Rich Regan at Oregon State University to use soil moisture sensors
that provide real-time measurements and to develop crop coefficients in order
to determine how much water the plants needed. They currently use 10-HS and
GS1 soil moisture sensors with Em50 data loggers (Decagon Devices, Inc.) as the
basis for irrigation decision making. By using several probes at each location,
this equipment provides volumetric water content (VWC) of the soil at different
depths. Instead of using the numerical values for VWC, Sam has found that
monitoring trends is far easier and just as reliable. To use the sensor readings
as absolute values (irrigate when the soil reaches a certain VWC) each sensor
would need to be calibrated to the unique physical properties of the soil. By
using relative comparisons over time, Sam is able to see when peak water uptake
occurs (the probe readings are going from higher to lower VWC over time) at
each depth and when water uptake slows (probe readings are relatively stable
over time). Decreasing water uptake implies that the soil is drying (or that the
plant is done growing or the root has died) and signals the need for irrigation.

Previously, J. Frank Schmidt and Son had switched from broadcast to
banded fertilizer applications to conserve fertilizer. While converting to drip
irrigation presented a challenge for watering in a granular fertilizer application, it
opened the door to a new possibility. Sam could deliver fertilizer right to the root
zone by injecting fertilizer through the drip irrigation system. By simultaneously
irrigating and fertilizing, J. Frank Schmidt and Son Nursery lowered overall
fertilizer use by 30 percent! Sam calculated that the return on investment of
adopting fertigation was less than a year!

Success story provided by Sam Doane, J. Frank Schmidt and Son Co.

For more information see: http://c.ymcdn.com/sites/www.oan.org/resource/
resmgr/imported/pdf/JFankCaseStudy.pdf
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2. WATER SOURCES

Water sources for agricultural production in Tennessee
include municipal water, well water and various types of surface
water. The characteristics of these sources of water are diverse

and pose unique benefits and challenges.

MUNICIPAL WATER
Municipal water is generally one of the more expensive

primary sources of irrigation water. However, it is a good option

if property is without a good e ~N
ground or surface water
supply. Municipal water is
treated for human
consumption, contains little

to no contaminants and

generally does not contain \_ )

sediment (Figure 8). As a Figure 8. Municipal water can be a
result, less filtering and good option for small nurseries

maintenance are required and it rarely clogs irrigation lines or
nozzles. This source is frequently used as a backup or secondary

source of water because it is expensive but typically reliable.

GROUND WATER: WELLS
If there is a good groundwater source on the property,
drilling a well may be very advantageous. Wells are typically more
expensive to install than surface water pumps but are inexpensive
to operate once installed. However, if the water level in the well
is low, sediment from the bottom may cause lines or emitters to

clog, increasing maintenance expense.

14



Additionally, if a water shortage did occur, the groundwater may

not have time to recharge between irrigation events, in which case

an alternative water source would have to be used to irrigate.

SURFACE WATER: PONDS/RIVERS/CREEKS

In order to use surface water sources, a body of water

must be on or adjacent to your property (Figure 9). More regula-

tions apply to pumping water from
a public surface water source than
pumping groundwater and a permit
may be needed to build an intake
structure. However, once

the water intake system is
established, the cost of using the
water is relatively low as it typically
only involves the energy cost to run
the pump and irrigation system.
Sediment from surface sources
may clog pumps, irrigation lines
and emitters, as well as generally
increase wear on irrigation system

parts and thereby increase

/

~

- J

Figure 9. Ponds can be a great
source of irrigation water
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Important Things to Keep
in Mind:

Having access to only one
type of water source
increases the risk that a
nursery will run out of
water.

Having a backup water
supply such as a storage
tank, reservoir, or city
water will decrease a
nursery’s risk.

Consider investing in back-
up pumps and generators in

case of an emergency.

maintenance costs. Water from
surface sources may contain
plant or animal pathogens or
other contaminants such as
agricultural pesticides, sewage
or weed seeds.



Success Story
ATwist on Leaching Fraction Leads to
Nursery-Wide Savings

Saunders Brothers Nursery

Efficient use of water affects a nursery’s bottom line as irrigation costs
and managing irrigation contribute considerably to operating costs. In addition,
environmental regulations are increasing, requiring more record keeping of
water consumption, and in some cases limiting agricultural water use. With this
in mind, Saunders Brothers set out to refine their irrigation scheduling. In March
2012, they began measuring leaching fraction of their woody crops throughout
their 75 acres. Leaching fraction is the amount of water drained divided by the
amount applied. It is an easy, practical way to fine tune irrigation applications to
the needs of the crop. Leaching fraction is often done by collecting the volume
of irrigation and leachate. Saunders Brothers took a novel tactic and used
weight to measure both leachate and irrigation volume, using the fact that one
milliliter=one gram*. The advantages of this were that they could take leaching
fraction measurements in plants spaced pot-to-pot and that capture factor was
accounted for. Capture factor refers to branch architecture characteristics that
channel water to the root zone that would not fall directly into the pot. Using
an empty container to measure irrigation can cause artificially high leaching
fractions because this does not account for capture factor. They checked 3 plants
in each house every 3 weeks. By adjusting their irrigation to a leaching fraction
of 10-20 percent, they were able to decrease the volume of water used (and
chlorine) from April to August an average of 43 percent compared to their most
recent 3-year average.

Because they irrigated more efficiently, they leached less fertilizer from
the container, which has since allowed them to decrease fertilizer applications
by up to 1/3 on some crops. After experiencing the benefits of a leachate based
program at Saunders Brothers Nursery, Tom Saunders puts it this way, “To be
honest, | cannot understand why all nurseries would not start irrigating using this
type of technology.”

*Plants were weighed before and after irrigation. The change in weight was the
water applied.

Success story provided by Tom Saunders and Jane Stanley, Saunders Brothers
Nursery and Tom Yeager and Jeff Million, University of Florida, IFAS

For more information see: Using Leaching Fractions to Maximize Irrigation
Efficiency© by Jane Stanley. 2012 Proceedings of the International Plant
Propagators’ Society. Pages 331-334.
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3. WATER TESTING

Testing irrigation water helps determine if a water supply
is suitable for irrigation. Understanding the composition and/or
contamination of a nursery’s irrigation water can help prevent
several problems, including those associated with pH and salinity.
When using a new water source, it is particularly important to
collect samples several times a year for the first few years. These
early test results will set a benchmark and help detect fluctuations
and problems in future years, such as chemicals leaching into the
water. Afterwards, water should be tested at least yearly, if not

seasonally.

Nursery growers in areas where industrial development
and other land use changes have taken place have found it helpful

to have baseline readings from previously conducted water quality

tests and have also benefited from e ~N
routine monitoring to detect changes
from the established level of water
quality. If you rely on a river or creek,
routine monitoring above your intake
pipe can help establish the quality of
water received and document if changes
upstream are impacting your water

guality. Likewise, testing downstream

of the nursery can also be helpful in \_ Y,

establishing to your neighbors that you  Figure 10. Sample water

. . to test quality in a
are not creating a water quality problem river or creek both above

(Figure 10). and below a nursery

17



When testing a river or creek, timing in relation to rainfall is
important. Keep in mind that testing at the point of first flush
(first rain after a dry spell) will result in higher levels of

contaminants than testing during dry weather or at the end of

a few days of rain. When testing, consider recent weather and

document it along with the results. Ideally, schedule sampling
to occur under relatively similar conditions with respect to when
N precipitation last occurred. r

COLLECTING WATER SAMPLES

For all water sources, rinse a pint-sized, plastic container,
such as a Nalgene bottle, three times with the irrigation water.
Next, fill completely, and seal with the lid while the bottle is
underwater to prevent air bubbles. Use a sterile bottle if testing
for biological contaminants. Resample if air bubbles or debris are
trapped in the bottle. It is best to send the sample to a lab
immediately, but if that is not feasible, the sample should be
refrigerated and tested within 24 hours. Some labs provide
collection bottles.

e Surface water: Collect from below the surface of the
water but not so deep as to capture debris from the
bottom; submerge bottle upside down, then turn
upright to collect water

e  Well water: Run irrigation for five minutes, then collect
water

e  City water: Municipal water data can be found online

or follow instructions for well water

18



WHERE TO SEND SAMPLES
There are several labs in Tennessee and around the
country that conduct water quality tests. However, many of these
labs test for drinking suitability only and may not conduct tests
specific to irrigation water quality, such as those that detect
salinity and nutrient levels. Labs that specifically test irrigation
water include:
e Waypoint Analytical: http://waypointanalytical.com
e  Penn State: http://agsci.psu.edu/aasl/water-testing/
irrigation-water-for-nurseries-and-greenhouses
e AgSource Laboratories: http://agsource.crinet.com/
page5632/IrrigationWaterTesting
e  Brookside Laboratories, Inc.: http://www.blinc.com/
plant.htm

HOW TO INTERPRET
WATER TEST RESULTS
A great place to start is your county extension agent, or

your area or statewide nursery, irrigation or water quality
specialist. Utah State University Extension has a very informative
website: http://extension.usu.edu/waterquality/htm/wgtool.
When test results are entered, this website contains information
about whether the results are in the proper range for irrigating
crops.

19



WATER PH

pH is a measure of relative acidity or basicity as indicated
by the hydrogen ion (H*) concentration of a solution. Water pH
influences soil and container substrate solution pH and is a major
concern in container production because soilless substrate is often
less complex than soil (lacks ions that would buffer the pH by
attaching to free H* and OH"). Therefore, container production
is generally more susceptible to fluctuations of pH caused by
irrigation water. Substrates high in perlite, sand and other inert
particles are especially susceptible to pH fluctuations.

Changes in pH can cause nutrients in the substrate to
become unavailable to the plant (see table), thus hindering
growth and/or plant health (Figure 11), and in the case of
Hydrangea macrophylla, changing flower color. High pH (basic)

water can cause soluble fertilizer to precipitate (solidify and thus

become unavailable to the plant) / N
and also reduce the efficacy of some
chemicals (e.g. pesticides and growth
regulators). Low pH (acidic) water
can cause equipment to corrode and
some pesticides to have reduced

efficacy. Either problem can lead to

higher maintenance and pesticide . J

costs. Water pH also influences how  Figure 11. Changes in pH can
cause nutrient deficiencies

effectively certain water treatments,
such as chlorine, work.
e pHscaleisOto 14

< 0 (more acidic)

20



7 (neutral), 14 (more basic or alkaline)
e A pH of 7is neutral, but the ideal irrigation water pH is
dictated by the crop
< Between 5.4 and 7.0 is generally desirable for
nursery crop irrigation water
--  Between 4.5 and 6.5 is generally desirable for
substrate solution
e Monitor pH periodically with a meter or litmus paper
e  Adjusting the buffering capacity of the substrate can
help resolve pH issues
<  Often easiest to lower the pH by reducing or even
eliminating the lime in container substrate,
depending on the individual crop
e  Raise pH with lime or base-forming fertilizers such
as calcium nitrate
<  Lower pH with acid-forming fertilizers such as urea
and/or sulfur-coated fertilizers
e~ |f substrate is commercially blended, discuss current
problems with your sales representative to see if

they can offer a substrate more suited to your needs

Low pH High pH
Increases Decreases Increases Decreases
uptake of: uptake of: uptake of: uptake of:

Iron Molybdenum | Molybdenum Iron
Manganese Calcium Manganese
Zinc Magnesium Zinc
Copper Copper

Boron

Adapted from Bailey et al. 1999
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However, just knowing the pH is not enough to manage irrigation
water for a crop. Understanding alkalinity and its role in managing

pH is crucial.

ALKALINITY

Alkalinity is an indication of a water supply’s ability to
neutralize acids. A water source’s alkalinity is a measure of how
easy or difficult it will be to change the pH of that water. It also
describes the water’s ability to act as a pH buffer in the soil or
container substrate. The term alkalinity is not the same as alkaline,
which refers to a pH greater than 7. In areas where there are
limestone formations, like much of Tennessee, high alkalinity is
most likely caused by high bicarbonate and carbonate ions.
Hydroxide ions, ammonia, borates, organic bases, phosphates and
silicates are all minor contributors to alkalinity (Figure 12).

e High alkalinity: water N

may increase the pH of
the soil or container
substrate solution

e Low alkalinity: water
may not buffer acidic
fertilizers, which will

decrease the pH of the

soil/substrate solution \_ )

* The more substrate in  Figure 12. Seedlings and plugs
are particularly

a container, the more sensitive to alkalinity

tolerant the plant is to

high alkalinity

22
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e Field production is less susceptible to alkalinity

problems

oo

oo

oo

Saline soils can also have high alkalinity due to

sodium carbonates, which can influence the

alkalinity of the soil water solution

In this situation, don’t allow plants to become
dry
The combination of high salt and alkalinity is

more harmful to plants than salinity alone

Neutralize water alkalinity with acid; common acids

used include sulfuric, phosphoric, nitric and citric

Injecting acid is a complex and potentially
dangerous process; consult a professional
Calculators for determining the amount of acid to

add include:

NC State University Alkalinity Calculator
http://www.ces.ncsu.edu/depts/hort/floricul-
ture/software/alk.html

University of New Hampshire Alkalinity
Calculator - ALKCALC
https://extension.unh.edu/Agric/AGGHFL/alk_

calc.cfm

An alternative would be to change or blend water

sources

Rain water, ponds and water purified with reverse
osmosis often have little, if any, alkalinity

These sources can also be blended with the current
water source to minimize some of the alkalinity

issues



Plugs or seedlings 0.75-1.3
<4” pots or shallow flats 0.75-1.7
4-5” pots or deep flats 0.75-2.1
>5” pots/long-term crops 0.75-2.6

Adapted from UMass Extension 2014

WATER SALINITY
Water salinity is a measure of the total dissolved salts in
the water. A primary cause of salinity is excess sodium (Na), but
other salts contribute to salinity as well. We can easily measure
electrical conductivity (EC) of irrigation water or substrate solution
with an EC meter to estimate salinity. Relatively speaking, pure
water is a poor conductor of electricity while the more salty

water is, the better electrical e ~N
conductor it is (Figure 13). Using
this method, the source(s) of the
salinity is not known.
e High salinity can lead
to reduced seed

germination, root

. J

Figure 13. Use an EC meter to
estimate water salinity

development, growth
and plant establishment
e  Excess salt may pull
water from plant roots, resulting in root death and
inability of the plant to absorb water
e Whenirrigation is applied by overhead sprinklers,
excess salinity can lead to foliage damage

24



e |rrigation water with greater than 1 mS/cm for

seedlings and plugs and 1.5 mS/cm for field crops is

considered to have a high salinity level (measured

before any additives such as fertilizer)

e Underirrigation can cause salt buildup in the

substrate due to inadequate leaching

Strategies to mitigate irrigation water salinity in container

production:

* Increase irrigation to keep the salts in the soil/

substrate solution and allow plants to uptake water

e Reduce fertilizer rates and use less soluble fertilizer

e  Use fine-textured substrate

e Switch to plants that tolerate moderate to high levels

of salts (Figure 14)

High salt levels are not common in
Tennessee soils. However, if it
becomes a problem, growing salt
tolerant crops is one management
technique. For more information
on managing high salt levels in
soil, contact your county extension
agent or statewide extension

specialist.

25
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Figure 14. Roses do not
tolerate salinity well and may
need to be watered from an
alternate source




PLANTS THAT TOLERATE HIGH LEVELS OF SALTS
(UP TO 8 MMHOS/CM):

° Acer buergerianum, ° Pinus nigra
A. campestre o Platinus xacerifolia
o Cortaderia selloana o Pyrus calleryana
o xCupressocyparis leylandii o Quercus robur, Q. rubra
o Gleditsia triacanthos o Salix babylonica
o Hedera helix o Salvia spp.
° Juniperus procumbens ° Taxodium distichum
° Picea pungens ° Vinca major

PLANTS THAT HAVE A MODERATELY HIGH TOLERANCE
UP TO 6 MMHOS/CM):

o Achillea spp. o Myrica pensylvanica
o Artemesia stelleriana o Parthenocissus quinquefolia
e Asclepias tuberosa J Pinus sylvestris,
o Coreopsis grandiflora P. thunbergii
o Forsythia xintermedia o Populus deltoides
e Juniperus chinensis, o Sedum spp.
J. communis, J. conferta, o Thuja occidentalis

J. horizontalis, J. virginiana

PLANTS THAT ARE INTOLERANT AND MAY NEED TO BE
DISCONTINUED OR WATERED FROM A DIFFERENT SOURCE:
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e Abelia xgrandifiora J Lantana spp.
o Acer rubrum, A. saccharinum ° Liriodendron tulipifera
e Aesculus spp. J Mahonia aquifolium
o Betula nigra, B. pendula J Nandina domestica
o Buddleia davidii o Ophiopogon japonicas
o Buxus sempervirens ° Ostrya virginiana
. Cedrus atlantica, C. deodara . Pachysandra terminalis
o Cornus mas o Picea abies, P. glauca
o Corylus avellana J Pinus strobus
o Crataegus phaenopyrum o Plantanus occidentalis
o Dianthus barbatus J Prunus tomentosa
o Diospyros virginiana J Quercus bicolor
o Euonymus alatus o Rhododendron spp.
. Fagus sylvatica . Rosa spp.
o Fraxinus americana o Sorbus aucuparia
. Ginkgo biloba . Tilia americana, T. cordata
o llex opaca J Tsuga canadensis
e Juglans nigra J Ulmus americana
o Koelreuteria paniculata J Vinca minor
J Lagerstroemia indica
\ Adapted from Costello et al. 2003 f




NUTRIENTS

Nutrients from agricultural and urban areas can easily

enter water sources in runoff. Sometimes soluble nutrients are

added to irrigation water to fertigate. Regardless of the origin,

irrigation water containing nutrients can cause problems at

the nursery. Nutrients can

clog emitters, reduce a

plant’s ability to absorb other
nutrients and leave a residue
that blocks sunlight, reducing
photosynthesis and typically
rendering plants unmarketable.
Below are descriptions of
nutrient-related issues and tips
on how to diagnose and manage

them.

J \S

Although nutrients may be
listed on the water test
results, do not make fertilizer
decisions based on them.
Instead, use results from
both soil/substrate and
plant tissue tests to
understand nutrient
levels in the root zone
and what plants are

able to take up.

A\ 4

High Iron Levels in Irrigation Water:

The appearance of a red-brown residue on leaves is a

relatively common problem. This rust-colored residue is iron and

it can be a problem in quantities as little as 0.1 ppm (Figure 15).

/

~

Figure 15. Iron in
water can leave
a residue on
plants as well as
the greenhouse
structure
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To alleviate this problem:
e Pump water into a containment pond before use,
allowing some of the iron in the water to settle
e Ensure that the irrigation intake is at least 18 inches
below the surface to prevent vortices that may stir up
settled iron and other sediment
e Position the intake so that it is not close to the bottom

of the pond to avoid pumping iron sediment

A related problem causes a bluish bronze sheen on leaves.
This discoloration is caused by iron-fixing bacteria and can be a
problem when well and pond water are used. Iron-fixing bacteria
prevent iron in the water from precipitating so this is a more
difficult problem to address.
e Ensure that the irrigation intake is at least 18 inches
below the surface as more bacteria are at the surface
e An aeration pump in pond water will aid in oxidation
and cause iron to precipitate, decrease the bacteria
population and move bacteria to the edges and coves,
away from the intake; follow with filtration
e |f aeration doesn’t work another option is injecting a
sanitizing agent, such as chlorine, to oxidize the iron

J \S

Improving Water Quality Through Aeration

Several nutrient issues can be prevented by aerating a water
source. Aeration provides oxygen to fish and aerobic bacteria
that break down organic compounds and excess nutrients.
Water plants, surface aerators and natural water movement all
aerate surface water. Jet or bubble aeration systems may need
to be installed to aerate well and deep surface water.

A\ 4
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causing it to precipitate; follow with filtration

e Injecting chlorine eliminates both rust and blue

bronze deposits on e ~N
leaves; filter the
precipitating iron
before water reaches
irrigation lines or else

isk clogging,
risk clogging \_ )

especially in drip Figure 16. Iron deposits can

systems (Figure 16) easily clog an irrigation
or a mist system

Calcium in Irrigation Water

In areas where limestone is prevalent, there may be large
amounts of calcium dissolved in irrigation water. Once in the
irrigation system, calcium may precipitate as calcium carbonate,
harden and clog nozzles, emitters and irrigation lines.

e Injecting acid into the irrigation water prevents
calcium from precipitating out of the solution, allowing
it to pass easily through the irrigation system

e Itis much easier to prevent clogs than it is to fix them
once the calcium carbonate has hardened; this is
another benefit of water quality testing on a regular

basis
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Other Nutrients
These nutrients can occur above recommended levels in

irrigation water causing problems.

No Increasing | Severe
Nutrient Concerns Problem | Problem | Problem

(ppm) (ppm) (ppm)

Unattached ions
Copper are toxic to most <0.2 0.2-5.0 >5.0
plants

lons bind with
calcium ions to
form lime deposits,
contributing to
hard water and
salinity problems

Magnesium <20 20-40 >40

Coats leaves,
Manganese | decreasing plant <0.2 - >0.2
photosynthesis

Increases the K
concentration in
plant tissue,
Potassium leading to a <20 20-50 >50
decreased ability
of the plant to take
up other nutrients

Contributes to
salinity,
Sulfate reduces growth <100 100-200 | >200
and can cause
plant damage

Causes leaf burn
Sodium and increases <70 70-200 >200
corrosion rates

Adapted from UMass Extension 2014
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DIAGNOSING CLOGGED EMITTERS
Why do emitters clog? Micro-organisms, poor water

quality and sediment can all lead to clogged emitters (Figure 17).

4 A

Figure 17. Sediment in
Irrigation lines

. J

The following table is a quick diagnosis guide for determining the
cause of clogged emitters.

Cause Signs, Diagnosis, Treatment

Slimy organic substance. Sanitizing agent may be
ollerfieal needed. Treat irrigation system from the point of
contamination through end of lines or problems

will re-occur.

Hardened residue/buildup, often light in color.

Chemical Soaking in vinegar may dissolve the nutrients that

have solidified. Send the solution to a lab to
identify the specific cause and treatment.

Fine particles. Soaking in water will cause particles
to settle to bottom of the container. Improve
water filtration system.

Adapted from “Designing an Effective Water Treatment System” presentation
by Dr. Paul Fisher at the It’s All About Water And Increasing Your Bottom Line
Conference, July 28, 2015, Grand Rapids, Michigan.

Sediment




Success Story
Saving Water, Increasing Plant Survival

by Refining Container Substrate
Holly Hill Farms

Holly Hill Farms had to irrigate their container nursery constantly to keep
the plants from drying out, driving up pumping costs and management time.
Rhododendron, Kalmia, Leucothoe and Pieris were particularly troublesome.
They sometimes experienced a 50 percent loss with Rhododendron. Why?
Brothers David and John Farrow determined that the problem was their very
porous substrate (nearly 100 percent pine bark and a small percentage of sand).
While it had served them well previously in preventing black root rot of hollies,
it was time for a change. Their porous substrate dried out quickly, causing their
irrigation pump to run all day just to keep up. They turned to Andrew Ristvey,
Extension Specialist with the Un