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Comments by the
IAM President

Dear Irrigators,

This year the
legislative
session will be

much  shorter
than previous
years because

of construction
at the capital.
Even though the session is short, there
are still many issues that concern irri-
gators. I would encourage all of you to
contact your state representatives and
state senators. Invite them out to your
farm and explain how irrigation is very
vital to your farming operation. There
are not many legislators that are from
a farm and most are not familiar with
irrigation and the importance it has on
rural economies.

I also would like to urge you to be-
come involved in your local SWCD
boards and watershed districts. I believe
they both will become more important
in the future. A good example would
be the new buffer law where SWCD’s
will play an important part implement-
ing the new buffer regulations. SWCD
board elections will take place this fall.
If you are interested in running; May
17th thru May 31st is when you would
go to the county auditor’s office and
sign up to be on the ballot.

Many watershed districts have had
TMDL (total maximum daily load) as-
sessments done on them. Measures are
being developed to cleanup these wa-
tersheds that have been found to be im-
paired. Positions on watershed districts
are appointed by county commission-
ers; so visit with your commissioner if
you are interested.
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Nitrogen Management
Nitrogen Management for Corn Production and Groundwater Quality in Minnesota’s Irrigated Sands
Fabidn G. Ferndndez, John A. Lamb, and Anne M. Struffert

Corn in irrigated coarse-textured
soils can be very productive with
nitrogen applications, but excess
nitrogen can increase groundwa-
ter contamination. To understand
how much nitrogen is needed to
optimize corn production and
minimize  the environmental
impact of nitrogen fertilizers, a
four-year study was done at the
Rosholt Farm in Pope County and
in Dakota County farmers’ fields.

Urea nitrogen rates ranged from
0 to 280 1b N/acre in 40 Ib incre-
ments with half of the rate applied
pre-plant and the other half at V4.
Single pre-plant applications of en-
hanced efficiency fertilizers: ESN
(a polymer coated urea), a blend of
urea and ESN, and SuperU (urea
with nitrification and urease in-
hibitors) were also studied. Lysimeters
installed below the root-zone and water-
balance calculations along with drain
gauges were used to quantify the nitrate
concentration and the amount of water
and nitrate moving pass the root-zone.

The University of Minnesota recently
revised their Maximum Return to Nitro-
gen Rate (MRTN) guidelines for irrigated
continuous corn grown in coarse-textured
soils  http://www.extension.umn.edu/ag-
riculture/nutrient-management/nutrient-
lime-guidelines/docs/AG_NM_1501.pdf .

The new guideline suggests a MRTN of
209 1b N/acre at a nitrogen price to corn

value ratio of 0.1. The MRTN for continu-
ous corn in the four-year study was very
similar to the new guidelines. For corn af-
ter soybean the MRTN was 164 1b N/acre.
A split-application of urea was as good as
or better than a single pre-plant applica-
tion with enhanced efficiency fertilizers.
Averaged across all years, the split-urea
application increased corn grain yield by
5.4% compared to the averaged corn grain
yield of enhanced efficiency fertilizers. A
key finding was: in irrigated sandy soils,
the large rate of nitrogen application need-
ed for economic optimum yield is best ac-
complished by splitting the application.

In May-June excess precipitation —
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in the new year including keeping a watch-
ful eye on MN lrrigation Water Rights; telling
personal stories about benefits of irrigation

Jerry Wright, IAM Membership Secretary

with Legislators as well as represent the in-
terests of irrigation practices across the state.

To become a member or renew your elapsed
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form located on the last page of this news-
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cers and the board of directors’ legislative
and agency contact activities. As a member
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while the crop is small and not taking
large amounts of water or nitrogen—
caused most of the nitrogen loss. During
that time, 75% of the total leaching and
73% of the total nitrate-nitrogen load
below the root-zone occurred. During
July-August nitrate concentrations in the
soil-water were large, but even though
substantial water (precipitation and ir-
rigation) was applied, little or no nitrate
leaching occurred as the crop was ac-
tively using water and nitrogen. Two key
take away points are: one, the amount
of nitrogen applied in May-June, when

NITROGEN continued on page 2

Getting Ready to
Irrigate
By Joshua Stamper

Let’s face it. Your
life as an irrigator is
about to get crazy.
You will juggle the
logistics of plant-
ing multiple crops,
over dozens of different locations, and
with many different people and busi-
nesses that you will rely on to go from
seed to harvest, Tillage, Chemical,
Seed and Fertilizer. You have a check-
list and a plan, because the financial
consequences of forgetting something
in the era of $3.50 corn are pretty tough.

But it’s really important to remem-
ber the little things that may not have
reached the “towering inferno” level of
urgency in your mind, but can have huge
impacts of yield. That’s right. I am talk-
ing about irrigation uniformity testing.

READY continued on page 16



NITROGEN continued from page 1.

potential for loss is greatest, should be minimized; and two, during July-Au-
gust irrigation management is critical to supply adequate amounts of water to the
crop without creating excess water supply that could result in nitrate leaching.

At the MRTN, season-long nitrate-nitrogen load was 77 lb of nitrate-nitrogen/
acre for continuous corn and 95 1b of nitrate-nitrogen/acre for corn after soybean.
In the soybean phase of the corn-soybean rotation, where no nitrogen was applied,
the season-long nitrate-nitrogen load was 47 Ib of nitrate-nitrogen/acre. In continu-
ous corn, reducing the MRTN by 20% reduced corn grain yield by 4% and nitrate-
nitrogen load by 9%, and a 25% reduction in MRTN resulted in an additional 2%
reduction for both, while no significant reduction occurred for corn after soybean.
Similar nitrate-nitrogen load occurred with enhanced ef- -
ficiency fertilizers as with the split-application of urea.

After four years of no N application in the check plot,
we measured 9 to 20 parts per million nitrate and load
of 19 to 46 1b nitrate-nitrogen/acre. Some key points are:
one, it is difficult to meet drinking water quality standards
in these corn cropping systems; two, using enhance ef-
ficiency nitrogen fertilizers will not be enough to reduce
groundwater nitrate loading; and three, reducing nitrogen
rates to sub-optimum levels will result in reduced corn
grain yield and relatively minimal reduction in nitrate
leaching towards achieve pristine water quality goals.

Corn-Soybean rotation blocks. The sticks you see between blocks are the access tubes
for the lysimeters used to measure nitrate below the root zone.
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Nitrogen Fertilizer Rule by MDA

By Katie E. Wolf, State Program Administrator Senior

The Minnesota Department of Agriculture
(MDA) is currently drafting a Nitrogen
Fertilizer Rule. The scope of the rule will
address agronomic crops that require nitro-
gen fertilizer. These crops include corn,
small grains, edible beans, sugarbeets
and irrigated potatoes grown in the crop
rotation. The proposed Nitrogen Fertil-
izer Rule will require the regulatory provi-
sions discussed in the state’s blueprint for
preventing or minimizing the impact of
nitrogen fertilizer on groundwater, called
the Nitrogen Fertilizer Management Plan
(NFMP)

The proposed rule will consist of two
parts. The first part of the rule will apply to
areas of the state where groundwater is vul-
nerable to contamination from the land sur-
face. These vulnerable groundwater areas
will have restrictions on applying nitrogen
fertilizer in the fall and to frozen soils. The
second part of the rule will apply to areas
where nitrate levels in groundwater are el-
evated and it has been determined that the
nitrogen fertilizer Best Management Prac-
tices (BMPs) are not being adopted. Re-
quirements will vary for different regions
and soil types and will be based on the ni-
trogen BMPs developed by the University
of Minnesota and adopted by the MDA.

£\ MINNESOTA DEPARTMENT
~or AGRICULTURE

MDA recently requested comments
on eight different issues regarding the
proposed rule. The Request for Com-
ments was published on October 26, 2015
and was open until January 29, 2016.

The MDA received 23 original com-
ments and over 100 form letters during the
comment period. A copy of the Request
for Comments and all comments received
can be found on the Request for Com-
ments page on MDA’s Nitrogen Fertilizer
Rule website www.mda.state.mn.us/nfr.

The Irrigators Association of Minne-

= Dig in up to 60"

LIT/AU

FARM DRAINAGE & BORING

No job too big or foo small,

Litzau is ready to go, from start to finish!
= Plowing tile, hdpe, pvc, dualwall tile up to 18"

= Boring jobs

sota along with the Minnesota Farmers » Blind and alternative intakes

Union and Area II Potato Growers As-

sociation submitted a comment to the = Full time repair crew = Septic systems
MDA during the Request for Comments
period. These comments along with = Lagoons = Blind and alternative intakes
other comments received will be taken
into consideration while the MDA drafts = From electric and waterline to on grade
the Nitrogen Fertilizer Rule. There will

(]

be more opportunities for public com-
ment once the MDA has a drafted the rule.

If you have questions about the rule or the
rulemaking process, please contact

Larry Gunderson,
larry.gunderson@state.mn.us or

Katie E. Wolf, State Program

Administrator Senior, or 651-201-6659
katie.wolf@state.mn.us

Minnesota Department of Agriculture
Pesticide and Fertilizer Management Division

Capabilities to do 30" bore or bigger

CALL FOR 2016 SPECIALS

Excavating & Installation of
DRAIN Tile 4" and LARGER

CALL MIKE (320) 905-8645

13201 195TH ST. SW, LAKE LILLIAN, MN 56253
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FIND YOUR CROP SPECIFIC WATER APPLICATION
SOLUTION. Nelson Irrigation offers a complete line
of products for a variety of applications — finding
the right one is easy. By answering a few simple
questions you can lock in on the product that is

— CHOOSE NELSON.

right for you. If quality and performance are what
you expect the answer is simple. BUY AMERICAN

i NELSON

irrigation technology for the future
nelsonirrigation.com

ACGELERATOR . »,
OFFERS 6=15 PSI " to o
ROTATOR® - L
TECHNOLOGY

SOLUTIONS —
NEW! R55, R75 &
DELTA P FOR SRNV100

LOW PRESSURE '\
UP-TOP PIVOT SOLUTIONS

o

AWARD-WINNING
3030 SERIES PIVOT
SPRINKLERS WITH
MULTI-FUNCTION
3NV NOZZLE

ORBITOR’S BRACKETLESS
DESIGN IMPROVES " (4
OFF-AXIS SPRINKLER

PERFORMANCE =58, 2y
ASK ABOUT NEW NELSON
WIRELESS CONTROLS FOR

IRRIGATION AUTOMATION OF
SOLID SET SYSTEMS & SDI
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Minnesota Department of Agriculture
Chemigation Permit Reminder

Chemigation Permits: Not Transferable;
New Operators Must Obtain New Permit

This is a reminder that chemigation permits are not transferable from
operator to operator. If a chemigation system is leased,
sold or operated by a new person or business, then a
NEW chemigation permit is required.

The Minnesota Department of Agriculture (MDA) issues
chemigation permits to operators of chemigation systems.

An “operator” is considered a person or business who will use the
chemigation system. Operators can change from year-to-year,
and existing permits are not transferable so new chemigation permits
must be obtained by new operators prior to chemisgation.

You can apply for your chemigation permit by completing:
Chemigation Permit Application found on the MDA website
http://www.mda.state.mn.us/chemicals/fertilizers/chemigation.aspx

OR BY COMPLETING AN APPLICATION ON-LINE:
http:/Mww2.mda.state.mn.us/webapp/erenewal/apply.jsp

Please contact the MDA at 651 201-6540 if you have questions
or are no longer operating your chemigation system so the per-
mit can be deactivated and MDA records can be updated.

LIKE NO OTHER.

GROW YOUR COMPANY BY
BECOMING A T-L DEALER

CENTER PIVOT IRRIGATION COULD'BE
A .NATURAL FIT FOR YOUR'BUSINESS,

Adding T-L’s hydrostatically powered center pivot irrigation
systems to your product line will bring added sales, profits
and greater employee productivity. T-L Irrigation Systems are
sold worldwide through independent dealers: Take advantage
of this opportunity and help secure your company’s future by
calling T-L's Sales Department now.

R AN T
w

Phone: 1-800-330-4264
Fax: 1-800-330-4268
Phone: (402) 462-4128
Fax: (402) 462-4617

T-L ... LIKE NO OTHER.

151 East Hwy 6 & AB Road - P.O. Box 1047
Hastings, Nebraska 68902-1047 USA

sales@tlirr.com - www.tlirr.com

Irrigation Season Dates Vanish

From DNR Permits

Once in a while, as in April 2015, the
weather warms up early and you’d like to
get some moisture in the field. We heard
the call and, with some effort, moved the
starting date on agricultural irrigation
permits up to mid-April 2015.

For decades, DNR irrigation per-
mits had dates indicating when the ir-
rigation season started and ended. Since
these were developed based on the aver-
age annual precipitation and the expe-
rience of irrigators and agricultural in-
dustry, they were usually not a problem.

From our collaboration with Irrigators
Association of Minnesota leadership, we
understand there is a need in some years
to irrigate earlier or later. Your organiza-
tion’s leadership has also helped us bet-
ter understand how technology improve-
ments and best practices implemented
by irrigators can reduce water waste.

We have come to the conclusion that an
irrigation “season” usually isn’t necessary
for maintaining sustainable water sup-
plies. Instead of handling every permit and
removing the dates, we decided to issue a
general permit that waives the date restric-
tion. Your individual permits will still have
the dates on them, but the general permit
waives them. Going forward, as permits are
modified or new permits are issued, normal
season dates will be omitted in most cases.

There is nothing the irrigator needs
to do to take advantage of this. The per-
mit is issued and will be available on the
DNR website for those wishing to see it.

This waiver of irrigation season dates
will let you take advantage of early
warm weather, or perhaps getting a
cover crop germinated if needed out-
side of the normal season, without hav-
ing to modify your individual permit.

Here's what general permit

No. 2016-0188 does and does not do:

* [t waives the normal start and stop dates
for the irrigation season;

* It does not change the source of water,
pumping rate or volume authorized by
your individual permits;

oIt does not affect fisheries exclusion
dates; and

¢ All water used must still be recorded
monthly and reported annually.

The waiver of irrigation season dates is for
most types of irrigation, including agricul-
tural, golf course, cemetery, landscaping,
athletic field, nursery, pasture, orchard,
vineyard, sod farm, and (with limits) wild
rice.

If you have questions, please feel free to
contact Water Regulations Unit Supervisor
Tom Hovey, Water Regulation Unit Super-
visor, DNR Division of Ecological and
Water Resources, 500 Lafayette Road St.
Paul, Minnesota 55155, 651-259-5654, or
tom.hovey @ state.mn.us.

Filing for SWCD Supervisor Candidates

is May 17-31, 2016

Minnesota citizens interested in influ-
encing natural resources issues at
the local level are encouraged to run
for supervisor of their local Soil and
Water Conservation District (SWCD).

SWCD supervisor positions are filled
through general elections which will
take place on November 8, 2016. Those
interested in running for Supervisor
should file at the County Auditor’s of-
fice from May 17 through May 31, 2016.

“An SWCD is a special purpose unit
of government comprised of nonpartisan,
elected supervisors who are passionate
about conserving Minnesota’s remarkable
natural resources,” said MASWCD Presi-
dent and Pipestone SWCD Supervisor Ian
Cunningham. “SWCDs focus on building
community relationships and collaborate
with private landowners to conserve and
protectourstate’sland and waterresources.”

SWCDs are a primary source of conser-
vation information, support, and program
management for landowners and other lo-
cal units of government. They are the tech-
nical experts that understand their specific
communities’ needs and help landowners
navigate conservation programs from start
to finish. An elected board of Supervisors
governs each of Minnesota’s 90 SWCDs.

gﬁms WCD

Candidates are elected county wide*,
but must reside in one of the nomina-
tion districts up for election. SWCD
Supervisors serve four year terms.

Supervisors meet monthly to discuss
the business of the SWCD, including
state grant allocations to landowners, dis-
trict conservation priorities, coordination
with other local units of government and
state and federal agencies. Supervisors
do not receive a salary, although they do
receive compensation for attending meet-
ings and are reimbursed for expenses.

Contact your local County SWCD for
more information.

* Except for SWCDs in 7 county metro Area,
where candidates are elected by the voters
within that nomination district of the SWCD.
Minnesota Association of Soil and Water
Conservation Districts www.maswed.org

PAGE 4

Minnesota Irrigators Association



Check Your Soil Moisture
PART ONE-Tom Scherer, Extension Agricultural Engineer, NDSU

It's an Important Part of
Irrigation Water Management

Part One, written by Tom Scherer, of a two part
series on soil moisture and irrigation manage-
ment, Part Two is written by Dean Steele and
begins on page 10.

After a relatively dry fall, no-snow winter
and dry spring up to May, soil moisture in
many fields will be highly variable. Know-
ing the status of the soil moisture in your
field is necessary for good irrigation water
management. The soil in the root zone
provides storage for nutrients and water that
plants need for growth and development.
Monitoring the amount of soil mois-
ture not only indicates when to start ir-
rigating but also the amount to apply.
Measuring soil moisture accurately al-
ways has been difficult. The makeup of
soil and the way it interacts with water
poses many problems. Soil is composed
of grains of minerals that can vary in size
from less than 8/10,000 inch (0.002 milli-
meter) to more than 1/32 inch (1 millime-
ter) that are all mixed together. Mixed in
with the grains are pieces of organic mat-
ter (old roots, crop residue, manure, etc.)
that act like sponges and can make up from
0.5 to 6 percent of the soil volume in the
root zone. Add water to this mixture in lig-
uid or vapor form, and you can appreciate
why measuring soil moisture is difficult.
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Basic Soil Moisture Concepts:
Soil moisture commonly is expressed as
soil water content or soil water potential.

Soil Water Content:

The amount of water in a volume of soil
often is expressed as the percent of water
by weight, percent of water by volume or
by the inches of water per foot of soil. The
percent of water by weight is determined
by obtaining a soil sample, weighing it,
then drying the sample in an oven (at 220
F) for 24 hours and weighing it again when
it’s dry. The weight of water in the sample
is the difference between the wet weight
and the dry weight of the soil sample.
Divide this amount by the dry weight and
multiply by 100 to get the percent of water
content by weight. The percent of water by
volume, a more useful value for irrigation
design and management, is obtained by
multiplying the percent of water content
by weight by the bulk density of the soil.
The bulk density of the soil is the ratio
between the dry weight of a soil sample
and the volume of the soil sample with
units of grams per cubic centimeter (g/
cm3). Agricultural soils can have bulk
densities that range from 1.2 to 1.6 g/cm3.

Soil Water Potential:

How tightly soil particles and organic
matter hold water is a measure of the soil
water potential. Soil tension is another term
often used to describe soil water potential.
Soil tension is a measure of how hard pull-
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ing water away from the soil particles is
for a plant’s roots. Wet soil gives up water
easily and has a low value of tension. Drier
soil holds water tightly because the water
is bound to the surface of the soil parti-
cles and has a high tension. For irrigation
purposes, the amount of water available for
plant use is the difference between the soil
“feld capacity” and the “wilting point.”

Field capacity is the moisture content at
which soil holds water against the force
of gravity. This is the moisture content at
which many of the large pore spaces be-
tween soil particles will drain, but many

of the small pore spaces will be full of
water. For most irrigated soils in North
Dakota, field capacity is the water con-
tent at a soil water tension of 1/10 of a
bar (1 bar is almost atmospheric pressure
and is equal to 14.5 pounds per square
inch). The wilting point is at which most
agricultural crops experience permanent
wilting and will not recover. It is the soil
water content at a soil water tension of
15 bars. Subtracting the water content by
volume at the wilting point from the wa-
ter content by volume at field capacity

PART ONE continued on page 15

Well Drilling - Testing and Treatment

Pump Service and Repair « Sprinkler Systems
24 Hour Emergency Service

Commercial and Residential

320-251-5090 or 800-728-5091
141 28th Av S, Waite Park - trautwells.com

You can’t always depend
on Mother Nature for the rain
you need, but you can count on

TRAUT
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We Know Water from the Bottom to the Tap
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THE LINDSAY ADVANTAGE

YOUR COMPLETE SOLUTION
FROM PUMP TO PIVOT

THE LINDSAY
ADVANTAGE

DURABLE
RUGGED
EASY TO USE

INTEGRATED
TECHNOLOGIES

BROADEST LINE
OF SOLUTIONS

Managing an operation is becoming
increasingly complex, which is why
you need the Lindsay Advantage in
your field.

With so many factors that are out of your
control, get in control with an irrigation
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Central Lakes College Ag
and Energy Research Center

Hannah Barrett, Central Lakes College, Research Coordinator

As spring approaches, we all begin to
look with anticipation on the blackened
soils recharged and refreshed from the
cold winter months. As a research farm
in Central Minnesota, we also begin to
plan for the various plots that are located
on the farm and the different parameters
that need to be followed for each plot.

We plan to improve irrigation manage-
ment this year. A contact from Nelson Ir-
rigation initiated at the Valley Irrigation
Meeting in Wadena, MN, agreed to work
with us to re-nozzle both the small linear
and large linear located on the farm site.
With all of the drops renozzled and outfit-
ted with regulators, the goal is to improve
the efficiency of water applications and
to create uniformity across the entire lin-
ear systems. With equal pressure across
the entire systems and continued unifor-
mity, water variability will be reduced
and research data obtained from under-
neath these systems will be more accurate
as variables are reduced or eliminated.

Another area we plan to improve this
year is our management of irrigation
through the use of Valley Tracker and soil
moisture sensors. Ron Nelson, farm man-
ager, found these tools to be great time
savers. Instead of continuously driving to
various fields to make sure the irrigators
were operating properly, time was saved
by simply observing the fields through
smart phone apps. Soil water moisture
was also observed in this manner. This

FIELD DAY

2016

eliminated the guesswork behind know-
ing whether “to irrigate or not to irrigate”.

A growing interest in the agriculture
community is the use of cover crops. Cover
crops have been shown to have great ben-
efits in various regions around the United
States, and the Central Lakes College Cen-
ter is interested in researching the various
benefits of cover crops here in our region
and the positives and negatives that we find
associated with them. Last year we estab-
lished a cover crop across a ninety-six acre
field that proved to be rather ineffective
for grazing, but it did provide soil armor
throughout the fall and winter months elim-
inating soil erosion and capturing snow. In
the future we hope to see improvements in
the field of organic matter and water and
nutrient retention. We also plan to dive into
a larger demonstration of cover crops com-
plete with a variety of different crops es-
tablished followed by fencing the fields off
to be managed intensely through grazing.

As the season progresses and data and
results are collected, we hope to demon-
strate them at our Field Day, August 26,
2016. This will be a day with tours ranging
from irrigation management, drone dem-
onstrations, local food initiatives, and wa-
ter quality management. The event is open
to the public and lunch is provided with
fresh sweet corn as the main highlight!

If you have any questions,
please contact us at 218-894-5123, or go
online  www.clemn.edu/agcenter/

\

CLC FRUIT WINE

WHEN
August 26th, 2016
9am- 2:30pm

WHERE
26505 Cty Road 2
Staples, MN 56479

www.clcmn.edu/agcenter/
218-894-5123
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MINRESOTY AGRCULTURAL 'WATER RESOURCE CENTER

NEW FACT SHEET-

Water Appropriations
Permits for Livestock
Producers

In response to frequent inquiries from live-
stock producers about Minnesota Depart-
ment of Natural Resources (DNR) water
appropriations permit rules and guide-
lines, the MAWRC has developed a simple
fact sheet to help answer many of the most
common questions, and point farmers
toward additional agency resources.

Minnesota statutes require all water users
withdrawing more than 10,000 gallons per
day or more than one million gallons per
year to obtain a water appropriation permit
from the DNR. While this permit require-
ment has been in place for more than a de-
cade, the DNR had done little to publicize
the requirement. In recent months, livestock
producers have begun receiving letters from
the DNR notifying them of the requirement.

One of the first questions for many live-
stock farmers — how many animals does it
take to consume one million gallons of wa-
ter per year? Estimating water use can be
very difficult, so our fact sheet incorporates
information from the University of Min-
nesota which has previously been used by
the DNR to determine permit thresholds.

The MAWRC’s fact sheet can be found
at http://mawrc.org/assets/livestock-water-
use-permit.pdf.

Livestock farms using more than one
million but less than five million gallons
of water annually can apply for a simpli-
fied general permit for a one-time fee of
$100. Those using more than five million
but less than fifty million gallons must
obtain an individual permit, which costs
$150, and pay an annual water use fee of
$140. All water permit holders are re-
quired to report water use annually to the
DNR. For more information, go to http://
www.dnr.state.mn.us/waters/watermg-
mt_section/appropriations/permits.html

Spring 2016

Nearly 500 Attend
Nutrient Manage-
ment Conferences

Perhaps driven by headlines about nitrates
in groundwater, the Des Moines Water
Works lawsuit and lower crop prices,
crowds totaling nearly 500 attended a pair
of nutrient management conferences host-
ed by the Minnesota Agricultural Water
Resource Center in February. Research-
ers and industry experts from across the
Midwest provided updates on the very
latest news in soil fertility, crop production
and water quality concerns. These confer-
ences provide an opportunity to hear a
broad range of presentations in a forum that
attracts farmers, agronomy professionals

and regulatory agency staff all in one place.

The eight annual Nutrient Management
Conference was held February 9th in Mor-
ton, featuring information on in-season
nitrogen applications, crop nutrient uptake
and phosphorus basics. Much of the infor-
mation is related to research projects funded
by farmers through various check-off pro-
grams, including AFREC, the Agricultural
Fertilizer Research and Education Council.
More information on AFREC-funded proj-
ects can be found at http://www.mda.state.
mn.us/chemicals/fertilizers/afrec.aspx.

Dr. Fabian Fernandez, University of
Minnesota Nutrient Management Special-
ist, served as lead organizer for the sec-
ond annual Nitrogen: Minnesota’s Grand
Challenge and Compelling Opportunity

Conference, held February 23 in Roches-
ter. Presentations included weather trends
and their implications for nitrogen man-
agement, cover crops, nitrogen sources
and additives, nitrogen losses in manured
fields, and a summary of the Minnesota
Department of Agriculture’s private drink-
ing water well nitrate monitoring program.

PowerPoint presentations from
the conferences can be found on the
“Events” page at  www.mawrc.org

The Minnesota Department of Agricul-
ture is the primary sponsor and our part-
ner in organizing these events. Planning
assistance is also provided by U of M Ex-
tension and MN NRCS. Additional fund-
ing is provided by numerous sponsors.

MAWRC continued on page 11

you can’t grow.

MORBE BIGHT THAN BAIN
www.reinke.com

@Reinke

w:th the nght Remké lmgatlon sys-
tem, there’s almost nowhere that

Through All Your
Ups & Downs

.
Y
Y
Y]

EQUIPMENT

320-352-6543
www.modernfarmequipment.com

Hwy. 71 South, Sauk Centre, MN
STORE HOURS: Monday-Friday 8-5, Saturday Seasonal

MODERN FARM

Page 7



42nd Annual Irrigators of Minnesota Convention

Speaker of the House Representa-
tive Kurt Daudt discussing pres-
ent and future MN Environment

& Natural Resources Policies with
convention attendees.

[

UPPER LEFT PHOTO IAM Alan Peterson, president, presenting ISM annual
Irrigator Service award to the Anderson Family Farm of Belgrade with Grant
Anderson (at left) accepting for the family, a fifth generation farm.

UPPER RIGHT PHOTO - Representative Paul Anderson (left) 12B from
Pope County discussing water sustainability issues with some farmers

Your choice of Valley, says it all. You know what it
takes to be successful. Water management is too
important to entrust to anyone other than Valley.
Our commitment to unmatched performance and
technology leadership keeps operations like yours
thriving.

www.valleyirrigation.com

MINNESOTA VALLEY IRRIGATION
P.O. Box 509, Wadena, MN 56482

(218) 631-9271 VALLEY V
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Another area to become involved in is your
county water plan. Ask your county commis-
sioner or SWCD office where your county is at
in developing this plan.

Here, on our farm, we check the static wa-
ter level in four wells every May before we
start irrigating and every November after irrigation season is over. We want to
know how our water table level is each year. I have found that over the last three
years our water table has had no decline and has actually risen. In selecting the
four wells, one is the deepest, one is the shallowest, and two are in between.
Another check we do is take samples of irrigation water and have them tested for
nitrates.

You can send them into a lab to be tested. You can also check at your SWCD
office to see if they have the ability to test. Another option is the MAWRC
(Minnesota Agriculture Water Resource Center.) They tested water samples
at Farm Fest last year for nitrates. When we’ve done this in the past we didn’t
find any pattern (i.e: shallowest being higher deepest being lower.) We find this
information interesting to know for myself and valuable when visiting with my
elected officials.

Ifyou are notamember please help us by becoming one today. There is aformin the
back of this newsletter that you can fill out and send in. And lastly be safe this spring.

| Alan Peterson, President
Irrigation Association of MN

k

IAM 2016 Annual Convention—-members and businesses come together to discuss .
irrigation issues, legislation and solutions. Alan Peterson, IAM President
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Soil Moisture Sensors: An Important Part of Irrigation Water
PART TWO-Dean Steele, Professor of Irrigation and Environmental Engineer, NDSU

Part One article (beginning on page 5),
Soil Water in the Root Zone, reviewed
fundamental concepts of soil moisture,
including soil water content and soil water
potential, measuring soil moisture by the
gravimetric and feel methods, and where
in the field to sample soil moisture. In this
article, we discuss soil moisture measure-
ment methods and sensors and their appli-
cation to irrigation water management.

Soil water content is the amount of wa-
ter per unit weight or volume of soil and
is a measure of the total amount of water
present in a soil or available for crop use.
Soil water potential is a measure of the
energy status of the water in the soil, or
how hard the plants must work to extract
water from the soil. The re-
lationship between soil wa-
ter content and soil water

Some soil moisture sensors measure soil
water content, while others measure soil
water potential. We will review a few types
of sensors and discuss their advantages
and disadvantages. Some example sensors
are shown in Figure 2 on the next page.

Soil water content methods and sensors
The “feel method” for estimating soil
moisture was reviewed in last month’s
article. To obtain a sample from below the
surface of the soil, a soil probe or shov-
el is required. A probe is useful because
the soil core that is retrieved may indi-
cate the depth to which irrigation or rain
water moves into the soil. This bound-
ary between wet soil on top and dry soil
beneath it is called the wetting front.

Figure 1. Soil water retention curves for three soils

(from Cassel and Sweeney, 1976)

In addition to direct measurements of
soil water content such as gravimetric
sampling, there are indirect measurements
based on various physical properties of
the soil-air-water mixture in which we
grow crops. An example is measurement
of capacitance, an electrical property, by
time domain reflectometry (TDR) or fre-
quency domain reflectometry. The ca-
pacitances of soil, air, and water all dif-
fer, enabling calibration of capacitance
readings against gravimetric methods.

An example sensor consists of two par-
allel 8-inch long stainless steel rods that
are inserted into the soil. An electrical
signal is sent into the rods or waveguides
and reflected back into a sensing unit that

measures the transmission time.
This is converted into a soil
water content value, -either

potential is called the soil 50

water retention curve, which
is shown for three North
Dakota soils in Figure 1.

Coarse-textured soils
such as sands tend to have
a lower soil water content
than fine-textured soils such
as loams and clays at the
same soil water potential.
For irrigation scheduling
purposes, this means coarse

]

I
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Soil Waler Cantent (% by Valume)
a g

———Heimdal clay loam

— — Gardena loam

= = = = Hamar loamy fine sand

through a calibration provided
by the manufacturer or devel-
oped by the user. Research-
grade measurements with the
TDR method can be quite
accurate, but the equipment
is expensive, typically cost-
ing several thousand dollars.

A handheld sensor with a
readout meter is a portable
approach to capacitance mea-
surements. Some of these sen-

textured soils run out of
crop-available water sooner
than fine-textured soils.

sors have stainless steel rods as
part of the sensing unit which
are inserted into the soil and

a reading is obtained from the meter. The
cost is about $1,000 or somewhat more
per unit. The units are easy to move from
one location to another. Other types of
capacitance sensors have plastic sensing
surfaces and are meant to be buried in the
soil and used in fixed installations for the
entire growing season. Often used for re-
search, they range in cost from about $140
to $400 or more per sensor; additional costs
are incurred for data logging equipment.

A disadvantage is that while the manu-
facturer may provide a built-in calibra-
tion for direct readout of soil water con-
tent, the sensors may require a calibration
for each soil type on which they are used.

Some capacitance-based systems moni-
tor soil moisture at several depths in the
profile at a single monitoring station. Sev-
eral sensors are contained within a plastic
pipe or tube installed in the soil profile.

The sensors are left in place for continu-
ous measurement of soil water content at
multiple depths throughout the growing
season. An advantage of this type of sen-
sor is that measurements deeper in the soil
profile can be made without coring or dig-
ging every time you want to make a mea-
surement. Another advantage is that these
systems measure the total soil moisture
in the profile and thus give good indica-
tions of the water available to the crop.

Neutron scattering is a soil water content
measurement method commonly used in re-
search, and to a limited extent for very high
value crops. It is considered by many to be
the best indirect method of soil moisture
measurement. It involves installation of a

1.800.295.9261

Klimek Bros Well Drilling has an A+ Better Business Bureau rating and are licensed and bonded for
well drilling and well drilling related services in Minnesota, North Dakota and South Dakota.
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vertical access tube—typically steel—in the
soil, into which is placed a sensor-detector
with a radioactive source of fast neutrons
that are slowed down or thermalized by hy-
drogen in the soil and detected by the unit.
Since water contains hydrogen, a readout
device can be calibrated against gravimet-
ric methods to indicate soil water content.
Multiple access tubes are often installed in
a field. This unit is successively lowered to
various depths in each access tube, then re-
moved for use at the next monitoring station
or transported to a secure storage location.

The cost may be several thousand dol-
lars and use and transport are regulated
by the Nuclear Regulatory Commission.

Soil water potential methods
and sensors
Tensiometers consist of a porous ceramic
tip attached to the lower end of a tube which
is inserted vertically into a hole bored
into the soil. The top has cap that can be
removed to fill the tip, tube, and reservoir
with water. When the soil dries, it pulls a
small amount of water out of the tensiom-
eter through the ceramic tip. This “pull”
is registered on the vacuum gauge and is
a direct indication of how hard the plant
must work to extract water from the soil.
Cost is typically under $100 per sensor.
An advantage of tensiometers is that they
directly measure soil water potential, while

disadvantages include maintenance re-
quirements, a limited operating range, and
damage to the unit in freezing conditions.

Granular matrix sensors and gypsum
blocks use the principle of electrical re-
sistance to indirectly measure soil water
potential. Two electrodes are embedded
in granular or gypsum material in the sen-
sor head, which is buried in the soil at the
desired depth. As the soil becomes wetter
or drier, the electrical resistance of the ma-
terial surrounding the electrodes changes.
Lead wires to the surface are connected to
a readout device for measurement. Advan-
tages include relatively low cost ($35-39
per sensor and $280 for a meter to read

the sensors), simplicity, and low mainte-
nance. Limitations include sensitivity to
changes in soil temperature—which may
be accounted for in readout devices—and
possible sensor degradation over time.

Irrigation trigger points
Irrigation scheduling consists of determin-
ing when and how much water to apply to
the crop. The “when” question depends on
the soil type and its water holding capac-
ity, the crop, and the stage of growth.
From the standpoint of soil water con-
tent, checkbook irrigation scheduling
recommendations for North Dakota are
to avoid exceeding 50% depletion of the
available soil water for corn and small

Figure 2. a

grains, irrigating when depletions

Figure 2. Some example sensors are shown
EXAMPLES OF SOIL MOISTURE SENSORS:

a) Decagon 10HS;

b) Decagon 5TE sensor for soil moisture, temperature
and electrical conductivity;

c) Stevens Hydra-Probe Il for soil moisture, salinity and
temperature; d) 3-foot soil probe;

e) Campbell Scientific HydroSense;
f) Spectrum Technologies FieldScout 300 TDR;
g) 6-inch ruler to indicate sizes;

h) Irrometer Watermark block (a type of granular matrix
Sensor);

i) Watermark block with PVC extension pipe and
temperature sensor;

j) Irrometer tensiometer; and

k) tensiometer vacuum gauge.

(Disclaimer: Inclusion or exclusion of specific sensors does nat imply

endorsement or lack of endorsement by the author or NDSU.
(Trade names are the property of their respective owners.)

reach 35% to 40% of the available
water for drought-sensitive crops
such as potatoes, and allowing
higher depletions for drought-
tolerant crops such as sunflowers.

Using soil water tension as the
basis for scheduling decisions, re-
search in North Dakota has used a
soil water tension of 50 centibars
as a trigger point for corn and 30
centibars for potatoes (1 centibar =
1/100 of a bar, and 1 bar is slightly
less than atmospheric pressure).

Additional considerations

Near-real-time access to sensor
readings via cell phones and the
Internet has been a big advance
in recent years. Many companies

PART TWO continued on page 14

MAWRC continued from page 7
Curious about tile

nitrate levels?
Headlines ranging from Des Moines
drinking water to Gulf of Mexico
hypoxia are heightening interest in
nitrate levels in tile drainage. It is more
important than ever to know the nitrate
levels in the tile draining your fields. To
help better understand nitrate levels in
tile drainage, the MAWRC is offering
free, confidential nitrate screening.
When tiles are flowing, collect samples
of 2 to 4 ounces of water in clean plas-
tic bags or bottles. Multiple samples are
preferred to assess nitrate levels through-
out the year. Discovery Farms Minne-
sota monitoring indicates that greater
than 90% of annual tile flow occurs from
March through July. In fact, tiles may not
be running in August, so we recommend
collecting  samples —
starting right now,
and repeating ev-
ery week or two as
long as tiles flow. It
is important to label
each sample with the
date and source of
the water. If not im-
mediately analyzed,
the samples should
be frozen until the
day of analysis.

Samples can be brought to the MAWRC
booth at Farmfest, which will be in Morton
on August 2-4, 2016. Samples will be ana-
lyzed immediately at the booth and results
will be ready in about 20 minutes. Well
water samples can also be screened.

There are no water quality standards for
tile water, but some regulatory agencies and
activist organizations are pushing for sig-
nificantreductions. This screening program
will help farmers better understand relative
nitrate nitrogen levels on their own fields.

Pressures on

Minnesota Farmland Continue
Increased urban development coupled
with accelerated land acquisition by state
and federal agencies continues to reduce
the area of land in farms in Minnesota.
According to the USDA census of agri-
culture, land in farms declined by 5.5%
between 1997 and 2012, from 27.56
million acres to 26.04 million acres.

The MAWRC is a non-
profit research and educa-
tion corporation comprised
1 of 24 agricultural organiza-
§ tions working together to
address water issues.

= For more information,
~ go to www.mawrc.org

©2016 Minnesota Agricul-
tural Water Resource Center.
All Rights Reserved.
Re-printed with permission.

..
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DNR - Definitions and Thresholds for Negative Impacts to Surface Waters
Executive Summary of the Report to the Minnesota State Legislature January 2016 by Minnesota Department of Natural Resources

This report was prepared in response to
Laws 2015, Ist Special Session, chap-
ter 4, article 4: Sec. 143. NEGATIVE
SURFACE WATER IMPACTS; RECOM-
MENDATIONS. By December 15, 2015,
the commissioner of natural resources
shall consult with interested stakehold-
ers and submit a report to the Legislative
Water Commission and the chairs and
ranking minority members of the house
of representatives and senate committees
and divisions with jurisdiction over the
environment and natural resources policy
and finance on recommendations for stat-
utory or rule definitions and thresholds
for negative impacts to surface waters as
described in Minnesota Statutes, sections
103G.285 and 103G.287, subdivision
2. Stakeholders must include but are not
limited to agricultural interests; environ-
mental interests, businesses;, community
water suppliers, state, federal, and local
agencies; universities; and other interest-
ed stakeholders.

Executive Summary

BACKGROUND AND PURPOSE

This report was prepared in response to
Laws 2015, chapter 4, article 4, which
directed the Department of Natural
Resources (DNR) to consult with interest-
ed stakeholders and develop recommenda-
tions for statutory or rule definitions and
thresholds for negative impacts to surface
waters.

The DNR is charged with managing
water resources to assure an adequate and
sustainable supply for multiple uses. Min-
nesota has a modified riparian water law
system, in which landowners have the right
to make reasonable use of the abutting sur-
face waters or the groundwater beneath
their land, as defined and regulated by the
water appropriation permitting program.

The water itself is a public trust resource,
and the state grants the right to water be-
yond personal use — above 10,000 gallons
per day or one million gallons per year
— through water appropriation permits.

In recent years, it has become increas-
ingly clear that Minnesota’s water re-
sources, while abundant in many areas,
are not unlimited. In some areas, increas-
ing water withdrawals are using more
groundwater than is naturally being re-
charged. In other areas, groundwater
supplies are limited due to the underly-
ing geology. Groundwater contamination
is also a limiting factor in many areas.

The variability of Minnesota’s climate
and geography mean that rainfall is not al-
ways available in the quantities we need at
the times when it is most needed. Increas-
ing demands on both surface water and
groundwater supplies can cause negative
impacts to the ecosystems and riparian
uses of streams, lakes,and wetlands. While
water levels fluctuate naturally throughout
the year and across multiple years,water
appropriations can push low levels lower,
significantly reducing stream flows and
more frequently putting fish, wildlife, plant
communities and riparian uses at risk.

PAGE 12

This report examines the effects of
groundwater use on rivers and streams,
lakes, and wetlands. DNR’s analysis and
recommendations are based on the fact
that surface water bodies go through sea-
sonal and multi-year cycles of high and
low water levels. The seasonal patterns,
known as the seasonal hydrograph, are pri-
mary drivers in creating and maintaining
the unique ecology and associated aquatic
and riparian habitats of each water body.

To preserve the seasonal hydrograph,
protected flows must be established for
streams, and protection elevations for
lakes and some wetlands. These protec-
tion levels can then be translated into a
quantity of water that can be sustainably
withdrawn. Multi-year dry cycles and
extreme droughts also serve important
ecological functions, but may require a
different approach to determining sus-
tainable water use—e.g., water use that
is ecologically sustainable under the
normal seasonal hydrograph may need
to be reduced during extreme drought.

This report was prepared with input from
a broad range of stakeholders, as described
in the Introduction and Appendix A. This
report also incorporates and summarizes
scientific studies, including an examina-
tion of approaches used in other states and
countries. The recommendations in this
report represent the DNR’s suggestions to
further define and describe methods of de-
termining protected flows and protection
elevations. These recommendations are
based on the DNR’s assessment of avail-
able information, analytical tools and the
practicality of applying them in Minnesota.

Recommendations
The recommendations in this report fall
into three categories:

1) definitions to be added in statute;

2) integration of statutory provisions deal-
ing with surface water and groundwa-
ter; and

3) approaches to determining the thresh-
olds for streams, lakes, and wetlands.

The following definitions are

recommended to be added in statute:

* Negative impact to surface waters —
in relation to water appropriations, a
change in hydrology sufficient to cause
ecosystem harm or alter riparian uses
long-term.

Ecosystem harm — in relation to water
appropriations, to change the biological
community and ecology in a manner that
results in a less desirable and degraded
condition.

Sustainable diversion limit — in relation
to water appropriations, a maximum
amount of water that can be removed
directly or indirectly from a surface water
body in a defined geographic area on an
annual basis without causing a negative
impact to the surface water body.

Statutory changes:
The DNR also recommends combin-
ing many of the provisions in section

103G.285, which deals with surface water
appropriations, and 103G.287, which
deals with groundwater, into a single
“Water Appropriations” section. This revi-
sion would recognize the interconnected
and interdependent nature of surface and
groundwater resources while removing
the circular references between the two
sections of statute that make it difficult to
identify and assess ‘negative impacts.’

Approach to determining thresholds
A “threshold” is essentially the point at
which negative impacts occur. Thresholds
can be estimated based on data and scien-
tific literature. Calculating thresholds at a
statewide scale is not appropriate or practi-
cal, however, given the number of variables
involved — e.g., which species or which
riparian uses are negatively impacted.

The diversity of Minnesota’s surface
water and groundwater resources, land
use, and climatic factors would make a
single number misleading and inappro-
priate for many locations and conditions.
The precautionary principle would require
that any such statewide threshold be set
to be protective of the most vulnerable
resource, thereby unnecessarily restrict-
ing water use in many areas. Therefore,
the DNR proposes establishing specific
thresholds for specific watercourses, wa-
ter basins, watersheds, or hydrologic ar-
eas in those parts of the state where water
use is at risk of causing negative impacts.

Jason Moeckel, MDNR sharing draft poli-
cies at annual meeting on setting sustain-
able Thresholds for GWMAs at the 2016
Annual IAM Convention.

STREAMS: The DNR'’s research and a re-
view of scientific literature indicate that a
20% change in hydrologic regime (relative
to the August median base flow) will nega-
tively affect the ecosystem, while a change
less than 10% is not likely to be detectable.
Setting a diversion limit of no more than
10% of the August median base flow will
preserve the seasonal variability of the nat-
ural hydrology under all but the establish
the sustainable diversion limit.

WETLANDS: Different types of wetlands
have distinct and characteristic seasonal
water levels that maintain their charac-
teristic plant and animal communities.
Most wetland types in Minnesota depend
to some extent on groundwater for at least
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some part of the growing season. Some
wetland types, such as fens, are highly
connected to and dependent on ground-
water, while others, such as floodplain
forests, are more directly influenced by
surface-water. However, as yet there is no
systematic method for evaluating poten-
tial negative impacts on wetlands due to
groundwater appropriations, due to lim-
ited wetland-related hydrologic data.

The DNR is proposing to establish a
comprehensive wetland hydrology char-
acterization and monitoring program
statewide. An initial step in this process
is to begin testing the feasibility of estab-
lishing target hydrographs for the various
wetland types, with a particular focus on
areas of the state experiencing a heavy
demand for groundwater appropriation.
A target hydrograph is a range of accept-
able water levels throughout the year for
each various wetland types, extending
from “normal” levels to infrequent or rare
low levels that stress the characteristic
plant and animal communities. The tar-
get hydrograph would be used as a guide
for developing allowable diversion limits
throughout the growing season to main-
tain the characteristic hydrologic regime.

Impacts to wetlands are also regulated
under other authorities, primarily the Min-
nesota Wetland Conservation Act and
the Public Waters Permit Program. The
DNR’s goal under this approach would
be to avoid wetland drainage that would
trigger regulation under those programs.

Methodology

The DNR would focus its efforts to set
thresholds for negative impacts primarily
in those areas of the state where the inten-
sity of groundwater use and/or scarcity of
groundwater supplies is causing concern,
such as the groundwater management
areas or individual water bodies known
to be negatively affected by groundwater
use. In these areas, the DNR will imple-
ment the following steps:

1) establish negative impact thresholds for
surface water bodies;

2) establish sustainable diversion limits
that will maintain protected flows and
protection elevations of those water
bodies;

3) conduct groundwater modeling to de-
termine the effects of groundwater
withdrawals on the surface water bod-
ies; and

4) assess to what degree individual
groundwater withdrawals may need to
be adjusted.

Applying this approach to water use
permitting

Water users, whether they are public
suppliers, agricultural irrigators, industry,
businesses or golf courses, need reliability
and predictability. Establishing negative
impact thresholds and sustainable diver-
sion limits should ultimately improve the
predictability and consistency of water
appropriation decisions. It should also
reduce the need to modify permits during
drought and thus allow water users to rely
on a fixed quantity in most years, although
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extreme drought conditions extending
over multiple years may still call for emer-
gency water use restrictions.

Establishing negative impact thresh-
olds and sustainable diversion limits is
the first step in the process of allocating
water resources among individual appro-
priators. Further discussion is needed as to
how best to engage current and prospec-
tive water users in allocation decisions
once we have determined the amount of
available water in a given hydrologic area.

Minnesota’s water appropriation statutes
were formulated in an era when ground-
water resources were viewed as essential-
ly unlimited. Allocating water resources
in an environment where those resources
may in fact be limited calls for additional
research and discussion. Our statutes and
rules may need to be revised to provide
better guidance. The DNR is currently
researching potential models of water al-
location systems used in other states and
regions as part of this larger discussion.

Local governments also play a signifi-
cant role in the water allocation process
through their planning and land use con-
trols, which help to determine the number
and nature of residential, commercial, and
industrial water users in a given com-
munity. In planning for future develop-
ment, local governments should carefully
consider the sustainability of their wa-
ter supplies and the extent to which new
water intensive uses should be allowed
or encouraged. A planning process that
considers the needs of all water users,
future needs, and opportunities for wa-

ter conservation can help to sustainably
manage existing and proposed water use.

Conclusions

* Minnesota is in the “urgency room,” not
the “emergency room,” in terms of water
use management.

* The state’s water management policies,
statutes, and rules are strong and concep-
tually sound.

However, the state’s water management
statutes could be improved by clarifying
terminology and better recognizing the in-
terconnected nature of surface water and
groundwater.

* There is a strong scientific basis for main-
taining the natural dynamic patterns of
surface water bodies by establishing pro-
tected flows for individual streams, pro-
tection elevations for individual basins,
and target hydrographs for wetlands.

 Over the next five years, the DNR intends
to set protected flows, protection eleva-
tions, and target hydrographs for water
bodies in places where demand for water
may be exceeding sustainable supplies.
The changes to statute recommended in
this report would help support that work.

For access to the full report to the
Legislature, check out the DNR website
at http://www.dnr.state.mn.us/gwmp/
gw_thresholds/index.html
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PART TWO continued from page 11

have data logging units, wireless capabili-
ties, or cellular communications which can
be dedicated to measuring and recording
soil water content or soil water potential
data and provide features for transfer of the
data to the Internet, mobile devices, and
computers. The sensors and data loggers
often have very low power requirements,
which may enable the use of only a few
batteries for the entire growing season.

Users may also want to consider moni-
toring and logging of rainfall and irrigation
amounts, as well as soil temperature, all of
which can be done at a relatively low cost.

Users of soil water sensors must consid-
er both location within a field and depth of
installation when installing sensors. The
user should recognize that the sensors men-
tioned here apply only to specific locations
within the field rather than to large areas,
so it is important to select representative
locations as discussed in last month’s ar-
ticle. Sensors are typically placed between
plants and in the crop row to avoid damage
by wheel traffic and cultural operations.

The sensors should be installed in the
active rooting zone of the crop. For row
crops, small grains, and alfalfa, a sensor
depth of 12 inches is common. A shallow-
er depth may be used for drought-sensitive
crops such as potatoes, for shallow-rooted
crops such as onions, or early in the sea-
son when the crop’s rooting depth is close
to the surface. If two sensors are used at
a monitoring station, one may be placed
9 to 12 inches deep and another 18 to 24
inches deep. The shallow sensor will tend

to change the most in response to crop wa-
ter use and can be used to indicate when to
irrigate, while the deeper sensor will help
indicate whether irrigations and rainfall
are sufficient to meet the needs of the crop.

It is important to recognize the distinc-
tion between absolute measurements and
relative changes in soil water content or
soil water potential. The sensors described
here may not provide a research-grade
measurement of soil moisture without
calibration, but with built-in memory,
display screens, or the ability to transfer
data to the Internet and mobile devices,
they allow the user to easily see recent
data. The ability of sensors and loggers
to monitor trends in soil moisture is per-
haps their most important feature for irri-
gation scheduling purposes. For example,
if soil moisture readings indicate a drying
trend, then recent irrigation and rainfall
events have not been sufficient to meet
the needs of the crop. If under- or over-
irrigation are indicated by soil moisture
measurements, then adjustments can be
made in irrigation scheduling decisions.

Two excellent webinars on the sub-
ject of soil moisture sensing were re-
cently presented by Dr. Steve Evett of
the USDA Agricultural Research Ser-
vice. The webinar titles and links are:

Soil Water Sensors for Agriculture -
Theory and Issues
http:/fwww.conservationwebinars.net/
webinars/soil-water-sensors-for-agriculture-
theory-and-issues

Soil Water Sensors for Agriculture -
Applications and Usefulness
http://www.conservationwebinars.net/webi-
nars/soil-water-sensors-for-agriculture-appli-
cations-and-usefulness
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(Spreadsheet, user’s manual, and technical
article available at https://www.ag.ndsu.edu/
irrigation/irrigation-scheduling.)
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PART ONE continued from page 5

Table 1. Range of available water plants for different soil textures.

Soil Texture
Coarse sand and gravel

Inches of water per foot of soil
0.21t0 0.7

Sands

0.5t0 1.1

Loamy sands

0.7t0 1.4

Sandy loams

1.3t01.8

Fine sandy loams

1.7t02.2

Loams and silt loams

2.0to 2.8

Clay loams and silty clay loams

1.71t02.5

Silty clays and slays

1.6t02.2

and multiplying the difference by 12 will
give you the “inches per foot” of avail-
able water for plants. (Table 1 on page 15)
However, not all the available water is
obtained easily. For irrigation manage-
ment, we commonly assume that only
50 percent is readily available for plant
use. If the amount of water is deplet-
ed by more than 50 percent, the plants
will experience water stress. If it hap-
pens during the critical growth stage of
fruiting, yield potential can be affected.

Measuring Soil Moisture:
Many methods and devices have been
developed to measure soil moisture, and
many companies offer these devices for
irrigation water management. Some devic-
es measure soil water content and some
measure soil water potential. The stan-
dard for soil moisture measurement is the
“gravimetric method,” and the procedure
is described in the section on soil water
content. The gravimetric method is used to
calibrate and check all the other soil mois-
ture measurement methods.

The “feel method” is the oldest and
most common method of checking soil
moisture for irrigation management.

It involves obtaining a handful of soil
from a desired depth and location in the
field, then squeezing it to see if it makes
a ball. Based on how the soil reacts to
the pressure, the moisture content can be
determined. For finer soils, an additional
indicator is how the soil ribbons when
pressed between the thumb and forefin-
ger. Many crop consultants and experi-
enced irrigators use the feel method, but
for new irrigators, it can be a challenge.

Where to Check Soil Moisture:
Checking the soil moisture content at many
locations in a field can be time-consuming,
so the irrigator has to select representative
locations. Selection of ideal locations for
soil moisture checking should be based on
ease of access, and crop and soil types in
the field. The best access for soil sampling
would be next to roads or near the pivot
access road. However, the locations also
should be selected based on the type of
soil and crop.

Reprinted with permission from NDSU
Water Spouts No. 279 May 2015
author: Tom Scherer;, NDSU Extension
Agricultural Engineer (701) 231-7239
or Thomas.Scherer@ndsu.edu
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READY continued from page 1

But before you mutter the words, “ain’t
nobody got time for that!” consider this:

One broken nozzle body on the outer piv-
ot span can impact over 2 acres. That one
nozzle could cost you over $600 dollars
in lost yield, plus decreasing the return on
your initial investment in this year’s crop.

In a perfect world, we would conduct
full-on uniformity tests every 5-7 years.
But in the real world, the next best thing is
jump on the ATV and just drive the length
of your pivots to visually inspect nozzles
and drops. Many major issues with spray
pattern uniformity can be identified visu-
ally, and can be fixed quickly and easily.
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I'still encourage you to consider conduct-
ing an irrigation uniformity test. This is
especially true if you cannot remember the
last time you had the uniformity on your
nozzle package tested, or if you cannot re-
member when the nozzle package was in-
stalled. Details for conducting a uniformity
test are here http://z.umn.edu/uniformity
and many of the Soil and Water Conserva-
tion Districts in the irrigated areas of Min-
nesota offer uniformity testing as a service.
Joshua Stamper, Irrigation Extension Special-
ist, CPAg/CCA University of Minnesota -

St. Paul campus Google Voice/Cell:
612-405-3006 jstamper@umn.edu
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