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The High Plains Aquifer
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Declining Water Supply from Ogallala Aquifer

Estimated Usable Lifetime for the High Plains Aquifer in Kansas (Based on ground-water
trends from 1996-1998 to 2010-2012 and the minimum saturated thickness required to support

well yields at 400 gpm under a scenario of 90 days of pumping with wells on 1/4 section) )
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* Produce 1/3 ($6.3B) of the
State’s agriculture revenue
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Does soil moisture sensors help
farmers save water and increase yield?
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Soil Moisture Sensor Demo

Approach

10 monitored center pivot circles paired
with 10 adjacent “unmonitored” circle

Irrigation management of monitored CP is
based on soil moisture data

Three different soil types (clay loam, loam,
and sandy)

Corn crop
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Instrumentation
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Instrumentation
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THEPROFILER
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1. 53577 12-32-29#2 S

8" : 29 cb 87% FC
16" : 139 cb 50% FC
24" : 51cb 77% FC
32" : 35cb 84% FC

Total:

> Rain last 24hrs: 0.00in
> Soil: Clay Loam
> Soil Temperature: 72°F

Sep 17 2014 2:13:40

3. 53466 NE 11-32-29 #1

8" : 75cb 66% FC
16" : 42 cb 82% FC
24" : 53 cb 76% FC
32" : 33cb 86% FC

Total:

> Rain last 24hrs: 0.00in
> Soil: Silty Clay Loam
> Soil Temperature: 68°F

Sep 17 2014 1:57:08

0.16" dep.
0.60" dep.
0.28" dep.
0.19" dep.

1.23"

0.45" dep.
0.24" dep.
0.32" dep.

0.19" dep.

1.20"

0.44" PAW
0.00" PAW
0.32" PAW
0.41" PAW
147"

0.22" PAW
0.43" PAW
0.35" PAW
0.48" PAW
1.48"

2. 53578 25-32-29 #3 EAST

8" : 35cb
16" ] 57 cb
24" : 95 cb
32" ] 214 cb

> Rain last 24hrs: 0.01in
> Soil: Clay Loam
> Soil Temperature: 69°F

Sep 17 2014 1:52:12

4. 53649 NE 21-32-34 H17

8" : 23 cb
16" : 24 cb
24" : 24 cb
32" 5 17 cb

> Rain last 24hrs: 0.00in
> Soil: Loam
> Soil Temperature: 65°F

Sep 17 2014 9:01:15

83% FC
74% FC
53% FC
50% FC

Total:

80% FC
90% FC
88% FC
91% FC

Total:

0.20" dep.
0.31" dep.
0.56" dep.
0.60" dep.

1.67"

0.19" dep.
0.13" dep.
0.14" dep.

0.11" dep.

0.57"

0.40" PAW
0.29" PAW
0.04" PAW
0.00" PAW
0.73"

0.28" PAW
0.54" PAW
0.46" PAW
0.49" PAW
1.77"



Results

Parameter | Highest| __Lowest

Total Rainfall (in) 12.10
Measured ET (in) 27.65
Total Irrigation (in) full yr. 23.82

with sensors

Total Irrigation (in) full yr. 23.82
without sensors

9.18
21.85
16.40

18.11




53649 NE 21-32-34 H17 =

Crop: Corn, Device Soil Type: Loam
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Results Year 1

* |[n 8 out of 10 weekly visits, the measured soil
profile is at 80% or higher volumetric content

* The soil moisture sensors corroborates closely
with neutron probe readings except at some
readings in the fields with sandy soil

* Though the advisor is recommending shutting
off the irrigation system for several days, the
producer seldom follows the
recommendations

KANSAS STATE
UNIVERSITY



53577 12-32-29 #2 S =
Crop: Corn, Device Soil Type: Clay Loam

Zoom 1ldy 1wk 2wk 1Im 3m From | May 18, 2014 | To | Sep 19, 2014
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Results Year 2

* Producer was somewhat following the crop
advisors in relation to the moisture sensor

data.

* Producer pledged that whatever happens in
their management approach, their business
relationship with the consultant will still be

good.
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Conclusion of the Study

* |tis a challenge for the producer not be
influenced in making split decisions in the
paired fields

— Producer seem to trust the number and the
recommendation of the advisor, but we are now
unsure if it influenced his decision on the control

* Another challenge for producers to conserve
water was related to local and water

governance

KANSAS STATE
UNIVERSITY



VISION STATEMENT

Vision:

Kansans act on a shared commitment to have the water
resources necessary to support the state’s social,
economic and natural resource needs for current and
future generations.

e At every point in the Vision development process, the Water Vision Team has been
reminded the key to a reliable, long-term water supply is rooted in every Kansan
understanding the importance of the state’s water resources.

e The Vision statement calls on every Kansan, as stakeholders, to not only commit to
ensuring a reliable water supply but also to act on that commitment.

e The Vision attempts to make clear water is necessary for human-health and welfare as
well as environmental stewardship and our economic well-being.

e The Vision is also based on the concept that water is not only important for today but
also for our future as a state.
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Mission:

Provide Kansans with the framework, policy and tools,
developed in concert with stakeholders, to manage,
secure and protect a reliable, long term statewide water
supply while balancing conservation with economic growth.

Locally driven solutions have the highest opportunity for long term
success. Therefore, the intentional focus of the action items
presented in the Vision are to provide the necessary tools and
support to allow for greater flexibility and management of water
resources at the local level.

1. Locally driven solutions have the highest opportunity for long term success. Therefore, the
intentional focus of the action items presented in the Vision are to provide the necessary tools
and support to allow for greater flexibility and management of water resources at the local level.

2. Policies and programs should not unintentionally penalize those who have already demonstrated good
stewardship with the state’s water resources.

3. Voluntary, incentive and market-based water conservation and land management activities are the
preferred tools for ensuring a reliable statewide water supply.

4. Actionis necessary now to ensure a reliable supply into the future.

KANSAS STATE

UNIVERSITY




Average 2012 - 2014 Water Table Elevation, Kansas High Plains Aquifer

Elevation in Feet
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OPTIMIZING WATER USE TO SUSTAIN FOOD SYSTEMS




WATER TECHNOLOGY FARMS: The Concept
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2017 Water Technology Farms
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2016 Water Technology Farms

' ,ﬂ\“\l“m\

Roth-GCCo Farm

Willis Farm WaterPACK

\Water -Effectiveness -Efficiency
conservation -MDI, Bubbler, -MDlI, Spray
(WCA) iWobs -High capacity

-Telemetry -Zone well, sandy

- MDI, Spray management

- Soil moisture

-surface/well

K, Sensors
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+ 2017 Water Technology Farms

NW Tech
College Farms

Hatcher's Farm Circle C Farm

- iWob, - iWob, Bubbler,
Bubbler, and and spray - Soil water
>pray - Variable rate SESOIS

- Soil vs plant irrigation - Workforce
Sensors - Cover crops use development

- Scheduling and mixes

KANSAS STATE
UNIVERSITY




Hatcher and Circle C Farms
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What is common to all farms?

SOIL MOISTURE SENSORS




T&O Farms
Water Technology Farm
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T&O Farms

Alfalfa on MDI
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2016 Highlights

Repair Cost Rainfall =17 inches
m TOTAL COST | AVERAGE COST
SPRAY S 4,596.00 $766.00
(6 circles)
MDI S 180.00 S 45.00
(4 circles)
1 MDI Alfalfa 365t 81.8 tons/in
2 SPRAY  Sorghum 9.3 145 bu 15.6 bu/in 1,901
3 MDI Sorghum 9.6 140 bu 14.5 bu/in 475

4 SPRAY  Alfalfa 3.8 385t 102.1 tons/in 180




2016 Partial Bud

/

Pivot Designation
Technology
Crop

Yield per Acre

Gross Profit ($/ac)

Expenses

Herbicide

Drive Train Repairs
Variable Expenses

Profit Above Variable
Expenses

Water Use (ac-in/ac)
Profit per ac-in/ac
Yield per ac-in/ac

Notes:

NE20
MDI
Alfalfa

123
2.97
$161.48
$479.19

$74.63
$13.18
$25.06
$0.00
$112.87

$366.31

4.46
$82.14
0.67

SW20
Spray
Alfalfa

123
3.13
$161.48
$505.45

$96.59
$13.18
$40.88
$3.86
$154.51

$350.94

3.77
$93.10
0.83

SW22
Spray
Alfalfa

122
8.58
$161.48
$1,385.82

$0.00
$58.56
$36.54

$5.74
$100.84

$1,284.98

No Record
No Record
No Record

NE19
Spray
Corn

100
160.80
$4.88
$784.70

$81.35
$123.20
$145.33
$4.25
$354.13

$430.57

14.33
$30.04
11.22

NW27

Spray
Corn

121
219.52
$4.88
$1,071.24

88.45
107.38
$153.33
$6.20
$355.36

$715.88

No Record
No Record
No Record

SE19
MDI
Sorghun

90
130.67
$4.46
$582.77

$8.00
$57.26
$72.46

$0.00
$137.72

$445.05

10.39
$42.83
12.57

SE20
MDI
Sorghum

123
140.04
$4.46
$624.58

$8.45
$60.68
$77.69

$0.00
$146.82

$477.76

9.65
$49.53
14.52

NW20
Spray
Sorghum

122
145.25
$4.46
$647.80

$9.00
$59.37
$91.69
$12.88
$172.94

$474.86

9.36
$50.71
15.51

SE21
MDI
Soybeans

122
79.00
$10.25
$809.75

$73.14
$48.60
$20.35
$0.00
$142.09

$667.66

11.65
$57.33
6.78

NW20 had a bad SCA infestation that hit the first week of Oct, and a severe pig weed problem
SE20 had a bad SCA infestation that hit the first week of Oct, and a severe pig weed problem
SE19 had hail damage, and a severe pig weed problem
NE19 had hail damage and a bacteria which impacted yield
NW27 had a bacteria which impacted yield

KANSAS STATE

UNIVERSITY
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SW21
Spray
Wheat

122
118.00
$6.18
$729.24

$9.00
$18.45
$59.96
$1.97
$89.38

$639.86

5.98
$106.91
19.72




2016 Partial Budgets

Pivot Designation | NE20 | SW20 | SE20 | NW20_

Technology MDI Spray MDI Spray
Crop Alfalfa Alfalfa  Sorghum Sorghum

123 123 123 122
Yield per Acre 2.97 3.13 140.04  145.25
$161.48 $161.48 S4.46 S4.46
Gross Profit (S$/ac) S$479.19 $505.45 $624.58 S$647.80

Expenses
S74.63 $96.59 $8.45 $9.00

Herbicide $13.18 S$13.18 $60.68  $59.37

$25.06 S40.88 $77.69 $91.69
Drive Train Repairs $0.00 $3.86 $0.00 $12.88
Variable Expenses $112.87 S154.51 S146.82 S$172.94
Profit Above Variable $366.31 $350.94 S477.76 S474.86
Expenses
Water Use (ac-in/ac) 4.46 3.77 9.65 9.36

Profit per ac-in/ac $82.14 $93.10 $49.53 S$50.71
{ Yield per ac-in/ac 0.67 0.83 14.52 15.51




2016 Water Use

 WCA 3-yr allocation 4,533 AF
« WCA vyearly allocation 1,511 AF
e 2016 Water Use 1,151 AF

24% Less of Allocated




A Key Lesson

Visual cues from index well,

soil moisture sensors, and water
meters helped a lot in

making decisions




Roth/Garden City Co. Farm Features

 MDI vs. iWob vs. Bubbler * Soil mapping and zoning
* Soil Moisture Sensors * Aerial Mapping

e Center Pivot Telemetry * Ground and Surface Water




Dry Yield Surface

Roth Corn
Field

* Yield =228
bu/ac

* Rain=25.21in

* lIrrigation
Applied =
11.11in

Grower: Big D Farms One in = 473 feet

Farm: Big D Farms C = ]
Field: SE22-23-34 \ 0 214 427 641 855 1069
Area: 123.71 aoc = Field Boundary
Lat: 38.03744 r‘i Dry Yield Surface bu/ac
Lon: 101.03530°W B 50.2-134.7 (2.0ac) (1.6 %)
W 138.8-175.2 (5.2 ac) (4.2 %)
Season: 2016 175.5-202.7 (9.9 ac ) (8.0 %)
Min: 50.23 bu/ac 203.5-223.9 (14.2 ac ) (11.5 %)
Avg: 228.84 bu/ac 224 -238.2 (34.8 ac ) (28.1 %)
Max: 317.12 bu/ac 238.3 - 251.2 (47.0 ac ) (38.0 %)
M 251.2-317.1(10.7 ac ) (8.6 %)

LW PRECISIBN AG
UNIVERS I e
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Notes

* This field is only one of
several fields where other
trials are being performed

e Soil water sensors were
used in making confident
decision

== 30" Bubblers
e 60" Bubblers

120 Relative Moisture by Irrigation Package (Snapshot)

=
=
o

30" Dragon Line

-
o
o

e 60" Dragon Line

s |-\ OIS

Y]
o

Relative Moisture Content
0]
o

70
60
50
40
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2017 Managed with Managed by
Roth Corn soil moisture crop consultant

Eield Sensor —NO Sensor
* Yield =241 bu/ac * Yield =240 bu/ac
* Rain=161in * Rain=161in
* Irrigation * Irrigation
Applied = | Applied =

5 o 8 i n 241 bu/aivy\//ie‘llg'average 13 i n

5.78” irrigation applied
o Ta




FRAMEWORK AT THE FARMS
Public-Private Project for the
Conservation of the Ogallala Aquifer

Water Technology Farm

HATCHER FARMS
K-STATE

Research and Extension

%LINDSAY [< ansas E?!; Seaman Crop Consulting e
SomromATioN ‘ : Technology Farm
AMERICAN (servi ~ODNI : Wa:;,ecr) Farms LLC (Willis)
tech UR = 1er1AVI07. T&OFa
IRRIGATION — C b N K-STATE
Making The Planet More Productive Research and Extension : e FIM™ -
A Public-Private Project for the Conservation of the Ogallala Aquifer s e o BB KUEE Kinsas ISE”E% % il

L= CorN o croohernce B
@ / ‘ 5
AquaSpy. E.“J.!ﬂ!‘gﬂ gﬂ::::‘q"ifer Presley Solutions
APublic-Private Project for the Conservation ofthe Ogallala Aquifer
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Organize field days and other educational events

KANSAS STATE
UNIVERSITY




Educational Component

* Attendance in field days are impressive
— 2016: more than 325
— 2017: more than 295

 Some additional tours were organized for key
participants
— KS Policy Makers ~50 in attendance at T&O Farm

— National Farm Cooperative ~ 45 in attendance at ILS
Farm

— Kansas Water Authority Tour ~ 45 in attendance at
Roth Farm

— Water Congress Virtual Tour ~ 60 in attendance

KANSAS STATE
UNIVERSITY



TAKE HOME...so far

 Water Technology Farm is a great way to
showcase new technologies and MANagement
practices “in your neighborhood” at your scale

* Field days on these farms foster good
conversation between farmers and managers

» Starting to identify advantages and challenges

* Leveraging this concept to expand the
conversation beyond the region




n-farm Soil I\/Ioisture Sensors Study

o e BANRCS CIG by OSU, K-State

UNIVERSITY

and Texas Agri-Life



Irrigation Sc!e!ullng

Definition:

Process of determining when to
irrigate and how much water should
be applied.

Let’s call this a 20" century definition

KANSAS STATE




Irrigation Sc!e!ullng

21St Century dEfinition (Lamm, et al. 2014),

Process of delaying any unnecessary
irrigation with the hope that the
cropping season will end before the
next irrigation is needed.

KANSAS STATE




Results — Altus, OK Time Series

= TDR315 —— (CS 655 —— GS] —— SMI100 wwem [/P @ Gravimetric

0.80

Volumetric Water Content (m3 m'3)
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Soil Moisture Sensor Demonstration Field Day
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Soil Moisture Sensor Demonstration Videos

3 YouTube Search Q
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Sentek Sensors

OkStateDASNR
144 views

Acclima and Campbell
Scientific Sensors

B OkStateDASNR
172 views

AquaSpy Sensors

= OkStateDASNR
f 320 views

Installing Soil Moisture Sensors

: R SR N . 3 N in the Field
m agh 1an, Ph. Rany iy I B UNL Cropwatch

A . Assistant Professor and Extension Specialist 7 ; ey
) 0:12/358 @ e O3 .
Hortau Sensors

OkStateDASNR
§ 211 views

Soil Moisture Sensor Demonstration

342 views e 220-900 views (as of 1/17/18) o 4 sinee
* Posted in GMD1 website
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RQaleh Tanhvaeian PhN and .Innathan Annilar PhN dicriiee the enil mnistiire cenenr demnnetratinn

Watermark sensor (with
installation tube) & handmeter -

MMM tech support
4K views
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One-pager Fact/Tip Sheet

A multi-
State
output
and format

RE INFORMATION.

Porter
. Extension Center
on selecting a soil water sensor  nozesmize
Lupbock, X

Texas ABM AgiiL e Rssearch and
gavimetic
sampling

Soil water could be
measured directly or
indirectly. Know how your
sensor measures soil water.

on selecting a soil water sensor

drect
"] Soll water could be
measured directly or
indirectly. Know how your
sensor measures soil water.
Indirect

Soil water sensing is just one of three
feedbacks to schedule irrigation. Using
more of these Independent methods
gives you greater confidence.

Good

Weather-based
Soil water could be
measured directly or
indirectly. Know how your
sensor measures soil water.

Soll-based

Good

Agree to these terms before O 59
committing: :: Soil water sensing is just one of three
feedbacks to schedule irrigation. Using
0 tti more of these independent methods
lod gives you greater confidence.
[ After-sales supportis vital in product selection. an|
o
[ Install soil sensors as early as possible to achieve adequate op|
soil settfing.
K-STATE 2
Research and Extension

This materialis based upon work supported by the NRCS-USDA, under nu

Agree to these terms before
committing:

[[] After-sales support is vital in product selection.

JoumanAGLA
SO@WR’H&IM‘{J“@@N
" o £500 £ Mary Steet
on selecting a soil water sensor  csdeay semsan:

6202759164

heat conductivty thermal sensors

neution count

water potential

electrical resistance | [ granular matrix sensors|

Selection and implementation
of your sensors.

Make sure the irrigation system is at optimum
operating condition.

Verify the irrigation capacity and plan an
appropriate management strategy.

@ Bewilling and ready to turn-off the system
when the feedback says so.

Make a conclous effort to check feadbacks daily.

When in doubt, chack the field

Be prepared to question your crop advisor when
your feedback says otherwise.

[] Soll water sensor costs are associated with three
c , and

telemetry/service subscription.

[ Itisimportant to install the sensors in the correct
location in the representative soll, plant population
and topography monitoring at least two depths. Also
consider size, traffic, and field
operations in choosing the location.

ist one of three
irrigation. Using
hdent methods
idence.

pefore

|-t selection.

e to achieve adequate

[ gavmenic

capacitance/ frequency domain probes
ekectromagnetic = = L
property
time domain reflectometry/transiisison

heat conauctivity themnal sensors
cosmos
neutron count
neutron prebe.
wates potential tensiometer
e granular

Selection and implementation
of your sensors.

Make sure the irrigation system is at optimum
operating condition.

Verify the irrigation capacity and planan
appropriate management strategy.

Be willing and ready to turn-off the system
when the feedback says so.

Make a concious effort to check feedbacks daily.
When in doubt, check the field.
B prepared to question your crop advisor when

your feedback says otherwise.

Soil water sensor costs are assodated with three
iiprent, i and

telemetry/service subscription.

Itis important to install the sensors in the correct
location in the representative soil, plant population
and topography monitoring at least two depths. Also
‘consider equipment size, traffic, and subsequent field
operations in choosing the location.
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ed by the NRCS-USDA, under number 69-3A75-16-013.

[] Instal soll sensors as early as possible to achieve adequate
soil settling

9.
TEXAS A&M
K-STATE AGRILIFE
Research and Extension 4 EXTENSION
This material is based upon work supported by the NRCS-USDA, under number 69-3A75-16-013.
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Take Home Messages

* |t is normal to see the benefits of technology
adoption only after a year or two

* Once they trust the technology, producers
could take this tool to a different level

* We could push technology adoption to
producers, but be mindful that there might
also be other barriers (policy, economic and
business principle) that needs to be addressed
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THANK YOU

Contact info:
Jonathan Aguilar
jaguilar@ksu.edu
620-275-9164 (Office)
620-640-1342 (Mobile)
Follow: ¥ @ksirrigation




