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Quick Investigation!

" What are the differences between these plants?

" What types of conditions (environmental or
otherwise) do you think were present for each
type of plant?

" What can we learn from these three plants?
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Flowing right along...

" Irrigation 101

" What’s the right amount?

" Got theright tools?

University of Nebraska—Lincoln IANR
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Irrigation 101

" Irrigation Development
" Economic Impact

" In 2003, a drought year, the impact of irrigated agriculture
on Nebraska’s economy had a net total economic impact of
more than $4.5 billion; adjusted to $3.6 billion for normal
precipitation conditions.

" How do you know when to irrigate?
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Irrigation 101

" Irrigation

“The artificial supply of water to land, to maintain
or increase yields of food crops, a critical element
of modern agriculture. Irrigation can compensate
for the naturally variable rate and volume of rain”

(Britannica, 2010)
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What do you want?

Know how. Know now.

http://static.howstuffworks.com/gif/irrigation-flooded-field.jpg
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Proper Irrigation Management

" Maintains adequate soil moisture in the crop
root zone for healthy plant growth and
optimum yield.

" The objective of irrigation management is to
establish proper timing and amount of
irrigation for greatest effectiveness.

" |t also reduces the potential for runoff and
reduces soil erosion and pesticide
movement into the surface and groundwater.

University of Nebraska—Lincoln
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For proper irrigation...

1) Crop Water Use (or Evapotranspiration, ET)
(crop leaves and soil surface)

2) Soll Water Status
(below ground, soil profile)

University of Nebraska—Lincoln
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Crop Water Use (Evapotranspiration, ET)

" Combined process of both evaporation from soil
and plant surfaces and transpiration from plant
canopies through the stomates to the
atmosphere.

" “How much water is “lost” from leaves & soil
surface” from the plant
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Crop Water Use =
Evapotranspiration (ET)

T

T = 70-80%

E = 20-30%

?

ET = Evaporation + Transpiration [ANR




When the crop is small, almost all ET is
EVAPORATION




ground
) 0) Jq/ o] il 5 fJ_J AJJ_);JF _AIUN

v
L
r

"))

v
C

()
L

)
o
S
[

Q

o

-

S

v
L
rw

-

v
m




Neb@?}ﬁ-gxrmmon\l Know how. Know now.

What affects a crop’s ET?

Weather data:
Solar Radiation /'7:\‘\
Air Temperature
Relative Humidity \\\\

Wind Speed
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Soil Water Status

" Amount of water £00
present in the soll 3 | CVI0"
profile e’

® Takeinto accounta .
crop’s root zone -/
when monitoring "

University of Nebraska—Lincoln




SOIL WATER BALANCE

IRRIGATION RAIN TRANSPIRATION

AN ANAN AN 7 N AN AN EVAPORATION
O N2 St N NN NN
J = NN N NN N

™ RUNOFF

2o
EEP PERCOLATION
OR DRAINAGE

GROUND WATER

Soil water monitoring takes into account of all

these factors
University of Nebraska—Lincoln
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How do we decide when to irrigate?

® ETgage — measure crop ET

B Watermark Sensors —
measure soil water status

University of Nebraska—Lincoln




Neb Lincoln EXTENSION

ATMOMETER (ETgage

Know how. Know n

Bellani plate
(ceramic evaporation
surface)
7 Bird spike Rubber
stopper
ﬁg opp
i
Sight tube
and scale Suction tube

300 mm (11.8 1n)
capacity water
1eservolr
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Actual crop water use = ETr x Ker

</

From ETgage

Fram ETigage NebGuide

A
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Know how. Know now.

Crop coefficient (Kc)

Table I.  Alfalfa-based crop coefficients (Kc) at the beginning of each growth stage for corn, soybean, and wheat (High Plains Regional Climate Center,
2003).
Comn Soybean Wheat
Growth Stage Kc Growth Stage Kc Growth Stage Kc
2 leaves 0.10 Cotyledon 0.10 Emergence 0.10
4 leaves 0.13 First Node 0.20 Visible Crown 0.50
6 leaves 0.35 Second Node 040 Leaf Elongation 0.90
8 leaves 031 Third Node 0.60 Jointing 1.03
10 leaves 0.60 Beginning Bloom 090 Boot 1.10
12 leaves 0.38 Full Bloom 1.00 Heading 1.10
14 leaves 1.01 Beginning Pod 1.10 Flowering 1.10
16 leaves 1.10 Full Pod 1.10 Grain Fill 1.10
Silking 1.10 Beginning Seed 1.10 Stiff Doug 1.00
Blizter 1.10 Full Seed 1.10 Ripening 0.50
Dough 1.10 Beginning Maturity 0.00 Mature 0.10
Beginning dent 1.10 Full Marurity 0.20
Full dent 008 Mature 0.10
Black layer 0.60
Full mamrity 0.10

U EEa
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Crop Water Use by Growth Stage — Corn

Corn Growth Stages

2 leaf (V2): Two collars visible.

4 leaf (V4): Four collars visible.

6 leaf (V6): Growing point above ground, tassel forms.”
8 leaf (V8): Ear formation begins.

Silking (R1): Silks are visible outside husk.

Dough (R4): Endosperm milk turns thick and pasty.

va 6-Leaf

4-Leaf
V2 > )
2-Leaf N
,(‘: <R 2
¥ ;

Weekly ETgage® Change in Inches

140 150 160 170 180 190 200 210 220

* Paint/Mark V6 leaf to make counting easier! ~

Crop Stage

vz

0.14

v4
ve
v8
vio
vi2
via

V16, Silking,
Blister, Dough,
Begin Dent.

Full dent 096 096 106 115 1.34

Black layer 060 060 066 072 0.84

Full maturity 0.10 010 011 012 013 0.14

0.15

0.27

0.53

0.77

1.04

1.32

1.52

1.65

1.44

0.s0

0.15

0.16

0.29

0.58

0.82

1.10

1.54

0.98

0.16

0.17

0.31

0.60

0.87

147

1.50

1.72

1.87

1.63

1.02

017

0.18

0.32

0.63

0.92

1.24

1.58

1.82

1.98

1.73

1.08

0.18

0.18

0.34

0.67

0.97

1.31

1.67

1.92

2.09

1.82

1.14

0.18

0.20

0.36

0.70

1.02

1.38

1.76

202

1.92

120

0.20

0.21

202 211 221 230 240 250 259

126 132 138 144 150 156 1.62

021 022 023 024 025 028 027

Thiz chart can be uzed with resdings from an ETzagel) or other ET refersnce. First, identify the change in the ET rate acroz the horizontal row and then identify the cument zrowth ziage in the ledt colunm, Follow
the t70 columns to the poimt whers they interzect to identify the ET rate 10 use i your imigation scheduling. When planning mmipaton, account for zoil moistare, precipitation, weather condisions, and the ET rate for
growth stage of your crop

Extenzion iz a Divizion of the Institate of Azricultuze and Natural Rezources at the University of Nebrazks—Lincoln cooperating with fhe Counties and the United States Deparment of Agricultuze.
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du/ETGage/pdffsoybean. pdf - Windows Internet Explorer
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Crop Water Use by Growth Stage — Soybeans
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Soybean Growth Stages

VC: Cotyledon leaves with unifoliate leaves unrolled.

V1: 1st node containing trifoliolate leaf fully expanded.

V2: 2nd node containing trifoliolate leaf fully expanded.

V2: 3rd node containing trifoliolate leaf fully expanded.

R1: At least one flower on any node.

R3: A pod 3/16 inch on one of four uppermost nodes.

R5: Seed is 1/8 inch long in a pod of the upper four nodes.
Begin Maturity: one brown leaf on main stem.

V1 2nd Node ‘
1st Node "

‘83

""-7*
-~~~

Weekly ETgage® Change in Inches

Crop Stage

1.40

150

1.60

1.70

1.80

1.90

2.00

210

220

VC Cotyledon
V1 1st Node

V2 2nd Node

V3 3rd Node

R1 Begin Bloom
R2 Full Bloom

Begin Pod
Full Pod

RS5 Begin Seed
Full Seed

Begin Mature 0.90 1.08

Full Mature 0.20 0.24

Mature 010 010 011 0.2

1147

026

013

014

028

0.56

084

1.26

1.40

1.54

1.26

028

0.14

015

0.30

0.60

0.90

135

150

1.65

135

0.30

0.15

0.16

0.32

064

086

144

1.60

176

144

0.32

0.16

0.17

0.34

0.68

1.02

1.53

1.70

1.87

153

0.34

0.17

0.18

0.36

0.72

1.08

1.62

1.80

1.98

1.62

0.36

0.18

0.19

0.38

0.7¢

114

17

1.90

209

17

0.38

018

0.20

0.40

0.80

1.20

1.80

1.80

0.40

0.20

0.21

042

084

1.26

189

210

231

1.89

0.42

o221

0.22

0.44

088

132

198

220

242

198

0.44

022

207 216 225 234 243 281 270

046 048 050 052 054 058 060

023 024 025 026 027 028 029 030

Thiz chart can be used with readings from an ETpage® or cther ET reference. First, identify the change in the ET rate across the honzontal row and then identify the cumrent growth stage i the left cobunn. Follow the two columns
0 the point where they inserzect to identify the ET rate to uze in vous irrigation zeheduling. When planning imigeticn, account for scil moismure, precipitation, weather condizions, and the ET rate for growth stage of your crop

Extensicn iz a Division of the Institate of Agriculture and Nataral Rezources at the University of Nebrasks—Lincoln cooperating with tie Counties and the United Staze: Department of Agriculnuze

Usiveszity of Neby incols
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Example

Corn is at 12-leaf growth stage and the water level in the ETG
(with a No. 54 canvas cover) sight tube decreased 1.30 inches
during the 7-day period since the last irrigation. Determine the
actual crop ET (ETc), net irrigation requirement (NIR), and the
gross irrigation requirement (GIR) if irrigation is applied with a
center pivot with an application efficiency of 85% (AE = 0.85).
Rainfall = 0.

ETr = 1.30 inches (reference ET from the ETG)
Kc = 0.88 (from table for 12-leaf stage)

ETc = ETr x Kc ETc = 1.30 inches x 0.88 = 1.1 inches
NIR = ETc - Rainfall NIR = 1.1 inches - 0 = 1.1 inches
GIR = NIR / IE GIR = 1.1 inches / 0.85 =1.3

N[
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40" above soil and '2-2M4" abb\ie canopy.
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More information on how to use an

ETgage for irrigation management

N NebGuide el

Published by University of Nebraska-Lincoln Extension, Institute of Agriculture and Natural Resources

G05-1579

Using Modified Atmometers (ET e®)
for Irrigation Management

Suat Irmak, José O. Payero and Derrel L. Martin
Extension Water Resources /Irrigation Engineers

This NebGuide describes the atmometer (evapo-
transpiration gage) and explains how it can be used for
irrigation scheduling. Examples are provided to show
how information collected with an atmometer can be
used to estimate crop water use for corn and sovbean.

University of Nebraska—Lincoln IANR
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GALLONS X 100

%
Eney CAL\PO“

For effective irrigation, must know
water applied
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Watermark soil
water sensors

u Electrodes
A

Sensor
Y collar
[ i

e X
' Stainless
<« steel sleeve

¢
ag®

-~
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Irrigation trigger levels for different
soil types

Table 1. Depletion (in/ft) in available water versus soil matric potential and suggested range of irrigation trigger point for different soil textures.

Soil type, depletion in inches per foot associated with a given soil matric potential value measured by the Watermark sensors, and available water holding
capacity for different soil types
Silt-loam topsoil, Upland silt loam
Silty clay loam Clay loam subsoil |topsoil, Silty clay loam| Bottom land silt-
topsoil, Silty clay subsoil (Hastings, loam (Wabash, Loamy sand Fine sand
Soil matric potential (kPa) subsoil (Sharpsburg) (Keith) Crete, Holdrege) Hall) Fine sandy loam] Sandy loam (O°Neill) (Valentine)
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20 0.00 0.00 0.00 0.00 0.20 0.30 0.30 0.30
33 0.20 0.14 0.00 0.00 0.55 0.50 0.45 0.55
50 0.45 0.36 0.32 0.30 0.80 0.70 0.60 0.70
60 0.50 0.40 0.47 0.44 1.00 0.80 0.70 0.70
70 0.60 0.50 0.59 0.50 1.10 0.80 0.80 0.80
80 0.65 0.55 0.70 0.60 1.20 1.00 0.93 1.00
90 0.70 0.60 0.78 0.70 1.40 1.20 1.04 N/A
100 0.80 0.68 0.85 0.80 1.60 1.40 1.10 N/A
110 0.82 0.72 0.89 0.88 N/A N/A N/A N/A
120 0.85 0.77 0.91 0.94 N/A N/A N/A N/A
130 0.86 0.82 0.94 1.00 N/A N/A N/A N/A
140 0.88 0.85 0.97 1.10 N/A N/A N/A N/A
150 0.90 0.86 1.08 1.20 N/A N/A N/A N/A
200 1.00 0.95 1.20 1.30 N/A N/A N/A N/A
Water holding capacity (in/ft) 1.8-2.0 1.8-2.0 2.20 2.00 1.80 1.40 1.10 1.00
*Suggested range of irrigation
trigger point (kPa) 75-80 80-90 90-100 75-80 45-55 30-33 25-30 20-25

(*) The trigger points were calculated with the assumption of no sensor malfunction. The trigger points were calculated based on the 35% depletion of the total soil water holding
capacity per foot of soil layer. The sensor readings and the trigger points should be verified/checked against the crop appearance in the actual field conditions during the season.
Trigger point should be the average of first 2 feet of sensors prior to crop reproductive stages and 3 feet once crop reaches the reproductive stage. However, for the sandy soils,
the average of top 2 sensors should be used as a trigger point at all times.

(N/A) Not available

The irrigation trigger point changes with soil type because each soil holds
different amount of water under a given matric potential value measured with
Watermark sensors.




Table 1.

Depletion (in/ft) in available water versus soil matric potential and suggested range of irrigation trigger point for different soil textures.

Soil type, depletion in inches per foot associated with a given soil matric potential value measured by the Watermark

sensors, and available water holding capacity for different soil types

Upland silt
loam topsoil,
Silty clay loam
Silty clay loam| Silt-loam subsoil Bottom land
topsoil, Silty | topsoil, Clay | (Hastings, silt-loam
clay subsoil | loam subsoil Crete, (Wabash, Fine sandy Loamy sand | Fine sand
Soil matric potential (kPa) (Sharpsburg) (Keith) Holdrege) Hall) loam Sandy loam (O’Neill) (Valentine)
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20 0.00 0.00 0.00 0.00 0.20 0.30 0.30 0.30
33 0.20 0.14 0.00 0.00 0.55 0.50 0.45 0.55
50 0.45 0.36 0.32 0.30 0.80 0.70 0.60 0.70
60 0.50 0.40 0.47 0.44 1.00 0.80 0.70 0.70
70 0.60 0.50 0.59 0.50 1.10 0.80 0.80 0.80
80 0.65 0.55 0.70 0.60 1.20 1.00 0.93 1.00
90 0.70 0.60 0.78 0.70 1.40 1.20 1.04 N/A
100 0.80 0.68 0.85 0.80 1.60 1.40 1.10 N/A
110 0.82 0.72 0.89 0.88 N/A N/A N/A N/A
120 0.85 0.77 091 0.94 N/A N/A N/A N/A
130 0.86 0.82 0.94 1.00 N/A N/A N/A N/A
140 0.88 0.85 0.97 1.10 N/A N/A N/A N/A
150 0.90 0.86 1.08 1.20 N/A N/A N/A N/A
200 1.00 0.95 1.20 1.30 N/A N/A N/A N/A
Water holding capacity (in/ft) 1.8-2.0 1.8-2.0 2.20 2.00 1.80 1.40 1.10 1.00
*Suggested range of irrigation
trigger point (kPa) 75-80 80-90 90-100 75-80 45-55 30-33 25-30 20-25

at all times.

(N/A) Not available

(*) The trigger points were calculated with the assumption of no sensor malfunction. The trigger points were calculated based on the 35% depletion of
the total soil water holding capacity per foot of soil layer. The sensor readings and the trigger points should be verified/checked against the crop
appearance in the actual field conditions during the season. Trigger point should be the average of first 2 feet of sensors prior to crop reproductive
stages and 3 feet once crop reaches the reproductive stage. However, for the sandy soils, the average of top 2 sensors should be used as a trigger point
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Which soil depth to consider for
irrigation management?

Corn:
e Average of top 2 ft until tassel
e Average of top 3 ft after tassel

Soybeans:
e No irrigation before R3 stage. Average of top 3 ft

thereafter.

Trigger irrigation when the average matric potential is between 90 and 100 kPa
for both crops grown in silt-loam soils.

N[
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Example: change in soil water status
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Example: change in soil water status
(A0

~r\.\<v
60

Z - *‘&R/L\;/}:i—'j =

—&— Average
25% Depletion —ii— 1 foot
80 2 foot
3 foot
100
120
0,
140 I ] ] ] ] ] ] ] ] ] ] ] ] ] ]
A A A A A A A A A A A A A A A
Q Q Q Q Q Q Q Q Q Q Q Q Q
Q0T T P F AT DN QT Y gV Y 9




Neb'a%f?}éﬁ-EXTENsmN Know how. Know now. .

Example: change in soil water status
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More information on how to use

Watermark sensors for irrigation
NELEL ] e

IN[ \2veR=Y EXTENSION

IANR Lincoln
EC783

Watermark Granular Matrix Sensor
to Measure Soil Matric Potential
for Irrigation Management

Suat Irmak; Irrigation and Water Resources Engineer; Jose O. Payero, Irrigation Engineer; Dean E. Eisenhauer, Hydrologic and Irrigation Engineering; William
L. Kranz, Irrigation Specialist; Derrel L. Martin, Irrigation and Water Resources Engineer; Gary L. Zoubek, Extension Educator; Jennifer M. Rees, Extension
Educator; Brandy VanDeWalle, Extension Educator; Andrew P. Christiansen, Extension Educator; Dan Leininger, Water Conservationist, Upper Big Blue NRD

N[
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Too much of a good thing?

University of Nebraska—Lincoln
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Plants need O2 also!!!

University of Nebraska—Lincoln IANR




Neb@?}éﬁ-mmsm Know how. Know now.

UNL Research showed...
Irrigation levels at..... yielded:
50% 194 bu/acre
75% 213 bu/acre
100% 217 bu/acre
125% 205 bu/acre

University of Nebraska—Lincoln
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To achieve proper irrigation management...

Nebraska Ag Water Mgmt Demonstration Network

" To transfer high quality research-based
information to farmers’ fields

" Implement tools to address and enhance crop
water use efficiency and energy savings.

=2
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Collaborative Effort!

(o EXTENSION < _

|
O NRCS conservation sevie

Producers & Consultants

University of Nebraska—Lincoln IANR



http://www.nrcs.usda.gov/
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NAWMDN Website

http://water.unl.edu/cropswater/nawmdn



gage project, Nebraska Agricultural Water Management Demonstration Network, UNL Extension - Windows Internet Explorer
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UNIVERSITY OF NEBRASKA-LINCOLN

UNL » IANR » Water Issues ) Agricultural Irrigation ) ETGage

UNL Water

Your natural resource for reliable water information.

NAWMDN - Enabling producers to use water and energy resources

efficiently.

Contact: Gary Zoubek, Extension Educator, York County

The Nebraska Agricultural Water Management Demonstration Network

technologies and creating a network with growers, UNL Extension, NRDs,
NRCS, crop consultants, and other interested partners, that will enable the
adoption of water and energy conservation practices.

What is an ETgage?

Atmometers (ETgages) are designed
to simulate evapotranspiration (ET)
from a plant canopy in a way that
agrees with a plant's resistance to ET.
The ETgage is a tool that can be used
to mimic ET rates and this information
can be utilized for irrigation
management. The simplicity of use
and interpretation of the ETGage
data, as well as the economic
feasibility, make it easy for farmers
and consultants to monitor crop water
use and irrigation needs. For more
information please see the "Using

ETgage Login

Site Name:

| —
Password:

B

Questions? Please contact:

Gary Zoubek, Extension Educator,
York County.

gzoubekl@unl.edu
402-362-5508

34 [

publication.

ETgage data information

Participating producers, consultants, NRD personnel and Extension Educators across Nebraska are uploading weekly
ETgage information to this site. If you'd like to see the data from your area, simply go to the to see the data from

(€] Microsoft PawerPain!



UNIVERSITY OF NEBRASKA-LINCOLN

UNL > IANR » Water Issues ) Agricultural Irrigation » ETGage

UNL Water

Your natural resource for reliable water information.

Weekly ETgage Site Data

Use this interactive ETgage map to access weekly information provided by growers, consultants, NRD staff and
Extension Educators. To view the data, click on the county you'd like to view the data from. You will then see a
Google™ Map view of the county that has the ETgage sites marked as balloons, simply click on the balloon near
your location. You will then go to a page that includes the weekly ETgage change along with weekly rainfall
amounts. The ETgage change along with your crop’'s stage of growth can be used to estimate vour crop's water use.




UNIVERSITY OF NEBRASKA-LINCOLN

UNL > TANR » Water Issues » Agricultural Irrigation » ETGage

UNL Water

Your natural resource for reliable water information.

FTGage York County — Select site to view ETGage information.
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Survey Says..
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Neb@?ﬁ-ExTENsuoru Know how. Know now.

Survey says...

" |In 2008, the NAWMDN has grown from 15
oroducers (in 2005) to over 300 active
partners.

" Average water savings for corn of 2.6 inches
IS associated with a savings of $24.00/acre
and 2.1 inches in soybeans is associated
with a savings of $19.40/acre. (2007)

®* This results in total energy savings of $2,808,000
and $2,269,800 for corn and soybeans,
respectively over 117,000 acres.

Nebraska . - < o
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What overall impact has the
NAWMDN had on you?

®* I've learned from it! Confident that this
technology is helpful.
®* More focused on reducing water use on
growing crops.
®* Makes you more aware of the need to schedule

iIrrigation based upon facts vs. a gut feel to
Irrigate.
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We flowed right along...

" Irrigation 101
" What’s the right amount?

" Got theright tools?

University of Nebraska—Lincoln
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When and how much shouid |
irrigate?

Gary Zoubek
&
Brandy VanDeWalle

Extension Educators
York & Fillmore Counties
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Brandy VanDeWalle, Extension Educator
University of Nebraska-Lincoln Extension
Fillmore County
972 G St
Geneva, NE 68361-2005

Phone: (402) 759-3712

http://Iwww.fillmore.unl.edu

Email: bvandewalle2@unl.edu

University of Nebraska—Lincoln
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