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Chemigation and Fertigation

Lyndon Kelley
MSU Extension / Purdue University Irrigation Management Educator

St. Joseph Co. MSU Extension, 612 E. Main St., Centreville, MI 49032

Cell: 269-535-0343     kelleyl@msu.edu Office: 269-467-5511

https://www.canr.msu.edu/irrigation/
https://engineering.purdue.edu/ABE/Engagement/Irrigation
http://www.egr.msu.edu/bae/water/
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Chemigation – Application of pesticide via irrigation 
water.

Fertigation – Application of fertilizer via irrigation water.

Water-up –water in,  germination of seed, incorporation of fertilizer and herbicides
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The quantity of N taken up by the 
crop or subject to loss from a single 
N application (A) or split N 
applications (B) (Adapted from 
Doerge et al., 1991).
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Example N plan :
200 bu/acre irrigated commercial corn

Expected yield goal 200 bu/acre resulting in 220 lb. N recommendation

35 lbs. in starter at planting
135 lbs. as sidedress
50 lbs fertigation, 2 week prior to tassel

50 lbs. in starter at planting
75 lbs. fertigation, knee high 
75 lbs. fertigation, 2 week prior to tassel
20 lbs. fertigation, at tassel

50 lbs. in starter at planting
70 lbs. sidedress or fertigation, knee high
50 lbs. fertigation, waste high
50 lbs. fertigation, 2 week prior to tassel

50 lbs. in starter at planting
70 lbs. as sidedress
100 lbs fertigation, 2 week prior to tassel
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Rescue Nitrogen Applications
Fertigation with small irrigation application requires very large 

injection systems. 

10 gallon 28% =31lbs. N    
450 gph =1 acres”/hour , 900 gph =2 acres”/hour 

In a wet year dribbling / flying on rescue N followed by rain or 0.2” irrigation is best 
management practice for many

Required injection pump to achieve a 31 lbs. N in given application

Pump capacity
450 gph

Application

Required Injection 
Pump capacity

Pump capacity
900 gph

Application

Required Injection Pump 
capacity

1” 10 gph 1” 20 gph

¾” 15 gph ¾” 30 gph

½” 20 gph ½” 40 gph

¼” 40 gph ¼” 80 gph
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Think of your soil as a bank
avoid fertigation application that can not be held in the 
existing root zone

Intake rate:
Water applied faster than 
the soil intake rate is lost.

Deletion:
Plants can pull out 
only 30 – 60% of the 
water

Water holding capacity:
The soil (bank) can hold 
only a given volume of 
water before it allows it 
to pass lower down.

Rooting depth:
The plant can only get 
water to the depth of 
it’s roots.

Soil type :
Heavier soil can hold 
more water / foot of 
depth than light soils

Water lost from the bottom of the profile can wash 
out (leach) water soluble nutrients and pesticides.
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Estimate crop water use since last root zone filling rain to find max fertigation 
amount.

Example: Week of tasseling, 85° degree days 5 days since last major rain = 1” max application
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MSU Excel Irrigation Schedule Checkbook Method - Mendon 2014
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Watermark Soil Moisture, 2014 Soybean, Constantine MI

Irrigation Threshold
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Chemigation Label

Federal pesticide laws require products applied through 
irrigation systems to have a federal chemigation label. 
Used within the direction of the label, the product is safe 
and effective.
Fertilizer solution – Growers responsibility – well code
• 28% most common – 27%+S used when Sulfur is needed
• Go with proven products or let the neighbor try it first

Re
gi

st
ra

nt Applicator

EPAChemigation label provide 
specific mixing, application 
and safety precautions.
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http://www.cdms.net/ldat/ld9A
M004.pdf

https://www.syngenta-us.com/current-
label/trivapro
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 

Typical can set for 300’ lane 
spacing

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 

or

Two passes of 
traveler

Single pass with estimated 
overlap

Traveler lane 
spacing

Traveler Fertigation  – Limit to 1/3 of the total fertilizer application for the season
Few fungicides labels allow use with travelers
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Use Directions For Sprinkler Irrigation Applications, con’t
DO NOT exceed 1/2 inch (13,577 gallons) per acre. In stationary or non-continuous 
moving systems, inject the product/water mixture in the last 15 to 30 minutes of 
each set allowing sufficient time for all of the required pesticide to be applied by all 
the sprinkler heads and applying the labeled rate per acre for that crop. (Headline 
AMP label)

• In general, best performance via irrigation is 0.1 to 0.25 inches of water per acre.
Center-Pivot Irrigation (Trivapro label)

Is the pesticide effective if it is on 
the soil surface or in the ground?

Corn at tassel will hold 0.07” in the 
foliage, 0.10 in foliage and soil 
surface

13

Is the pivot 
capable of the 
needed 
application?

Small application (0.07”- 0.14”) are good for pesticide 
application, but not for Nitrogen application.

It is estimated that corn at 
tassel will hold 0.07” of water 
in the foliage.

Another 0.03” is held by the 
soil surface.

Resulting in 0.10” of water 
from each application never 
making it to the root zone.
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Coverage and Concentration

Headline Amp 
Product, 14.4 oz./acre

gal/acre 
water

%
Headline Amp 

Aerial Application minimum 5 2.25000

Common Ground Application 20 0.56250

0.07" chemigation 1901 0.00592

0.15" chemigation 4073 0.00276

0.25" chemigation 6789 0.00166

0.5" chemigation 13,577 0.00083
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Use Directions For Sprinkler Irrigation Applications, continued…
DO NOT apply when wind speed favors drift beyond the area intended for 
treatment. (Trivapro label)

Off target 
application are 
violation of label, 
Michigan Irrigation 
GAAMP, and 
Indiana /Michigan 
Pesticide 
regulations
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Use Directions For Sprinkler Irrigation Applications, continued…
Crop injury, lack of effectiveness, or illegal pesticide residues in the crop can result 
from non-uniform distribution of treated water. Thorough coverage of foliage is 
required for good control. (Headline AMP label)

Restrictions: (1) Use only with drive systems which provide uniform water 
distribution. (2) Do not use end guns when chemigating Trivapro Fungicide 
through center pivot systems because of non-uniform application. (Trivapro label)

?

?

17

Uniform Application 
Inspect and Repair 

Equipment First

About a 20 x over application

18
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Uniform Water application essential for 
uniform fertigation/chemigation

Catch Can Volume (ml)
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Sprinkler overlap 
with end gun

https://www.canr.msu.edu/irrigation/index#presentations

19

Most system apply within 85% of the expected 
application

Application is 4 % 

under expectation

20
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165’

825’

1320’
1155’

8 acres6 acres

330’
495’
660’

990’

2 acres

18 acres
31 acres

49 acres

71 acres
96 acres
126acres

10 acres

13 acres

18 acres

22 acres

25 acres

30 acres

Total Acres

Feet from center

4145’
3109’

2072’

5181’
6217’
7253’

8290’
circumference

Over and under 
application issue 
affect the 
majority of the 

application area
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Greatest improvement needed
• End gun stop adjustment

• Water supply over or under design

• End gun orifice, too little or too much

• Wrong sprinkler or tip 

• Leaks, plugs and no turn sprinklers

22
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Water supply over or under design
supply over design yield tail up, supply under design yield tail down

Example of Water supply under volume for sprinkler design
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Case Study
90s pivot with two 
used replacement 
spans

Pre-Sprinkler
Upgrade

Post-Sprinkler
Upgrade

Coefficient of 
Uniformity (CU) 78 89

Distribution
Uniformity (DU)

77 82

Scheduling
Coefficient (SC)

1.3 1.2

24
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Pivot uniformity CCU 91 at 1.00”

Pivot uniformity CCU 88 at 0.15”

Smaller the application the harder to get good uniformity
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Irrigation System Uniformity 

•Most system are designed to have 90% or better uniformity

•Changes in volume and pressure from design parameters will 
cause reduction in uniformity 

•Some sprinklers can perform well over a large change in 
pressure over others

•Multiple overlaps tends to reduce potential problems

26
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Measure Pressure: 
- at pivot point and last sprinkler
- If pressure differ from chart specification > 10%, measure flow

Modern Farm Wife, World Press

27

Measure flow at desired pressure 
prior to ordering sprinkler package 

Poor performance:

Ask dealer to 
measure flow at 
peak water use 
season and 
compare to design 
parameters.

28
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Suggested Minimum Performance to 
Chemigation/Fertigation

• System uniformity evaluation 85% or greater
---------------------------------- or at a minimum-----------------------------------------------------------------

• Pivot point and last sprinkler pressure within 
10% of sprinkler package specifications

• Required backflow protection in place and 
functional

• No major leaks or repair needed
• No major runoff issues
• No 2X or greater over application areas
• Interlock shut off system in place and 

functional

29

Injection check valve and 
port

Flow direction

Backflow Valve
Will not meet safety 
requirement

Chemigation
Valve

• The system must contain a functional check valve, vacuum-relief valve, and low-pressure 
drain appropriately located on the irrigation pipeline to prevent water-source 
contamination from backflow.

• The pesticide injection pipeline must 
contain a functional, automatic, quick-
closing check valve to prevent the flow 
of fluid back toward the injection 
pump.

30
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A few of the additional requirements if irrigation water supply is a 
public water supply
• DO NOT connect an irrigation system (Including greenhouse systems) used for 

pesticide application to a public water system unless the pesticide label-
prescribed safety devices for public water systems are in place. (Headline AMP 
label)

reduced-pressure zone, back-flow preventer 
(RPZ) or  a reservoir tank the diameter filled by 
a pipe from public water supply with a air gap 
twice size of fill pipe.

31

Featherstone Rd.
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2

Option

Field #7

River 
Pump  #3  
Option

Chemigation valve needed at 
all four pumps

Pond 
Pump  #4  
Option
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Positive displacement injection pump
• Systems must use a metering pump, such as a positive 

displacement injection pump (e.g. diaphragm pump), effectively 
designed and constructed of materials that are compatible with 
pesticides and capable of being fitted with a system interlock. 
(Headline AMP® Fungicide label)
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Safety Interlock - Pivot movement, water pump and injection pump 
need to be interlocked so if any one of them stops, all are shut down.

• The system must contain functional interlocking controls to automatically shut off the 
pesticide-injection pump when the water pump motor stops. 

• The irrigation line or water pump must include a functional pressure switch that will 
stop the water pump motor when the water pressure decreases to the point where 
pesticide distribution is adversely affected. (Headline AMP® Fungicide label)
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Chemigation / Fertigation Calibration

12.5 hours period * 60 minutes = 750 min.
1680 oz. / 750 minutes = 2.24 oz./min.

Adjust pump to deliver 2.24 oz./minute
(a little over 1 gal./hr.)

Example: 
160 acres – 20 dry acres = 140 acres, pivot can cover the area in 
12.5 hour at 100% move ( 0.15”)

12 oz./acre required x 140 acres = 1680 oz. 
1680 oz. = 13.125 gal

Mix 13.125 gal of fungicide with enough
water to make 140 gal. of solution 

• If you have questions about calibration, you should contact state extension service 
specialists, equipment manufacturers or other experts. (Headline AMP® Fungicide label)

35

• Shut-downs
• Backflows
• Hose burst
Mark the supply tank level at start
Mark the supply tank level at ¼, ½, and ¾ from finish
Monitor and adjust if needed, calculate and record the actual applied 

amount for future decisions.
Backflow situation…. Pump, Pump, Pump as soon as possible.

½Monitor for calculation errors or 
system malfunctions.

• A person knowledgeable with the chemigation system and 
responsible for its operation, or under supervision of the 
responsible person, shall shut the system down and make 
necessary adjustments should the need arise. 

(Headline AMP® Fungicide label) 
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Shut down, flush
• Allow sufficient time for pesticide to be flushed through all lines and all nozzles 

before turning off irrigation water. (Headline AMP® Fungicide label)

100' of given pipe size pump capacity

6 inch 6 ⅝ inch 8 inch 12 Inch

147 gal. 179  gal.  261 gal. 588 gal.

Example: pumping time flush system
I have 1000’ of 8” pipe between my injection point and my 1300’ 
center pivot with 6 ⅝” pipe. Water supply to pivot is 800 gpm.

(10 x 261 gallons) + (13 x 179) = 4937 gal.
4937 gal. / 800 gpm = 6.2 Minutes
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Managing Irrigation to Lessen Disease 
Potential
Lyndon Kelley

MSU Extension / Purdue University Irrigation Management Agent
St. Joseph Co. MSU Extension, 612 E. Main St., Centreville, MI 49032

cell 269-535-0343,   kelleyl@MSU.EDU , 269-467-5511
https://www.canr.msu.edu/irrigation/
https://engineering.purdue.edu/ABE/Engagement/Irrigation
http://www.egr.msu.edu/bae/water/
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Wet Leaf

Irrigation application differ in their role in disease potential 

Leaf wetness sensor reading compared to rain/irrigation events- Dr. Younsuk Dong MSU/BAE
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https://www.weather.gov/abr/etforecasts

FRET – expected rainfall x Kc corn 115% x 110 % for evaporative loss = needed application
(1.20 – no rain               x 1 .15)               x 110%                                      = 1.65”

https://enviroweather.msu.edu/rpetalert.php

Irrigation 
scheduling:

Irrigate only 
when you 
can increase 
yield and 
quality, or 
reduce risk
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Large Irrigation Application Volumes Deliver More Effective 
Water To Crop with Less Wetting

• A typical Corn or Soybean crop will use 6.3” of water in August, average August rainfall is 3.2” 
in SW Michigan resulting in a 3.1” of needed irrigation

• Evaporation varies greatly by canopy, crop residue and soil type

• First 0.05-0.12”of each overhead application will evaporate from soil surface and crop canopy
• Given: 0.08” evaporative loss, 3.1” irrigation need

Evaporative Loss , Effective water  and number of wetting events 
Based on 3“ of irrigation, 0.10” evaporation / application

Water  evaporated from 
crop canopy & soil surface

Effective water available 
for crop transpiration

Number of irrigation 
wetting events

Three applications of 1.0” 0.3” 2.7” 3

Six applications of 0.5” 0.5” 2.5” 6

Twelve applications of 0.25” 1.2” 1.8” 12
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