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Average high in January: -6 C
Average high in July: 28 C

~3.5 Million Cows in Wisconsin



Whistling Straits: 2020 Ryder Cup (to be played in 2021)
2004, 2010, 2015 PGA Championship



Erin Hills, 2017 US Open



How is Wisconsin’s climate changing?



Globally, similar 
trends are expected

By 2050, USDA anticipates that:

• Mean annual temp will 
increase 2.0 °C

• Average extreme minimum 
temperature will increase by 
2.0 °C

• Mean annual precipitation will 
vary from -20% to 20% of 
current

• Extreme precipitation events 
increase by 20%





Studies show that enriched CO2 will increase plant 
growth with less water use, but reduce protein content



Increased CO2 has been observed to increase 
vegetative cover of arid lands (Donohue et al. 2013)





Gaussoin and Shearman, 2003

Gaussoin et al., 2006



Nitrogen Management is Growth 
Management

N drives growth:
Find the ideal growth rate and achieve it by modifying 

your nitrogen applications

Growth is also affected by:
Weather, soil properties (compaction, organic 

matter), soil moisture, and traffic/wear.



Superintendents comment on collecting clipping volume



#clipvol

Why not?
• I don’t know where to find a bucket

• Amazon
• It takes too long

• Less than one minute per green
• It’s not accurate enough

• How accurate does it need to be? 
• How do I keep track of all this data?

• Greenkeeper app
• I can tell by looking in the baskets

• Not like this you can’t!

Slide: Tritabaugh



We are not great observers – having data helps
Same wine, one glass has tasteless, odorless red dye

(Morrot, 2001)







Irrigation DU = 80%



Irrigation DU = 12%



The question that needs to be answered

•Are there 
optimum 
growth rates for 
greens, tees, 
fairways, etc.?



Turf quality versus dry CBG clipping mass 

Dry clipping mass, g/m2/day
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Traffic & N had a similar impact on 
clipping yield 
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Checkbook Method of N Management
Nitrogen Additions = Nitrogen Removal/Loss

Annual Nitrogen Surplus
• Increasing Soil N
• Excessive Growth/Thatch
• Nitrogen Leaching

Annual Nitrogen Deficit
• Slow Depletion of Soil N
• Steady Decline in Quality
• Eventual Stand Collapse under stress



Tracking clippings can help you guide N inputs

100 kg/ha



Data on clipping 
collection from 
Upper Midwest 
– 10 courses

•Averages:
• Rounds = 18,400
• N applied = 75 kg/ha
• Soil Organic Matter = 1.9%
• Bentgrass population = 83%

• Clippings = 1.9 L/100 m2 = 19 mL/m2

• Estimated N Removal = 55 kg/ha

Emerging Guidelines:
1 L/100m2 (10 mL/m2) is good for tournament conditions, but probably not sustainable
2 L/100m2 (20 mL/m2) is good target for daily average
4 L/100m2 (40 mL/m2) is excessive



You should probably be testing 
your greens primarily for organic 
matter and looking at nutrients 
levels as a secondary point of 
interest



General Principles for Organic Matter Testing

• Know how the samples were collected

• Know where the samples were collected

• Know how the samples were analyzed

• Be consistent in sampling methods, testing methods, and locations every year

• Track changes over time – compare your numbers to others with great caution



Specific Methods: OM246
• Micah Woods, Asian Turfgrass Center

• Sample at 0 to 2, 2 to 4, and 4 to 6 cm, do 
not remove any plant material

• Has found average of 7.3% OM in 0 to 2 
cm samples

• Recommends sampling at least 3 greens 
annually, with 5 subsamples per green

• Track changes over time



Specific Methods: Nebraska

• Dr. Roch Gaussoin and others at 
University of Nebraska

• Sample at 0 to 8 cm, remove verdure

• Has found average of 3.1% OM 



Specific Methods: Linde/Delaware Valley

• Dr. Doug Linde sampled 155 greens (52 
different courses) in the Philadelphia 
region, wide range of budgets, 
construction methods, grass types, etc.

• Sampled at 0 to 10 cm, in 2.5 cm 
increments

• 76% had < 3% om in top 2.5 cm, only 17% 
had > 4% in top 2.5 cm

• Recommends testing your best and worst 
performing greens annually



You should probably be testing your greens 
primarily for organic matter and looking at 
nutrients levels as a secondary point of interest

• Why are we topdressing all the same if 
there are large differences?

• Can the numbers be used to change 
your operations?

• You can’t manage what you don’t 
measure



Woods and Rossi Observed Differences in 
Snow Mold Damage with K Fertilization
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Critical value = 1.96% 
R2 = 0.723

From Charles Schmid, Bruce Clarke, Ph.D.,  Jim Murphy, Ph.D.

Rutgers Researchers Observed Differences in Anthracnose 
Damage with K Fertilization on Poa annua



Pink Snow Mold / Microdochium Patch 

Tissue K Content (g kg-1)
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Adam Moeller @AdamMoeller
Mar 16
Rutgers Poa plots with < 50 ppm soil K much 
more damaged from freeze injury compared to 
those with higher soil K 

https://twitter.com/AdamMoeller
https://twitter.com/AdamMoeller/status/577631113507704832


Annual bluegrass winterkill reduced with K

April 10, 2015

K Fertilizer Sept. Tissue K Sept Mehlich-3 STK Dec 16 
LT50

None 1.3% 28 ppm 7°F

1.3-5.4 lbs K 2.6-3.1% 70-185 ppm 2°F

Annual 
bluegrass 
under 47 
days of 

snow and 
ice at 

Rutgers

Low tissue 
K resulted in 

winterkill

Schmid et al., 2016 



Madison, WI on April 2, 2014
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Spring 2015 
Madison, WI
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Spring 2016 
Madison, WI
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Spring 2017 
Madison, WI
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Summer 2016 
Madison, WI

No K, 7 yrs 0.1 lbs K/14 days, 7 yrs



Influence of nitrogen rate on dollar 
spot severity

12/15/2020 UNIVERSITY OF WISCONSIN 46

300 kg/ha per yr O kg/ha per year



Materials and Methods

 Locations/Sites
 OJ Noer, Verona WI

 North Shore Country Club, Glenview IL
 Trial Design

 Application made every 2 weeks

 Randomized Complete Block Design (RCBD)
 Data Collected

 Infection centers

 Percent disease cover

 Foliar nitrogen content

 Turf quality

 Normalized Difference Vegetation Index 
(NDVI)

12/15/2020 UNIVERSITY OF WISCONSIN 47

Treatments
Nitrogen 

Rate (kg/ha)

Non-Treated 0

Urea 46-0-0 50

Urea 46-0-0 100

Urea 46-0-0 200

Urea 46-0-0 300

Fungicide 0



1. High Nitrogen Rates Provide 
Dollar Spot Control

12/15/2020
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Influence of nitrogen fertilization on soil 
bacterial communities

• Samples 
taken in 
third year of 
field study

• V4 region of 16S genes amplified using primers from Waters et al 2015
• Sequenced on Illumina MiSeq
• Amplicon sequencing data processed using DADA2 package and analyzed 

using Phyloseq and vegan packages in R



Iron Sulfate and Dollar Spot Control
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FeSO4, 19 kg/ha every 7dNontreated

Wisconsin, Bentgrass Fairway 2018
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Nontreated

Wisconsin Bentgrass Fairway 2019

FeSO4, 19 kg/ha every 7d
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