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Many are reporting trouble 
with off-types



Fundamental answer: 
What is a weed?









Grasses with 
different 
MORPHOLOGY 
and 
PERFORMANCE 
than desired turf





Lighter color



Darker color



Distinct patch appearance



Increased growth rate





Aesthetic issues



Scalping



Patch ≠ Off-type



Gaeumannomyces graminis (GG) 
Take-all patch







Bermudagrass Decline
- Tend to be an issue on newer, sandier greens 

- Associated with micronutrient deficiencies (Mn, etc) 
- High pH soil/water, high in sodium, bicarbonate 
- Addressing the small details 

- Nematodes can cause lesions for pathogen to infect 

- Symptoms can be masked in summer, more visible in 
shoulder seasons



If you see this…
- Consult your local pathologist 

- Test pH of soil/water, as well as nutrients 

- Acidifying nitrogen sources 

- Adjust micronutrients to balance availability issues 

- Critical need for fungicide programs in shoulder seasons 

- Re-evaluate your PGR program





Optimize Programs for 
Other Pests



What Type of Testing?

- Soil nutrient analyses 

- Irrigation water testing 

- Disease diagnostics 

- Nematode assays

Ruling out other factors help confirm off-type issues





Off-Type Characterization at UT



Don’t be afraid to assess morphology 

Off-Type Desirable



Off-Type

Desirable

Minimum 10 stolons with 4 nodes













Question #1 
What are these off-types?



Building a Collection

- Sampled golf courses from 2013-2016 

- Not a random sample → targeted those with OT issues 

- Greens established to Champion, MiniVerde, TifEagle, 
and Sunday 

- Collected the OT and sample of desirable from each 
facility







After sampling… 
What have we learned?



Morphological Measurements 
(Roche and Loch, 2005)





Cluster 1

Cluster 2

Cluster 3



Flow Cytometry Results

- Measures DNA content in cells 

- All 52 samples are triploid hybrids 

- Peaks suggest all 52 samples belong to ‘Tifgreen’ family

Word done in cooperation with Dr. Brian Schwartz





https://link.springer.com/article/10.1007/s00425-016-2573-8

https://link.springer.com/article/10.1007/s00425-016-2573-8


Samples tested are NOT 
common bermudagrass or 

“yellow dog” 419



NOT talking about 
contamination from edge





UDBG Unknown Surround

Diligence During Renovation 

Samples Submitted to WDC - Spring 2017



Genotyping-by-Sequencing (GBS)
- Technique to identify unique genetic markers 

- Divides DNA into small segments 

- High-throughput sequencing (270 million reads) 

- Included: 
- TifEagle, MiniVerde, and Champion standards 
- Common bermudagrass and Tifway 
- All OT samples in our collection as well as desirables from each 

course visited



Common

UDBG & OTs

Tifway



GBS Results

- Only 5 Its were genetically unique 

- Could NOT identify majority from parent cultivar 

- Grasses are genetically similar and differences in 
phenotype may be related to gene expression





Question #1 - What are they?

- Triploid hybrids from ‘Tifgreen’ family 

- High degree of genetic similarity 
- Would suggest these are mutation rather than 

contaminants → but does that even matter? 

- Differences could be related to gene expression



Question #2 
Is this problem worse in a 
specific cultivar?



It depends…



Off-Type Sampling

- Courses established to Champion, MiniVerde, 
TifEagle, and Sunday











Marketshare? 
Sampling?



Off-Type Sampling

- Ages <1 year to 17 years



Off-Type Sampling

- Array of previous grasses (prior to current UDBG) 
- Tifgreen (328) to creeping bentgrass



Off-Type Sampling

- Array of establishment 
- Single Roundup application to fumigation and new mix









Issue when moving from one 
UDBG to another



Question #2 - Cultivar?

- Seen in all commercial cultivars sampled 
- More in Champion, could be a function of 

marketshare in transition zone 

- Seen on greens of varied history (previous grass, 
renovation technique)



Question #3 
How do I start off on the 
correct foot?



www.ontracklearning.net



Visit other greens in your area 
Talk about the OT Problem



Visit sod producers 
Talk about the OT Problem



A function of the quality control 
standards of growers





Remember 
You’re the customer



As a customer 
You have the power



Inspect Fields 
Yourself

- Visit when dew is present 

- ID differences in color, 
texture, seed heads, etc. 

- Visit just prior to next 
mowing 

- Overall sanitation



Learn about the 
field history

- Age of the field 

- Establishment method 

- Planting material  

- History of pesticide use



Ask Questions
- How often are the fields inspected? 

- What are the roguing/eradition methods? 

- How often are off-types removed? 

- How often are new fields left fallow, re-planted 
elsewhere? 
- For example, TifEagle growers limited to 5 years 

before required to re-establish foundation material



www.ontracklearning.net



Explore non-conventional 
production



Non-Conventional Production

- Material produced using your management strategies 

- May help ID more off-types 

- High upfront cost, but well worth it







Do not hesitate to  
Reject plant material







Regularly scout 
your greens



Regularly scout 
your greens

If it looks different, 
remove it



Question #3 - Starting Right?
- Have the conversation 
- Other superintendents, sod producers, etc. 

- Carefully select a producer you’re comfortable with 
- Ask questions about production process, OT issue 
- Visit fields to inspect for yourself 
- Non-conventional production? 

- Reject plant material on-site that looks off 

- Scouting starts immediately after sprigging and 
never stops



Question #4 
I have off-types. Now what?



Lack of desirable 
“control” options 



Balancing Growth Rate



Greenhouse Experiments 
Knoxville, TN

-‘Champion’, ‘MiniVerde’, ‘TifEagle’, and 3 off-type grasses 
-80/20% sand/peat (USGA specifications) 
-Single 3-node sprig planted 27 to 31 August 2015 
-1 cm mowing height and 0.5 lb N/M/week



Nitrogen Rate Response

- 0, 0.125, 0.250, 0.375, 0.5, or 1 lb N/M 
- 46-0-0 micro-prill dissolved in water 
- Clippings harvested 7, 14, 21, and 28 

days after initial treatment (DAIT)
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Minimum of 0.375 lb N/M/week 
during active growth



“Worse when greens are pushed” 

Reducing N to improve green speed 

Will just make aesthetic contrast worse



N Rate Response Summary

- Need adequate N to sustain growth 
- Rates ≥ 18 kg N/ha/wk during active growth

Baldwin et al. (2009); McCullough et al. (2006a); McCullough et al. (2006b)

- Going from 0.125 to 0.50 lb N/M 
decreased BRD ~7.5” 

- Going from 0.25 to 0.375 lb N/M 
decreased BRD <1”



What about PGRs?



The Biggest Challenge with PGRs

Slide courtesy of Dr. Bill Kreuser, UNL

Its Hard to Know if They Are Working



Soil nitrogen mineralization confounds 
PGR performance

- Absolute clipping yield vs relative yield 
- Greatest in warm and moist soils

Slide courtesy 
of Dr. Bill 

Kreuser, UNL



Ball roll distance of ‘MiniVerde’ in response to 
weekly applications of Primo at 0, 1, 3, or 9 fl oz/A



There is a cost to over-regulating greens
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Goals for a PGR Program

- Sustain growth suppression for the season 

- Avoid too much growth suppression 

- Avoid wasting money 
- Too frequent applications 
- Too infrequent applications



Differential Response to Primo MAXX 14 DAT



Unbalanced growth across a green

Re-apply PGR 
(or increase rate)



This use causes over-regulation 
making issue more apparent





Growing Degree Days

- Measure of heat accumulation 

- Average temperature compared to a 
pre-specific base



D AY H I G H  
T E M P  ( F )

L O W  
T E M P  ( F )

AV E R A G E  
( F )

B A S E  
T E M P  ( F ) G D D

S U N D AY 8 0 6 0 7 0 5 0 2 0

M O N D AY 7 0 5 0 6 0 5 0 1 0

T U E S D AY 7 5 5 5 6 5 5 0 1 5

T O TA L 4 5

Example



• For creeping bentgrass 
putting surfaces


• Developed by Dr. Bill 
Kreuser at University of 
Nebraska and Dr. Doug 
Soldat at Wisconsin


• Target re-application at 200 
GDD (base temp 32 F)


• Research on-going to 
develop similar model for 
UDBG —> Bent model 
does not apply

Kreuser and Soldat (2011): 
Growing degree-day (GDD) model

GDD Based PGR Applications



Anuew

- Prohexadione-Ca 

- Late GA inhibitor, similar 
site as Primo MAXX 

- On-golf course 
demonstrations in 2016 
showing effects on 
UDBG greens



Primo (3 fl oz) 
Anuew (6 fl oz) 

Primo + Anuew (1 + 6 fl oz) 

TifEagle 
MiniVerde 
Champion 

Several OT grasses



Anuew Results - Greenhouse

- Less overall regulation with Anuew 7 to 21 DAT 

- Less rebound with Anuew for 21 to 28 DAT 

- Mixing Anuew + Primo lessened rebound compared to 
Primo alone 

- Required field confirmation



- Field trials conducted in June, July, and August 2017 
- East TN AgResearch & Education Center. 

Knoxville, TN - ‘MiniVerde’ 

- R.R. Foil Plant Science Research Center. 
Starkville, MS - ‘TifEagle’ 

- Hope Valley Country Club. 
Durham, NC - ‘Champion’ 

- On-site weather stations at each locations used to 
calculate GDD accumulation after application using a 
base temperature of 10 C

2017 PGR Research on UDBG



Crop Science. Vol. 58 No. 4, p. 1801-1807





2017 GDD Results - Primo

C U LT I VA R
P E A K  

S U P P R E S S I O N  
( % )

G D D  T O  
P E A K R E - A P P

C H A M P I O N 5 6 1 6 6 2 1 6

M I N I V E R D E 6 2 1 7 7 2 3 0

T I F E A G L E 4 9 1 6 6 2 1 6





2017 GDD Results - Anuew

C U LT I VA R
P E A K  

S U P P R E S S I O N  
( % )

G D D  T O  
P E A K R E - A P P

C H A M P I O N 5 4 9 4 1 2 2

M I N I V E R D E 5 0 9 2 1 2 0

T I F E A G L E 5 1 9 7 1 2 6



GDD Models Fit UDBG
- Similarity across cultivars in time to peak regulation 

- Optimal re-application for Primo is 220 GDD10C 

- No rebound observed 

- Anuew acts faster than Primo. Optimal re-application is 
126 GDD10C 

- Regulation of growth 49 to 62% with single application



You’re applying Primo at 3 fl oz/A per week in August



You’re applying Primo at 3 fl oz/A per week in August 

Each application reduces growth 62%



You’re applying Primo at 3 fl oz/A per week in August 

Each application reduces growth 62% 

…and takes multiple weeds to recover



Highly regulated when pathogens are most active…
no recovery from damage



Unbalanced growth across a green

Re-apply PGR 
(or increase rate)

Limited Recovery 
from Disease

Vicious Spiral of Bad Decisions









Detach





2018 GDD Research
- TifEagle, MiniVerde, and Champion 

- Project began in June 2018 and is still active 

- Treatments 
- Primo at 4 fl oz/A weekly 
- Primo at 2 fl oz/A (2x week) 
- Primo at 4 fl oz/A every GDD10C  
- Non-treated control 

- Ball roll (2x per week, 3x per day), TQ, clipping yield, 
disease incidence



TifEagle



TifEagle

Difference  
≤ 6 inches



MiniVerde



MiniVerde
Difference  
≤ 6 inches



Detach



What does it mean?
- We know that over-regulation makes off-types more 

visible 

- GDD scheduling can prevent over-regulation, helping 
mask off-type problems 

- Primo and Anuew affect UDBG different → benefits to 
mixture, particularly on greens with off-types  

- Is the 6 inches of green speed worth it at your facility? 
(when golfers can’t tell the difference)



Pythium spp. Outbreak 
in September 2018 

Knoxville, TN

Image: 28 Sept. 2018



IOTM

Integrated  
Off-Type  

Management



Conclusions
- Starts with producer selection and never stops after 

grass in place 

- Diligence at establishment is critical 

- PGR applications best means of masking 

- No need for weekly Primo applications at 3 fl oz/A (or 
higher) 
- Every application is reducing growth 49 to 62% (under 

best conditions) and complete recovery takes an 
extended period



Consider GDD based PGR 
applications in 2019



@TurfBlade           eric.reasor@msstate.edu



Questions?

�148


