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Home //// TurfFiles
Alerts, News, Etc.
Dedision Aid mmm ips][Maint. Calendars][Tuﬁgrasses][Diseases][lnsects][Other Pests][Weeds]
ision Aids
e
Topics WELCOME TO TURFFILES g o
Reports Spring is finally here! TurfFiles has a new look and many new features:
Extension e Trying to find an extension publication. Select 'Official Publications' under the menu item 'Extension’ or click here.
: e Check out the Disease ID Decision Aid for help in diagnosing disease problems. =
Academics e Have a question about a particular disease, insect, or weed? New information sheets contain pictures, descriptions, and management
People recommendations.
X d Ind e Don't know what a cool-season grass is? The new glossary may help. B
eywor X ¢ Want more information about drought? Use the keyword search box on the top right of the screen, or look at the keyword index. 1
Glossary v
Diagnostics Lab News][ Presentations][Careers][lntemships] Disease Aids][TurfNVeed Aids
TurfFiles Site Map o
—| | Turf Irrigation Management System (TIMS) NEW!
About ~ NEW FEATURE! e\? The TIMS Water Management Program is available to North TIMS
Contact Us R Carolinians to calculate and track irrigation use. Using the NC e
. R Climate Office current weather data, TIMS can tell you in number ‘rzgﬁ.%mm B
NC DROUG[-/TI @Large Patch Attacks Again Apr 24,,2008 of minutes how long to water your lawn. :
P v ; @ ‘A -
T
”"_I y"‘ @Pythium Root Dysfunction Outbreak across North Carolina Apr 16, 2008
femLl 22, 200 “._.}/" "l\
US Drought Monitor of @Treat Your Rings in Spring Mar 27, 2008
North Carolina I
North Carolina Drought
Advisory Council @
NC Division of Water | The following comprehensive guides provide information on turf maintenance as well as pest identification and management.
Resources, DENR
o Carolina Lawns
N"{C' Division (;(f R:rf:t Canuiline Lawns are smooth, living carpets that add beauty and recreational space to you home. The benefits of a healthy lawn go beyond the obvious. As your grass
B esou:)ces, h(:elncd : grows, it is working to help the environment by stabilizing soil and reducing air pollution, noise, heat, dust, and glare. Surveys show that an attractive, well-
yram "1‘1*! ex landscaped lawn can even add to the value of your home. To reap the rewards of a handsome lawn, take great care in the selection, establishment, ]
€ Internet # 100% ~



h -—~Fred§Yelverton PhD
Professor, North Carolina State U.

e

I Weed Science in Turfgrasses
I Turfgrass Management

I Teach GCSAA

I Advanced Weed Management

I Event Management and Golf
Course Preparation
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Conversion of Putting Greens
from Creeping Bentgrass to
Ultradwart Bermudagrass??



Ultradwarifpermﬁdaé}ass Vs\Cm{epin_g Beﬂfgrass

——
s Sy

I Ultradwarf bermudagrass cultivars far
superior to older putting green bermudas

I There are 600 golf courses in North Carolina.
15 years ago, NC was approximately 80%
bentgrass: 20% bermudagrass.

[ In 2018, NC is approximately 50% bentgrass:
@ 50% ultradwarft bermuda.
o

NC STATE/
TURF RESEARCH
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Less summer stress on the grass and superintendent (true)
Fewer inputs required (not true)

Aggressive aeration in summer 1S available (true)

Less water, easier irrigation scheduling (true)

Fewer employees (not true — labor requirements different.
Trade summer labor for winter labor)

Tolerates poorer water quality vs. creeping bentgrass (true)

Ability to perform in a less-than-desirable rootzone (maybe
true but not recommended)

Can meet and exceed golfer expectations (true)



e Growfl slows ~15C,
> Starts loosing chlorophy ﬁ~1 OF,
> Completely brown with frost thus; need for winter color,
» Higher N rates needed vs. bentgrass,
» Poor shade tolerance (big difference vs bentgrass)
> Winter-kill potential (we have had big problems)
* Grain development,
* Quicker organic layering buildup,
» Golfer preconceived discrimination agamst bermudagrass.
» Typically, ultradwarf greens need renovating more frequently.




Ultradwarifpermﬁdaé}ass Vs\Cm{epin_g Beﬂfgrass

——
s Sy

I The average age until regrassing of
ultradwarf bermudagrass in NC has been
about 10 years. This compares to about 25-30
years for creeping bentgrass.

—

I Regrassing is almost always caused by off-
type bermudagrass. Contamination,
mutation, etc.

o

NC STATE/
TURF RESEARCH
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Freezing Protection Strategies




Freezing Tolerance (°F) of Bermudagrasses

Putting Green Fairway Seeded
Champion 23.4a GN-1 21.3 a AZ 21.9a
Common
Floradwarf 23.2 a Baby 19.9 ab Mirage 21.0 ab
MS-Supreme 22.6ab | Tifway 19.9ab Jackpot  20.7 abc
MiniVerde 21.6bc | Tifsport 19.0bc | Guymon  18.7 bc
TitEagle  21.2cd | Quickstan 17.6 cd Yukon 18.3 ¢
d
Tifdwart 20.3d | Midlawn 16.9d

"f’Elf;% renussue temp%r%ltur

es 1n the laboratory, not air temperatures.

Source: Anderson, Taliaferro, & Martin. HortScience 28:955.



Low Temperature Tolerance
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Northern movement of ultradwart greens

Richardson, et al., 2017



Bermudagrass and Cool Temperatures

Currently, for fairways, most cold tolerance cultivars include:
* Riviera, Latitude 36, Yukon, Patriot, and NorthBridge

For greens:
Tifdwart > Champion > MiniVerde > TifEagle

* However, covers can essentially equalize this.




Close Mowing Height + Shade and Winter Kill
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Winter Damage Situations

Traffic on
Frozen
Green

Compaction
(Triplex
Ring)
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"Preparing Bermudagrass Greens for /
-~ Winter - S

*Remove shade sources, -
*Aerify in late summerto reduce soil compact
*Raise mowing helghts in late fall, dé not scalp at this time,
*Maintain adequate/sufficient soil K levels,

*Allow greens to go dormant, use pigments for green color,

-Monitor soil moisture, especially low RH, windy days.
Desiccation is a leading contributor to "winter” damage,

*Use wetting agents for uniform soil moisture,

*Cover greens when temps. are expected to dip to 23 to
25F . Insert porous layer via pine straw, swimming noodles,
vaporbarrier, thick cardboard, erosion-tubes, bubble wrap
or using double covers. |
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Oversize Your
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p Under a Cover For Protection to <0°F (-
g e - 18°C)
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Saturation, Lightness HUE = 120°

10% 90% 20% 90% 30% 90% 40% 90% 50% 90% 60% 90% 70% 90% 80% 90% 90% 90% 100% 90%
10% 80% 20% 80% 30% 80% 40% 80% 50% 80% 60% 80% 70% 80% 80% 80% 90% 80% 100% 80%
10% 70% 20% 70% 30% 70% 40% 70% 50% 70% 60% 70% 70% 70% 80% 70% 90% 70% 100% 70%
10% 60% 20% 60% 30% 60% 40% 60% 50% 60% 60% 60% 70% 60% 80% 60% 90% 60% 100% 60%

10% 50% 20% 50% 30% 50% 40% 50% 50% 50% 60% 50% 70% 50% 80% 50% 90% 50% 100% 50%

10% 40% 20% 40% 30% 40% 40% 40% 50% 40% 60% 40% 70% 40% 80% 40% 90% 40% 100% 40%

10% 30% 20% 30% 30% 30% 40% 30% 50% 30% 60% 30% 70% 30% 80% 30% 90% 30% 100% 30%

10% 20% 20% 20% 30% 20% 40% 20% 50% 20% 60% 20% 70% 20% 80% 20% 90% 20% 100% 20%
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Deswed«turfgrass color ¢ < i .
~.— Cost |
= Shade of green

— Longevity of color

— Color re-application
» Application timing

— Level of turfgrass dormancy
» Desired coverage |

— Dilutien

— Application rate

~ — Application method




Pros

Able to provide a
aesthetically pleasing green
color to dormant turf.

Affordable
No decrease in playability

No competition once spring
“oreen-up’’ rolls around

AL ASNTL X
Fall/ Winter Painting-  *

A

.

Cons

Multiple applications
may be needed to
maintain winter long
green color

Tendency for paint to
turn bluish/gray color

Little information
regarding products

Not a-wearable surface
Appropriate spray
equipment needed
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g rowth)

. Addltlonal water IlttIe more fert|I|zer e
. Transmon back to warm- season turfgrass?!i
A AIteratlon of herblolde programs '




Unt réaféd_' Control

SprayMax

Bermuda

LESCO Green

Green Turf Dye

Ultradwarf Plus

-

WA )
Miniverde Bermudagrass
3 Days After Application

Solarogen

Lineman

Green Lawnger

Sugar Hill Turf

Graphics

T

-

Enviroseal Go Green

Ultradwarf Super

Regreen

Mtp Turfgreen

- Bermudagrass

-

Endurant

Southwestern

Titan Green Turf

Blue

Evergreen

Super Cover

Southwest Green
TurfCote
Original

Wintergreen Plus
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Primo 6 oz/ a/wﬁ;..

- Primo 3 oz/a/2wk

Primo 6 oz/a/2wk

ﬂrimmit«'%z/ a/4wk
o 1

Anuew 12 oz/a/ZW}g

-

Anuew 20/a/2wk

e

o o %)2 03 £ 04 05~ 06 P4 osi/ -
=14 BaysAfterInltlaf Tmt (27 July) 3

Apphcatlon 14 July, 2017 )&

TURF RESEARCH —— P
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"~ Primo 6 oz/a/WE?‘r

- Prjmo 3 oz/a/2wk

Primo 6 oz/a/2wk
ﬂrimmité%z/ a/4wk
- Anuew 12 oz/a/2wk
"~ Anuew 20/a/2wk
| i éz 03 04 05 =06 07 08 -
= I:I-l " =63 Days After Inltlal’Tmt (14 Sept) \
NC sme/// - Inltlal Application: 14 July, 20T7

TURF RESEARCH



UltradwarﬁBermtrdagrass V\Cm{epmg Beﬂtgrass
Summary

I Ultradwarf bermudagrasses are excellent for
putting.greens

?

I Ultradwarf bermudagrasses are not lower
maintenance than creeping bentgrass

I Management is vastly different but basically
you are trading one set of management issues
@ for another set of management issues.
g

NC STATE/
TURF RESEARCH



Ultradwarf.Bermudagrass V\Cm’epmg Beﬁtgrass
Summary

o —

—
R

“— [ Ultradwarf bermudagrasses (so far) have to
be regressed more often than creeping
bentgrass.

—

I Poa annua is more easily managed in
bermudagrass greens but herbicide resistance
IS 2 major issue.

o

NC STATE/
TURF RESEARCH




Ultradwarf.Bermudagrass V\Cm’epmg Beﬁtgrass
Summary

“~ [ Ultradwarf bermudagrasses require
significantly more sunlight than bentgrass.

I Recognize the maintenance calendar is
significantly different and see how that
matches with your golf course golf rounds by
month.

o

NC STATE/
TURF RESEARCH
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Best Defe-nsg: Against Pests’”

.

4\

I Dense competitive turf!!

I Any agronomic practice that
promotes dense turtf is the best
‘defense against pests.

o

NC STATE/
TURF RESEARCH
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I’reventmn of one- urfgrgs
spec1es from encroaching
-on another

-

Mechanical edging is very
effective
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Effect of Putting Green Age on Annual

Bluegrass Cover (First 15 Years)

40

35

30

25

20

15

Annual bluegrass cover (%)

10

R*=0.95

y =2.22x +3.25

6 3 10

Puttmg grfen age (yr)

“l
B2 I HY

12

14

16



Perennial Biotype (%)

‘N =163 }
: " : ] ~li" ‘ ) "

Effect of Putting Green Mowing Height
on Percentage of Poa that is Perennial

50

45
40 —

y =-0.0141x% + 2.8317x - 100.71

35
R*=0.81934

30
25
20
15
10

5

0
90 100 110 120 130 140 150 160

Green mowmg I)elght (thousandths IN) |
z i) B
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Conditions That Promote Poa annua sj) and

L Bentgrass
% N Poa annua

Moisture Wet
Soil Conditions Co?npacted

Core Cultivation Decreases comp.

N Fertilization High

Clipping Removal Decreases comp.

pH 6.0 — 7.0

—_—=

Bentgrass
Moderate
Uncompacted
Increases comp.
Moderate

Increases comp.

5.5 -6.0
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Creeping bentgrass vs Poa annua

I Creeping bentgrass is more drought
tolerant and heat tolerant than Poa
annua.

I Poa annua is more susceptible to winter
injury than bentgrass






NC STATE UNIVERSITY
()

Managing Summer Stress and Summer

Diseases in Cool-Season Grasses

Jim Kerns, Ph.D.

Assistant Professor and Extension Specialist
NC State University
Department of Plant Pathology



2011 TDL Professional Diagnoses

Take-all
6%

Others
. 10%
SSnow Molds
FAiry Ring
"3 7o B
Leaf spotsti,
3% -
Brown Patch
3%
grown Ring Patch

. TOTAL = 91

foliar blight or root rot Abiotic
4% 44%

Summer Patch

6%

Anthracnose
14%

W TURFGRASS DIAGNOSTIC LAB
UNIVERSITY OF WISCONSIN-MADISON



Disease Triangle

PATHOGEN
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Four factors contribute to summer turf stress/loss

‘en assoclated w/

|. Heat - most difficult to control o

drought stress (non-irrigated conditions)
2. Wear
3. Desiccation

4. Disease: anthracnose, leaf spots, bacterial diseases.

Pythium, summer patch



Reasons for Root Loss

Above ground
= photosynthesis declines, photorespiration increases
= plant consumes more energy than it produces

= carbohydrate reserves depleted, leading to loss of root

Mass



Time of Year Effects

Photosynthesis

Respiration

Photosynthesis or Respiration

March June Sept Dec

Slide Courtesy of Dr. Brian Horgan



Photorespiration

* High Temps ¢ 24-C
* CO2 + H20 = Less Sugars (C6H1206)

* On hot dry days, turfgrass plants (C3) are forced to close
stomates to prevent water loss. PR occurs when CO2 levels
inside leaf becomes low. CO2 levels drop relative to O2 levels
in plant. When CO?2 levels drop below 50ppm, O2 starts to

combine with Rubisco instead of CO2Z. Photosynethetic output
drops by about 25%.



Photorespiration

Photorespiration

Photosynthesis

8 am 12 pm 7 pm

Slide Courtesy of Dr. Brian Horgan



Types of Heat Stress

= |ndirect

= |ong periods of temps above optimal

= Not immediately fatal

= Negative effect on physiological processes
= Direct

= Rapid increase in temp, last for a short time

= Denature proteins

= Cell membrane rupture

= More of a problem in roots

= Rarer than indirect stress



Morphological Effects

Chlorosis

Reduced shoot growth

Reduced root growth (length, viability)
Tillering

L eaf size

Turf density



Effects of Heat Stress

Increase In rate of root maturation: no new roots

Death of root system

Decline in shoot growth (reduced leaf width, length,

and rate of appearance)



‘Penncross’ response to Day/Night Temperatures

9.0 . — ——
.? \ o \
g 6.8 -
U e —
T 4.5 \
- —
= \
23 71 ~68/68 =95/68
00 L ~68/95 =95/95 | | | | !
0 14 28 42 56
Days of Treatment
= After Xu & Huang, 2000 gj }

S



Creeping bentgrass root influenced by temperature

Penncross

Mowing/day




Cooling with Fans and Syringing

LSD0.05 = 0.7
18 Aug. 2000
Max air temp. = 39
~Control Syringing ~Fans ~Syr + Fans
35.0
o
— 32.3
)
-
-
-
(48]
3
S 29.5
=
)
-
3 26.8 -
24.0 | | | | | | | | |
N N N N N
N4 & R o) >
Hour of Day

Guertal et al., Crop Sci. 45:245-250, 2005



Temperature, °F

Cooling Effects of Syringing

~a

| — Syringed =~ :
88— , N
| ==== Not syringed ,/_ ]

I S

Source: Beard, 1973

6

10 N 2

Time of day



Syringing

" |[n general, In areas where cool season turf Is
orown

= Syringing causes a | to 2°C decrease In canopy
temp. for up to 2 hours



| 5N root uptake

80
= N uptake indication of o S 5 =
. . . o)
amino acid production £
€ ~&-Penncross  -0-L-83
0 !
& 4
Q
O
£ 2 ‘
* I5N highestin May, |
lowest In August € e R
g2 6N T2 8t ST At 1ME fand

2000

)



Nitrate Reductase Enzyme

= NR key enzyme in NO3

assimilation (sensitive to @
high temps)

N
O
3

i N
O
1

= NR lowest In summer

. |
<)
1

NR activity (nmol KNO2g' h'")
= S

= Nutrient uptake i

~A-Penncross

.

|

-0-1-93

inhibrted when temps 5112
high

Slide Courtesy of Dr. Brian Horgan
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IMPACT OF NITRATE CONCENTRATION ON ROOT
AND SHOOT GROWTH

0.035 mM

1.0 mM
Nitrate-N

Elevated nitrate (1.0 mM)
dramatically reduced root
growth with only modest
increase in shoot growth.

Nitrate delivered via the xylem
to shoots diverted fixed C
from transport to roots to

amino acid synthesis in leaves
and greater shoot growth.

Slide Courtesy of Dr. Brian Horgan



0.035 mM

Replacing nitrate with

ammonium promoted
shoot growth without
inhibiting growth of roots.

Here there was no

nitrate present to

inhibit transport of
sugars from leaves to roots.

NH4+ in solution

Slide Courtesy of Dr. Brian Horgan
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Compaction Increases Heat Capacity

[] Soil Particles [l Water  [] Air

\)(

Non-compacted




Venting and Aerification

Golf Course Greens: Poke holes every three weeks

Increase surface gas exchange and drainage

by = Temperature mo'de'ratioh.

. > -




Mowing Height

Increasing Photosynthetic Potential

+25%

+13%

Low Medium High

Courtesy Dr. Greg Bell, Ok State



Turfgrass quality on a creeping bentgrass putting green during summer heat stress, June — August, 2004.

2004
Treatment June July August
Mowing 8.00AB 7/.67AB 7.00CD
Mowing w/ rolling 8.00AB 7.5BC 6.67D
Alternating mowing w/ rolling 8.33A 8.17AB 8.00AB

Interaction means followed by the same letter are not significantly different according to LSD(0.05).

Slide Courtesy of Dr. John Sorochan gj/ﬁ



Turfgrass quality on a creeping bentgrass putting green during summer heat stress, June — August, 2005.

2005
Treatment June July August
Mowing 7.00A 7.00A 6.00B
Mowing w/ rolling 7.00A 6.23B 543C
Alternating mowing w/ rolling 7.00A 7.00A 6.87A

Interaction means followed by the same letter are not significantly different according to LSD(0.05).

Slide Courtesy of Dr. John Sorochan gj/ﬁ



Treatment Effects for Green Speed: Knoxville, TN (I June — | September 2006)

15.00
Walk-mow
Walk-mow and Rolling

= Walk-mow alternating w/ Rolling

13.11
- . Note: All other
= + + + + +
;/12.17 T [7ET:
O [ ] [ ]
8 uml significant at 0.05
CD [ ] [
a probablilty level.
= 10.28 - -~ \
@)
o
= 933 =~ N
as)

8.39

7.44

6.50 | | | | | | | | |

1 2 3 4 5 6 7 8 9 10 11

Dr. John Sorochan Weeks



Conclusions

Statistical differences are not realistic for ball roll
distance.

Differences of |5 CM are not noticeable by the
average golfer (Karcher et al., 2001).

Speed differences for treatments greater than |5
CM

4 of 3/ collection dates for AMR compared to
MOW

Slide Courtesy of Dr. John Sorochan gjﬁ



Conclusions

Superintendents should consider:

Alternating mowing with rolling during
periods of heat stress

Improve turfgrass qualrty
Maintain reasonable green speeds

Potentially reduce costs!?
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Summary of Summer Stress Management

= Maximize carbohydrate reserves
= Moderation of N (ammonium based)
= Raise mowing height
= Reduce mowing frequency
= Syringing
= Venting
= [opdressing

= Potentially fans

= (Chemical applications






il

© e

(1 Mg

, rch wi
Plant Growth Regulators

th

Resea



> > FPP-» GGPP Chlormequat-Cl
Mepiquat-Cl

O AMO-1618
Chlorphonium-CI
Tetcyclacis |

Ancymidol

Flurprimidol
Paclobutrazol
ent-Kaurenonc Acid | Uniconazole-P

Inabenfide

"
CoON

+

Prohexadione-Ca
Trinexapac-ethyl
Daminozide

Figure 1 Sunplibad scheme of biosynthetic steps involved in GA hiosynthesis and pomis
of mhibica by plant growth retardants (X, x = major and mmor activity, respectively).
(See text for abbreviatoas )
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