
Located 35 
miles from 
NYC
in the state of 
New Jersey.



Searching for the theory of everything in the universe. 

Albert Einstein E = mc2

and

Quantum mechanics physical properties of 
nature at the scale of atoms and subatomic particles.

Question, 
May I ask:

What does this 
have to do with 
grasses, 
golf courses
and sports turf.



In our world of grasses, golf courses and 
sports turf we would like to better 

understand how everything a turf manager 
may do is interrelated to the outcome.

The study of turf ecology 
“The relations of organisms to one another 

and to their physical surroundings.”   



Our		discussion	today	and	tomorrow	
will	include…

How	a	turfgrass	grows…

History	of	mowing	height	of	cut	on	greens…

History	of	putting	green	speed…

Fine	fescues	and	turf…

Poa	annua	and	putting	greens…

The	bentgrass	species…

Breeding	bentgrass	at	Rutgers	University…



Parts of a Grass Plant

Stolons – modified above ground stems
Rhizomes – grow beneath the ground.

Creeping bentgrass – aggressive stolons
Browntop / Colonial bentgrass – weak rhizomes
Chewings fescue – NO stolons or rhizomes
Poa annua – NO stolons or rhizomes



Turfgrass Stems
Stolons
� Grow	along	surface	of	the	
ground

� Grow	roots	and	shoots	at	the	
nodes

� Branching	can	occur	at	the	
nodes

� Stoloniferous	grasses	can	be	
vegetatively	propagated

Creeping bentgrass will 
produce aggressive stolons.



Development from seed to maturity

Tillering
at	the	

base	of	the	
grass	
plant.

The	“Crown”	is	where	
cell	division	occurs	--

apical	meristem,
leaf	primordia



Protecting the Crown

Example	of		a	“node”
that	has	the	ability
to	produce,
1.Leafs	
2.	Roots
3.	Tillers
4.	Rhizomes
5.	Stolons

For a healthy stand of turf to survive
the crown / nodes must be protected 
from mowing, foot traffic and compaction.   



Leaf Formation and Meristematic Activity

Cell	division

Cell	enlargement	–
think	blowing	up	a	

ballon.

Leaves	emerge	from	
the	outside	(oldest	
leaf)	to	the	inside	
(youngest	leaves).



Leaf Formation and Meristematic Activity

Leaf emergence from the growing point –
cell division / cell enlargement

Each	grass	tiller	grows	from	the	outside	in	
and	has	a	limited	number	of	leaves	that	

may	be	produced	– count	the	rings.



Leaf Formation and Meristematic Activity

Mowing leaves
does not affect
the crown of the
plant. Mowing low may

damage the crown 
of the plant.

Youngest	
leaf

Oldest	
senescening	

leaf.
Mature	
leaf



FORMATION OF THE GRASS INFLORESCENCE

Vernalization	- Low	
temperature	induction	-
occurs	at	the	growing	
point	

Cool-season	grasses	have	
a	vernalization	
requirement	as	the	first	
prerequisite	for	
flowering	- Most	
effective		temperatures	
are	32	to	50	o F



FORMATION OF THE GRASS INFLORESCENCE

Two	types	of	induction	
processes	are:

Vernalization	–
low	temperature	
induction

Photoperiod	
induction	-
daylength



GRASS INFLORESCENCE
Vernalization	period	and	temperature	differs	
for	different	species.

� Perennial	ryegrass	– minimal	requirement
� short	period	– few	weeks
� temperatures	– 45	–50	o	F
� Only	need	one	vernalized	tiller	for	whole	plant	to	flower

� Creeping	bentgrass	– high	requirement
� longer	period	– 2	- 3	months	
� temperatures	– 40	oF
� Only	tillers	vernalized	will	flower	– doesn’t	transfer	to	
tillers	developed	in	the	spring.



FORMATION OF THE GRASS 
INFLORESCENCE

Photoperiod	induction takes	place	in	the	
leaves.

Photoperiod	induction	involves	the	production	of	
a	flowering	stimulus	in	the	leaves	and	its	
translocation	to	the	stem	apex	under	certain	day	
lengths.

Cool-season	grasses	are	long-day	plants	(Poa	
annual	is	day	neutral);	flowering	only	occurs	after	
exposure	to	day	lengths	greater	than	a	critical	
number	of	hours.



The Inflorescence

Of	the	
thousands	
of	grasses	
on	this	

planet	only	
a	handful	

will	
tolerate	
close	

mowing.	

Elongation	of	
the	

reproductive	
“culm”	is	

initiated	by	
daylength.

Inflorescence	
=	stem,	stalks,	
bracts,	and	
flowers.



The Inflorescence
Spike - all	spikelets	are	on	the	main	axis	as	with	ryegrass.

Raceme - spikelets	as	found	with	the	warm	season	grasses	
St.	Augustine,	carpetgrass.

Panicle - spikelets		as	found	with	bluegrass,	bentgrass	and	fescues.







The Inflorescence

FloretGrass Flower Spikelet

Perfect flower –
Contains both male
and female parts.

Single flower 
enclosed by 
lemma and palea

Contains one or 
more florets –
at the base
by two empty floral
bracts called glumes



The Grass Flower
�Male	portion	of	the	
flower:	three	stamens	
(pollen	bearing	anthers	
and	their	filaments).

� The	female	portion	is	
pistil:	single	ovary	and	
usually	two	feathery	
stigmas	and	styles.

�Ovule– immature	seed	
contained	within	ovary.



awn
stigmas

anthers

Spikelet with 2 florets

palea

lemma



ANTHESIS, POLLINATION AND 
FERTILIZATION

Both	cross- and	self- pollination	occur	
within	the	grass	family.

�Cross	– bentgrass,	ryegrass,	fescues

�Self	– Poa	annua



Flower Initiation – after induction.

After	
induction	the	
inflorescence	

forms.









Removal	of	the	inflorescence	by	
mowing	does	not	remove	future	
leaf-producing	structures,	may	

stimulate	development	of	
subsidiary	tillers.

Now	we	know	why	we	
can	cut	turf	without		
damaging	or	killing	

these	grasses.



Seed Production
Primary	turf	seed	production	– Pacific	Northwest

� Williamette	Valley,	OR
� Idaho
� Washington

Breeding	efforts	include	good	turf	quality	and	good	seed	
production	– often	a	negative	correlation.



Primary grass seed production in the 
States of Washington, Oregon and Idaho



Now, let’s continue on with our 
discussions to better understand all 

of the interactions you, as a turf 
manager, need to know…

That	is	a	lot	of	
information	to	

keep	in	my	
brain.



Height of cut may 
determine the outcome 

of what grass species 
will survive on a 
putting green. 



When does mowing harm a grass plant?

Protecting what is called the “crown,”  “leaf primordia” 
and the “apical meristem” is the ultimate answer.

There are grass species that tolerate mowing as the 
crown is protected from the mower –

the “apical meristem” is below the mower blade.

There are grass species that do not tolerate 
mowing because the area of leaf formation is damaged 

or removed.



Low mowing has a direct impact on how a grass 
species will survive.

Low mowing demands species that will maintain 
density at the lowest height of cut.  



FINE	FESCUES
� Chewings	fescue	(Festuca	rubra	subsp.	falax)
� Strong	creeping	red	fescue	(Festuca	rubra	
subsp.	rubra)	

� Slender	creeping	red	fescue	(Festuca	rubra	
subsp.	littoralis)

�Hard	fescue	(Festuca	brevilipa)
� Blue	fescue	(Festuca	glauca)
� Sheep	fescue	(Festuca	ovina)



It	is	most	common	for	fine	fescues	to	
thrive	on	traditional	“Links	land”	sites.

North	Berwick,	Scotland

Links land definition – the link between the sea and
agricultural land.



Strong 
Creeper Chewings

Slender 
Creeper

Strong rhizomes Limited rhizomes Clump growth,
No rhizomes



Fine-leaved fescues were a dominant grass species found 
growing  on putting greens on early links courses.

Tain Golf Club, Scotland



Chewings fescues form a dense turf and can be mown to 
approximately  6.4 mm (¼ inch) height of cut. 

Fine fescues commonly may NOT persist 
under a lower height of cut.

Tain Golf Club, Scotland



Chewings Fescues in Mixtures

May	dominate	mixtures	with	perennial	
ryegrass	and	bluegrass	(segregate	into	
patches).

Poor	to	fair	traffic	tolerance	and	recovery	
from	injury.

May	accumulate	thatch	quickly



Creeping red fescue
� Abundant	rhizomes

� Strong	seedling	vigor

� Resistant	to	powdery	mildew

� Poor	traffic	tolerance

� Good	recovery	from	summer	injury

� Cold	hardy



Contributions of Strong Creeping 
Red Fescues in Mixtures

1. Good	establishment	rate
2. Very	cold	hardy
3. Resistant	to	patch	diseases
4. Performs	well	at	low	fertility
5. Shade	tolerant
6. Not	overly	aggressive	in	mixes
7. Rhizomes	add	sod	strength	and	aid	fall	

recovery
8. Reduced	thatching	tendency



The strong creeping and slender creeping red 
fescues produce a more open turf than 

the Chewings fescue.



Limitations of Strong Creeping Red Fescues 
in Mixtures

1. Poor	to	fair	traffic	tolerance	and	recovery	from	injury
2. Doesn’t	tolerate	close	mowing
3. Needs	better	overall	high	cultural	intensity	disease	

resistance.

How	do	I	keep	
all	this	stuff	
in	my	head.



Hard and Blue Fescues 
(Festuca brevipila and F. glauca)

� Hard	fescue:		Shade	tolerant	and	low	maintenance.

� Blue	fescue:		Possess	stiff,	bluish-green	leaves	and	
require	little	maintenance.

Creeping
red fescue



Contributions of Hard Fescues 
in Mixtures

1. Slow	vertical	growth	rate
2. Outstanding	disease	resistance	(dollar	spot,	

red	thread,	and	leaf	spot)
3. Very	good	heat	and	drought	tolerance
4. Maintains	excellent	density	at	low	fertility
5. Good	compatibility	with	other	species

So,	I	don’t	use	hard	
fescues	or	blue	

fescues	on	putting	
greens.	



Limitations of Hard Fescues 
in Mixtures

1. Will	not	tolerate	close	mowing	(below	3cm)
2. Susceptible	to	patch	diseases	(especially	when	

compacted)
3. Less	seedling	vigor	than	creeping	or	Chewings	

fescues
4. Will	not	tolerate	traffic	when	wilted
5. Thatch	tendency.

Hard	fescues	are	
best	used	for	NO	
MOW	areas..	



Hard fescue

� Bunchgrass
� Less	seedling	vigor

� Slow	growing
� Poor	traffic	tolerance

� Cold	hardy



Blue and sheep fescue

� Bunchgrasses
� Less	seedling	vigor
� Slow	growing
� Poor	traffic	
tolerance

� Cold	hardy



Blue fescue



Blue fescue seedheads…



Blue fescue seedheads…



The blue, hard, and creeping red 
fescues are not very tolerant of a 
low height of cut (below ¾ inch).



Poor traffic tolerance of fine fescues…



Now, let’s continue on 
with another topic…

Do	people	who	
grow	grass	

really	need	to	
know	all	this	

stuff.	



There	was	cattle	grazing	on	the	links	–
1860’s	at	St.	Andrews,	Scotland.	

Sheep	were	allowed	to	graze		on	golf	courses	as	
sheep	were	the	most	efficient	lawnmowers	

during	the	early	1800’s.



Golf	course	use	sheep	to	graze	the	fescue	turf.

Brora,	Scotland	– STILL	HAS	SHEEP	TODAY.

Sheep are efficient lawnmowers of turf.



“There are greens on which rabbits are the chief, 
and almost the only, greenkeeper”

Horace Hutchinson, 1906

A common duty of early greenkeepers was to brush away 
rabbit pellets from the putting greens.



“As a rule there are rabbits on courses…as they are of immense 
help to the greenkeeper.  They keep the grass fine, and also 

keep the mowing bill down.”  
Herbert Fowler, 1906



“The rabbits crop the grass short and produce an admirable 
quality of springy turf. I do not suppose any other greens are 
kept up to an equal degree of excellence with so little expense 
in wages of greenkeepers as these, and all because the rabbits 
do so much of the work, without payment.”  

Horace Hutchinson, 1906



Scythe is an implement consisting of a long, curved single-edged 
blade with a long bent handle, used for mowing or reaping.



Mowing	the	18th green	at	St.	Andrews	with	a	scythe…



Early	mowing	heights	on	greens



During the 1920’s, new types of 
power mowers for greens were 

developed… mowing heights 
became tighter.

North Berwick, Scotland



The first Jacobsen 
walking greens 
mower was made 
available in 1923.



During the 1920’s, new types of 
power mowers for greens were 
developed… mowing heights 
became tighter.

North Berwick, Scotland



Mowing	height	of	cut	and	species	
ability	to	persist	in	a	turf.

We	know	fescues	form	a	dense	turf	to	a	height	
6.4	mm	(¼	inch)	and	browntop	bent	performs	

well	to	9.5	mm	(3/8	inch)		

However,	fescues	and	browntop	bent	
have	difficulty	persisting	under	

a	lower	height	of	cut	
of	3	mm	(.120	inch).



The History of Green Speed
� 1930’s,	3/16	or	.188	inch	(4.76	mm)	cut	was	the	
lowest	due	to	the	thickness	of	the	bed	knife.

� 1970’s,	3/16	or	.188	inch	(4.76	mm)	cut	was	still	the	
tightest.	1975	average	green	speed	6	feet,	6	inches	
(195	cm).



Putting Green Mowing Heights
� ¼”						=	.250		(6.35	mm)				Prior	to	1920’s		

� 3/16”		=	.188		(4.76	mm)			1920’s	- 1970’s

� 5/32”		=	.156		(3.97	mm)			1980’s

� 1/8”				=	.125			(3.18	mm)		1990’s	

� 7/64”		=	.110			(2.8	mm)		2022

Bentgrass	
and	Poa	

annua	will	
persist	at	
this	low	
height	of	

cut.



The History of Green Speed

� 1930’s,	.187	or	3/16”	(4.76	MM)	height	of	cut	was	the	
tightest	cut	on	greens	due	to	the	thickness	of	the	
bed	knife.

� 1970’s,	.187	or	3/16”	(4.76	MM)	height	of	cut	was	still	
the	tightest	cut.	

� 1975	average	green	speed	6	feet,	6	inches	(195	CM)	
(Al	Radko,1978)



In the year1975 average green speed 
was 6 feet, 6 inches (195 CM) 

(Al Radko,1978, USGA Director)

What did you say?



1975 average 
green speed 

6 feet, 6 inches 
(195 CM).

1970’s…High Cut and 
Slow Green Speeds.



Given this fact the average green 
speed would have changed little over 

this period -1920’s to the 1970’s.

Bobby Jones Jack Nicklaus



Extremely fast green speed is a 
relatively new phenomenon…

only since the early 1990’s. 

Bobby Jones 
1930 US Open winner



Recent demands for 
faster greens…

� Require	more	and	better	equipment
� Use	of	rollers	on	greens…most	of	the	time
� Must	have	better	varieties	of	grasses
� More	labor	for	extra	rolling	and	mowing
� Greens	architecture,	increased	greens	speed	and	
lack	of	pin	locations

� All	adds	up	to	more	money	needed	for	golf	course	
renovation	and	maintenance.	



Much to consider about 
green speeds!

� Fair	cupping	locations	for	a	green	– the	faster	the	
greens….less	locations	for	pins	on	greens	with	severe	
contours.

� Good	greens	are	not	all	about	speed	– surface	
smoothness	is	equally	important.

� Much	too	much	emphasis	on	Stimpmeter	readings.

� Height	of	cut	and	health	of	the	turf.



Putting	Green	Mowing	Heights

� 6.35	mm	(.250	inch)			Prior	to	1920’s	

� 4.75	mm	(.187	inch)				1920’s	- 1970’s

� 3.96	mm	(.156	inch)				1980’s	

� 3.18	mm	(.125	inch)					1990’s	

� 2.54	mm	(.100	inch)			2022			



Today,	the	most	common	
greens	height	is	between	

3.2	mm	and	2.75	mm.
Both	fine	fescues	and	browntop	bent	may	not	

persist	well	at	these	mowing	heights.	



Today	golfers	request	
faster	putting	green	

speeds.

Use of a stimpmeter
to determine green speed 

on any one day.



What is Green Speed?
Green	speed	defined	as	“a	term	used	to	
describe	the	distance	a	ball	travels	on	a	golf	
putting	green	when	released	from	an	inclined	
plane	called	a	Stimpmeter”

(Hartwiger	et	al.,	2001)



The Stimpmeter
� Thirty-six-inch	long	aluminum	bar
� V-shaped	groove	
� A	milled	ball-release	notched	thirty	inches	
from	the	end	that	rests	on	the	putting	green

� A	ball	is	placed	on	the	notch,	the	Stimpmeter	is	
raised	until	the	ball	releases	from	the	notch,	
rolling	down	the	V-shaped	groove

� The	ball	roll	distance	is	measured	for,	providing	
the	green	speed	for	the	day

� Use	an	average	measurement	of	six	ball	rolls,	
three	in	each	direction	





The Stimpmeter in its present form 
was first released in 1978.

One	of	the	goals	was	to	set	limits	on	the	speed	
of	severely	contoured	greens	so	that	the	golfer	
would	have	fair	pin	placements.



Use of the Stimpmeter was never 
intended for course comparisons.

Tain, Scotland

The Masters at Augusta… Do not forget this point!



Uniformity	in	this	context	refers	to	ensuring	consistent	
playing	conditions	on	all	greens.	

No. 15 at Tain, Scotland…



Uniformity	was	the	major	objective	in	the	
creation	of	the	Stimpmeter:

1.	Uniform	speeds	from	green	to	green
2.	Uniform	speeds	on	different	

areas	of	the	same	green.

No. 16 at North Berwick, Scotland…



The Stimpmeter was never 
intended to be the speedometer 

for putting greens.



Golfer Perception
� Golfers	cannot	detect	differences	in	green	speed	of	6	
inches	or	less	(15	CM).

� The	majority	of	golfers	can	detect	differences	in	green	
speed	up	to	a	foot	(30	CM).

� As	the	green	speed	increases,	golfers	ability	to	detect	1-
foot	(30	CM)	differences	in	speed	diminishes.	

(Karcher	et	al.	2001)



So,	uniform	speeds	are	achieved	when	all	18	greens	
have	Stimpmeter	measurements	within	6	inches	

(15	CM)	of	one	another.



What is Green Speed?

1.		The	perceived swiftness	with	which	a	golf	
ball	travels	across	the	putting	surface	after	it	has	
been	struck	with	a	putter	by	a	golfer.

No. 13 Augusta National, 13 green



What is Green Speed?
2.		The	average	distance	of	six	golf	balls	(three	rolled	
in	one	direction	and	three	rolled	in	the	opposite	
direction)	released	from	a	Stimpmeter.

Rutgers University
putting green 
test plots.



Instead of entering into a contest to see how low greens can be cut, 
the contest should be to find out how high turf can be 

cut without serious complaints.

Putting green speed is determined not only by height of cut 
but by all maintenance procedures including rolling, fertility, 

type of mower, thatch management and topdressing…  



The Law of Diminishing 
Returns for Green Speed

Any	management	practice	that	results	in	a	change	in	
green	speed	of	less	than	6	inches	(15	CM)		as	measured	
on	the	Stimpmeter.



“Mowing putting greens to .110 
inch (2.75 mm) may have a high 

biological cost”… 

to include decreased traffic 
tolerance, reductions in turf 
density, increased algae, and 

decrease in root weight.



Tain Golf Club, Scotland

Low mowing may hurt Chewings fescue…
Low mowing may eliminate Chewings fescue…
Low mowing may encourage Poa annua…



Turf growing in low light:  Less turf density, longer leaves, 
less traffic tolerance, and more upright growth…

Daylength gets	shorter	in	
September	=	less	hours	of	sunlight.

Less	sunlight,	raise	the	greens	
height	of	cut	in	September.	



Turfgrass may be harmed physical conditions:

�Mower	Injury, dull	mowers	tear	or	shred	grass	
blades.

� Scalping	Injury, mowing	so	short	that	brown	
stem	tissue	is	exposed.

� Leaf	or	crown	bruises, pressure	from	mowers,	
vehicles	and	foot	traffic	damages	leaf	cells.

� Abrasive	injury,	mower	damage	from	twisting	
and	turning	of	equipment.



Double Cutting
When	double	
cutting	for	a		
tournament,	
best	results	will	
be	achieved	if	
the	double	
cutting	is	
initiated	several	
days	prior	to	the	
event.
(Nikolai,	2003)

Masters Week, practice round…

Rolling	or	double	cutting	a	
green	provides	a	temporary	

enhancement	of	green	
speed	– up	to	8	to	10	hours.



Vibratory light weight rolling



Long Term Light Weight Rolling

� Increases	in	green	
speed	attributed	to	
lightweight	rollers	can	
be	detected	on	the	day	
greens	are	rolled.	

� Increases	in	speed	
attributed	to	rolling	
every	other	day	results	
in	greater	or	similar	
green	speed	increases.

Bethpage Black, US Open week



One option to consider:  

Alternate days mowing 
and rolling greens.  

For example, mow 
greens Tuesday, 
Thursday, Saturday 
and roll greens 
Wednesday, Friday and 
Sunday.



Let’s summarize, good greens are:
� More	about	uniformity	of	
all	greens.

� More	about	smoothness	
and	consistency

� Less	about	absolute	speed	–
faster	greens	means	less	pin	
placements	available	for	
use.



Can we talk more tomorrow,
its time for my nap…

My	aiti
(mommy)	said	I	
need	to	go.		Bi	

(Bye)!



To resume tomorrow, 
the rest of the story.



With	today’s	low	
mowing	heights	on		
greens	what	will	be	
the	consequences?



If	the	greens	cut	is	6	mm	or	lower	both	fine	fescues	
and	browntop	bent	will		have	difficulty	persisting.	

Fescues	will	have	difficulty	persisting		
when	cut	lower	than	6.4	mm	(¼	inch).	



How	browntop	bent	will	perform	depends	on	height	of	cut.	

For	fairways,	tees	and	approaches	to	greens	a	cut	of		
9.5	mm	(.375	inch)	browntop	will	do	well.	

Portrush,	Ireland



For	greens	cut	lower	than	3.5	mm	(.140	inch)	browntop	bent	
and	fescues	may	not	persist.	

The	low	heights	of	cut	will,	in	time,	chase	away	the	fescue	
and	browntop	/	colonial	bents	from	the	surface.

Turnberry,	Scotland



When fescues and browntop bents are 
eliminated by low mowing – 3 to 4 mm 

and lower? 

You can expect Poa annua to take the 
place of the fescues and 

browntop bent.



The	75	degree	F	mid-summer	(July)	isotherm	effectively	
demarcates	those	regions	in	which	Poa	spp.	form	more	

than	5%	of	the	total	grass	species.



Annual bluegrass
(Poa annua)

Annual bluegrass, also known as annual meadow-grass
is a common grass worldwide that is often

observed as an unsown component of many 
different types of turf.

For over a century, the utility of Poa annua as turf has
been a controversial topic.

Attempts to eradicate Poa annua or to find use of
it, first, it is necessary to learn about the 

characteristics of the species.



Poa annua is the most widespread 
turfgrass species maintained on 

intensively cultured turf.  

Many of the best golf courses in the world 
have greens composed, at least in part, 

of annual bluegrass.

Despite its dominance and persistence, 
on golf greens, it is considered a weed by many 

turf professionals.



Annual bluegrass
(Poa annua)



Annual Bluegrass, meadowgrass Poa annua

� Poa	annua	reptans -- perennial	biotypes	found	
primarily	on	closely	cut	putting	greens	in	cool	
season	climates.

� Poa	annua	annua -- annual	biotypes.	The	annual	
biotypes,	a	true	winter	annual	by	seed	germinating	
in	the	fall	months	from	seed	deposited	in	thatch	
and	soil	the	previous	spring.



Poa annua annua

� Individual	plants	capable	
of	producing	1,000	–2,250	
seeds	per	season.		

� Low	mowing,	still	capable	
of	producing	350	
seeds/plant.

� Seeds	viable	in	soil	for	up	
to	six	years	in	the	soil.



Individual plants capable of producing 1,000 –2,250 seeds per season.  



Poa annua is a fierce competitor.  
The diversity of  Poa annua allows it to 

adapt to many environments. 

Poa annua invasion of a green makes 
for a bumpy inconsistent putting surface.



Poa annua seedlings 60 days after germ… seed from soil bank 



Poa annua seedlings 60 days old from seed in the soil…



Poa annua annua
� Coarse	textured
� Lighter	green	color
� Abundant	seedhead	
production.

� Seed	produced	all	
season	

�More	open	turf
�More	annual	nature
� Depends	on	abundant	
seed	to	survive

� Limited	or	no	stolons



Poa annua annua

� Germination,	late	summer/early	fall
� Daytime/nighttime	temps	of	70/50	F	with	maximum	
germination	in		full	sunlight.

� Bunch	type,	non-stoloniferous
� Vegetative	growth	in	late	summer/early	fall.
� Reproductive	growth	in	spring.		Death	in	summer	or	
when	temps	reach	90+	F.



Putting green infested with Poa annua. 
What is the Poa population of the green below?

Mowing height and soil compaction are often associated 
with increasing Poa annua.

Greens	heavily	
infested	with	
Poa annua…
NOT	GOOD.



Microdochium nivale also known 
as “Fusarium patch” and 

earlier as “Pink snow mold”.



Microdochium patch

A most important disease in areas 
with extended periods of 

cool wet weather. 
Appears as reddish brown spots. Without snow cover, the 
spots range from less than 1 inch. (2.5 cm) to about 8 in. 
(20 cm) in diameter. With snow cover, the spots are 2-3 
inch. to 1-2 ft. (5-7.6 cm to 0.3-0.6 m) in diameter, tan to 
reddish brown. Pink mycelia, seen shortly after snow melt 
near the margin of the patch.



Annual bluegrass 
Poa annua

is extremely 
susceptible to 

Microdochium patch. 

Creeping bentgrass is 
genetically more 

resistant to 
Microdochium. 



Encouraging Poa annua

�Low	cutting	heights.
�Poor	drainage	or	over	watering
�Excessive	fertilization	(especially	during	
cooler	months).

�Excessive	nitrogen	/	phosphorous	levels	
(applied	in	cooler	months).



Discouraging Poa annua
�Raise	mowing	height	on	greens.
� Improving	soil	drainage.
�Minimal	fertilization	during	spring	and	fall.



Controlling winter injury:

Poa annua can  be killed during 
winter where ice forms and persists 
for prolonged periods.

After 75 days under ice, Poa annua 
typically dies, where as creeping 
bentgrass can survive for at least 120 
days under continuous ice cover. 

The loss of Poa annua may be due to 
low-oxygen (hypoxic) and oxygen-
depleted (anoxic) conditions, as well 
as to the buildup of toxic gases (CO2, 
ethanol), under the ice.

Persistence	under	ice,
Poa annua up	to	75	days.
Bentgrass at	least	120	

days.



Controlling winter injury:

With times of alternate freezing and thawing of standing
water lead to high plant hydration levels, ice crystals can
form in the cells of Poa annua crowns, causing the death
of entire plants.  

Also, ice encasement of plant cells can cause extensive turf
damage, even at low internal hydration levels. 





Controlling winter injury:

Ice formations should be broken up and 
removed, breaking up ice on greens and 
leaving the pieces in place may be worse 
than simply leaving the ice undisturbed.

If refreezing does not occur and the standing 
water eventually drains away, ice-related 
injury may not occur.

During ice melt, it is advisable to squeegee 
standing water from the green.  Improving 
surface drainage can substantially reduce
the potential for ice-related damage to Poa 
annua greens. 



Water, Ice and poor drainage
Excessive	water,	
poor	drainage	
causes	a	lack	of	
oxygen	and	
accumulation	of	
toxic	gases	in	soil	
- killing	plants.
Turf	flooded	by	
water	become		
hydrated	causing	
cell	damage.
Prolonged	ice	
cover	of	turf	
causes	cause	
suffocation.



The best way to avoid ice damage to greens is to prevent
ice form forming with use of protective covers.



The best way to avoid ice damage to greens is to prevent
ice form forming with use of protective covers.



I am tired of this Poa annua thing 
and ice and all that junk…

This	turf	talk	is	
getting	

complicated.	
Can	you	please	
change	the	
subject.



In	the	UK	and	nordic
countries	a	standard	
seed	mix	for		
generations	has	
been…	

80%	fine	fescue
20%	browntop		bentgrass*

*by	seed	weight

This	combination	
previously		recommended
for	seeding	greens,	lawn	
bowling,	grass	tennis	
courts	and	lawns.



Then	why	has	creeping	bentgrass	
not	been	more	popular	for	seeding	

greens	in	northern	Europe?



Tradition
“We	have	always	done	it	this	way”

…using	fescue	/	browntop	bent	for	
seeding	golf	greens.	



The	grass	that	
will	persist	
best	when	

maintained	to	a	
height	of	4	mm	
and	lower	is	
creeping	
bentgrass.

Advanced generation
creeping bentgrass varieties will 

perform well to 
2.75 mm (.110 inch).



Bentgrasses (Agrostis spp.)

007 Creeping bentgrass greens
Wentworth West Course, London, England



Bentgrass (Agrostis spp.)
� Creeping	(Agrostis	palustris	or	Agrostis	stolonifera)
� Browntop		/	Colonial	(Agrostis	capillaris)
� Highland	or	dryland	(Agrostis	castellana)
� Velvet	(Agrostis	canina)

007 Creeping bentgrass
Wentworth West Course, 

London, England



Bentgrass can be found growing naturally in all of western Europe.  

South German Bentgrass was harvested from semi - wild pastures 
in present day Austria and Hungary and later from 

other areas of central Europe.  



South	German	Mixed	Bentgrass	originated	from	this	region…found	
naturally	growing	in	fields	and	pastures…	farmers	would	

harvest	the	seed	from	their	land…



Bentgrass
(Agrostis spp.)

� Creeping	(Agrostis	palustris	or	
Agrostis	stolonifera)

� Colonial	(Agrostis	tenius	or	capillaris)
� Highland	or	dryland	(Agrostis	castellana)

� Velvet	(Agrostis	canina)



Shoot Density 

Bentgrass spp. Spreads by
Velvet Bentgrass Stolons
Creeping Bentgrass Aggressive stolons

Browntop /Colonial Short rhizomes

Highland / Dryland Strongly rhizomatous

High

Low

Shoot density is a feature that frequently dictate species selection.  
Density is related to the amount of tillering capacity.



Bentgrass seed 
is small…

� Creeping,	7	million	seeds	/	
pound	

� Browntop	/	Colonial,		
� 7	million	seeds	/	pound

� Velvet,	10	million	seeds	/	
pound

� Germination	rate:	7-10	days



Various	bentgrasses	(Agrostis	spp.)	are	a	common	
component	of	native	linkland	turf.



South German bentgrass usually 
consisted of approximately 75 - 80% 
Colonial / browntop bentgrass, 15 -
25% velvet bentgrass and 1 - 5% 
creeping bentgrass.

Creeping bentgrass – was the 
minority of this mixture.



Bentgrass seed brought from 
Europe to North America from 

1890’s to the 1930’s

South German Bentgrass was harvested from semi - wild 
pastures in present day Austria and Hungary and later 
from other areas of central Europe.  

South German bentgrass consisted of a mixture of 
creeping,  colonial, velvet and redtop bentgrasses. 



Recommended mowing heights…
� Creeping	bentgrass	or	Velvet	bentgrass:	

2.75	– 4.0	mm	(.110	- .157	inches).

� Colonial	or	dryland	bentgrass:	
10	– 15	mm	(.400	- .600	inch)

007 Creeping bentgrass 
fairways, tees and 

greens.
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Browntop		/	Colonial	
(Agrostis	capillaris	/	Agrostis	tenuis)

A	rhizomatous	perennial	native	to	Europe		and	temperate	
Asia,	widely	introduced	to	may	parts	of	the	world.	

This	species	spreads	predominantly	by	
underground	rhizomes.

Upright	fine-textured	with	a	mid-green	to	
grey	green	leaf	blade.	

Tolerates	a	range	of	cutting	height	as	
low	as	10	mm	(.400	inch).		



Browntop / Colonial bentgrass
� As	referred	to	as	brown	top	or	Colonial	bent.

� Has	been	traditionally	been	used	as	a	lawn	grass	in	
northern	Europe.

� Are	fine-textured	grasses	that	have	upright	growth	
and	are	less	aggressive	compared	to	creeping	
bentgrass.



Browntop		/	Colonial	
(Agrostis	capillaris	/	Agrostis	tenuis)



Browntop		/	Colonial	
(Agrostis	capillaris	/	Agrostis	tenuis)

Will not tolerate mowing heights of cut on closely cut putting greens



Browntop /Colonial bentgrass
� Brighter	green	color	compared	to	creeping	bentgrass

� More	resistant	to	dollar	spot	

� More	susceptible	to	brown	patch

� Perform	best	when	mown	between	1/2	to	¾	inch	(12	–
19	mm)

� Best	adapted	for	use	on	fairways	and	tees



Brown patch active on Colonial 
bentgrass (August)

Creeping bentgrass



Browntop / Colonial Bentgrass

1.	A	bunch	type		grass	spreads	by	short	rhizomes	and		
limited	stolons,

2.	Has	good	dollar	spot	resistance	but	are	susceptible	to	
brown	patch	disease

3.	Improved	winter	color	compared	to	creeping	bentgrass
4.	Considered	a	low	maintenance	grass
5.	Improved	recovery	from	drought	stress	compared	to	
creeping	bentgrass.



Limitations of 
Browntop / Colonial Bentgrasses

1. Susceptible	to	brown	patch
2. Less	heat	tolerant
3. Less	tolerance	of	some	

herbicides
4. Less	salt	and	alkalinity	tolerant
5. Should	not	be	mown	lower	than	

10	mm	(.394	inch).



Highland or dryland bentgrass
(Agrostis castellana)

Dryland	bent	grasses	are	similar	in	adaptation	and	
appearance	to		browntop	/	Colonial	bent,	but	is	
more	blue	green	in	color	and	has	rhizomes.

Best	use	would	be	for	fairways	and	tees	in	cool	
season	climates



Highland	or	dryland	
(Agrostis	castellana)

The	Highland	bentgrass	cultivar	
is	a	loose-to-densely	tufted	

perennial,	which	spreads	by	
short,	stout	rhizomes.		

A	better	species	name	is	dryland	
bent	which	is	a	preferred	name	

by	some.



Velvet	(Agrostis	canina)
Velvet	bentgrass	hasone	of	the	widest	distributions	for	bents	.		

Occurs	natively	in	all	of	western	Europe	and	
reaches	into	eastern	Asia.

Extremely	fine	textured,	stoloniferous	grass	able	to	
tolerate	low	mowing	on	golf	course	greens	–

to	2.5	mm	(.099	inch).			



Velvet bentgrass
Velvet bentgrass is found in all of western Europe.  

It was Introduced to North America on (1890-1930’s)
golf courses / turf sites primarily from seed harvested 

from mixed stands of bentgrass sold as South German bentgrass.  

South German bentgrass consisted of a mix of bents in the 
range (+ or - ) of 75% Colonial bentgrass, 15% velvet bentgrass 

and 1% creeping bentgrass (% varied).



Velvet bentgrass (Agrostis canina)
� Forms	the	finest-textured	and	most	dense	turf	of	
the	bentgrasses	(resembles	green	velvet),

� Spreads	by	profuse	production	of	erect	tillers	with	
short,	limited	stolons.

� Can	tolerate	very	close	mowing,

� Can	form	excessive	thatch



Velvet bentgrass patch

Creeping bentgrass



Velvet Bentgrass
1.	Has	slender,	creeping	stolons
2.	Very	fine	textured	- soft
3.	Bright	green	color
4.	Better	tolerance	to	brown	patch,	dollar	spot	and	shade	
than	creeping	bentgrass

5.	Considered	a	low	maintenance	bentgrass

Does	not	perform	as	well	in	salt	or	
alkaline	conditions



Velvet bentgrass
Velvet bent is a cool-season, extremely fine-textured, stoloniferous 
grass.  Velvet has been recognized for many years as forming a 
beautiful turf surface due to it fine texture and high shoot density.

Velvet bent

Creeping bentgrass



Velvet bentgrassCreeping bentgrass



Velvet bentgrass
� Susceptible	to	red	thread	and	copper	spot	
diseases

� Slow	to	establish	(Pythium	may	be	a	problem	
during	seed	establishment),

� Does	not	perform	well	in	alkaline	soils,

� Best	adapted	to	cool	climates



Copper spot (Gloeocercospora sorghi) is a disease that 
develops during periods of warm and humid weather. 

Velvet bentgrass is particularly susceptible to the disease.



Creeping bentgrass
(Agrostis stolonifera)Creeping 

bentgrass -- a 
fine leaf 
texture and 
adapted to low 
mowing --
.110 inch (2.75 
mm) -- for 
high quality 
golf greens.



Why does creeping bentgrass 
tolerate low mowing?

Creeping bentgrass has 
aggressive stolon production.

Stolons, and the crown of the
plant, are below the mowing 
height of cut.



Characteristics of Creeping Bentgrass

� Extensive	stolons	– spreading	nature
� Requires	9.5	mm	(3/8	inch)	mowing	or	lower
� Wide	range	of	colors	and	densities
� Improvements	made	in	dollar	spot,	brown	patch	and	
leaf	spot.

� Requires	management	inputs	for	thatch	control
� Some	new	varieties	exhibit	salt	tolerance



Creeping	(Agrostis	palustris	or	Agrostis	stolonifera)
Creeping	bentgrass	will	tolerate	close	

mowing	– 2.75	mm	(.110	inch)	because	the	
apical	meristem	(growing	point)	is	protected.



Creeping	bentgrass	for	greens	in	
northern	Europe?		

� High	pH	sands,	soils,	irrigation	water	and	
“Take- All”	patch	disease	affects	bentgrass.

� Fescues	are	significantly	more	resistant	to	“Take-
All”	patch	compared	to	bentgrass.

� Fescues	perform	better	in	low	light	conditions	
compared	to	bentgrass	– lots	of	cloudy	days.



TAKE-ALL PATCH
Causal Agent:  Gaeumannomyces graminis

var. avenae

Hosts: Agrostis palustris (creeping bentgrass)
A. tenuis (colonial bentgrass)
A. canina (velvet bentgrass)

Symptoms: Roughly circular patches a few
cm to a meter in diameter that 
appear in late spring and early fall.



Maintaining	creeping	bentgrass	on	
greens	in	Northern	Europe?

� Installation	acid	water	treatment	to	lower	high	pH	irrigation	water.	

� Control	of	“Take- All”	patch	disease	on	bentgrass	greens.		Annual	
applications	of		Manganese	(2	kilos	per	hectare	per	year).		

� Use	acidifying	fertilizers	– ammonium	nitrate	/	sulfate	during	cool	
weather.	

� Control	of	“Take-All”	with	applications	of		azoxystrobin		fungicide	in	late	
fall	or	early	winter.

� Remove	trees	/	thin	limbs	to	allow	for	more	sunlight	to	reach	a	green.



Dark mycelium in roots of 
plants infected with Take-all 

Patch fungus.

Symptoms of Take-all Patch on bentgrass.

This pathogen is most active in
the cooler fall months 

and early spring.



Take-all Patch caused by Gaeumannomyces graminis. 

Bentgrasses (Agrostis spp.) are frequently injured by this 
pathogen. 

Newly seeded sites are most susceptible, especially on 
soil with a high pH. 

Commonly occurs where bentgrass is planted on recently 
cleared forest sites, soils with a high sand content. 

It may also occur where a site has been recently or 
heavily limed. 



Take-all	Patch:	Gaeumannomyces	graminis	
Symptoms:		Initially	appear	as	small,	circular	reddish-
brown	spots,	progressing	to	wilted,	circular	patches	
that	are	brown	or	bronze-colored.	Symptoms	are	
most	evident	during	periods	of	stress.	Infected	

plants	have	dark-brown	roots.

Root	
disease
most	
active
during	
cooler
months.		



Control	of	“Take- All”	patch	disease	on	
bentgrass.		

Annual	applications	of		Manganese	(2	kilos	per	hectare	per	year)	have	
reduced	disease	severity.		

Fertilize	with	acidifying	fertilizers	– ammonium	nitrate	/	sulfate	during	cool	
weather.	

Preventative	control	of	“Take-All”	with	applications	of		a	“strobin”	fungicide	
in	late	fall	or	early	winter.

You	already	said	
this	once.	Just	so	
you	know	I	have	a	
good	memory.



007 Creeping bentgrass
Wentworth West Course, 

London, England

On	the	Wentworth	
West	course	they	

follow	these	
recommendations.



Its time for a short break, 
stand up and stretch. 

Time for the restroom? 



Rutgers University:  
Breeding improved turfgrasses 

since 1960.

Rutgers is located 35 miles from New York City in 
the State of New Jersey, USA   



Bentgrass Breeding at Rutgers University…
� 1983		Drs.	Richard	Hurley	and	C.	Reed	Funk	started	
a	bentgrass	improvement	program	at	Rutgers.

� 1996		Stacy	Bonos,	PhD	started	at	Rutgers	breeding	
bentgrass	for	dollar	spot	resistance.	

Dr. Stacy Bonos 
speaking at a
summer turf 
field day at the 
Rutgers turf farm.



Rutgers University turf breeders have 
invested 40 years to genetically improve 

creeping bentgrass varieties.

007 creeping bentgrass



Today,	Rutgers	University	has	the	worlds	largest	
cool	season	turfgrass	breeding	program.

Five	hectares	(11	acres)	of	putting	green	trials	



What	are	the	qualities	we	
are	looking	for	in	an	
improved	bentgrass?

� Pleasing	color
� No	Purple	color	in	cool	

weather
� Fine	leaf	texture
� Good	turf	density
� Not	Puffy	
� No	Scalping	during	

mowing

� Pink	snow	mold	resistance
� Grey	snow	mold	resistance
� Anthracnose	resistance
� Brown	patch	resistance
� Dollar	spot	resistance
� Salt	tolerance
� Tolerance	of	low	mowing



Each of the previous traits are inherited 
by many individual genes. 

Understanding this, population genetics is the 
approach for bentgrass varietal improvement.  

Using	the	assorted	
mating	recurrent	
selection	process.

Selecting	progeny	from	one
cycle	of	selection	to	use	in	
the	next	cycle	of	selection.



Breeders	collect	bentgrass	germplasm	from	
putting	greens. The	turf	breeder	will	

evaluate	the	new	germplasm.	

Large	dense	
clone,	nice	
color	and	
density

Use	the	small	knife	to	cut	out
a	piece	of		this	clone…





Samples	collected	from	hundreds	
and	hundreds	of	golf	courses.

Pleasing	color,	
nice	texture	
and	density



Collecting	bentgrass	
from	old	turfs	since
1983,	thousands	and	
thousands	of	plants	
collected	from	old	

golf	greens.

Collecting	
samples…

Use	a	small	knife	to	cut	out
a		small	piece	of	turf…



98	%	of	bentgrass	clones	collected	from	old	greens	
will	be	thrown	out	(eliminated)	because	they	do	

not	express	improved	qualities.

Out	of	every	1000	clones	collected	from	old	
greens	98%	will	be	eliminated.



Nurseries

Plants	selected	
from	spaced-
plant	nurseries	
to	evaluate	for	
seed	yield	
potential,	and	
floret	fertility



The following graphic is a simplified 
example of the bentgrass breeding process. 

1. Collecting plants from 
old established turfs.
For over 100 years and 
ongoing. 

2. Identifying plants with 
desirable qualities. 
Minimum of 2 years and ongoing.

3. Selective mating 
recurrent selection,
3 to 6 cycles. 
One year for each cycle. 4. Establish a breeder

block - identify the most elite 
parental plants - minimum of 3. 
One year.

5. Use the breeder seed to 
establish a foundation field. 
One year.

6. Use the foundation field 
seed to establish certified 
production fields. 
One year.

Approx
95%		

discarded

Hundreds	
of	golf	
courses.	

Selective	
mating	–
best	with	
the	best.

A	new	
elite	

variety	is	
born.	

Variety
seed	

increase.
Producing
seed	to	sell.	



Population Improvement of 
Cross-pollinated species

�Most	attractive	
plants	placed	in	
an	isolated	
crossing	block

� Progeny	trials	
under	turf	
maintenance



Population Improvement of 
Cross-pollinated species

�Most	attractive	
plants	placed	in	
an	isolated	
crossing	block

� Progeny	trials	
under	turf	
maintenance

Identify	the	best	
plants	and	allow	them	

to	cross	pollinate.



Rutgers	University	Bentgrass	Putting	Green	Trials

5 hectares (11 acres) of putting green trials

Seed	harvested	from	
individual	clones	

(progenies)	are	then	
seeded	in	4	x	6	foot	

trial	plots.



5 hectares (11 acres) of putting green trials



Rutgers	University	
Bentgrass	Putting	
Green	Trials

Turf	quality	ratings,
1	– 9,	9	=	Best

Overall	turf	quality,
Color,	
Leaf		texture,
Density,
Freedom	from	
disease

Once	a	month	
data	is	recorded	

for	each	
morphological	
trait	or	disease	

activity.



Rutgers University summer turf field day.



Bell	shape	population	curve	for	individual	traits.

Bentgrass breeding follows population genetics as
traits are controlled “additively” by many genes.  

Light 
green 
color

Dark 
green 
color

Move the mid point

For color, leaf width, plant density, disease resistance, etc.



Identify what we feel are the best of the best,
vegitatively establish a nursery to allow only

these plants to provide a pollen source.



Turf Plot Evaluations



Progeny evaluation plots
maintained under putting
green conditions.

Include known varieties 
as standards.

After two years identify
enhanced performing
progenies. 

Vegetatively remove a small 
plug from the trial
plots and move them to
an isolation nursery.

Allow only these plants 
to inter pollinate. 



Elite parental plants 
that have been 
screened for 
performance under 
putting green 
conditions.

Allow only these 
elite plants
to pollinate.



Bell	shape	population	curve	for	individual	traits.

Bentgrass breeding follows population genetics as
traits are controlled “additively” by many genes.  

Wide
leaves

Fine
leaves

Move the mid point

For color, leaf width, plant density, disease resistance, etc.



Clarireedia jacksonii, 
survives unfavorable periods 
as dormant mycelium. When 
daytime temperatures reach 
16°C to 27°C (60°F to 80°F), 
dormant mycelium resumes 
growth from the infected 
leaves. 

Dollar Spot



Susceptible arGenetic resistance







Never	ending,	collecting,	
evaluating,	selective	mating…



The bentgrass breeding process never ends… 
1. Collecting plants from 
old established turfs.

2. Identifying plants with 
desirable qualities. 

3. Selective mating 
recurrent selection,
3 to 6 cycles. 

4. Establish a breeder
block - identify the most elite 
parental plants.

5. Use the breeder seed to 
establish a foundation field. 

6. Use the foundation 
field seed to establish 
certified production 
fields. 

The	process	is	
a	long	term	
pipeline…our	
bentgrass	
pipeline	
started	40	
years	ago	in	

1982.



After	1000’s	of	hours	of	
selection	and	cross	breeding	
the	new	bentgrass	variety	

named	777 (triple	seven)	was	
developed	using	eighteen	(18)	

parental	lines.	



777



Qualities		of	777 (Triple	Seven)	
creeping	bentgrass…

� Fine	leaf	texture
� Greater	turf	density
� Attractive	leaf	color
� Improved	resistance	

to	dollar	spot,	brown	
patch	and	snow	mold	
diseases

� Tolerance	of	low	
mowing

� Faster	recovery	from	
ball	marks

� Heat	tolerance
� No	purple	color	in	

cold	weather

It	takes	years	and	many	generations	
of	population	enhancements	to	

impart	all	of	these	qualities	into	one	
variety.



Penncross was the first improved 
seeded creeping bentgrass – 1955.

Dr. H.B. Musser released the 
cultivar Penncross from the

Pennsylvania State University 
in 1955.

Old father time

Penncross is now 67 years old
and not competitive with new, 
finer textured, dense varieties

that will persist under the lowest 
mowing height of cut on greens.   



Popular seeded creeping bentgrass varieties…

1900 – 1930’s South German Mixed Bents

1920’s –1950’s Seaside

1950’s – 1980’s Penncross

1970’s  Penneagle, Pennlinks

1980’s  Providence, SR 1020

1990’s  L-93, A-1, A-4, G-2, G-6

2007     007                                                                         

2017 777

2022     007XL



What we now have 
through genetically enhanced breeding 

is a total transformation of random bents,

"wild strains," 
into highly refined varieties. 



Advanced generation bents are 
adapted to closely cut 

greens…down to .110 inch 
(2.75 mm)

and for use on fairways and tees, 
allowing for a more disease 

resistant turf. 



Rutgers	University	bentgrass	
turf	evaluation	trials	-- for	putting	greens…

007007XL777

After	40	years	of	
population	improvement...



007XL creeping bentgrass
foundation field.

This variety has eight 
parental plants.  

The original eight plants
were collected over twenty
years ago and have gone
through the process we 

have just discussed. 

The location of this field is in
Oregon, USA. 

This field is about to shed 
pollen in early July. 

The seed will be mature and 
ready for harvest in early August. 



A	100%	creeping	bentgrass	green	will	tolerate	close	
mowing	– 2.75	mm	(.110	inch).

New “state of the art”
bent varieties bred at 

Rutgers University
are not the bents of old. 

007XL creeping bentgrass
New in 2022



Bentgrasses	are	widely	
adaptable	in	cool	season	and	

transitional	climates	
“All	Over	The	World”

In	North	
America

In	Europe,	Russia	
and	North	Africa

South	Africa

In	
Japan,	
Korea	
and	

China

In	Australia	
and	New	
Zealand





007 Around	the	World

�United	States
�Canada
�England
�Germany
�France
�Spain
�Austria

�South	Africa
�Morocco
�China
�South	Korea
� Japan
�Russia
�Australia



Wentworth	Golf	Club,	West	course,	
Surrey,	England	

Total	rebuilding	and	renovation	of	the	
greens,	under	the	direction	of	Ernie	Els	

golf	course	architect	firm.

007 greens	seeded	summer	of	2016,	
expected	to	reopen	for	play	sprig	of	2017.



6th green,	70	days	old	007	at	Wentworth,	England
Photo	September	12,	2016



Creeping	bent	breeding	summary
� Newer	bentgrass	varieties	are	better	able	to	
tolerate	a	low	height	of	cut,	2.75	– 3.0	mm.	

� On	a	closely	maintained	putting	surface	expect	
fine	leaves,	a	denser	more	uniform	turf	with	
enhanced	disease	resistance.

� Denser	bentgrass	varieties	will	resist	Poa	annua	
invasion	better	than	older	more	open	varieties.



Bentgrass	summary
� Control	of	“Take- All”	patch	disease	on	bentgrass	
greens	is	possible.

� Annual	applications	of		Manganese	(2	kilos	per	
hectare	per	year)	have	reduced	disease	severity.	

� Fertilize	using	acidifying	fertilizers	– ammonium	
nitrate	/	sulfate	during	cool	weather.

� Preventative	control	of	“Take-All”	with	applications	
of	a		”strobin”	fungicide	in	late	fall	or	early	winter.



What	about	seed	mixtures?

Fine	Fescue

Browntop	bentgrass

Creeping	bentgrass



Most recent 
research 

in 
Scandinavia 
with seed 
mixtures.



Seed Mixtures of red fescue and two 
bentgrsses for golf greens in Scandinavia.*

*Norwegian Institute of Bio-Economy Research Center, 
Landvik, Norway.  Karin July Hesselsoe, Anne Friederike Borchert, 
Pia Heltoft, Ph.D., Trygve S. Aamid, Ph.D.

Landvik, Norway, a coastal climate 
with an annual mean temperature of 

7.8 C (46 F) and annual rainfall 
of  141.1 cm (55.75 inch). 



Landvik, Norway,
Coastal climate.



Seed Mixtures of red fescue and two 
bentgrsses for golf greens in Scandinavia.*

*Norwegian Institute of Bio-economy Research Center, 
Landvik, Norway.  Karin July Hesselsoe, Anne Friederike Borchert, 
Pia Heltoft, Ph.D., Trygve S. Aamid, Ph.D.

Conclusions from preliminary findings from 2020 – 2021.

Red fescue 100%

Red fescue with colonial bentgrass  85% / 15%

Red fescue with  creeping bentgrass 85% / 15%

Red fescue with colonial and creeping 85% / 7.5% / 7.5% 



Seed Mixtures of red fescue and two 
bentgrsses for golf greens in Scandinavia.

Two trials:

Experiment  1 -- high fert and low mow
with a fertilizer rate of 17 grams nitrogen per sq meter per year 
(3.5 pounds of nitrogen per 1,000 sq ft) and a mowing height of 3 
mm (0.120 inches).

Experiment 2 -- low fert and high mow
with a fertilizer rate of 11 grams nitrogen per sq 
meter per year (2.3 pounds of nitrogen per 1,000 sq ft) and a 
mowing height of 5 mm (0.200 inch).  



Seed Mixtures of red fescue and two 
bentgrsses for golf greens in Scandinavia*.

*Norwegian Institute of Bio-economy Research Center.

Conclusion from preliminary findings from 2020 – 2021.

Red fescue plus creeping bentgrass can produce greens 
of equal or even higher turf quality than red fescue plus 

colonial bentgrass under both management regimes.

Lower turf quality in red fescue + colonial bent compare to
red fescue + creeping bent was due to Microdochium patch 

with this mixture.



Annual bluegrass Poa annua
is extremely susceptible to 

Microdochium patch. 

Creeping bentgrass is 
genetically more resistant 

to Microdochium patch 
than annual bluegrass. 



Seed Mixtures of red fescue and two 
bentgrsses for golf greens in Scandinavia.*

*Norwegian Institute of Bio-economy Research Center.

Conclusions from preliminary findings from 2020 – 2021.

Creeping bentgrass is more competitive with the 
fescue than the colonial bent at the high-nitrogen/low-mow 

management regime, where the fescue is almost 
outcompeted after two years. 

At the low nitrogen/high mow management 
regime this is not the case.



Mixtures of red fescue and two 
bentgrsses for golf greens in Scandinavia. 

The triple mix, where red fescue was mixed with equal
proportions of colonial and creeping bent, performed 

almost like the red fescue and creeping bent.

Based on the result the mix of red fescue and creeping
bent, as an alternative to the mix of red fescue and 

colonial bent, performed better, because it has higher turf 
quality and less Microdochium patch. 

To retain a balanced proportion of fescue in this mix it 
should be managed with not more than 11 grams of nitrogen 
per sq meter (2.3 pounds of nitrogen per 1,000 sq ft) and a 

mowing height of 11 mm (0.200 inch.) 







100%  007 bentgrass greens 
Wentworth West Course,

London, England



And	I	thought	
all	my	dad	did	
was	ride	a	golf	
cart	and	play	

outside.	



In our world of grasses, golf courses and 
sports turf we would like to better 

understand how everything a turf manager 
may do is inter-related to the outcome.

A study of turf ecology 

“The relations of organisms to one another 
and to their physical surroundings.”   



“My	career		has	been	directed	towards	
developing	better		turfgrasses.”

Richard	Hurley,	Ph.D.
Rutgers	University,	retired


