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Drainage is a critical issue, whether you are building or maintaining
a golf course, synthetic turf sports field, or landscape. Infiltration
rate testing (permeability) is an important part of assessing the
drainage capabilities of any rootzone, growing media, or subgrade. Turf
Diagnostics & Design performs infiltration rate testing for a diverse
group of clients and situations. Some of its clients refer to this test
as the perc test, some call it K-sat (saturated hydraulic conductivity),
others call it permeability. The terminology varies, and so do the
techniques for performing the tests. Interestingly, the testing procedure
usually isn’t dependent on the terminology. It’s dependent upon the end
use for the data.
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In Greek mythology the goddess Nemesis was a winged, angelic
appearing creature who delved out retribution for hubris. She was
considered to be the daughter of Oceanus – the river-ocean that
surrounded the mythological world. Nemesis often and fittingly
appeared in her many varying forms in the theater of the classic
Greek tragedy. Poa annua is thought of as most appropriately being
an embodiment of Nemesis, because too much water, as with Oceanus,
brings it forth and it will surely wreak retribution on your golf course
due to hubris in greenkeeping!
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One year ago, Robert Trent Jones Jr. wrote a column in this magazine
discussing the importance of returning golf to the Olympic games after
a more than one hundred year absence. All of us in the golf business
were thrilled to learn recently that the 2016 Olympics will be staged at
a new venue on a new continent and that golf will be included again.
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The Nemesis – Poa annua
In Greek mythology the goddess Nemesis was a winged, angelic appearing creature who
delved out retribution for hubris. She was considered to be the daughter of Oceanus
– the river-ocean that surrounded the mythological world. Nemesis often and fittingly
appeared in her many varying forms in the theater of the classic Greek tragedy. I think of
Poa annua as most appropriately being an embodiment of Nemesis, because too much
water, as with Oceanus, brings it forth and it will surely wreak retribution on your golf
course due to hubris in greenkeeping!
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Throughout previous writings on the 4Ms of golf green management
I have touched upon various aspects and impacts of Poa annua. While
having a slight ‘bent’ towards managing Bent grass, the 4M system I
recommend employs perfectly well for both cool season and warm
season golf greens with common sense modifications and seasonal
adjustments. I would be remising in writing a complete golf greens
management guide without specifically focusing on the nemesis of
achieving the greatest golf greens: Poa annua, commonly referred to in
the vernacular as annual bluegrass or meadow grass.
Employing the 4Ms will greatly enhance your ability to defend against
Poa annua encroachment in bent grass or in warm season grass greens.
The 4Ms will also serve as a foundational base to attack established Poa
annua and replace it with the desired species over a reasonable period
of time.
While some would argue that Poa annua can also make a good putting
green, at the highest, world-class levels of golf competition and worldclass greenkeeping, it simply pales in comparison to modern bent grass
cultivars. Yes, Poa annua can be maintained to produce a fairly highquality, well textured putting surface, but I doubt there is a golf course
superintendent, owner, agronomist, or skilled golfer who would prefer
it over a superb, creeping bent grass green. In fact, most of us all still
classify Poa annua (annual bluegrass) as a weed. Let’s look at a few of
the problems with Poa annua and why it is really a nemesis.

"While some would argue that Poa annua can also
make a good putting green, at the highest, worldclass levels of golf competition and world-class
greenkeeping, it simply pales in comparison to
modern bent grass cultivars. Yes, Poa annua can
be maintained to produce a fairly high-quality, well
textured putting surface, but I doubt there is a
golf course superintendent, owner, agronomist, or
skilled golfer who would prefer it over a superb,
creeping bent grass green."

Annual bluegrass is a weed that is a simple formula for eventual
disaster. The many genotypes most commonly exhibit the
following undesirable attributes:
1. It has a naturally terrible looking appearance that is a mottled, sickly
color of pea green.
2. It is prone to being shallow rooted and droughty – demanding much
water and badly wastes this precious (as in expensive too) natural
resource.
3. It is highly prone to disease epidemics and other pests.
4. It produces clusters of seed heads and is prone to quickly become
bumpy and grainy.
5. It cannot take traffic of golfers or heavy play very well. It footprints
readily and terribly – and has very poor wearability.
6. It is highly variable genetically – even within a single green – and this
makes for much inconsistency in the putting surfaces.
7. It is inconsistent in texture and growth patterns demanding high
maintenance levels to produce a decently uniform putting surface.
8. With no commercial seed sources available to try to reestablish it,
it becomes difficult to maintain any uniformity from green to green
– particularly when areas of greens frequently die out and require
reestablishment with a similar, annual bluegrass turf.
9. It has very low heat tolerance and will very rapidly die in a single
hot day.
10. It is highly susceptible to the disastrously damaging nematode
Anguina pacifica – the Pacific Root Knot Nematode. [I personally
observed this nematode pest under my medical microscope at
Pasatiempo GC in 1978 when I noticed strange areas of thinning
turf, but we were able to mask the damage with bent overseeding
and foliar applications of nitrogen. The cure for this is simply
bent grass greens – bent is not susceptible to this species specific
nematode pest!]*
11. Annual bluegrass is the ‘drug junky king’ of all grasses. It is
completely chemically dependent and, thus, not even remotely
environmentally friendly.
12. Finally, Tiger Woods hates the stuff and I very strongly share his
opinion. What is good enough for the best current player in the
world is good enough for me!
* Rather than curse the darkness of the nematode Anguina pacifica pest
perhaps we should be funding basic research into this natural enemy
of Poa annua in order to isolate out a particularly virulent genotype of
this psuedocoelomates and develop it into a new biological control for
eliminating annual bluegrass from bent greens!
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Poa annua – The Plant
Annual bluegrass is a highly diverse species with numerous genetic
biotypes. We know there are hundreds of biotypes – but another
tenfold will likely be identified in the future and they are always mutating
new variation. The many biotypes of annual bluegrass are ideally suited
for the environs of golf, bent grass putting greens – with some very
important yet subtle exceptions that are the multi-dimensional keys to
its successful control through seizing upon its few natural weaknesses.
This wide genetic diversity in nature provides annual bluegrass with a
highly effective survival mechanism in that it adapts over a wide range
of environments and conditions. This is why it is widely distributed
throughout the world. The genetic variation also provides it with an
effective natural mechanism to adapt quickly to chemical controls and
one-dimensional control efforts by managers.
The annual bluegrass species generally falls into two broad varietal
classifications – but remember these are still both the same species
– Poa annua var. (variety) annua and Poa annua var. (variety) reptans.
The reptans variety is more or less a perennial type of plant, which
means it can often last beyond an annual cycle giving a boost to its
encroachment power.
For a good deal of his career, Dr. Donald White, a grass breeder at
the University of Minnesota, worked long and hard to try to develop
improved cultivars of Poa annua var. reptans. I was a solid supporter

Poa annua
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of his basic research efforts and helped to convince the USGA to fund
his research. In August of 1987 I visited Dr. White in Minnesota along
with Dr. Jim Watson (Toro Company) and Dr. Paul Reike (Michigan State
University) to review Dr. White’s research. At that time I was convinced
that it was not likely that an improved cultivar would emerge, but I
was thrilled at what was being added to our science knowledge base
on annual bluegrass – information that would later aid us in developing
better control methods and better best management practices to
combat it. Today we owe Dr. White a huge debt of gratitude for the
knowledge he gained for all of us.

The Key to Control
In my career there have been times when I have inherited a golf course
to manage and have had to take over golf greens of nearly 100% Poa
annua greens. In such cases I immediately began to impose my 4M
Management System and was subsequently able to produce superior
putting surfaces – even as I concurrently began the process of increasing
bent grass population percentage in such greens.
I vividly recall one instance that took place in the late 1970’s when
I was a young-turk, golf course superintendent fresh at the helm of
Pasatiempo Golf Course in Santa Cruz, California, U.S.A. The greens
I took over were 100% Poa annua, thatchy, spongy with a soft, thick,
waterlogged mat. The were so bad during that first winter that several

"The many biotypes of annual bluegrass
are ideally suited for the environs of golf,
bent grass putting greens – with some
very important yet subtle exceptions that
are the multi-dimensional keys to its
successful control through seizing upon its
few natural weaknesses."

temporary greens were required and I was solidly determined to
achieve a dramatic turnaround to provide this classic MacKenzie design
the proper putting conditions it deserved.
About a year into my development and employment of the 4Ms, the
renowned John Zoeller, Executive Director of the Northern California
Golf Association at that time, was visiting Pasatiempo and noticed a
substantial amount of new bent grass increasing in the greens. John was
a great amateur golfer and held many of the golf team records at Ohio
State University before a younger guy by the name of Jack Nicklaus
came along.
As I was touring the course I found John Zoeller down on his knees on
the 9th green of Pasatiempo carefully probing the turf. He was excited
and wanted to know what was being done to the greens and asking me
how so much bent grass was present.
I simply explained that I was utilizing the newer methods that were
then being published by Dr. Roy Goss of Washington State University,
Dr. John Madison of the University of California, Dr. Jackie Butler of
Colorado State University and many others, while trying to meld them
into a logical management regime.
John was impressed with how the bent grasses I was inter-seeding were
rapidly replacing the then declining Poa annua and his observations
greatly encouraged me at that time to hear such supportive comments
from an icon of our business.
I am forever grateful that Pasatiempo gave me the laboratory to finally
implement and fine tune what was to become my 4M approach to
managing fine, world-class putting greens – and to gentlemen like John
Zoeller for encouraging me along the way.

Preventing Poa annua Encroachment
For those fortunate enough to start off with pure bent grass greens,
it is imperative to employ an effective regime of cultural management
practices to keep the greens pure bent grass. I strongly advocate the
4M system approach that is based upon light, frequent methods. For
nearly 4 years (up to 2006), we were able to maintain 100% pure bent
grass greens at Harding Park Golf Course in San Francisco, California,
U.S.A. employing the 4M system.
While I cannot factually comment upon what has taken place with
the Harding Park’s greens after the 2005 WGC American Express
Championship and since 2006, I am confident and can factually state
(with Tiger Woods as my witness) that in the first four years of the new
bent greens at Harding Park the 4M system (and these below described
best management practices) absolutely worked to keep 100% pure bent
greens there. Let’s review some of the key elements to keeping bent
greens pure.
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Dry Surfaces vs Over Irrigation

Seed Banking

I personally think that the two greatest factors that allow
the encroachment of annual bluegrass into pure creeping
bent greens are:

Beat Poa annua at its own natural survival game. Everyone knows that
annual bluegrass is a prolific seed producer. The seeds are its greatest
method of attack. Amongst all the grass species, only annual bluegrass
can produce viable seed at putting green height of cut (HOC) A
single annual bluegrass plantlet can produce from 1,000 to 2,000 seeds
annually at putting green HOC. But we can level the playing field to
compete with annual bluegrass if we simply ‘bank’ the tiny bent seeds
into our greens by inter-seeding on a frequent and light basis to edge
even up and beat annual bluegrass at this competition.

1. Its wide genetic diversity and copious genotypes;
2. The common mismanagement of irrigation by people who seem to
worship the Greek Oceanus.
While we can employ nature to help bents compete better against
the genetic diversity, most importantly, we can also avoid over applying
irrigation water, as I have previously written about, and more wisely
irrigate in a natural cycle. Keeping the surfaces of the greens as dry
as possible is crucial. Irrigate to have dry spots on greens and then
hand water these as required rather than depending upon automated
systems to flood them and create wet areas ideal for annual bluegrass
encroachment.
Unless water is properly managed and you keep your greens’ surfaces
as dry as possible, then all other efforts to keep bent grass greens
pure from annual bluegrass will prove futile. And, yes, this can be
accomplished through rootzone management (4Ms) even in climes
where there are long periods of cool, wet weather such as the Pacific
coast of Northern California and elsewhere. In such cool and wet
climes as the northern Pacific coast of the U.S.A., just make sure that you
keep the drains opened in the bathtub!
Water is needed for the life of your greens, but it can also be
detrimental.

“Not only can water float a boat, it can sink it too!”
– Ancient Chinese proverb

Poa annua enroaching at Harding Park Golf Course.
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It will be a small cost to pay to continually apply very light amounts of
bent seed during the key germination periods. Don’t capitulate and give
the advantage to annual bluegrass seed, but rather beat annual bluegrass
at its own game to improve our game – golf!

pH Control
Keep pH in your greens acidic and in an ideal range to encourage
healthy bent grass growth. I am of the opinion that the best range
is 5.5 to 6.2 pH. Research compiled by Dr. Roy Goss (Washington
State University) in the 1960s and 1970s clearly showed adverse
impacts on annual bluegrass populations from the use of elemental
sulfur. Personally I have always preferred ammonium sulfate as a
nitrogen source, since it is easy to foliar apply, pushes pH down, has
the advantage of also supplying sulfur and is an inexpensive source of
nitrogen.

Avoid Applying Phosphorus Unless it is Really Depleted
Avoid applications of phosphorus to greens – unless you factually know

"While we can employ nature to help
bents compete better against the genetic
diversity, most importantly, we can also
avoid over applying irrigation water, ...
Keeping the surfaces of the greens as dry
as possible is crucial. Irrigate to have
dry spots on greens and then hand water
these as required rather than depending
upon automated systems to flood them and
create wet areas ideal for annual bluegrass
encroachment. "

it is truly deficient and inhibiting growth. Phosphorus is great if you are
growing flowers or fruit trees – and Poa annua loves it to produce its
own flower and seed heads for encroaching into bent grass greens. If
you elect to apply phosphorus to greens, the fruit you will harvest will
derive from the flowers of your Nemesis – Poa annua seed!

High Iron (Fe)
Research efforts by Xia Xu, Pennsylvania State University, and Charles
Mancino, Ph.D., have demonstrated clearly that higher concentrations
of iron (Fe) can result in subtle growth depression in grasses. Most
importantly they found that annual bluegrass is slightly more susceptible
to this iron induced growth depression than is creeping bent grass. This
is another slight, competitive advantage provided by nature that can be
added to the mix of cultural practices favoring creeping bent grass over
the annual bluegrass Nemesis.

Hunting!
Many of us guys (and gals) greatly enjoy hunting. It is a great sport and
can prove a useful necessity at times for our survival. Hunting of annual
bluegrass can also help provide a competitive edge for keeping creeping
bent grass greens pure. By hunting I am intending to suggest that daily
hand weeding of annual bluegrass from creeping bent grass greens is
absolutely another necessary tool in the mix of management weapons
to keep your greens pure bent.
It is necessary to hand pick the annual bluegrass while it is yet a tiny, untilered seedling and long before the bent grass is badly contaminated. If
you fail in this effort, the price will be great and your putting greens will
be in the same predicament that Christ taught about in the Parable of
the Weeds – though, likely, with somewhat less eternal consequence.
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There is an ancient adage in agriculture that paraphrases “One year of
weeds, seven years of picking.” In more simple times before chemical
herbicides, hand weeding and mechanical cultivating was a requirement
and not an option. If a farmer failed to do this important cultural
practice for but a single year, then the weeds would become so bad and
produce such an abundance of weed seed that the farmer would then
be faced with seven years of efforts to get things back under control!
The same holds true with modern putting greens. Keep great putting
surfaces great by doing the little things constantly – long before they
require massive efforts. Daily hand picking of annual bluegrass seedlings
is not an overwhelming or labor demanding task. Frankly, a good
worker who has a keen eye assigned as your cup changer can spend 2-5
minutes each day on each green and keep a pure bent green clean of
the weed. Little strokes fell great oaks!
Annual bluegrass plants will stand out against the bent grass in certain
low light, low light angle conditions. Early morning and late evening are
the best light conditions – versus bright mid-day sun. So, add scouting
and hunting for annual bluegrass as part of the routine daily set-up tasks.
Periodically the daily hunting and scouting task should be supplemented
by a full scale safari using caddies, maintenance staff or others to
thoroughly sweep through every greens and collar to hunt down pesky
little annual bluegrass plantlets.

“You must persevere to accomplish seemingly
impossible tasks.” – Ancient Chinese proverb

Transitioning to Pure Creeping Bent Grass
Do not give up the ship if you are faced with having Poa annua greens.
By steadfastly implementing a long term regime of the 4Ms and
persevering in doing the many methods described above in continual,
frequent and light efforts, annual bluegrass greens can be converted
back to creeping bent greens without the serious disruptions of
resodding or rebuilding them.
In January of 1984, Dr. Roy Goss wrote an article entitled, “Poa Annua
Update.” In this article he enumerated an excellent reasoning as to
why so many golf courses simply accept the encroachment of annual
bluegrass and fail to reestablish creeping bent greens.
He succinctly set forth the obvious reasons as:
1. Apathy – green grass is green grass [to some].
2. Status quo – we don’t want to upset the membership or reduce our
quality during the major playing season.
3. Decisions made by upper management (green committees, boards of
directors, etc.), but not the superintendent.
4. The superintendent doesn’t believe annual bluegrass can be controlled.
5. Faint or no effort made to sell such a [control] program to the green
committee, board of directors and membership [ownership].

Tiger Woods of the USA Team birdies the 9th hole in his match against Y.E.Yang of South Korea and the
International Team during the The Presidents Cup 2009 at Harding Park Golf Course.
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Little has changed since 1984 from his prognostic reasoning. All that
stands between reestablishing and maintaining pure creeping bent
grass greens are the above resistances described by Goss. It is as
simple as this.

bent green. And along the way there is much reward as you continually
improve to superior, smooth and firm putting surfaces for your golfing
clientele.

PGRs

A Caution
As you initiate the myriad of cultural practices and the 4Ms towards
diminishing annual bluegrass and reestablishing creeping bent grass, let
me provide a word of caution – this really does work. You need to
be prepared to observe a decline in annual bluegrass and you must be
constantly over seeding (inter-seeding) with bents to fill in. Remember
that it is best to proceed lightly, but frequently in all your efforts.
As the efforts progress, expect to see increased disease on the Poa
annua as it begins to encounter the increased environmental stresses
that you are culturally imposing. The likelihood of the occurrence of
Anthracnose is nearly certain. Don’t fight it, use it, but keep light and
continual sewing of the bent grass so that it is always banked and ready
for quick germination.
Have an unambiguous plan. Set your firm objective to convert to a
blend of 2-3 of the modern new releases of compatible creeping bent
grass cultivars. Sell, promote and inform this to all stakeholders continually
– very important. During this transitioning process, it will take a period
of 4-5 years to fully convert to predominantly (and ultimately) pure

There are a number of useful chemical herbicide tools that have
emerged in recent decades. Generally, at best, most chemicals
herbicides will have varying efficacy against Poa annua – again due to
the wide diversity of this Nemesis and the ability of its many genotypes
to quickly adapt. One set of chemical tools that seem to integrate quite
well into a program of cultural practices to reestablish creeping bent
grasses are the plant growth regulators (PGRs). Usually derivatives
of gibberellic acid (GA) inhibitors [just think of GA as plant growth
hormones (auxins) in plants] more selectively slow the growth of the
annual bluegrass and diminishes its seed head production as well – to
a greater degree than their impacts on creeping bent grass. Effectively
these GA inhibiting PGRs provide a slightly favorable growth edge to
bent grass. I think you can logically see how all this integrates neatly
with our cultural efforts to give bent the competitive edge and the
upper hand. Then the desired results we seek only require time.
PGRs are an effective tool when used in a persistent regime of cultural
management, but PGRs alone are no ‘Silver Bullet,’ nor a long term
chemical solution.

"Do not give up the ship if you are faced with having Poa
annua greens. By steadfastly implementing a long term
regime of the 4Ms and persevering in doing the many
methods described above in continual, frequent and light
efforts, annual bluegrass greens can be converted back
to creeping bent greens without the serious disruptions of
resodding or rebuilding them."
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Silver Bullets!
Expecting a ‘Silver Bullet’ to chemically control annual bluegrass is
unrealistic and only furthers your ‘chemical dependency.’ Wean yourself
away from chemicals and endlessly hoping for a magic elixir to solve
annual bluegrass problems.
Practice ‘Zen’ turf management utilizing knowledge and all the small
elements of nature. Intensely study Poa annua – never stop in improving
your knowledge of its cycles and its weaknesses.

“You win battles by knowing an enemy’s timing, and using
a timing which the enemy does not expect.”
– Miyamoto Musashi, Samurai author of the Book of Five Rings

Are RRCBs the Panacea?
Creating chemical resistant turfgrass is truly an affront to nature and
to man’s intelligence to use nature in a holistic and effective manner.
Roundup Ready Creeping Bentgrass (RRCB) scares me to death.

As diverse as the genetics of annual bluegrass are, constantly using
Roundup on RRCB grass to control annual bluegrass will only in time
result in selecting out and breeding a Roundup Ready Annual Bluegrass
(RRAB)! In addition to the certainty that RRABs will arise, the breeding
of RRCB bent cultivars will likely evolve into monopolistic, noncompetitive pricing of such RRCB bent seed.
And I think that utilizing competition in nature for healthy growth is as
important as assuring it in economics.
The ultimate result of any single dimension chemical approaches to
trying to eliminate Poa annua will only be to stimulate one or multiples
of its diverse genetic genotypes to select out and become dominant.
Going more natural and imitating nature with a light frequent regime
of cultural practices that enhance the multi-dimensional competitive
nature of creeping bent grass really does work – if you educate yourself,
keep perseverance and have a very thorough, technical understanding of
this enemy Nemesis.

Tiger Woods of the USA Team prepares to putt during the 2009 The Presidents Cup at Harding Park Golf Course.

Begin today to initiate management practices resulting in pure creeping bent grass greens (or desired warm season greens).
To continue the ongoing apathy of accepting Poa annua in the putting greens of the game of golf will only result in the same
outcome for which the Greek goddess Nemesis so often appeared – a resulting Greek tragedy.
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