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Sand Fractlons

Erimal Sl St Yory Coarse Coarss Motism Fise Yary Fine
il Mix >2mm {9-300) .002-.05 mm Clay 1-2mm 051mm 025-5mm 01-25mm  0.05-1mm
Materials (>9 mesh) mesh (<300mesh) <.002mm  (3-16mesh}) (16-32mesh) (32-60 mesh} (60-140 mesh)(140-300
mesh)
% % % % % % % % %
Sand 505 924 204 51 79 20 46.7 148 20
Loam A 184 401 3349 801 51 68 1.7 100 65
Loam B 24 429 4493 977 42 90 112 98 87
% Ash = 146
% Percast Moisters retestion
Mizss examined (Parts bn Tea) Buk Pocz Spaca InfUtration At Pressare Indicated
[ ] Humes  Density Kon-  FRate-lches 40cm 1/3 23 1 3 [] 15 M
Sed Sl Amesdmest  gcmd t. tn dHy0 stm e ta tes abws stus M
Loam A
10 0 0 1.44 210 245 85 145 49 69 1.2 54 52 69
9 0 1 1.3% 242 233 52 174 47 26 30 22 16 65
8 0 2 1.24 293 2837 34 237 a7 38 43 29 24 65
8 1 1 1.38 287 193 32 208 44 42 48 34 27 6.5
7 1 2 1.32 347 15.3 12 264 53 42 45 KR 25 63
Loam B
8 1 1 1.42 295 165 29 208 80 86 43 32 24 62
7 1 2 1.28 351 169 68 276 6.7 6.5 63 50 42 6.3

1Lime values indicate rates of pure calcium carbonate (100% neutralizing value) uniformly incorporated to a six-inch soil deposit.
Adjust rate of application according to neutralizing value of material used and depth of soil to which it is applied.

This can measurably extend the golfing season in
many parts of the country. Where play is on a fee
basis, this can be all-important for revenue. Further-
more, early play should not be overlooked by private
clubs. Members always chafe at the bit in the early
spring to begin playing their favorite sport. High sand
content greens can be ready for them.

A Success Story

In the spring of 1972 the Shorehaven Goif Club,
of East Norwalk, Conn., decided on a long-range pro-
gram of course renovation, including the reconstruc-
tion of some putting greens. The club wanted to
replace the old, small, poorly constructed greens
(high silt and clay content) with new and larger
modern greens. Hopefully they would be easier to
maintain, better for year-round play, and also able to
handle the increased wear and tear. The size and
soil problems of the older greens usually manifested
themselves in terms of weed infestations, thin sum-
mer turf, and overly firm greens. There was a con-
stant struggle every summer. After due considera-
tion it was decided to construct the new greens to
the USGA Green Section Specifications. To achieve
this, samples of readily available sand, soil, and or-
ganic matter were sent to the then USGA-supported
soils laboratory at Mississippi State University (now
at Texas &AM University) for analysis. The results of
the testing are shown in Figure 1.

From this testing, a mixture of eight parts sand
and two parts humus was decided upon, although
the 9-0-1 mixture also met requirements. The 8-0-2
mixture achieved the desired soil physical charac-
teristics because, if you will note, the sand and peat
had sufficient silt and clay in it so the addition of soil
was not needed. Since sands, soils, and organic
matters vary greatly from one area of the country to

another, an analysis of this sort is a service certainly
well worth the money.

Once the soil mixture was confirmed and ac-
cepted, the program actually got underway. There
was a desire to make the Shorehaven green
reconstruction as painless as possible. To shorten
the time to reopening of the new greens, a sod nurs-
ery was constructed beforehand. The same soil mix-
ture was used in the nursery as on the new green.
Soil layering and different soil textures were
avoided. The good turf on the new nursery set the
stage for the actual remodeling and reconstruction
of the green and surrounding bunker area. Where
there is concern by the membership over inconven-
ience from a rebuilding program, consider the
Shorehaven approach of using a sod nursery and
the same soil mixture.

In Summary

Today more than ever, consistently good putting
green turf is the resuit of good soil drainage, aeration
and good management. The USGA Green Section
Specifications for Putting Green Construction pro-
vide the physical essentials.

This however, is not the end of the story. It is one
thing to see and read about a green being con-
structed and quite another to learn how well it grew
grass through the season. How will this type of con-
struction and maintenance compare to the mainte-
nance of the older, more heavily-soiled greens at
Shorehaven? This question will be answered by the
Golf Course Superintendent who is now living with
this green-—-Robert Phipps. His comments will ap-
pear in the January, 1977, issue of the USGA Green
Section Record after over two full years experience
with observing and maintaining this green. Stay
tuned! His comments should be interesting.
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ever caused problems, but (found some
government agencies), they “just might”
cause problems, and so they were banned.

. Gone is the incentive on the part of chemical
companies to develop new pesticides to help
your career. Why should they? There's now
only one chance in several thousand that
any new compound could ever become com-
mercially available as a pesticide.

. Gone is the source of many of your turf
pesticides—that source being pesticides
originally researched and developed for food
crops. Because turf is such a small segment
of the agriculture market, very few, if any,
companies would ever embark on a program
of research to develop a pesticide just for
turf when the chance for its commercial suc-
cess is so slim. With pesticides for food
crops in jeopardy, you can imagine how re-
mote is the possibility of new pesticides for
turf.

. Just after SiLenT SpRING appeared, the food

pesticides people found their warehouses

filed with pesticide compounds that the
government had banned for food crop use.

When a magazine writer said that, “A

$14 million market has opened up for

fungicides on golf course turf,” you can bet
the food pesticides manufacturers started
moving their erstwhile unsaleable (for food
crop use) fungicides over into the turf
market, rightly reasoning that “very few peo-

ple eat grass.” It was at this time (mid

1960's) that you saw entry into the turf

fungicides markets, firms which had never

participated in such markets before.

. Right after Siwent Spring, Monsanto pub-

lished a resounding rebuttal to the book. To

discover what the world would be like with-
out pesticides, read the October, 1962, issue
of Monsanto Magazine article entitled “The

Desolate Year.” It depicts a world without

pesticides, overrun with insects and other

pests, and presents a frightening picture of
how tenuous is the thread that holds civiliza-
tion togsther. Without pesticides, the human
race cf uld literally be eliminated. The grim
fact is that all the pesticides we've ever had
could only hold antagonistic pests in check.

In no way could all of them be eliminated.

Witness even today in your continuing battle

against turf pests how many insects and

fungi have readily adapted to pesticides and/
or have become entirely resistant to many of
them. To reinforce yourself on this particular
point, be sure to see the motion picture “The

Helstrom Chronicle,” which shows that prac-

tically all insects can adapt to just

about any pesticide—and that it may not be
too far in the future when insects, not

humans, will rule the world! That is, unless
mankind can continue its pressure on the
pest world through much more pesticide
research and a constant flow to the market-
place of more new pesticides.

. Is pesticide research dead? Maybe not

quite, but it's rapidly approaching that state.
Dr. John Shred, the famous Connecticut en-
tomologist, told me at a turf conference a
couple of years ago that at that time of the
year just 12 months before he had, in the
first quarter of the year, screened hundreds
of chemical compounds for insect control
activity. During the current quarter, he told
me, he’d received candidate insecticide
compounds from only two companies.

. Over-reaction has also shown up at the state

and local levels. More and more states, be-
cause of pressure from environmentalist
groups, are placing their own bans on many
pesticides, whether there’s any real basis for
such action or not, and they are imposing
almost intolerable regulations and condi-
tions. An example is California where anyone
who even recommends the use of a pesticide
must have a permit or license. In the original
legislation, a license was needed not only for
the state itself, but also for every county of
the state in which that pesticide was to be
sold and/or recommendations for its use
made! It's just about enough to turn off any-
one and let the pests take over by default.

. Another part of the untenable present

pesticide situation is the practically impossi-
ble maze of registration procedures.
Whereas formerly a good pesticide could at-
tain registration in a few weeks, it may now
require years—and lots of money. New ob-
stacles have been thrown up, including such
things as ‘“feeding studies,” “residue
studies,” “environmental impact studies”
and the like. Some companies have received
pesticide applications back from the EPA no
less than five or six times for “more data,”
the “dotting of i's,” the “crossing of T's,” etc.
Do you wonder about the increasing prices
of pesticides? You shouldn't when you begin
to realize the tremendous costs involved just
in registration, including the horrendous
work involved, the numerous trips to Wash-
ington, etc.

. The crunching halt to pesticide research

was mentioned earlier. The true extent of this
literally jumps at you when you hear that
many companies are completely abolishing
their pesticide research facilities and ter-
minating their people. Many experiment sta-
tions, formerly strong in agricultural and turf
pesticide research, have either cut back or
eliminated this from their programs.
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several states helped evaluate their winter hardi-
ness. Professor Milo Tesar at Michigan State Uni-
versity had to go to his northernmost planting near
Lake City, Michigan to find the two most winter har-
dy plants. One of these came from a railroad siding
in Berlin where Professor Soukoup had seen it grow-
ing for 15 years. The other plant | found in the Alps
of north italy. One of my Canadian friends recently
reported that the Berlin bermuda was surviving in
Canada.

We are using the Berlin bermudagrass as a
parental source of winter hardiness and have made
several hundred hybrids between it and our best
Cynodon transvaalensis introduction from South
Africa. Dr. Jerrel Powell, ARS, USDA, Beltsviile, Md,,
is helping us evaluate these hybrids for winter hardi-
ness. Because these Fy hybrids are sterile and will
not produce an F2 generation, we cannot expect to
develop hybrids as winter-hardy as their Berlin
parent. We do expect some of them to be more
winter-hardy than the Tif-bermudas.

Some of the progeny from the Berlin ber-
mudagrass have set seed very well in small plots. In
1974 we isolated three of the best of these and used
springs to plant large plots. When we harvested
seed from these plots near the end of the season, we
found lots of heads but a very poor seed set, due, we
think, to self-incompatability. To solve this problem,
we interplanted them in 1975 and expect to get a
good seed harvest. Our objective is to develop a
winter-hardy bermudagrass than can be propagated
by seed.

Mutation Breeding

The failure of the triploids made in the late 1960s
to excel the Tif-bermudas caused us to turn to muta-
tion breeding as a possible way to improve them.
The occurrence of Tifdwarf as a natural mutant in
Tifgreen suggested that speeding up this natural
mutation process with mutagenic agents might be
proftitable.

Thus, in the winter of 1969-70, with the help of
Dr. Jerrel Powell, we began mutation breeding
research to produce mutants of Tifdwarf and
Tifgreen. Dormant stolons, washed free of soil and
cut into one or two node sections were selected be-
cause their buds contain few cells. Actively growing
buds contain many cells and a one-celled mutant
occurring in such buds will usually be obscured by
the development of the normai cells around it. Thus
the ideal bud for mutation breeding will have only
one cell.

When we treated dormant buds of Tifdwart and
Tifgreen with the chemical mutagen EMS (ethyl
methane sulfonate) at rates up to levels that killed
many buds, noticeable variants failed to appear.
When we exposed dormant sprigs to 7 to 12 kR of
gamma irradiation from a cobalt 60 source, however,
a number of distinctly different bud mutations occur-
red. Isolated from normal tissue and grown in two-
inch pots in the greenhouse, these 60 mutants
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differed in leaf size, hairyness, stem diameter, in-
ternode length, and basic plant color. in a field plant-
ing they differed in herbicide sensitivity, frost toler-
ance and spreading rate.

In the winter of 1970-71, we exposed dormant
stolons of Tifgreen and Tifway to gamma rays and
planted them in flats of sterile soil in the greenhouse.
In April we space-planted in the field the tiny plants
that grew from the irradiated buds and isolated 62
mutants from Tifgreen and 36 from Tifway. These
mutants were similar to those obtained earlier. Tif-
way, however, gave a lower mutation frequency and
failed to produce as much variation in plant color.

From these studies we have learned that muta-
tion breeding is a very effective method for creating
variation in the sterile triploid bermudagrasses. Our
experience indicates that dormant sprigs should be
exposed to 7,000 to 9,000 r of gamma irradiation
and then planted in sterile soil in the greenhouse.
When well established, the plants from irradiated
sprigs should be space-planted in the field. A reqular
daily search for mutant shoots should begin as soon
as stolons appear. Color differences are easier to
detect on cloudy days. Mutant shoots should be re-
moved immediately and grown in the greenhouse,
otherwise they will be overgrown with normal plant
material and lost.

Up to 6 per cent of the sprigs of Tifgreen and
Titdwarf that we irradiated produced M; mutants.
Approximately 70 per cent of these mutants did not
sector and gave rise to uniform turf when increased
vegetatively. Sectoring mutants were usually
stabilized by isolating small sectors from them. Fre-
quency of discernible mutants was lower in Tifway
than in Tifgreen and Tifdwarf.

The mutants from our mutation breeding program
were set out in plots along with normal material of
Titgreen, Tifway, and Tifdwarf to serve as checks at
Tifton, Ga. and Beltsville, Md. For the past three
years we have been carefully evaluating these
mutants, searching for one or more that may be
superior to the normal Tif-bermudas. We have about
decided that the dwarfs smaller than Tifdwarf are too
small and grow too slowly to be useful on most golf
courses. Some mutants that looked good three years
ago no longer compare favorably with their normal
parent. We learned years ago that it takes at least
three years to pick the good ones. Some of the
mutant plots have very few nematodes in them,
others are heavily infested. Dr. AW. Johnson, ARS,
USDA, nematologist at Tifton, is helping to evaluate
these mutants for nematode resistance. Evaluation
is difficult because it is hard to get a uniform infesta-
tion in the field, and nematodes cannot be cultured
in the laboratory as can disease organisms. Dr.
Johnson has some of the most promising mutants in
the greenhouse and hopes to give us a resistance
evaluation of them by next spring. By that time we
hope we will have several mutants (at least one from
each Tif-bermudagrass parent) to increase and re-
lease for evaluation on golf courses.
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larvae forms can be identified by observing the
rastrel pattern on the bottom side of the last body
segment.

Life cycles vary with each species. For example,
the Japanese beetle completes its life cycie from
egg, larvae or grub and pupa or resting stage,
emerging as an adult in one year. Similarly the green
June beetle, European and masked chafer have
one-year life cycles. On the other hand, grubs of the
May beetle {Phyllophaga sp.) may remain in the soil
for 2 or 3 years. The amount of time the larvae rem-
ain in the soil depends on the species. A white grub
that has recently caused great damage to golf
course turf in several Eastern and Midwestern
states is the Ataenius spretulus. This beetle has a
one-year life cycle, though the number of broods per
year has not been established.

Typically, white grubs feed on grass roots during
the late summer and fall. In late fall, they dig deeper
into the soil, especially in regions where the ground
freezes. After spending the winter deep in the soil,
the grubs return to the grass root zone and resume
feeding. Grubs with a one-year life cycle usually
pupate in May. Grubs with a life cycle of more than
two years continue to feed the following year.

Leaf Chewers

The second major group of insects are those that
chew on the leaves and stems of the grass piant.
Sod webworms or lawn moths, along with
armyworms and cutworms, are usually the most
damaging surface feeding insects that affect
turfgrass. Lawn moths when present can be ob-
served flying just above the turfgrass area in a zig-
zag pattern during the early evening hours and in the
light rays of the night watering vehicle.

The female sod webworm lays the eggs while fly-
ing over the turf in the evening hours. These eggs
will hatch in a week to ten days. The young web-
worm larvae will begin feeding on the grass, thereby
causing damage to the area. Most regions of the
United States have two or three generations per
year. Usually, the first generation of sod webworms
in early summer are not enough to cause damage.
However, each succeeding generation, six to eight
weeks later, can increase significantly the number of
Jarvae. As these larvae grow larger, so does their ap-
petite and the damage resulting to the turfgrass
area.

Sod webworm feeding causes small, irregular
areas of dead or dying turf. These small areas
coalesce into a large damaged area within a few
days. A badly damaged location has many uneven
patches of dead turf with pencil-sized holes. These
small holes result from birds feeding and digging the
larvae from their burrows.

Armyworms are another damaging type insect
larvae found on turfgrass areas. As do many insects,
the armyworm commonly overwinters as a larva or
pupa. Armyworms are 1 to 1'2 inches long, with dark
stripes down the center of the back and along each
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side. The remainder of the body may be varying
shades of green. The armyworm feeds commonly at
night, but does not hide completely during the day as
does the sod webworm.

A group of insect larvae known as cutworms also
damage turfgrass areas, especially putting greens
after they have been cored. The vertical holes left by
a coring machine (aerator) provide an ideal site for
the larvae to rest during the day until they feed on
the grass blades in the evening.

Achieving Control

To achieve adequate control of insects, it is im-
portant to know the life cycle and in what stages of
development they are most susceptible to being
reduced. To maintain an ecological balance in
nature, it is not desirable to achieve total eradication
of an organism. Insects may be controlled by either
biological, chemical, physical or mechanical meth-
ods.

Examples of biological or natural controls include
frogs, toads, lizards, moles and birds as well as other
animals that feed mainly on insects. Some insects
are predatory on other insects, such as the Tachinid
fly that lays its eggs on the armyworm. As the fly lar-
vae eat, the armyworm is soon killed. Viruses, fungi
and bacterial diseases also help to hold insect
populations in check. The use of bacteria, causing
milky disease that kills grubs of the Japanese bee-
tle, is another example of natural or biological con-
trol. Biological controls do not eliminate a past spe-
cies completely; they only reduce the population,
thereby keeping the damage minimal. However, bi-
ologica! controls are usually self-generating, so a
control specie, once installed, continues to
reproduce and remain effective.

insecticides or chemical poisons used to destroy
insect pests may be divided into two groups;
stomach poisons and contact poisons. Stomach
poisons are used mainly to control insects with
chewing mouthparts. Contact insecticides are ap-
plied directly on the pest or are applied where the in-
sects will pick them up. Contact poisons are espe-
cially useful in controlling insects with piercing-
sucking mouthparts. If eaten, a contact insecticide
acts as a stomach poison.

Physical and mechanical controls are the
simplest, most obvious and at times most effective.
The old-fashioned fly swatter is an example of a sim-
ple, inexpensive method of control. Unfortunately,
physical and mechanical methods of insect control
are limited in large turfgrass areas.

With the Environmental Protection Agency
declaring the intent to cancel registrations of
pesticides containing chlorinated hydrocarbons, it
will become necessary now to correctly identify the
damage-causing organism and treat accordingly. In
the past, it was possibie to treat with a broad-spe-
ctrum insecticide and achieve satisfactory control

even if the damaging insect had not been properly
identified.
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