
Nitroform 
paints a pretty picture 

Nitroform® provides a consistent 38% nitrogen that's released by soil bacteria slowly 
and predictably — just when it is most needed to make turf and ornamentals green and healthy. 
And Nitroform continues this slow, steady release to sustain growth for over six months (even 
during periods of sparse rainfall). 

You'll find Nitroform nonburning, nonstreaking, nonleaching. It's easy mixing and 
clean handling, too. This versatile nitrogen source is available in Blue Chip® for dry applications, 
Powder Blue™ for liquid use, and it can be mixed and applied with insecticides and fungicides. 

When you're buying a complete fertilizer be sure to check the label to see that it 
contains Nitroform, the most efficient source of Water Insoluble Nitrogen. 

Nitroform can do beautiful things for your business. 

BFC CHEMICALS, INC. 
4311 LANCASTER PIKE, WILMINGTON, DE 19805 



tial to the success of this step. 
Mixing materials on-site with a 
rototiller or similar machine simply 
proves to be an inadequate method 
of properly mixing soil. Attempts to 
uniformly rototill diverse materials 
such as sand, soil and organic mat-
ter to the depth required in putting 
green and collar construction fall 
short of the desired goals. 

The initial USGA Green Section 
Specifications recommended that 
material to be used in construction 
of the collar be in place and shaped 
before the prepared topmix was 
placed on the green. However, this 
recommendation has been refined 
and now calls for the collar to be 
constructed to the same specifica-
tions as the green. The collar is sub-
jected to levels of traffic and man-
agement similar to those imposed 
on the putting surfaces. Exacting 
construction specifications will 
permit the turf on the collars to re-
spond positively to these condi-
tions. 

The final step in the construction 
process involves turf establish-

ment. In many cases, the desire to 
get the green back into play as soon 
as possible results in establishment 
by sodding. This is acceptable only 
if the sod has been grown on a 
topmix that is exactly the same as 
that used in construction of the 
green. Sodding under any other cir-
cumstance results in a soil interface 
just below the turf which decreases 
the chances of success. In such in-
stances, seeding or vegetative prop-
agation by sprigging or stolonizing 
is certainly the preferred method of 
establishment from an agronomic 
point of view. 

The specifications outlined here 
are somewhat exacting. Soil testing 
is essential to the success of this 
method. Many clubs choose not to 
construct putting greens to these 
specifications because they believe 
construction costs will be exces-
sive. A properly constructed put-
ting green is an investment that will 
pay dividends over many years. 
Proper soil and drainage character-
istics will yield a healthy turf less 
susceptible to disease and annual 

weed encroachment. Problems as-
sociated with wet wilt and greens 
too wet to play should be mini-
mized. Resistance to compaction 
will result in a healthier, more ex-
tensive root system which is able to 
exploit a greater volume of the soil 
profile in search of water and nu-
trients. 

In situations where accepted 
specifications are not followed, no 
degree of maintenance expenditure 
will produce greens offering con-
consistently good putting charac-
teristics and agronomic conditions 
conducive to desirable plant 
growth. Green construction 
involving less expensive and less 
effective method can end up being 
more costly in the long run. Cer-
tainly there can be nothing more 
expensive than rebuilding a green. 

Any method of putting green and 
collar construction will involve a 
sizable expenditure of funds. The 
USGA Green Section Specifica-
tions put the odds for success in 
such an endeavor well in your 
favor. WTT 

Are you a Miser 
with Fertilizer? 

If you're cutting down on your 
fertilizer and water bill, 

OREGON GROWN CHEWINGS 
AND CREEPING RED FESCUE 

is the grass you need. It's fine bladed and blends very 
well with other turf grasses. The fine fescues are noted 
for being real misers when it comes to low maintenance 
turf areas. 

Use Oregon grown fine fescues for overseeding any 
turf area. It's the Miser grass! 

OREGON FINE FESCUE CONNISSION 
1349 Capital NE • Salem, Oregon 97303 • 503/363® 1022 



"Welcome 
to the Souths 
next great 
golfgreenr 
—Howard Kaerwer, Director of Hirf Research^ 

at Northrup King's Research Center 

Ftom one of these unlikely looking clumps of ryegrass will 
come the next improvement in Northrup King Medalist Brand*Over-

seeding Mixtures. The South's most successful blends for over a decade. 
Howard Kaerwer and the Northrup King research team have devoted 

thirty years to developing new grasses and perfecting blends. The results are 
products such as Medalist 7 Brand, the rugged, dependable ryegrass 
blend that lets you control transition. Andnew grasses like Defray, with 

lower nitrogen requirements and better tillering than any other ryegrass 
on the market. 

When Howard isn't in the lab hes on the links talking to superintendents, 
conducting field experiments and collecting new grass samples to bring 
back for testing. 

Has Howard s hard work paid off? Tfen years after the introduction of 
Medalist Brand, 90% of250 original customers were still with Northrup 
King. And since then, the number has grown to 
over 400 golf courses throughout the South. 

Ask your Northrup King distributor how to 
make your course even better with Medalist 
Brand, the South s most successful winter over-
seeding blends. 

Or write: Medalist Tbrf Products, Northrup 
King Co., RO. Box 370, Richardson, TX 75080 or 
RO. Box 959, Minneapolis, MN 55440. 

Circle No. 140 on Reader Inquiry Card 
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The new WhisperGlide. Quiet,tough and efficient. 
Announcing a dramatic new standard 
of dependability in gas powered cars. 
We call it purr-r-formance. The new 
Harley-Davidson WhisperGlide is: 
• newly designed to provide the relia-

bility you demand and, for the rider, 
the quietest operation in the industry. 

• built around a unique engine that 
delivers unparalleled fuel economy 
and simplified servicing. 

The WhisperGlide ™ story is very 
hush-hush. 

Our tests prove this is the quietest 
gas car for the rider in the industry. 
In fact, when compared to our closest 
competitor, WhisperGlide was 2.5 deci-
bels quieter for the rider. Why so quiet? 
Five new features—full engine speed 
at only 2800 rpm, a finely tuned exhaust 
system, an exclusive new transmission, 
a redesigned combustion chamber and 
a new piston—combine to hush the 
engine noise to a very pleasant purr. 
New WhisperGlide™ delivers up to 
35% better fuel economy. 

WhisperGlide's new engine incor-
porates innovations that enable it to 
achieve full engine speed at only 2800 
rpm. This, coupled with the new over-
drive transmission, results in a more 
efficient use of fuel. Superb fuel econ-
omy also comes from a new carburetor, 
newly designed cylinder porting, and 
a modified engine exhaust system. In 
our tank-to-tank, on-course testing we 

found WhisperGlide passing the pump 
for an equivalent of 30, eighteen-hole 
rounds—up to 35% better fuel economy 
than the competition. 
WhisperGlidev is built with 
a lion's share of durability. 

The WhisperGlide lightweight 
body is made of impact and rust-
resistant fiberglass so it stands up to 
constant use. Underneath, the engine's 
crankshaft and main bearings are built 
tough and fitted to closer tolerances to 
ensure reliable operation. In fact, most 
engine components are covered by the 
exclusive Harley-Davidson two-year 
parts warranty. 
New WhisperGlide™ is simple 
to service. 

Merely lift the tilt-up body to 
expose an easy-access engine, trans-
mission, starter and battery. Regular 
maintenance is easier. The carburetor 
is accessible without removing the 
air cleaner. Drive belt can be replaced 
without removing parts or using tools. 
To service the primary transmission, 
only one cap screw needs to be removed. 
Switches and wiring are more conven-
iently located. And the new rear bumper 
design and transmission permit easy 
towing. 

See your Harley-Davidson dealer. 
Listen to WhisperGlide™ 

Test the handling and maneuver-
ability of our new four-wheel model. 
Or, try the three-wrheel model with our 
exclusive tiller steering. Look for little 
things like a forward/reverse key-
switch with a reverse warning buzzer 
and the new clip-on scorecard holder. 

We have the largest network of 
dealers in the industry, all with a com-
plete line of gas and electric cars and 
genuine Harley-Davidson replacement 
parts. Your local dealer has the Whisper-
Glide that will be purr-rfect for your 
course. 
For more information write or call: 
Harley-Davidson Motor Co., Inc. 
3700 W. Juneau Ave., P.O. Box 653 
Milwaukee, Wisconsin 53201 
414-342-4680 

Golf Car Division 



Thin crown and chlorotic foliage of 
this ponderosa pine in the San Ber-
nardino Mountains identify it as more 
ozone sensitive than the more tolerant 
ponderosa pine on the left. 

Typical chlorotic: dwarf individuals of 
extern white pine. 



PART TWO 

SPECIFY TOLERANT 
TREES FOR 
AIR POLLUTED AREAS 
By DAVID F. KARNOSKY AND TED R. MYERS 

In the first paper in this series on 
air pollution effects on shade trees 
(Weeds, Trees, and Turf, Feb-
ruary, 1982), we discussed some of 
the most important air pollutants 
with regard to trees. This paper 
will examine methods of reducing 
air pollution problems on shade 
trees. Theoretically, all air pollu-
tion problems can be prevented by 
controlling pollutant sources. 
Whenever feasible, this approach 
to controlling air pollution prob-
lems should be taken ahead of all 
other solutions. 

Significant reductions in the 
number of localized sulfur dioxide 
problems have been made in the 
past twenty years through techno-
logical advances such as stack 
scrubbers and tall smoke stacks 
and through the conversion of coal 
burning to oil burning (which re-
sults in less sulfur being burned). 

Unfortunately, we will be faced 
with some major pollutant prob-
lems on trees for many decades to 
come. As long as the automobile 
remains our principal source of 
transportation, for instance, we'll 
likely continue to be faced with 
two related problems: ozone gen-
erated from photochemical reac-
tions involving automobile ex-
haust products and salt spray re-
lated to the use of deicing salts for 
maintaining clear winter roads. 
Similarly, since it is likely that 
herbicides will continue to be 
used for weed control for the 
forseeable future, arborists will 

Dr. Dave Karnosky is a forest geneti-
cist of the New York Botanical Gar-
den's Cary Arboretum in Millbrook, 
NY. Ted Myers is director of re-
search and development for Cottage 
Gardens, Inc., Lansing, Michigan. 

probably continue to be faced with 
herbicide drift problems on trees. 

These pollutants can be reduced 
by minimizing automobile emis-
sions and by encouraging wiser 
and more moderate use of deicing 
salts and herbicides. Some pollu-
tant problems can also be reduced 
by various cultural treatments. For 
example, fertilizing eastern white 
pine trees can make them less sus-
ceptible to injury from sulfur diox-
ide (Cutrufo and Berry, 1970) and 
ozone (Will and Skelly, 1974). Eu-
ropean studies have shown that 
European beech and elm are more 
tolerant to sulfur dioxide when 
grown on good soils than on 
nutrient-deficient soils (Guderian, 
1977). The addition of gypsum to 
soils can be helpful in reducing 
salt damage to trees growing near 
roadways (Rubens, 1978). 

Because trees vary greatly in 
their responses to air pollutants, 
some pollutant problems to shade 
trees can also be minimized by se-
lecting pollution-tolerant trees for 
plantings in areas where a known 
pollutant prevails. The remainder 
of this paper will examine varia-
tion in pollutant responses of trees 
and discuss how this information 
can be used. 

Variation in Pollutant Responses 
Tree species, varieties, cultivars, 

and individuals within a species 
may react differently to a given air 
pollutant. Although there is no ab-
solute resistance to gaseous air 
pollutants, trees do vary from be-
ing highly tolerant to being very 
sensitive to air pollutants. The im-
portance of species-specific differ-
ences in tolerance was first no-
ticed where pollution concentra-
tion gradients were located 

around single pollutant sources. 
For example, Scheffer and Hedg-
cock (1955) and Gorden and Gor-
ham (1963) reported differences in 
the severity of sulfur dioxide in-
jury to trees around ore smelters. 
Linzon (1965) noted similar differ-
ences between tree species around 
petroleum refineries emitting 
large amounts of sulfur dioxide. 

During the 1960's, extensive 
damage to trees caused by photo-
chemical oxidants (primarily 
ozone) was reported in the San 
Bernardino Mountains of southern 
California. Here again, considera-
ble variation was seen in the re-
sponse of trees, as some tree spe-
cies (digger and singleleaf pinyon 
pines) were quite tolerant and oth-
ers (Colter, Jeffrey, Monterrey, 
and ponderosa pines) were sensi-
tive (Miller and Millecan, 1971). 
Field observations along northern 
highways have also revealed that 
trees vary widely in their toler-
ances to deicing salts (Lumis et aL, 
1973; Shortle and Rich, 1970). 

Although it is often overlooked 
and is not as well publicized, there 
may be as much variation within 
tree species in air pollution re-
sponses as there is between spe-
cies. Several researchers have de-
scribed extensive variation within 
species in pollutant responses as 
determined by controlled fumiga-
tions with sulfur dioxide and 
ozone. Karnosky (1980, 1981) has 
also described within-species var-
iation in ozone responses from 
field observations. 

Understanding Tolerance Lists 
To effectively utilize the varia-

tion in pollutant responses in or-
der to select tolerant trees for 

Continues on page 60 



One-shot white 
grub control 

with OFTANOL 
represents a dra-
matic break-

through in turf 
management. 

With a single 
application at the recommended 
rate, OFTANOL controls white 
grubs through the entire season. 

But that's only part of the story. 
Properly timed, that same 

application can also control major 
insects such as billbug, chinch 
bug, Hyperodes weevil and sod 
webworm. 

For example, apply OFTANOL 
for the first infestation of surface 
feeding insects. You'll establish 
season-long white grub control at 
the same time. 



Or, treat for Hyperodes weevil 
in the spring. You'll also receive 
white grub control for the entire 
season. 

Other insecticides requiring 
multiple applications can't provide 
this performance and flexibility. 

OFTANOL has other advan-
tages, too: won't tie up in thatch . . . 
resists leaching . . . doesn't require 
watering in. 

Don't trust your turf 
to anything less. 

No wonder 
OFTANOL is the new 
insecticide turf man-
agers are asking to 
learn more about. 
OFTANOL can fit into 
your insect control 
program, too. Ask your 
turf chemicals supplier 
for this free OFTANOL 
FACTS brochure. 

Mobay Chemical Corporation 
Agricultural Chemicals Division 

Specialty Products Group 
Box 4913, Kansas City, MO 64120 

OFTANOL is a registered TM of the Parent Company of 
Farbenfabriken Bayer GmbH, Leverkusen 



planting in areas with pollution 
problems, one must examine the 
many lists available and decide 
which ones are most appropriate 
for your situation. It is important to 
understand that these lists can 
only be used as general guide-
lines. They often present conflict-
ing information, depending on 
where and how the study was con-
ducted. Also the lists commonly 
have two inherent limitations: 1. 
variation within a species cannot 
be adequately described; and 2. 
tolerance rankings generated from 

chamber fumigations may not re-
late well to those determined in 
nature. 

The first limitation is evidenced 
by the situation with eastern white 
pine. This species is consistently 
blacklisted as being sensitive to 
ozone and sulfur dioxide pollu-
tion. However, eastern white pine 
is a highly variable species and 
has individual trees with a wide 
range of pollutant sensitivities. In 
the senior author's studies in 
southern Wisconsin, the ozone-
sensitive trees make up less than 

5% of the native population, the 
trees with intermediate sensi-
tivities occur in about 8% of the 
population, and the remainder of 
the trees are ozone-tolerant. At the 
New York Botanical Garden in the 
Bronx, New York, there is a 
healthy stand of old eastern white 
pine trees that have survived high 
ozone and sulfur dioxide levels 
over the past 50 years. The senior 
author is beginning to propagate 
individuals from the Wisconsin 
and New York locations to build 
up stocks of eastern white pine 
genotypes with known pollutant 
responses. The tolerant trees from 
this work may be used in areas 
where pollution problems on east-
ern white pine might otherwise 
occur, and the sensitive individu-
als may be eventually used as 
bioindicators of the presence of air 
pollution. 

The second limitation of many 
tolerance rankings is that they 
were developed from chamber 
fumigations of seedlings grown 
under artificial conditions. The 
seedlings used in these studies 
may not be representative of how 
mature trees respond to air pollu-
tants. Furthermore, these studies 
generally use short duration, acute 
fumigations of single pollutants, 
whereas trees in nature are usu-
ally exposed to chronic fumiga-
tions and are often exposed to 
more than one pollutant at the 
same time. One other important 
consideration with these chamber 
studies is that the plants are gener-
ally grown in containers and un-
der optimum growing conditions 
which are not necessarily typical 
of the natural environment. 

Relative Tolerances 
Given the numerous problems 

relating to the ranking of relative 
pollution tolerances, the reader 
might not expect to see any such 
lists presented in this paper. How-
ever, we feel that there are two 
pollutant problems, ozone and 
deicing salts, in which adequate 
information is known about tree 
responses in the field so that the 
relative tolerances are reliable. 
For ozone, the senior author has 
been examining field responses of 
common shade trees for the past 

Continues on page 62 

TABLE 1. 
Relative tolerances of shade trees to ozone. The number of cultivars 
studied are noted in brackets. 

Tolerant 
Black gum 
Blue ash 
Callery pear (7 cultivars) 
Chinese elm 
Cucumber tree 
European alder 
European ash (2 cultivars) 
European beech (2 cultivars) 
European mountain-ash 
Flowering ash 
Ginkgo (6 cultivars) 
Green ash 'Summit' 
Honeylocust 'Emerald lace' 
Honeylocust 'Majestic' 
Honeylocust 'Moraine' 
Honeylocust 'Rubylace' 
Honeylocust 'Skyline' 
Japanese pagoda tree 'Regent' 
Norway maple (15 cultivars) 
Pin oak 'Sovereign' 
Pumpkin ash 

Red maple 
River birch 
Saucer magnolia 
Scarlet oak 
Shumard oak 
Silver linden 
Silver maple 
Sugar maple (6 cultivars) 
Sweetgum (2 cultivars) 
Sycamore maple 
White ash 'Autumn purple' 
Sensitive 
Big-leaf linden 'Fastigiata' 
Big-leaf linden 'Orebro' 
Crimean linden 
Crimean linden 'Redmond' 
English oak 'Fastigiate' 
Honeylocust imperial ' 
Kentucky coffee tree 
London plane tree 'Bloodgood' 
Ohio buckeye 
Sycamore 

TABLE 2. 
Relative tolerances of trees to aerial drift of deicing salt. 

Highly Tolerant Very Sensitive 
Conifers: Conifers: 

Austrian pine Eastern hemlock 
Colorado blue spruce Eastern white cedar 
Eastern red cedar Eastern white pine 
European larch Norway spruce 

Red pine 
Hardwoods: Scots pine 

Black locust White spruce 
Eastern cottonwood 
Gray birch Hardwoods: 
Honeylocust Allegany serviceberry 
Norway maple American beech 
Pin oak American linden 
Red oak Box elder 
Tree-of-heaven English holly 
White ash European beech 
White poplar European horn beam 
Yellow birch Hackberry 

Red maple 


