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For a little more than a decade, there has 
been a nagging concern in the minds of 
many turfgrass scientists over the envi-

ronmental soundness of turf management as it 
is practiced now. This uncertainty has found 
expression in technical reports, grant proposals 
and even in articles written for the practical turf 
manager. 

The popular press, both print and elec-
tronic, has picked up on these expressions of 
concern and exploded them into full-blown 
environmental crises. Consequently many 
people, both in and out of the green industry, 
are convinced that turf culture is an environ-
mentally risky enterprise which probably is not 
sustainable in ecologically sensitive areas. 
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When atmospheric nitrogen is chemically fixed as fertilizer, there is a discrimination against the heavy 
15N which results in fertilizer depleted in 15N. After fertilizer is applied to the soil, it is absorbed by 
plant roots and microorganisms and undergoes several metabolic transformations. At every step, 
where gaseous nitrogen is lost as NH3, N20 or N2 there is a preference for 14N which leaves the 
remaining soil and plant nitrogen enriched in 15N. Thus soil water N03-N normally contains more 15N 
than did fertilizer-N but not as much 15N as would be found in animal tissues or their waste products. 
While the differences in 15N% are very small, they can be detected in sensitive mass spectrometers 
and used to estimate the source of N in an environmental sample. 
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The principal environmental concerns over turf cul-
ture fall into two general categories. First, and of 
greatest concern, is the introduction of toxic chemicals 
into the domestic landscape through the use of synthetic 
fertilizers and pesticides. These are viewed as a threat 
to the health of people through direct contact at time of 
application and indirectly as contaminants of ground 
and surface waters which are often used as domestic 
water supplies. The second is a concern over the wisdom 
of using scarce resources, e.g. water, energy and plant 
nutrients, for the growing of turf when they could be 
used for more critical purposes. When such resources 
become truly limiting, it is argued, turf and landscape 
maintenance must be assigned a lower priority than 
agricultural, industrial or critical domestic uses. Thus 
turf and landscape maintenance with its heavy reliance 
on water, chemicals and energy is not sustainable in a 
resource limited society. 

Are these concerns legitimate? Is it inevitable that 
turfgrass management must change dramatically in the 
years ahead? Does turfgrass science have anything to 
say about these questions? 

As with most environmental questions, it is difficult 
to respond with a definitive yes or no. It might be better 
to analyze the nature of the concern and determine what 
issues are supported by science and what are not. The 
questions outlined above are too large and complex to be 
treated in a single issue of Turf Grass Trends, so I will 
concentrate on a single concern in the belief that it is 
fairly typical of the turfgrass environmental contro-
versy. Nitrate leaching from turf and its role in water 
pollution is representative of turf management concerns. 

The alarm is sounded 
Is there any basis for concern over nitrate washing 

out of turf and contaminating domestic wells and under-
ground water resources or is this issue a creation of 
environmental extremists? In many rural and suburban 
areas of our country more than 50% of the population 
depends on private wells drawing on subterranean aqui-
fers as its sole water supply. Even many small-to 
medium-sized cities draw much of their water from 
underground supplies which are replenished in part by 
rainfall percolating through the overlying soil. There is 
no question that ground water resources are important 
and that the maintenance of their quality is essential to 
the stability and growth of many communities. So the 
concern over ground water quality is valid. The question 
is: how much of a threat to water quality is the growing 
of turf on soils overlying ground water reserves? 

The first serious questions over the environmental 
soundness of turf management were raised by suburban 
communities on Long Island, New York. During the 
1950s and early 60s, an alarming increase in the nitrate 
content of water from many domestic and small munici-
pal wells was observed. The U.S. Public Health Service 

had determined that nitrate-nitrogen levels greater than 
10 parts per million (ppm or mg/L) posed a health risk 
especially to newborn babies. Nitrate can bind to the 
hemoglobin of the blood reducing its capacity to carry 
oxygen. This can cause a kind of asphyxiation called 
methemoglobinemia. Small children and babies are 
most susceptible to this poisoning where it is known as 
the "blue baby" syndrome. Thus when wells began to 
approach or even exceed the 10 ppm nitrate-nitrogen 

limit, people became justifiably concerned. The open 
question was not over the presence of nitrate in well 
water but over its source. 

Because children's health was at stake, rational 
discussion did not always prevail. It soon became 

Arguments against 
threshold nitrogen 
applications 
by Dr. Richard Hull 

In many discussions of nitrate leaching from 
turf, the concept of threshold application rate is 
introduced. As I understand it, a threshold rate of 
nitrogen fertilizer is the largest amount which 
when applied will not cause an increase in soil 
water nitrate and, therefore, will not promote ni-
trate leaching. It is stated that so long as the 
threshold rate is not exceeded, nitrate leaching will 
not occur and ground water quality is not endan-
gered. Apparently it represents the amount of 
fertilizer nitrogen that can be absorbed by grass 
roots and soil microbes without causing excess 
nitrate to accumulate in the soil water. 

Personally, I do not like the threshold concept. 
To be sure, several investigators, myself included, 
have applied nitrogen at several rates and observed 
that at a specific rate, soil water nitrate levels 
increased. Below that rate, nitrate remained con-
stant and low. There obviously was a threshold 
rate which when exceeded caused nitrate levels to 
increase. The problem I have with the threshold 
rate is that it is different for every form of nitrogen 
used and every grass to which it is applied. It also 
will change dramatically with the time of the 
growing season. 

A slow release nitrogen source will have a 
higher threshold rate than will a readily soluble 
material and its threshold rate will be greater than 



recognized that there were three likely sources for the 
increased nitrate: agricultural fertilizers, leach field 
releases from domestic septic systems and fertilizers 
used on home lawns, golf courses, etc. Because these 
communities had been largely agricultural for many 
years, it was initially concluded that leaching from 
potato and vegetable farms was not a likely source of the 
nitrate in wells. On the other hand, residential and 
commercial development had increased dramatically in 

eastern and central Long Island so that seemed a more 
likely source of the problem. In response, many commu-
nities installed municipal sewage systems to eliminate 
their reliance on individual septic tanks. However, this 
often did not result in a significant lowering of the 

nitrate content in well water. Attention was then turned 
to lawn fertilizers as the only remaining source of nitrate 
contamination. The Long Island problem was of course 
experienced by other communities but more importantly 
the alarm had been sounded. 

Many suburban residents became convinced that they 
would eventually have similar nitrate problems and that 
lawn maintenance was the cause. This has resulted in 
local ordinances restricting lawn size or the amount of 
fertilizer that can be used to maintain turf. Golf courses 
and sod farms are specifically excluded from the list of 
acceptable land uses in many ground water sensitive 
areas of the Northeast and elsewhere. 

Evidence revisited 
The evidence which implicated turf fertilizer use as 

the cause of well contamination by nitrate can now be 
viewed with a bit more objectivity than was possible 
during the 1960s. Much research has been reported and 
the science of environmental monitoring and cause-and-
effect assessment has become much more sophisticated. 
One problem with many of the early reports on nitrate 
contamination of domestic wells was a lack of valid 
controls. Before one can suggest the source of contami-
nation, one must know what the background level of the 
contaminant is and from that calculate the amount of 
increase attributable to a specific land use. Such back-
ground readings should be of water upstream from the 
site under study. To determine upstream for subterra-
nean aquifers, detailed ground water maps are needed; a 
tool not always available when well contamination was 
first studied. 

Land use in most urban/rural interface areas is such 
a mosaic of residential, commercial, agricultural and 
unused or forested lands that it is all but impossible to 
ascribe contaminants found in a well to any specific land 
use category. That is surely true of nitrate which is 
contributed to ground water in some quantity by every 
land use. This was demonstrated in studies of nitrate 
contamination in ground water using the relative abun-
dance of the natural heavy isotope of nitrogen: 15N. 
Nitrogen-15 exists in nature as 0.366% of atmospheric 
nitrogen; the remaining 99.634% being the lighter 14N 
isotope. When synthetic fertilizers are made from atmo-
spheric nitrogen, they contain 0.366% or less 15N. As 
nitrogen compounds react with biological and chemical 
processes in the soil or within organisms, the lighter 14N 
is often preferentially lost in various gaseous forms (N2, 
N20, NH3) and the remaining nitrogen becomes enriched 
in the heavier 15N. (See figure on page 1.) Thus nitrogen 
from animals present in manure normally contains be-
tween 0.370 and 0.375% 15N. These small differences in 
the 15N content of different nitrogen sources was used as 
a means of identifying the origin of nitrate present in 
well water. Preliminary studies using clearly defined 
watersheds in agricultural areas suggested that nitrate 

a nitrate salt. That seems obvious enough but it can 
be complicated by the fact that the rate at which 
slow release materials are oxidized and release 
nitrogen to solution depends heavily on soil tem-
perature, moisture status, and microbial activity 
which is linked to available organic matter. Thus, 
the same fertilizer might show greatly different 
threshold levels when applied on the same day to 
turf growing under differing conditions on differ-
ent soils. We have also demonstrated that turfgrass 
species and cultivars of a species differ in their 
efficiency of nitrate uptake. That means a fertilizer 
will show a lower threshold application rate when 
used on an inefficient grass and a higher rate on a 
grass that absorbs nitrate more readily. Under 
northern conditions, turfgrasses absorb nitrate much 
more effectively in the spring than they do in late 
summer and early fall. We observed marginal 
increases in soil water nitrate following a 5 lb/1000 
sq-ft application of urea-N made on May 15th. In 
early September, the same plots experienced a 
marked increase in soil water nitrate following a 
urea application of 1 lb N/1000 sq-ft. 

So, under any given set of conditions at a 
specific time of the year, a threshold application 
rate can be determined for any nitrogen fertilizer 
However, of what use is this value to the turf 
manager if it can change by several hundred per-
cent under different conditions and at a different 
time? Consequently I see little value in reporting 
threshold rates for nitrogen fertilizers because they 
are so unique to a given set of conditions and of no 
practical use to the turf manager. It is far better for 
a manager to understand the principles behind 
nitrate leaching than to base fertilization practices 
on a notion of threshold application rates. • 



derived from synthetic fertilizers and animal wastes 
could be distinguished in ground water samples based on 
their 15N percentage. When this approach was attempted 
in the more urbanized Northeast, results were much 
more ambiguous. 

In a Long Island study, fertilizers used on a golf 
course averaged less than 0.3641% 15N (less 15N than in 
atmospheric nitrogen). Well water samples taken from 
fertilized fairways averaged 0.3687% 15N while up-
stream wells averaged 0.3679% 15N. The concentration 

nitrogen from animal sources was mixing with soil 
derived nitrogen. Even the up-gradient well samples 
contained comparatively high concentrations of nitrate 
indicating off-site sources of contamination. 

While the authors of these reports tended to impli-
cate fertilizer nitrogen as a contributor to well contami-
nation, they could not exclude significant contributions 
from other, probably animal based (sewage), sources. It 
is now generally concluded that isotopic nitrogen ratios 
of well samples from areas of highly diversified land 

Average nitrate-N concentration in ground water 
under seven land uses and nitrogen applications 

Ground cover and N application 
Figure by Dr. Richard Hull 

Nitrate-N concentrations of soil water under seven ground covers fertilized at about 200 lbs N/acre/year (+N) or 
unfertilized (-N). Average of two years. Based on Gold et al., 1990, J. Soil & Water Conservation 45:305-310. 

of nitrate-nitrogen in water from the golf course wells 
and up-stream wells averaged 10.3 and 3.9 ppm, respec-
tively. While fertilizer apparently caused some increase 
in well water nitrate concentrations on the golf course, 
the amount of 15N enrichment did not indicate that the 
increase was entirely from fertilizer sources. Nitrate 
found in domestic wells on Long Island contained more 
than 0.3667% 15N and the level increased from east to 
west (toward greater urbanization). This suggested that 

uses are difficult to interpret and certainly do not show 
that fertilizers used on turf are direct contributors to 
elevated ground water nitrate levels. It is also interest-
ing to note that in the same study, wells in a potato field 
averaged more than 20 ppm nitrate-nitrogen containing 
0.3686% 15N. Potato fertilizer contained 0.3664% 15N 
which suggests that some animal derived nitrogen 
was also contributing to well water nitrate under crop 
fields. 

U = UREA 
CC= COVER CROP 
M = MANURE 
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Evidence from turf research 
Since these early studies, there has been much re-

search on the contributions of turf fertilizers to nitrate 
present in ground water. This work was thoroughly 
reviewed in 1990 by A. Martin Petrovic at Cornell 
University and will not be repeated here. I 
will only comment that some preliminary 
studies on golf course greens which re-
ceived relatively high rates of soluble ni-
trogen fertilizers and were extensively irri-
gated were found to leach substantial 
amounts of nitrate. 

These were mostly sand-based greens 
which had little capacity to retain nitrogen 
and generally represented the worst case 
situation for nitrate leaching. A more 
realistic study was reported by Stuart Cohen 
and his colleagues in 1990. They studied 
four established golf courses on Cape Cod, 
Massachusetts, placing ground water moni-
toring wells up-gradient and on greens, 
tees and fairways. These were sampled 
monthly for nitrate over an 18-month pe-
riod and generally failed to find nitrate-
nitrogen concentrations in excess of 10 
ppm. On one course, where nitrate-nitro-
gen was in the 10-30 ppm range, relatively 
high rates of nitrate containing fertilizers 
had been used. When these rates were 
reduced to 2-3 lbs N/1000 sq-ft (down from 
5.5 lbs N), ground water nitrate-nitrogen 
levels decreased to less than 5 ppm. 

In this study, the ground water was less 
impacted by other land uses so that in three 
of the four sites, up-gradient wells pro-
duced water which contained only 0.1-0.2 
ppm nitrate-nitrogen. The authors of this 
report concluded that, while golf course 
fertilizers could elevate the nitrate content 
in well water, they rarely caused an in-
crease greater than 10 ppm nitrate-nitro-
gen and this could be reduced by simple 
modifications in fertilizer management. 

It should be noted that Cape Cod was 
selected for this study because it has ex-
tremely sandy soils of low organic matter 
content which overlay shallow aquifers. In 
other words, if ground water contamina-
tion from turf fertilization did not occur on 
Cape Cod, it probably would not occur 
anywhere. Research has pretty well con-
firmed this conclusion with the sole excep-
tion of some Southeastern locations where 
soils are equally sandy, there is even less 
soil organic matter and the annual precipi-
tation is greater. Combine this with soils 

that rarely freeze and warm-season turfgrasses which are 
dormant during the winter, and significant nitrate leach-
ing is commonly observed. In the northern and central 
states where cool-season grasses predominant and soils 
are heavier, significant nitrate leaching from reasonably 
managed turf is highly unlikely. 

Field Tips 

How to minimize 
nitrate leaching 
by Dr. Richard Hull 

While much is known about conditions which 
favor nitrate leaching from established turf, there is 
also a good deal that is not well understood. However, 
enough is known to formulate a few reasonably sound 
recommendations for minimizing nitrate leaching 
from turf These practices are especially important if 
your turf is on a site over a shallow aquifer and 
preserving ground water quality is a concern. 

Even without concerns over ground water quality, 
these suggestions are valid because they promote 
efficient nitrogen use by turf and that means less must 
be applied and money may be saved. 

Many small applications (0.25 to 0.5 lbs N/ 
1000 sq-ft) will promote less nitrate accumulation in 
the soil and therefore, less leaching. This practice 
will also provide a more uniform fertility level and 
promote better and more consistent turf growth. This 
approach to fertilization also will allow you to use less 
expensive inorganic materials and urea. While more 
labor for application is required, it may be partially 
offset by less costly materials and an over-all reduc-
tion in amount used. 

New seedings and freshly sodded turf are 
especially prone to nitrate leaching until a root system 
becomes established. It is better to let the turf become 
somewhat hungry for nitrogen than applying much 
fertilizer during the first two to three months. If 
fertilizer is clearly needed (seeding on a poorly pre-
pared low quality soil), apply the principle in small 



Turf nitrate losses in perspective 
The comparative size of nitrate losses from turf was 

probably placed in the most realistic perspective in a 
study conducted in southern Rhode Island by Drs. Art 
Gold and Mike Sullivan and their associates. In this 
unique investigation, the quantity of nitrate leaching 
from soil devoted to four distinctly different land uses 
was compared within a small geographic area; a 3.7 mile 

radius of Kingston, RI. The soil type was similar at all 
sites and of course climatic conditions were virtually 
identical. Using suction lysimeters placed at the top-
soil/subsoil interface, they measured nitrate leaching 
from soils planted to variously managed silage corn, a 
fertilized and unfertilized home lawn, a native mixed 
oak-pine forest and from a conventional septic system 
for a three-person home. Nitrate leaching from these 
sites was monitored following every rainfall event for 
two years. 

The nitrate content of percolation water varied greatly 
among the different land uses. (See figure on page 4.) 

Leachate from silage corn fertilized at 180 lbs N/acre 
with urea or manure contained about 15 ppm nitrate-
nitrogen. Leachate from the domestic septic system 
averaged 68 ppm nitrate-nitrogen. Water percolating 
through an unfertilized lawn contained 0.2 ppm nitrate-
nitrogen while that from a lawn receiving over 200 lbs 
N/acre/year contained 0.9 ppm. The unfertilized forest 
leached water containing 0.2 ppm nitrate-nitrogen which 
was equal to that from the unfertilized lawn. The most 

telling comparisons were of total annual nitrate-nitro-
gen leaching to ground water from the different land 
covers. (See figure above.) While silage corn fields 
released on average 66 lbs N03-N/acre and two septic 
systems on half-acre lots released 42 lbs N03-N/acre, the 
unfertilized lawn and forest leached only 1.2 lbs N while 
a fertilized lawn released a little more at 5 lbs N03-N/ 
acre/year. It is obvious that the land uses most protective 
of ground water quality are unfertilized forests and 
lawns and even heavily fertilized turf leaches much less 
nitrate than does land devoted to field crops or residen-
tial development with on-site sewage disposal systems. 

Annual nitrate-N leached from seven 
land uses and nitrogen applications 

Ground cover and N application 
Figure by Dr. Richard Hull 

Annual nitrate-N leached from seven ground covers fertilized with 200 lbs N/acre/year (+N) or unfertilized (-N). Average 
of two years. Based on Gold et al., 1990, J. Soil & Water Conservation 45:305-310. 
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Minimizing nitrate leaching from turf 
Even though turf, fertilized or not, is among the land 

covers most protective of ground water quality, it still 
can be managed so as to reduce its nitrate release to the 
lowest levels possible. In the September 1994 issue of 
Turf Grass Trends, I discussed some of the 
conditions which contribute to nitrate leach-
ing and listed some steps turf managers can 
take to reduce these losses. Those suggestions 
were made with a view toward maintaining 
turf with minimum use of nitrogenous fertiliz-
ers. The idea was to utilize nitrogen mineral-
ized from soil organic matter as much as 
possible. Obviously if little nitrogen in used, 
little is likely to be leached from the turf-soil 
system. This approach, the practicality of 
which remains to be demonstrated, is only 
valid for established turf where large soil or-
ganic pools have accumulated. What about 
new turf established on a site devoid of organic 
matter and most plant nutrients? Can a mini-
mum fertilizer nitrogen strategy work there? 
Probably not, and annual nitrogen applica-
tions of 3 to 4 lbs/1000 sq-ft likely will be 
necessary. When that much nitrogen is ap-
plied to young turf, some special precautions 
should be taken to minimize nitrate leaching. 

The speed by which an extensive root sys-
tem will develop is an important consideration 
in guarding against nitrate leaching. If the 
number of roots and their depth of penetration 
in the soil is limited, their capacity to absorb 
soil water nitrate will be low and the opportu-
nity for leaching will be great. This was 
demonstrated recently by researchers at Ohio 
State University who compared nitrate leach-
ing from 'Baron' Kentucky bluegrass turf 
seeded or sodded on May 1. During the follow-
ing summer, soil water nitrate and potential 
for leaching was greater under seeded than 
under sodded turf. Nitrate concentration un-
der both turfs was often greater than 10 ppm 
nitrate-nitrogen. In the autumn, soil water 
nitrate levels remained high (>30 ppm N03-
N) but no differences between establishment 
method was evident. During the winter and 
from then on, soil water nitrate was consis-
tently lower under seeded turf than under 
sodded turf. (See figure on page 8.) Through-
out the second year after establishment, soil 
water nitrate-nitrogen under seeded turf re-
mained below 4 ppm while that under sodded 
turf climbed to more than 10 ppm. 

Apparently a sodded turf initially estab-
lishes roots more quickly than does a seeded 
turf but after two or three months the seeded 

grass produces the deeper more extensive root system 
which is better able to absorb soil nitrate. This difference 
in root system efficiency probably does not persist indefi-
nitely but may be evident for two or three years. In any 
event, the method of establishment should be considered 
when designing a fertilizer program for new turf. 

frequent applications. Sod normally is heavily fertil-
ized before it is sold so, a sodded turf can go unfertil-
ized for several months with no risk of thinning or 
injury. Irrigation is critical during turf establishment 
which means the opportunity of nitrate leaching is 
increased. Normal rules for estimating irrigation 
needs are less valid on poorly rooted turf which can 
access only the top inch or two of soil. Frequent light 
irrigation is best but a goodly amount of sound judg-
ment is also useful. It may be better to tolerate a little 
nitrate leaching during the establishment period and 
insure a thick, vigorous, well rooted turf which will 
protect the ground water for many years. 

Young turf, past the establishment stage, will 
require more nitrogen than turf that has been in place 
for many years. It takes time to build the organic 
content of the soil. Once the organic matter level is 
high, its metabolism and turnover will provide much 
of the tu r f s nitrogen needs as was emphasized in the 
September Turf Grass Trends article. Before then, 
however, a vigorous turf is a veritable sponge for 
nitrogen and leaching potential is minimal. At that 
time, it is best to meet the nutritional needs of the turf 
and be less concerned over nitrate leaching. 

Injured and thin turf, especially late in the 
summer, is least able to absorb nitrate and thus is 
prone to nitrate leaching. However, the grass may 
need nitrogen, so frequent small applications is the 
approach to take. Treat such a turf much as you would 
if it were newly seeded. The similarities between a 
few seeding and a recovering turf are numerous and 
they should be treated similarly. 

Although fall fertilization has been recom-
mended for many years as the mainstay of turf fertility 
management, concern over nitrate leaching has 
prompted greater attention to early spring and early 
summer applications of nitrogen. If grass is injured 
during the summer and needs to recover before cold 
weather sets in, light frequent nitrogen applications 



This Ohio study also demonstrated that nitrate levels 
in soil water increased dramatically in both seeded and 
sodded plots even when no fertilizer was applied. Ni-
trate-nitrogen levels in excess of 30 ppm were observed 
under non-fertilized turf during the late summer and fall 
following spring establishment. This points out the 
large contribution to nitrate leaching that can originate 
from soil organic matter when it is oxidized and its 
nitrogen released to soil water. This is an unavoidable 
consequence of soil disturbance and the removal of 

living plant root systems. 
We have demonstrated that large quantities of nitro-

gen will accumulate in the organic matter deposited 
under turf as roots, stem bases and underground stems 
(rhizomes). Normally plant roots and soil microbes 
absorb most nitrogen released during the decomposition 
of organic residues but, if the plants have been removed, 
soil nitrate will accumulate and can leach to ground 
water. Much of this may be avoided if sod is removed 
and turf reestablished during the fall. Conditions are 
less favorable for rapid organic matter decay during the 

fall and grass root growth is stimulated by cool tempera-
tures. By the time soil organic matter mineralization 
occurs again during the following summer, an extensive 
root system will have become established the opportu-
nity for excessive nitrate leaching will never develop. 

This study also demonstrates the possible misinfor-
mation that can originate from short-term research. 
Early field studies on newly established turf that lasted 
only one or two years produced results that badly exag-
gerated the potential for nitrate leaching. Nitrate leach-

ing from turf following soil disturbance will always be 
much greater than leaching from well established turf. 
Some early studies failed to recognize this and predicted 
nitrate leaching problems that later research has been 
unable to confirm. Some present concerns over the 
environmental soundness of turf culture on ground wa-
ter sensitive areas, probably originate from reports of 
early short-term studies. 

Irrigation is a critical component to the nitrate leach-
ing story. Unless water passes through the soil, nitrate, 
even if present in large amounts, will not leach. Because 

Seasonal nitrate-Nitrogen concentration of 
soil water under sodded and seeded turf 

Seasons 1989-91 

Figure by Dr. Richard Hull 

Nitrate-N concentration under seeded and sodded 'Baron' Kentucky bluegrass turf during 1.5 years after establish-
ment. Based on Goron et al., 1993, J. Environ. Quai. 22:119-125. 
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periods of drought are not uncommon throughout most 
of the country, turf is often irrigated, especially when it 
is professionally managed. Excess irrigation is wasteful 
of water but it can also promote nitrate leaching. This 
was demonstrated clearly by A.J. Gold and W.M. Sullivan 
in a 1988 report from the University of Rhode Island. 
Established turf plots were fertilized at 0, 
86.6 or 218 lbs N/acre/year using urea and 
flowable liquid ureaform applied on a sched-
ule similar to that used by lawn care compa-
nies. One set of plots was irrigated to avoid 
drought stress and prevent percolation from 
the root zone while another set received 1.4 
inches of irrigation each week throughout the 
growing season regardless of rainfall. Soil 
water leachate was collected by suction plate 
lysimeters placed at a depth of eight inches in 
the soil. 

While the soil water nitrate-nitrogen con-
centrations collected over a two-year period 
never exceeded 5.6 ppm, the amount of ni-
trate-nitrogen leached from the root zone of 
overwatered high fertility plots averaged 28.5 
lbs/acre. Similar plots irrigated only to cor-
rect moisture deficits leached 4.3 lbs N03-N/ 
acre/year. This represented an annual loss 
equivalent to 13 and 2% of the nitrogen 
applied to over-watered and moderately irri-
gated turf, respectively. Even the moderately 
fertilized turf (86.6 lbs N/acre) lost 12 lbs N/ 
acre when over-watered. Thus nitrate leach-
ing can be significant when turf is over-
watered even when soil water nitrate concen-
trations are not particularly high. 

Problem or myth? 

we cannot guarantee that nitrate will not leach from turf 
to ground water. However, if even casual precautions are 
taken to minimize the potential for leaching, turf is still 
one of the safest land covers available for ground water 
sensitive areas. • 

are in order. However, a vigorous healthy turf will 
retain its quality equally well if nitrogen is applied 
mostly during early and late spring with lesser amounts 
used in the late summer and fall. Emphasizing spring 
fertilization will minimize nitrate leaching from turf. 

Avoid nitrate salts. Because it is mined from 
geologic deposits, sodium nitrate (Chilean nitrate) is 
viewed by some as organically acceptable and there-
fore potentially less toxic. It is not very toxic but it is 
a nitrate source and will leach readily unless plant 
roots are in their most active phase when it is applied. 
Using sodium nitrate as an amendment to composts 
does not reduce its potential for leaching. All nitrate 
salts of potassium, ammonium and calcium should 
also be avoided because their nitrogen is already in 
the nitrate form and is immediately susceptible to 
leaching. If used, nitrate salts should be applied at less 
than 0.5 lbs N/1000 sq-ft at a time. Frequent light 
applications may be acceptable if the turf is actively 
growing. These salts are very likely to cause leaf 
burning and they are also most likely to injure turf if 
applied during hot and dry weather. A good rule in 
selecting nitrogen sources is to place as much chemistry 
between the nitrogen you apply and the nitrate which 
can leach. Organic materials, even urea, undergo 
several chemical steps before their nitrogen become 
nitrate. These materials will release nitrogen more 
slowly and pose less of a nitrate leaching problem. 

Retain clippings on the turf if that is compat-
ible with its use. Grass clippings can contain 5% 
nitrogen which makes them a good nitrogen source. 
Research indicates that one-third of the nitrogen used 
by turfgrasses comes from clippings, if they are not 
removed. Thus, if clippings are retained on a well 
established turf, nitrogen applications may be re-
duced by one-third. Clippings are organic so their 
nitrogen is basically a slow release nitrogen source 
which has no nitrate leaching potential. Clippings of 
cool-season turfgrasses do not contribute to thatch 
accumulation. • 

So what can we conclude from the re-
search reported on nitrate leaching from turf, 
is there a problem or is it mostly myth? With 
the exception of some very sandy soils in high 
rainfall areas of the southeastern states, the 
probability of significant nitrate contamina-
tion of ground water resulting from even 
intensive turf management is extremely low. 
Obviously if a heavy nitrogen application (>2 
lbs N/1000 sq-ft) is followed immediately by 
several inches of rain, significant leaching of 
nitrate will probably occur. However, if the 
nitrogen fertilizer was a slowly available or-
ganic form, even those circumstances would 
cause little nitrate leaching. For the first few 
months following turf seeding or sodding, 
nitrate leaching can occur. High applications 
of nitrate-containing fertilizers made during 
late summer or early fall if followed by heavy 
rain can also promote nitrate leaching. Thus, 



News Briefs 

Rules set for genetically altered biological pesticides 
The Environmental Protection Agency (E.P.A.) has 

announced a new set of regulations for testing or introduc-
tion into the environment of genetically altered microbes. 

Long an important issue with the public, the E.P.A's 
new rules require prior screening of microbial pesticides 
that are the result of introduced genetic material and that 
display new activities, characteristics, or whose behav-
ior can be demonstrated to be less predictable than the 
unaltered base species. 

This new screening process acknowledges the un-
necessarily highly restrictive nature of previous regula-
tions. It targets only releases of genetically altered 
microbes, whereas the previous regulations required all 

microbial pesticides, altered or not, to be subject to testing 
and screening prior to release into the environment. 

TGT's view: Perhaps this E.P.A. streamlining of the 
regulatory procedures prior to testing or sale of newly 
developed biological pesticides will quiet some of the 
hysterical ravings that have been heard on this subject 
and help get these new tools into turfgrass managers' 
hands faster than they would have previously. At the 
very least E.P.A. officials acknowledge the reality that 
in the vast majority of cases, research that was being 
conducted on microbial pesticides was work that was 
being conducted on species gleaned from nature. -CS 

West Va. University study 

Control of Cicada Killer Wasp tunneling possible 
Two studies conducted at West Virginia University 

have found that direct applications of insect controls to 
wasp burrows are far more successful at controlling the 
tunneling activities of Cicada Killer Wasps. 

In the first study, liquid applications of insecticides 
were broadcast applied over an entire infested areas of play 
at a local golf course. During the first eight days after 
treatment there was substantial suppression, but by the 
13th day heavy tunneling activity returned to all test areas. 

The results of the second study found that when 
liquid applications were made directly into the burrow 
entrance or when an application was made to the area of 
excavated soil immediately outside the entrance to the 
burrow that 100% control was evidenced at 3 days after 
application. Both methods of application were effective 
at suppressing tunneling activity, with direct applica-
tion into and around burrow entrances found to be the 
most effective. 

E.RA. sets review of Triazine-based herbicides 
Based on the possible link between the exposure to 

Triazine-based pesticides and the accelerating inci-
dence of human breast cancers, the Environmental Pro-
tection Agency (E.P.A.) has initiated a special review of 
the three chemically similar pesticides: Atrizine, 
Cyanazine and Simazine. Recent studies of animals 
exposed to these three Triazine based compounds indi-
cate an increased level of incidence of breast tumors in 
certain strains of rats. This coupled with recently pub-
lished human epidemiological studies pointing to a 
possible link between increased rates of breast cancer in 
American women and exposures to environmental tox-
ins, such as pesticides led the E.P.A. to under taken this 
review. 

Several ground water and surface water studies have 
identified Triazine based herbicide residues in drinking 

water supplies, particularly in Midwest agriculture pro-
duction regions during the spring and summer seasons. 

These three herbicides are some of the most widely 
used pesticides in the country with about 100 million 
pounds applied annually. They are used predominately 
on agricultural crops, but they are also used as preemer-
gent herbicides on warm-season turfgrass stands. 

TGT's view: The E.P.A. drinking water survey of 
several years ago clearly identified the Triazine herbi-
cides or their intermediate break-down products as 
pollutants in drinking water supplies. This led to the 
implementation of restrictions on their use in 1990. Any 
positive correlation that is demonstrated during the course 
of this Special Review between human exposure and in-
creased levels of breast cancer will appropriately lead to 
the cancellation of all uses of these products. -CS 
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Editor's Note: As a service to our readers, Turf 
Grass Trends is including this cumulative subject 
index for 1994. 

A 
Able 1, resistance to Dreschlera poae, April 1994: 3 
Aclaim (fenoxaprop), to control Bermuda grass, May 1994: 

14 
Acremonium fungus, February 1994: 7 
actinomycetes, suppressing soil borne diseases, February 

1994:7 
Actinoplanes actinomycetes, February 1994: 7 
Adelphi, resistance to Dreschlera poae, April 1994: 3 
adenosine triphosphate (ATP), hydrolysis of, September 

1994:6 
aeration, February 1994: 2, February 1994: 12, December 

1994: 3 
aerial mycelium, and foliar blight, July 1994: 5 
aerobic compost, January 1994: 6 
aerobic/anaerobic, defined, January 1994: 15 
Agent Orange 

EPA review of, March 1994: 15 
phenoxy-based herbicide, March 1994: 8-9 
U.S. Army formula, April 1994: 12 

Agram, resistance to Pyrenophora dictyoides, April 1994: 5 
Agriculture, U.S. Department of (USDA) 

field tests on Bacillus popilliae, May 1994: 13 
integrated pest management centers, August 1994: 14 
reorganization, November 1994: 11 

agriculture industry, April 1994: 15 
Agriturf Far Rough seed blend, March 1994: 12 
Agriturf Safelawn seed blend, March 1994: 12 
agronomy, November 1994: 2 
Agway Low Maintenance seed blend, March 1994: 12 
air management, November 1994: 2; November 1994: 5 
air temperature, effect on Pythium diseases, July 1994: 2 
Albrecht, William, on agronomic principles, November 1994: 2 
algae 

colonies, February 1994: 14 
problems, February 1994: 7, February 1994: 14 
recovered from turfgrasses, February 1994: 14 

Aliette fungicide, July 1994: 7 
alkaloid chemicals, in porcupine quills, August 1994: 10, 

August 1994: 15 
All Grow compost, January 1994: 1 
alligatorweed, March 1994: 2 
AllStar, resistance to Dreschlera siccans and Pyrenophora 

dictyoides, April 1994: 4 
Alternaría, February 1994: 3 
America bluegrass, resistance to Dreschlera poae, April 

1994: 3 
American Assn. of Nurserymen, September 1994: 11-12 
American Society of Golf Course Architects (ASGCA), No-

vember 1994: 11 
ammonia, November 1994: 4 
ammonium, September 1994: 4, December 1994: 4; December 

1994: 5 
ammonium sulfate fertilizer, September 1994: 3; September 

1994: 9 
anaerobic compost, January 1994: 6 

anaerobic environment, November 1994: 2-3 
anions, February 1994: 4 
annelid worm, November 1994: 9 
annual bluegrass 

earthworm casts in, November 1994: 9 
susceptibility to Microdochium patch, October 1994: 7 
symptoms of Pythium root rot damage, July 1994: 3 

annual bluegrass (Poa annua) 
anthracnose infections, June 1994: 14 
biology and control, April 1994: 13-14 
composts for, January 1994: 6 
and controlling weeds, March 1994: 1 
Enterobacter cloacae in, January 1994: 8 
on golf courses, March 1994: 2 
methods to limit infestations, April 1994: 13 
mowing, March 1994: 3 
plant growth regulators, April 1994: 14 
scouting, March 1994: 5 
See also bluegrass; Kentucky bluegrass 

annual lespedeza, March 1994: 2 
annual sedge, March 1994: 2 
antagonistic micro-organisms (antagonists) 

alternative management strategy, January 1994: 2 
compared to chemical fungicides, January 1994: 3 
and composts, January 1994: 4 
establishment and growth, January 1994: 4 
percentage of, January 1994: 3 
research, January 1994: 3, January 1994: 8 
of turfgrass pathogens, January 1994: 3 
variety of, January 1994: 3 

anthracnose 
annual bluegrass infections, June 1994: 14 
Collectrichum graminicola, June 1994: 14 
identifying spores, June 1994: 14 

Anthracnose disease, October 1994: 1, October 1994: 2 
antibiotic-producing microbes, January 1994: 2 
antibiotics 

in human and animal medicine, February 1994: 7 
on porcupine quills, August 1994: 10 
produced by actinomycetes, February 1994: 7 
suppressive to plant pathogens, February 1994: 7 

Apache tall fescue 
genetic resistance to Rhizoctonia solani, June 1994: 8 
leaf weights and disease severity, June 1994: 9 

aphanidermatum, classification, August 1994: 11 
Apron fungicide, July 1994: 7 
Aqua Grow L fertilizer, January 1994: 10, January 1994: 11 
AquaGro wetting agent, April 1994: 14 
aqueous extracts, January 1994: 11 
Arizona, aerial pesticide applicator, August 1994: 13 
Arthrobacter bacteria, February 1994: 5 
ascomycetes fungi, August 1994: 11 
ascospores 

failing to germinate, April 1994: 8 
in infected turfgrass or thatch, April 1994: 7 

asexual spores, of fungi, April 1994: 10 
ash content, of composts, December 1994: 3; December 1994: 4 
Aspen, resistance to Dreschlera poae, April 1994: 3 
Aspergillus fungi, February 1994: 6 
Astoria bentgrass, Rhizoctonia sclerotia on, June 1994: 2 
atmospheric nitrogen, February 1994: 14 
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ATP (adenosine triphosphate), hydrolysis of, September 
1994: 6 

Atrazine, contaminating ground water, September 1994: 11 
Aurora, resistance to Pyrenophora dictyoides, April 1994: 5 
Australia, experiments with turfgrass pathogens, January 

1994: 3 
automation, and turfgrass industry, February 1994: 10-11 
Azospirillum bacteria, February 1994: 5 
Azotobacter bacteria, February 1994: 5 

B 
Bacillus bacteria 

activities in turfgrass soil, February 1994: 5 
in compost production, January 1994: 5 
to inhibit pathogen growth, January 1994: 3 

Bacillus popilliae, field tests on, May 1994: 13 
Bacillus subtilis, to suppress soilborne plant pathogens, Janu-

ary 1994: 1, January 1994: 7 
Bacillus thuringienis (Bt) research and development 

Bt transgenic corn, September 1994: 13 
Bt transgenic cotton, September 1994: 13 

Bacillus thuringiensis (BT bacteria) 
in insecticides, January 1994: 10 
spliced into DNA, January 1994: 12 

bacteria 
biological control, February 1994: 6 
experiments with turfgrass pathogens, January 1994: 3 
nitrogen-fixing, February 1994: 6 
in soil, February 1994: 1 

bacterial composition, in soil, February 1994: 4 
Bait, sludge compost, January 1994: 11 
Baltimore Country Club, bentgrass experiments, June 1994: 13 
Banff bluegrass, resistance to Dreschlera poae, April 1994: 3 
Banner fungicide, January 1994: 11, February 1994: 4 
Banner systemic fungicide, July 1994: 6 
Banol fungicide, July 1994: 6, July 1994: 7 
barnyard grass, March 1994: 5 
Baron 

leaf spot ratings, April 1994: 8 
resistance to Dreschlera poae, April 1994: 3 

Basidiocarps, of Typhula incarnita, October 1994: 4 
basidiomycetes fungi, August 1994: 11 
Bayleton™ fungicide 

changing fungal species composition, February 1994: 4 
exacerbating symptoms of infections, April 1994: 3 
and Summer Patch field study, January 1994: 11 

Bayleton systemic fungicide, July 1994: 6 
Beauveria bassiana parasitic fungus, May 1994: 6 
Benefin pre-emergent herbicide, March 1994: 13, April 1994: 

14 
benomyl fungicide, October 1994: 9 
Bensulide pre-emergent herbicide, March 1994: 13, April 

1994:14 
bentgrass 

air, canopy, and soil temperature relationships, June 1994: 7 
Astoria, June 1994: 2 
diseases caused by Dreschlera and Pyrenophora, April 

1994: 2 
distribution of Rhizoctonia solani, June 1994: 9, June 1994: 15 
earthworm casts in, November 1994: 9 

experiments, June 1994: 13 
hairy chinch bug infestations, May 1994: 1 
Kentucky study of grub populations, May 1994: 15 
lack of endophytes, February 1994: 7 
leaf spot on, April 1994: 6 
putting greens, and antagonistic micro-organisms, January 

1994: 8 
Pythium graminicola isolates, July 1994: 9 
resistance to Microdochium patch, October 1994: 7 
Rhizoctonia symptoms, June 1994: 3, June 1994: 4 
Typhula blight, October 1994: 4 

Benymil pesticide, November 1994: 9 
Bermuda grass 

chinch bug infestations, May 1994: 2 
in fairway conversion program, July 1994: 13 
University of Georgia study, May 1994: 14 

big eyed bug, preying on chinch bugs, May 1994: 6 
Bighorn, resistance to Pyrenophora dictyoides, April 1994: 5 
Biljart, resistance to Pyrenophora dictyoides, April 1994: 5 
billbugs 

nematode-based insecticides, controlling with, January 1994: 12 
parasitic nematodes, controlling with, January 1994: 10 

binucleate 
classification, June 1994: 2, June 1994: 3 
defined, January 1994: 15 
form of Rhizoctonia, June 1994: 15 

biocontrol 
See biological control 

bio-engineered turfgrasses, January 1994: 10, January 1994: 12 
biogroundskeeper, January 1994: 11 
biological control 

application of introduced microbes, January 1994: 2 
approaches, January 1994: 2 
bacteria, February 1994: 6 
benefits of, January 1994: 9 
compatibility with other management inputs, January 1994: 4 
with compost-based materials, January 1994: 1, January 

1994: 8 
concerns, January 1994: 15 
for disease suppression, January 1994: 11 
of diseases and insects, February 1994: 5 
environmental conditions, January 1994: 4 
of fungal plant pathogens, January 1994: 9 
future bio-products, January 1994: 10 
future of, January 1994: 12, January 1994: 13 
manipulation of native microbes, January 1994: 2 
with microbial attributes, January 1994: 2 
and micro-organisms in turfgrass ecosystems, January 1994: 3 
natural defense mechanisms in plants, January 1994: 3 
organisms, February 1994: 7 
of pathogen inoculum, January 1994: 2 
products, January 1994: 9, January 1994: 10 
reducing pathogen activities, January 1994: 2 
strategies, January 1994: 4 
tools, January 1994: 1-2 
of turfgrass pathogens, February 1994: 6 
of weeds, February 1994: 5 
See also Integrated Pest Management (IPM) 

biological soil management, November 1994: 1-5 
biological suppression 

defined, January 1994: 15 
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products, January 1994: 10 

biologically-based pesticides, November 1994: 13 
bio-rational fungicide, October 1994: 9 
"Biosafe" insecticide, January 1994: 11 
Biosys "Vecter" insecticide, January 1994: 11 
biotechnology, February 1994: 8 
Bipolaris (Summer leaf spot), October 1994: 10 
birdsfoot trefoil, March 1994: 2, March 1994: 5 
black cutworm, controlling, January 1994: 12 
black medic, March 1994: 2, March 1994: 5, March 1994: 7 
black sclerotia, October 1994: 3 
Blacksburg 

leaf spot ratings, April 1994: 8 
resistance to Dreschlera poae, April 1994: 3 

Blazer, resistance to Dreschlera siccans and Pyrenophora 
dictyoides, April 1994: 4 

Blissus insularis 
See southern chinch bug 

Blissus leucopterus hirtus 
See hairy chinch bug 

bluegrass 
air, canopy, and soil temperature relationships, June 1994: 7 
chinch bug populations, May 1994: 2, May 1994: 12 
clippings, March 1994: 12 
diseases caused by Dreschlera and Pyrenophora, April 

1994:2 
grub densities, August 1994: 4 
hairy chinch bug infestations, May 1994: 1 
heat tolerance, September 1994: 12 
Kentucky study of grub populations, May 1994: 15 
leaf growth, February 1994: 14 
Rhizoctonia symptoms, June 1994: 3, June 1994: 4 
Typhula blight, October 1994: 4 
See also annual bluegrass; Kentucky bluegrass 

Bonnieblue, resistance to Dreschlera poae, April 1994: 3 
Bordeaux mix 

controlling Rhizoctonia solani, June 1994: 1 
first prepared fungicide, October 1994: 9 

Bowman, Dan, nitrate absorption study, September 1994: 9 
bracted plantain, March 1994: 2 
brewery waste 

compost, January 1994: 1 
sludge compost, field studies, January 1994: 11 
to suppress turf diseases, January 1994: 2 

Brillman, Lea, on high endophyte turfgrass seed, January 
1994: 13 

Bristol, resistance to Dreschlera poae, April 1994: 3 
broadleaf "bio-herbicides," January 1994: 10 
broadleaf plantain, March 1994: 2, March 1994: 6 
broadleaves, March 1994: 5 
Bromacil, contaminating ground water, September 1994: 11 
broomsedge, March 1994: 2 
Brown Blight, April 1994: 2, April 1994: 4-5 
Brown Patch (Rhizoctonia solani) 

antagonists, January 1994: 3 
basidiomycetes fungi, August 1994: 11 
canopy temperatures, June 1994: 7 
composts for, January 1994: 4, January 1994: 6 
control strategies, June 1994: 8-9 
controlled by Laetisaria arvalis, January 1994: 12 
field study, January 1994: 11 

and related Rhizoctonia diseases, June 1994: 1-7 
"smoke ring," June 1994: 5 
suppressing with bark composts, January 1994: 7 
susceptibility to, April 1994: 11 
symptoms, June 1994: 3-4 
temperature ranges, June 1994: 2-3 
treatment with compost-amended topdressings, January 

1994:2 
See also Rhizoctonia spp. 

Bt (Bacillus thuringienis) research and development, Sep-
tember 1994: 13 

BT bacteria (Bacillus thuringiensis) 
in insecticides, January 1994: 10 
spliced into DNA, January 1994: 12 

Bt Management Working Group (BtMWG), September 1994: 13 
buffalo grass, and pre-emergent herbicides, March 1994: 13 
Buffone, Mark, on pesticide recertification training, January 

1994: 13 
bull thistle, March 1994: 3 
burdock, March 1994: 3 
bystanders, average estimated daily exposure to herbicides, 

March 1994: 10 

c 
calcium arsinate, April 1994: 14 
California 

pesticide management zones, September 1994: 11 
study of buffalo grass, March 1994: 13 

Captan fungicide, October 1994: 9 
carbon dioxide, September 1994: 4 
carbon dioxide-oxygen respiration cycle, and 2,4-D, March 

1994: 8 
carbon flow, November 1994: 5 
carbon to nitrogen ratio, December 1994: 4, December 1994: 5 
carcinogens 

2,4-D, March 1994: 11 
in herbicides, March 1994: 9 

Carlomagno, Ernie, question on removing thatch, November 
1994: 10 

case control studies 
controversial issues, March 1994: 11 
on 2,4-D, March 1994: 9 

caterpillars, controlled by nematode-based insecticides, Janu-
ary 1994:12 

cation exchange capacity, February 1994: 3-4, September 
1994: 5 

cell production, affected by 2,4-D, March 1994: 8 
"Cellego" herbicide, January 1994: 10 
cells, nitrate uptake, September 1994: 4 
cellulose 

component, of composts, January 1994: 6 
decomposition of, February 1994: 7 

Challenger, resistance to Dreschlera poae, April 1994: 3 
Chateau, resistance to Dreschlera poae, April 1994: 3 
Checker, resistance to Pyrenophora dictyoides, April 1994: 5 
chemical controls, compared to parasitic nematodes, January 

1994:12 
chemical industry, April 1994: 12 
chemical pesticides, November 1994: 13 
chemicals, contaminating ground water, September 1994: 11 
chewings fescue 
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clippings yields, March 1994: 12 
endophytes of, February 1994: 7 
resistance to Pyrenophora dictyoides, April 1994: 5 

chickweed, March 1994: 3, March 1994: 5, November 1994: 9 
chicory, March 1994: 2, March 1994: 3 
chinch bug 

adult, May 1994: 4 
alternative strategies for controlling, May 1994: 6 
in Bermuda grass, May 1994: 2 
biology, May 1994: 7 
in bluegrass, May 1994: 12 
chemical control applications for, May 1994: 12 
control strategies, May 1994: 5, May 1994: 12 
and cultural practices, May 1994: 7 
"curative" applications, May 1994: 12 
damage to home lawn, May 1994: 2 
degree day modeling, May 1994: 5 
distributions, May 1994: 4-5 
eggs, May 1994: 3, May 1994: 4 
field inspection data, May 1994: 7 
in fine fescue, May 1994: 12 
growing stages, May 1994: 3, May 1994: 5 
infected with Beauvaria bassiana parasitic fungus, May 

1994:6 
infestations, predicting, May 1994: 2 
insecticide applications for, May 1994: 9 
instar appearance, May 1994: 5, May 1994: 12 
management techniques, May 1994: 7 
morphology and biology, May 1994: 3-4 
natural predators of, May 1994: 6 
New Jersey studies, May 1994: 4 
Ohio studies on populations, May 1994: 4-5 
population growth, May 1994: 4, May 1994: 6 
population patterns, May 1994: 2, May 1994: 5 
predators to prey relationship, May 1994: 6 
sampling, May 1994: 8-9, May 1994: 9 
scouting, May 1994: 5, May 1994: 7, May 1994: 8-9 
site surveys, May 1994: 7 
symptoms, May 1994: 3 
See also common chinch bug; hairy chinch bug; southern 

chinch bug 
chlamydospores, of Pythium species, July 1994: 2 
Chloroneb fungicide, July 1994: 7 
chloropicrin (tear gas), October 1994: 9 
chlorothalonil fungicide, April 1994: 4, October 1994: 9 
Ciba-Geigy, "Exhibit" insecticide, January 1994: 11 
Citation II, resistance to Dreschlera siccans and Pyrenophora 

dictyoides, April 1994: 4 
citrus groves, controlling weeds in, January 1994: 10 
Class classification, August 1994: 11 
Clean Water Act 

debated, January 1994: 14 
and HR 2199, March 1994: 6 
Polluter Pays Bill, September 1994: 12 

Clinton administration 
opposed to H.R. 1627, November 1994: 11 
Reduced Pesticide Initiative (R.P.I.)» November 1994: 12-13 
reducing general pesticide use, April 1994: 12 

clippings 
bluegrass, March 1994: 12 
hard fescue, March 1994: 12 

increasing turf canopy temperatures, September 1994: 11 
nitrogen in, September 1994: 2 
removal, September 1994: 3 
study by Cornell University, March 1994: 12 

clover, March 1994: 2, March 1994: 4, March 1994: 5 
Coastal Zone Management Act, March 1994: 6 
Cobalt, leaf spot ratings, April 1994: 8 
Coccomyxa algae, February 1994: 14 
Cochliobolus sativus, fertilization factors and disease sever-

ity, April 1994: 9 
Code of Federal Regulations (CFR), hazardous materials 

table, August 1994: 12 
cohort studies, of National Cancer Institute (NCI), March 

1994: 11 
cold weather diseases, October 1994: 1-8 
Colletotrichum graminicola, June 1994: 14, October 1994: 2 
Colletotrichum spp., January 1994: 10 
colonized millet seed, June 1994: 15 
Colorado 

experiments with turfgrass pathogens, January 1994: 3 
pesticide recertification standards, September 1994: 12 

Columbia, resistance to Dreschlera poae, April 1994: 3 
Commander, resistance to Dreschlera siccans and Pyrenophora 

dictyoides, April 1994: 4 
commercial applicators, average estimated daily exposure to 

herbicides, March 1994: 10 
Committee on Merchant Marine and Fisheries, September 

1994:12 
common chinch bug 

geographic area, May 1994: 1 
See also chinch bug 

common speedwell, March 1994: 2, November 1994: 9 
communications, after the millennium, November 1994: 6-7 
compaction, soil, November 1994: 2 
complex carbohydrates, November 1994: 4 
"Compost Plus" fertilizer, January 1994: 10 
composted biosolids, December 1994: 2; December 1994: 4 

The 1994 subject index will be continued in the 
March 1995 issue. • 

Coming attractions 

March Issue 
The turfgrass canopy and its environment 

by Loren J. Giesler 

and 

Dr. Gary Y. Yuen 

both of the University of Nebraska-Lincoln 
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How to profit from the past 

Turf Grass Trends Back Issues 
Did you join the Turf Grass Trends team recently? 

Could you benefit from issues you don't have? 
In the October issue is an index of the articles and their authors of all the back issues of Turf Grass Trends that 

have been published. The back issues are available. Just write the number of copies you want on the form below 
(photocopy this page so your issue remains intact), return the entire page with your check and we'll rush your issues 
to you. Don't forget to order one or more handy Turf Grass Trends binders for an extra $5.00 each. Now is also a 
convenient opportunity to extend your subscription for an extra year for $120.00. 
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