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Biorational Control Agents for
Japanese Beetle Management

he development of specialty pest management products often

takes aback seat to products that targeted pests of cropssuch as

field corn, soybeansand cotton. Productsthat were not effective
against one or more insect pests on these mgjor commodities had little
chance to be tested against insects particular to turfgrass. Although the
crop protection industry has focused greater attention on so-called spe-
cialty markets such asturfgrass, funding from New York State Turfgrass
Association (NYSTA), NYS IPM, and TriState Turfgrass Research
Foundation was essentia for providing a nonbiased evaluation of these
products. Following isabrief review of some of these products together
with the results of representative laboratory and field studies conducted
by my research team over the past several years. It is important to
remember that these studieswere conducted under ideal conditionswith
regardsto proper timing, equipment calibration, quality of control agent,
and proper environmental conditions. =

pillars, fly larvae, and beetle larvae. Current

Bacillus thuringiensis

Bacillus thuringiensis (Bt) is a soil living
bacterium common in nature that was first dis-
covered in Japan in 1901. There are over 30
subspecies and varieties of Bt. This family of
bacteria produces a toxic protein crystal that is
active against a fairly narrow group of insect
species. Certain Bt products have been used to
control insects for many years. Various strains
have been identified with activity against cater-

commercial Bt varietiesinclude Bt kurstaki and
Bt aizawai (caterpillars), Btisraelensis(mosqui-
toes), and Bt tenbrionis (potato beetles).
Because Bt bacteria can be produced in
great quantities using artificial media, there is
great interest in the commercialization of this
bacteria for insect control. The bacteria nor-
mally do not reproducein theinsect host, persist
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Rossi Accepts Turfgrass
Science Position

Dr. Frank Rossi, formerly an Assistant Pro-
fessor of Environmental Management of Turf-
grass at the University of Wisconsin, Madison,
has accepted the position of Assistant Professor
of Turfgrass Science at Cornell University.

Dr. Rossi is no stranger to New Y ork, hav-
ing grown up in Eastchester, or to Cornell Uni-
versity; he was a Ph.D. student under Dr. Joe
Neal in 1991. Hetook over at Cornell on May 1,
1996. His responsibilities are in both turfgrass
extension and research. His extension duties
includebeingthe Turfgrass Science Cooperative
Extension Program Leader, planning the New
Y ork State Turf and Grounds Exposition educa-
tional program, editor of Cornell University Turf-
grass Times (CUTT) and being involved with
field days and short courses. We warmly wel-
come Frank, his wife Barbara and their two
children to Ithaca.

Coincidingwith Frank’ sarrival, webidfare-
well to Scott Ebdon, who served as interim
Turfgrass Extension Specialist since September,
1995. Scott has accepted a turfgrass scientist
position with O. M. Scotts & Sons, Marysville,
OH. He will be developing research programs
pertaining to turfgrass fertilizers and new prod-
uct development. We wish Scott thevery bestin
his new position.

Joe Neal Heading Home

It is with deep regret that we announce the
departureof Dr. JoeNeal to North CarolinaState
University. Dr. Neal has been the definitive
source for turfgrass and horticultural weed con-
trol in New York State. His work, alone and in
collaboration with Dr. Andy Senesac has gar-
nered national and international respect.

Dr. Neal will be assuming hisformer Ph.D.
advisor’ sdutiesasthehorticultural weed control
specialist.

Tofacilitateasmoothtransitionfor theNeal
family, Joe, Brenda and the two girls will be
departing inlate August. Whilewe are saddened
tolose Joeand hisfamily and hismany contribu-
tions to New York State, we are thrilled to see
themrejointheir closefamily tiesin North Caro-
linaand Georgia. We wish them all the best!

It’s Our Fault,
You Win!

Asyou may have noticed, the recent publi-
cation schedule of CUTT has been, uh, erratic.
The departure of Norm Hummel, the interim
period of Scott Ebdon, and the arrival of Frank
Rossi, among other factors, havewreaked havoc
on CUTT s publication. We regret that we have
not been timely in delivering thelatest newsand
information to our readers.

To try to make things up to you, our loyal
readers, we have decided to extend all subscrip-
tions by one year at no charge. We anticipate
returningtoaregul ar seasonal publicationsched-
uleand sending your full quotaof four issues per
year.

In addition, weintend to examineour edito-
rial calendar to addresstopicsthat coincidewith
fieldwork. We are considering some design and
layout issues that will enhance the readability
and appearance of CUTT. Finally, we are com-
mitted to providing you with the highest quality
turf publication and would love your input. Call
or write Frank Rossi with your comments.

CUTT, "CornNELL UNIVERSITY TURFGRASS TIMES" is
published four times per year by Cornell Cooperative
Extension and the Turfgrass Science Program at Cornell
University, Ithaca, New York 14853. Address
correspondence to: CorNELL UNIVERSITY TURFGRASS TIMES,
20PlantScience Building, Cornell University, Ithaca,
NY 14853; telephone: (607) 255-1629

Editors: Frank Rossi, Scott Ebdon

Masthead Illustration: Benn T.F. Nadelman

Illustrations: Timothy Tryon, Patti Zimmerman,
Benn T.F. Nadelman, Kenn Marash

Design & Production: Ghostwriters, inc.,
Ithaca, NY

Cornell University isan equal opportunity, affirmative
action educator and employer.

Feel free to use any information contained in this
newsletter. Please credit CUTT.

The use of product names or trademarks in this
newsletter or by Cornell University does not imply
any endorsement of such products.




Field Diagnostic and Problem Solving Workshop for

Golf Course Professionals

The Cornell Turfgrass Science Program announces a field diagnostic and
problem solving workshop for golf course professionalsto be held on the
Cornell campus September 10-12, 1996.

Cornell Turfgrass Management specialistswill use on-campus sites and the Robert Trent Jones
Golf Courseat Cornell toreview identification techniquesand control strategiesfor turfgrassinsects,
diseases and weeds in golf course situations.

The goals of the workshop are to help you to:

« improve your sampling techniques

« improve field and laboratory diagnostic techniques

« devel op management programs and strategies for pest problems

« deal with different environmental situations

« implement and communicate your management program

Both morning and afternoon sessions will be held. On thefirst day a session on IPM methods,
including scouting, damage assessment, pest diagnosis, and recordkeeping will get the workshop
going. It will be followed by sessions on how cultural practices impact pest pressure, and
identification of key pests relating to diseases, insects and weeds.

The second day’ s classes will develop field diagnostic skills by focusing on how to recognize
pests and theinjuriesthey cause, how to collect samples, how to map, and how to scout. L aboratory
analysisof collected sampleswill follow. After lunch therewill beasession ondeveloping astrategic
plan and making acheck list for field visits. Theremainder of the afternoonwill be spent at Cornell’ s
golf course to collect samples and data.

On the last day, management practices will be the focus. Developing observation programs,
assessing diagnosti c tool s, deci ding which optionsto recommend, and the effect of seasonal changes
will be covered in the morning. Later, management strategies for pest problems and environmental
situations, covering diseases, weeds, insects, and cultural practices will be discussed. The final
sessions will examine how to communicate your plan and implement your program.

Theworkshopfeeof $275includesall instruction; key diagnostic resources, including textbooks
and guides; breaks; lunches; aBBQ dinner; and a certificate following completion of the workshop.

Enrollment islimited to 40 turfgrass managersto foster ideal |earning situations. To ensureyour
placein theworkshop, completetheregistration form below (copy it so you don’t haveto cut up your
CUTT!) and mail or fax it in. For more information, contact Joann Gruttadaurio at (607) 255-1792.

Registration Form

Please complete and mail or fax this form with your payment to Kelly Woodhouse, 20 Plant Science,
Cornell University, Ithaca, NY 14853. Make your check for $275 (US) payable to Cornell University.
A fee of $20 will be charged to registrants who cancel after August 15th. Please print clearly.

Name Social Security #
Company
Address

Phone (daytime) Phone (home) Fax
Have you attended the Cornell Turfgrass Short Course? What year?
Y ears of turfgrass experience

Education: Please describe your golf course experience:
High School
2 yr degreein
4 yr degreein
Mastersin
Other

September 10-12, 1996
on the
Cornell University
campus and golf course.

Enrollment is limited so
mail your registration
today!
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Until recently there
were no Bt varieties
known to cause
significant mortality in
scarab grubs inhabiting
turfgrass. In 1991, Bt
variety japanensisstrain
BuiBui was discovered
in Japan.

Japanese beetle,
Oriental beetle,
northern and southern
masked chafer, and
green June beetle grubs
have all been shown to
be highly susceptible to
Bt BuiBui in laboratory
and field studies.
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Biorational Agents

continued from front cover

intheenvironment, or spread from the treatment
site; for these reasons Bt typically hasbeen used
asamicrobial insecticidefor short term-control.

How Bt kills insects (mode of action) is
fairly well understood. First, becauseit actsasa
stomach poison, the toxic protein crystals must
be eaten by an insect to be effective. In some
cases, additional productsproduced by theliving
bacteriamust beconsumed for maximal activity.
If theinsect’ sgut content is of the proper acidity
(pH) thecrystalswill dissolveintheinsect’ sgut.
Proteinsrel eased fromthedi ssol ved crystal binds
to specific sites in the gut lining of susceptible
insect species causing rapid paralysis of the gut.
Themajor reasonsfor thelack of activity of aBt
strain against an insect species are first, im-
proper gut pH that does not allow the toxic
protein crystal to dissolve, and second, the in-
ability of thetoxic proteinstobindtotheinsect’s
gut. Almostimmediately theinsect stopsfeeding
as the gut wall deteriorates. In most cases a
susceptible insect will die 2-7 days after inges-
tion of the Bt toxin.

Although Bt products are registered for use
against several turf-feeding caterpillars, includ-
ing cutworms and sod webworms, these prod-
ucts have not been widely recommended or ac-
cepted in the turf industry, most probably dueto
their short residual, slow activity and inability to
kill larger larvae.

Until recently there were no Bt varieties
known to cause significant mortality in scarab
grubs inhabiting turfgrass. In 1991, Bt variety
japanensisstrain BuiBui was discovered in Ja-
pan. Development and commercialization of Bt
BuiBuUi has been undertaken by the biotechnol-
ogy company Mycogen of San Diego CA, who
expects registration of the product against cer-
tain scarab grubs in 1996, if formulation prob-
lems and consistent activity at competitivefield
ratescan be addressed. Bt BuiBui hasaspherical
protein crystal that is toxic to certain kinds of
scarab grubs. Unlike most commercial Bt prod-
uctscurrently onthemarket, maximal activity of
Bt BuiBui against scarab grubs occurs when
formulationsincludeboth thetoxic protein crys-
tals and live spores produced by the bacteria.
Accordingto Mycogen, Bt BuiBui isnontoxicto
all vertebrates, earthworms, honeybees, and
plants.

Japanese beetle, Oriental beetle, northern
and southern masked chafer, and green June
beetle grubs have all been shown to be highly
susceptible to Bt BuiBui in laboratory and field
studies while June beetle, black turfgrass
Ataenius beetle and Aphodius beetle grubs ap-
pear much less sensitive to this product. The
resultsof four small plot field studies conducted
inNew Y ork Statethat focused on the activity of
thisBt against Japanese beetlegrubsareoutlined
in Table 1. Theseresults suggest a highly active

Table 1. Results of small plot field studies conducted in New York focusing on the activity of Bt against
Japanese beetle grubs.

1993 Marcellus, NY 2nd/3rd Instar Treated
Mean Grubs/Ft?

Rate (kg a. i./ha)

Percent Control

Control 12.4 —
36.4 1.33 89.3
72.9 0.58 95.3

145.8 1.67 86.6

1994 Horseheads, NY 1st/2nd Instar Treated
Mean Grubs/Ft?

Rate (kg a. i./ha)

Control 28.1 —
16.2 1.40 95.0
32.3 1.20 96.0
64.6 1.50 95.0

1995 Marcellus, NY 1st/2nd Instar Treated
Mean Grubs/Ft?

Rate (kg a. i./ha)

Percent Control

Control 12.5 —
2.9 4.5 64.0
5.9 0.6 95.0

11.8 0.3 98.0
235 0.0 100.0

Rate (kg a. i./ha)

1995 Schenectady, NY 3rd Instar Treated
Mean Grubs/Ft?

Percent Control

Control
2.9
5.9

11.8

33.8 —
17.3 49.0
26.0 23.0
17.8 47.0
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field product that appears to be more effective
against earlier instars at lower field rates.

Insect Growth Regulators

Severa chemical companies are develop-
ing novel classes of compounds with unique
modes of action that interfere with the normal
insect molting process by mimicking the action
of the natural insect molting hormone ecdysone.
High doses of these Insect Growth Regulator
(IGR) productstypically causerapid insect mor-
tality, whilesublethal effectsincluderapid matu-
ration to the adult stage, larvae showing defor-
mities, and larvae undergoing additional larval
moltsinstead of changing to pupa. Specific IGR
products have shown activity against scarab
grubs, cutworms and sod webworms.

Insect growth regulators typically require
ingestion for optimum activity so it isimportant
that the target insect is actively feeding when
they are applied. The use of an IGR on scarab
grub populations late in the fall as they prepare
to move down into the soil for winter aswell as
the application to grubs in late spring as they
prepare to pupate is ill advised for this reason.
Laboratory and field studies indicate that early
larval stages are susceptible to IGRs and also
suggests that there is a fairly wide range of
activity among closely related insects such as
different species of scarab grubs (see Figure 1).

Figure 1. Species-Specific Activity of
Insect Growth Regulator Against 3rd
Instar Scarab Grubs.
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Our studieshave shown that onel GR shows
truly impressive activity against Japanese beetle
grubs but much less dramatic activity against
either European chafer or Oriental beetle grubs.
The specificity of these products demands that
turfgrass managers determine which insect spe-
ciesis present, to avoid disappointing results.

The results of four small plot field studies
conductedinNew Y ork Statethat focused onthe
activity of the experimental IGR, 0345, jointly
devel oped by American Cyanamid and Rohm &
Haas against Japanese beetle grubs are outlined
in Table 2. These results suggest ahighly active
field product that appears to be more effective
against earlier instars at lower field rates, as
indicated in the two 1995 studies.

Our studies have
shown that one IGR
shows truly impressive
activity against
Japanese beetle grubs.

Table 2. Results of small plot field studies conducted in New York focusing on the activity of
IGR 0345 against Japanese beetle grubs.
1994 Horseheads, NY 1st/2nd Instar Treated
Formulation Rate (kg a. i./ha) Mean Grubs/Ft? Percent Control
Control 28.1 —
2.5G (A) 1.51b Al/A 2.80 90.0
2.5G (A) 3.0lb Al/A 0.50 98.2
2.5G (B) 1.51b Al/A 8.10 71.2
2.5G (B) 3.0 Ib Al/A 4.40 84.3
2(F) 1.51b Al/A 1.10 96.1
2(F 3.0 b Al/A 0.00 100.0
1995 Marcellus, NY 1st/2nd Instar Treated
Formulation Rate (kg a. i./ha) Mean Grubs/Ft? Percent Control
Control 12.5 —
sC 1.5 1b Al/A 0.30 98.0
SC 2.0 Ib Al/A 0.10 99.0
25(G) 1.0 Ib AlI/A 0.90 93.0
2.5(G) 1.51b Al/A 0.00 100.0
25(G) 2.0 b Al/A 0.50 96.0
5(G) 1.0 Ib Al/A 0.90 93.0
5(G) 1.51b Al/A 2.00 84.0
5(G) 2.0 Ib Al/A 0.60 95.0
1995 Schenectady, NY 3rd Instar Treated
Formulation Rate (kg a. i./ha) Mean Grubs/Ft? Percent Control
Control 33.8 —
SC 1.51b Al/A 5.30 84.4
sC 2.0 b Al/A 2.00 94.1
2.5(G) 1.0 Ib Al/A 9.30 72.6
25(G) 1.5 1b Al/A 1.50 95.6
2.5(G) 2.0 Ib Al/A 1.30 96.3
5(G) 1.0 b AlI/A 9.30 72.6
5(G) 1.5 Ib Al/A 3.30 90.4
5(G) 2.0 Ib Al/A 9.30 72.6

Entomogenous Nematodes

Entomogenous nematodes recently have
received attention as alternatives to insecticides
for turf insect control. Therearemany factors, in
theory, that make nematodestheideal microbial
control agent: they have abroad host range, will
not attack plants or vertebrates, are easy to mass
produce, and can be applied with most standard

continued on page 6
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Entomogenous
nematodes recently
have received attention
as alternatives to
insecticides for turf
insect control.

Biorational Agents

continued from page 5

insecticideapplication equipment. Additionally,
nematodes can search their hosts and kill them
rapidly, multiply within the host and within
several weeksrel ease thousands of mobile prog-
eny able to locate and infect new insect hosts.
Because they are considered predators and not
microbial insecticides, entomogenousnematodes
areexempted fromregistration by theU.S. Envi-
ronmental Protection Agency. This exemption
from long term safety and water quality studies
greatly reduced the costs and risks typically
associated with bringing anew insecticideto the
market .

Entomogenous nematodes enter through
natural openings of the insect, most commonly
themouth or lesscommonly, through skin. They
then move through the gut of the insect into the
blood where they release a colony bacteria that
lived within the nematode’ s body. Once inside
the insect, the

Table 3. Results of small plot field studies conducted in New York
focusing on the activity of nematodes against white grubs.

bacteria multi-
plies and pro-

1993 Marcellus, NY 2nd/3rd Instar Treated

duces toxins that
rapidly kill the

Species Rate Mean Grubs/Ft? . .
Control 124 infected insect.
ontro .
S. g. 0.5 B/A 4.70 Nematodes feed
S.c. 2.0 BIA 9.10 on bacteria and
H. b. 1.0 B/A 6.30 reproduce inside
1994 Horseheads, NY 1st/2nd Instar Treated dead insects pro-

ducing several

Species Rate Mean Grubs/Ft?

Control 281 thousand new
H. b. (O) 0.5 B/A 19.75 nematodes. Un-
H.b. (O) 1.0 B/A 6.38 der ideal condi-
1995 Marcellus, NY 1st/2nd Instar Treated t'onSthpusand_SOf
Species Rate Mean Grubs/Ft? new |nfect|ye
nematodes will

Control 12.5 f h
H.b. () 10B/A 1.60 escgpe from the
Bt 2.9 kg a.i/ha 4.50 dead insect in as
H. b. (O) + Bt 1.0 B/A + 2.9 kg a.i./ha 0.80 little as ten days

KEY: S. g.=Steinemema glaseri; S. c.=Steinemema carpocapsae;
H. b.=Heterorhabditis bacteriophora; O=0Oswego strain

and begin to
search for new
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hosts to infect.

Although there have been many successful
field applications of entomogenous nematodes
for turf insect control, problems with product
quality, persistence and host specificity haveled
to unsatisfactory results is some instances. Al-
though entomogenous nematodes generally are
considered to have fairly broad host ranges in
|aboratory studies, different strains and species
of nematodes vary in activity against different
insect species in the field. Overall, the nema-
todes Heter orhabditisbacteriophora (H. b.) and
Seinernema glaseri (S g.) are more effective
against white grubs than the more commonly
marketed Steinernema car pocapsae, becausethe
former two nematode speciesactively movedown

in the soil profile and search for insects (see
Table3). Conversaly, Seinernemacarpocapsae,
has been effective for control of billbugs and
caterpillars such as cutworms, webworms and
armyworms.

Many unsuccessful field applications of
entomogenous nematodes for scarab grub con-
trol can be traced to improper environmental
conditions at the time of application and for
several weeks post application. Nematodes are
extremely sensitive to exposure to ultraviolet
light and will last only amatter of minuteswhen
exposed to full sunlight. They are also quite
prone to desiccation requiring high relative hu-
midity and a film of moisture on leaf and soil
surfacesto survive and move. For these reasons
nematodes should be applied very early in the
morning or late in the day and be immediately
irrigated with at least one half inch of water.
Nematodes searching for grubs move over soil
particles on thin water films and will not search
efficiently in saturated soils. The inability to
provideadequatesoil moisturefor several weeks
post applicationlimitstheutility of nematodesin
many situations.

One mistake often made by turfgrass man-
agersisto save money by applying nematodesat
rates lower than recommended. Extensive field
studies on New Y ork golf courses over the past
fiveyears confirm that thereisastrong positive
correlation between the number of nematodes
applied and grub mortality (see Table3for 1994
data).

Although often treated as an insecticide,
entomogenous hematodes are living organisms
that must be treated with care to be effective.
Only nematodes in the best condition will be
able to successfully search for an insect host,
overcomethedefensesof theinsect toinfect and
kill it, and multiply within the dead insect pro-
ducing progeny to infect new hosts. As an ex-
ample, excellent field resultswere obtained dur-
ing 1995 using Hb nematodes (Oswego strain)
that were reared in my laboratory (see Table 3).
Tomaximizethe probability of applying healthy
nematodes it is critical that label directions re-
lated to nematode storage, application and rates
are followed carefully.

Combinations of biological control agents
may impart additive or synergistic mortality on
grub populations. This may occur if the two
agents attack different subpopulations of the
pest infestation (i.e. grubs feeding at different
depths in the soil or feeding vs. nonfeeding
grubs). It may also occur if the one control agent
stresses or predisposes an insect to a second
agent. In 1994 we reported the synergistic inter-
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actions of fungal pathogens and a synthetic in-
secticide. During this past year we explored the
possible interaction of Bt and the Hb nematode
inthelab and in thefield. Laboratory bioassays
showed no activity of Bt against Japanese beetle
grubsat thelowest field rate tested during 1995.
Hb (Oswego) applied at an equivalent of 0.5
billion nematodes/A resulted in a 43% popul a-
tion reduction four weeks post treatment. The
combination of Bt and Hb at the stated rates
resulted in increased mortality of grubs for all
dates evaluated (see Figure 2).

Fungal Pathogens

Virtually every group of turfgrass insect
pests, including scarab grubs, chinch bugs, bill-
bugs, annual bluegrassweevils, sod webworms,
cutworms, and mole crickets, are susceptible to
endemic populations of fungal pathogens such
as Beauveria bassiana and Metarhizium
anisopliae. Commercial interestinfungal patho-
gensashiological control agentshave ebbed and
flowed over the last decade as the promising
results seen in laboratory and greenhouse tests
have collided with the hard realities of produc-
ing an effective, consistent, price competitive
and safe commercial field product. At present,
there are no commercial fungal products avail-
able for management of turf pests.

Fungi differ from most other microorgan-
isms because they do not have to be ingested to
be effective. Infection is initiated by the adhe-
sion of afungal sporeto the body of aninsect. If
conditions are correct, the spore will germinate
and a tube will grow from the spore into the
insect penetrating the circulatory system. After
penetration, the fungus reproduces within the
insect producing toxins that quickly kill the
insect. After death of the host, hyphae emerge
from the insect and develop into structures that
produce moreinfective spores. These sporescan
then be spread through the environment infect-
ing additional insects. Studies in our long-term
research and development program to introduce
biol ogically based control agentsfor scarab grub
control in turfgrass has focused on evaluating a
number of isolates of Metarhizium anisopliae
against Japanese beetle grubs.

Fourteen Metar hiziumanisopliaeisolates, a
fungal pathogen of soil insects, were tested
against Japanese beetle grubs. Two isolates,
MADA and 1020, have generated significant
interest for commercialization. Theother twelve
i sol ateswere chosen because they wereisolated
fromscarabgrubsfromaroundtheworld. MADA
and 1020 performed well at both treatment rates
but there were clearly isolates that performed

consistently better over the study. There were
considerable differences in how well several
fungal isolates performed under a variety of
environmental conditions commonly found in
northeastern golf courses (see Figure 3).

Fungal pathogens may also cause mortality
of adult Japanese beetles. In alaboratory bioas-
say mating pairsof Japanese beetleswereplaced
in a plexiglas chamber that contained grape
leaves and soil for females to lay eggs. In one
third of the chambers the Metarhizium isolate
2547 was incorporated into the soil, in the sec-
ond third of the chambers soil without fungus
was used, and in the last third of the chambers
beetles had the choice of treated and untreated
soil. As can be seen in Figure 4, high mortality
was observed in both fungus containing treat-
ments with male mortality lagging behind fe-
malesin both treatments. Thisoccurred because
males do not contact the fungus directly in the
soil, but through indirect contact as they mate

with infected females.
M. G. ViLLaNi
DepT. OoF ENTOMOLOGY

Combinations of
biological control
agents may impart
additive or synergistic
mortality on grub
populations.

Figure 2. Interaction of Bt and

Entomogenous Nematode Hb (Oswego).
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Integrated Pest Management
Programs in 1995

As more
superintendents
throughout the state
have been exposed to
the benefits of IPM, the
demand for IPM scout
training for golf course
employees has
increased.
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nce again, 1995 marked another suc-
cessful year for the New York State
IPM Program. Turfgrassmanagers, Cor-
nell University faculty, and Cornell Cooperative
Extension field staff worked together to demon-

strate and implement sound research-driven pest
management methods.

TheNew Y ork State | PM Program provided
approximately $35,000 in funds to research,
develop and implement IPM methods for turf-
grass professionals. These funds were provided
by the State of New Y ork through the Depart-
ment of Agriculture and Markets; $17,000 of
these funds were provided to the Cornell turf-
grassteam of Drs. Michael Villani, Eric Nelson
and Joe Neal to help research alternative meth-
ods to manage turfgrass pests. The Cornell re-
search team will present their results in future
CUTT issues. Theremaining fundswere used to
demonstrate and implement | PM techniquesand
methods. In 1995, thesefundsprovidedturfgrass
managersthroughout the statethe opportunity to
expand their knowledge and improve their pest
management programs.

In the early 1990's, scouting demonstra-
tions were emphasized in golf course IPM pro-
grams in New York. (One such project was
conducted on two golf courses in Westchester
County this year, in cooperation with Coopera-
tive Extension of Westchester County and the
NYS IPM Program.) As more superintendents
throughout the state have been exposed to the
benefits of IPM, the demand for IPM scout
trainingfor golf courseempl oyeeshasincreased.
In response, IPM training was offered in three
areas of the state in 1995: Adirondack region,
Rockland County and Western NY ..

Adirondack Region

Superintendents in the Adirondack region
have been interested in IPM for many years.
Several of them have attended the Cornell Turf-
grass Short Course, and a private turf scouting
service was provided by a student in 1993. A
group interested in bringing IPM to the
Adirondacks began meeting in early 1995, in-
cluding representatives from the Adirondack
Park Agency (APA), the Adirondack Superin-
tendents Associations, New York State Parks,
and the New York State IPM Program. Two
summer sessions were planned and held, with
approximately 40 participants at each. The first
meeting was held in Stony Creek (Warren
County) andfocused on | PM strategi esand scout-
ing turf. The second session in Peru (Clinton
County) focused on winter diseases and the
injury they cause to turf, and disease diagnosis
and the use of compostsin disease control.

Rockland County

A series of six hands-on IPM training ses-
sions were conducted at Rockland county golf
courses in 1995. The workshops created the
forum for exchange of information related to
practical application of IPM research between
and among researchers and Rockland’'s golf
course maintenance professionals. The work-
shopswereheld at adifferent courseeach month,
andtheeducatorsand partici pantsused thecourse
as a living laboratory for learning about site
assessment; water and nutrient management;
pests of trees and shrubs; turf disease manage-
ment; and turf insect scouting and management.
Participantswere able to eval uate specific prob-
lemswiththeeducators, debatetheprosand cons
of some of the IPM strategies proposed, and
adapt new skills and tools for pest management
asthe season progressed. Thereisahighlevel of
concern among Rockland County environmen-
talists regarding golf course mainte-
nance practices which
has motivated T g
superinten- B
dents to
learn as
much
about |PM
as pos-
sible. This
training
not only
gavethem
new turf
management skills, it also addressed environ-
mental issues that are of concern to the larger
community. A similar program in 1994 with
state golf course personnel was used asamodel :

Western
New York

Western New York

A hands-on training series, similar to that
conducted in Rockland County, was organized
by Cornell Cooperative Extension in Western
New Y ork. Although these meetings were held
on golf courses, genera turf topics were ad-
dressed and lawn care professionals also at-
tended. Four sessions were held, with approxi-
mately 15 participants at each. Topicsincluded
IPM scouting (genera); IPM scouting and con-
trol for diseases; IPM scouting and control of
insects; and IPM scouting and control for weeds.

Many superintendents prefer to hire a pri-
vate, outside scout in addition to or instead of
using their ownemployeesfor scouting. In 1995,
anew service was offered in Central and West-
ern New York (Syracuse to Buffalo) that pro-
videsgolf course scouting and diseasediagnoses
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of turfgrass samples. The consultant previously
worked for Cornell Cooperative Extension and
helped establish Cornell’ s turfgrass IPM scout-
ing procedures. Approximately 20 courseswere
scouted and more are anticipated in 1996.

Developing, testing and demonstrating prac-
tical alternative methods to control turfgrass
pestsis aprimary goal of the IPM Program. In
1995, two alternative products, Trichoderma, a
beneficial fungus for many turfgrass diseases,
and astrain of Bacillusthuriengensisbui bui, for
controlling grubs, weretested and demonstrated.
Cornell researchers have been working both in
the laboratory and the field with these products
for the past few seasons.

Trichoderma
Demonstration

A beneficia fun-
gus, Trichoderma
harzianum, isanewly
available biological
control organism for
many turfgrass dis-
eases, such as
Pythium, dollar spot,
and brown patch.
Spores are applied to
the turfgrass surface
inagranular formula-
tion which movesinto
the soil where the T.

harzianum establishes
onroots, creatingacoat-
ing that protects the
rootsfromharmful root-
-« attacking
fungi.
Similarly, a
a sprayableformu-
lationdeliversinoculum
to the leaf surfaces, and a protective layer of
fungus establishes on the blades. The granular
product, marketed as BIO-TREK 22G by the
Wilbur-Ellis company, has been approved as a
pesticide by the EPA. New Y ork State registra-
tion was also granted in 1995. The wettable
powder (sprayable form) is still under develop-
ment. During the 1995 season, the use of T.
harzianumwasdemonstrated onfour golf courses
in New York (Chemung, Erie, Seneca, and
Tompkins Counties).

Four golf courses, two private, and two
public, were chosen asdemonstrationssites. Itis
to early to determine the overall effect of the
Trichoderma demonstration. A great deal was
learned that should improve the prospects for

Rockland
County

these biocontrol organisms such as, application
methods, soil population levels of Trichoderma
and potential influenceslikethatch ontheorgan-
ism. An environmentally compatible disease
management tool for high maintenanceturfgrass
is greatly needed by the industry, as was shown
by the eagerness of several superintendents to
participate in this demonstration. Further field
studies with this organism will be pursued in
order to improve its usefulness and adoption by
NY S turfgrass managers.

Bt Demonstration for Grub Control

For many years, Dr. Villani at Cornell has
studied the use of biorational control agentsfor
grubs in turf (see article beginning on page 1).
Dr. Villani has conducted research and reported
the results in many popular turfgrass publica-
tions. In the [aboratory and the field Dr. Villani
has studied many biorational products such as
the strains of Bacillus thuringiensis (Bt). Until
recently there were no Bt varieties known to
cause significant mortality in scarab grubs in-
habitingturfgrass. In1991, BT variety japanensis
strain BuiBui (Bt BuiBui) was discovered in
Japan. Bt BuiBui has a spherical protein crystal
that is toxic to certain kinds of scarab grubs.
Development and commercialization of Bt
BuiBui has been undertaken by the biotechnol-
ogy company Mycogen of San Diego CA. Dr.
Villani’ slaboratory and field studieshave shown
promising results with Bt BuiBui for control of
Japanese beetle, oriental beetle, northern and
southern masked chafer and green beetle grubs.
In 1995, this biological control product was
applied on a lawn at Cornell. Populations of
grubs were not significantly reduced two and
four weeks after the application. The protocol
for timing, rate, and application procedureswere
followed correctly. Therefore, reasons for this
failure are not obvious. These types of results
conflict with the laboratory and small plot work
by Villani. Hopefully, in 1996 some of the an-
swers learned from these demonstrations will
get us closer to environmentally sound alterna-
tives.

Thisarticlehighlightsonly afew of thelPM
program activities in 1995. Contact your local
Cooperative Extension Association or the New
York State IPM Program in Geneva for more

information.
GerARD W. FERRENTINO
DepT. OF FLORICULTURE AND ORNAMENTAL HORTICULTURE

Developing, testing and
demonstrating practical
alternative methods to
control turfgrass pests
is a primary goal of the
IPM Program.

Laboratory and field
studies have shown
promising results with
Bt BuiBui for control of
Japanese beetle,
oriental beetle,
northern and southern
masked chafer and
green beetle grubs.
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Enhancing Biological Disease Control
In Turfgrass with Composts

Research
Update

The primary aim of this
research is to
understand how
composted
amendments and the
microorganisms they
contain, impact soil
microbial communities
and how these
microbial changes
affect turfgrass health.

CORNELL UNIVERSITY TURFGRASS TIMES

T he goal of our project is to establish
relationships between the composition
and function of microbial communities
developing in soils receiving compost amend-
ments and the evolution of disease-suppressive
soil properties. By monitoring community dy-
namics, in conjunction with changesin organic
matter quality, we hope to identify important
ecological interactionsthat may lead totheeven-
tual development of methodsand knowledgefor
predicting disease-suppressive soil properties.
Monitoring selected pathogens in response to
community changes may clarify their behavior
and specificinteraction with certain suppressive
microbes. The latter may well contribute to the
identification of biological indicatorsto soil sup-
pressiveness/biological control of plant pests
and to the understanding of the mechanisms
involved. The main objective of our study isto
characterizemicrobial communitiesin compost-
amended and non-amended soilswith respect to
microbial activity, biomass, functional diver-
sity, and species composition.

Brief Methodology

Five different composts were used in the
study. They included two brewery waste com-
posts from AllGro, Inc.; municipal biosolids
compost from Schenectady NY; leaf compost
from Endicott, NY; and poultry litter compost
from Sustane Corporation.

with the last application on October 16, 1995.

Samples were collected immediately after
thefirst application, and subsequently, just prior
to each following application, in order to assess
the effects of the preceding application on vari-
ousmicrobial activities. Sampleswereanalyzed
for microbial populations and microbial utiliza-
tion of different carbon sources. Other tests
included microbial biomass, fungal biomass,
and microbial community diversity.

Preliminary Results and Interpretation

Preliminary results indicate that there are
some general trends in microbia properties of
compost-amended soils that are worth noting.
One of the most obvious properties of both
amended and non-amended soils is that micro-
bial activity increases as soil temperatures in-
crease and as cumulative applications increase.
Microbial activity (as measured by the hydroly-
sis of fluorescein diacetate) steadily increased
from levelsin May to those in August and then
declined thereafter (see Figure 1). Thelevels of
microbial activity insoil amended with compost-
edmunicipal biosolidswereconsiderably greater
during July and August thanthosein soil streated
with other amendments.

These general increasesin microbial activ-
ity were not completely reflected in plate count
populationsof bacteria, fungi, and actinomycetes

The experimental site
was established asarandom-
ized complete block design
on amature stand of tall fes-
cue/perennial ryegrass at the
Cornell Turfgrass Field Re-

Figure 1. Microbial activity (as determined by the
hydrolysis of fluorescein diacetate (FDA)) in soils receiving
different compost amendments. Increased levels of FDA
hydrolysis indicate higher levels of microbial activity.

3

search Facility inlthaca. Each
treatment consisted of 980 ft?
plots with five replicates per
treatment. Except for Sustane,
whichisalready inagranular
form, composts were
screened through 1/4" mesh
prior to application. The ap-
plication rate was 20 |b dry
weight/1000 sq ft. The com-
posts for each replicate plot
were weighed and placed in
individual plastic bags. Ma-
terial from the bags were ap-

plied by hand evenly over the

Umzmed swe Brewery Waste 94
Brewer_y&ute 95 Munlclp_%!lololldl l_.gnt

plot area(thefirstapplication

was made with a drop

ug FDA Hydrolyzed/g Dry Wt./Min

]
spreader). Five applications 16/2/95
were made at 5 week inter-

vals, starting May 30, 1995,

7/5/95  8/7/95 9/11/95 10/16/95
Sampling Date
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Figure 2. Populations of major microbial
groups in compost-amended soils as
determined by plate counting procedures.
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over the course of the season (see Figure 2). The
behavior of popul ations of each of the microbial
groupsdiffered. Popul ationsof bacteriadeclined
between May and August, but then increased
through October. Actinomycete populations on
the other hand, decreased during June and July,
but steadily increased through the rest of the
season. Populations of fungi increased steadily
during the season, with the exception of the soil
amended with the Brewery Waste 95 compost,
where fungal populations took a sharp drop
between the July and August sampling. This
sharp drop in population corresponded to an
equally sharprisein microbial activity (see Fig-
ure 1). Other studies have shown that fungal
biomassisinversely proportional tofungal plate
counts. This suggeststhat theincreasein micro-
bial activity observed in the composted munici-
pal biosolids treatment resulted largely from
increasesinfungal biomassandactivity. Samples
arestill being analyzed for fungal biomassdeter-
minations to verify this finding.

These collective preliminary results indi-
cate that, with the exception of the composted
municipal biosolidstreatment, quantitative esti-
mates of microbial activity and biomass did not
differ substantially among compost treatments.
However, our results further indicate that the
functional diversity of microbial communities
differs with the type of compost amendment.
Our evidence for this comes from results of
carbon source utilization patterns of microbial
communities from different compost-amended
soils. Metabolic profiles of microbial communi-
ties, based on the utilization of a suite of 95
different carbon sources, reveded qualitative
differences among microbial communities in
soilsreceiving different compost treatments(see
Tables1and 2). These profilesnot only differed
according to the compost amendment, but they
differed temporally. Certain discriminating car-
bon sources could beidentified that were unique
to each microbial community and that could be
used as signatures for each community. These
results reinforce the notion that, although quan-
titative differencesin microbial communitiesin
compost-amended soils cannot be discerned,
qualitative differences are readily apparent and
are likely to be key in identifying disease-sup-
pressive propertiesof certain compost-amended
soils.

This study has generated a tremendous
amount of data, alargepart of whichisstill being
analyzedfor variousmicrobial properties. These
analyses will be completed over the remaining

continued on page 12

One of the greatest
obstacles to the
widespread use of
composted
amendments for
turfgrass disease
control has been the
inconsistent
performance from site
to site, batch to batch,
and year to year.

CORNELL UNIVERSITY TURFGRASS TIMES
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The use of organic
amendments in
turfgrass management
is likely to increase as
the emphasis on non-
chemical and
environmentally-
friendly production
practices increases.

CORNELL UNIVERSITY TURFGRASS TIMES

Research Update

continued from page 11

four months of the grant period. Our current
work is focussing on qualitative estimates of
microbial community diversity in these com-
post-amended soilsand on correl ating thesechar-
acteristics with the suppression of turfgrass dis-
eases. Based on experiments conducted prior to
theinitiation of this study, soilsreceiving appli-
cations of Brewery Waste 94 and Poultry Litter
were highly suppressive whereas those soils
receiving the other amendments were not sup-
pressive. Those soils amended with immature
composted amendments (such as the Brewery
Waste 95) became suppressive with time. Ex-
perimentsarein progresstoverify thesesuppres-
sive properties. It is interesting to note further
that thoseturfgrass plotstreated with the Poultry
Litter compost were of higher overall quality
than were those treated with any of the other
composts. The reasons for this are not entirely
clear at this time but likely involve increased
nitrogen nutrition as aresult of thisamendment.

Summary

One of the greatest obstacles to the wide-
spread use of composted amendments for turf-

grass disease control has been the inconsistent
performancefrom sitetosite, batchto batch, and
year toyear. Much of theunpredi ctabl e nature of
composted amendmentshas comefrom alack of
understanding of the microbial dynamics that
determinetheoverall propertiesand behavior of
amendments when incorporated into soils or
when applied as topdressings. Despite the fact
that sometypesof amendmentshavebeen shown
tobehighly suppressiveto anumber of turfgrass
diseases, some composts are either not suppres-
sive or may actually enhance disease develop-
ment and pathogen persistence.

Thecurrent project wasdesigned to address
guestionsthat will advance our understanding of
how composts suppress turfgrass diseases. The
primary aim of this research is to understand
how composted amendments and the microor-
ganismsthey contain, impact soil microbial com-
munitiesand how thesemicrobial changesaffect
turfgrass health.

Theuseof organic amendmentsinturfgrass
management islikely toincreaseastheemphasis
on non-chemical and environmentally-friendly
production practi cesincreases. Furthermore, with

Table 1. Metabolic profiles of microbial communities in compost-amended
tall fescue/perennial ryegrass soils. (July samples, after one application.)
Carbon Source Untreated Municipal Brewery Leaf 95 Poultry Brewery
Biosolids 95 Waste 94 Litter Waste 95
None 0.0936 0.1076 0.0940 0.1086 0.0998 0.0914
Bromosuccinate 0.2962 0.3492 0.3412 0.3544 0.2132 0.2923
L-histidine 0.2370 0.2184 0.4404 0.3710 0.3374 0.2438
Hydroxy-L-proline  0.1924 0.1946 0.3206 0.5728 0.3614 0.1780
Inosine 0.2554 0.2172 0.1928 0.2326 0.1530 0.2144
Dextrin 0.3762 0.4016 0.3914 0.5270 0.4476 0.3973
Citrate 0.2386 0.3258 0.3428 0.4614 0.2932 0.2568
Glycogen 0.3440 0.4220 0.5156 0.3028 0.3080 0.3320
D-galactose 0.2280 0.2488 0.2398 0.3850 0.2292 0.3187
A-ketoglutarate 0.2242 0.3712 0.3298 0.3088 0.2484 0.3007
Tween-40 0.2534 0.3284 0.4488 0.3444 0.3256 0.2533
Tween-80 0.2452 0.2510 0.4392 0.3028 0.3088 0.2197
A-D-glucose 0.3386 0.4402 0.4148 0.5300 0.3634 0.3804
D-galacturonate 0.3440 0.2802 0.2730 0.2270 0.2440 0.2576
Putrescine 0.2202 0.2738 0.3946 0.1914 0.2470 0.2424
Sucrose 0.3076 0.3084 0.3278 0.4940 0.4730 0.3787
D-gluconate 0.4154 0.4492 0.6026 0.6030 0.3688 0.4309
N-acetylglucosamine 0.4988 0.2976 0.4716 0.5108 0.3398 0.4252
D-trehalose 0.3448 0.3848 0.4268 0.3886 0.2616 0.3548
L-asparagine 0.5314 0.5846 0.4926 0.3872 0.3564 0.4408
Quinate 0.2462 0.3070 0.4152 0.3268 0.2194 0.2885
L-aspartate 0.2526 0.4152 0.2678 0.2898 0.2418 0.2785
Maltose 0.3440 0.3204 0.3626 0.3478 0.3910 0.2461
D-saccharate 0.2256 0.2466 0.3012 0.2284 0.2020 0.2468
L-glutamate 0.5458 0.3972 0.4182 0.5942 0.3196 0.3253
Glucose-1-phosphate 0.2712 0.4174 0.4378 0.5310 0.3080 0.4046
Cellobiose 0.2946 0.3318 0.4150 0.2976 0.3110 0.3871
D-mannose 0.3026 0.3490 0.3574 0.3724 0.2824 0.3235
Succinate 0.2452 0.2542 0.3926 0.2830 0.2788 0.2820
G-Aminobutyrate 0.2440 0.2510 0.4040 0.3448 0.3690 0.2914
Absorbance cutoff = 0.4
Red absorbance values indicate carbon sources utilized most rapidly (absorbance values after 24-hrs
exceed absorbance cutoff value). Increases in absorbance values indicate increases in microbial activity.
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the increased emphasis on biological control
strategies, studies with organic amendments,
particularly horticultural and industrial waste
materials, will undoubtedly increase. We have
chosen to center our studies strictly on compost-
ed soil amendments since composted organic
substrates provide a degree of uniformity and
control not achievable with uncomposted soil
amendments. Additionally, composted amend-
ments are known to be biologically diverse,
supporting some of the more intense biological
interactionsinnature. Thewell-documented dis-
ease-suppressive properties of composts pro-
vide an inexpensive and effective aternative to
traditional chemical fungicide treatments.
Many of the properties of the composts
chosen for this study are already known. The
effectsof mature and immature composted slud-

ges, turkey litter compost, and yard waste com-
post on soil biological processes represent rela-
tive extremesin organic matter qualities, micro-
bial activities, and disease-suppressive proper-
ties. These attributes facilitate our comparative
studies on microbiological responsesand, based
on our preliminary results, are increasing our
understanding of why composts differ in their
suppressive properties. Furthermore, we feel
that the results of this study will broaden the
applicability of our research aswell asincrease
our conceptual understanding of microbial inter-
actions in turfgrass soils that impact turfgrass
health. This understanding will be essential for
the effective, consistent, management of dis-
ease-suppressive properties in these types of
amendments.

Eric B. NeLsoN AND CHERYL M. CRAFT
DepT. OF PLANT PATHOLOGY

Table 2. Metabolic profiles of microbial communities in compost-amended
tall fescue/perennial ryegrass soils. (September samples, after three applications.)
Carbon Source Untreated Municipal Brewery Leaf 95 Poultry Brewery
Biosolids 95 Waste 94 Litter Waste 95
None 0.1204 0.1390 0.1455 0.1292 0.1388 0.1310
Bromosuccinate 0.3752 0.3403 0.3723 0.3864 0.3688 0.4352
L-histidine 0.3622 0.3887 0.3832 0.4286 0.3055 0.4364
B-methyl-d-glucoside 0.4748 0.4340 0.4620 0.3684 0.3208 0.4312
Hydroxy-L-proline  0.3740 0.3797 0.4177 0.3400 0.3653 0.4430
Inosine 0.4062 0.3973 0.3638 0.3242 0.3135 0.4010
Dextrin 0.5974 0.5562 0.6307 0.4042 0.4153 0.5886
Citrate 0.4116 0.4158 0.5715 0.4400 0.4900 0.4922
Glycogen 0.5366 0.6205 0.6423 0.3648 0.4885 0.7084
D-galactose 0.3974 0.4522 0.4135 0.3320 0.3110 0.4146
A-ketoglutarate 0.3406 0.3943 0.4382 0.3840 0.3953 0.4368
Tween-40 0.5022 0.5328 0.5913 0.4474 0.3853 0.5850
Tween-80 0.3756 0.4110 0.4002 0.4048 0.3400 0.3980
A-D-glucose 0.5046 0.5227 0.5615 0.4222 0.4503 0.4596
D-galacturonate 0.3452 0.3438 0.4440 0.3208 0.2925 0.5672
Putrescine 0.4268 0.3957 0.4655 0.4270 0.4445 0.4844
Sucrose 0.4568 0.4262 0.4600 0.4610 0.3683 0.4540
D-gluconate 0.3958 0.5077 0.5145 0.4488 0.4650 0.5818
N-acetylglucosamine 0.4824 0.5195 0.4977 0.3724 0.3583 0.5766
D-trehalose 0.4110 0.4800 0.3988 0.2956 0.3060 0.4598
L-asparagine 0.5990 0.5853 0.6515 0.6446 0.4698 0.6614
Quinate 0.4740 0.5095 0.5760 0.5164 0.6195 0.6050
L-aspartate 0.5408 0.4312 0.5463 0.4320 0.4968 0.5332
Maltose 0.4244 0.4165 0.4193 0.3380 0.3118 0.4690
D-saccharate 0.2902 0.3965 0.4020 0.4004 0.4043 0.5338
L-glutamate 0.5106 0.5290 0.5262 0.5214 0.4653 0.6144
Glucose-1-phosphate 0.5318 0.5187 0.5603 0.3966 0.3180 0.6036
Cellobiose 0.3380 0.4162 0.4107 0.3652 0.3335 0.4616
D-mannose 0.3746 0.4007 0.4252 0.3280 0.2988 0.3802
Succinate 0.3856 0.4195 0.4047 0.4286 0.3310 0.5198
G-aminobutyrate 0.4046 0.3807 0.3982 0.4002 0.3880 0.4230
Absorbance cutoff = 0.4
Red absorbance values indicate carbon sources utilized most rapidly (absorbance values after 24-hrs
exceed absorbance cutoff value). Increases in absorbance values indicate increases in microbial activity.

The well-documented
disease-suppressive
properties of composts
provide an inexpensive
and effective
alternative to
traditional chemical
fungicide treatments.

CORNELL UNIVERSITY TURFGRASS TIMES
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In very hot, dry
weather cool season
turfgrasses will go
dormant giving many
common summer
annual and perennial
weeds a chance to
flourish unchecked by
turfgrass competition.

The effectiveness of
both preemergent and
postemergent
herbicides are reduced
under drought
conditions.
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Pest Watch

continued from back cover

able to tolerate insect feeding — particularly
root feedinginsects. Several diseasesnot usually
consideredtobemajor problemsinour areawere
very damaging. For example, diagnostic labs
reported receiving many samples with anthra-
cnose. Other stress-related diseases were also
prevalent. Whenever turf i sthinned by diseaseor
insect pests, weeds can take over.

Poor Herbicide Performance.

Although in upstate New York we rarely
experience the kind of drought which reduces
herbicideperformance, our Longlslandand more
southerly colleagues are well used to heat and
drought affecting their herbicide programs. The
effectiveness of both preemergent and
postemergent herbicides are reduced under
drought conditions. It iseasy to understand why
postemergent herbicide performanceis reduced
— weeds have a waxy cuticle which reduces
spray retention and absorption, lesswater in the
plant results in limited translocation out of the
leaves to the growing points, herbicide remain-
ing on the surface of the leaves is degraded by
sunlight, and high temperatures and humidity
evaporatespray dropletsandvolatilizetheherbi-
cide. All of these factors result in poor
postemergent herbicide performance.

May to achievethis, even when products are not
applieduniformly. However, whenminimal rain-
fall occurs (as in 1995) the herbicide is not
moved laterally inthe soil surface, creating non-
uniform herbicide distribution and gaps in the
preemergent barrier. Additionally, without ad-
equate moisture, weed seedswill not germinate.
They wait in the soil until moisture is available
— often after the preemergent barrier hasbroken
down (particularly inthosegapsjust mentioned).

Weed Control During Droughts

So, how do you control weeds under such a
drought? There was very little any turf manager
could have doneto achieve acceptable levels of
weed control in 1995. Extensive irrigation,
enough to keep the cool season turf growing,
would have improved the efficacy of
postemergent herbicides. However, applications
of most postemergent products would have re-
sulted in more turf injury due to the heat stress.
Where irrigation is limited, irrigate one to two
days before spraying postemergent herbicides
and again two days after treatment. In many
respects, this season was a testimony to well
timed applicationsof quality preemergent herbi-
cides. In 1995 we compared spray and granular
“weed & feed” formulations of pendimethalin,

Figure 1. Comparison of Spray and Fertilizer Formulations for Preemergent Crabgrass
Control in Turf, 1995.
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The reasons why preemergent herbicide do
not perform well under drought are more com-
plex. If theherbicidewasapplied very uniformly
and early enough to beincorporated by the April
rains, the product worked. However, if treat-
ments were less uniform and/or were applied in
mid to late April (after which rains were mini-
mal), preemergent herbicides did not provide
adequate crabgrass control. Why? In order for
preemergent herbicides to work they must be
uniformly incorporated into the soil surface be-
forecrabgrass seedsgerminate. Inatypical year,
sufficient rainfall will occur in April and early

Barricade and Dimension (see Figure 1). All
treatments were applied in late April; crabgrass
control was rated in September.

Thefertilizer formulationsof pendimethalin
and Barricade produced poor crabgrass control
whereas spray applications provided essentially
100% control. This was highly unusual, as |
typically see no difference between spray and
granular applications with these products. An
explanation of this anomaly is seen in the Di-
mension data where two fertilizer formulations
were compared to the spray. In this case, the
uniformly loaded, high quality fertilizer granule
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controlled crabgrass 100%; whereas, a lower
quality (non-homogenous) fertilizer granule
(Fert. #2) provided only about 60% control.
Similarly, theBarricadeand pendimethalingran-
ulestestedin 1995 werenon-homogenousblends
with nonuniform particle sizes and poor spread-
ing characteristics. From these data we see that
very uniform applications of high quality prod-
ucts produced excellent control while less uni-
form treatments (of lower quality and cheaper
formulations) resulted in unacceptable levels of
crabgrass control. Moral: you get what you pay
for.

How Will The 1995 Season Affect Weeds
and Weed Control in 19967?

One of the most important factors affecting
annual weed populationsisthe number of weed
seeds present. Clearly the heavy seed setin 1995
of summer annual weeds such as crabgrass,
prostrate knotweed, spurge and others, virtually
assures that they will be back in 1996. The
perennia weedswhich grew unchecked in 1995
are well established and can out-compete the
recovering turfgrass.

Speaking of recovering turf, much of the
turf was damaged by drought, insects and dis-
ease. These thin turf areas are an invitation to
weed establishment. The turf will need all the
help wecan giveit to become established before
the summer of 1996. We must remove weed
competition to allow theturf to fill inthosethin
areasbut we need to be careful not to damagethe
turf with herbicides. Inparticular, whereturf was
overseededinthefall orwill beoverseededinthe
spring, be cautious with the use of herbicides.
Much of the fall-seeded turf will not be well
enough establishedtotolerateearly spring appli-
cations of preemergent herbicides.

Of the preemergent herbicides registered
for turf, only Tupersan (siduron) issafeon newly
seeded turf. Dacthal (DCPA) can be applied to
seedling turf after it is 2 inches tall (I suggest
waiting until the seedlings have been mowed
twice). While Dacthal rarely provides full sea-
son crabgrass control, it does provide better
control than Tupersan. All of the other preemer-
gent herbicides should only be applied to estab-
lished turf. Postemergent crabgrass control pre-
sentsspecial problemsin seedling turf also. Both
Acclaim (fenoxaprop) and MSMA will injure
seedling turf. Applications should be delayed
until the new turfgrass seedlingsarewell tillered
and the lowest |abeled rates should be used to
improve turf tolerance.

Perennial ryegrass and fescues are more
tolerant of Acclaim than is Kentucky bluegrass.

Bentgrassisvery sensitiveto Acclaimandshould
only be treated if turf is well established, and
then only with the special reduced rates for
bentgrass turf (specified on the label).
Postemergent broadleaf weed control is fairly
simple even in newly seeded turf. “ Three-way”
herbicides(2,4-D + MCPP + dicamba) and simi-
lar products can be applied to seedling turf after
the new seedlingshavebeen mowed 3 or 4times.
To get the most out of these herbicides, treat
when weeds are actively growing. Usually ap-
plications in early to mid-May are effective.
Although our preferred time for postemergent
broadleaf weed control is between mid-Septem-
ber and early October, the broadleaf weed pres-
sure present this spring may necessitate May
applications.

Last, but not least, let’ shopewedon’'t have
arepeat of 1995 conditions!

JoserH C. NEAL
DepT. OF FLORICULTURE AND ORNAMENTAL HORTICULTURE

Cornéll University Turfgrass Times
providestimely information and
solutionsto your turf problems.
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We see that uniform
applications of high
quality products
produced excellent
control while less
uniform treatments (of
lower quality and
cheaper formulations)
resulted in
unacceptable levels of
crabgrass control.
Moral: you get what
you pay for.

One of the most
Important factors
affecting annual weed
populations is the
number of weed seeds
present. Clearly the
heavy seed set in 1995
of summer annual
weeds virtually assures
that they will be back
in 1996.
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The Drought of 1995 and Weeds
and Weed Control in 1996

Pest
Watch

Weed pressure in 1995
was incredible! What
happened to produce
such a glorious crop of
weeds? The answer:
drought!

Cornell
Cooperative
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eed pressure in 1995 was, in aword,

incredible! | toured many areas —

golf courses, lawns, athletic fields,
and institutional grounds— that weresolid crab-
grass, knotweed, clover, etc. In many of these
areas, if there weren't weeds, there would have
been no vegetation at all. In ayear like that, the
weedsare probably providing avaluableservice
by preventing erosionand providing someground
cover; butthisissmall consolationfor thegrounds
manager or superintendent trying to explainwhy
the weed treatments apparently failed.

What happened to produce such a glorious
crop of weeds? The answer: DROUGHT! The
record drought in much of New Y ork did many
things which encouraged weed growth includ-
ing: reduced competition from the turfgrass,
increased turf damage from insect and disease
pests, poor preemergent herbicide performance,
poor postemergent herbicide performance, and
last (but not least) heavy seed set for weeds
resulting in secondary infestations and virtually
ensuring weedy fieldsin 1996. There was little
anyone could have done about the weeds, but
understanding what happened and the implica-
tions on future weed management will help in
developing a more effective plan for 1996.

What Happened in 1995?

Cool seasonturfgrassgrowthratestypically
slow down during warm weather. In very hot,
dry weather cool season turfgrasseswill go dor-
mant giving many common summer annual and
perennia weeds a chanceto flourish unchecked

by turfgrass competition. Many of these weeds
arebetter ableto copewith heat and drought than
theturfgrasses. For example, crabgrasscanmain-
tain a growth rate of up to 1 cm aday during a
drought severe enough to cause Kentucky blue-
grass to go dormant. Similarly, legumes like
white clover, black medic and hop clover are
very drought tolerant; plusthese weeds are able
to fix nitrogen from the air to fuel their growth
(after you have stopped fertilizing the turf dueto
thedrought). Other weedswhichtoleratedrought
very well include the plantains, prostrate knot-
weed, oxalis (woodsorrel), dandelion, healal,
red sorrel, oxeye daisy, and goosegrass.

As turf goes dormant we tend to reduce
management inputs such as mowing and fertili-
zation. In doing this we allow some tap-rooted
biennial weedsnot ordinarily seenin fineturf to
becomeestablished, including wild carrot, com-
mon mullein, bull thistle, teasel, and burdock.
Reduced mowing also allows many annual and
perennial weeds to grow unchecked and to pro-
duce moreseed. Reduced turfgrassvigor and the
hot weather a so produced some rather dramatic
increases in insect and disease damage. In par-
ticular, white grub and chinch bug damage was
extensive. In some cases the number of insects
wasvery high (I haveheard reportsof asmany as
200 grubs per sguare foot!), much of the in-
creased damagewasdueto themoistureand heat
stress combining to make the grass plants less

continued on page 14
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