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Developing Natural Pest Control
Products for Turf

lorational alternatives for pest control are gaining increased

attention worldwide because of concerns related to pesticide

usage and the environment, aswell as the dwindling number of
labeled products, particularly for minor-use crops such as turf and
ornamentals. As a result, the science of alelopathy offers interesting
alternative weed control strategiesthrough the production and rel ease of
natural chemicals from living or decomposing plant materials. =

Theterm allelopathy wasfirst introduced in
1937 and refers to biochemical interactions
among plantsthat alters plant growth, including
those mediated by microorganisms. Allelopa-
thy, besidesincluding competition for resources
among plants, is considered to be an important
mechanism of plant interference caused by the
addition of plant-produced toxins to the plant
environment. Chemicalswith allel opathic activ-
ity are present invirtually all plantsand in most
tissues, including leaves, stems, flowers, roots,
seeds, and buds. Under appropriate conditions,
these chemicals may be released into the envi-
ronment, generaly in the rhizosphere region
directly around devel oping plant roots, in quan-
tities sufficient to affect the growth of neighbor-
ing plants. In many cases, allelopathic interac-
tions in the field are difficult to study, since
reduction in plant growth can also be caused by
competition from surrounding plants for light,
nutrients, and water aswell as CO,. Theseinter-
ferencemechanismsareoftenimpossibleto sepa-
rate in field studies, but are well documented
under controlled conditions in the laboratory or
greenhouse.

Black Walnuts

One example of a commonly observed al-
lelopathic interaction can be seen across New
York State in homeowners' yards, golf courses
and woodlands (see Figure 1). The black walnut
tree, Juglansnigra, has been reported for centu-
riesto inhibit plant growth through the produc-
tion of a potent natural herbicide or
alelochemical, juglone. Juglone is a chemical
compound produced in the bark and living root
system of black walnut trees.

Juglone can persist in the soil for several
months after removal of ablack walnut tree, and
causes severe reductionsin plant growth to sen-
sitive neighboring species, such as azaleas.
Juglonealtersplant growth directly through spe-
cific metabolic inhibition. Sensitive speciesin-
clude many vegetables crops, woody ornamen-
tal shrubs and herbaceous groundcovers. The
Ericaceousspecies, including rhododendronsand
azaleas are particularly affected by living black
walnutswhich releasejuglone. Y ou may also be
familiar with tomatoeswhich quickly wilt when
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C U T T

Examples of weeds which
are known to be strongly
allelopathic include
qguackgrass (Agropyron
repens) and black mustard
(Brassica nigra), among
others. Many of these
plants will be found in
almost pure stands or
monocultures, indicating
that other plants have
difficulty competing
successfully with them
once they become
established.
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planted around black walnuts, hence the term
“walnut wilt” which describesthe appearance of
sensitive plants. Y et, not al plants are sensitive
tojuglone, justasnot all herbicidescontrol every
plant. For example, hollies, hydrangeasand day-
lilies are quite tolerant to black walnut's pres-
ence as | have recently observed, as well as
hemlock and a variety of hostas and spring
flowering bulbs.

The effect of juglone is similar to that of a
persistent soil-applied herbicide and can be seen
even after thewalnut isremoved from the grow-
ing site, giving plant growth suppression for
several months after removal. In this case, up to
3 or 4 months are required after tree removal
beforethegrowthinhibitionisminimized. While
black walnut’ sallel opathicinteractionshavebeen
well documented over the years, there are many
other suppressive interactions occurring in na-
ture, most of whichremainlargely uninvestigated.

Allelopathy All Around

During the past 30 years, the potential im-
pacts of allelopathy have been described for
certain agronomic crops and cropping systems.
Much work has focused on the detrimental ef-
fects of living plants or their residues on the
growth of crop plants and reductions on crop
yields. Replanting problems, autotoxicity, tox-
icity of mulch stubble, problemswith crop rota-
tions, and direct interference by certain weeds
have been attributed to allelopathy and allelo-
pathic interactions. Examples of weeds which
are known to be strongly allelopathic include
guackgrass (Agropyron repens) and black mus-
tard (Brassica nigra), among others. Many of
these plants will be found in almost pure stands
or monocultures, indicating that other plants
havedifficulty competing
successfully with them
once they become estab-
lished.

Quackgrass can be
observed throughout the
Northeastern U.S. on and
off the golf courseand in
landscapes. Inpurestands,
it inhibits the growth of
many surrounding weeds
and crops, particularly le-
gume crops such as clo-
vers, beansand peas. Liv-
ingand decomposingresi-
duesreleasewater-soluble
toxins which are particu-
larly inhibitory. In fact,
the presence of these wa-
ter-soluble toxins in the

field and in the laboratory so strongly inhibited
legumeroot growth, that root hair formationwas
limited and as a result, nodulation and nitrogen
fixation were severely reduced. Interference re-
sulted in the markedly chlorotic and stunted
appearance of legume crops grown in the pres-
ence of dense quackgrass infestations observed
in Michigan and throughout the Northeast.

Black mustard is a common weed which
often invades the grasslands of coastal Califor-
niaand other areasin the Northeastern U.S. and
forms pure stands over time. In areas adjacent to
mustard infestations, grass seeds do not germi-
nateand seedling grasspopul ationsnever emerge,
despite optimal water supplies and high densi-
ties of grass seeds. Nearby, one will find dense
stands of various annual grasses, but never be-
neath black mustard stands. L arge quantities of
sulfur-containing compounds were found to be
produced when mustard vegetation is crushed.
In addition, water soluble compounds were
leached from dead |eaves and stems of mustard
and were found to be very inhibitory to grass
germination. One can observe other densely
planted stands of cultivated Brassica species
with relatively few if any grass weeds.

Another interesting weed which isinvasive
in nature and a serious problem in New York’s
nurseriesand landscapesis mugwort (Artemisia
vulgaris). This perennial weed reproduces by
underground rootstocks and spreads easily with
cultivation throughout afield site. Once estab-
lished, it forms dense stands, often with few
other weeds. Nurseries in Western New Y ork
have referred to mugwort as their worst pest
control problem, due to its invasive nature. In
appearance, it resembles chrysanthemum and is
sometimesreferred to as chrysanthemum weed.

Figure 1. The lack of plants around the base of this walnut tree is an example of
allelopathy.



One can easily find this weed in landscape set-
tings, fallow fieldsand even therough surround-
ing the golf course.

The genus Artemisia includes the
wormwoods, sagebrushes, the mugworts, the
sageworts, and tarragon. Thisgenushasbeenthe
source of folk medicines, spices, flavorings, and
insect repellents throughout history. All of the
Artemisia species produce a diversity of chemi-
cal compounds. The function of these chemicals
isamost certainly protective, forming a barrier
to insect and pathogen attack.

Numerous compounds from Artemisia spe-
cies are also very active as plant growth inhibi-
tors. In fact, two commercial herbicides were
developed based on the Artemsia chemistries.
Theherbicide Cinch or cinmethylinisutilizedin
Europefor weed management. It actsby inhibit-
ing cell division in sensitive plants. We are
currently evaluating the allel opathic potential of
mugwort in an attempt to understand its biology
and devel op more effective postemergence con-
trol strategies for this difficult-to-control weed.

Synthesizing Natural Products

Researchersfirst explored the possibility of
utilizing allelopathic crops to dominate or in-
hibit weed growth in agricultural sitesin 1974.
Why not utilizean allel opathic cover crop or row
crop to suppress weeds throughout the growing
season?Thisareahasrecently receivedincreased
attention as crops and cultivars are now being
selected for enhanced allelopathic or weed sup-
pressiveactivity and breeding programsarestart-
ing to select for these useful traits. In addition,
thediversity of allelochemicsproduced by higher
plants as well as microorganismsis vast.

Recently the chemical industry has spent
much time and effort identifying novel second-
ary products isolated from plants and microor-
ganisms as these compounds may have medici-
nal or pharmaceutical value aswell as pesticidal
value. Many of these compounds do exhibit
herbicidal activity and consequently, interest
existsin using these natural products as models
for synthetic herbicides. In many cases, natural
products offer novel modes of action for herbi-
cides and other pesticides. With resistance to
pesticides causing numerous problems for pro-
ducers, the development of novel productswith
completely different modesof action makesnatu-
ral product screening of increasing importance
to the chemical and pharmaceutical industry.

Natural product screening has paid off for
DowAgroScience, who recently developed an
entirelineof environmentally soundinsecticides
from microbially produced natural products,
Spinosad A and Spinosad D. Because of the

relativesafety
andselectivity
of Spinosad,
new product
lines are cur-
rently being
introduced in
turf and orna-
mentals, the
first being
called Con-
serve. Be-
cause of the
structural
complexity of
the Spinosads,
thisproductis
produced only
by microbial fermentation of the fungus
Saccharopolyspora spinosa. Numerous other
smaller biotech firms are also evaluating plant-
produced and microbially-produced productsfor
devel opment since these products are able to be
fast-tracked through the EPA registration pro-
cess.

Cover Crops for Landscape

Rotational or green manure crops that pro-
vide weed suppression can be an effective cul-
tural means to control weeds with minimal ap-
plications of pesticides. In areas to be estab-
lished as nurseries or landscape sites not under
current production, one can easily establish a
cover crop or smother crop to eliminate specific
weeds or reduce weed populations. Smother
crops such as winter rye (Secale cereale L.),
wheat (Triticum aestivum L.), buckwheat
(Fagopyrumesculentum), black mustard, or sor-
ghum-sudangrass hybrids (Sorghum bicolor x
Sorghum sudanese) can be very effective in
reducing weed populations (see Figure 2).

Many of these crops can be quickly estab-
lished the season before turf, nursery sites or
|andscape beds are established. The crops sup-
press weeds through a combination of competi-
tion and allelochemicals produced by the de-
composing crop, onceitisturned under or killed.
These crops could be effectively used in areas
bordering a course or field, which is currently
not in production, to minimizesurrounding weed
populations and prevent weed seed dispersal
into production sites. For example, sorghum
sudangrasshasbeen used throughout theU.S. by
nursery producers before planting ornamental
crops. A dense stand is established, allowed to
grow for about 6 to 8 weeks, and then turned
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Figure 2. Debris from killed turfgrasses can
have weed suppressive properties.

Because of the relative
safety and selectivity of
Spinosad, new product
lines are currently being
introduced in turf and
ornamentals, the first being
called Conserve.

Rotational or green
manure crops could be
effectively used in areas
bordering a course or field,
which is currently not in
production, to minimize
surrounding weed
populations and prevent
weed seed dispersal into
production sites.
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The year following
sorghum establishment,
over 70% reductions in
small seeded broadleaf
weeds have been observed
compared to areas
receiving normal tillage or
other cover treatments.

Figure 3. Current NTEP trials being evalu-
ated for weed suppressiveness.

CORNELL UNIVERSITY TURFGRASS TIMES

Natural Pest Control

continued from page 5

under as a green manure. This adds organic
matter to the site over time, and contributes to
weed reductions the following season. The year
following sorghum establishment, over 70% re-
ductions in small seeded broadleaf weeds have
been observed compared to areas receiving nor-
mal tillage or other cover treatments.

“Don” Sorgoleone

We are currently looking at sorghum spe-
cieswhichproducelargequantitiesof sorgoleone,
exuded directly by the living root systems. This
compound is an extremely potent inhibitor of
photosynthesis and is more active at the site of
action than commercial herbicides such as atra-
zine. Over time, sorgoleone is released into the
soil rhizosphere, where it persists for up to sev-
eral weeks at concentrations capable of sup-
pressing small seeded grasses and broadl eafs.

Our laboratory iscurrently focusingonways
to enhance sorgoleone production in sorghum
speciestomore
effectively uti-
lize this cover
crop for long
termweed sup-
pressioninhor-
ticultural crop-
ping systems.
We are cur-
rently attempt-
ing to isolate
andidentify the
genes respon-
sible for pro-
duction, sothis
trait might be
introducedinto
other crops
such where
chemical and cultural practices for weed man-
agement are less effective.

What About Turf?

Turfgrassesal so show promiseasweed sup-
pressive cropswith apparent allel opathic poten-
tial. Fescues—especially creeping red fescue
and chewingsfescue, andtall fescue—havebeen
reported to be both allelopathic and weed sup-
pressive. In research from Kentucky, creeping
red fescue was slow growing with less biomass
accumulation than other cover crops, but was
most highly weed suppressive when living and
up to 8 weeks after kill. Not only did red fescue
have up to 95% fewer weeds than other cover
crop treatments, it also inhibited later establish-
ment of no-till crops, indicating some persi stent
suppressive properties. Fescues have also inter-

fered with the growth of seedling trees and
perennial legume species. Recently, while ob-
serving the NTEP Fine Fescue Tria at the Cor-
nell Turfgrass Research Center, it wasclear that
certain creeping and chewings fescue cultivars
were exceptionally weed suppressive while oth-
ers allowed invasive species to take hold (see
Figure 3). Theturf density alonewasnot respon-
siblefor enhanced suppression, sincelessdense,
fineleaf cultivarswerealsoweedfree. Itislikely
that suppression is associated with the produc-
tion of allelochemicals by Festuca species.

Extracts of fescue shoots have also been
shown to be phytotoxic to seedling germination.
In past experiments, we have shown that red
fescue extractswere highly suppressiveto weed
seed germination and growth. These extracts
contained various compounds, several of which
were markedly active asinhibitors. Our studies
with cover crop establishment also showed that
perennial ryegrass was quite weed suppressive
as well, with up to 85% reduction in weed
populationsintheresidue. Our current challenge
isto develop screening proceduresto accurately
predict which turfgrass cultivars interfere most
with weed establishment at the seedling stage of
growth and also as a well established, mature
turf stand. In this way, we can evaluate
allelochemicals produced by active turfgrasses,
determine how they act to inhibit plant growth
and try to discover genetically and environmen-
tally how suppressivenessis regulated.

The Future

Crop germplasm servesasasource of mate-
rial to screen in an attempt to enhance weed
suppression in crop plantsthrough conventional
or nontraditional breeding programsfor enhance-
ment of the crop itself. Current evaluation for
weed suppression is occurring in turfgrasses,
rice, rye, sorghums, and sunflowers.

Allelopathic cropsand weeds offer exciting
new opportunities for the development of
bioactive herbicides, pesticides and pharmaceu-
ticals. Thechemical industry isvery interestedin
novel natural products which can be used as
templates for pesticide development. Most re-
cently, Zeneca discovered a new family of her-
bicidal compoundswithacompl etely novel mode
of action by working with extractsof the Austra-
lian bottlebrush plant. With all thisattention, the
turf and ornamentals industry will soon see a
variety of new herbicides, fungicidesand insec-
ticidesthat are naturally produced or devel oped

from natural products.
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