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Sdective weed control in turfgrasses essentidly began with the discovery in
the mid-1940's that 2,4-D would control dandelion in Kentucky bluegrass.
In subsequent years, numerous herbicides have been registered for usein ® % (A
turfgrasses. The use of herbicides, in combination with timely culturd \&y}
management practices, has sgnificantly contributed to the overd| aesthetic -
quality of tufgrasses.

, %
= T a

Soon after the advent of other pesticides, certain species of insectsand plant pathogens devel oped
resstance, i.e., agpeciesprevioudy controlled by aspecific pesticide was no longer controlled. Pesticide-
resstanceisnot anew phenomenon. 1n 1908, resistance of San Jose scaeto lime sulfur was observed. By
1957, entomologists had reported that 76 insect species were resistant to certain insecticides. A 1980
survey showed that 428 species of insects and related arthropods exhibited res stance to commonly used
insecticides (1).

Now we are beginning to hear that some turfgrass weeds have devel oped resistance to herbicides.
Actudly, herbicide resistanceisnot new and wasfirgt reported in 1970, with the discovery that smazine, a
triazine herbicide, no longer controlled groundsdl (Senecio vulgaris), aprevioudy susceptible species, in
ornamental nurseries in Washington (3). As of 1989, 53 weed species were known to be resstant to
various herbicide families (1). In 2003, 163 weed species are reported to be resistant to the various
herbicide families. Within this group of herbicide-resistant weeds are several species that are mgjor
problem weeds in turfgrasses (Table 1).

Herbicide-resstance has been dower to develop, or to manifest itsdf, than insecticide- and
fungicide-resistance. Possiblereasonsinclude: @) weeds normally complete only onelife cycle per year, b)
weeds are not as mobile as insects and disease pathogens, €) crop rotations that utilize different herbicide
familiesand mechanica cultivation are routinely practiced in most crops, and, d) certain resistant weeds are
less ecologicaly fit than their susceptible biotypes.

A common misconception is that continued use of the same herbicide causes amutation to occur
that enables the weed to become resistant to the herbicide. However, herbicides do not cause mutations.
Research has shown that resstant individuas are naturally present at extremely low frequenciesin agiven
population of a weed species. Continued use of the same herbicide over a period of years controls the
susceptible biotypes, but alows the population of resistant biotypes to increase. The selection pressure
exerted by the herbicide is andlogous to a plant breeder selecting biotypes that are resstant (or more
commonly tolerant) to various types of imposed sdection stresses (drought, mowing height, diseases,
insects, etc.). Theend result of continued herbicide usefor severa consecutiveyearsisaherbicide-resgant
population of weeds. However, thissatement istrue only if resstant individudsare naturdly present onthe
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A Classic Case of Herbicide-Resistant Weed Development in Turfgrassin Georgia. Inthemid-
1980's goosegrass (Eleusine indica) resstance to the dinitroaniline herbicide family (triflurdin,
pendimethdin, oryzalin, benefin, others) wasreported in South Carolina(2). Annud useof dinitroanilinesin
cotton for 8 to 10 consecutive years was a mgor factor contributing to the development of this case of
resstance. Prior to 1985, benefin was the only dinitroaniline herbicide registered for use on turfgrasses.
However, in 1985 oryzdin, pendimethdin and triflurdin were registered for thisuse. Prodiamine, dso a
member of the dinitroaniline herbicide family waslabeled for useinturfgrassesinthe early 1990's. At about
this same time, dithiopyr, a member of the pyridine herbicide family, was aso registered for annua weed
control in turfgrasses.

In 1992, a golf course superintendent in middle Georgia indicated that various dinitroaniline
herbicides were not controlling goosegrass in bermudagrass fairways. Herbicide records were available
only back to 1985, but did reved that this golf course had used dinitroaniline herbicides done or in
combination with other herbicides for a period of seven consecutive years.

In 1993 and 1994, experiments were conducted on a common bermudagrass fairway at this golf
course to determine if dinitroaniline-resstant goosegrass was present.  Oxadiazon (Ronstar 2G),
pendimethdin (severa trade names), prodiamine (Barricade 65 WDG), oryzdin (Surflan 4AS) and
dithiopyr (Dimension 1EC) were gpplied a maximum labeled rates to separate plots either a single or
sequentia application.

A singleor sequentid gpplication of oryzalin, prodiamine and pendimethdin at the maximum |abe ed
rate did not control goosegrass. Additiondly, dithiopyr did not control goosegrass elther as a single or
sequentia gpplication. Pendimethain, prodiamine and oryzain are members of the dinitroaniline herbicide
family and have the same basic mode- of- action, e.g. inhibition of aspecific phaseof cdl divison. Dithiopyr
belongs to the pyridine herbicide family but has a mode of action smilar to dinitroaniline herbicides.
Because of their amilar modes-of-action, rotating to dithiopyr was not an acceptable control Strategy for
dinitroaniline-resi stant goosegrass.

Thisresearch showed that either asingle and sequentia application of oxadiazon provided > 90%
goosegrass control on this Ste. Oxadiazon belongsto the oxadiazole herbicidefamily and hasamode- of-
action totaly different than the dinitroaniline herbicides and dithiopyr (Table 1). Therefore, on Steswhere
dinitroaniline- or dithiopyr-resistant goosegrass is present, rotation to oxadiazon, or other herbicides that
have adifferent mode- of-action than the dinitroanilines and dithiopyr will be necessary to effectively control
this biotype of goosegrass.

Additiona research conducted at this Site showed that diclofop (11loxan) and MSMA + metribuzin
(Sencor Turf) effectively controlled dinitroaniline- and dithiopyr- res stant goosegrass (datanot shown). This
group of herbicides dso has a different modes-of- action than the dinitroanilines and dithiopyr.

Smilar to that observed where ressance occurred in cotton fidds, continued annua use of



dinitroaniline herbicidesfor aperiod of severd years contributed to the devel opment of resi stant goosegrass.
Therefore, herbicide resistant weeds can occur in turfgrasses and turfgrass managers should include a
herbicide-resstant weed control strategy in their weed management plan.

We do have herbicide-res stant weedsin turfgrassesin Georgia Mot notable are: annua bluegrass
resstance to triazines, ethofumesate, dinitroanilines and dithiopyr; and, goosegrass resi stanceto diclofop-
methyl, dinitroanilines and dithiopyr. Once resstance occurs, the only practica option for control in
turfgrassesisto rotate to a herbicide that has adifferent mode- of- action than the herbicide previoudy used
(Table2). Rotating to adifferent herbicide in the same chemicd family is not effective, as members of the
same family have the same mode-of-action. Additionaly, increasing the rate of the herbicide is not an
effective option as true herbicide resstance is absolute and is not related to tolerance. In the case of
dinitroaniline-resistant goosegrass in Georgia, rotation to oxadiazon, diclofop or MSMA + metribuzin
effectively controlled thisweed. Thisgroup of herbicides have adifferent mode- of- action then dinitroaniline
herbicides and dithiopyr.

For saverd years, dinitroaniline herbicides have been widdy used by turfgrass managersto
effectively control annua bluegrass, goosegrass, crabgrass (Digitaria spp.) and other annua weeds.
While annua bluegrass and goosegrass resistance to this herbicide family and dithiopyr has been
documented, it should be noted that there are no documented cases of crabgrass resistance to these
herbicides. Also, herbicide resstance is not awidespread problem at thistime, and, no one can
accurately predict that res stant weeds will occur on every turfgrass Site. If there are no resstant
individuas in a given population of weed species, then the problem will not occur. However, rather than
take chances, a basc principle of pest contral, i.e. pesticide rotation, should be practiced. By following
this basic principle, turfgrass managers can continue to depend upon the effective, low-cost control that
the dinitroaniline and triazine herbicides have provided in the past.

Herbicide-resstant weeds are areal phenomena. Factors that contribute to the development of
herbicide-resstant weeds include a) continued annua use of herbicides with smilar modes- of- action, b)
lack of use of herbicides with different modes-of-action, and ¢) dlowing herbicide-res stant weeds to
reseed. Mogt herbicide resstant weeds have not developed in a short period of time. In the case of
dinitroaniline- resstant goosegrass in turfgrasses, dinitroaniline herbicides were annually used for a period
of 810 10 years. Continued annua use of the same herbicide is one of the primary reasons why
herbicide-resstant weeds are increasing in various crop systems, and have the potentid to increasein
turfgrasses. Other reasons include the development of herbicides that have a single site mode- of-action,
and use of herbicides that provide severd months of residua weed control activity.

Herbicide resstant weeds are not amagjor problem in turfgrasses. However, they can become a
serious problem unless turfgrass managers begin to employ herbicide-resstant weed management
drategies. Management practices that discourage, or help to prevent, herbicide-resstant weeds are; @)
use of herbicides that have a different mode-of-action, b) use of tank-mixes or combinations of
herbicides that have different modes-of-action, ¢) controlling weeds that escape preemergence
herbicide trestments with postemergence herbicides that have a different mode-of-action, and d)
preventing seed production by hand roguing (where practical).






The dinitroaniline and triazine herbicide families have provided and continue to provide economica annud
grass control in established turfgrasses. However, we have documented that herbicide-resistant weeds can occur
inturfgrasses. There isanatura tendency is to continue to use pesticides that have been successful in the past.
Insecticide and fungicide rotation is routingly practiced on golf courses and other turfgrass sites. If turfgrass
managers are to prevent herbicide-res stance from becoming widespread, then herbicide rotation will dso need to
be routindy used aswell.
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Table 1. Examples of herbicide-resistant weeds.

Herbicide-Resistant Weed Herbicide Brand Name(s)
Goosegrass diclofop-methyl, Illoxan
fluazifop, Fusladell
dithiopyr, Dimension
pendimethdin, Pendulum, others
prodiamine, Barricade
oryzdin, Surflan
benefin, Bdan
triflurdin Team (dso contains benefin)
Annua bluegrass dithiopyr, Dimension
pendimethalin, Pendulum, others
prodiamine, Barricade
oryzdin, Surflan
benefin, Bdan
triflurdin, Team (aso contains benefin)
ethofumesate, Prograss
amazine, Princep, others
arazine, Aatrex, others
metribuzin Sencor
Itdian ryegrass diclofop-methyl, Illoxan
sulfometuron, Oust
glyphosate Roundup, others
Horseweed (maredtail) glyphosate Roundup, others




Smooth crabgrass

quinclorac

Drive

Table2. Mode-of-action of commonly used turfgrass herbicides.

Herbicide Family Common Name Brand Name' Application Timing Mode-of-Action

Aryloxyphenoxy Diclofop, Illoxan, Postemergence Inhibition of fatty acid synthesis.

propionate Fluazifop-P, Fusiladell,
Quizalofop-P Assurell

Bipyridilium Diquat Reward Postemergence Cell membrane disruption through
formation of hydroxyl and lipid radicals

Dinitroaniline benefin, Balan, Preemergence Inhibits cell division by binding to
oryzalin, Surflan, tubulin which prevents polymerization
pendimethalin, Pendulum, others, of microtubules at the growing end of
prodiamine, Barricade, the tubule.
trifluralin Treflan

Imidazolinone Imazaquin Image Postemergence Inhibits the enzyme, acetolactase
synthase, akey enzymein the
synthesis of the branched chain amino
acidsisoleucine, leucine and valine.

Organic Arsenical MSMA, Bueno 6, others, Postemergence Not well understood. Known to
DSMA DSMA 4, others uncouple energy transfer during the

production of ATP.

Oxadiazole oxadiazon Ronstar Preemergence Inhibits Protox enzyme which leads to
formation of lipid radicals which
disrupts cell membrane integrity

Pyridine dithiopyr Dimension Preemergence, Inhibits cell divisioninthelate

Postemergence prometaphase stage by binding to a
microtubul e associated protein. Does
not bind to tubulin.

Sulfonylurea chlorsulfuron, Corsair, Preemergence, Inhibits the enzyme, acetol actase
sulfometuron, Oust, Postemergence synthase, akey enzymein the
metsulfuron Manor, Blade, synthesis of the branched chain amino

acidsisoleucine, leucine and valine.
foramsulfuron Revolver,
trifloxysulfuron Monument

Triazine atrazine, Aatrex, Others, Preemergence, Inhibits electron transport during the
metribuzin, Sencor 75 Turf, Postemergence light-dependent phase of
simazine Princep, Others photosynthesis. Membrane disruption

ensues due to formation of toxic lipid
radicals.

! Brand names are used only for information. Other products may be available with the same active ingredient.




