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Research You Clan Ulse

Best Management Practices
to Reduce Pesticide Runoff

from Turf

A common-sense approach can greatly
reduce the risk of water contamination.

BY B. E. BRANHAM, F. Z. KANDIL, AND ). MUELLER

alf turt mmagement has male

huge strides over the past 4

veears thar have allowsed golf
OIS \IIFII_'riIIh'I:II.ll;'fI[h o achicwe
excellent et gualicy, However, achiey-
irige these very high bevels of [L'It'r-l..]Ll.'ll.I'[':.
requires numerous inputs, including
ferrilizers, irriganion, mopdressing, culei-
VAR, wetting agents, ostumialbants,
and pesticides. While pracrices such as
topdressing, cultvation, and wetting
agents are considered envimnmentally
beniigm. tervilizers and pesticides have
receved much scruting simce some ol
these products can move off the wrf
aned inte grrownd and SLEFEICE VWarer.

Peucide leaching from e his been
studvsd intensiv |."|f.-'. 4 and while pesti-
cide leaching i 0 major problem in row
crops, leaching of pesticides from wrf
presents much les nsk chan previoushy
suspected. Pestiode leaching in et is a
miech smaller problem than m mow
Craps for o PEHTTY FERO0E,

First, the acreage treated wath pist-
cides om all the golf courses in the
Urited States 15 a drop i the proverbal
bucker compared o row crop agricul-
ture. The Natonal Golf Foundation
reported that at the end of 2002, there
wir the cquivalent of 14,725 18-hale
ol Facthities e the Ulmied Staves, T we
assume thar each golf course contains,
on average, 3 acnes of putting greens, 5
acres of rees, and 30 acres of farwavs,
then the total number of golt course
b GRER N

SELCTIHIMS RECaRE

acres i the Dniced Scaces TCCETVIERE
pesticide applications {roughs tvprcally
recetve little in the way of pesticide
applications, alchough weed conomol
may be practiced) woubd potal 355 550
acres. This 1 less pocal acreape than the
armcint of corn and sovbeans planped
it & evpical county m cencral [Hinos,
N.|l:i-:|l1:|]|=_.'. e 2K, .||'l|'||'|.‘:l‘!-.'i|'|'|:l[|:|'g.
75,7532 milhion acres of land were
planted to corn, while 74, W15 million
ACTEL WP |:||:|.II11.‘:.1 toy sovbieans, Mo of
these recerae somwe kind of pesticide
application. All the intensively managed
polf covrse acres 1 che Uinited States
represent less than (1.4% of the toml
acreage planted w the two Firgest crops
grown i the LLS

A second reason why turt presents
less of a risk for pesticade leaching s the
ot sl A previous LISGA-funded
research project examined dhe effect
of turf on pesticide movemene and
degradanon.' We found thar when
pesticides are applied o i, |L'.'|-:'|1i|1g
B reduced and depgradacion rates ane
increased when compared o the same
pesticides applied to bare soal (a
COIMTUTEN Prachice [ s croaps)

These owo differences bave led many
o conclude that the sk of ground-
water conmination from mirfgras
pesticides 15 low, but not non-exdstent.
Proper management is soll kew and on
certamn sites, particulardy those with
sandy soik, shallow groundwater, and

procinuey o water bodies, mrd
mianazers need to pick the pesticides
they dho use wich cane,

Pesticade runof, however, 15 a com-
pletely different issue, What & runodi =
Famoff 15 4 natwral event that oocurs
when a rin or iFrignon event pro-
duces more water than the sl turf can
accept. This is a fairly common occur-
rence, and depending upon seil types,
slopes, etc., it may ocour often or rarely
o a particular site. Runoff per se is not
a bad thang, but when the runct carrns
pesticides, nutrients, or other pollutants.
problerrs my arise

Whereas pesticide leaching 15 mosdy
a threar 1o groundwarer (although the
use of tile drains also can threaten sur-
face warers with pesticide leachate),
pesticide runoff s a threat to surface
water. Most golf courses have somme
water teaturs asociated wich them, and
often streams, rivers, or storm drin are
used to accept runcff from golf courses.
Somme initial research has shown thar
pesticide munoft can be significant, with
some rescarchers reporting as much as
1r% of the applied pesticide transported
in runeil,

INVESTIGATING RUMOFF

With this background in mind. we
exanined some management practices
thar might reduce the concentration of
pesticides when runofl doss occur rom
1 golf course. We first constructed a site



Rungff plocs with & 5% slope were conscrucced ax the Univarsicy of lllinais 1o study the effeces of
past-applation irrigation and cippirg raragement on runoff of pestcides of varying solubllivies,

toy comaduct munet rescarch. This sice
was sloped. bur it did require some
modification to suit our needs. Thar
maodification was provided by Munic
Outdoor Services, o 5t Louis-based
company that donated ome and equip
ment o produce 3 plot anea with a
umitorm 3% sdope thar was approsi-
mately |3 .= 33 &

I hey abo mstalled 2 mist areygation
system that could provide owo incensi-
ties of simulated rain evens. Rain doops
mave much different enery than che
output froan @ mist head, whicl i very
nporcang o bare soil, but we believe
the energy difference is less important
when a oorf cover is i place. After the
plots were consoructed i the fall, thi Y
were allosved o settle over the wancer
and were sodded the next spring with
crecping bengrass, The rest of the
sumn et wais spent nstalling the runoff
collection equipment and resting the
avsten, and by the end of the sumimer
wie conducred a test run

Iin the sommier of 20003, we had dhe
personmed and equipnent in place
vonduct the expenimens. We evaliaced
three posable sertemis o reduce pesti-
cidle runoff, Firse, can irrigadon applicd

a short nme after pesticide application

sigriticantly reduce pesticide runoff'z
By washing the posticide off the beat
surtace ansd deeper mito thatch amd sl
cunt the concentraton and ol quanacy,
of pesticide i runaff be reduced?

The second experiment exanmed
the lengeh of time between pesticide
apphicacon and ronoff cvenc, Some il
narnigzers ansd many homeownens use
nacural ranfall in place of e igraicm, [
rait is borecst, an application of pesi-
cide or fertihzer may be applied and the
rain 15 used oo swater-in thee pradugce, O
covrse 1f the ran produces runodt,
pesticide los could be guite Tigh, Can
runoff porential be reduced by applving
asimall amoint of irngaton pror o
the runott evene and thus reduce
pesricide rumk

Mhe chird experiment centered on
clipping managenent. Turt s a unigue
crop i that each pesticade apphcaoo s
made directly onro the foliage, Even
when o pesticide s prumartly root-
absorbaed, a »;5_-mr5.| A ity af the
pesticide will adhere oo beafl dssuee. |
dont Believe dhiar we love comstdered
clippings to be a source of pesncide
conamination, but the fivt maowinge
falloncings o pesticade applicanon etfiec-
evely frees Ui xl_!.:IIIJ'I-:'.ul'I prorteca o

the pesticide application. If 2 rin event
mmiewves these chippangs, o sigmbicant
ament of pesticade wall be mransported
with the clippiings.

A evens thormer 1ssue nesules when
clippings are collected. 1t the clippings
are composted, rapid degradacion of the
pestiide readues wall resule, bug care
must be caken wo prevens rmtall from
leachung pesticades from the chppangs, [
the clippings are simply scattered in the
rotigh, et nanagerss ooy e uninten-
tionally producing areas with lagh con-
coentrarions of pesricides thar mun b

susceptible o leaching or ronod.

EXPERIMENTAL PROCEDURES
I each experiment, pesticides were
apphied a5 4 three-way ank nux, W
selecred pesoicides based upoit these
water solubality and ease af analysis by
high-performance hiqud chromatog-
raphy (HPLC) Each sk nux congained
3 pesricide we o lassified as |.!.|'-'5.I!:_; |l|::.:||.
miedium, or low water solubihey Water
sediibibiey plavs a dosmanant rabe in the
availability of the pesticide for runoff.
Pesricides with higher water solubilinies
are mere readily moved with flowing
warer, Posnicides with wery lowy wanee

soilubilicies will move i loweer comeen-

S 77



L
uritdl all plots prodeced ag lexsc # rers of runoff.

pratkons in water, Best management
practices may need 1o be modifed
based upon warer solubility. In other
wisrds, whar works best to reduce run-
aff of 2 highly wacer —soluble I.'IL'.‘\-TI.t"Il.!'L'
miay nob be as effecove warh o warter
imioluble pesoode,

Following: pesticide application, the
ITUST ITTIEarion systern was turrsed on at
the :|p§'|rr'|pri.|.ll.' it for each LXper-
ment oo produce runoft. Irmigation was
applied until all plots produced ar least
40 litees of runoff. In cach experiment,
approsamately 2 hours of irrgation was
applied. From each 40-liter ronof
sammple, o 4=liver subsaimple was colleoed
into amber glass jups. The samples were
analvzed by HPLC oo decermune the
amount of each pesticide present in the
wager sunples.

The first expermment exarmined the
effectivenes of posc-applicanion ireiga-
ton in reducing pesticide runoff, Three
prsticides — hlororhalondl (IPaconil
Llerex ™, paclobutrazel {Trimme™,
and metanoxam (Subdue Maxx™) —
were applied and 0,2 inch of post-
application irrigation was hand applied

4] SR EEmN WF

e RN

FD"EM-HHE pesticide apphoation, irmgation was applied

ae 11.25, 1, 4, B, or 24 hours after pesti-
cide application. The simulated runof-
producing ran event was intited ar 25

hours after pesticide application (Le..
simmulated raintall began 1 hour atier the
last pesticide washoff crearment was
apphied),

RESUILTS

The results of the first experiment
were disappointing. Mo macer hony

we exartined the daga, there were fow
meaningful ditferences. The largest
point from the trial was that pose-appli-
CatIon IFTIgArion Was 1ol cifective in
reducing the amount of pesticades avinl-
able for runoff. Closer inspection of the
data vielled one sgnificant finding.
Chlorothalond] rumoff was reduced by
F-u;m—.'|p'|1|i|_';||:i-:1r'. irTigeatacn at b3 i
after pesticide application. This may
muke sense from a pesticide chemistry
L T T Chlarachalomil s very wager
imsoluble, with a commonbe accepeed
WHITET u:ll:ll!'llhl::-.' af (.6 PPM.® Products
wach water solubibivies this looe are
usually applied as an emulsion n water
i erder to pet the prodict inga 1 spray-

able form. Omce the spray dries on the
leaf surface, the emubsitying characreris-
tecs ane Jost and the pesticade belaves
according o its nomral water solubility:

A pesticade, or any organic chemical,
with warer solubility below 1 PPM wall
be very strongly sorbed to the wax and
other non-polar compounds of the leat
surface, Onee these pesicides dry on
the leafl wirface, they're lirerally stuck
there. By applying imgation soon after
apphcation, some of this deving will be
prevented and a langer s of dhe
pusticide can be moved deeper into the
turd protile. Once a warer-isoluble
pesticide has dried on the leaf sorface,
post=application irrigation will not be
effective in moving the pesticide
off the leaf.

With the fungicide chlorothalonil,
post-application rogtion immediately
after applhicarion would not be a good
pracice since the prodisct needs 1o be
on the bkeaf surface o exert its fong-
cidal acovicy. However, if the mrended
site ot acton 5 the soil or thatch sur-
Fagce, &, for |_-:|.:;||||]'||.;-__ precmergenoe
herbicides, these products should
receive post-application irrignon as
soon as the applicanon is completed.
Thas et only neduces the amoune af
pestcide avalable for ranoffz it abso
increases the amount of pestacide

saching the soil or thatch surbace

The second experiment examined
the impact of the interval between
pesticle apphicaton and 1 unat evenr.
While no one can control when 1t
rains, it is il insteoetive oo underscind
the importance of the mterval berween
pesticide applicacion and runoft. In this
experiment, pesticides were .:p]:llll.'l.{ at
12,24, 48, ot 72 hours prior g0 the
runaff event, The pesocides .Iup!'ﬂllul.{
were pendimethalin (PredM ™), propi-
comizole (Banmer Maxx"™), and
imefancxam Subdoe Aaxx™).

In this experument, the resuls wene
dramaric. ]L‘ﬁlllllr.‘m of warer solubiicy,
the longer the time between pesticide
applicarion and runoff, the less pesticide
s detected o runaff And whike chis
wioltld be expected, what was imferest-



Pesticides used In runaff swdies at the Uiniversity of Minois

Comman Nama

Trade Mame mmﬁ-ﬂ.}

propiconazie Banner Maxx o
ehlorothalonil Daconil 04
pendimethalin Pendulum 03

irgr wiis that. i general, the differences
i runoft were significant berween run-
off at 12 hours following application
versus 24, 48, or 72 hours after appli-
catiore. [ other words, i runaff accurs
1. 2, or 3 days following applicanion,
there 15 not a great difference in the

amount of pesticide that runs off, Bur if

the runoff event occurs at 12 hours or
less after applicarion, there will be a
sitbstaritial inerease i the amount of
posticide runoft thar accurs, For
example, on g mas bass, we recoverned
8.9 mig of pendimethabn in runeff
water when runoff accurred a 12
howrs after apphcation, bue only 1.5,
6. or 1.2 g if eunofl occurned at 72,
44, or 24 hours following application,
respectively Shmilar results were
obtamed for the other o pesticides
in this sty

Ohme surprising result of this trial was
thiar, on a miass bases, there was more
proprconazole i the munodf than
metanosan, This result was counter to
our bypotheses that the more water
soluble 4 pesticide, the more susceptible
it 15 to runoff. In general, the inirial
concencration of mefanosam in the
runoft was higher than propiconazole,
but as more runott came ol the con-
centration ol mebmoxnm decreased
while that of propiconazale did not
decrease appreciabdy, Perhaps simece

mefanaxam s much moee warer sofuble

{see Table 1), some of i may move oo
the soil and charch more readily with
the onset of precipitation. whereas pro-
preonazsle, which is less warer solulide,
By feinain an the upper canopy whens
it Can continue 1o PaTtinon into warer
flowing across che oot surface.

Chur thind expermment evaluated the
etfects of removing clippings on pesti-

cide runofl. €in ol courie preens, nees,

anid farrasys, pesticides are applied as
often as once every mwa weeks during
the susmmmer, A ssgrnficant portion of
the pesticide applicanion is deposited an
the beaf’ tissue, and much of che appli-
canon will rematn sorbed (3 term that
describes substinces chat can be boch
adsorbed and absorbed) to the leaf
tissoe., This study was sumplified so char
w coamnpared only pwo ereatments;
clippings removed versus clippings re-
turned. In this experiment, pesticides
wiere applied ot 9 . on Jaly 150 2003,
The plots were mowed the tollowing
iy at % am, and the runoft event was
nitiated one hour later at 10 a.n, by
amubiting runotf via irmganon.

As mighr be expected. removing
chippings reduced pestiode oo
(Table 2). When examining the data on
a mvass basis, e, the moeal gquantity of
pesticide removed, the daca mst be
comsidered in view of severa] important
factors. Firsy, an important factor in
reducing pesticide runoff (as well as
ather forms of off-site ranspor) & oo
use pesticides that requare smaller

amonpes af active inbgredient, O oa
miass bases, more chiorothalonil was Lost
than esther of the other two pesticides.
However, on a peroent-of-applied basis,
chlomthaloml los much less than the
other two pestiades (Table 2). Chloro-
thalomil is an older product thar requires
higher use rates than many newer pesti-
cides, thus chliorothaloml was applied ar
arate of 11.2 Ibs, s/, while mewer
chemistries are wally apphed at rates
of 1 Ibai/A or les. Even though chiono-
thalomnil s very water imsoluble and less
Iikely o run off {s shown by dhe
pereentage dara), more chlorothalonl
wers recovered m manoff because it was
applied at rares of 1 o 44 tdmes higher
than the other two pesticides, Second,
posticide mass is the product of
pesticide concentraton i ronett and
the toral volume of funalf collected
T'he plors we used i chis erial were
developed ta be as unitorm as possible,
and vet thers were sull baree differences
in runoft volumes berween plos. This
direcely affects the runoff mass and can
make the data ditficult to interpree.
Clipping managersent can hove a big
impact on pesticide runoff. Pesticide
rumoft wis reduced by 34% o 575 by
removing clippings. We doubr that the
higher mass of pesticide runctt where
clippings were returned can be arib-
upeed o clippings in the ronodf, While
we did observe some clippings in the
runat water, we rermioved the |:'|i]_1pi:1t_|r\
by filtration prior to anabyss. The mass
af pesticide found on the sediment
{clippings and ocher particles) was a
anall fraction of the amounts recovered
from the runoft warer. Thus, the reduc-

Table 2
Mﬂwﬂﬁh loss during runoff — effect of clipping removal

Munu-p-.

i,

Percent
of Applied

mefanowm o7 213 058
Rﬂ'ﬂﬂﬂﬂ LT rz L70

paclabetrazol 01s Remavad 83 106
Resurmed 127 162

chigrathaland 12 Bemaved 65.4 o
: P 1537 0.4

ERRLARY Jisn sl

IERC AR h



rion in pesticide runoff where clippings
were removed 15 most hikely a direct
result of the decresse in the amount of
pesticide avakable when the runoff
occurs. However, while the reduction
in pesticide in the runoffs was substan-
tial, it begs the question of what hap-
pens to the clippings, [f the chpping
are amply deposited ehewhere on the
golf course, then the runoff problem
hasnt necessariby been reduced; is just

redistribated,

LESSOMNS LEARNED

The purpose of this research was to
develop best management practices o
reduce pesticide runoft. The most
effective practice was to remove clip-
pangs, bur the clippings thenselves con-
tain a significant amount of pesticide,
and these nnst be dealt with respon-
ably The turf in the feld represents
what is termed a non-point source
peodlution prohlem; thar is, the potenrial
pollutants are dsrmbuted across a large
area at low concentrations, Collecting
clippings and puming them mn a pile
would essentally create a poant source
pollution problem, However, creating a
compaost pile of clippings should permic
relatively rapid degradation of the pesti-
cides in the pile. and if drainage s con-
rrolled, this would be a partcularly
grood opiion,

Regardless of whether or not vou
remont: clippings as part of a best man-
agenwnt program o reduce pesticide
runoff. this research illuserates that clip-
pings can be an important source of
pesticides. Whether you remurn clip-
pings or collect them, be aware thae
clippings harvested immediately follow.
ing a pesticide application will contan
a sipmificant quantity of pedicide,
Feturning those clippings o che oorf
wiould be valuable particulady in the
case of soil-active pesticides such as
preemergence annual grass control
herbicides and roor-absorbed products
such s the plast grosath regulators
pacloburmzol or flurprimadol.

Pesticide application within 12 houwrs
of an expected rain event should be

k1] GREEM sFCTi0A RECORID

avoided. Bunoff events ocourring at
24-72 howors alter pesticide application
will conain reduced pesticide concen-
trations versis runoff that occurs
within 12 hours of o pesticicke
application.

Choosing pesticidis that requeine low
active ingredient applicarion rares
dramanically reduces the amount of
pesticide runoff. Many newer pesticide
chemistries have apphcation rates of
M- 1M graimis an/A (L 1=00.3 dhs, aisA).
The best way o reduce pesticide runoff
or leaching is o not use a pesticide. The
second best way 15 to choose a pesticide
with good environmental properties,
and one of the best 15 3 Jow apphcation
Tate.

Lastly, the use of butter srips is a best
management practice. A buffer strip s a
vegerated strip that s not treated wich
pesticade, In our runcdl experiments,
the pesticides were applied within 2
feer of the runoff collection apparatus.
Amny increxse in the length of untreaged
murf or other laindscape plhintings be-
eween the treated turf and the poine
where runoff water would enter a
spreqin, drain, oF other direcr access o
warer will dramatically reduce pesticide
rienaolf, This cecues for owo reasons,
Furst., turf wall semence some of the
pesticide thar s flowing across 1t that 1s,
wnme pesticide will absorb to the turf-
grass plangs. Second, o5 runoff contain-
i pesticide enters the buffer strip
where no pesticide is present, simple
dilution reduces the pesticade comcen-
rration thar ultimately enters the water
by

Pestioide runoft 1= an important ssue
that golf course wperinendens must
b aware of and recopmize where
potential problems exase. Bodies of
water flowing through the golt course
need o be protected. Even if WOILIE g«rﬂr
course doss mot have a surface water
featune, care st still be exercied.
Many golf course superintendents use
surtace deains o remove excess witer
fronm Jow-bying or poorly drained ares,
Oiten these drains ulrimately lead o a
surface water body, As o mesulr, pesti-

cides applied to a firway may be
readily moved off the golf course if
surface drains are vsed to reme
XU WaLCE.
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