Conservation Buffers
t o Reduce Pestici de Losses

Conservation buffers can be used in a systens approach to help
manage soils, water, nutrients, and pesticides for sustainable
agricultural production which mnimzes environnental inpact.
Buf fers have | ong been a staple in conservation systens designed to
prevent erosion and trap sedinment and nutrients fromfield runoff.

They also provide other benefits such as wldlife habitat
i nprovenent, streanbank protection, and farmng safety. Many
studi es have been conducted to docunent these benefits and to
provi de gui dance in designing buffers for these purposes. But do
buffers work to reduce pesticide | osses?

Rainfall or irrigation can cause pesticides to run off the
surface of treated fields. Edge-of -field | osses can range from
| ess than one percent of the amount applied to as nuch as ten
percent (Wauchope, 1978). Losses are greatest when severe
rainstornms occur soon after pesticide application. Edge-of-field
concentrations of pesticides in surface runoff can range fromless
than 1 part per billion (ppb) to 1 part per mllion (ppn) or nore.

Until recently, few studies had been conducted to neasure the
effectiveness of buffers in trapping pesticides in runoff.
Physical properties of pesticides affect their behavior and

transport. Sone pesticides are highly adsorbed to soil particles



and are carried primarily adsorbed to eroded sedinent. Trapping of
these pesticides by buffers should be very simlar to sedinent
trappi ng. However, sone pesticides are only noderately adsorbed to
soil particles, and are carried off fields primarily dissolved in
water. |In order for buffers to be effective in trapping this type
of pesticide, either water infiltration into the buffer nust occur,
carrying the chemcal into the soil, or chem cal nust be renoved
fromsolution flow ng over the soil surface by contact with soil or
veget ati on. Most studies indicate that an increase in water
infiltration is the nost inportant factor in trapping these
pesti ci des.

This booklet wll exam ne current know edge of how
conservation buffers can be nost effectively used to reduce
pesticide losses to water. Studies specifically neasuring
pesticide trapping by buffers will be reported, as well as rel evant
studies on effectiveness of buffers in trapping sedinent and
increasing water infiltration. The effectiveness of buffers in
reducing pesticide losses will depend on the properties of the
specific pesticide, the design and nmai ntenance of the buffer, and
| ocal climate, weather, and soil conditions. Wen conbined with
specific local input from sources such as the National Resource
Conservation Service (NRCS), this booklet will provide guidance to
those providing advice and assistance to farnmers and | andowners

installing conservation buffers. O her Best Managenent Practices



whi ch i nprove managenent and reduce | osses of pesticides and can be
used in conbination with buffers will also be discussed.
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TYPES OF BUFFERS

Wat er Buffers
Wthin Fields

Grassed waterway: a natural or constructed vegetated channel

that is shaped and graded to carry surface water at a nonerosive
velocity to a stable outlet. Because of concentrated flow that
normally occurs in waterways, trapping of sedinent and water
infiltration can be m ninal. Waterways are nost effective in
trappi ng sedi nent and di ssol ved chem cal s when designed to spread
concentrated water flow over a vegetated filter adjacent to
streans.

Contour buffer strips: strips of perennial vegetation

alternated with wider cultivated strips that are farnmed on the
contour. Buffers are nost effective in trapping pesticides when
runoff enters uniformy as sheet flow Contour buffer strips are
one of the nost effective buffers in trapping pesticides because
there is less chance for concentrated flow and snaller areas of
cultivated field deliver runoff directly, within a relatively short
di stance, to each strip, conpared to sone edge-of-field buffers.

Vegetative barriers: narrow, permanent strips of stiff

stemmed, erect, tall, dense perennial vegetation established in
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parall el rows and perpendicular to the dom nant sl ope of the field.

These barriers function in a simlar manner to contour buffer
strips and may be especially effective in dispersing concentrated
flow, thus increasing sedinent trapping and water infiltration.

Terrace tile inlet buffer: setbacks surrounding inlets to

tile-outlet terrace systens. Sonme herbicide |abels describe
| eavi ng untreated setbacks around these inlets when tiles draining
terraces outlet directly into streans. Because water ponds over
these areas during runoff events, reductions in herbicide runoff

have occurred only proportion to reductions in total area treated.

Edge-of -Fiel d

Field borders: a band or strip of perennial vegetation

established on the edge of a cropland field. This type of buffer
reduces pesticide runoff only when runoff flows over the strip.
Even when no water flow occurs over the strip, sone water quality
benefit may be gained due to physical separation of spraying
operations from adjacent areas, reducing drift and direct
application to riparian areas.

Filter strips: areas of grass or other permanent vegetation

used to reduce sedinent, organics, nutrients, pesticides, and other
contam nants fromrunoff and to maintain or inprove water quality.
Filter strips are |ocated between crop fields and waterbodi es.

Efficiency in renoving pesticides can be inproved by encouragi ng as



much sheet flow as possible across the strip. This may be
acconplished by conmbining filter strips wth practices such as
vegetative barriers, |evel spreaders, or water bars.

Set backs: wuntreated areas where surface runoff enters
streans. Some herbicide |abels describe leaving these areas
unt r eat ed. Seeding these areas to perennial grass inproves

her bi ci de trapping, conpared to trapping with untreated row crop.

Ri parian forest buffer: an area of trees and shrubs | ocated

adj acent to streans, |akes, ponds, and wetlands. Forest buffers
are often conbined with perennial grass buffers. Wody vegetation
provides food and cover for wldlife, helps Iower water
t enperatures by shadi ng the waterbody, protects stream banks, and
sl ows out-of-bank flood flows. Deep roots of trees may intercept
nitrate entering streans in shallow subsurface flow and provide
soil carbon for mcrobial energy. M crobes can degrade pesticides

and denitrify nitrate.

Constructed Wetl ands

Most nitrate is carried to streanms by subsurface flow
Subsurface flow may also carry | ow concentrations of pesticides.
VWhile riparian buffers can intercept shall ow subsurface flow and
either cause uptake of nitrate and wutilization by plants or

encourage denitrification, drainage tiles bypass buffers and



deliver subsurface drainage directly to streans. Wet | ands
constructed at tile outlets have been effective in causing

denitrification of nitrate and degradati on of pesticides.

Wnd Buffers

W ndbr eak/ shelterbelts: plantings of single or multiple rows

of trees that are established for environnental purposes. Wile
the primary purpose of such buffers is to protect |eeward areas
from troublesone winds, they nay also provide separation of
spraying operations from adjacent areas, reduce drift due to
| onered wi nd speed, and intercept spray drift. Taller plantings
provide the nost drift protection.

Ctoss Wnd Trap Strips: areas of herbaceous vegetation,

resistant to wind erosion, and grown in strips perpendicular to the
prevailing wind direction. These strips trap w nd-borne sedi nent
and nutrients and pesticides carried by sedi nent.

Her baceous Wnd Barriers: tall grasses, up to 5 feet, and

ot her non-woody plants established in 1- to 2-row narrow strips
spaced across the field perpendicular to the normal wi nd direction.
These barriers reduce wind speed and wind erosion and intercept
wi nd- borne soil particles which may carry pesticides and nutrients.

QO her Barriers: other types of perennial vegetation in the

| andscape can serve the function of a buffer. These include CRP

fields, wood lots, terrace back slopes, ditch banks, and wildlife



pl anti ngs.

-pictures from NRCS of several buffers can be spread through

previ ous section-

PESTI Cl DE TRAPPI NG BY BUFFERS

Pesticides vary in how tightly they are adsorbed to soil
particles. Degree of soil binding is neasured by binding
coefficients or "K' values. K, (K of organic carbon) is a neasure
of adsorption to the organic matter content of soils, with higher
val ues indicating nore binding. Wiile pesticides are also bound to
clay particles, binding to organic matter is a useful predictor of
chem cal behavi or and novenent. K, values can be used to predict
whet her a specific pesticide wll be carried primarily in the
sedi nent or dissolved phase of field runoff. K, values greater
than 1000 indicate that pesticides are highly adsorbed to soil.
Eroded soil carries the ngjority of this kind of chem cal |eaving
fields in runoff. Thus, if conservation buffers are effective in
trapping sedinent, they will be effective in trapping this type of
pesti ci de.

Pesticides wth lower K, values (less than 300 to 500) tend



to nove nore wth water than adsorbed on sedinent. Concentrations
carried on sedinent are higher than concentrations in water, but
because water quantities running off fields are so nuch greater
than eroded soil quantities, water accounts for the mpjority of
chem cal leaving fields. To be effective in trapping this type of
pesticide, buffers need to increase water infiltration or maxi m ze
contact of runoff with soil and vegetation which my adsorb
pesti ci de.
Nitrate is water sol uble and not adsorbed by soil particles.
Usually nitrate quickly enters the soil, with little nitrate
carried in runoff water. Rather, nitrate may |each to shall ow
ground water and be carried to streans by subsurface flow To be
effective in trapping nitrate, roots of conservation buffer plants
need to intercept this subsurface flow. Conditions for
denitrification present in this biologically active zone also
reduce nitrate reaching streans. Simlarly, sonme weakly adsorbed
pesticides may |each to shallow groundwater in small anounts.
Al t hough subsurface flow may carry snmall quantities of pesticides
to streans, usually quantities present in surface runoff are much
greater. The NRCS maintains a current Pesticide Property Database

and can provide K, values for specific pesticides.

Study Results



One of the earliest studies of the inpact of buffers on

pesticide runoff investigated pesticide retention by grassed

wat erways (Asnmussen et al., 1977). Runoff froma small plot was
directed into an 80-foot-1ong waterway. The weakly adsorbed
herbicide, 2,4-D, was trapped at a rate of 70% In a later

simlar study (Rhode et al., 1980), 96% of the strongly adsorbed
trifluralin was trapped when the waterway was dry before runoff and
86% when the waterway was al ready wet when runoff was produced.

Hall et al. (1983) studied the inpact of strip cropping on
atrazine runoff in Pennsylvania. Seventy-two-foot-long plots were
constructed up and down a 14% slope with a 19.7-foot- w de area at
t he base of the slope seeded to oats (Avena sativa L.). Runoff of
atrazine applied to corn was neasured throughout the season which
i ncluded a severe, once-in-100-year frequency stormin June. The
oats strip trapped 91% of atrazine in runoff when the herbicide was
applied at a rate of 2 | b/A

Results of these early studies surprised sone scientists who
assuned that buffers would have mnimal inpact on runoff of
noder at el y adsor bed pesticides |ike atrazine and 2,4-D. However,
significant infiltration of runoff water into buffers was
identified as the primary mechani sm of pesticide renoval in these
st udi es.

In M ssissippi, Whbster and Shaw (1996) neasured runoff of

met ol achl or and netribuzin from soybean plots with and w thout tal
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fescue (Festuca arundi nacea Schreb.) filter strips. Plots were 13
by 72 ft with 3% sl ope. Filter strips were either 13 or 6.5 ft
wide. Wdth of the filter strip did not affect herbicide trapping
efficiency. Over 3 years, netolachlor |oss was reduced 55 to 74%
by the filter strips, while nmetribuzin |oss was reduced by 50 to
76% Mich of the trapping of herbicides could be attributed to
infiltration of runoff into the filter strips. Using simlar
techniques in a later study (Rankins et al., 1998), tall fescue
buffers reduced runoff of fluorneturon and norfl uorazon applied to
cotton by at |east 60% and 65% respectively.

Several studies in lowa have investigated herbicide trapping
by snmoot h bromegrass (Bronus inerms Leysser) filter strips using
either simulated or natural runoff. |In some studies field runoff
was simul ated by addi ng known concentrations of herbicide to water
rel eased above filter strips while rainfall was sinulated
(M ckel son and Baker, 1993). Amount of solution calculated to
represent runoff froma 150 foot-long area was applied to the top
of 15 and 30 foot-long filter strips (thus representing source area
to buffer ratios of 10:1 and 5:1). The 15 foot strip reduced
atrazine runoff by 35% while the 30 foot strip reduced runoff by
59. 5%

QO her simlar studies with snooth bronegrass buffers (Msra et
al., 1996) showed less difference between buffer sizes. When

conparing 15:1 and 30:1 source area to buffer ratios, atrazine
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removal was 31.2% and 26.4% respectively. Concentrations of
herbicides in sinulated runoff were applied at either 0.1 ppm or
1.0 ppm A higher percentage of herbicide was trapped by buffers
when inflow had higher concentrations. When inflow had 1.0 ppm
herbicide, 15:1 area ratio buffers trapped 50% 47% and 47% of
atrazine, netolachlor, and cyanazine, respectively. Wen inflow
concentrations were 0.1 ppm these buffers trapped 31% 32% and
30% of atrazine, netolachlor, and cyanazine, respectively.
Infiltration of runoff water into buffers accounted for nost
her bi ci de trappi ng.

In other studies natural runoff from a treated area was
collected and distributed to replicated snooth bronegrass buffers
66 feet long (Arora et al., 1996). Runoff was distributed to
represent source area to buffer ratios of 15:1 and 30:1.
Efficiency of herbicide trapping was determned for six runoff
events over a 2 year period. Trapping of atrazine, cyanazine, and
met ol achl or ranged froma low of 8% to a high of 100% depending
| argely on the timng and intensity of rainfall and antecedent soi
noi sture conditions. Herbicide trapping was |east efficient when
soil was saturated due to previous rains. For npbst events there
were only small differences in herbicide trapping efficiency
between area ratios. Averaging results for all herbicides and area
rati os over the six events, 62% of herbicide contained in runoff

was trapped by buffers. Infiltration of runoff into buffers was
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determ ned to be the major nmechani smof herbicide renoval. Wile
sedi ment retention ranged from40 to 100% only about 5% of total
her bi ci de retention was due to sedi nent trapping.

Analysis of soil wthin the buffer strips confirnmed that
her bi ci des were being trapped and held by soil within the strips
(Fawcett et al, 1995). Concentrations declined during the grow ng
season, presumably due to degradation. No phytotoxicity was
observed on buffer grasses.

Ber rudagrass (Coynodon dactylon L.) and wheat (Triticum
aestivumL.) buffers were studied in Texas (Hoffnman, 1995). Three
30-foot-wide buffers were equally spaced within a 435 wde
wat ershed planted to corn. Hydrol ogic data showed that water
runof f was reduced 57% by bernudagrass and 50% by wheat. Total
atrazine | oss was reduced 30% by bernudagrass and 57% by wheat in
one year, and by 44-50% by all buffers in another.

Patty et al. (1997) studied ryegrass (Lolium perenne L.)
buffers in France under natural rainfall conditions. Buffer w dths
were varied from20 to 59 ft. Runoff volunme was reduced by 43 to
99.9% suspended solids by 87 to 100% |indane |osses by 72 to
100% atrazine and netabolite |osses by 44 to 100% i soproturon
| osses by 99% and diflufenican | osses by 97%

The ability of bernudagrass buffers to trap runoff of turf
pesticides was studied in Cklahoma (Cole et al., 1997). Buffers 16

feet wde trapped from 90 to 100% of dicanba, from 89 to 98% of
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2,4-D, from 89 to 95% of necroprop, and from 62 to 99% of
chlorpyrifos in runoff. In nost instances buffer nmow ng hei ght
(3.3 in or 9.7 in), buffer length (7.9 or 16 feet), and tine
aeration did not significantly affect pesticide trapping
efficiency.

The effectiveness of a three zone riparian buffer in trapping
her bi ci de runoff was studied in CGeorgia (Lowance et al, 1997).
Total buffer width was 164 feet, with a 26-foot-w de grass buffer
adj acent to the crop field, a managed pine forest down slope from
the grass, and a narrow hardwood forest containing the stream
channel. Mre than 90% of atrazine and alachlor in field runoff
was trapped by the buffer. Most herbicide trapping was
acconplished by the grass strip, with 60 to 70% of herbicide in
runof f trapped. Gass was a m xture of bahai grass grass (Paspal um
not at um Fl ugge), bernudagrass, and perennial ryegrass.

The i npact of untreated setbacks around tile inlets in tile-
outlet terrace systens was studied in Iowa, Nebraska, and M ssouri
(Mckelson et al.; Franti et al.). In all studies, setbacks
provi ded no reductions in herbicide runoff into inlets beyond what
woul d be expected due to reduced area treated. This result is not
surprising, since these terraces are designed to pond water around
inlets, causing sedinent to settle and increasing water
infiltration. Mch of the untreated setback area would be under

wat er during runoff events and could not be expected to increase
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infiltration or sedinent trapping beyond that caused by normal
functioning of the terrace system The studies' authors concl uded
that alternative BMPs such as herbicide incorporation and no-til
production were nore effective in reducing herbicide runoff into
inlets. Based on this research, USEPA all owed | abel changes on
atrazi ne and cyanazi ne-contai ning products. Three alternative BMPs
are now described on these labels for use in tile-outlet terrace
systens: 1) 66 foot wuntreated setback around inlet; or 2)
i ncorporation of herbicide in areas draining to inlet; or 3) no-
till production with high crop residue levels in areas draining to
inlet.

The inportance of water infiltration as a nechanism of

trappi ng noderately adsorbed pesticides is illustrated by sone
studies which have shown that buffers do little to reduce
concentrations of this type of pesticide in runoff. In Nebraska
(Yonts et al., 1996) snooth bronegrass or internedi ate wheat grass

buffers did not significantly reduce concentrations of alachlor,
cyanazine, 2,4-D, or atrazine present in furrowirrigation runoff
wat er, al though concentrations of the strongly adsorbed
chl orpyrifos were reduced.

In contrast, sonme studies have shown significant reductions in
concentrations of noderately adsorbed pesticides caused by buffers.
In Mssissippi (Tingle et al., 1998), tall fescue buffers as narrow

as 1.6 feet at the base of 72 foot plots reduced concentrations of
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met ol achl or and netribuzin in runoff by al nbst 50%

Bi ol ogi cal and physical conditions, which develop in buffers
planted to grasses and/or trees, favor increased water infiltration
and subsequent attenuation of nutrients and attenuation and
degradation of pesticides. Bharati (1997) conpared infiltration
and soil properties under a nmulti-species riparian buffer in |Iowa
to adjacent cultivated fields and a grazed pasture. Aver age
cunul ative water infiltration was five tines greater under the
buffer than the cultivated field and pasture sites. Soi |l bul k
density was al so consistently |ower under the buffer. Wod (1977)
conpared hydrologic characteristics of forested |and to adjacent
sugar cane, pineapple, or pasture |and of the sane soil series at 15
sites in the Hawaiian islands. Infiltration rates were higher
under forest cover at 14 of the 15 sites. Mean wei ght dianeters of
the surface soil aggregates were larger for forested soils.

The extensive root growh in buffers and superior soi
structure likely explain observed water infiltration increases.
This root growh also inpacts biological activity, supplying an
organic carbon energy source to soil mcroorganisns. These
m croorgani sns in turn are responsi ble for degradi ng pesticides and
denitrifying nitrate. Such untilled areas also attenuate
at nospheric carbon dioxide in tree and grass vegetation and soi
organic matter. Tillage and crop production often deplete soi

organic matter (Reicosky et al., 1995). I ncreased soil organic
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matter in buffers serves to better adsorb pesticides in runoff.
Nutrients are taken up by vegetation and stored in living tissue.
Periodic harvest may be desirable to prevent |ater rerelease.
Pesticides are also taken up by roots and may be netabolized in
pl ant s. In addition, vegetation at the soil surface adsorbs
pesticides during runoff events. In lowa (Fawett et al., 1995),
atrazine concentrations in plant residue collected in buffers
ranged from 80 ppb to 740 ppb depending on collection date, and
were simlar to concentrations found in surface buffer soil.

Few studies have investigated ©pesticide trapping by
constructed wetlands. Sone pesticides are relatively short-Ilived
in water. Thus degradation occurring while runoff or tile effluent
is sequestered in wetlands reduces contam nants reaching streans.
Wet | ands can al so serve to aneliorate pul ses of concentrated runoff
before it enters streans. Some pesticides are relatively
persi stent once they reach water. However, the high organic matter
content of wetlands sedi nents binds these pesticides, renoving them
fromwater. Matter (1993) used intact freshwater wetl and sedi nent
m crocosns to study the behavior of atrazine. Atrazine was renoved
fromthe overlying water colum at a rate of 15.8% day for 3 days
after introduction. After 10 nonths, 88% applied atrazine was
unextractable from sedinment and none was recovered from the
overlying water.

Considering buffer research to date, under controlled
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conditions, buffers have been effective in trapping both highly
adsor bed and noderately adsorbed pesticides. Table 1 is a sunmary
of buffer studies showng trapping efficiency for specific
pesticides and pesticide K, val ues. H ghly adsorbed pesticides
were trapped at rates of from62 to 100% Trapping of noderately
adsor bed pesticides was nore variable and ranged from8 to 100%
Lowest percent pesticide retention by buffers occurred when buffer
soil was saturated due to previous rains. Many studies found

pesticide trapping efficiencies of 50% or nore.
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Table 1. Summary of buffer studies neasuring trapping efficiencies for
specific pesticides. K, values |isted for each pesticide are fromthe NRCS
Field Ofice Technical Guide Section Il Pesticide Property Database.

Range
Pesti ci de Koc St udy Reference %
Pesti ci de
Tr apped
Hi ghly Adsor bed Pesti ci des
Chl or pyri fos 6070 Cole et al. 1997 62- 99
Di f 1 uf eni can 1990 Patty et al. 1997 97
Li ndane 1100 Patty et al. 1997 72-100
Trifluralin 8000 Rhode et al. 1980 86- 96
Moder at el y Adsor bed Pesti ci des
Al achl or 170 Low ance et al. 1997 91
Atrazi ne 100 Arora et al. 1996 11-100
Hall et al. 1983 91
Hof f man 1995 30- 57
Low ance et al. 1997 97
M ckel son & Baker 1993 35- 60
Msra et al. 1996 26- 50
Patty et al. 1997 44- 100
Cyanazi ne 190 Arora et al. 1996 8- 100
Msra et al. 1996 30-47
2,4-D 20 Asnussen et al. 1977 70
Cole et al. 1997 89- 98

19



Di canba 2 Cole et al. 1997 90-100
Fl uor met ur on 100 Rankins et al. 1998 60
| soproturon 120 Patty et al. 1997 99
Mecopr op 20 Cole et al. 1997 89- 95
Met ol achl or 200 Arora et al. 1996 16- 100
Msra et al. 1996 32-47
Webst er & Shaw 1996 55-74
Tingle et al. 1998 67-97
Metri buzin 60 Webster & Shaw 1996 50- 76
Tingle et al. 1998 73-97
Nor f | ur azon 600 Rankins et al. 1998 65

Do results of these controlled studies predict what wll
happen in the real world? Nearly all of these studies (with the
exception of early grassed waterway studies) were designed to
encour age sheet flow across buffers. Therefore, they represent the
maxi mum trappi ng expected. In the real world, concentrated flow
often occurs across buffers, reducing their effectiveness. I n
order to maxim ze trapping of both sedinent-adsorbed and di ssol ved
pestici des, sheet flow needs to be encouraged through proper buffer
desi gn and nai nt enance.

Dillaha et al. (1989) analyzed 33 existing buffers in Virginia
for sedinment trapping efficiency. They found sedi nent trappi ng was
often poor either due to concentrated flow where topography was
hilly, or due to sedinent that accunulated in the buffer, causing

runoff to flow parallel to the buffer until a |low point was
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reached, where concentrated flow occurred.

Excessive sedinent load in runoff may not only change flow
patterns due to accunulation in buffers, but may al so reduce water
infiltration, making buffers |less effective in trapping dissol ved
pesticides. In an lowa simulation study (Msra, 1994), runoff wth
and wi thout suspended sedinent was introduced into buffers. I n
absence of sedinent, buffers renoved over 80% of atrazine,
cyanazi ne, and netol achlor. When sedinment at 10,000 ng/L was
included in runoff, trapping of the three herbicides fell to about
50% Accunul ati on of sedi nent apparently caused surface sealing,
reducing total water infiltration from83%in absence of sedi nent
to 30%wth sedinent. It is thus critical that soil conservation
met hods be used above conservation buffers to reduce anounts of

sedi nent entering buffers.

DESI GNI NG BUFFERS FOR MAXI MUM PESTI Cl DE
TRAPPI NG EFFI Cl ENCY

Locati on

All buffers can provide sone neasure of protection of water
bodies if they are sited between pesticide-treated fields and
wat er . Physi cal separation of spraying operations and water
reduces the chances for direct application to water when spray

boons overhang water when turning at field ends and can reduce
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spray drift into water. However, to act in trapping pesticides
contained in runoff and drift, buffers nust be sited so that water
runs over or w nd passes through the buffer area. Oten, by the
time field runoff reaches stream banks, concentrated flow is
preval ent . Natural berns may develop along banks preventing
overland flowinto streans. This phenonenon was illustrated by a
study in Nebraska, where water runoff patterns were characterized
between field edges of watersheds and streans (Ei senhaurer et al.,
1997). In one watershed, about 51% of the area had runoff pathways
t hat experienced sheet flow, but only 22% of the area had sheet
fl ow di stances greater than 10 feet. Thus buffers adjacent to
water may be limted in their ability to trap pesticides unless
| and can be shaped to encourage sheet flow.

Buffers are nost effective in trapping pesticides when | ocated
as close to treated fields as possible. Contour buffer strips and
vegetative barriers are npbst effective in trapping pesticides
because they are located within fields and are on the contour, thus
maxi m zi ng sheet flow across the buffer. Herbaceous wi nd barriers
and cross wind trap strips perform the sane close proximty
function for wind eroded particles that have attached pesti ci des.
Typically the ratio of runoff source areas to buffers is snaller
for this type of buffer than nost edge-of-field buffers, also
i ncreasing efficiency of trapping. Grassed waterways i ntercept

both sheet and concentrated flow from fields and al so have the
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opportunity to intercept pesticides close to the source. W der
grass strips encourage nore sheet flow and infiltration as runoff
enters the edges of waterways.

Stream networ ks are designated by using streamorders. First
order streans have no tributaries. A second-order streamstarts at
the confluence of two first-order streans. The confluence of two
second-order streans is a third-order stream and so on. Most
experts conclude that streamside conservation buffers are nost
effective on first- and second-order streans at the "top" of
wat er sheds. The greatest volume of runoff water and therefore
pol lutant volune enters nost stream systens from these smal
streans. Thus, epheneral as well as first and second order
perennial streans require greater anounts of vegetative buffer
protection. Oten there is little "new' water entering third- and
fourth-order streans over banks. Conservation buffers along these
| arger streans have other benefits such as wildlife habitat and
streanbank protection, but have |ess opportunity to intercept
pesticides and inprove water quality. I n wat ershed pl anni ng,
| i kel y sources of pesticides based on cropping patterns can al so be
identified in order to prioritize placenment of conservation
buffers.

Concentrated flow is the nenesis of pesticide trapping by
buffers. Natural berns often develop along field edges from

deposition of sedinent. Such berns becone barriers to sheet flow
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off fields and should be renoved when possible. Land can al so be
shaped to encourage sheet flow. New techni ques have been devel oped
to disperse concentrated flow Level spreaders are constructed to
| aterally disperse runoff uniformy across a slope (Figure 1).

They consist of a long, narrow trench with an outlet lip of uniform
el evation constructed in stable, undisturbed soil. The outlet area
shoul d have uniform sl ope and be well vegetated. Snall berns or
"wat er bars" (Figure 2) may be constructed to break up concentrated
flow and redirect it as sheet flow across buffers. Strategically
| ocat ed vegetative barriers perpendicular to the flow can serve the
sane purpose to slow runoff velocity and redirect runoff across an

associ ated grass buffer as shall ow sheet flow

- Figure of Level Spreader from Glley pub here-

- Figure or photo of Water Bar if avail abl e-

How Wde is Wde Enough?
There is considerable debate over appropriate wdths for
conservation buffers. Wdths are defined here as flow |ength

across the buffer. Ef fectiveness of buffers per unit area are

24



affected by the flow rate and depth of runoff as well as by
conditions within the buffer such as soil type and antecedent
nmoi sture, which affect water infiltration. Amount of runoff is
affected both by source area size and properties, as well as
rainfall intensity and quantity. Oten selecting an appropriate
buffer size may involve consideration of several desired functions,
site conditions, and what is economcally or politically practical.

Many studi es have investigated sedi nent trapping efficiency of
grass buffers. Dillaha et al. (1989) found that 30 foot and 15
foot strips of orchardgrass trapped 84 and 70% of incom ng solids,
respectively. The source area of runoff was 60 feet or 4 tines as
wide as the 15 foot buffers. Magette et al. (1989) found that 30
foot and 15 foot strips of fescue trapped 75% and 52% of incom ng
solids, respectively. The source area was 72 feet deep or 4.8
tines as wde as the 15 foot buffers. Castelle et al. (1994)
reviewed literature on buffer size requirenents and concl uded t hat
a range of buffer widths from 10 to 650 feet was found to be
effective, depending on site-specific conditions. A buffer width
of at least 50 feet was found to be necessary to protect wetl ands
and streans under nost conditions.

Adequate buffer widths will depend on field slopes and source
ar eas. A draft NRCS Conservation Practice Standard for Filter
Strips requires a mnimumflow |l ength of 30 feet for the purpose of

reduci ng sedi mrent and sedi nent - adsor bed contam nant | oadings. It
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also sets ratios of filter strip area to field areas based on
Uni versal Soil Loss Equation R factor values (rainfall anmunt and
intensity) of regions: “The ratio of the field or disturbed area to
the filter strip area shall be less than 70:1 in regions with USLE
R factor values 0-35, 60:1 in regions with USLE R factor val ues 35-
175, and 50:1 in regions with USLE R factor values of nore than
175.” Be sure to consult local NRCS Field Ofice Technical Cuides
for filter strip standards, as these criteria wll vary dependi ng
on local conditions. Additional criteria nmay apply to reduce
di ssolved contam nants in runoff. The draft national standard
states: “Filter strip flow length required to reduce dissolved
contam nants in runoff shall be based on managenent objectives,
contam nants of concern, and the volunme of runoff fromthe filter
strip drainage area conpared with the filter strip’s area and
infiltration capacity.”

Several site characteristics may dictate w der buffers,
especially when trying to maximze water infiltration and trapping
of dissolved pesticides. Fine-textured soils slow water
infiltration rates. O a high water-table underlying buffers may
limt infiltration. 1lowa studies found that water infiltration and
trappi ng of dissolved herbicides by buffers was |east effective
when previous rains saturated soils. Vegetation within the buffer
i nproves surface soil conditions, inproving infiltration rates and

internal soil drainage.
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NRCS gui delines use Soil Hydrologic Goups to aid in sizing
buffers. Soils are classified into Hydrologic Goups based on
speed of water infiltration and transm ssion when soils are wet.

G oups A and B have the fastest infiltration and transm ssion
G oups C and D have slower infiltration and transm ssion. NRCS
recommends | arger buffer areas for Goup C and D soils.

The specific pesticide studies reported on in this publication
found that buffers as narrow as 1.6 feet were effective in trapping
significant quantities of pesticides. Increasing buffer width did
not always significantly inprove pesticide trapping. Nar r ow
buffers have sonetinmes been effective in trapping pesticides.
Tingle et al. (1998) conpared tall fescue buffers neasuring 1.6,
3.2, 6.6, 9.8, and 13.1 feet w de placed bel ow 72 foot-|ong soybean
pl ot s. No significant differences in pesticide trapping
efficiencies were found between buffer w dths. Runof f  of
nmetribuzin was reduced by at |east 73% and runoff of netol achl or
was reduced by at |east 67% by all buffer w dths.

Wiile site characteristics, such as |arge source areas, or
slow perneability soils, may dictate l|larger buffers for high
efficiency trapping of pesticides, relatively small buffers shoul d
provide significant water quality benefits. Typical buffer w dths
of about 50 feet can be effective in reducing pesticide runoff by

50% or nore if sheet flow occurs.
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-for nore information-
Local Field Ofice Technical Guide on file with NRCS will give
gui dance on buffer widths required in the |ocal area.
Sel ecting and sizing buffer practices for the conservation buffer

initiative.
http://ww. ftw nrcs. usda. gov/tphani buffer/akey. ht m

Speci es Sel ection

Conservation buffers can be planted to perennial grasses,
| egumes and forbs, woody plants, or a conbination of the three.
Some annual |y harvested crops such as snmall grains or |egune-grass
forages can serve the purpose of buffers, either when planted
adjacent to water courses or in strip cropping systens -
alternating strips of row crop and densely planted crops. In Texas
(Hof f man, 1995), wheat was nore effective in trapping herbicides
t han bernudagrass when planted in contour strips below a corn
field.

Perenni al grasses. Many buffer studies have used conmon

forage grass species such as bronegrass, orchardgrass, fescue, and
ber mudagrass. Wile these species have perforned satisfactorily,
researchers are investigating other species, including native warm
season grasses. To date few studies have conpared the

ef fectiveness of grass species in trapping pesticides. Rankins et
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al. (1998) conpared giant reed (Arundo donax L.), eastern
gamagrass (Tripsacum dactyloides L.), big bluestem (Andropogon
gerardii Vitman), Al ano swtchgrass (PanicumvirgatumL.), and tal
fescue planted in filter strips below cotton treated wth
fluormeturon and norflurazon. All species were simlar in
ef fecti veness. The native warm season grass, swtchgrass, was
conpared to cool season grasses bromegrass, tinothy (Phleum
pratense L.), and fescue in ability to trap sedinent and nutrients
in lowa (Lee, 1997). Switchgrass filter strips renoved
significantly nore sedinment, total N, nitrate-N, total P, and PO;-P
than cool season grass filter strips.

| deal |y, buffer grasses should produce dense vegetation with
stiff, upright stens near the ground | evel. Species that form sods
rather than clunps should provide nore uniform coverage. Because
increased infiltration and percol ation of water into buffers is an
i nportant nechani sm of renoval of pesticides, species with deeper
rooting patterns may be nore effective. Upright gromh and stiff
stens can slow velocity of runoff and increase sedinent drop and
infiltration. Wak-stemred species nmay be pushed over by runoff,
mat on the soil surface, and decrease infiltration. Because
buffers will trap considerable quantities of sedinent, buffer
species should be able to tolerate deposition of sedinment over
crowns.

Stiff-stemmed grass species have received recent attention for
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use as nharrow hedges. Meyer et al. (1995) found a 19 inch w de
hedge of sw tchgrass or vetiver [Vetiveria zizanioides (L.) Nash.]

ponded runoff to a depth of 10 inches and trapped nore than 90% of
sedi nent coarser than 125 pym (fine sands and coarser). Such hedges

can be used in contour strips. Over tinme trapped sedinent wll
formnatural terraces. O short hedges could be integrated with
other buffers to break up concentrated flow and direct it across
buffers. Vetiver is not winter hardy, but switchgrass is adapted
to both northern and southern climates and i s being wi dely used as
a general conservation buffer planting, as well as for grass hedge
appl i cations. WArm season grasses such as sw tchgrass and big
bl uestem are also tolerant to triazine herbicides which may be
present in field runoff.

Conservation buffer grass species and varieties will need to
be adapted to local conditions. Check local information sources
such as NRCS and Extension before maki ng sel ections. These sources
can al so provi de guidance as to seeding rates and procedures. Sone
cost sharing prograns nmay al so have specific seeding requirenents.

Wody species. Trees and shrubs can aid in trapping sedinent,

nutrients, and pesticides, as well as providing wildlife habitat
and streanbank protection. The deep roots of trees also help to
i ntercept subsurface water flow containing nitrate and introduce
organic matter into deep soil, facilitating denitrification of

nitrate and acting as a carbon source for pesticide-degradiing
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m cr oor gani sns.

Trees and shrubs are often used in conbination with a grass
buffer |ocated adjacent to crop fields. Schultz et al. (1995)
describe a 3-zone buffer with a 23 foot-wde strip of perenni al
grass (switchgrass preferred) adjacent to the crop field, tw rows
of shrubs next downgradient, and four or five rows of trees
adj acent to the stream for a total wdth of 66 feet. GIliamet
al. (1997) describe a 50 foot wide buffer with half in perennial
grass and half forest species. WlIlsch (1991) describes a 3-zone
riparian buffer where Zone 1 is permanent woody vegetation
i mredi ately adj acent to the stream bank, Zone 2 is managed forest
occupying a strip upslope fromZone 1, and Zone 3 is an herbaceous
filter strip upslope from Zone 2.

Sel ection of appropriate shrubs and trees for these riparian
buffers wll depend highly on climte and site conditions,
including soil type and depth to water table, as well as the
i nt ended uses (possible harvest), species of wildlife desired, and
tol erance of the vegetation species to the pesticides contained in

the runoff.

-for nore informati on-

Banks & Buffers A Guide to Selecting Native Plants for Streanbanks
and Shorelines: Available on CD-ROM from Tennessee Valley
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Authority. Call 423-751-7338.

Pl ants for Conservation Buffers. USDA NRCS.

Mai nt enance

Sedi nent renoval . I ntensi ve managenent of conservation

buffers is required to maintain pesticide-trapping efficiency.

Sedi nent trapped by buffers changes | and shape and may cause runoff
to flow parallel to buffers rather than across them Simlarly,
sedinent trapped in the center of grassed waterways nmay cause
runoff to flow along the edge of waterways, eroding gullies and
i ncreasing concentrated flow. Sedinment will have to be renoved
periodically from these areas and vegetation reestablished when
necessary. It is critical that sedinment |oads flow ng across
buffers be limted as nmuch as possible by soil conservation
practices applied to source fields. The draft NRCS Conservation
Practice Standard for Filter Strips requires that average sheet and
rill erosion above the filter strip shall be less than 10 tons per

acre per year.

Mowi ng. Buffers may require nowing for weed control or
aest hetic reasons. Mowi ng can both positively and negatively

affect pesticide trapping efficiency. Mw ng can encourage sone
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grass species to tiller and produce denser vegetation at the soi
surface. Mw ng too short, especially with stiff-stemed speci es,
may reduce the flow retardence of the vegetation. Actively grow ng
vegetation wll be nore biologically active, absorbing and
degradi ng pesticides, and supplying carbon for m cr obi al
degr adati on.

Harvest of grass or trees. One of the functions of

conservation buffers is to trap nutrients such as nitrogen and
phosphorus. Periodic harvest of buffer vegetation renoves trapped
nutrients fromthe system preventing eventual release to the soi
and potential novenent to water.

| npact of trapped herbicides. Herbicides trapped by buffers

are degraded in the soil by mcrobial and chem cal processes. Sone
herbi cide nay be taken up by buffer plants either by roots or
through foliage and netabolized. However, it is possible that
excessive | oads of certain herbicides could injure buffer plants.
Some preenergence herbicides have little inpact on established
pl ants. However a few, such as the triazines, can injure grasses
if present in high enough concentrations. Most buffer studies have
reported either no injury to buffer grasses or only slight injury.
In lowa, bronmegrass in buffers grew nore vigorously nearest source
areas, apparently due to nutrients trapped by the buffer (Arora et
al., 1996). Atrazine, cyanazine, and netol achlor trapped by the

buffers did not harmthe grass. Gass seedlings are nost sensitive
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to herbicides in runoff. Thus, the greatest chance for harnful
i npact of herbicides in runoff would appear to occur in the seeding
year. WArm season grasses such as swi tchgrass, big bluestem and
ber mudagrass are tolerant to triazine herbicides and woul d not be
injured by runoff.

Avoi d overspray. Wile herbicide concentrations in runoff are

usual ly tolerated by buffers, direct application or drift of sone
her bi ci des can be harnful to grasses or woody plants. Nonselective
her bi ci des used as burndown treatnents in no-till production
systens and on sone herbicide tolerant crop varieties can be
especially damaging to buffer vegetation. Care should be taken to
turn off spray boons and use control drip nozzles when driving over
buffers, or when boons extend over buffers when turning. Squaring
up cropland areas by varying buffer widths along irregul ar streans
or field borders nmakes application of herbicides easier, with fewer
"point rows" and chances for overspray over buffers.

Turning on buffers. Wile buffers at the edge of fields nmake

conveni ent turning areas, driving heavy equipnment on buffers can
cause danmage, conpacting soil and reducing water infiltration, and
causing ruts when soil is wet. Ruts may then encourage
concentrated fl ow which bypasses filtering ability of the buffer.
Driving on buffers should be avoided as nmuch as possible,
especi ally under wet soil conditions.

Li vestock grazing. Grazing reduces buffer efficiency by
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causi ng conpaction and reduci ng grass heights. Wody species nay
al so be injured. Livestock may al so cause significant stream bank
degradation and directly contam nate water. Sonme |ivestock
producers would like to allow |livestock access to fields adjacent
to buffers for Iimted tines wthout having to fence buffers, such
as to allow gl eaning of waste grain follow ng harvest. Planning a
grazing system that allows quick, intensive foraging under good
soil noisture conditions is essential. Renoving |ivestock when
soils are wet reduces potential damage to buffers.

Weed control. Buffers may harbor weeds requiring control

Vi gorous grass growh prevents growth of many annual weeds, but
sone perennial weeds may require either nowi ng or spot treatnent
with herbicides. Noxious weeds nmust be controlled in the buffer.

| nsect concerns. Buffers nmay harbor insect pests which nove

into crop fields. In sone cases, such grassy areas are sprayed
with insecticides to prevent danmage to adjacent crops. | f
necessary, such treatnents should be sel ected considering potenti al
risks to adjacent aquatic ecosystens. Buffers also can be a safe
har bor for beneficial insects. Populations of these insects can
build up within the buffer areas and stay outside the cropland area
treated with insecticides. Vegetation and buffer maintenance are
tailored to pronoting beneficial insect populations within buffer

ar eas.
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Regi onal Considerations in Buffer Design and Mintenance

Appropriate buffer design will depend on many |ocal factors
including climate, soils, hydrology, and farmng practices. Buffer
speci es need to be adapted to the region and appropriate for other
functions such as wildlife habitat. Climte can greatly affect
buf fer function. For exanple, winter rains on frozen soil in
northern areas produce runoff which cannot be processed by buffers.
Rainfed agriculture produces different runoff patterns than
agriculture domnated by irrigation. For these reasons, it is
essential that those planning installation of buffers get |oca
input to benefit fromlocal experience and research. 1In addition
speci fic buffer design specifications are often required to qualify
for cost sharing prograns.

Local NRCS offices can provide design specifications for your
ar ea. In addition, Extension is also a source of expertise and
i nformation. Many State Extension Services have devel oped

publ i cations on buffer design and mai nt enance.

- exanpl es of Extension publications —

Landowner’s Quide to Managing Streans in the Eastern United
States. Publication 420-141. Virginia Cooperative Extension.

Vegetative Filter Strips: Application, Installation, and

Mai nt enance. Publication AEX-467-94. Ohio State University

Ext ensi on.

Buffer Strip Design, Establishment, and Mii ntenance. Publication
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Pm 1626b. lowa State University Extension.

| MPACT OF BUFFERS ON LEACH NG OF PESTI Cl DES AND NI TRATE

Because buffers increase water infiltration, concern has been
expressed that |eaching of pesticides and nitrate mght be
i ncreased, possibly to shallow groundwater. Wen examning this
possibility, it is inportant to consider the properties of
pollutants normally present in field runoff. Because nitrate is
wat er sol ubl e and not adsorbed to soil particles, it quickly noves
off the soil surface and into the soil with rainfall. I n nost
settings runoff contains little nitrate. As discussed previously,
nitrate is carried to surface water prinmarily be subsurface fl ow
Simlarly, weakly adsorbed pesticides (which would have the
greatest |leaching risk) often are not detected at significant
concentrations in runoff, as they quickly nove into the soil.
Pesticides detected in runoff are primarily strongly adsorbed
conpounds attached to suspended sedi nent and noderately adsorbed
conpounds both adsorbed to sedi nent and di ssolved in water.

Strongly adsorbed pesticides have very |ow | eaching potenti al
due to adsorption to soil. Moder at el y adsorbed pesticides can

sonetines |each below the root zone in small concentrations.
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However, quantities |leaching are normally as nuch as 1,000 tines
| ess than quantities carried off fields by runoff. Parts per
mllion concentrations of sonme products can be detected in runoff
at the field edge, while concentrations detected in shallow
groundwat er are often only a few parts per billion, if detected at
all. Because of |andscape positions of many buffers near streans,
pesticides or nitrate | eaching into buffers would likely be carried
by subsurface flow to streans. Cycling runoff through buffer soi
prior to discharge to streans by subsurface flow is nuch better
than allowi ng surface runoff to directly enter streans. Pesticides
can be adsorbed and degraded and nitrate taken up by plants or
denitrified within buffers.

Because of the relatively low concentrations of pesticide
trapped in buffers, leaching risk frombuffers should be nuch | ess
than | eaching risk from source fields. For exanple, in an |owa
study, atrazine concentrations in a source corn field were 4,800
ppb in the surface 2 cmof soil after the first runoff event of the
season (Fawcett et al., 1995). Atrazine concentrations in the
buffer strip were 750 ppb. Use of BMPs to reduce pesticide runoff
from source fields not only reduces pesticide loads ultimately
reaching surface water, but also reduces |oads trapped by buffers.

Conservation buffers have been shown to cause degradati on of
pesticides and to attenuate pesticide concentrations in subsurface

water flow In lowa (Schultz et al., 1997) atrazine concentrations
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in soil water 2 feet below a corn field were 13 ppb. Atrazi ne
concentrations beneath an adjacent grass and woody vegetation
buffer were only 0.2 ppb. In a CGeorgia study (Lowance et al.
1997) no atrazine was detected in shall ow groundwat er beneath a 3-
zone buffer for the first two years of the study. In the third
year of the study a large rain event soon after herbicide
application resulted in atrazine detections in nonitoring wells 6.6
f oot deep. A concentration of 6 ppb was detected at the field
edge. At the downsl ope edge of a 26 foot-wi de grass strip adjacent
to the field, atrazine concentrations declined to 2 ppb. At the
downsl ope edge of the tree strip at the stream edge, atrazine was
detected at only 0.2 ppb.

Considering the relatively small | oad of pesticide intercepted
by buffers conpared to that applied to crop fields, and the
adsorption and degradation of pesticides by soil and vegetation in
buffers, increased | eaching of pesticides does not appear to be a

significant risk fromconservation buffers.

| NTEGRATI NG BUFFERS W TH BMPs

Conservation buffers can trap and degrade a portion of
pesticides that run off fields either adsorbed to sedinent or

di ssolved in water. However, buffers are seldom effective in
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trapping all pesticides in runoff. Buffers have been described as
"the last line of defense" or as acting to "polish” runoff after it
has been treated by other practices. Oher BMPs are needed in a
systens approach in order to adequately protect water quality.

Many practices can be used to reduce off site novenent of
pesticides. These practices can be selected and integrated into
croppi ng systens where appropriate and effective. Al though not an

exhaustive list, some comon pesticide BMPs and descriptions are

i sted here.
| nt egrated Pest Managenent. |PMsystens utilize pesticides in
concert wth non-chem cal pest nmanagenent techniques. Pest

popul ati ons are determ ned and pesticides or other techniques used
only when popul ations exceed econom c threshol ds. The | owest
pesticide rate which is effective is used, and pesticide products
sel ected based on specific pests present and safety to nontarget
or gani sns.

Pesticide Sel ection. Pesticides applied at |ow rates reduce

anounts available to run off. Products which are strongly adsorbed
are less likely to nove off fields dissolved in runoff.

Pesticide Application Timng. Ri sk of pesticide runoff is

greatest when heavy rains closely follow pesticide application
Application should be avoided if heavy rain is immnent. Sonetines
| ong-term weat her records can identify application tines when heavy

rains are less likely. Postenergence applications result in |ess
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runof f than soil applications, as the crop and weeds behave in the
manner of a buffer, increasing infiltration and pesticide
adsorption by soil and foliage.

Banded Application. Application of herbicides in bands over

crop rows, conbined with cultivation to control weeds between rows,
reduces total amounts of chem cal applied conpared to broadcast
applications.

Soi |l I ncorporation. Some herbicides and insecticides are

ef fective when nmechanically incorporated into the soil (in the case
of herbicides) or placed in crop furrows (in the case of
insecticides). Placing sone of the applied chem cal bel ow the soi
surface protects it fromsurface runoff.

Conservation Tillage. Surface crop residue reduces erosion

and often increases water infiltration, reducing pesticide runoff.
No-till, especially after practiced for several vyears, has
sonetinmes dramatically reduced pesticide runoff.

Contour Planting. Contour rows reduce erosion, slow runoff,

and increase infiltration. Olientation of rows adjacent to buffers
may need to be adjusted to direct runoff as sheet flow across
buffers.

Strip Cropping. Wen strips of densely planted crops such as

forages or small grains are alternated with strips of row crops,
the densely planted crop acts as a buffer. Wen the strips are

pl anted on the contour, runoff and erosion are reduced and nore
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runoff water enters the soil.

Crop Rotation. Rotation of crops can disrupt life cycles of

i nsects, diseases, and weeds, and reduce the necessity for
pesticide treatnents. Pesticides can be rotated as the crop is
rotated, thus reducing the anmount of any one pesticide used on that
field.

Terraces/ Det enti on Ponds. These structures shorten sl ope

| ength, trap sedinent, and increase water infiltration, reducing
pesticide runoff.

Irrigation Timng. Irrigation after application of soil-

applied herbicides noves the chemcal off the soil surface,
i nproving weed control and protecting the chemcal from |ater
rainfall-runoff events. PAMincreases infiltration.

Irrigation Water Managenent. | nproved nmanagenent of the rate

and anount of irrigation water can reduce deep percolation,
tailwater, and soil novenent.

Conpacti on Reduction. Correcting conpaction problens

encourages water infiltration and reduces runoff.

Subsur face Drai nhage. H gh water tables can result in
excessive runoff and pesticide |oss. | nprovenent of drai nage
increases water infiltration and reduces pesticide runoff. As

subsurface drainage carries nitrate to streans, treatnent of tile

effluent in a constructed wetland or buffer area may be desirable.
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SUMVARY
Conservation buffers are an effective tool to reduce | osses of
pesticides to water when used in conjunction wth other BMPs.
Trappi ng of pesticides is nost efficient when sheet flow rather
than concentrated flow occurs across buffers. Sheet flow can be
encour aged by proper buffer design, including innovations such as
| evel spreaders, water bars, and stiff grass hedges. As sedi nent

is trapped, water flow patterns are changed. Thus, nai ntenance of

buffers will be critical. Sedinment will need to be periodically
renmoved and buffers reshaped to maintain effectiveness. Thi s
problem illustrates that other soil conservation practices wll

need to be used in conjunction with buffers to prolong the
effective buffer life.

Conservation buffers provide nmany other benefits, including
trapping sedinent and nutrients, providing wldlife habitat,
streanbank protection, and farmng safety. By varying buffer width
along irregular streans or field borders, cropped areas can be
"squared up", reducing sprayer overlaps and making fields nore
conpatible with Gobal Positioning Systens controls wused in
Preci si on Farm ng. There are many buffer types which can be
selected to match site conditions and desired benefits.

Appropriate buffer species should be selected to match | ocal
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condi ti ons. Research into buffer effectiveness in pesticide
trapping is arelatively new field. As research continues, buffer
desi gns and mai nt enance procedures wi |l undoubtedly be refined to

maxi m ze ef fectiveness.
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