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Executive Summary

Atrazine is a very popular weed control managertasitfor corn and grain sorghum
producers in Central Texas. Atrazine is primaaibplied broadcast in the Spring across
corn and grain sorghum fields as a preemerge teabdieed control measure. By
applying atrazine across the entire surface ofra opgrain sorghum field, atrazine is at
risk of moving off-target during intense storm et&ecommon to Central Texas in the
Spring. Given the amount of atrazine used inragsiner and the potential for atrazine to
move off-target in surface runoff, evaluation deahative application methods for
atrazine was warranted.

This project was established and conducted to geoaifield-level platform to
demonstrate best management practices (BMPsgddiathe application of atrazine in
corn production systems, to evaluate model premfistassociated with atrazine
movement, and to disseminate findings to produice@entral Texas.

The BMP demonstration work was completed to evalvatious chemical application
methods and their impact on off-target losses maizate in surface runoff from corn
production areas in the Texas Blackland Prairiég BMPs studied included
incorporation of atrazine and the placement ofzatein a band. Incorporation refers to
the pre-plant incorporation (PPI) of a chemicabpto planting of the crop. The
placement of atrazine in a narrow band in the a@are the crop is to be planted is
known as banding (BAND). These two applicationsen@mpared to the traditional
method of broadcast applying atrazine across ttieeesurface of the field and allowing
rainfall to incorporate the atrazine.

The two application techniques (PPl and BAND) stddand compared to the traditional
broadcast treatment (BROAD) reduced concentratbbasrazine in surface runoff in
both years of the study. When compared to the BR@Aatment, atrazine losses from
the PPI treatment were reduced by approximately ®02004 and over 65% in 2006.
The BAND treatment also showed a reduction in atmlost in surface runoff verses the
BROAD treatment for each of the two years of thelgt(87.1% in 2004 and 56.0% in
2006).

Average weed control across each of the seasonbeti@s when using the traditional
BROAD application method. However, both the PRI BAND treatments had weed
control in the 80 percentage range for 2004 buidweatrol decreased during 2006 for
both application methods.

Though differences in weed control were experiermtd/een the BROAD, PPI, and
BAND application methods, yield reduction differesdetween treatments were not as
large. The BAND treatment out yielded the othep treatments in 2004 and the PPI
treatment out yielded all treatments in 2006. bl trends were established in
determining which application treatment shouldhmEermost consistent high yielding
method. However, the results of this project sltioat the PPl and BAND treatments



which are designed to reduce off-target lossesrafiame in surface runoff can produce
yields comparative to the BROAD application treatime

By employing the PPI and BAND treatments desigmecttiuce off-target losses of
atrazine in surface runoff, a corn or grain sorghproducer can reduce the risk of
atrazine contamination of the surface waters ofafexhile maintaining acceptable
yields. Therefore, producers in areas with risktodzine contamination to surface water
should consider using the PPl or BAND treatmergas of their natural resource
protection plan.

Ducks swimming in Big Creek Lake, one of the atmazimpacted reservoirs in Texas.



Project Introduction:

Atrazine ranks as one of the most widely used b&tiin Texas crop production. Its
popularity can be attributed to its effectivenessjdual weed control, and low cost of
treatment. Though used mainly in corn and graigtsam production, atrazine can also
be found in products such as “weed and feed” ahdrateed management products used
in the home landscape.

Figure 1: Atrazine-impacted Watersheds in Central Texas
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material across thousands of acres of corn and goaghum, concerns related to off-
target losses of atrazine in surface runoff haesvgracross Texas. Atrazine is
moderately soluble and, thus can move in surfaderwanoff from the intended target to
unintended areas such as streams, rivers, or lgkeazine also can be adsorbed onto the
surface of soil and move in sediment in runoff wated eventually deposited into non-
target areas. These losses of atrazine in surdaceéf have raised concerns in several
water bodies located primarily in the Central TeB&scklands (Figure 1).

Several of these water bodies are designed togequiblic drinking water in Central
Texas and have recorded detections of atrazinetmdrinking water and ambient



surface water. These detections have led to dismson how to reduce off-target
losses of atrazine. The complete ban of the usé¢ratine in corn and grain sorghum
production systems has been proposed. Howevdr,ashan has been estimated to
increase weed control costs in Texas by approxig@és million annually. These
increased costs are a result of increased cosliing atrazine alternatives for weed
control and loss of revenue associated with redastin crop yields.

Problem Definition / Background:

Atrazine is the most widely used herbicide in Tegas and grain sorghum production.
With its widespread use, atrazine has been detétfBeikas groundwater and surface
water. The detections of atrazine in surface wadse been concentrated, mainly, in the
Central Texas Blacklands including the countieMaém, Falls, Ellis, Hill and Delta.
Reports presented by the Texas Commission on Bnwigatal Quality (TCEQ, 2000)
indicate the presence of atrazine in eight publtewsupply lakes and one public water
supply drawn from a river in Texas. These repsutggest atrazine is entering the public
water supplies through surface runoff from corn gradn sorghum cropland and urban
landscapes. Banning atrazine does not appeartteel@nswer because of the adverse
economic impact on agricultural producers. lts8reated that Texas corn producers, as
a whole, would face a total increase in the cogtrotluction (based on increase in cost of
production of using an alternative herbicide ancréase in income caused by yield
reductions associated with increased weed popuakatad crop injury) of over
$45,000,000 (USDA 1995). Given the reality thaiducers economically need to have
continued access to atrazine coupled with the teeelduce off-target losses of atrazine
in surface runoff, a concerted effort must be tatkestudy the benefits of reducing
tillage, maintaining residues on the soil surfao®] using alternative atrazine application
practices on the target area to maintain weed apméduce off-target losses, and
maintain/increase vyields.

Two BMPs, incorporation of atrazine at applicattone and banding at a reduced rate at
planting, were recommendations of agricultural pics in Hill County which contains
the majority of the watershed of Lake Aquilla. kaRquilla is the only public water
supply reservoir indicated on the 2000 Texas Waigglity Inventory and 303(d) list as
impaired for atrazine (TCEQ, 2000). In the TMDL limmentation Plan (TCEQ, 2001),
TCEQ and Texas State Soil and Water ConservatioardBTSSWCB) included
incorporation and banding as prescribed methodstrazine application in the Aquilla
watershed. Water quality data from central Texa® @and sorghum production areas
need to be collected and evaluated to show thaeth@o BMPs can reduce off-target
losses of atrazine in surface runoff without s&nfy weed control and reducing crop
yield. According to the Lake Aquilla TMDL Implemeation Plan, failure to do so could
lead to outright banning of the use of atrazinethe Aquilla watershed by Texas
Department of Agriculture.

Project Objectives:




The primary objectives of this project are centemmdund the demonstration of
alternative means of protecting water quality fratrazine contamination and assessment
of their impacts by simulating field conditions owelong period of time through model
runs. Specific objectives studied included:

1. Demonstrate the effects of alternative tillage pcas and atrazine application
practices on protecting water quality by reducitrgzne losses;

2. Develop educational materials and present the dstragion results at
agricultural meetings, field days, and conferences;

3. Validate the CroPMan simulation model with measured atrazine losses to
facilitate simulating long-term losses of atrazared the probabilities of meeting
EPA standard for safe drinking water; and

4. Analyze the economic costs, profits, and the cd&ctveness (amount of
reduction in atrazine loss per dollar cost) ofralative tillage methods.

Demonstration Work at Stiles Farm:

Demonstration plots were set up at the Stiles Fatiowl Farm near Thrall, Texas. This
site was chosen because it is located in the Géreras Blackland Prairie and,

therefore, has similar soils to the atrazine-impdatatersheds. Atrazine movementin
surface runoff should closely reflect that whiclexgperienced in corn production areas of
the arazine-impacted watersheds. The Stiles Feorhasts one of the largest on-farm
educational field days in Central Texas drawingsd®B0 to 250 people to the event each
year. By establishing the plots at Stiles, prodsiemd ag. industry personnel involved in
the use of atrazine in Central Texas could touptbts and see first-hand demonstration
results.

The application methods studied included the tiawmit broadcast method (BROAD),
preplant incorporation (PPI), and banding (BANByoadcasting of atrazine is applying
the material to the entire soil surface acrosditié. After application, the herbicide is
incorporated by the actions of rainfall or irrigati

PPI of atrazine is the mechanical mixing of atrazito the soil profile after surface
application. Once the material is broadcastedsacitoe soil surface, atrazine is
mechanically mixed into the soil with a farm implem such as a rotary hoe, spring-
tooth hare, or disk. This action mixes the atrazirio the two to three inches of soil
below the surface, thus reducing the risk of offih losses of the herbicide in surface
runoff.

The BAND application of atrazine places the prodndhe area where the crop is
planted. In most cases, using this application ptetieduces the total amount of material



applied to the field by 50 to 66 percent as compémeéhe BROAD method. Untreated
areas between rows then require an early-seasdmamieal cultivation to reduce any
weed pressure present between crop rows. Thigappn management strategy
reduces the risk of off-target losses of atrazmsurface runoff by reducing the total
amount of product introduced to the environment.

Methods Used to Study Application Management Stratges:

To thoroughly evaluate the three application manseye strategies, a demonstration site
was established on the Stiles Farm near ThralthB&the three application
management strategies (BAND, PPI, and BROAD) werdiad for effectiveness in
reducing off-target losses of atrazine in surfag®ff. In addition, the PPl and BAND
application methods were compared to BROAD metlood4d weed control and yield.

The treatments were applied to four 38-inch rows®yeet long plots and replicated
four times. Each plot was bermed on each sidebatidends to prevent storm-generated
runoff water from exiting the plot from where itiginated. Runoff was collected from
the first runoff event of the season by the usa cdmbination of automatic stormwater
runoff and passive water samplers placed at therl@nwd of each plot. Average slope of
the plots was 3 to 5 %.

The runoff from each of the individual plots wadlected and analyzed for concentration
of atrazine in pg/L (parts per billion) in the sacé runoff by the Texas Agricultural
Experiment Station (TAES) pesticide fate reseaathih College Station and average for
each treatment. Weed control ratings and cropl yiere taken and averaged for each
application treatment. Data was collected in 2@DO5, and 2006. Given environmental
conditions associated with drought, extractioruf&s in the laboratory, and other
problems encountered in the field, no data is preskfor the 2005 production year.
Yield variations between 2004 and 2006 reflectagditions experienced during the
mid and late growing season in 2004. Averagesdohéreatment are reported in Table
1.

Discussion and Conclusions of from this Study:

As reported in Table 1; the two applications tegues (PPl and BAND) studied and
compared to the BROAD treatment reduced conceobsf atrazine in surface runoff
in both years of the study. When compared to tRORBD treatment, atrazine losses
from the PPI treatment were reduced by approxim&@?o in 2004 and over 65% in
2006. The BAND treatment also showed a reducticatiazine lost in surface runoff
verses the BROAD treatment for each of the twogyeéthe study (87.1% in 2004 and
56.0% in 2006).

Average weed control across each of the seasonbeti@s when using the traditional
BROAD application method. Both the PPl and BANBatments had weed control in
the 80 percentage range for 2004 but % weed cdiatrdloth treatments decreased
during 2006 (75.3% for PPl and 57.6% for BAND).



Though differences in weed control were experiermsd/een the BROAD and the PPI
and BAND application methods, yield reduction diffieces between treatments were not
as large. The BAND treatment out yielded the othertreatments in 2004 and the PPI
treatment out yielded all treatments in 2006. bl trends were established in
determining which application treatment shouldhmEerost consistent high yielding
method of application. However, the results of temonstration show that the PPI and
BAND treatments which are designed to reduce affgblosses of atrazine in surface
runoff can produce yields comparative to the BROgdplication treatment.

In 2006, no-till plots were established in previgesr’s stubble to study effects of no-till
on off-target losses of atrazine in surface rurfdffiveed control, and corn yields. The
no-till plots showed major promise as a atrazineagament strategy. This is due to the
reduction in off-target losses of atrazine in scefaunoff (lowest of all treatments) and
the % weed control and yield (greatest among elkitbatments studied).

Application | Avg. Atrazine Lost | Avg. % Pigweed Avg. Yield
Method (ng/L) Control (bu/acre)
2004 2006 2004 2006 2004 2006
BROAD 155.7 234.1 94.6 87.5 35.0 94.8
PPI 16.2 79.1 88.4 75.3 30.0 97.4
BAND 20.1 102.9 84.0 57.6 67.0 89.0
No-Till NA 75 NA 87.2 NA 101.6

Note: NA indicates study did not include no-tilbfg in 2004 (residue not established
until after 2004 harvest.

Table 1: Atrazine lost (ug/L), % weed control, andcorn yield (bu/ac) for 2004 and
2006.



View of one of the individual treatment plots coetpel with berms and collection flume.



Fred Moore, TCE in College Station, making a breasti@pplication
of atrazine to demonstration plots

Use of rotteria for mechanical incorporation obatne after application.



Mechanically incorporated atrazine after applicagmd
before planting with a rotta-tiller

Corn emerging in demonstration plots



Flume complete with a pressure transducer andatggal to calculate flow for
use in modeling effort

Datalogger and Isco Sampler setup to collect rusanffiples



Roger Cassen of the TAES Blackland Research Cenfermple
servicing an Isco automatic sampler.

Passive runoff collection tube setup.



Scott Senseman, TAES Research Scientist in CoBégg@on, recovering
runoff water from a passive sample collection .unit

Presentation of Educational Results:

The Stiles Foundation Farm Filed Day served asrthie method of direct presentation
of educational information generated from this pctj Table 2 outlines efforts and
contacts made during Stiles Foundation Farm FielgsD

2004 150 yes yes no
2005 165 yes yes yes
2006 152 yes yes no
2007 no no yes

Table 2: Summary of attendance and activity associated witfield days at the Stiles
Foundation Farm.

In addition, information generated from the demmatgin plots were posted on the
TAMU variety testing website located at
http://varietytesting.tamu.edu/corn&grainsorghurséerces.htm#varietguring the
appropriate year.




A publication has been developed reporting theltesdithe demonstration work related
to the three application techniques studied. Phislication will be converted to a Texas
Cooperative Extension (TCE) e-publication and pliaicethe TCE bookstore located at
http://www.tcebookstore.orgA copy of this publication is attached in thepapdix.

Corn plots ready for viewing during the Stiles Fdation Farm Field Day.

Monty Dozier, TCE in College Station, is shown @m&ing results of the Atrazine BMP
study at a Stiles Foundation Farm Field Day.



R

Paul Baumann, TCE Weed Control Specialist from €ydl Station presented corn
herbicide information during the Stiles Foundatitarm Field Day.

Crowd gathering at Stiles Foundation Farm for pnesgt@on on demonstration plots.



Poster setup in the educational exhibit area oftiles Foundation Farm Field Day (a
copy of the educational poster presented in theragig).

Model predictions and determining economics of apptation technigues:

This simulation study analyzed and compared fillage and application strategies with
the conventional broadcast method of applicatiothout immediate incorporation,
letting subsequent rainfall automatically achieweorporation. The five alternative
strategies were: (1) disk incorporated, spring iadpl(2) banding, 1/3 rate applied at
planting over the seed row; (3) no-tillage, sprapgplied; (4) disk incorporated, fall and
spring split applications each at ¥z rate; and @&tilh fall application at Y% rate plus
banding at planting at 1/3 rate.

Field losses, measured in terms of loads, wererghpdess than 2% of the amount
applied, ranging from a low of 0.050z/ac/yr for tham soil using banding at 1/3 rate to
0.47 ozl/aclyear with no-tillage, spring applied tme Houston Black clay. Yet
probabilities of exceeding the Safe Drinking Watett of 3 pg/L or parts per billion
(ppb) based on 100 years of weather were neverlthaa 25% for any of the strategies
and exceeded 90% probability with both no-till &taes.

Two soil types, clay and loam, were analyzed fdfedences in surface losses and the
loam soil always lost less than clay but incurrignhificantly higher leaching losses. The
strategies that minimized surface losses on botls seere the spring applied, disc
incorporated; banding at 1/3 rate applied at ptayptand fall and spring split applications
at % rate, disk incorporated. The largest lossesiroed with both no-tillage strategies.



Costs of production favored the conventional nareiporated strategy, the banding
strategy, and disk incorporation of one spring iagibn.

The most cost effective strategy which reducedzatealoss the most for the least cost
was the banding strategy. The next most effectirsegyy was disk incorporation of one
spring application.

A copy of the full report is attached in the appznd

Conclusions:

The field demonstration results and the modelirigres clearly show that use of atrazine
application techniques and use of no-till can redofé-target losses of atrazine in surface
runoff. By employing these techniques, a cornrairgsorghum producer can reduce the
risk of atrazine contamination of the surface watdrTexas while maintaining
acceptable yields. Therefore, producers in araetsrisk of atrazine contamination to
surface water should consider using one of thertestapplication techniques or no-till
as part of their natural resource protection pl&och actions will aid in keeping the
atrazine in the intended application target zomerfaximum weed control and net
returns for ag. producers while reducing off-talgstes on atrazine into streams, rivers,
and lakes of Central Texas.



APPENDIX

A Lesson in Atrazine and Its Management

Monty Dozier*, Paul Baumanrt, Scott Sensemah Wyatte Harman®,
and Tom Gerik®

Introduction

Atrazine ranks as one of the most widely used k&hbiin Texas crop production. Its
popularity can be attributed to its effectivenessjdual weed control, and low cost of
treatment. Though used mainly in corn and graiglsoem production, atrazine can also
be found in products such as “weed and feed” ahdraveed management products used
in the home landscape.

Atrazine is used primarily as a pre-emergent tdrobannual broadleaf weeds and some
annual grasses. Atrazine is traditional appliedsgthe entire crop production area in a
broadcast and uniform manner. This helps ensweguade coverage of the targeted
weed control area. Rainfall or irrigation moves #trazine into the upper soil profile to
where weeds germinate. As weeds germinate, tlkeyuja atrazine through the root
zone. Weeds susceptible to atrazine herbicidaféeeted by the disruption of
photosynthesis. Weeds emerge but are unable teeddight to chemical energy
required for food production and eventually dieotigh starvation.

Given its popularity and the method of broadcastirgmaterial across thousands of
acres of corn and grain sorghum, concerns relateff-target losses of atrazine in
surface runoff have grown across Texas. Atrazgmadderately soluble and, thus can
move in surface water runoff from the intended ¢éatg unintended areas such as
streams, rivers, or lakes. Atrazine also can Isered onto the surface of soil and move
in sediment in runoff water and eventually depakitéo non-target areas. These losses
of atrazine in surface runoff have raised concerrseveral water bodies located
primarily in the Central Texas Blacklands.

Several water bodies designed to provide publickiing water in Central Texas have
recorded detections of atrazine in both drinkingewand ambient surface water. These
detections have led to discussions on how to redfidarget losses of atrazine. The
complete ban of the use of atrazine in corn anthg@ghum production systems has
been proposed. However, such a ban has been estitnancrease weed control costs
in Texas by approximately $45 million annually. €Bl increased costs are a result of
increased cost of using atrazine alternatives edwcontrol and loss of revenue
associated with reductions in crop yields.

! Texas Cooperative Extension; College Station, TX
% Texas Agricultural Experiment Station; College Staion, TX
% Texas Agricultural Experiment Station; Temple, TX



Rather than ban the product, work has been condltctéetermine the effectiveness of
atrazine application management strategies in reduidf-target losses of atrazine in
surface runoff while still maintaining acceptablees control and crop yields.

Application Mangement Strategies Studied

The application methods studied included the tiawmit broadcast method (BROAD),
preplant incorporation (PPI), and banding (BANByoadcasting of atrazine is applying
the material to the entire soil surface acrosditié. After application, the herbicide is
incorporated by the actions of rainfall or irrigati

PPI of atrazine is the mechanical mixing of atrazito the soil profile after surface
application. Once the material is broadcastedsacitoe soil surface, atrazine is
mechanically mixed into the soil with a farm implem such as a rotary hoe, spring-
tooth hare, or disk. This action mixes the atrazirio the two to three inches of soil
below the surface, thus reducing the risk of offih losses of the herbicide in surface
runoff.

The BAND application of atrazine places the prodadhe area where the crop is
planted. In most cases, using this application ntetieduces the total amount of material
applied to the field by 50 to 66 percent as comppémeéhe BROAD method. Untreated
areas between rows then require an early-seasdmamieal cultivation to reduce any
weed pressure present between crop rows. Thigafipn management strategy
reduces the risk of off-target losses of atrazmsurface runoff by reducing the total
amount of product introduced to the environment.

Methods Used to Study Application Management Stratges

To thoroughly evaluate the three application mamege strategies, a demonstration site
was established on the Stiles Farm near ThralethB&the three application
management strategies (BAND, PPI, and BROAD) werdiad for effectiveness in
reducing off-target losses of atrazine in surfageff. In addition, the PPl and BAND
application methods were compared to BROAD metlood4d weed control and yield.

The treatments were applied to four 38-inch rows®yeet long plots and replicated
four times. Each plot was bermed on each sidebatidends to prevent storm-generated
runoff water from exiting the plot from where itiginated. Runoff was collected from
the first runoff event of the season by the usa cdmbination of automatic stormwater
runoff and passive water samplers placed at therd@nd of each plot. Average slope of
the plots was 3 to 5 %.

The runoff from each of the individual plots wadlected and analyzed for concentration
of atrazine in pg/L (parts per billion) in the sacé runoff by the Texas Agricultural
Experiment Station (TAES) pesticide fate reseaathih College Station and average for
each treatment. Weed control ratings and cropl yiere taken and averaged for each
application treatment. Data was collected in 2@DO5, and 2006. Given environmental



conditions associated with drought, extractioruf&s in the laboratory, and other
problems encountered in the field, no data is presifor the 2005 production year.
Yield variations between 2004 and 2006 reflectamditions experienced during the
mid and late growing season in 2004. Averagesdohéreatment are reported in Table
1.

Discussion and Conclusions of from this Study

As reported in Table 1; the two applications tegues (PPl and BAND) studied and
compared to the BROAD treatment reduced conceobrsf atrazine in surface runoff
in both years of the study. When compared to tRORBD treatment, atrazine losses
from the PPI treatment were reduced by approxim&@?o in 2004 and over 65% in
2006. The BAND treatment also showed a reducticatiazine lost in surface runoff
verses the BROAD treatment for each of the twogyeéthe study (87.1% in 2004 and
56.0% in 2006).

Average weed control across each of the seasonbeti@s when using the traditional
BROAD application method. Both the PPl and BANBatments had weed control in
the 80 percentage range for 2004 but % weed cadiatrdloth treatments decreased
during 2006 (75.3% for PPIl and 57.6% for BAND).

Though differences in weed control were experiersd/een the BROAD, PPI, and
BAND application methods, yield reduction differesdetween treatments were not as
large. The BAND treatment out yielded the othep treatments in 2004 and the PPI
treatment out yielded all treatments in 2006. bl trends were established in
determining which application treatment shouldhxEerhost consistent high yielding
method of application. However, the results o iemonstration show that the PPI and
BAND treatments which are designed to reduce affjgblosses of atrazine in surface
runoff can produce yields comparative to the BRCOddplication treatment.

By employing the PPI and BAND treatments desigmecttiuce off-target losses of
atrazine in surface runoff, a corn or grain sorghproducer can reduce the risk of
atrazine contamination of the surface waters ofafexhile maintaining acceptable
yields. Therefore, producers in areas with risktodzine contamination to surface water
should consider using the PPI or BAND treatmergas of their natural resource
protection plan.

Table 1: Atrazine lost (ug/L), % weed control, andcorn yield (bu/ac) for 2004 and
2006.

Application | Avg. Atrazine Lost | Avg. % Pigweed Avg. Yield
Method (ug/L) Control (bu/acre)
2004 2006 2004 2006 2004 2006
BROAD 155.7 234.1 94.6 87.5 35.0 94.8
PPI 16.2 79.1 88.4 75.3 30.0 97.4
BAND 20.1 102.9 84.0 57.6 67.0 89.0
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A NEW AND UNIQUE STUDY AT THE STILES FARM:
PROTECTING WATER QUALITY FROM ATRAZINE CONTAMINATIO N

Momy Dozier,CES, Co\lege Station, TX.,, Wyatte Harnamd Tom Gerik, Blackland Research Center, Temple

n Board, Teme) Te:

BACKGR

IND

Water quality is being impacted by widespread usefdherbicides, some allegedly harmful to humans. Onkerbicide under close scrutiny is
atrazine, a commonly used herbicide in corn and sghum. Because of the long residual, rainstorms caesunoff of soluble and adsorbed
atrazine, sometimes exceeding the safe drinking veat maximum of 3 ppb established by the USEPA. Dumg the past ten years, some
metropolitan water supplies in the Blackland Prairie region of central Texas have been found to contanigh levels of atrazine. This study
assesses protective implications of reducing atram runoff using altemative tilage practices that @n easily be implemented by corn and
sorghum producers.

OBJECTIVES

The objective of the study is to determine the retive losses of atrazine applied at different timesrai with different tillage practices when
producing corn. The tllage practices being comparein the study include:
lon-incorporation of atrazine following broadcast ajplication;

« Preplant incorporation of atrazine by discing immediately following or during broadcast application;
Banding of atrazine over the seed row—about 33% ofie land area will receive atrazine—and row cultivaing for weed control; and
Broadcast application of atrazine using no-tillage pactices, i.e. Roundup-ready corn production.
An additional objective of the study is to utilizethe atrazine runoff results from the demonstration b validate a computerized simulator that
can be used for farm decision-making on differentasi types, extreme slopes, and in varying climateShis information will be valuable in
quiding farmers in safer methods of using atrazine @oss the state.

METHODS AND PROCEDURES

Four tillage demonstrations will be replicated fourtimes on slightly varying slopes at the Stiles Fan. The 2004 com treatments do ot include
a no-tillage treatment of corn because the demonsttion plots were in cotton in 2003.

Runoff samples will be taken each rainfall event tat runoff accurs during the 2004 growing season bagning with planting to determine the
concentrations of atrazine. Thereafter, water samyis of runoff events will be taken from the time atazine is applied preplant to the end of
subsequent growing seasons.

Soil samples will be taken preplant and after harvesof each growing season to determine seasonal ciges in atrazine carryover at the
recommended rate of application. This will providean assessment of the potential of reducing soil caraver by banding at a 33%rate.

Volume of runoff will be measured with volumetric fumes for each runoff event and correlated with waer samples to determine the quantity
of atrazine lost. This facilitates comparing the sesonal loss of that applied.
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Figure 1
Smulated Losses of Atrazine from Alternative Tillage Strategies

Agricultural Experiment Station.

PRELIMINARY RESEARCH

An early study of atrazine losses at the USDA Grasshd, Soil and Water Conservation Laboratory, Temple Texas, found
that using a chisel-plow in com production resultel in atrazine runoff losses of less than 2% of theraount applied and
sediment losses were less than 0.03% of the amowpplied (Pantone et al. 1996). These experimentasults were later
utilized to verify the accuracy of a computerized inulation model developed for assessing altemativeroduction practices
and related environmental and crop yield impacts. t can simulate long-term weather, multiple soils, mny combinations of
crop rotations, and other cultural practices. Thechances of favorable outcomes of a management say, say that of
adopting no-tilage corn, can be assessed over 0igear timeframe using a base period and locationfoveather.

Following validation of the simulation model usinghistorical weather and area crop yields in a wateised of central Texas
in which atrazine was a contaminant in drinking wate supplies, the model was subsequently used to pietithe effects on
atrazine runoff and sediment losses of adopting alteative tilage practices (Harman et al. 2004). Thogh several strategies
were simulated (300 times) to evaluate the probalies of atrazine losses occurring, the four practies being demonstrated at
the Stiles Farm in 2004 and 2005 were ranked fronowest losses to highest losses as follows:

1. Banding at a reduced rate coupled with row cultiation was most effective in reducing atrazine lossqLOWEST);

2. Immediate incorporation of atrazine when broadcat applied preplant;

3. No-tillage with Roundup-ready corn; and

4. Non-incorporation of a broadcast application (HGHEST)
Figures 1 and 2 ilustrate the average simulated kses and the losses as a percent of applied for fr tilage practices being

demonstrated at the Stiles Farm
FUTURE QUESTIONS

Fuure questions to be answered by the new and uniq Stiles Farm atrazine runoff demonstration include
e the results of the computerized simulationtady above correct?
2 lnot owdo they differ?
3. 1f S0, what are the economics of implementing me effective practices to reduce atrazine runoff?
4. Will corn yields be affected by banding couplesith row cultivation?

DEMONSTRATION RESULTS AND IMPLICATIONS

Rs-sul's and implications of the Stiles Farm demonition of atrazine runoff will be distributed in a j oint publication by the
xas Cooperative Extension and Texas AgriculturaExperiment Station. It will be entitled:
‘Env\m friendly Use of Atrazine: A guide for Centr al Texas"

LOOK FOR THIS USEFUL GUIDE AT UPCOMING STILES FARM FIELD DAYS AS OUR RESULTS BECOME AVAILABLE.
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Figure 2
simulated Atrazine Losses as %of Applied with Alternative Tillage Strategies
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ATRAZINE FIELD LOSSES: A SIMULATION
STUDY OF MITIGATION STRATEGIES

ABSTRACT

Atrazine losses from corn and sorghum fields areabbeged threat to the safety of
drinking water. The EPA safe level for atrazine @amtration is 3 ppb. This simulation study
analyzes and compares five tillage and applicasivategies with the conventional broadcast
method of application without immediate incorpawatiletting subsequent rainfall automatically
achieve incorporation. The five alternative styae were: (1) disk incorporated, spring applied,;
(2) banding, 1/3 rate applied at planting overgbed row; (3) no-tillage, spring applied; (4) disk
incorporated, fall and spring split applicationsleat ¥z rate; and (5) no-till, fall applicationat
rate plus banding at planting at 1/3 rate. Fieksés, measured in terms of loads, were generally
less than 2% of the amount applied, ranging frolowaof 0.050z/ac/yr for the loam soil using
banding at 1/3 rate to 0.47 oz/acl/year with nag#, spring applied on the Houston Black clay.
Yet probabilities of exceeding 3 ppb based on 188ry of weather were never lower than 25%
for any of the strategies and exceeded 90% prabalith both no-till strategies. Two soil types,
clay and loam, were analyzed for differences ifaggr losses and the loam soil always lost less
than clay but incurred significantly higher leaahionsses. The strategies that minimized surface
losses on both soils were the spring applied, tlisorporated; banding at 1/3 rate applied at
planting; and fall and spring split applicationsatrate, disk incorporated. The largest losses
occurred with both no-tillage strategies. Costspodduction favored the conventional non-
incorporated strategy, the banding strategy, askl idicorporation of one spring application. The
most cost effective strategy which reduced atratirss the most for the least cost was the
banding strategy. The next most effective strategys disk incorporation of one spring
application.

INTRODUCTION

Atrazine is the most widely used herbicide in Tegam and grain sorghum production.
With its widespread use, atrazine has been detéctd@xas groundwater and surface water.
Detections of atrazine in surface water have besgorted in central Texas by the Texas
Commission on Environmental Quality. These repmodgcate that atrazine is entering the public
water supplies through surface runoff from corn agrdin sorghum cropland and urban
landscapes. Banning atrazine does not appear tteebenswer because of the adverse economic
impact on agricultural producers. A decade ageai estimated that Texas corn producers, as a
whole, would face a total increase in the cost afdpction (based on increase in cost of
production of using an alternative herbicide andréase in income caused by yield reductions
associated with increased weed populations andinjory) of over $45,000,000 (USDA 1995).
The monetary consequence is likely larger now witlhrently higher corn prices. Given the
reality that producers need to have continued acteatrazine coupled with the need to reduce
off-target losses of atrazine in surface runoffpacerted effort must be taken to study means of

reducing atrazine field losses.



This study examines the potential for reducintgflesses of atrazine in corn production
in central and south-central Texas, a region whasst soils have slow to moderate infiltration
characteristics and produce substantial runoff whtamse rainstorms occur. The region is one of
increasing corn acreage with an 80% increase dogusince 1985. Current corn planted acreage
of over 750,000 acres has occurred as a resuhifté $rom grain sorghum, cotton, and wheat
over this past two decades (Texas AgriculturaliStes Service, 1985 and 2005). During this
period, atrazine has been rapidly adopted as thmapr weed control herbicide. Without
effective weed control, yield losses would be sewvarthis region having over 30 inches annual
rainfall.

OBJECTIVES

The primary objective of this project is to demoats in field plots alternative means of
protecting water quality from atrazine contaminatiand assess their sustained impacts by
simulating field conditions over a long period @fhé, a shortcoming of year-to-year field
demonstrations. Specific objectives include thiofaing:

1. Demonstrate the effects of alternative tillage fices and atrazine application practices
on protecting water quality by reducing atrazingsks;

2. Develop educational materials and present the dstradion results at agricultural
meetings, field days, and conferences;

3. Validate the EPIC simulation model with measured atrazine lossesfauilitate
simulating accurate long-term losses of atraziretarassess the probabilities of meeting
the EPA safe drinking water standard; and

4. Analyze the economic costs and the cost effects®if@mount of reduction in atrazine
loss per dollar cost) of alternative tillage preet and application strategies.

METHODS AND PROCEDURES

The methodological approach consisted of estabtistour alternative tillage and atrazine applioatpractices for corn
production at the Stiles Foundation farm. Thesésplere used to monitor atrazine runoff lossesyWere also utilized to educate
and demonstrate environment-friendly alternativegeent Sties Foundation field days.

Measuring the Effects of Tillage on Atrazine LosseEield Demonstrations.

Four tillage treatments were demonstrated:

The common practice of applying atrazine pre-emwiitfeout incorporation;
Pre-emerge application of atrazine with immediat®iporation;

Banding of atrazine at 33% rate; and

No-till corn production (Roundup Ready) with broadtapplied atrazine.

E e

The above descriptions of each tillage practice smi&explanatory. Records of each
practice including tillage type and date, plantitage, and atrazine application rate and date were

used in validating the simulation model and for iting long-term atrazine losses. This



complimentary use of a computerized simulation ie@ good example of estimating long-run
impacts from short-term field research results.

Automated runoff samplers were placed in threeicefd plots to collect water samples
during rainfall events. All samples were analyzed &trazine concentrations. Three rainfall
events occurred within a month of planting durihg 2006 corn season. Twelve samples were
collected for an hour for each rain from three icged plots of the four treatments. The first six
samples of each event were composited as werashsik samples. The two composite samples
were then analyzed for each plot, making a totadinfsamples per treatment for three rainfall
events. The two sample analyses were averageadbr@ot and all replicated samples were, in
turn, averaged for analyzing treatment effects\atidiation of the model.

Validation of EPIC, A Crop and Pesticide Simulation Model.

Successful simulations of various production pcagtidepend on complete and accurate

characterization of land and water resources, mtostuinputs, and field operations. This
necessitates accurate characterization of sailpes| historical weather, cultural practices, crops
and rotations, and management options. These datadeveloped from several sources
including National Weather Service climatic datatital Resource Conservation Service soils

and land slope data, and Stiles Foundation farnodstration field records.

The accuracy of simulating long-term impacts oraztre runoff losses of alternative

BMPs depends on validating thePIC (Environmental Policy/I ntegrated Climate) model

(Williams et al. 1989), a crop and environmentahidation model, with measured data from a
controlled production situation. A basic familigrivith EPIC is necessary to understand how
crops and pesticides are simulated over tlER.C was developed for a USDA national study in
the mid-1980's to assess the effect of soil erogioorop productivity. Since the time of the 1985
USDA National Resource Conservation AssessnieRtC has been expanded and refined to
facilitate simulation of many more processes imguurtin agricultural management including
nitrogen and phosphorus uptake as well as nutriemoff, sediment losses, soil adsorption,
volatility, and mineralization. Major componentslimde weather, hydrology, erosion, nutrient
cycling, pesticide fate, plant growth, soil tempere, tillage, and plant environment control.
Presently, many pesticides are included in fatetearsport functions also. Though weed, insect,
and disease control per se are not simulated, aenupesticide fate modelGroundwater

Loading Effects of Agricultural ManagementSystems GLEAMS) is contained inEPIC to

simulate pesticide transport by water and sedimasra function of soil organic carbon content
and a linear adsorption isotherm (Leonard et &87).9In this project, a WindoWsnterface for

the EPIC model calledMinEPIC will be utilized for user-friendliness and effioigy of running



batch runs of similar but slightly revised parameteuch as different tillage practices, atrazine
application strategies, and soil types (Harmar. e2@05)

In addition to accurately simulating the plantirefel date and type of tillage operations
and atrazine rate and date of application, suagessfdel validation also depends on accurate
daily rainfall and temperature input data. HfelC model is a daily time-step simulator that uses
daily rainfall, average daily solar radiation, aage daily humidity, average daily wind speed,
and maximum and minimum daily temperatures as & Wbas plant growth. Weather records
from the Stiles Foundation farm headquarters wéliead for the 2006 validation period.

The EPIC simulation model was successfully validated foe¢hof the four treatments.
The exception being the banding treatment for whigtasured concentrations were unexpectedly
high and similar to the disk-incorporated conceiurs. Banded concentrations were expected to
be significantly lower since the rate applied wegsiealent to 1/3 of the normal broadcast rate.
However, in this treatment, atrazine was not agpbeoadcast but rather at approximately the
same nozzle rate in a narrow 10-inch band diremtisr the corn row. Since the three rainfall
events were light, ranging from 0.8 to about 1 jritimay be that the runoff stream followed the
press wheel grooves of the planter where the baradeakine was concentrated. Thus, a
representative mixing of runoff was not attainemhirthe atrazine-free soil area and the banded
strip. The lack of uniformly distributed runoff kky resulted in a relatively high concentration of
atrazine in the banded treatment.

The three rainfall events of 2006 resulted in smalhoff quantities and high
concentrations of atrazine as can be seen in Fifjuiehe close proximity of the large black
diamonds to the dotted regression line indicatesitbh correlation of measured versus simulated
atrazine concentrations for the three followingatmeents: 1. Non-incorporated broadcast
application in the spring; 2. Disc incorporated ditcast application in the spring, and 3. No-
tillage of a broadcast application in the springeTeta coefficient determined by regression of
the measured values with the simulated valuesualgq 1.0425. This is near 1.0, representing a
45 degree line on which all points of measured amdulated values would be perfectly
correlated (not shown). Additionally, the corretaticoefficient, r, is equal to 0.9997. Thus, the
EPIC model is validated for these tillage treatmentnalestrated at the Stiles Foundation farm.



Figure 1. Correlation of atrazine concentrations.
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Long-term Simulations of Corn Production.

A major limitation of demonstrating practices ield plots is the short number of seasons
that are usually included in a demonstration. la ttase of environmental impacts such as
atrazine losses, this is a severe limitation untigsshance wide extremes in rainstorm intensities
and amounts occur during the demonstration peAiadajor advantage of using a simulation tool
such a€£PIC is that many climatic scenarios can be assessadliort time and probabilities of
losses can be estimated. Another advantage of w@sisignulation tool is that other practices
including alternative atrazine application stragsgsuch as timings of application, alternative
tillage intensities, and soil types can be rapgiigulated.

The long-term simulation analysis in this projewtludes twelve scenarios including two
soils typical of dominant central Texas soils—aydad a loam—each using six tillage practices
and atrazine strategies of which the first four #hese being demonstrated at the Stiles
Foundation farm and the last two are additional agement options:

#1-The common practice of no incorporation of a-gmeerge spring application of

atrazine preceded by normal preplant tillage opmrat

#2-lmmediate incorporation of the pre-emerge apfibn of atrazine preceded by normal
preplant tillage operations;

#3-Banded application at a reduced rate (33%) attilg time preceded by normal
preplant tillage operations;



#4-No-tillage corn production with a broadcast sgrapplication of atrazine plus fall and
spring applications of Roundup+ 2,4D (Landmastér) at rates adequate for weed
control;

#5-Split broadcast applications of atrazine incoaped immediately—1/2 rate in the fall
and 1/2 in the spring; and

#6-No-tillage in the fall with an atrazine applicat at % rate broadcast folllowed by

Landmastern and a 1/3 rate of atrazine banded at planting.

The simulation period was 100 years and includedaely generated weather based on
long-term weather records of Taylor, Texas, abomtilés west of the demonstration site. From
the 100 simulations, long-term average atrazinsel®snd probabilities of attaining an EPA safe
drinking water standard of 3 ppb were estimatedhwatich tillage practice and atrazine
application strategy. Figure 2 indicates the gdedranonthly distribution of rainfall compared
with the 1960-2005 monthly average rainfall at BaylTexas. The correlation is high: r = 0.95.
The average atrazine losses for 100 years of siionlare presented in Table 1 for two soils, a
Houston black clay and a Crockett loam. The twtsdwive different characteristics with respect
to runoff, infiltration, and percolation. The Hoast Black clay soil is typically one of slow
infiltration and high runoff but leaching lossegdigh the root zone are usually minimal,

whereas the Crockett loam soil has a much higHiration rate resulting in lower runoff.

Figure 2. Actual versus generated monthly average rainfall, Taylor, Texas.
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Atrazine losses are simulated for each of threepoomants: soluble atrazine lost in
runoff, soluble lost in leachate, and organic liossediment. Surface losses represent edge-of
field conditions; not in-stream or reservoir coradis. Average treatment differences in surface
losses of atrazine for the 100-year simulationsshmevn by soil type in Table 1. For the Houston
Black clay simulations, disk incorporation resultedhe least soluble plus sediment atrazine loss
of 0.08 oz/aclyr (leachate on this soil was nepl@i The highest average loss of 0.47 oz/ac/yr
was from no-tillage with one early spring applicati The next highest loss of 0.27 oz/aclyr was
from no-tillage, fall applied at ¥z rate and atr&zlanded at 1/3 rate at planting. The common
practice of tilling and applying atrazine in easlyring with no immediate incorporation lost 0.20
oz/aclyr, third highest. In addition to disk incoration, other superior treatments to non-
incorporation included two split applications atréte in the fall and spring and banding at 1/3
rate at planting. Compared with non-incorporatiomgorporating atrazine reduced average
annual losses 60%, banding 55%, and incorporatieg’ rate split applications in the fall and
spring reduced the average loss 50%.

The EPIC simulation results also captured the soil diffees For example, the leachate
losses of atrazine from the Crockett loam rangednfr22.5% to 51.5% over the treatments
compared with negligible leaching losses from theuston Black clay, Table 1. While total
atrazine losses from the loam soil were sometingesileto or higher than those of the clay soil
considering the high percentage leachate (not shosunrface losses in runoff and sediment

including both soluble and organic atrazine weveags lower with the loam soil.

Table 1. Summary of atrazine losses by tillage préice and application strategy for two soil types.

Houston Black Clay Crockett Loam
Surface Surface Loss/  Leached/ Surface  Surface Loss/ Leached/
Strategy Loss” Applied Total Loss Loss Applied Total Loss

(oz/ac) (%) (%) (oz/ac) (%) (%)
Disk incorporated-one
spring application 0.08 0.86 Ng 0.06 1.22 51.5
Band- plant application,
1/3 rate 0.09 2.63 Ng 0.05 2.05 29.6
Non-incorporated-one
spring application 0.20 2.04 Ng 0.14 2.07 28.2
Disk incorp.-fall & spring
split applic., Y2 rate 0.10 1.05 Ng 0.07 1.30 47.9
No-till- fall ¥z rate applic.
+ 1/3 rate band at plant 0.27 1.37 Ng 0.21 3.30 225

No-till-one spring
application 047 4.84 N 0.33 4.06 18.0

Y Surface losses include organic atrazine lostdinsent and soluble atrazine lost in runoff. Leaghimsses are excluded.
2/ .
Ng = negligible




Surface losses from the Crockett loam were minithizéh banding, disk incorporation,
and disk-incorporated split fall and spring appimas, each at %2 rate. Their average losses were
0.05, 0.06, and 0.07 oz/aclyr, respectively. Sinmahe clay soil, highest losses of 0.33 oz/ac/yr
and 0.21 oz/ac/yr occurred with the no-tillage mprapplied treatment and no-tillage, % rate fall
applied plus banding at 1/3 rate respectively. tmventional spring applied, non-incorporated
treatment lost 0.14 oz/aclyr. Compared with nomiporation, average annual losses were
reduced 64% when banded, 57% when atrazine wasgsapplied once and incorporated, and
50% when split applications were disk incorporated.

Losses as a percentage of the amount applied vadeda low of 0.86% using disk
incorporation to a high of 4.84% with no-tillagedaone spring application on the Houston Black
soil. Likewise, the range was 1.22% to 4.06% onGheckett loam soil. The non-incorporated
conventional application practice lost a total bbat 2% on both soil types. This agrees closely
with earlier work on Houston Black clay soils andezent watershed simulation analysis of
atrazine losses in the Aquilla Lake watershed, lothentral Texas (Pantone et al., 1996 and
Harman et al., 2004).

Considering EPA safe drinking limits, none of theatments were completely safe all of
the time. Of the 100 years simulated, for bothsstiile probability of exceeding 3 ppb ranged
from 25% to 35 % for banding, 33% to 37% for ongrgpapplication, disk incorporated, 44% to
56% for split fall and spring applications, eackkdincorporated, and was 45% for both soils
using the conventional non-incorporation tillagaggice. All no-tillage scenarios had greater than
90% probability of exceeding 3 ppb. These probgbitnplications give further merit to using
TMDL guidelines in lieu of concentrations as safanking limits since concentrations tend to
increase as runoff decreases.

Economics of Tillage Practices to Reduce Atrazinedes.

Each of the six tillage practice and atrazine ajapion strategies above utilized different
machinery items which affected fuel, labor, andareposts. Labor was priced at $10/hour and
diesel fuel at $2.50/gallon. Machinery complemetiffered among the scenarios resulting in
different depreciation costs by alternative. Themaaperations were used for each of the soils
facilitating a single cost analysis. Table 2 intésathe operating and depreciation costs per acre
for each alternative strategy.

The least cost options with regard to total costeavihe non-incorporated, spring applied
and banded 1/3 rate strategies at $147/ac and &&l48#spectively. While the lowest cost
alternative is a common practice in central Teitagas one of the largest atrazine-loss strategies.
The highest cost alternative was no-tillage, spapglied, $158/ac, and was also one of the



largest atrazine-loss strategies. The two diskfipm@tion strategies that resulted in the lowest
atrazine losses of one spring application and of $plit applications had costs of $150/ac and
$155/ac, respectively. The no-till %2 rate fall apgiion followed by banding at 1/3 rate cost
$152/ac.

Table 2. Estimated costs of alternative tillagecficas and atrazine application strategies.

Operating Depreciation Total Cost
Treatment Cost Cost Cost/ac Tradeoff
$/ac $/ac $/ac $/oz
Non-incorporated, spring app. 125 22 147 (base)
Disk incorporated, spring app. 127 23 150 25-38
Banded @ 1/3 rate, plant app. 123 25 148 9-11
No-till, one spring app. 140 18 158 n¥
Disk incorp. fall & spring ¥ rate app. 130 25 155 80-114
No-till, ¥% rate fall + 1/3 rate band app. 133 19 152 fla_

Y The range of values represents Houston BlackartayCrockett loam soils, respectively.
Zna = not applicable since costs increased alorylaier atrazine losses for these strategies.

In addition to the cost analysis, an enviro-ecomomnadeoff analysis is useful in
analyzing the added cost to achieve a unit redudticatrazine loss. This type analysis is useful
to policymakers, water district managers, and ostakeholders in providing cost-offsetting
incentives to corn and sorghum producers to implematigating strategies to reduce atrazine
losses from their production fields. Because musizane losses constitute a threat to reservoirs
in central Texas and are of less threat to groutelw&adeoff values are calculated for surface
losses only, excluding leachate. Based on the ctiov&l non-incorporated practice, Table 2,
lowest costs per ounce reduction in surface atealnas of $9/0z to $11/0z for clay and loam
soils, respectively, were attained by the stratefgganding at 1/3 rate. The second lowest costs
per ounce reduction of $25/0z to $38/0z for the 8mds were attained by disk incorporating a
spring application of atrazine. The highest costis qunce reduction of $80/0z to $114/0z were
attained by disk incorporation of two split Y2-ragplications in the fall and spring. The other
two strategies which included no-tillage practiceseased atrazine losses over the conventional,
non-incorporated strategy and therefore an envéiomemic tradeoff was not applicable.
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