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An area of inwerent in iion: farming is variable-race
application of herblicide: t optimine herbicide use efficiency
and minimize neganve . off s and non-targer effects. Site-
specific wecfd‘:j.:.r.r_.'1! cnt based on field scale management
zon¢s derived from soil characterisic known 1o affect soil-

applied- herbicide ¢ffi ould alleviare challenges pased: by,
postcimengence prec veed management. Two commenly
used led herbicides in divland com (Zen mays L)
PW‘;&Oﬁulf atra inean | metolachlor. Acceberate ""i'ss"ip:ftion{

oratmz"‘”h” if“k“"‘i' covered recently in lrngdtcd corn fields
in castemt --‘!‘l!l ado. The objecuve
compa’m;m. rat
across diffcrem soil zanes from three dryland nd»ti:!'!'- fields
under bbn wy incubation o derermjne
xftapxd di;SI, ation of arrazine and o meto] hlor OCCUITﬁd
in devland ylinl‘i Hethicide dis St 'i" y
pdiﬂts"t‘l I'"'-'-‘. er Oand 35 d afer soil 1

ondino i

aiment using a woluene

extraction procedire with (. IMS:analysis. Differential rares

of atrazine and metolachlor disipation occurred hetweent two
soil zones on two of three ficlds evaluated, Accelerated atrazine

dissipation occurred in soil from all fields of this study, with

half-lives ranging from 1.810 3.2 d in the laboratory. The rapid

atrazine dissipation rates were likely aceribured ro the history of -
arrazine use on all felds investigared in this study. Metolachlor -

dissipation was not considered accelerared aud exhibited half-
lives ranging from 9.0 to 10.7 d in the laboratory.
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of this study were [ORGE
+ of dissipation of arrizine and merolachlor

was evaluared af time

SI'!‘E/SPE(:IH(L management of a crop held requires thae the
variability associated with factors that limic productivity
be spatially characterized. If such factors vary across a field
4t an agronoimnically significant level, the use ofsitc—spcciﬁc
or precision farming techniques may be beneficial. One arca
of interest in precision farming is variable-rate application of
herbicides w optimize herbicide use cfhiciency and minimize
negative off-site and non-target cffects.

The conventional approach ro herbicide application is o rrear
an entire freld unitormly. Recent scudies have suggested that
herbicides might be applied differentially according to spatiatly
varying soil propertics (Jaynes et al., 1995; Gaston et al,, 2001;
Williams et al., 2002). Herbicide bivavailability is affected by soil
pH, cation cxchangc capacity, texture, and organic matter, all of
which vary spatially across a crop freld (Novak et al., 1997: Gaston
et al, 2001; Williams et al., 2002; Liu eral., 20023, For instance,
more atrazine is needed with a lower soil pHi, increasing organic
matter, and finer soil texture due ro higher rates of herbicide sorp-
tion (Novak et al., 1997). Gasron et al. (2001) recommended thar
to maiitain weed control, higher rates of herbicides should be
applied in areas with higher clay and organic C. Liu et al. {2002)
illustraced that the etheacy of atrazine and alachlor varied spatially
across fields due o differences in sorption, persistence, and degra-
dation depending on soil properties and landscape position. Liu
cral. (2002) also reported that the atrazine mineralization rate
{i.c.. decomposition of the striazine ring of atrazine) was spatially
positively correlazed to weed biomass (Liu et al., 2002). ‘the find-
ings of Gaston et al. (2001} and Liu et al. (2002) suggest thae poor
herbicide efficacy may explain why some weeds occur in pacches.

There have also been studies focused on ch;{racrcriy,ing the spa-
tial variation of herbicide dissipation (Vischetti et al., 1997 Tiy et
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al., 2002; Muller er ab, 2003: Charney et al., 2005, Bending er
al., 2006). Lia et al. (2002 and Charney et al. {200%) reported
high sparial variability for atrazine mineralization. Vischetti et

al. (1997) found the dissipation of chloridazon and metamicron

to vary considerably within their study sites, which they aterib-
uted to variation in soil properties.

An approach o rapidly and accurately mapping soil proper-
ties ar the ficld scale that influcnce herbicide ethicacy is the use
of geo-relerenced soil apparent clectrical conduetivity (EC)
measurcrients (Johnson et al., 2001). Soil EC has been corre-
lated 1o soil texture (Williams and Hoey, 1987), water content
(Kachanoski et al.., 1988), soil salinity (Rhoudes et al., 1989,
and crop vield (Kitchen et al., 1999: Heermana ctal, 19995,
Furthermore, soil EC maps have been correlared 1o arrazine

sorptioncoethcients (Jaynes et al., 1995), Specifically, the use of

shallow soil appargnt electrical conc ty(FC‘*) measure-
ments, which'aré an av age of the soi 5 from the wop 30
cm of the soil profile (Farahani et al.. 2003), could accurately
describe the variation in topsoil properties that may affect soil
applied herbicide efficacy.

Dividing a field into subunirs or zones based on soil prop-
erties that can be managed variably in erms of productivity

potential has been extensively studied on irrigated crop fields in

the semiarid Western Grear Plains (Fleming et al., 2000; Kho-
sla et al,, 2002; Koch et al., 2004; Mzuku et al., 2005; Inman
etal., 2005). However. lictle work has been done o delineace ;
fields into herbicide management rones, especially in dryfand
environments in this region. Soil EC, cmaps are one wa
rapidly characterize the soil variabilicy i o held These m

could be used to delineate zones across a held ro which d;ﬁcrcn-

-1

tial rates of herbicide could be applied based
Artrazinie (6—chfuro~4»(crhy!amino)-G»iso;ifors'I,nrilin())-s—
triazine) is a selective herbicide used in corn (Aot wugys 1))

sl propertics.

production to control broad-leaved weeds and | AR grass
species. Arrazine kills planes by inhibiting phoms"mln. sis and
is typically applicd pre-emergence to the soil for carli-ooton
weed concrol. Producers expect carly-season weeds 16 be
controlled by atrazine for approximately 40 d after applica-
tion to the soil. Mctolachlor (2~chlum—!\/—((>—crhyl»o—mlyl‘)A
N-(2-methyloxy- | -methylethylj accamide) is also used as'a

soil-applied herbicide in'corn and is commonly tank mixed i
inhibiting very long- *
1998 and con-

with atrazine. Metolachlor kills planty'h
chain fatty acid biosynthesis (Matthes et3
trols many prasses and small-secded broad leaf weeds.

<5

A growing concern of producers in the Western Grear
Plains in the USA is the accelerared degradation of atrazine
tesulting in the loss of residual weed control, Shaner and
Henry (2007) recently reported rapid atrazine dissipation in
irrigaced corn fields of eastern Colorado, USA. Additionally,
there have been several seudies showing enhanced degradation
of arrazine in other parts of the USA (Stolpe and Shea. 1995,
Zablotowicr et al., 20065, Furopc (Barriuso and Houer,
1996), Australia (Popov et al,, 2005), and New Zealand (Als-
labie et al.,, 2004). In all cases, the authors of these studies
ateributed the aceelerated degradation to adapted microflora
selected by repeated arrazine applications. Furthermore, soil

properties such as pH. organic €, and nitrogen availability
can influence the behavior of arrazine mineralization in soils
with adaped microbial poputations (Houot et al., 2000: Ab.
dethafid et al.. 20004, 2000b). The behavior of merolachlor

in soils has been reported 1o vary with the addirion of organic
amendments (Moorman et al., 2001) and with repeated expo-
sure (Sanyal and Kulshrestha, 1999),

No work has been petformed on the variability of dissipa-
tion of atrazine or mewlachior in soil taken from dryland
fields in the Wescern Greae Plains region. Moreover, docuy-
menting accelerated herbicide dissipation in these dryland
environments is of scicntific and AEroHoMmIc importance to
producers so they can alter wead management pracrices by
instituting variable-rate herbicide application and by avoiding

ilor ander ahorawry conditions fromy differenc
erived zones and (it) ro determine if tapid dissipa-
tion conditions of atrazine and/or metolachior occurred in

soil from dryland fields.

Materials and Methods
Study Fields

This seudy was canducted on soil collecred from three dry-

h Ianﬁ, no»tilf‘:lge fields in northeastern Colorado. Fields in this

sr.lay'. referred'to as Fic}ds I through 3, ranged in size from

:"-A'.Zi'm§4.4 ha:‘The predominant soil type in all study fields

wis \%{él:l Lile loam {1"8, 20006). the Weld soil series is a
deep, well drained woil wich slopes ranging from 0 to 8%, The
offfcial tutmomic cliss for the Weld series is fine, smectitic,
mesic Aridic Argiusioils (Soil Survey Staff, 1986).

Field 1 was under dryland, no-tillage crop production for ar
least the previois 10 yr before conducting this study. A variety
L eops had bheen rotated on this ficld, including corn (Zr ays
EVowinerwheat ( Titicum aestivum L), proso millet (Purdcom
miliaceum L), and confection sunflower (Helianthus annus 1..)
(R Lewton, personal communication, 2006). Fields 2 and 3
were in po-till dryland crop production since 1990, and both
were in winger whm&mm@ﬂow otations (1. Wagers, personal
i plied tor all felds for the 5

©smmarized in Table 1.

W6 Hisd icidcs\;

uaGy

Soil EC_, Zone Delineation
Soil zones based on EC  were derived for cach field to
delineare areas representing homogencous surface soil proper-
ties. Soil EC_ - was measured as the average apparent cleceri-

cal conductivity for the top 30 cm of the soil profile. and
geo-referenced data were coliecred using a Veris 3100 Soil KC
Mapping System (Veris Technologies. Salina, KS) in conjunc-
ton with a Trimble Ag132 differential global positioning sys-
tem {DGPS) receiver. The instrument collected over 8000 soil
EC, measurements within cach field by pulling it behind

a vehicle traveling at speeds between 13 and 24 km hi. 'the
average distance between two swaths of dara for all fields in
this study was 12 m. Field | data were collected in Seprember
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Tabie 1. Herbicide use history for each field in this study from 2001 to 2006,

Year 2001 2002 2003 2004 2005 2006t
Field 1
Herbicides prosulfuren glyphosate; 2,4-0  glyphosate: atrazine; s-metolachlor; glyphosate: glyphosate; 2.4-D
24-D w/ 2-ethylhexyl ester glyphosate sulfentrazone
Eield 2
Herbicides glyphosate; 2,4-D; glyphosate; 2.4-0; metsulfuron methyl or glyphosate; 2,4-D; glyphosate; 2,4-0; metsulfuron methyl
atrazine dicamba tribenuron methyl; 2.4-D avazine dicamba or tribenuron
methyl; 2,4-D
Field 3
Herbicides metsulfuron methyl glyphosate; 24-D; glyphosate; 2,4-D; metsulfuron methylor  glyphosate: 24-D: glyphosate; 2,4-D;

or tribenuron methyl;  atrazine dicamba

2,4-D

ibenuron methyl; 2.4-D atrazine dicamba

v

2004, Field 2 data were collecred in September 2002, and
Field 3 dara were collected in April 2002, Absolute values of
soil EC measurements vary depending on moistiure conrent
ot the soil at rime of eollections however, soit EC  sparial par-
terns and variabifity across a crop field are stable over time -
{(Farahani and Buchleicer. 2004), k
Soil EC | zones were defined by firse interpolating the soil
FC | data. Modified residual kriging was the geostatistical
procedure (Reich and Davis, 2003 used wirhin FSR] Spatial
Analyst and Geostatistical Analyst extensions to interpolate
the discrete soil EC | point daca for cach field. First, a linear
polynomial trend surface was Hi o cach of the soil EC | duta-
sets for cach field. Trend surface residual values represented
spatially autocorrelated random variables that underwent or-
dinary kriging based on exponential semi-variogram models,
Kriging models were selected based on a mitrimired KAISE

value during a cross-validation procedure Wilhsn Geostatisticn!
Analyst. The interpolated residual surfaces fon ach field were
added to their corresponding polynomial trend siirface to de-
rive the final interpolated soil EC,, geographic information
system data layers. I

Interpolated soil EC surfaces for cach field were divided
into zones using the Teerative Scif—()rganizing Data Analysis
Technique (ISODATA) and maximum likelihood classifica-
tion within Spatial Analyst (ESRI 2005). The ISODATA
clustering algorithm relies on the number of classes {ie.,
zones) to be user-defined and then secks to minimize within-
class variance and ‘x‘haximizcbcmééh?dj--‘ vartation. The
algorichm was used w dcler{rihl@ rﬁ;’{:c classes of soil EC | for
cach ficld. The ISODATA procedure produced three paramet-
ric soil EC_ signarures tor cach field based on the mean and
covariance matrix for each class (ESRI. 2005).

Maximum likelihood classification defined and mapped
three soil EC ., tones for cach field using the [ISODATA
signatures. Soit EC - data for cach field were assessed for
sormality and were deermined as meeting the underlying
assumptions tor maximum likelihood classification. For cach
sott BC | value. EC  zone membership was based on the
highest probability of belonging ta cuch of the three zoney
as derermined by the maximum likelihood classifier {ESRIL
2005). Minimal smoothing of the classified maps was im-
posed to derive soil EC | zones that were practical for herbi

aide management for cach field (Fig. 11,

Bridges et al.: Spatial Variability of Herbicide Dissipation

the I‘,igh"ir'l’:l o wWiahi s (Hieh

PSoi samplas of this suay wers collectod betore het b ide apphcanaons i Field 1and Field 3. Field 2 was in wintor wheat gt time of sampling,

Soil Samples

Soil samples for our study were collecred from each site in

May 2006."the locations of thice soil sample replicaces were
: ;idcn‘tiﬁci'\vithiﬁiﬁdi of thelow and high soil EC_, wones of
“each Reld and geo-referenced with 2 Trimble Agil4 DGPS

fad
receiver (Fig, 1), Soil samples within cach soil EC, | rone were
expected to have fike properties that would affect herbicide
dissipation simitarly and, thus, were assumed 10 be spatially
autocorrelated. High and low soil EC, | zones were selecred for
sampling and experitnentation because they were hypothesized
t represent soil properties thar would respond differentdy in
terms of herbicide dissipation. Based on previous rescarch using,
il EC ro chai’agcriz@ soil properties tor productivity or feril-
ity management zanes, thrée zones are preferred by tarmers,
and the “medium” one generally represents a combination of
ning et al., 2004).
There were w total of 185urface soil samples from the three

Miehdsall of which were caretully collected using a shovel at a
Andtorm depth and voliime from the top 13 em of soil. The

e of sampling was before application of any herbicides for

Field 1, which was i a summer fallow for the 2006 grow-

ing scason, Field ¥ was sampled before winter wheat harvest,
Field 3 was Bllow but was sampled before any herbicides were
applied. Soil samples were air-dried for approximately 1 h,
steved through a 2-mm sieve, and stored in a laboratory cold
room ac 4°C for approximately 5 wk before laboratory incuba-

- tion studies and other associared experiments.

Routine soil analyses.wer ps.rf(n‘med on eachs soil sample

by a commercial soibtesting Iagém‘tc“)}y‘::(M[)S Harris Labo-
ratories. Lincoln, NE; available ar hetp:tlag agsource.com/).

Soil properties measured included, but were not limired

to. soil pH (Thomas, 1996), NO -N (mg kg (Mulvancy,
1996, and organic marter (%) {Nelson and Sommers, 1996).
Composice soil samples taken within cach soil EC . fone
were analyeed for wopsoil wexture (Gee and Bauder, 19&6).
Total acrobic microbial plate counts for cach soil sample were
measured {Colorado Stace University’s Envirommental Quality
Laboratory, Fort Collins, CO: available at www chs.colostate.
cdu/ WEnviroQual/). Moistire coneent ar ficld capacity for
cach soil sample was derermined by measuring the pravimerric
moisture content of the soil at a pressure of =33 kPa (Cassel

and Niclson. 1986),
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Fig. 1. Shallow soil apparent electrical conductivity (B : ):z‘ones deline .';. d for each field i1 this study. Locations of where soil samples were

taken within each zone are depicted on on each v

Incubation Experiment 1

An incubation experiment that involved treating laborato-
ry replications of each field-collected soil sample with atrazine
and merolachor was conducted rwice using methods described
by Shaner and Henry (2007).Fwo 1
field-collected soil sampleyfrot b
cach of the study fields were tre:

F‘(:m zénc wighin
1.0 pg certified

analytical grade atrazine per gram of soiland 1.0 pg certified

analytical grade metolachlor per gram of soil. The appropri-
are amoun of distilled water was added 1o each laboratory
replication to bring the soil to a moisture coneent of —33 kPA,
Laboratory replications were incubated under acrobic condi-
tions at 257C and sampled at 0. 3, 7, 14, 21, 25. and 35 d af-
ter creatment (DAT). Samples were assayed for concentrations
of atrazine and metolachlor using a toluenc extraction proce-
dure with gas chromatography/mass spectrometry (GC/MS)
(GE model 5890: MSDY model 5972; Agilent Technologies,
Wilmington. DE) analysis {Shaner and Henry, 2007, The
limic of quantification for cach herbicide was 100 ug kg ' of
soil; however, the nuass spectrometer was able o detect praks
corresponding 1o 25 pg kg''of soil. Recavery etheiencies from

ratory replications of

© aaletladons were OFT¢

- Maps of all felds are oriented n tth and are displayed at the same scale.

the quality concrol samiples for atrazine and metolachlor were
between 91 and 1009,

Atevery time point that soils were analyzed for herbicide
concentrations, soil moisture content was measured by sam-
pling 2 w0 3 g of )ilfmm each rreated laboratory replication
’ }5¢ s were determined be-

erbicide concentration
dried soil mass for cach

laboratory replication.

Incubation Experiment 2

The sampling protocol in Incubation Experiment 2 was
maodified w improve the modeling of atrazine dissiparion ki-
netics. After evaluating atrazine concentrations from the Rrst
incubation expertment on 0, 3, and 7 DAT, it was determined
that there were insufficient data regarding the dedline of atra-
zine concentrations to propetly modet and evaluate ies dissipa-
tion. ‘The sccond experiment addressed all days after treatment
beeween 0 and 7 DAT and ar 14 DAT, with the exception
of Field 2, which was evaluated at 16 DAT rather than ar 14
DAT for logistical reasons.
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Herbicide Soil Sorption Experiment

Soil sorprion coefficients for cach herbicide were deter-
mined for cach ficld-collected soil sample using the barch-
shurry equilibration technique (Srich ot al., 2003). A soi)
sorptivn coefficient (K) is the ratio of the concentration of
pesticide sorbed by the soil to the concentration remaining in
soil solution (Weber et al., 2004), Field-collecred soil samples
were air-dried for 24 h. Four 5-g laboratory replications of
cach air-dried field-collected soil sample were placed ineo
S0-ml. plastic centrifuge tibes and were rreared with 1.0 g,
of atrazine and merolachlor per pram of soil. Ten millikicers
of'a .02 mol L7 CaCl /0.5 m mol 1.7 HgCl solution were
added 1o each treared s.;mple. Tubes were shaken hnrimnr;:lly
for 24 h. 'The 24-h time period had been determined in pre-
liminary studies (dara nor shown) as adequare time for treaged
soil samples to reach g(;uiliﬁrinxﬂ; fﬁahgrat‘wry sﬁmple rephca-
tons were then centrifuged at 10,000 rpm for 25 min. For
each laboratory replication, 6.0 mL of the equilibrium solu-
tion supernatant were transferred 1o a4 15-mlL glass test wibe
with a Teflon-lined cap. Three millilirers of‘\vaccr—sa[urra;cd
toluene were added o cach glass test tube. The tubes were
shaken horizoncally for 2 h and centrifuged for 15 min ac
2000 rpm. The luene phase was analyred for arrazine and
metolachlor concentracions by GC/MS methods as described
previously. Quality controf samples were included in cach
analytical GC/MS run. }

"The amount of herbicide adsorbed to each of the soils was
caleulared by the difference berween the imitial eoncenitrrion:
of the herbicide in die soil solution (1.0 pgml-Jandthe
final concentration after equilibraring with che soil. ‘The h T~
bicide X was determined by Eq. [1].

K, = lhetbicide sorbed to the soil (pg g O/ §
{herbicide in solution (pg gyl W ]

Herbicide Dissipation Analysis

Herbicide concentration data from wreated laboratory
replications resulting from Incubation Experiment | were
issipation, and such data from

used to model metolachlor d
Incubation Experiment 2 were used to mbdcl the dissipmiokh"
of atrazine. A ﬁ:rsr—ordcr exp nential dcc;iyfzx'mdc'l with indi- -
cator variables {(Neter et ak, 15
atrazine data and merolachlor data separarely using SPLUS
6.2 staustical software (Insighttul Corporation, 2001). Previ-
ous research suggests that arrazime and merolachlor degrade
according to firse-order kinetics (Dinelli ec al., 2000: Vander.
heyden et al.. 1997y,
Vedsexplobxt=klx TV x =02 x 12x 1-43
x 3t —lh o [h o p - BS x 5 x ¢) {Z,}

where 7T = VifField 1, /1 = -1 it Field 3. 71 = 0 otherwise;
12 = VifField 2, 12 = -1 iF Field 3, 12 = U otherwise: /5= 1
it low EC , zonc from Field 1, 73 = -1 if high EC  zone
from Field I, /3 = 0 otherwise: 74 = 1 if low EC | sone
from Field 2. /4 = -1 if high EC | cone from Field 2, 14 = 0

s

Bridges et al.. Spatial Variability of Herbicide Dissiparion

soil !‘:(:J

E¢ -, zones, Th alicrmativ

~E~,‘x<'le 1meas soil groperti

2B, 21 was fir ol e ~propertyberween low and high soil EC

otherwise; and /9 = 1 it fow E( o, . rone from Ficld 3, /5 = -1
it high EC | zone from Field 3, /5 = 0 othenwise, Herbicide
concentration (¥} was modeled as being equal to the initial
concentradion, A, times the exponential of the product of the
negative first-order rate constane. £, and time, 1. Paramercrs
estitnated in chis nonlinear regression model were A and 4.

Indicator variables were used to simultancously estimare
first-order race parameters, £, corresponding to cach field and
cach soil EC | cone within cach field (Eq. [2]). The use of
indicator variables allowed us to test for differences in dissipa-
tion rates across helds and berween zones within ficlds by as-
sessing the cquality of differcn regression functions. This was
an alrernarive scatistical method to administering an ANOVA
on independently estimared 4 parameters for cach ficld and
cach ﬁcld. o

i Zones within
' : [20) enabled comparison of the

€, rones were fixed effects nested
within fields; therefore, inferences regarding rates of herbicide
dissipation were limited to individual fields. A “reduced mod-
el” was derived from the “full model” (Eq. [2]) that removed
the effects of the fields and was used to derive the initial con-

ceptraton, A, and first-order rate constants. £, tor each soil

" O innq within ca'h held.

. Differences in hcrbiéi;ic dissipation rates between soil
EC | zones within cach field were evaluaced using one-railed
Stuide n"t's; t tests. ‘The null hypothesis was that there was no
Ji:‘fc:encg in rhe rate of di sipation between low and high soil
rypothesis was that significandy

higher ratés of hetbicide dissipation would be exhibited in the
ighsoil EC yones within each field. The level of signifi-

wcance used for the hypothesis testing was set at a = 0,10,
= Half-lives of cach herbicide were derived by using the
‘estimated first-order race constants (£). 'The equation used to

caleulare hali-lives is presented in Eq. {3].

T, =In2k &)

Additional Statistical Analyses

A series of onesand two-railed Stadent’s 7 tests was used on
‘The nuil hypothesis for all

tests was no significant difference it wean value of a soil

-y, 7ones. The alterna-
tive bypothesis required a one- or two-tailed ¢ test according
to the soil characteristic of interest. The alternative hypotheses
formed for cach of the variables were derived from rosults of
previously published studies deseribing rhe influence of soit
properties on herbicide dissipation (Houor et al, 2000; Ab-
delhafd et al.. 20004, 2000b: Wackete et al., 2002: Moorman

et al., 2001; Popov ct al.. 2005).

Results and Discussion

Shalfow soil clecrrical conductivity values ranged from
0.0Ft0 0.72.dS m™', with cocthicients of variation spanning
between 23.3 and 30.3% across all fields, Variability in soil
FC | values was less within cach delineaced soil EC | rone



Table 2. Characteristics of mieasured sod properties for each feld site 1 this study. Mean values based gn thiee soif samples are given with SE

in parentheses.,

Water-holding

EC, .t Texture capacity Organic

zone classt (at -33 kPa) matter NO -N

,,,,,,,,,,,,,,, 0% er W B0 mgkg
Field 1 fow siltloarn 17.43(037) 160 (0.06) 1467233
high clay loam 22.13(1.79 233 0.19) 11.00 (3.61)
Field 2 low silt foam 1810(0.12) 2300025 11.00 (3.06)
high clay foam 2147041y 217(0.09) 17.00(6.11)
Field 3 low loam 1417 1026) 167 0.12) 2233 (2.60)
high clayloam 17200805 1 60 {0.06)  9.33(1.76)

shallow <oil apparent electric gl conductiviy,

VALY, atrazine: Bl ar
lextural chass hasod on . omposite of three sor sample loc ation,

Microbial « ATZ MOC
pH count§ K% K.%
propagules g mSm-
6.371(0.28) 2.14F + 06 (745E + 05} 061 {0.05) 1.02(0.07) 016 {0.01)
6.53(0.18) 3.53F + 06 (4.91E + 05) (66 0.03; 1.26 (0.06) 029 (0.03)
6.17(0.20) 820t + 06 (1.OBE +06) 096 {0.06) 1730090 026 {0.02)
6.40(0.12) 7.03F + 06 (517E+ 05 .80 (0.08) 150(0.17) 062 (0.01)
5.93(0.09) 3.80F + 06 (1530 +05) 072 (6.05) 1.24 (0335 022 (0.01}
6.23(0.18) 3.83F + 06 (.38 +06) 0.80 (0.03) 1.25(0.10) 041 (0.01)

MOC, emverolacnlor

3 Microbial count based e g toral aerobic plate s ouny using Standard Methade Aqar

Y Mean value based on the AELAGe v

altes of herbugude SOTPTON Conficienty K ) caleudated from fogr rephications,.

# Mean value based on absohste valuesof shiatuw soil apparent electyi alcon Wucyvity for the locations of sotl samples esty nated fram modified

restcdual kriging, 3 ! ‘
(Table 2) where differeatial rates of atrazine and metolachior

were also observed.

Characteristics of Soil EC,, Zones

There was significantly less variability of soil ;
within cach delineared soil E( S 2one (Fig 1) compared
with whole field soil EC, variability. Coefficients of varia.
tion (CV) for F,(:M‘ values within zones, based on an assess-
values measured within each delincared
whereas overall field ¢V
there were diffcrencg?;

EC values
pich

ment ot all soil F—(iw;
zone, ranged from 8.0 ro 16.4%,
ranged from 23.3 to 309%. In addition,
in topsoil rexture as classified by particté sizé analysis of

E(f“'h,‘n/ru-\ within ¢

samiples between low and high soil
feld (Table 2).
(~33 kPa) were signiticancly higher in the soils of the high
EC | rones of cach field (P =0.10). k P

"The texrure and moistare differences in the noti-saline soil
samples (Williams and Hoey. 1987: Kachanoski o a!
of this study confirm the utility of soil EC | maps w er
soil zones within a field. Previous work also supports the use
of suil EC measuraments for chamcrcrizmg soil types across
fields (Anderson-Cook ot al.. 2002; Kitchen et al., 2004).

1988

Atrazine Dissipation L g &
There were differences in r'hc/rarcs‘ofdissipurion (£} of
atrazine between nesced soif EC  zones actoss all felds (P «
0.001). These differences were due o the faster rate of arra-
EC . rones of Fields 2 and
sones (Table 3). Although
dissipation rates were not significandy ditferent between the
L. the trend was similar as seen in the

zine dissipation in the high soil
3 refative o dheir low soil EC 1

soil EC | vones in Field
other fields (Table 33, The half-lives of arrazine for sotls i oyr
incubation study ranged from 1.75 to 3.22 d (Table 3. The
half-lves for atrazine reparted in the lieracure have ranged
from s o 180 ¢ Wauchope et al., 1992, Wackett et 4l
2002; Johnson et af., 2003; Miller and Westra, 2006). How-
ever, Shaner and Henry (2007) found that atrazine had a half
flite berween 3 and 5 d in irrigared fields in casrern ¢ olorado
that hud received anmial atrazine applications for at least S yr

Likewise, the percent water-holding « apacities

before soif analysis. In laboratory studies, the haltfife of arra-
zine in soils taken from fields that showed enhanced degrada-
tion was between | oand 7 o (Shaner and Henry, 2007). The
resules ofour,xrudy were comparable to those of Shaner and
Henry (2()()7)k;f~,suggcsrmg that soils from felds evaluared in
our study were éxhibi('ing accelerated arrazine dissipation. To

otzé, knowlcdge, there have been no repores of accelerated arra-

" ine dissipation in semiarid dryland cropping environmens,

4 })ispariﬁ‘m observid in the races of atrazine dissipation
between soil EC, | zones nesced within ficlds may be due to
ditferent croppii,’)g sysrcrﬁ practices and atrazine applications
over t:fle“ vt betore o iy (Table 1). Fields 2 and 3 were
managed by the sarme fafmer and were under the samne crop
rotation { Lable 1), Th highly significant ditference in rages

* of strazine dissipation between soil EC, | zones exhibired on

Field 3P 20,0010 (Table 3) compared with the other fields
mighr have be nedue to the most recent atrazine applicarion
thatoccurred Fyr prior (in 2005) (0 soil collection for our

WV ETable Y ). The other two fields in this study had nat

been exposed o atrazine since 2004, 1n addition, Field s

which showed no significant differences of atrazine dissipation

rates between soil EC  zones, had only one application of

atrazine in the 5:yr before this s‘l’udy {(Table 1).

Arrazine behavior-obs Stvedd among the fields and between
soil BC - zonssii?hhm:ﬁclu.f’n Our tudy is further evidence
thar ﬁcld“managéfnenfﬁismf}’ wis m&:ly an influential fac-

torin our results, Orcher stadies have found thar arrazine

management practices influence rates of atrazine Jissipari()n
(Vanderheyden er al., 1997, Yassir of al, 1999; Shaner and
Henry, 20073 Johnson et 4f, (2003} reported char study sites
never receiving atrazine had half lives ranging from 45 o 102
d. whereas other studies conducted using sails recencly and
corresponding half-lives
ranging from approximartely S to 20 ¢ (Vandcrhcydcn et al..
1997 Yassie er al.. 1999}, Barriuso and Houot (1996) were
among che firse o report accelerated mineralization of the

repeatedly exposed to atrazine had

strazine ring of atrazine in soils having recent and repeated
exposure to this herbicide, and they speculated thar the soily

examined i cheir study contained adapred microflora capable
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of rapidly decomposing atrazine. There have been several
studies areributing adapred microbes as the reason for ac
celerated atrazine dissipation (Houot et al., 2000: Aislabie

ct al, 2004; Popov et al., 2003; Zablotowicz er al . 2006).
Because of the conrotled condition under which our study
was performed. microbial degradation was likely the cause of
the atrazine dissipation we observed versas losses by leaching
or voladlization. Alchough chemical degradation could have
contributed 1o dissipacion, the aceelerated rate of atrarine dis-
sipation coupled with the history of atrazine use on alf fields
in chis study suggested microbial decomposition.

Soil samples from one tield in our study that exhibited a
higher rate of atrazine dissipation in the high soil EC | zonc
(Table 3} also had lower concentracions of nicrate (2 = 0.01
in the high soil EC  zone {(Table 2. Microbes responsible
for the breakdown of atrazine have heen reported 1o be heav-
ily influenced by organic carbon (C) and mineral nicrogen
{(N) availability in the soil. Yassir et al. (1999) reported that
soils deemed adapred o atrazine due 1o a history of exposure
showed the release of a high rare of *C-(( ) from radioac-
rively labeled arrazine, suggesting that soil microbes used drra-
zine as a carbon source. Atrazine dissipation is negatively cor-
related to N mineralization. signifying that, in the absence of
mineral N, microbes use atrazine as a nitrogen soﬁrcc {Houor
et al., 2000; Abdethafid er al., 2000a). y

Aerobic microbial plate counts (propagules per gram) were
not significandy different throughour the various soif EC |

zones (Table 2); hence, these data suggestthar there were sjm-

ilar amounts of microbes throughout the feld. This rrend was

similar to previous findings showing no rcldﬁrn;r.xhip hetwe
atrazine degradadion rates and microbial bi()mm (Yassir egial.,
199% Houot et al., 2000: Aislabie et al., 20()4;?3}‘-!"“;\\&1'(;1 et
al, 2006}, Jayachandran et al. (1998) illustrated tiat popula-
rions of atrazine-degrading microbes are correlated Wich rares
of atrazine mineralizacion. However, atrazine degrades may
only comprise 3 small portion of the wal microbial populs-
tion {Jayachandran et al., 1998).

teis probable that there were differences in microbial capa-
bilitics o degrade atrazine across the crop fields of our study
because of variation in soil propetties. Microbial activity has
been reporred m‘vary withsoil properries Sﬁch s molsturce,
pH, organic marter, and texture (Is >
ke et al., 2005}, Tn our sn‘x’dy, there were highﬁr:ﬁcl(l-c&pnciﬁf
moisture contents (Le., water-holding capacity at -33 kPa)
in the soil samples corresponding o high soil EC , zones as
compared with those of the Jow soil B¢ L rones (P <010,
Greater moisture content and fner topsoil texture exhibired
in the soils of the high soil EC | zones might explain their

higher rates of atrazine dissipation.

Metolachlor Dissipation

There were higher rares of metolachlor dissipacion in rthe
high soil EC * . zones of two of the three fields evaluated in this
study (Table 3). The other field, however, demonstrated the
apposite trend, with a higher rare of metolachlor dissipation in
the soil samples of the low soil FC -, rone (lable 3y, Halt-dives

Bridges et al: Spatial Variabiity of Herbicide Dissipation

- TFirst gedet rate

;jﬂﬁ\j&,’ood, l()‘(V)Sk; Beul-

Table 3. Estimated decay rate constants (k) and hatf-lives (T, )foreach
shallow soil apparent electrical conductivity (EC_ ) zone within
sach field of this study.

Herbicide EC,_, zone kt T, ¥ pValued
d’ d
Field 1 atrazine low 0.360.024)y 231 0.34 (NS}#
high 0310024y 273
rmetolachlor  jow GO5(0.005 1035 008
high 0.07 (0005 912
Field 2 atrazine fow 0.260.024) 263 0.001
high 0.35(0.024) 199
metolachior  low 0.06 (0.005) 1066 002
high 0.07(0.005) 9.00
Field 3 atrazine low 0.22(0023) 322 <0001
high 0.40(0.023) 1.75
metolachlor low 008(0.005) 9.00. 0.96 (NS}
Lo e high 007 (0,065) - 1050° . -

standarderrors in parentheses.,
§ Halflives calcglated from dividing the natwat log fin) of 2 by the first-
otder rate constant
1 o Values based on 3 one-tailed Student's 1 ter for whete the
alternative hypothesis is that first-order rate constants are higher i high

EC L 2nes within each field.

# NS notsigmficant.

ﬂz;’x]xc‘fdlachbr varied from 9.0 1o 10.7 d {Table 3). This was
1ot cotisidered aceeleraged dissipation as compared with races
wepored froma study by Shancr and Henry (2007).
Meatolachlor decomposition is primarily governed by mi-
_mi-L.sf,dt*gr;;(iarioﬁ (Lin eral, 1989), as is the case with arra-
zines Thig previous discussion regarding atrazine degradation
provided "2 case tor the |ms§1|rle spatial heterogeneity of micro-
bial activity that is abso welevant for metolachlor dissipation. It
}n:shl be spatial variation in microbial communities and activ-
1! v thae cxplaim the hi;{'hcr rates of metolachlor dissipation in
. e high soil K . zones of two of the three fields evaluared
n our study (Table3). Moreover, the soil samples from one
field c\h\;i-um;: a significant difference in metolachior dissipa-
tion berween the low and high soil EC . rones (P = 0.08;
Table 3) had « higher toral microbial count in the high soil
EC | zone (P =0.10: Table 2). This might suggest that the

size of the microbialkpopulmions was relared 1o metolachlor’s

- dissipation, likely confounded by other soil propertics, such as

sil moisture content,

pereentsoif orga = 14¢ , ).
Sorption coefficients {K) for metolachlor were significanty
higher in the soil samples of the high soil EC | zone (£ - 0.03;
Table 2 of Field 1, one of the fields thar exhibited differences
in metlachlor dissipation rates hetween soil EC, | rones

0 = 0.08; Table 3). Additionally, the percent soil organic mart-
rer (SOM)Y of the soil samples from Field 1 was higher in the
high soll EC. 4 rone (P = 0.06; Table 2). This agrees with the
results of Weber er al. (2004), who teported a4 positive correla-
tion bevween SOM and metolachlor's mean A'J value across
varings soil types. Likewise, organic amendments, such as

crop residues. can increase the rate of metalachlor degradarion
(Moorman er al., 2001). It could be hypothesized thar, in dry-
fand fields of Colorade, areas of the hield with higher soil EC



values could be spatially coincident with higher-vielding areas
contributing more crop residues. Field 2 of our studv. which
also exhibited  higher metolachlor dissipation rate in the high
soil EC | zone (2= 0.02; Table 3, had contrasting resuldts of
[ower percent SOM (nor significant; Table 27 and lower me-
wlachlor sorpdion {nog significane: Table 2V in dhe soil samples
of the high soil EC |, wone.

‘The relationship between a soil's expostre to metolachlor
and mctolachlor dissipation fas frad conflictng reports in
the literature, Frank ot al, (1991) tlustrated how metolachlor
half-lives inereased (ic., dissipation rates decreased) in a ficld
atter three successive years of mewolachlor applications, whercas
Sanyal and Kulshrestha (1999) found aceclerared rates of
merofachlor degradation afrer four applications within 8§ mo.
In a recent study, Shaner and Henry (2007) did noc report ac-
celerated metolachlor dissipation on fields ({és;vi;c bim)dés of
acetanilide herbicide applications. OF alf the ﬁcfds;évaluéted
in our study, only Field T had a history of metolachlor appli-
aation, eccurring in 2005 (Table 1), Perhaps this application
of metolachlor on Field 1 contributed to the higher rate of
metolachlor dissipation observed in the high soil EC_ | zone
(‘Table 3). However, this does not help to explain metolachlor's
behavior on Field 2, which also showed a faster rate of dissipa-_ '
tion in its high soil EC, , zone (Table 3). Becanse mcmlachlup
dissipation behaved simila rly on these two fietds and only one
had a history of metolachlor use, it is possible thar certain soil .
properties characterized by soil ECM and not use history in-
fHuenced the differential rares of dissipation between soi

Perbaps the spatial structure of soil pro alffecting
bial activity contributed 1o the differences it rate- aned che
ichlor dissipation

consistent tretuds in those differences of moet
beaween soil EC_ zones of the fields evaluated in our study.

Conclusions L
Accelerared dissipation of atrazine was exhibited 'on all
fields of this study. wirh half-lives ranging from 1.8 to 3.2
d, as compared with previously reported half-fives for atra-
zine ranging from 45 to 180 d in the soil (Wauchope et al.,
1992; Wackert er al., 2002; Johnson ct al.,, 2003, Miller and
Westra, 2006). Our daca support results reported by Shaner
and chry (2(’)()7} rn’g;l({{i@g ﬁ‘e‘qucu‘i egf.7()xlrrn* tdarmxih‘e‘,k
rapid a('mziuc‘dissipatidﬂ, and associated shortened bal-lives :
in Colarado soils. Our study, however, iy amony the first 1o
repore such high rates of atrazine dissipation in soil from
semitarid dryland cropping environments. [here were sigify-
cantly higher rares of atrazine and merolachlor dissipation in
the sotls of the high E¢ >, rones on ae Jeast two of the three
fickds in chis study. These results suggest the potential for dif-
ferendial herbicide application based on soil EC —defined
management zones. Although this work identified statistically
different rates of dissipation with respect to soil EC - wdetined

rones, a producer would most likely not manage his herbicide
program ditferendy in response to these small differences,
Further work under ficld conditions needs o be performed

o conhirm the results of this research and o determine the

Casel DK

agronomic significance (ie., cffects on weed conrrol) of the
differen races of herbicide dissipation. More studics are akso
needed to understand the mechanisms contributing o differ-
ential rates of herbicide dissipation across crop ficlds,
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