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Abstract

PLANT COMMUNITY EFFECTS ON
ATRAZINE IN GRASSED MESOCOSMS

Joseph P. Yelton
Master of Science in Environmental Science

Grassed strips have become a commonly used and inexpensive method for
reducing the transport of pesticides from agricultural areas to surface waters. These
strips are likely to vary in their capability to reduce non-point pollution depending
upon a number of factors including plant community, soil-water interactions, nutrient
cycling and rhizobial populations. The objective of this project was to determine if
plant community could be related quantitatively to pesticide movement and
degradation.

An experiment was conducted to examine the fate of atrazine in two different plant
ecosystems commonly used in the Midwest. These plant ecosystems, brome
monoculture and a native grass mix, were compared with bare controls in mesocosms
to determine the direct and indirect effects of the plant communities on atrazine
degradation and mobility in soil. Atrazine was affected to a small but significant
degree by cover type. Primarily, the concentration of atrazine and metabolites in all
mesocosms was reduced through adsorption to soil particles. Vegetation affected
atrazine through increased adsorption, abiotic hydrolysis or plant uptake rather than

enhanced microbial degradation.
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INTRODUCTION

Atrazine is a selective herbicide applied primarily in spring for control of broadleaf
and grassy weeds. It is also used for season-long weed control in crops and for
selective and nonselective weed control for non-crop land. Atrazine has been the
most heavily used herbicide in the United States with approximately 77 million pounds
applied in 2007 (Thelin ez a/, 2010). In 2005, two crops, corn and grain sorghum
(milo), accounted for over 90% of the atrazine applied (Hert e al., 2008).

The half-life of atrazine has been reported in the literature to be anywhere from 14
days to several months (Koskinen ef a/, 2008)  Atrazine can move into streams or
reservoirs either in solution or by adsorbing to eroded soil sediments. Leaching into
groundwater may also occur, depending upon soil type, with coarser soils tending to
leach and finer soils allowing increased runoff of dissolved and adsorbed atrazine
(Regehr ez al, 1992). The main risk of atrazine runoff occurs when heavy rainfall
follows application of the herbicide (Regehr ez 4/, 1992).

One effective tool for coping with this type of diffuse agricultural pollution is the
maintenance of vegetated filter strips — vegetated strips of land between surface waters
and areas contributing pollutants from runoff (Fig. 1). A vegetated filter strip (VES)
allows runoff and associated pollutants to be attenuated before reaching surface waters
through various mechanisms including filtration and deposition, infiltration,

adsorption, chemical or biological decay and plant uptake.
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Figure 1: Vegetated filter strips.
Ohio State University Extension, http:/ /fieldforagecropsnutrientmanagement.blogspot.com/2011/05/farming-on-
fringes.html

Vegetated filter strips are defined as “a designated strip or area of vegetation for
removing sediment, organic material, nutrients, agrochemicals and bacteria from
runoff or waste water” (USDA-SCS, 1991). These strips have the capacity to retard or
prevent the movement of sediments and agricultural chemicals by slowing runoff and
increasing evapotranspiration and adsorption while enhancing biodegradation in the
rhizosphere (Nair ez al, 1993). Vegetated filters may also function as a sink for
pollutants through uptake and storage, which can then be removed as biomass.

Throughout the Midwest, perennial grasses are often employed as inexpensive filter
strips. Benefits to farmers include the trapping of sediments, filling rills and gullies,
dispersing concentrated flow and the reduction of runoff by temporarily ponding
some water thus increasing infiltration (Kemper ez al, 1992). Grass strips have been

shown to be effective in reducing herbicide runoff (Krutz ez /, 2005) which is a major
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transport mechanism for soluble pollutants as well as pollutants adsorbed to sediment
particles (Bengston ez al., 1990).

The most frequently used grasses in the Midwest for filter strips are native grasses
or an adapted tame grass that can be established quickly. In Kansas, smooth brome
grass (Bromus inermis) is commonly used as it has a dense, fibrous root system that
resists erosion. Brome also provides management opportunities for the farmer to
increase production of forage, seed and pasture. Native grasses are selected for their
low maintenance, requiring much lower inputs of fertilizers and herbicides, and for
their value as a wildlife habitat.

However, as agricultural pollution occurs through a variety of mechanisms,
vegetated filters are likely to vary in their capacities for pollutant uptake and
degradation in the soil. These differences may arise from a number of factors
including particular soil-water interactions, nutrient cycling and rhizobial populations
within each filter. Each factor is unique to specific ecosystems and may influence the
effectiveness of vegetated filters.

While several studies have followed the effects of vegetated filters, few have
compared the effectiveness of different types of vegetation at removing or degrading
herbicides. In a 2005 review VES literature, Krutz e al. (2005) reported only two
studies evaluating the effect of vegetation type on the retention of herbicides. No
significant differences were found in the retention of fluorometuron and norflurazon

in equivalently sized filter strips established in big bluestem, eastern gammagrass,



switchgrass or tall fescue (Rankins ez a/, 2001). Neither were significant differences
found for several herbicides in grass vs. mixed grass/shrub strips (Schmitt ¢# a/., 1999).
One 2008 study did, however, find significant differences in the abilities of
orchardgrass, tall fescue, timothy, brome and switchgrass to metabolize and reduce
atrazine in soil and leachates (Lin ez a/., 2008).

Plant community effects on soil nutrients may influence atrazine degradation.
Seasonal differences have been reported in the mineralization rates of atrazine in
riparian pasture and forest soils (Entry ef al, 1994). Forest soils had significantly higher
C/N ratios than pasture soils and showed higher rates of mineralization in the
summer. Ripatian organic litter was found to have higher C/N ratios than both types
of soil and showed higher rates of atrazine mineralization in the spring. In a separate
study, Entry e al (1993) found that the addition of nitrogen fertilizer suppressed
atrazine mineralization in grassland soils.

The objective of this project was to determine if plant community could be related
quantitatively to pesticide movement and degradation in filter strip soils. The fate of
atrazine in was examined two different plant ecosystems commonly used in the
Midwest. These plant ecosystems, brome monoculture and a native grass mix, were
compared in mesocosms to determine which was most effective at reducing soil
atrazine concentrations. The experiment also measured selected soil parameters to aid
in the understanding of reduction mechanisms and develop relationships which would

allow grassed filter strips to be optimized for management of agricultural lands.



ATRAZINE IN GRASSED FILTER SOILS

Atrazine (2-chloro-4-ethylamino-6-isopropylamino-s-triazine) is a member of the
chloro-s-triazines, the term s-triazine meaning symmetrical triazine. Atrazine has the

following structure:

Atrazine

Figure 2: Atrazine structure.
http://www.molecular-networks.com/biopath3/biopath/mols/Atrazine

Atrazine is transported in runoff, and thus into a grassed filter, either adsorbed to
sediments or in solution. The removal of atrazine adsorbed to sediments in surface
drainage is largely a physical process resulting from the ability of vegetation to slow the
transport of water and eroded soil. By increasing the hydraulic resistance to flow,
surface drainage velocities are reduced and sediment loads are dropped. Plant roots
serve to anchor soil and deposited sediment in place. The density of vegetation and
reed stiffness used in controlling surface flow is, therefore, critical. Dissolved atrazine
is removed by adsorption to above ground biomass and infiltration of runoff into filter

soils.
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Once retained within a grassed filter, atrazine may be further affected by the
particular plant community. The interaction of atrazine with grassed filter soils may be
described by basic processes: adsorption, abiotic reactions, plant uptake and microbial
degradation. A few of the more common degradation products of these reactions in
soils are deethylatrazine, deisopropylatrazine, disopropyldeethylatrazine and
hydroxyatrazine:

C
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)\ J\ ’)\ H,N | N’A\NH’M““
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Deethylatrazine Deisopropylatrazine

&

ol OH
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Figure 3: Common atrazine transformation products.

http:/ /www.molecular-networks.com/biopath3/biopath/mols/deethylatrazine
http://www.molecular-networks.com/biopath3/biopath/mols/deisopropylatrazine

http:/ /www.molecular-netwotks.com/biopath3/biopath/mols/deisopropydeethylatrazine
http://www.molecular-networks.com/biopath3/biopath/mols /hydroxyatrazine

Adsorption and Abiotic Hydrolysis
Dissolved atrazine is adsorbed to organic matter in the soil, to root exudates or to

the roots themselves. Models, field experiments and laboratory studies indicate that
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atrazine adsorption is influenced by time, pH, soil organic content, soil moisture,
hydraulic conductivity and temperature (Laird ez al, 2008). Atrazine has been shown
to adsorb strongly to humic acids (Kalouskova, 1989). Atrazine bound to organics in
the soil can accumulate in humin fractions to form bound residues that may not be
bioavailable (Andreux ez al., 1990). Hydrogen bonding between montmorillonite clays
and atrazine has also been suggested (Calvet ¢f a/, 1975). A study by Dao et al (1978)
showed that decreases in soil moisture led to increased adsorption of atrazine. Baily e#
al. (1970) have suggested that that increased temperature causes a decrease in the
adsorption of atrazine due to effects on the atrazine solubility and vapor pressure.

The major abiotic pathway for atrazine degradation in soil is through chemical
hydrolysis to hydroxyatrazine (Obien e al, 1969; Skipper et al, 1967) with the
mechanism of hydrolysis involving the protonation of a ring nitrogen causing an
electron deficiency of the 2-carbon. This carbon is then subjected to nucleophilic
attack by water molecules in the soil. Replacement of chlorine then occurs at the 2-
carbon (Jordan ez al., 1970). Armstrong e al. (1967) found that soil pH and organic
matter content largely controlled the rate of hydrolysis. Acidic sites on the surfaces of
organic matter evidently catalyzed the reaction leading to a more rapid hydrolysis.

Because the mechanism is acid hydrolysis, the rate increases with increasing acidity.

Plant Uptake and Metabolism
The principal mode of action of atrazine and other s-triazines in plants is to disrupt

the light reaction of photosynthesis (Ttrebst, 2008). Atrazine is absorbed through plant
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roots and is translocated through the xylem to the leaves and meristem where plant
death is caused by the inhibition of photosynthesis in the chloroplasts. Atrazine is
translocated by apoplastic movement within the free space of the cell walls (Jachetta ez
al., 19806), a path mainly associated with the uptake of water. Therefore, the transport
of atrazine within the xylem is controlled primarily by plant transpiration.

Plant resistance and atrazine selectivity are based on detoxification mechanisms
within the plants themselves. Atrazine undergoes benzoxazinone catalyzed
hydroxylation to hydroxyatrazine in several resistant species (Raveton ez al, 1997,
Roeth et. al., 1971). Atrazine may also undergo n-dealkylation in plant tissues, which
conveys partial resistance to some plants in which this n-dealkylation pathway is well
developed. (Hassall, 1990).

Binding of atrazine to proteins provides another important pathway for plant
resistance. Glutathione is a tripeptide that is important in the degradation of pesticides
along a major metabolic pathway involving the enzyme glutathione-S-transferase.
Corn and other atrazine resistant crops are well endowed with this enzyme system.
Shimabukuro ez al. (1973) stated that glutathione conjugation of atrazine is a major
mechanism for detoxification of atrazine. Of interest is that glutathione-S-transferases
from plants are inhibited by the oxirane derivative, tridiphane, a potent synergist of
atrazine (Ezra ez al, 1985). Its presence increases the potency of atrazine presumably
because it prevents the decomposition of atrazine via the glutathione mechanism

(Lamoureux ¢ al., 1980).
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Biodegradation

Biodegradation of atrazine has been extensively studied and appears to be highly
dependent upon the microbial populations present in the soil as well as environmental
conditions.  Soil characteristics such as moisture, aeration, organic and inorganic
components as well as nutrient availability all play key roles in the determination of
degradative pathways. Dealkylation appears to be a major mechanism, resulting in one
or both of the daughter products deethylatrazine and deisopropylatrazine. However,
complete mineralization to carbon dioxide and ammonia is possible under favorable
conditions. Adapted soils may, however, be necessary for mineralization.

It is generally accepted that the dechlorination of the parent atrazine proceeds
abiotically under most conditions (Obien e al, 1969; Skipper, 1967). Bacterial
dechlorination had only been reported using s-triazines with less bulky side chains
(Cook, et al, 1984) while only very slow dechlorination of atrazine had been reported
by soil fungi (Kaufman e# 4/, 1970). Studies by Mandelbaum et al. (1993), however,
have shown that an adapted bacterial mixed culture (LFBG6) was capable of rapidly
transforming atrazine to hydroxyatrazine under both aerobic and anoxic conditions.
Transformation was accomplished when atrazine served as the sole nitrogen source for
the mixed culture. Exact environmental conditions for promotion of microbial
dechlorination z#z-sitn remain unclear and an adapted population may be necessary.

A common atrazine degradation mechanism is n-dealkylation to either

deisopropylatrazine or deethylatrazine (Skipper ¢ al., 1972; Goswami e al., 1971). The
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mechanisms of n-dealkylation have been well studied and are generally attributed to
ubiquitous, naturally occurring enzymes. Alkyl side chains may be utilized as carbon
sources by many microorganisms. Kaufman ez /. (1970) followed the degradation of
atrazine by several soil fungi, concluding that fungi were able to cleave atrazine side
chains but were unable to degrade the triazine ring. Degradation by the fungus
Aspergillus fumigatus formed n-dealkylated daughters. Levanon (1993) also determined
that side chain cleavage was a result of the enzymatic activity of soil fungi. The
preferred dealkylation pathway, however, is highly dependent upon the specific
degrading population.

Levanon (1993) elaborated the roles of various microbial populations in the
mineralization of atrazine zn-sitw. Soil fungi and bacteria were selectively inhibited and
compared to controls. Mineralization of the side chains was found to decrease only in
soils treated with fungicide, whereas mineralization of the triazine ring occurred only in
controls. Results indicated that stepwise reactions involving the removal of side chains
followed by ring degradation were necessary for complete mineralization. This further
explains the importance of N-dealkylation reactions to atrazine mineralization. Each
step is accomplished utilizing different communities; soil fungi mineralize side chains
while soil bacteria catabolize the triazine ring. As previously mentioned, soil bacteria
may also be responsible for dechlorination.

Mineralization may generally be subdivided into the following steps: hydrolysis of

the 2-carbon, dealkylation of the 4 and 6-carbons, deamination of the 4 and 6-carbons
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followed by ring cleavage and mineralization.  Thus several key enzymes located in
differing species are necessary for degradation and a consortium may be required for
complete mineralization. Significant variations from this sequence have, however,
been noted (Mandelbaum ez 4/, 2008).

Mineralization of atrazine has also been observed both in-situ and under laboratory
conditions. Mandelbaum’s LFB6 bacterial mixed culture was found to rapidly
mineralize atrazine under aerobic conditions when utilized as a sole nitrogen source
(Mandelbaum et al., 1993). Cook et al. (1981) isolated a Pseudomonas species (strain PSA)
capable of aerobically mineralizing atrazine ozonation products as a nitrogen source.
Leeson e al. (1993) report some success in biomineralization utilizing Klebsiella terragena
(strain DRS-I). DRS-I was found to utilize dealkylated atrazine as a carbon source
with relatively high nitrogen levels.

Studies by Eaton e a/. (1991) concluded that both Pseudomonas and Klebsiella strains
catabolized melamine to ammonia and CO,. Melamine is a metabolite of atrazine
degradation after the removal of alkyl side chains and replacement of the chlorine with
an amine. Melamine catabolization involves the stepwise replacement of the amines
with hydroxyl groups to ammeline (2,4-diamino-6-hydroxy-s-triazine), ammelide (2-
amino-4,6-dihydroxy-s-triazine) and cyanuric acid (2,4,6-hydroxy-s-triazine). Cyanuric
acid is then readily mineralized to CO, and NH;. It may be presumed that atrazine
mineralization in both species (and in LFB6 mixed culture) proceeds along this

pathway.

16



EXPERIMENTAL DESIGN AND ANALYTICAL METHODS

An experiment was conducted to determine the direct and indirect effects of plant
communities on the degradation and mobility of atrazine retained in grassed filter
strips.  The experiment utilized mesocosms under greenhouse conditions at the
University of Kansas herbarium. Mesocosms were prepared using 20 gallon plastic
storage bins purchased from a local supplier. Local topsoil, Martin silty clay loam
obtained from land cleared during construction of the herbarium, was sieved to 4 inch
to assure a uniform consistency. This soil was then placed into mesocosms to within
2 inches of the top. With subsequent settling, each mesocosm contained
approximately 15 gallons or, assuming a bulk (dry) density of 1.28g/cm’
(Pedosphere.ca, 2011), approximately 73kg of dry soil.

Three cover types were chosen for the experiment; a brome monoculture, a CRP
native grass mix and a bare control, which was mechanically kept free of plants
throughout the duration of the experiment. The CRP mix was provided by the
Douglas County Soil Conservation Service and is a mix of native tallgrass prairie
species (Appendix B). Brome grass seed was provided by a local supplier. Brome
grass was chosen as a representative non-native cultivar in the experiment as it is often
used by farmers for grassed waterways and buffer strips.

Six replicates for each treatment were prepared for a total of eighteen mesocosms.
Planted mesocosms were then sown to a depth of approximately one inch with the

chosen plant seeds and watered until soil was saturated. Mesocosms were maintained
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by twice a week watering for one year to allow growth of a healthy grass community
(Fig. 4). Irrigation volume was not precisely controlled during this time; rather, soil
condition was regularly monitored using a soil moisture probe to prevent over
saturation. Depending upon soil condition, 1-2 liters were applied weekly, for an
estimated total irrigation volume of approximately 80 liters. Mesocosms had no
drainage and were irrigated with Lawrence, Kansas tap water, so any salts added with
the water accumulated over time. No external nutrients were added other than those
present in the tap water, no pesticides were used. During the year of growth dead
biomass was culled mechanically to prevent overgrowth of the living material and

prevent accumulation on the soil surface.

Figure 4: Planted soil mesocosms.
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Atrazine is only moderately soluble in water (~30mg/L), so commercial atrazine

flowable concentrate under the brand name Atrazine 4L (Fig. 5) was used for

mesocosm application. A flowable concentrate suspends finely ground atrazine

(0.5um — 20um) in water with proprietary suspension and dispersion agents to stabilize

higher concentrations for field application. Atrazine 4L was diluted into 20 liters to a

nominal concentration of 100mg/L. One liter of this working solution was applied to

each mesocosm using a PVC sprinkler container. This amounted to the addition of

_ RESTRICTED USE PESTICIDE

{GROUND AND SURFACE WATE R CONCERNS)
FOR RETAIL SALE TO AND USE CALY BY CERTIFEED APPUCATORS
OR PERSONS UNDE R IRECT SUPE RVISION, AND ONLY FOR
S COVERED BY THe TEXD APPLICATOR'S CERTIF}

THS PICOUCT IS A FRESTRICTED HERBICIDE DUE TO GROUND
AND SURFACGE WATER COM NS, USERS MU g

LOW ALL PRECAUTIONARY & MENTS AND INSTR
USE IN ORDER YO MINIVIZE POTENTIAL FOR ATRAZR
GROUND AND SUNFACE WATER

Atrazine 4L
HERBICIDE

For Season-Long Weed Control in Corn, Coni-
fers, Fallowland, Guava, Macadamia Nuts, Sor-
ghum, SugarCane, Lawns, Turf, and Chemical
Fallow.
ACTIVE INGREDIENTS:
Atrazine (2-chloro-4-ethylamino-6-
isopropylamino-s-trazine
Related Compounds

ALY e S S A A IR 100.0%

Arazing AL cortans 4 Da, actve ngrederss Doy guion.

KEEP OUT OF REACH OF CHILDREN

UTION

EPA REG. NO. 19713-11 m11D0702
EPA EST. NO. 19713-MS-1
NET CONTENTS: 2.5 Gallons/9.45 Liters
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Figure 5: Atrazine 4L labeling

100mg atrazine to the estimated 73kg of soil
per mesocosm, for an approximate 1400ug
atrazine/kg dry soil. Following application, the
watering regime of the plants was carefully
controlled to one liter of tap water twice a
week applied uniformly over the surface of the
pots. A total irrigation volume of 14L was
applied to each mesocosm for the remainder of
the experiment.

Sampling began 1 day after application. On
each sampling date (1d, 9d, 18d, 26d and 51d)
a grid overlay of twelve squares was used to

select a random location from each mesocosm
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and a full-depth soil core was taken from that position. The soil core was collected
using a /2-inch-dia. core sampler and placed into a PVC trough. The core was then
divided into thirds (upper, middle and lower layers) and each third was placed into a
40-milliliter screw top vial. Immediately following sampling, all samples were
refrigerated to <4°C.

Analytical methods utilized in this experiment were carried out in the Kansas
Biological Survey (KBS) ecotoxicology laboratory. Procedures were chosen to allow
comparative determinations between experimental treatments using a minimum of
sample. Total soil amounts for each sample tended to vary but were generally less than
15 grams total. Small subsamples had to be utilized for each determination and in
cases where errors occurred in processing of samples, repeat data often could not be
obtained due to insufficient sample. Soil blanks, spikes and duplicates were performed

when practicable.

Above Ground Biomass

Above ground plant biomass was determined immediately following the last
sampling event. Above ground biomass was used as an indirect measure of root
biomass in each mesocosm assuming roughly similar relationships exist in both plant
species (Niklas, 2005). Grasses were mechanically removed to the level of the soil in
each pot, bagged and labeled. Each sample was then oven dried for 48 hours and

weighed on a laboratory balance. Above ground biomass was then recorded in grams

@)
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Soil Moisture

Soil moisture determinations were made on each sample by placing approximately
0.5g of each sample into an accurately weighed 10mL screw top vial. The vial and
sample were weighed on an analytical balance and placed in an oven at 110°C for 48
hours. Samples were then removed and weighed again. Soil moisture was calculated
as a percent of the initial weight (%). This value was then used to report all

concentration data as dry weight equivalents.

Soluble COD

Soil organic carbon could not be determined directly in the KBS laboratory. Some
estimate of bioavailable soil carbon was desirable for the experiment so a procedure
measuring soluble carbonaceous oxygen demand (sCOD) was utilized. However,
while COD is generally proportional to the concentration of biodegradable material, it
is unknown what fraction of the sCOD was actually biodegradable. In this case it was
hoped that the uniform soil matrix used in the mesocosms would provide a consistent
ratio of sCOD to soluble bioavailable carbon.

Approximately one gram of soil from each sample was weighed out and placed in
a 10mL screw top vial. Ten milliliters of deionized water were then added to each vial.
Vials were capped and placed in a rotary shaker for one hour. After shaking, samples
were vacuum filtered through Whatman 0.45um filters into a second vial. Filters were
not prerinsed and may have contributed COD to the filtrate. Filtered blanks were not

analyzed, so the presence or magnitude of any contamination is unknown.
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Two milliliters of the filtrate were then pipetted into a Hach COD vial and digested
for two hours in a heater block. Chemical oxygen demand was then measured
colorimetrically at 440nm on a Milton Roy spectrophotometer. Soluble COD was

expressed as milligrams COD per kilogram of dry soil (mg COD/kg).

Extractable Nitrogen

Determinations of ammonia and combined nitrate plus nitrite were made by
extraction and colorimetric detection. Approximately one gram of soil was placed into
a 10mL screw cap vial followed by 10mL of 2.0N potassium chloride. Samples were
then placed into a rotary shaker for one hour then allowed to settle overnight in the
refrigerator. The clarified supernatant was then transferred to a 10mL autosampler vial
for analysis.

Ammonia was run on a lLachet flow injection analyzer utilizing phenolate
colorimetric determination. Nitrate plus nitrite was run on the flow injection analyzer
using cadmium reduction (to convert nitrate to nitrite) and nitroprusside colorimettic
detection of nitrite. Both ammonia and nitrate/nitrite were expressed in mg as N per

kilogram dry soil (mg N/kg).

Kjeldhal N and Total P
Total Kjeldhal nitrogen and total phosphorus were simultaneously determined using a
standard Kjeldhal digestion and colorimetric detection. Approximately five grams of

sample were transferred to a labeled Kjeldhal digestion tube, followed by a ‘Kjeltab’
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and 10mL concentrated sulfuric acid. Following the digestion, deionized water was
used to bring the samples to 50mL and they were mixed on a vortex mixer. Samples
were then run on a Lachet flow injection analyzer set up to simultaneously determine
TKN and Total P. Analytes are reported as milligrams nitrogen or phosphorus per

kilogram dry soil (mg N/kg or mg P/kg).

Atrazine and Metabolites

Atrazine, deethylatrazine and deisopropylatrazine were extracted using a
methanol/solid phase extraction (SPE) procedure and analyzed on a Hewlett Packard
5890 gas chromatograph/5971 mass spectrometer running in selected ion mode. Solid
phase extraction was used after the pesticides were extracted from the soil with a
water/methanol mixture. Terbuthylazine was used as an internal standard for the
analysis.

Following the soil nutrient analysis, the remaining soil sample was placed into a 40-
mL screw top vial. Samples were then spiked with 100uL. of a 10mg/L solution of
terbuthylazine in methanol. To each vial was added 5mL deionized water and 15mL
methanol. Vials were then placed in a 75°C water bath and warmed for 20 minutes
with frequent shaking. Vials were then allowed to cool and centrifuged. Supernatant
was then poured off into a second vial. The process was repeated with the second
supernatant being added to the first. The remaining soil was then discarded and the
supernatant vials were evaporated under vacuum to less than 10mL. Methanol

concentration was reduced sufficiently to allow separation using SPE; however,
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recovery was not evaluated using matrix spikes, so it is unknown whether residual
methanol may have adversely affected recovery of atrazine and its metabolites.

Samples were then extracted using a Bakerbond quaternary amine anion exchange
SPE cartridge on top of a Supelco ENV-18 SPE cartridge. This stacked arrangement
was used to aid in the removal of extractable humic acids and other interfering organic
compounds. The SPE cartridges were prepared with 3mlL. methanol followed by 3mL
deionized water. Samples were then extracted and eluted with 3mL methanol into
conical vials. Sample volume was then reduced to 100ul. by rotary vacuum
evaporation and low heat. Samples were then transferred to GC autosampler vials for
analysis.

Analysis utilized the HP GC/MS system with a HP-35 analytical column (0.25mm
ID, 30m, 0.25um film) and a 2ul-injection volume. The terbuthylazine surrogate
added before extraction was used in the manner of an internal standard to help correct
for variations in extraction efficiency, analyte loss during the extraction procedure and
small differences in the final volume of extract. Terbuthylazine was selected due to its
chemical similarity to atrazine and assumes that the extraction efficiency of
terbuthylazine is consistent and proportional to that of atrazine, deethylatrazine and
deisopropylatrazine. It is likely that variations in extraction efficiency occurred,
resulting from differences in time from initial application to extraction and a non-

uniform soil matrix.
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RESULTS AND DISCUSSION

Data were tabulated for each soil parameter by cover type (CRP mix, bare

control and brome), depth (upper, middle and lower soil layers) and sampling date, for

a total of 1862 measurements in 327 sets (Appendix A). FEach data set (n=06) was

examined for outliers using a two-tailed Dixon’s Q test (=0.05) as described by

Rorabacher (1991). A total of 77 data points were determined to be outliers and

excluded from the data (4%).

Mean and standard error were then calculated and

charted for each soil parameter for each data set (Figs. 6-14).

Above Ground Biomass
200 -
150 -
+ CRP
&
m 100 - ® Control
2
Brome
.
4
50 -
0 L

Figure 6: Above ground biomass
(g) in mesocosms at 51d. Error
bars represent 1 standard error.
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Data sets were then checked for

normality using the Anderson-Darling
test (@=0.05). A total of 18 sets of data
were found to be non-normal. All data
were then logarithmically transformed

normalize and

(log,,(x+0.001)) to
reexamined using the A-D test. After
excluding outliers and normalizing, 10
sets of data remained non-normal which
could not be normalized through
transformation. None were atrazine or

metabolite data. Two-way analysis of



variance (ANOVA) and Tukey’s HSD post-hoc test were used (a=0.05) for
comparison of means using cover type and sample depth as qualitative discrete
variables. Pearson’s correlation analysis was (=0.05) also used to evaluate trends over
time and relationships between atrazine, metabolites and other soil parameters.

Results of ANOVA indicate multiple significant effects of cover type (Tables 1
and 2). Above ground biomass was found to differ significantly among the three
treatments with the CRP mix averaging more than twice the mass of brome (Fig. 0).
Assuming similar ratios of above to below ground biomass (Niklas, 2005), significant
differences would also occur in root mass. Soil moisture was significantly lower in
CRP mesocosms compared to other treatments, decreasing in the middle and lower
layers over the 51 days (Table 2). The reduced soil moisture is indicative of increased
transpiration in the CRP mesocosms and deeper root penetration.

Soluble COD was significantly affected by depth and appeared, in some cases, to
increase with time. Highest sSCOD concentrations were in the upper soil layers and
decreased with depth (Table 2). Depth differences were not, however, related to cover
type. Differences in the absence of plants may result from the ability of soils to reduce
COD (Larson et al., 2012, von Felde ez al., 1997) depending upon soil type and O,
availability. COD in the upper soil layers may also have reflected the additional oxygen
demand of atrazine and adjuvants (stabilizers/dispersants) in the initial dose of

Atrazine 4L.. Increases in sCOD over time would result from conversion of insoluble
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forms of COD by soil microbes or leakage (exudation) of organic matter from plants
and microbes.

Ammonia nitrogen was not significantly affected by cover type (Table 1) but did
show significant increases over the 51 days in both the CRP and brome mesocosms
(Table 3). Chloramines are used by the City of Lawrence for disinfection and the use
of chloraminated water for irrigation contributed some ammonia to the mesocosms.
City of Lawrence tap water contains approximately 1mg NH;-N/L. Based on
estimates of irrigation volume and mesocosm soil volume, approximately 1.1mg NH—
N/kg was added during the one year establishment of the mesocossms and
approximately 0.2mg NH;N/kg was added during the 51 day experiment. Increases
in ammonia concentrations of 0.5-2mg NH,—N/kg were observed, which could not
be explained solely through the addition of chloramines. Exudation of ammonia by
plants and mineralization of soil organic nitrogen by soil microbes are likely
responsible for the remainder of the observed increase. ANOVA and Pearson’s
correlation analysis of ammonia concentration vs. cover type (Tables 1 and 3) differ as
to whether plant exudation is a significant contributor. Neither analysis show a
significant reduction of ammonia in planted mesocosms vs. bare soil, indicating plant
uptake during the 51 days was minimal. Some utilization or nitrification of ammonia
is, however, indicated during the 1 year establishment of the mesocosms, as initial
ammonia concentrations are only about one-half the estimated amount added during

this time as chloramine.
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Nitrate plus nitrite nitrogen was significantly different between cover types, being
much higher in the bare controls than in the planted mesocosms (Fig. 10). CRP
treatments exhibited slightly (but significantly) lower concentrations than brome. It is
likely that much of this nitrogen was utilized by plants for growth, or by microbes
associated with plant growth, during the 1 year establishment of the mesocosms. As
with ammonia, no significant reduction in nitrate plus nitrite was observed over the 51
days in any treatment, indicating plants had reached a mature stage of slow biomass
accumulation (Heckman, 2003) or that remaining nitrate was not readily available to
roots.

Some differentiation of nitrate plus nitrite concentrations also occurred through the
soil column (Table 2). Although differences in the least squared means were small, the
bare control did exhibit large changes in nitrate/nitrite concentration (Fig.10) from the
upper soil layer to the middle and lower layers. In the absence of plants, this
difference indicates either the presence of nitrates in the irrigation water or increased
uptake or denitrification by soil microbes deeper in the soil.

Total phosphorus concentrations were significantly, but only slightly, different
among cover types and exhibited no obvious trends over the 51 days (Fig. 12). As
with ammonia, polyphosphates used by the City of Lawrence would be present in
irrigation water. The City of Lawrence adds approximately 1mg/L. of sodium
hexametaphosphate to its drinking water. Based on estimates of irrigation volume and

mesocosm soil volume, approximately 0.33mg P/kg was added during the one year
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establishment of the mesocosms and approximately 0.06mg P/kg was added during
the 51 day experiment. Phosphorus and nitrate plus nitrite were correlated and both
were negatively correlated with biomass (Table 4), which would be expected if these
nutrients were utilized for plant growth. However, phosphorus differences between
cover types were small relative to differences between nitrate plus nitrite.  Relative
removal rates of nitrogen and phosphorus from soil have been found to vary, in
switchgrass, from 6:1-9:1 depending upon nutrient availability (Kering, e a/.,, 2012). In
this case, phosphorus differences were insufficient to explain reductions of nitrate plus
nitrite solely through plant uptake. As previously noted, losses of nitrate plus nitrite
appear to be due, in part, to denitrification.

Atrazine concentrations were significantly affected by cover type, sample depth,
and their interaction (Table 1). Significant reductions occurred as atrazine moved
through the soil column (Fig. 13) and may be attributed to previously discussed
adsorption mechanisms. A positive correlation between sCOD and atrazine is
apparent (Table 4) and would occur if atrazine is more readily adsorbed by soils with
higher amounts organic matter. Initial concentrations in the upper soil layers (Fig. 13)
were approximately 1000ug atrazine/kg, which is reasonable based on the estimated
1400pg/kg added to each mesocosm. However, if most applied atrazine remained in
the upper third of the mesocosm, the estimated amount added would need to be
increased to approximately 4200ug/kg.  This appears to indicate significant

underreporting of soil atrazine in the data or an overestimation of atrazine applied to
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the mesocosms. It may be that the water/methanol soil extraction lacked sufficient
solvent strength to fully extract strongly adsorbed atrazine.

Least squared means of atrazine were found to be significantly lower for the CRP
mix vs. bare controls (Table 2), however, changes in atrazine concentrations vs. time
were not significant at any depth during the 51 day experiment (Table 3). In this case,
the CRP mix may modify soil conditions to favor enhanced adsorption (vs. cover
types) rather than a slower process of microbial degradation. Least squared means of
atrazine in brome and bare controls were not significantly different (Table 2) but both
treatments exhibited significant reductions in the upper soil layer (Table 3) implying
either slowed adsorption, reduced extraction efficiency, or microbial or abiotic
degradation. In each case, cover type effect was small compared to the effect of soil
depth on atrazine.

Atrazine metabolites deisopropyl- and deethylatrazine, like the parent, decreased
significantly with soil depth (Figs. 14 and 15). No effect of cover type was observed
with the metabolites, although significant reductions over time were apparent in the
brome mesocosms. Note that, as a result of instrument problems, metabolites were
not monitored until day 26, so changes over time would not be as apparent.
Deisopropyl- and deethylatrazine were both significantly correlated with decreasing
atrazine concentrations (Table 4), indicating a parallel change (decrease) over time.
Also, the Atrazine 4L product may contain metabolites as impurities (Fig. 5), so their

presence in the soil may be explained, in part, through means other than microbial
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degradation. Regardless, reductions of metabolites through soil interactions are
significant and meaningful. An accounting of total atrazine (Fig. 13), deisopropyl- and
deethylatrazine (Fig. 14 and 15) concentrations (1d vs. 51d) indicate 56—88% of the
original atrazine was either metabolized to hydroxyatrazine or was otherwise
unaccounted for in the upper soil layers during the 51day experiment. This compares

well to the previously discussed half-life of 14 days to several months.
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%

Biomass  Moisture sCOD NH, NO3+NO, TKN TP DIA DEA ATZ
Cover Type <0.0001 0.001 0.752 0.271 <0.0001 0.081 0.010 0.112 0.151 0.010
Depth 0.367 0.002 0.121 0.040 0.065 0.566 <0.0001 <0.0001 <0.0001
Cover Type*Depth 0.305 0.055 0.816 0.835 0.640 0.555 0.831 0.671 0.023

Table 1: Results of ANOVA, showing the probablility of effect (p) of cover type and depth (and
their interaction) on atrazine (ATZ), deisopropylatrazine (DIA), deethylatrazine (DEA) and soil

parameters. Associations in boldface are significant (@=0.05).

Biomass % sCOD NO3+NO; TP DIA DEA ATZ
@ Moisture  (mg/kg)  (mg/kg)  (mg/kg) (Hg/kg) (Hg/kg) (Hg/kg)
Cover Type
CRP mix 148 a 115a 0la 189a 179a
Bare control 0.0b 13.6b 101b 223b 36.1b
Brome 60.4c 13.8b 8.2c 214 ab 29.2 ab
Depth
Upper layer 390 a 7.8a 56.8 a 85.0a 493 a
Middle layer 321 ab 2.8b 15b 19b 11.4b
Lower layer 281 b 4.1 ab 0.6c 0.4c 34c
Cover Type*Depth
CRP mix-upper layer 575a
CRP mix-middle layer 6.8 bc
CRP mix-lower layer 15d
Bare control-upper layer 406 a
Bare control-middle layer 179b
Bare control-lower layer 6.5 bc
Brome-upper layer 513 a
Brome-middle layer 12 bc
Brome-lower layer 41cd

Table 2: Results of Tukey’s HSD test, showing pairwise comparisons of least squares means for
cover type and depth (and their interaction) for significant associations from Table 1. Means

followed by the same letter do not differ significantly (¢=0.05) from others in the same group.

32



%
Moisture sCOD NH, NO3z+NO; TKN TP DIA DEA ATZ

CRP mix-upper layer -0.326 0.357 0.799 -0.079 0.057 0.135 -0.404 -0.646 -0.161
CRP mix-middle layer -0.594 0.411 0.621 -0.316 -0.051 -0.125 0.609 0.597 0.319
CRP mix-lower layer -0.534 0.710 0.555 0.062 -0.193 -0.254 0.525 -0.008 0.238
Bare control-upper layer -0.169 0.421 0.386 0.223 -0.292 -0.378 -0.122 0.496 -0.385
Bare control-middle layer -0.272 0.436 0.418 -0.028 -0.312 -0.252 -0.503 -0.482 -0.277
Bare control-lower layer -0.179 0.099 0.349 -0.055 -0.536 -0.187 0.132 -0.616 -0.337
Brome-upper layer 0.166 0.492 0.795 -0.057 -0.034 -0.139 -0.781 -0.754 -0.496
Brome-middle layer 0.158 0.159 0.674 -0.033 -0.162 -0.093 -0.297 -0.467 0.195
Brome-lower layer 0.116 0.118 0.687 -0.218 0.108 -0.231 -0.768 -0.577 0.272

Table 3: Results of Pearson’s correlation analysis, showing cortelation coefficients (r) vs. time of
atrazine (ATZ), deisopropylatrazine (DIA), deethylatrazine (DEA) and soil parameters for each

cover type and depth. Cotrelations in boldface are significantly different (0.=0.05) from zero.

%

Biomass  Moisture sCOD NH,4 NOs+NO, TKN TP DIA DEA ATZ

Biomass 1 -0.130 0.041 0.048 -0.638 -0.079 -0.142 -0.117 0.053 -0.093
% Moisture 1 0.064 -0.150 0.336 0.389 0.200 0.000 0.024 -0.024
sCOD 1 0.145 0.043 0.152 0.012 0.367 0.289 0.161
NH, 1 0.030 0.011 0.127 0.068 0.107 0.145
NO3z+NO, 1 0.103 0.230 0.168 0.056 0.060
TKN 1 0.464 0.062 0.027 -0.021
TP 1 0.044 -0.003 -0.106
DIA 1 0.935 0.923
DEA 1 0.959
ATZ 1

Table 4: Results of Pearson’s correlation analysis, showing correlation coefficients (r) across all
samples of atrazine (ATZ), deisopropylatrazine (DIA), deethylatrazine (DEA) and soil parameters.

Correlations in boldface are significantly different (0=0.05) from zero.
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Figure 7: Soil moisture (%) in mesocosms at 1d, 9d, 18d, 26d, and 51d.
Error bars represent 1 standard error.
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Figure 8: Soluble COD (mg/kg) in mesocosms at 9d, 18d, 26d, and 51d.
Error bars represent 1 standard error.
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Figure 9: Extractable ammonia (mg N/kg) in mesocosms at 9d, 18d,
26d, and 51d. Error bars represent 1 standard error.
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Figure 10: Extractable nitrate and nitrite (mg N/kg) in mesocosms at
9d, 18d, 26d, and 51d. Error bars represent 1 standard error.
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Figure 11: Kjeldhal nitrogen (mg N/kg) in mesocosms at 1d, 9d, 18d,
26d, and 51d. Error bars represent 1 standard error.
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Figure 13: Atrazine (ug/kg) in mesocosms at 1d, 9d, 18d, 26d, and 51d.

Error bars represent 1 standard error.
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Figure 14: Deisopropylatrazine (ug/kg) in mesocosms at 26d and 51d.
Error bars represent 1 standard error.
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Figure 15: Deethylatrazine (ug/kg) in mesocosms at 26d and 51d. Error
bars represent 1 standard error.
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CONCLUSIONS

The concentration of atrazine and metabolites in all mesocosms was affected
primarily through adsorption to soil particles, as evidenced by the rapid decrease of
atrazine concentrations with depth. Atrazine adsorption may have been enhanced by
the application of particulate atrazine, which likely dissolved as water was applied and
subsequently adsorbed to soil before migrating downward. While vegetative growth
was significantly different between all treatments, vegetation had only slight effects on
atrazine reduction. Atrazine was affected to a small, but significant, degree by cover
type, which may have resulted from increased adsorption, abiotic hydrolysis or plant
uptake.  Any effect of cover type on microbial degradation of atrazine would
presumably have been accompanied by significant differences in deisopropyl- or
deethylatrazine concentrations between treatments, which were not observed.

The experiment was unable to differentiate between adsorption, hydrolysis and
plant uptake as mechanisms for the observed cover effect(s). Above ground biomass
measurements indicate significant differences in the root mass between treatments,
however, total soil carbon was not measured. Adsorption of atrazine increases with
soil organic carbon and a positive correlation was found between sCOD and atrazine,
which would occur if atrazine is more readily adsorbed by soils with higher amounts
organic matter. Abiotic hydrolysis also increases with soil organic matter content;

catalyzed by hydrogen bonding to the undissociated carboxyl groups of humic and
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fulvic acids (Gamble e al., 1985). The experiment did not monitor hydroxyatrazine,
the product of abiotic hydrolysis, or atrazine in plant tissues.

Results may have been affected both by the use of tap water for irrigation and the
use of a flowable atrazine concentrate. City of Lawrence tap water contained
chloramines, polyphosphates and other salts which accumulated in the mesocosms.
The flowable concentrate contained particulate atrazine (0.5um — 20pum) which is
unlikely to behave like dissolved atrazine. Fine particles would be filtered by soil
reducing dispersion depth. These particles would be dissolved over time into solution,
creating localized increases in atrazine concentration, promoting adsorption to soil.
Adjuvants in the formulated product may also affect atrazine interactions and
deisopropyl- and deethylatrazine may have been present as contaminants. It is
unknown whether these factors had significant effects on the outcome of the
experiment.

Vegetation clearly plays a role in filter strips, mechanically to retain soil and filter
overland flow and biologically to reduce soluble nutrients which are readily taken up
during growth phases. Results indicate, however, that atrazine behavior in the soil is
controlled largely by soil properties. While it is apparent that vegetation affects soil
properties, as evidenced by differences in nitrate plus nitrite concentrations, it does not
necessarily create soil conditions greatly enhancing atrazine reduction.

Vegetation may be slow to change preexisting soil conditions and microbial

populations may need to be adapted for atrazine utilization. In this case, the presence
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of organic nitrogen (TKN) and ammonia from chloramines may have precluded
microbial use of atrazine as a nitrogen source. Given sufficient time, and a different
source of irrigation water, nutrient ratios may have changed to favor microbial
degradation. Time and recurring atrazine exposure may also have caused adaptation in
the consortia of soil microbes. It is not clear to what degree adapted microbial
populations are necessary for atrazine degradation.

The requirements for filter strips can be met by many types of vegetation. Physical
properties which slow surface flow and enhance filtration, such as reed stiffness and
density, are required for basic function. Results from this experiment also suggest the
use plant communities with high biomass which may increase soil organic carbon.
These factors would increase atrazine adsorption, abiotic hydrolysis and plant uptake.
Once these requirements are met, selection of vegetation for use in a particular
application may be governed by seasonality, ease of maintenance, availability as forage,

cost, and aesthetics.
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APPENDIX A

TABULATED RAW DATA

Above Ground Biomass
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NH4-N
(mg/kg)

NO3+
NO2-N
(mg/kg)
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TP-P
(mg/kg)

DIA
(ug/kg)

DEA
(hg’kg)

ATZ
(hgrkg)
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9/3
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237.0
47.5
36.9

513.4
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162.7
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24.0
23.8
23.8
22.0
22.5
22.7
25.6
25.3
30.0
25.1
29.4
24.5
24.9
27.4
22.3
21.0
22.4
18.2
26.5
20.4
20.6
18.9
20.3
194
18.0
16.3
0.1
17.3
19.8
18.5
19.3
18.8
254
17.5
25.9
18.7
18.6
17.8
22.0
20.5
19.0
25.1
20.5
26.8
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9/3
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9/15

11

12

13

14

15

16

17

18

ogcaoagjcaoagjcagcaoagjcaoajcagjcagjcaoajcajcagcagcagjcagcagc

325
117
236
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421
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80.7
9.6
8.6
17.0
8.3
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5.3
56.8
3.2
4.8
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12.1
13.6
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4.2
6.3
75.3
3.2
3.8
16.3
15.1
12.2
0.7
3.4
18.1
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45.5
0.4
6.9
6.1
48.0
3.2
1.0
3.8
0.0
205.9
0.6
2.0
160.9
101.6

54

16.7
23.2
17.6
20.8
27.3
16.2
20.9
20.7
16.5
214
17.5
20.1
19.2
20.5
214
20.8
23.8
20.3
19.6
19.9
19.7
18.3
19.2
24.8
23.0
21.3
20.2
17.6
18.5
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0.6
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1.1
0.7
1.4
1.3
1.0
8.1
0.5
0.7
1.4
11
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1.5
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0.7
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36.3
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43.2
385.0
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43.5
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5.7
8.3
4.5
6.8
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12.2
12.5
11.3
49.9
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9.8
0.6
3.9
5.2
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23.9
20.5
6.4
0.0
0.0
0.0
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0.0
4.1
3.3
4.0
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55.9
57.0
82.2
71.7
67.8
81.3
73.9
64.0
97.6
77.2
74.2
85.0
57.1
95.8
82.1
63.7
86.5
68.0
75.1
70.0
75.6
73.1
68.7
46.2
64.4
108.8
78.7
79.3
86.2
113.4
46.0
90.7
102.6
96.7
46.5
74.3
67.4
53.6
68.3
75.1
83.7
55.3
51.5
51.9
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19.0
19.7
21.7
20.6
21.9
23.7
22.5
20.3
23.6
23.7
20.7
23.4
18.6
21.4
22.9
21.8
23.2
16.9
17.1
20.7
20.4
18.9
19.4
18.5
191
23.4
20.7
175
20.6
19.4
16.6
41.2
24.2
25.6
135
18.7
18.5
14.9
19.4
17.3
213
155
12.5
14.0

103.61
0.04
0.10

31.63
1.50
231

31.38
0.24
0.12

64.82
0.37
0.50

216.88
0.05
0.19

88.71
1.95
3.32

62.70
0.20
0.10

286.96
0.72
1.09

92.14
27.81
26.48
822.56
74.79
32.93
520.33
21.30
23.10
222.48
8.57
2.17
261.00
124.87
48.33
146.85
459.27
546.20
1111.69
98.33
20.41
2686.84
24.53
4.26
2056.03
443.51
10.49
51.08
142.16
2013.54
55.59
337.58
0.47
1.86
812.34
15.24
37.41
512.50
1.58
1.25
1726.54
4.42
6.27
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O_BCO_BCQ_BCQBCQBCQBCQBCQBCQBCQBCQBCQBCQBCQBCQBC

6.3
8.2
8.9
15.8
4.9
54
4.4
3.9
4.7
15.3
4.6
11.7
4.9
12.3
5.0
14.2
9.4
17.9
10.0
4.5
16.2
7.0
16.3
11.3
14.0
13.3
12.7
16.5
9.7
7.5
15.7
11.3
15.1
13.4
10.9
12.0
10.9
8.7
10.8
15.4
15.2
154

454
251
124
644
461
555
373
635
508
1251
557
391
486
414
458
375
234
431
472
358
983
2183
887
982
579
339
348
557
237
290
346
458
350
471
404
312
404
452
402
966
441
368

2.3
1.3
1.3
0.3
1.8
1.5
3.7
15
3.1
14.6
3.0
0.5
1.0
0.5
1.8
0.5
0.5
0.6
0.3
1.5
0.2
4.2
0.6
0.7
0.8
0.5
0.4
0.7
0.4
0.6
0.8
0.5
0.4
0.6
0.4
0.7
0.5
0.4
0.4
1.9
21
20

0.0
0.0
0.0
1741
61.7
90.1
444.6
128.0
104.4
3029.8
1268.9
84.8
155.0
222.2
87.9
371.6
102.4
715
18.7
36.3
76.1
39.1
8.7
8.7
5.5
3.7
4.0
10.9
6.4
5.2
22.7
12.1
111
27.6
7.9
9.4
12.6
2.9
5.8
24.1
18.3
12.7

56

81.1
73.1
48.7
113.9
67.0
69.8
69.9
33.6
39.3
159.1
116.5
71.0
37.1
60.6
68.5
89.1
89.5
70.2
61.7
61.3
67.7
148.8
88.5
80.8
59.6
65.2
62.1
72.1
70.2
64.7
71.0
72.8
69.1
64.3
83.1
68.7
72.3
62.2
70.3
94.2
84.1
118.4

23.6
16.1
23.2
20.7
22.9
20.5
20.1
23.7
20.0
23.2
23.5
11.0
36.2
17.8
25.7
20.8
19.8
35.3
22.1
17.7
175
37.6
21.1
19.7
18.8
231
21.5
21.0
19.6
19.8
24.1
19.5
20.9
19.8
21.4
20.8
22.2
17.9
215
231
23.6
253

98.04
1.72
0.48

63.77

18.58

59.51
1.59
0.60
5.09

14.05
1.80

222.74

26.40
2.10

71.65
0.32
0.18

269.21
4.84
248.87

3.83
1.30
164.98
1.73
2.27
275.05
3.15
0.43
218.15
0.89
1.15
141.66
4.76
0.65
57.48
0.81
0.76
26.89
2.33
0.39

317.18
2.14
0.44

20.39
9.29
44.09
1.28
0.26
1.71
7.40
0.81
70.80
9.96
0.96
33.70
0.33
0.22

189.68

4.51
93.02
2.16
0.29

612.08
4.07
6.67

661.50

10.38
1.17

335.14
2.19
2.42

187.56
7.97
0.84

101.49
1.08
1.09

39.89
0.98
0.54

2344.85
16.96
5.06
248.27
189.91
479.45
18.39
3.35
18.04
105.87
7.60
943.23
211.74
10.84
171.14
4.46
2.36
1548.29
30.03
98.59
5.64
2.27
1951.87
25.49
33.06
2488.17
38.41
7.10
866.07
9.37
12.51
1145.01
63.49
5.80
281.12
6.67
5.98
67.00
3.88
2.37



10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23
10/23

10

11

12

13

14

15

16

O_BCO_BCQ_BCQBCQBCQBCQBCQBCQBCQBCQBCQBCQBCQBCQBC

15.0
10.6
10.6
12.1
6.3
8.5
8.2
8.1
8.2
12.6
6.6
7.9
14.1
6.4
8.7
15.9
14.8
19.4
13.8
12.7
14.0
16.1
16.6
17.9
15.0
15.6
17.2
12.9
10.3
15.4
13.5
111
16.2
20.3
19.4
20.7
16.0
16.4
26.8
16.8
18.6
15.3
17.9
17.4
17.9

593
555
472
765
459
459
684
466
417
508
875
411
503
468
384
761
781
570
364
466
253
425
268
357
380
448
449
356
356
228
394
375
342
578
309
135
510
498
480
756
517
386
481
258
263

2.6
1.7
2.4
1.6
1.8
1.5
2.3
21
2.3
2.8
21
1.4
3.3
2.6
1.4
1.1
0.5
0.7
1.1
0.4
0.5
4.0
1.0
0.7
0.8
0.7
0.9
0.8
1.0
0.7
0.8
0.7
0.8
1.9
1.6
1.3
15
1.2
1.6
1.8
1.7
1.3
2.3
11
20

0.0
0.0
1.7
0.6
0.0
0.0
4.0
0.5
0.4
0.0
0.0
0.9
2.5
0.0
0.8
621.7
52.4
49.1
193.9
146.6
155.3
1132.7
75.4
44.4
211.6
51.2
68.0
210.7
168.4
116.6
86.1
67.3
56.6
11.6
13
4.3
6.5
2.6
4.3
13.9
8.1
5.6
24.1
11.7
12.2

57

99.5
96.7
66.7
75.1
64.4
61.3
86.1
74.3
81.0
92.2
79.4
87.3
95.8
74.6
83.1
86.0
81.8
74.2
77.3
75.6
66.7
100.5
72.8
51.7
83.7
62.6
80.8
82.2
82.8
79.3
77.0
79.6
67.0
100.0
911
84.1
65.7
76.6
105.2
97.9
92.2
80.1
94.9
73.1
94.8

22.0
21.1
20.3
20.3
18.1
18.4
21.1
18.8
20.1
22.2
20.1
215
21.1
19.6
19.6
21.4
22.8
22.7
215
19.7
22.8
23.3
22.7
20.5
23.3
20.0
24.4
223
22.2
22.1
27.6
20.4
22.5
245
23.6
21.9
18.1
20.2
27.3
21.7
21.3
191
21.2
21.4
22.4

138.60
4.45
139.51
4.47
2.08
34.84
0.58
1.03
55.43
0.20
46.81
1.59
541
0.41
3.49
127.68
1.13
0.20
15.04
0.16
0.26
96.66
1.25
6.85
59.72
3.36
208.13
4.15
1.39

0.24
86.78
18.39

0.39
10.07

37.58
3.31

237.82
11.06
130.48
7.90
2.49
80.38
0.63
0.68
91.69

0.06
62.66
19.75
11.28

0.36

0.16

253.40

3.10

0.11
33.70

0.25

0.25

114.53

1.62

0.33
95.49

1.73

345.46
10.11
3.25

0.58
201.44
79.89
0.98
19.35

51.01
1.28

1007.61
73.37
269.94
90.04
14.62
513.23
3.55
2.20
505.95
0.67
190.66
146.66
126.78
3.38
1.90
631.85
9.87
1.91
305.59
1.87
2.29
82.83
4.80
3.04
341.70
5.82
500.10
34.47
8.68

2.81
595.13
261.65

3.66

31.00

57.68
5.39



10/23 17 wu

10/23 m
10/23 d
10/23 18 wu
10/23 m
10/23 d

467
354
590
529
322
308

31.9
10.4
8.9
12.9
51
4.2

58

18.9
19.5
22.5
26.4
26.0
194

2.90
0.07
17.92
1.11
0.14




APPENDIX B

CRP PRARIE MIX ANALYSIS
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AGRICUOLT URAL MEED oharp Err‘a . f‘ll"a.,om Missouri
Lot No. DPRK-3188-M BIG BLUESTEM KAW - ‘
Purse Beed 55.76% Germination 38.00% Origin MO ’
Cither Crop 0.08% Firm Seed 0.00% Tested 03/93
Weed Seed 0.00% Tot Germ-Frm 88.00% Nox1ous
Inert 44.18% Lz 49,07 RS # AL &? A6 o0

He arrant to the extent of the purchase price. that the seeds sold are as described on the container, within recomized tolerances.
We give no other further warranty, sxpressed or impliad, SHARP BROS. SEED CO.0F HISSOURT, CLINTON, NISSOURI
EEE ST ERFFELESFERFESEFELEFELESTTTETTFT LTS EETTEPTEFTPEESTEES TS ST ST EELEE S EDEEEE T

o

AGRICULTURAL SEBED Shary Bros, Sead Co., Clinton, Missouri
Lot ”v BLA-7136 LI° LT:E BLUESTEM ALDOUZ
Purae Seed 76.23% Germination 87.00% Origin Ks
”‘Lhﬂr Crop 0.00% Firm Seed (.00% Tasted 01/%
Weed Seed 0.74% Tot Germ-Frm 87.00% Noxious NON"’

Inert 23.03% PLS 86.31 £Z5, .40 ?J_,j,’,fél
We warrant to the extent of the purchase price, that the seeds sold are as deseribed on the contalner, vlthln recognized tolarances.

We give ro other further warranty, expressed or implied. SHARP BROS. SEED £0.0F XISSOURL, CLINTON, MISSOURI

KKK R ACKOK HORSORK KRR R R R R R FETEETEFEEEEEEEE PR E R T EEE S S R EEE S
AGRICULTIRAL =SEED Sharp Bros. 3eed Co., C“&tﬁn. Missouri

Lot No, 1Y0-3172-M2 YELLOW "NJ_‘TA\TC:(-‘%.J., U..hw._.
Pure Zeed 92 .866% Gery Origin MO
Other Crop 0.19% Firm S« % Tegted 02/93
Weed Seed 0.03% Tot Germ-Frm  91.00% Moxicus NCHE
inert 7.12% PL3 3431 £, 420 é LL /40

He varrant to the sutent of the pnrchase price, that the seeds sold ave as described om the container, uithin recognized tolsrances.
We give oo other further warranty, stpressed or implied, SHARP BROS. ‘SEED ©0.0F ISSOURT, CLINTON, MISSOURT

ETE B 5 T e O B TR T e R T Y T T R T T T S e e i e e e Y e e
AGRICULTURAL SEED Sharp Bros. Co., Clinton, Miss
Lot No. SWE-7089 SWITCHGRASS BLACKWELL
Pure Sesd 29, Germination G36.00% Kz
Other Crop 0.00 Firm Sesd G, 0G% 16/92
Weed Zeed 0. 45% Tot Germ-Frm ¢ '*I‘W )
Inert 0.23% FL3 el e . BO
Ye varrant 1o the axtent of the purchase price, that the zseds sold are as described on the Lontamer ',u,..m recegnmd iglerances,

&e ﬂue . other Fnr!.her aar"anty‘ \.xpres‘*ed o ;nphe:u‘ "WP BROS. KE!J CG OF .,.SuGH‘U ht”?ﬁﬂ HISS{]URJ

AC‘RICULTUHAL .,_|EE]'_“) bharp Bros. Clln“u

Lot No. 76/5 SIDEQATZ GRAMA EL RENO

Pure Beed 34.38% Germination . 00% Origin TX

Uther Crop 0.90% Firm Seed 3.00% ’Fested 04,83

Weed Seed 0.33% Tot Germ-Frm 0. DG. wions NONE

Tnert 15.29% PL3 tgﬂ:. é ) Lo LL P

e varrant to the extent of the purchase price, that the seeds sold are as iﬁscr:bea o the container, #ithin recomized tolerances,
He give 10 other further sarranty, supressed op implied, SHARF BROS, SEED £O.0F HISSODRI, G[.IHT{!!L HISE09RT
SRR R ROR KRR OR K KRR SR CRORCR R o RO R R R SOOI RO ORI R KK ROR AR Ok Kk R R ORI

AGRICULTURAL SEED Sharp Brog. S=ed Co., Clinton, ?Iissouri

Lot Ho. WWE-702 WESTERN WHEATGRASS BARTON

Pure feed 92 . 35% Germination 37 .00% Origin KS

Other Crop 0.00% Firm Seed 40,00% Tested 09

HWeed Sesd n.02% Tot Germ-Frm 77 L00% '\Io;{loud NO

Inert T.13% PL3 1.48 é:; M /40
He warrant to the sxtent of th 4.,, pu.rchase price, that the seeds sold are as dascmed on the container, mithin recogn.zed tolerances.

49 ”1\‘8 o a*her further varran‘ty, expressud or urpued SHARP ERDS SEED C’D oF NISSOURI IHTUH HISSU!IEI .
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