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ABSTRACT

A field lysimeter experiment was conducted during the summers of 1993
and 1994, at the River Laboratory, Utah State University, Logan, Utah. The
intent was to study the fate and disposition of metola'chlor and 2,4-D in a one
dimensional soil system. Metolachlor was applied to corn and 2,4-D was
applied to turf. The mobility, persistence, and degradation of these herbicides
were investigated in the field lysimeters using four irrigation treatment levels on
corn and two irrigation levels on turf. The four irrigation levels applied to corn
were 0, 30, 60, and 120 percent of potential evapotranspiration. The two
irrigation levels applied to turf were 75 and 120 percent of potential
evapotranspiration.

The experimental design is a randomized block design with each
irrigation treatment replicated three times. Soil moisture content was measured
in all lysimeters at five depths twice weekly before and after irrigation to
monitor soil moisture fluctuation. A neutron probe was used to measure soil
moisture content. Potential evapotranspiration was determined from a weather
station at the site. Irrigation amount was then computed based on actual plant
evapotranspiration demand.

Pesticide mobility and persistence was determined by collecting soil
samples from four depths once every week after the second irrigation. Samples
were collected from all lysimeteré to determine the effect of irrigation level on
pesticide mobility.
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Results indicate that under field conditions irrigation levels for both
metolachlor and 2,4-D have no effect on pesticide mobility and concentration in
the soil lysimeters. Neither the amount of water applied nor the irrigation
system used significantly affected pesticide leaching in the lysimeters especially
if the amount of applied water was less than the crop potential
evapotranspiration. Irrigation levels also seem to have little effect on pesticide
half-life. Metolachlor half-life ranged from 12 to 18 days in 1993, and from 15
to 25 days in 1994. The half-life of 2,4-D was about 18 days in 1993 and 16
days in 1994.

The metolachlor adsorption coefficient was found to range between 0.4
and 0.57 in the top 0-30 cm and between 0.21 and 0.45 in the 30-60 cm
interval, The degradation coefficient for 2,4-D could not be determined in the
laboratory. The reason for failing to determine the adsorption of 2,4-D is not
known. It might be due to the high volatility of the compound.

A pesticide simulation model using chemical and soil parameters
determined in this field experiment was applied. It indicated that proper
herbicide and irrigation management would allow enough time for the pesticide
to degradg in the soil and prevent its leaching to the water table. The rate at
which a herbicide reaches the water table depends also on the depth to the water
table and the presence of preferential flow paths in the soil. Proper

consideration of these factors is essential to prevent groundwater contamination.
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CHAPTER 1

INTRODUCTION

A, Background

To serve their intended purpose, lawns and agricultural crops should
receive a well balanced supply of essential nutrients and other chemicals
throughout the growing season. A balanced supply of nutrients is essential for
maintaining good growth. An abundance of weeds and infectious diseases is
evidence of unsatisfactory conditions for growth.

Unmanaged application of pesticides can result in groundwater
contamination. In the 1970s, pesticides were detected in groundwater in the
_ United States. Parsons and Witt (1989) indicated that most states have a
groundwater problem resulting from pesticide migration. Herbicides are usually
incorporated within the soil to control undesirable plants. Once in the soil,
these chemicals can either degrade, volatilize, leach or can be sorped and
retained by the soil matrix. The exact pathway a chemical follows depends on
the soil, climate, and chemical characteristics. Leaching through the soil to the
water table causes groundwater contamination.

Mathematical models are often used to simulate pesticide movement in
the vadose zone. These models require input of soil, crop, and chemical
parameters. Soil parameters include organic matter, bulk density, water confent

at field capacity, and water content at wilting point. Crop parameters include



crop potential evapotranspiration, root zone depth, crop growth stages, and
growing season. Chemical parameters are chemical half-life, and chemical soil-
water distribution coefficient. Variability in these parameters result from soil
heterogeneity, climatic conditions, and soil properties.

Accurate determination of these parameters in the laboratory and field
are influenced by the uncertainty in experimental protocol and conditions under
which they were determined. Errors resulting from using regression models and
linear or nonlinear adsorption isotherms to determine soil-water distribution
coefficients can increase the error. Field mobility studies used routinely in
pesticide screening and registration programs are a follow-up to laboratory
studies that have identified potentially mobile compounds. Although these
studies offer the advantage of examining pesticide behavior under field
conditions, it is impossible to fully account for the disposition of mobile
compounds that move below the soil core sampling zone. Another problem
with field studies is the difficulty in predetermining how deep one must sample
to include all of a mobile pesticide within the sampling zone. It might be
impossible to routinely take soil samples cores much below 30 cm to 40 cm
because of soil penetration problems during dry summer months.

Computer simulation models are used to predict herbicide persistence
and mobility in the field. Parameters needed for simulation should be
determined for every soil, crop, and chemical system. The intent of this study
is to provide such parameters. The experimental approach used is valuable
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because it is under field conditions. No previous study in Utah, determined
these parameters under field conditions.

B. Objectives

1. To make a detailed quantification of water movement in the one-
dimensional soil system.

2, To study the movement of metolachlor and 2,4-D and their spatial
disposition in the soil profile resulting from irrigation.

3. To estimate chemical half-life, chemical retardation factor, and
partitioning coefficient data needed for the soil and site to aid environmental
protection. These parameters are necessary for applying a chemical simulation
model to predict pesticide movement and decay in areas where pesticide

application poses an environmental hazard.



CHAPTER II

LITERATURE REVIEW

To keep up with increasing population demand for food, recreation, and
housing, pesticides and fertilizers have become widely used. The U.S.
Environmental Protection Agency (1972) reported that more than 34,000
registered pesticide products are manufactured from 900 different chemical
compounds. By 1987 that number increased to 45,000 registered products
manufactured from 1,400 chemical compounds. In 1992-1993, the EPA
reported 860 registered active ingredients (EPA, 1994). The EPA (1994) also
reported that in 1993 the quantity of pesticides used in non-agricultural sectors
of the U.S. ranged up to 15 million pounds active ingredient (ai). Pimentel and
Levitan (1986) reported that the use of pesticides in the United States (primarily
synthetic organic pesticides) had reached almost 500 million kg each year.
About 68% of these were used on agricultural lands, of which 60% are
herbicides, 24 % are insecticides, and 16% are fungicides. Fifty-five million kg
of pesticides were used on government and industrial lands, 4 million kg were
used on forest land, and 55 million kg were used on household lands.

Chemicals used to control weeds and diseases in lawn areas can
potentially leach and contaminate underlying ground water. Pimentel and
Levitan (1986) reported that the amount of pesticide reaching target pests is

generally very small in relation to the total amount applied. The rest degrades



and/or pollutes the environment by contaminating soil and water, perhaps
affecting nontarget organisms. Cohen et al., (1984) reported that 17 pesticides
had been detected in the ground water of 23 states, Pesticide concentrations
ranged from a mere trace to several hundred parts per million,

Ground water contamination by pesticides, fertilizers, or other organic
materials is of great concern, especially in places where ground water supplies
most of the drinking water. Ground water supplies domestic water for about
50% of the U.S. population (Leonard et al., 1988). Waddell (1987) reported
that 63 percent of Utah"s population is dependent on ground water for drinking
supplies. Rural areas are almost totally dependent on ground water for their
domestic water needs.

A goal of the Ground Water Protection Program of the Utah Department
of Agriculture ‘(1988 and 1989) is to manage the use of fertilizers and pesticides
to protect ground water resources. Regions of the state that are relatively
vulnerable to contamination by pesticides have been identified by Eisle et al.,
(1989) and Ehteshami et al., (1990). In arid Utah, pesticide contamination
usually occurs where there is irrigation. When applied to agricultural crops or
lawns, pesticides can potentially leach through the root zone and the unsaturated
zone to the water table (top of the saturated zone in an aquifer). The time
required for pesticides to reach ground water depends on irrigation efficiency,
typé of chemical, quantity applied, distance to the water table, hydrology,

stratigraphy, climate, and topography.



Ground water contamination is widely regarded as one of the major
environmental problems associated with pesticide use in the 1980's, and beyond
(Pye et al., 1983). According to Parsons (1988), whether or not pesticides have
been detected in the ground water of a state depends on whether they have been
monitored for, Cohen et. al., (1984) reported that as of 1986, 17 different
pesticides, including some of the most widely used chemicals in the United
States, have been detected in U.S. ground water.

In Utah, Eisele et al., (1989) identified and ranked sites with different
potential hazards for ground water contamiriation for 29 counties. They initially
used a rapid screening procedure, DRASTIC (Aller et al., 1985). They then
used a one dimensional model, CMLS, (Nofziger and Hornsby, 1986) to
simulate the movement of pesticides in unsaturated soils in locations of higher
risks. Results indicated that significant contamination of extremely shallow
aquifers can be expected in some locations. Simulations for specific locations
indicated that of the 64 chemicals applied in Utah, 22 might reach a depth of
3.0 m within one year, with 18 reaching this depth in significant concentrations.

The potential for a pesticide to reach ground water depends upon its
physical-chemical properties, soil characteristics, method and rate of
application, climéte, and amount and timing of irrigation water. Physical-
chemical properties include: water solubility, sorption, degradation,
chemisorption and binding of residues, and ionization. Soluble pesticides that do
not quickly degrade and are not strongly adsorbed are most likely to
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contaminate ground water. The concentration of the pesticide moving with soil
water decreases as adsorption increases. Degradation might or might not
produce less active intermediate products. Table 1 shows the chemodynamic
properties for several pesticides.

Soil properties influencing pesticide leaching include clay content,
texture and structure, soil organic matter, and soil depth. The organic fraction
of the soil results from the bacterial decay of plant and animal products. The
humic substances have been thought of as large aromatic polymers made of N-
heterocycles, quinones, phenols, and benzoic acid. Hydrophobic nonionic
organic chemicals tend to sorp to the soil because of the hydrophobic character
of the soil organic matter. Positive, negative, and neutrally charged functional
groups attached on the organic carbon surfaces are responsible for the sorption
of ionizable organic chemicals. The inorganic fraction of t‘né soil is composed
of crystalline and noncrystalline primary and secondary minerals. These consist
of clay minerals, iron and manganese oxides and hydroxides, carbonates, and
amorphous alumino silicates. Mineral surfaces also have hydrophobic
characteristics. This character is important for the sorption of nonionic
hydrophobic compounds.

Soil texture and structure influence water movement in the soil and thus
pesticide leaching to the ground water. The interstitial water acts as a solvent
for pesticides allowing transport to the soil surface where sorption occurs, or
leaching to the groundwater after pesticide sorption ceases. Leéching occurs as
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Pesticide s Ko K, v, iz
{ng/1l) (mi/q) (Pa) (days)
Alachlor 2.42F+4+02% 1,90E+02 1.30E-06 2.90FE-03 7
Aldicarb 9.00E+03 1.00E+01 1.00E-04 1.30E-02 28
Atrazine 3.20E+01 1.680E+02 2.50E-07 4.00E-05 71
Bromacil 8.20E+02 7T7.2QE+01 3.70E-0B 3.30E-05 3iso
Captan 3.30E+00 3.30E+01 4.90E-Q05 1.30E-0Q3 3
Carbaryl 4.,00E+01 2.29E+02 1,40E-03 6.70E-01 22
Carbofuran 3.20E+02 2.80E+Q1 3.10E-07 2.70E-Q3 40
Chlordane 1.00E+00 3.80E+04 2.20E-04 1.30E-03 3500
Chorpyrifos 2.00E+00 6.07E+03 1.80E-04 2.50E-03 63
Cyanazine 1.71E+02 1.6BE+02 1.20E-04 2.00E-01 los
2,4-D 9.00E+02 2.00Z2+0)1l 5.80E-09 S.30E+01. 15
DBCP 1.00E+03 7.00E+0lL 1.70E-02 1.06E+02 180
peT 3.00E-03 2.40E+01 2.00E~03 2.50E-05 3837
Diazinon 4.00E+01 8.50E+01 5,.00E-Q5 9.70E-05 32
Dieldrin 1.50E-01 1.20E+04 6.70E-04 4.00E-02 868
Disulfoton 2.50E+01 1.60E+03 1,10E-04 2.40E-Q2 5
Diuron 3.70E+0)1 3.80E+02 5.40E-08 4.10E-04 328
EDB 3.40E+02 4.40BE+01 3.50E-02 1.50E+03 3650
EPTC 3.70E+02 2.BOE+02 5.90E-04 4.50E+00 30
Fenamiphos 7.00E+02 1.71E+02 2.40E-08 1.33E-04 10
Fonofos 1.30E+01 6.80E+01 2_.20E-04 2.80E-02 80
Heptachlor 5.60E+02 2.40E+04 1.45E-01 5.30E-02 2000
Lindane 7.50E+02 1.30E+03 1.30E+04 S.60E-03 266
Linurecn 8.10E+01 8.60E+02 2.50E-06 2.00E-02 75
Malathion 1.45E+02 1.80E+03 5.00E-06 5.30E-03 1
Methyl- -
Bromide 1.30E+04 2.2CE+01 1.50E+00 35.20E-05 85
Methyl-
Parathion 5.70E+01 5.10E+03 4.,.40E-06 1.30E-02 15
Monuron 2.60E+02 1.80E+02 7.60E~09 &.70E~05 1686
Napropamide 7.30E+0) 3.00E+02 7.90E-07 5.30E-04 70
Oxamyl 2.80E+05 6.00E+0Q0 9.90E-09 3.1l0E-Q2 &
Parathion 2.40E+02 1.10E+04 C€.10E-06 ©§5.00E-Q3 18
Phorats 5.00E+01 6.60E+04 3.10E-04 82.50E-0CS 82
Piclioranm 4.20E+02 2.60E+01 1.90E-0B 8.20E-05 138
Prometryne 4.80E+01l 6.10E+02 £5.60E-07 1.30E-04 60
Propachler 6.10E+02 4.20E+02 4.40E-06 3.10E-0Q2 7
Simazine S.00E+00 1.40E+02 3.40E-08 8.l0E-G7 75
Terbacil 7.10E+02 4.60E+0] 8.20E-09% 6.30E-03 S0
Triallate 4.00E+00 3.60E+03 7.90E-04 1l.60E-02 100
Trifiuralin 3.00E-02 7.30E+03 6.70E-03 . 1.40E-G2 1_32
Source: Rac et al. (1985): Adapted from Jury et al. (1984).
' 2. 42E+02 = 2.42 * 10% = 242

Table 1. Solubility (S), Organic Carbon Partition Coefficient (K*), Henry's
Constant (K™, Vapor Pressure (V?), and Degradation Half-Life (t*?) for Several
Pesticides (Ehteshami et al., 1990)



pesticides move with water by capillary and mass flow (Merkle et al., 1967, and
Davidson et al., 1968). The downward movement of water through the soil
profile occurs mainly through medium to large soil pores. However, fast
movement of water through preferential paths {cracks or channels in the root
zone or subsoil), permits dissolved substances to reach ground water more
rapidly than otherwise expected.

Chemical characteristics affecting pesticide leaching include sorption and
degradation. Sorption results from the physical and chemical forces between
' the solid matrix and charges of the compound. These forces include Van Der
Waals forces, hydrogen bonding, dipole-dipole interactions, ion exchange,
covalent bonding, protonation, ligand exchange, cation bridging, and water
bridging. Sorption is described as a hydrophobic partitioning between the
solution and soil solid phases. Weber et al., (1986) aitributed the decrease of
extractability of a herbicide to physical trapping in the soil micropores. |

Degradation is a phenomena where a pesticide disappears from the soil
solution. Degradation can be chemical or biological. Authors have quantified
the effect of degradation on pesticide removal for a ﬁumber of soil-pesticide
combinations.

Regulations alone cannot guarantee the protection of ground water from
chemical contamination. Some on-site practices can reduce the potential for
contaminating ground water by pesticides. Holden (1986} listed some
agricultural management practices to mitigate pesticide/ground water quality .
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problems. These practices include: 1. Improving irrigation efficiency.
Applying sufficient water to meet crop water evapotranspiration and satisfy
salinity leaching requirements without causing excessive deep percolation can
reduce the depth that pesticide reaches, 2. Utilizing best management practices
for pesticide use. Following label instructions and carefully calibrating
pesticide spray equipment can minimize the mass of the leaching chemical.
According to Fisele et al., (1989), pesticide selection and agricultural
practices such as irrigation and time and rate of pesticide application can
significantly influence pesticide movement. Peralta et al., (1594) show hqw to
determine the best irrigation application rates for a particular site, crop, and
~ pesticide. Aly and Peralta (1993) presented software (CANDI) to aid
developing best management practices for pesticide and irrigation management.
Ranja et al., (1991b and 1992a) examined how the use of appropriate
management techniques (sprinkler irrigation system design and pesticide
selection) can reduce pesticide leaching and potential ground water
confamination. They present procedures for selecting an appropriate sprinkler
system design and pesticide. Ranja et al., (1991a and 1992b) simulated
pesticide movement under different furrow irrigation designs, water
management practices (irrigation scheduling), soil type, and pesticide
parameters. They used a hydrodynamic-wave irrigation model to estimate water
infiltration for different furrow lengths. They concluded that potential ground
water contamination can be reduced by integrated use of best management

10



practices (BMPs). Considered BMPs include, careful selection and use of
pesticides, efficient furrow irrigation designs and improved water management
(irrigation scheduling).

Chemical application on lawns in residential, commercial, and
recreational areas should also be managed carefully. Olson (1991) discussed
ways of minimizing the need for lawn chemicals while obtaining a healthy and
beautiful lawn. Alternati\'fes include: 1)- choosing a grass variety that is
compatible with soil and climatic conditions in the area, 2)- mowing at frequent
intervals, never removing more than the top third of the grass blade, 3)- leaving
grass clippings to decompose naturally in the soil, 4)- using sharp mower blades
which will not shred the grass leaf and will thereby prevent disease, 5)- using
lawncare products in the recommended rates.

Schroeder (1991) recommended reading and following label instructions
and the manufacturer—p;ovided Material Safety Data Sheet. He also discussed
environmentally safe alternatives for pesticide use and presented some less toxic
and environmentally safer compounds.

Montana State University, Utah State University, and the University of
Wyoming extension services (Dewey et al., 1994-1995) listed the kinds, rate,
and time, of registered herbicides for use on lawns and ornamentals (Table 2).
If not used according to label instructions these herbicides can potentially

contaminate underlying ground water.
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Table 2.
Control Handbook)

Chemicals for Weed Control on Lawns and Turf (Source: Weed

1994 MT-UT-WY HORTICULTURE WEED CONTROL HANDBOOK

LAWNS AND TURF
HERBICIDE GENERAL GUIDELINES (Always read label for complete mstructions)
asulam Rate: 2 lbs aifA
{Asuiox) .
Time Apply to established turf after emergence of crabgrass and goosegrass.
Remarks: For use on 5t. Augustinegrass and Tifway 419 bermudagrass tucf.
Caution: Follow all 1abel precautions and restrictions. Do not use a surfactant. Do not apply
to tur{ which is under stress or freshly mowed. One application per season
benefin Rate: 2103 Ibs aifA
(Balan)
(Benefin) Time: Apply to established torf prior 1o ciabgrass germination.
Remarks: Primarily for the conirol of crabgrass 2nd other annual grassy weeds in established
fawns 2nd turf, May give partial control of some annuzl broadleaf weed specics.
Cauticn: Follow all Jabe! precautions 2nd restrictions.

benefin + eoryzalin Rate:
xL)

2103 Ibs al/A
Apply to established turf prior to emergence of weeds.

For selective control of many annual grasses and some annual broadieaf weeds in
established wamm-stason turf (bermudagrass, St Augustinegrass, tall fescue, €1¢.).

Follow all 1abel precautions and restrictions.

210 3 lbs ai/A

Apply to cstablished turf in the spring 1 to 2 weeks prior to the onset of conditions
favorable for annual weed grass germination.

For controf of annual buegrass, smooth and hairy crabgtass, goosegrass,
bamyardgrass, and“green and yellow foxtail in established Kentucky bluegrass,
perennial rycgrass, fescue, and bentgrass turfgrasses. Optimom weed coatrol
perfosmance will be oblained If treated areas are imrigated soon after application.

Will not control established weeds. Stands of fine-leaved fescue varieties may be
thinned at rates above 2.0 Ibs al/A. See label for reseeding restrictions.

Time:
Remarks:
Cautiom
benefin + Rate:
triflurzlin
(Team) Time:
Remarks:
Caution:
bensulide Rate:
(Bensumec)
(Betasan) Time:
{Lescosan)
Remarks;
Cauticn:

7.5 10 15 Ibs aifA
Apply to established Tawn or turf in the carly spring before crabgrass germinates.

Controls crabgrass, annual blusgrass, barnyardgrass, henbit, and other annual weeds
in well-established lawns and torf. .

-

Follow all label precautions and restrictions.
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Table 2 (Cont.)

1994 MT-UT-WY HORTICULTURE WEED CONTROL HANDBOOK

LAWNS AND TURF

HERBICIDE GENERAL GUIDELINES (Afvays read label [Gr complete instructions)
bensulide + Rate: 7.5 1bs ai/A

oxadiazon

(Scort's Time: Before grasses germinate in the spring.

Goostgrass and

Crabgrass control) Remarks: Prevents crabprass and other annual grasses.

Caution: Read and follow all label instructions. .

bentazon Rate: 1.0 to 2.0 Ibs al/A
{Basagran) ) )
Time: Apply after most nutsedge plants have ¢merged and arc actively growing.
Additional treatments may be nccessary at intervals of 10 to 14 days.

Remarks: For contro! of yellow nutsedge in established biuegrass, bentgrass, fescue, ryegrass,
or bermudagrass wurf. Delay mowing for 3 to 5 days before or afier spraying.

Caution; Do not apply more than 3 quarts per acre perseason. Do not apply on golf course
greens, Avoid over-the-top spraying of adjacent trees, shrubs, or flowers.

bromoaxynil Rate: 0375 to 0.5 |bs aifA

{Bugctril) :

Time: After desirable grass has emerged, but before broadical weeds exceed the two- (@
foureaf stage, '

Remarks: Controls annual broadleal weeds in newly planted or established turf. Docs net

control any grasses. Weeds beyond the specified growth stage will not be controlled.
No longer a restricted-use herbiciic.

Caution: For use only on noa-residential turf, industrial sites, and non-crap areas. Approved
oaly for application through boom-type sprayers.

chlorsuifuren Rate: (See 1abel for specific rate instructions)

(Lesco TFC)
Time: Usc when grass is actively growing and not stressed by cold weather or drought.

Remarks: Selectively controls tall fescue and ryegrass in Kentucky bluegrass, fine fescue,
bentgrass, and bermudagrass turf. Also controls a wide variety of broadleaf weeds.
_ Use a non-ionic surfactant.

Cautlon: Do not use on bentgrass shorter than ¥ inch. Use only on well-cstablished, actively
’ - growing 'awns. Do not apply near trees or other desirable plants where roots may
extend into treated soll.

dazomet Rate; 346 1bs ai/A
(Basamid)
Time: Apply when sail temperature is between 54° and 64° F.

13



Table 2 (Cont.)

1994 MT-UT-WY HORTICULTURE WEED CONTROL HANDBOOK

LAWNS AND TURF
HERBICIDE GENERAL GUIDELINES (Afways rcad label for complete instructions)
Remarks: A nan-selective, granular soil fumigant for control of weeds, nematodes, and many
soil-borne discases prior to sceding of new turf prasses, or for killing atl weeds and
existing turf grass areax prior to complete renovation.

Caution: This product Is toxic to ail plants. Do not apply within 4 fect of desirable plants
or within the drip line of trees and large shrubs, Fotlow all Jabel instructions,
precautions, and restrictions.

DCPA Rate: 10to 15 ibs aVA
(Dacthal)
Time: Apply in early spring before crabgrass germinates.
Remarks: For control of crabgrass in established lawns and turi. Lawn should be watcred
immediately after herbicide application.
Caution: Follow all label precautions and restrictions.
dicamba Rate: 0.05 t0 0.25 b aVA
(Banvel)
Time: Apply to established grass when weeds are actively growing,
Remarks: Controls many annual 8nd perennizl broadleaf weeds in established lawns and turf.,
Weeds controlled Include plantain, spurges, clovers, knotweed and yarmow., Often
fncluded in garden-siore formulations containing 2,4-D or 24-D + mecoprop.

Caution: Do not treat within the drip line of irees or ia areas where downward movement of
herbicide into the soil or surface washing of soil may cause contact of dicamba with
roots of trees, shrubs, or other desirable plants. Follow all other label precautions.

dithiopyr Rate: 025 1005 1b ai/A
(Dimension)
Time: Can be applied preemergence or after the crabgrass has becane visible.
Remarks: For control of many annual broadieaf and grassy weeds in established lawns and
turf. Weeds controlled include prostrate spurge, chickweed, annuat bluegrass, and
smoath crabgrass.

Caulion: Do nat apply 10 trees, shrubs, flowers, or vegstables. Keep off treated area until

: spray has dried. Do not repeat applications during a growing season. ..
ethofumesate Rate: 0.75 10 1.95 Ibs ai/A '
(Prograss)

Time: Established Kentucky bluegrass: September 1 10 December 1.

Established perennial ryegrass: 2 to 4 weeks prior 10 main period of annual
bluegrass germination in early fall or lale spring, up 1o 30 days after emergence.

e
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Table 2 (Cont.)

1994 MT-UT-WY HORTICULTURE WEED CONTROL HANDBOOK

LAWNS AND TURF

HERBICIDE

GENERAL GUIDELINES (4iways read label for complete instructions)

Remarks: For use on ornamentat turf sltes such as golf courses and parks. Not for use on
homeowner lawns. Primarily for control of annual biuegrass in established Kentucky
blucgrass and perennial ryegrass turfs, One to three applications, allowing 21 1o 30
days between treaiments.

Caution: Lowerrates required on Kentucky bluegrass. Golf course applications are restricted
to falrways and roughs. Do not apply within 8 weeks following application of any
plant growth regulator.

fenoxaprop Rate: 0.03 to 0.35 1b ai/A
(Acciaim)
{Horizon) Time: Apply to turf when grassy weeds are in the one-leaf to threetiller stage.

Remarks: For control of crabgrass, barnyardgrass and foxtail species, and suppression of
johnsongrass and bermudagrass. Does not control beoadleafweeds, May be applied
ta cstablished perennial rycgrass, fine and tall fescuc, bentgrass, and Kenotucky
bluegrass tusfs. Bentgrass must be established for at Ieast one growing scason.
Other species should be estabfished at feast 4 weeks and tillered, prior 1o treatment.

" Caution: Temporary stunting or yellowing can occur on some cultivars of Kentucky bluegrass.
Do not exceed 0.25 1b ai/A on Kentucky blucgrass turf Do not apply to bentgrass
putting greens. Consult label for tank mix opticns.

glyphosate Rate: 0.75 to 1.1 |b ae/A (annuals); 1.5 1o 3.0 Ibs ae/A (percnnials)

(Roundup) :

{Avail) Time: Apply beforg planting grass. Weeds should be actively growing and ia the growth
stage specified on the label.

Remarks: Controls annual and perennial grasses and broadleaf weeds prior to establishment
or renovation of lawns or (urf. Allow at least 3 days before tillage whea controlling
annuals, and at least 7 days when controiling perennial weeds,

Caution: WIll Kill or severely injure any desirable grasses present at time of spraying.

imazaquin Rate: 0250 05 Ib aifA
(Image)
Time: Apply to established turf after weed emergence.
Remarks: For use only on established warm-season turf grasses, including St. Augustinegrass,
. and bermudagrass. Controls sandbur, nuiscdge, chickweed, henbit, wild onion, and
some other weeds.
Caution: Follow all labs! precautions and restrictions.
isoxaben Rate: 05 to 1.0 1b aifA
(Gallery)
Time: Apply in fall or spring prior {0 broadieaf weed germination.

"
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Table 2 (Cont.)

1994 MT-UT-WY HORTICULTURE WEED CONTROL HANDBOOK

LAWNS AND TURF
HERBICIDE GENERAL GUIDELINES (Afways read label for complete ins(ruclionsj
Remarks: A preemergent herbicide for use in established turf grass. Controls many annual
broadleaf weeds, including chickweed, filarce, knoiweed, mustards, pigweed,
plantains, prostrate spurge, purslanc, and woodsarre! (axalis). High label rates
provide partial control c£ annual bluegrass, barnyardgrass, crabgrass, and foxtails,
Activale with 0.5 inch of water after application but before weeds begin to emerge.
Also formulated with a granular fertilizer and marketed as ‘Galleria®,

Caution: Da not apply to ssedling turf. Do not use on golf course greens. Do not usc on
grass grown for seed, Established turf may bé resceded in the fall following a spring
application.

MCPA Rate: 05 to 1.4 lbs ac/A
(Rhonox)
Time: Apply when annual broadleaf weeds are growing vigorously. Spring oc fall
application wiil give best resulis.
Remarks: Controls many broadicaf weeds including dandeliop, plantain, pursiane, and bull
thistle. For usc only in established grass arcas.

Caution: Ester formulation. Foilow all labe! precautions and restrictions. Do not use on

bentgrass lawns. Do not mow within 2 days before or after application.
mecoprop Rate: 1010 1.5 bs ae/A
{MCFF)
Time: Apply in the spring or fall after grass is well established and weeds are actively
growing. :
Remarks: Controls annual and percnnial broadleaf weeds, including clovers and knotweed.
For use in cstablished lawns and twf Commonly included in garden-store
formulations with 2,4-D or 2,4-D + dicamba.
Caution: Follow ali Iabel precautions and restrictions.
metolachlor Rate: 4 b ai/A
(Pennant)
Time: Apply before yellow nutsedge cmerges.
Remarks: For yeilow nuissdge contro! only in established warm-season turf giass
(bermudagrass, St. Augustinegrass, ete.)
Cautlon: Do not use more than once per year. Do not use on cool-scason turf grasses.
metsulfuron Rate: 0,01 to 0.04 ibs al/A
(Scott’s DMC)
Time: Apply to emerged weeds when turf is activefy growing and naot stressed by cold

weather or heat.
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Table 2 (Cont.)

1994 MT-UT-WY HORTICULTURE WEED CONTROL HANDBOOK

LAWNS AND TURF
HERBICIDE GENERAL GUIDELINES {Always read label for complete instructions)
Remarks: Controls a wide variety of broadleaf weeds in established turf grasses including
Kentucky bluegrass, finc fescue, and bermudagrass. Weeds include hoary cress,
clover, dandelion, prostrate spurge, and cxalis.  Addition of non-ionic surfactant
improves control.
Caution: Do not apply to turf under stress, or §f daily high temperature exceeds 85* F, Do
1ot apply to tusf less than 1 year old. Do not exceed 0.02 Ib aifA per season on
Kentucky blucgrass or fine fescue turl
MSMA or DSMA Raie: 2.7 10 4.6 |bs al/A
(arsenicals)
Time: Apply to established lawns or turf when crabgrass is in the five-leaf stage or more.
Remarks: Controls crabgrass, sandbur, 2nd other annual grasses in cstablished lawns and turf,
‘Two of more applications at 10-to 14-day intervals may be needed. Causes tip-burn
oa blucgrass.
Caution: Follow all label precautions and restrictions.
oxadiazon Rate: 2010 4.0 Ibs ai/A
{Ronstar)
Time: Apply to established turf prior to crabgrass germination.
Remarks: Controls many annual grasses (including crabgrass) and annual broadieaf weeds in
established lawns and turf. Is not effective in controlling prostrate sporge.
Cautjon: Follow all label precauticns and restrictions,
pendimethalin Rate: 1510 3.0 lbs ai/A
(PRE-M) :
(Pendulum) Time: Apply to established turf prior to weed germination.
(Stomp}
Remarks: Controls crabgrass, prostrate spurge, chickweed, henbit, and other annual grasses
and broadlcaf weeds in established lawns and turf,
Caution: Follow all labe! precautions and restrictions.
prediamine Rate: 033 to 0.75 1bs aifA
(Barricade)
Time: -Apply prior 1o germination of weeds.
Remarks: A selective preemergence herbicide that will control centain grass and broadleaf

weeds in established grass turf, Wecds controlled include crabgrass, aonual
blucgrass, prosirate spurge, henbit, common chickweed, and knotweed. Must be
incorporated by 0.5 inch of rainfall or irrigation as soon as possibie after application
(not longer than 14 days). Will not harm most nearby established omamentat trees,
shrubs, and flowers. .
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Table 2 (Cont.)

1994 MT-UT-WY HORTICULTURE WEED CONTROL HANDBOOK

LAWNS AND TURF
HERBICIDE GENERAL GUIDELINES (Always read label for complete instructions)
Caution: The species of turf determines the maximum amount of this product that may be
applied during & year. Do not apply more than 0.75 b ai/A in a single application,
or more than a total of 1.5 Ibs ai/A per scason on any turf species. Do not apply
through any type of imigation system.
slduron Rate: 210 6 1bs aifA (new plantings); 8 10 12 Ibs aifA (established plantings)
(Tupersan)
Time: Apply lo established lawn or turf in the spring before emergence of annual grasses.

Remarks: Controls many annual grasses, including crabgrass, in cstablished lawns and turf.

Irrigate within 1 week after application if po rainfall has ocourred.
Caution: Follow all 1abel precautions and restrictions.
triclopyr Rate: 05101 Ibac/A
(Turfion Ester)
Time: Apply after grass is well established and weeds are actively growing.

Remarks: Controls many annual broadicaves and some perennial broadicaf weeds in
established lawns and turf, including ground ivy, axalis, and wild violet. Use only on
tall fescue, perennial bluegrass, or perennial rycgrass lawns and twi May be tank
mixed with 24-D,

Do not allow spray drift to contact desirable broadleaf plants. Do oot spray if

Caution:

temperature cxcecds 80° F,

triclopyr + clopyralid  Rate: 028 10 056 Ib ac/A
{Confront)
Time: Apply to established turi when weeds are actively growing.
Remarks: A non-2,4.D product (hat provides postemergent control of many annual and
perennial broadleaf weeds. Especially effective against clovei.
Caution: Use only on perennial ryegrass, perennial bluegrass, or tall fescue. Spray o a
manner 10 aveid contact with non-target plants.
24.D Rate: (Varies by product}
(various brands) ] ' -
Time: Apply alter grass is well established and weeds are actively growing.
Remarks: Controls many annual and perennial broadieaf weeds in established lawns and -uri.
Applications in both spring and fali may be necessary 10 controf some difficult
wecds. No more than two broadcast applications may be made per year.
Caution: There are many amine and ester formulations comtaining 24-D alone or in

combination with other herbicides. Adhere strictly to all label instructions for the
particular product used. Do not spray if wind Is blowing or if air temperatures
exceed label limits (usually 80° 10 85 F),

-
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Table 2 (Cont.)

1994 MT-UT-WY HORTICULTURE WEED CONTROL HANDBOOK

GENERAL GUIDELINES (Afways read Jabel for complete instructions)

(Varies by product)

Apply in the spring or early fall when weeds are actively growing.

Controls many annual and perennial broadieaf weeds in cstablished lawns and turf.
Both aminc and ester formulations are available. Spot applications may be made
at any time during the growing scason.

Do not apply to newly szeded grasses. Do oot use on bentgrass. Do not apply
under condilicns where drift of volatilization may result (see label for temperature

“limitations). Do not irrigate within 24 hours afier application. Do not make more

than two broadcast applications per year.

(Varies by product)
Apply in the spring or carly fall when weeds are actively growing.

Amine formulations. Controls many anoual and perennial broadteaf weedsincluding
dandelion, mallow, clover, black medie, chickweed, plantains, prostrate spurge, and
other weeds on residential and other turf sites

Do not apply to newly seeded grasses. Do not apply mote than 0.75 b ae/A on
Closely mowed beatgrass (puiting greens). Do nol broadcast apply when air
temperature exceeds 85° F. Do not irrigate within 24 bours after application. Do
not make more than two broadeast applications per year. Be careful not 1o exceed
specified dosage within the drip line of trees.

1.1 10 1.7 Ibs ae/A
Apply in the spring or carly fall when weeds are actively growing.

Ester formulation. Controls dandelion, mallow, clover, black medic, chickweed,
plantains, prostrate spurge, and many ather broadieaf weeds oa residential and other
turf sites, excluding sod farms. Apply in 20 10 260 gallons of water per acre. Spot
applications may be made at any time during the growing season.

Do not apply 10 newiy sceded grasses. Do not use on bentgrass. Do not apply
when air temperalure exceeds 85* F. Do not Imigate within 24 hours after
application. Do not make more than two broadcast applications per year. Be
careful not to exceed specified dosage within the drip fine of trees.

LAWNS AND TURF
HERBICIDE
24-D + 24-DP Rate:
+ MCPP
(Triamine) Time:
(Dissolve)
{Tri-Ester) Remarks:
Caution:
24-D + MCFP Rate:
+ dicamba
(Trimee Classic) Time:
(Three-Way)
(Triplet) Remarks:
Caution:
24-D + 24-DP Rate:
+ dicamba
(Trimec Super) Time:
Remarks:
Caution:
MCPA + MCPP Rate:
+ dicamba
(Trimec Encore) Time:
{Tri-Power)
Remarks:

(Varies by product)

Apply in the spring or carly fall when weeds are actively growing,

Amine formulations, Also available in water soluble packes as a dry soluble
concentrate (Encore DSC). Does not contzin 2,4-D.  Controls dandelion, mailow,

clover, black medic, chickweed, plantains, prostraie spurge, and many other
broadleaf weeds on residential and other turf sites.
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Table 2 (Cont.)

1994 MT-UT-WY HORTICULTURE WEED CONTROL HANDBOOK

LAWNS AND TURF

HERBICIDE

Caution:

-.GENERAL GUIDELINES (Always read label for complete instructions)

For use only by professional turf maintenance or landscaping personnel, or
commercial applicatars. Do not apply to newly seeded grasses. Do naot apply more
than 1.0 Ib ac/A on closely mowed benigrass (putting greens). Do not broadcast
apply when air temperature exceeds 85* F. Do not irrigate within 24 hours after
application. Be careful not 10 exceed specified dosage within the drip ling of trees.

2,4-D + MCPP Rate:
+ MSMA + dicomba
(Quadmec) Time:

Remarks:

Caution:

2.88 1bs ac/A
Apply in the pring or early summer to emerged weeds.

Amine formulation. For usc on residential apd other turf sties, excluding sod farms.
Controls crabgrass in addition 10 the broadleaf weeds normaily killed by other
Trimec products. Requires a second application at the same rate 10 to 14 days after
the first application. Spring applications should be made to newly emerged
crabgrass and broadieaf weeds. Earty summer applications could be made to more
mature crabgrass and broadleaf weeds.

Do not apply to newly seeded grasses. Do not apply this product when air
temperatures exceed 80° F. Be careful not 1o exceed specified dosage within the
drip line of trees. Do not make more than two broadeast applications per year.
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CHAPTER III

METHODOLOGY

A. FIELD EXPERIMENT
1. TREATMENTS AND REPLICATES

There are thirty two field lysimeters in the River Laboratory. Of these,
18 were utilized for the current study. In both 1993 and 1994 twelve lysimeters
were planted with corn. The other six were used to grow turf. Both crops
(corn and turf) received different irrigation treatments (Figure 1). Four
irrigation treatment levels were applied to corn and two irrigation levels were
applied to turf. Each type of irrigation treatment had three replicates. Detailed
description of field layout and different irrigation levels are discussed in the

following sections.

2. LYSIMETER DESCRIPTION

Each lysimeter is 2.44 m wide, 6.1 m long, and 0.61 m deep. W@
and concrete are used along the perimeters to separate lysimeters from each
other. At the bottom of each lysimeter a layer of fine sand was placed over a
layer of fine gravel to act as a filter for preventing downward soil-particle
migration with the drainage water (Figure 2).

All utilized lysimeters contain the same soil (Kidman Fine Sandy
Loam). The physical and chemical characteristics of the soil (soil type, water
content at field capacity, water content at wilting point, bulk density, and
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CW4 CcW1

CW3 CW2
CW2 cwi CW3
cw4 | Cwz2 CW1
WL | TW2 TW1
TwW2 | TWI1 TW2

Figure 1. Field Layout. CW* is corn water level. TW* is turf water level.
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Figure 2. Lysimeter Cross Section.
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percent organic matter) were determined using standard methods of soil

analysis.

3. CULTURAL PRACTICES.

During the first year (1993), the soil was adequately prepared in all
lysimeters before planting the corn or laying the sod. The soil was tilled and
leveled. Large soil aggregates were broken down, leaving a smooth surface.
Four rows (2 feet apart) were planted with corn in the lysimeter. (Dashed lines
in Figure 3 are the rows). For turf, the soil was left leveled. The same soil
preparation was done for corn in the second year {1994) after corn was removed
from the lysimeters at the end of the first year. After the first year, turf was
left in the lysimeters to be used in the next year (summer 1994). No soil
preparation was needed for turf.

In summer 1993, soil samples were taken at 3 depths from each of three
randomly selected lysimeters (from the 18 lysimeters used in this study), before
planting corn or laying sod. The intent was to determine if the soil was
deficient in nitrogen, phosphorous, and potassium, Tt was not necessary to
sample all lysimeters upon commencing the first year because all lysimeters had
been subjected to the same treatments in previous years.

In summer 1994, soil samples were taken from 3 different depths from
each treatment and replicate to determine soil fertility. This was done to

determine whether the different water applications in 1993 caused different
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ET ET Volume Emitters Flow per | Irrigation
in/day mm/day Req. per per Lysimeter | Duration
Lysimeter | Lysimeter | m%hr. (min)
m3
0.05 1.27 0.0189 240 0.24 4.7
0.1 2.54 0.0378 240 0.24 95
0.2 5.08 0.0755 240 0.24 18.9
0.25 6.35 0.0945 240 0.24 23.6
0.3 7.62 0.113 240 0.24 28.4

Table 3. Irrigation Duration for Different Evapotranspiration Levels.

The moisture content of the soil is determined before and afterreach
irrigation, at different depths (0-15cm, 15-25 cm, 25-35 cm, 35-45 cm, 45-60
cm). A neutron probe is used for this purpose. One access tube is installed in
the middle of each lysimeter. In one replicate of each treatment, four additional
access tubes are installed symmetrically about the middle one. These access
tubes are equidistant from the middle access tube and the respective side of the
lysimeter (Figure 4. This allowed us to better estimate the spatial distribution
of moisture content in the lysimeter and the error involved in using only
readings from a single central access tube.

Samples for pesticide determination were taken at 0-10 cm, 10-20 cm,
20-30cm, and 30-40 cm depths. It was desired that moisture content and
pesticide concentration be determined at the same depth. But because neutrons

will escape form the soil at shallow depths, the first moisture content reading
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5. IRRIGATION AMOUNTS AND EVAPOTRANSPIRATION.

Four irrigation treatments were applied to corn. Irrigation frequency
was fixed. Irrigation amount varied as a fixed proportion of crop actual
evapotranspiration (ET). Utilized proportions include 0.0 times ET (no
irrigation), 0.3 times ET, 0.6 times ET, and 1.2 times ET (where ET is
evapotranspiration). Only two water treatments were applied to turf, 0.75 and
1.2 times actual crop ET. Crop actual evapotranspiration was computeci on a
daily basis from potential evaporation and a crop growth factor. Solar
radiation, minimum and maximum temperatures, wet and dry bulb temperature,
wind speed, pan evaporation, and precipitation from a weather station (at the
river lab) were recorded daily (Appendix A). Although this data was used to
calculate potential evapotranspiration via several methods, the Jensen-Haise
method guided irrigation in this experiment.

" A drip system was used for irrigation. It consists of 0.5 diameter
polyethylene laterals 1 foot apart (7 laterals per lysimeter). Emitters, with a
flow rate of 1 Iph (liter per hour), are spaced 6 inches apart along the lateral.
Plants are irrigated twice a week. Data obtained from the weather station was
used to determine potential evapotranspiration. Actual evapotranspiration was
then determined using a crop factor. Based on actual evapotranspiration, crop
water requirement was computed. The duration of irrigation is based on the
amount of water required by the plant (amount of actual ET). Table 3 shows
irrigation duration for different ET levels.
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fertilizer uptake and leaching.

Rersults of the pre-plant soil fertility tests in both 1993 and 1994 showed
that the soil was deficient in nitrogen, but not in phosphorous or potassium,
Results indicated that 1.1 pounds of ammonium nitrate were needed in both
years for all corn treatments. This amount was broadcast and tilled in before
planting in June 1993 and May 1994,

Lysimeters planted with turf received 1.1 pounds of ammonium nitrate
in June 1993. In June 1994, each lysimeter received 0.24 pounds of ammonium
sulfate. In September 1994, 0.5 pounds of 21-5-0 fertilizer was applied to each

lysimeter planted with turf.

4. CROP DATA.

Corn. On June 14, 1993, and May 20, 1994 sweet corn (Incredible
variety) was planted in rows 2 feet apart. Two to three seeds were inserted 1.5-
2 inches deep in the soil and 12-15 inches apart. Corn emerged on June 18,
1993 in the first season and between June 2-5, 1994 in the second season.
Generally more than one plant emerged iJer location. The.corn was thinned
after plants were approximately 10 inches tall.

Turf. In the first year, purchased turf was laid on May 27, 1993, to
give sufficient time for establishment. Turf was not removed from lysimeters at

the end of the first year. It was left for the second year.
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Figure 4. Access Tubes Installed in a Single Lysimeter.
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must be taken at the 0-15 ¢m interval.

6. PESTICIDE APPLICATION

Metolachlor was applied to corn at a rate of 2 pints per acre (3.5 ml per
lysimeter) in both years. It was applied on July 19, 1993 and July 17, 1994,
(Julian Day 200 and Julian Day 198 respectively) or when the crop was more
than 5 inches tall. All corn plots received the same pesticide treatment. Turf
received 4 pints (7 ml) per lysimeter of 2,4-D on July 26, 1993, (Julian Day
207) after it was well established in the first year. In the second year, 2,4-D
was applied on July 18, 1994, (Julian day 199) at a similar rate of 4 pints per
acre (7 ml) per lysimeter. Both metolachlor and 2,4-D were applied according
to label instructions.

In the first two months of the 1993 season, 2,4-D was detected in turf
lysimeters. By September 1993, Julian Day 270, 2,4-D was no longer detected.
This was due partially to the extreme rainfall in July and August that leached the
chemical out of the profile.

In 1994, probably because of volatilization due to high temperature 2,4-
D was no longer detected in the soil 30 days after application. No rainfall
occurred in July and August of 1994 to cause chemical leaching. We reapplied
2,4-D in September i, 1994 (Julian Day 244) at a higher rate (70 ml per
lysimeter). We also collected soil samples twice instead of once per week to

verify that adequate chemical was present to better fulfill study objectives.
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7. SOIL SAMPLING

Once a week, lysimeters were sampled for metolachlor concentration.
In 1993, three different depths (0-10 ¢cm, 10-20 ¢cm, 20-30 cm) were sampled
during the first two weeks. Later, after the pesticides were detected at 30 cm,
an extra depth was sampled, 30-40 cm. In 1994, we sampled four depths from
the beginning of the season because a pre-season analysis for metolachlor
indicated that some residues remained from 1993. Samples were: collected
using a 0.5 inch auger, placed in a tight plastic bag, and stored at -20° C for
subsequent analysis. Drainage water from the lysimeters was alsp collected,

placed in a tight plastic bottle, and analyzed for the respective pesticides.

B. LABORATORY ANALYSIS

The Iaboratory analysis consisted of two parts. In the first part, soil
samples extracted from the field were tested for pesticide concentration and
mobility. The second part consisted of laboratory analysis for determining soil

water partitioning coefficient.

1. Mobility Analysis.

To determine pesticide concentration in the soil profile, frozen soil
samples were brought to room temperature and air dried before large aggregates
were broken down to less than 1 cm diameter. Ten grams of the air dry soil
were weighed and placed in a 50 ml container. Some 2,4-D, which is highly
volatile, may have been volatilized. This could not be avoided when using the
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Immuno-Assay Rapid Test Kit to determine pesticide concentration. Thirty
milliliters of methanol were added to the soil and the mixture was mixed on a
rotary shaker for 24 hours. The extract was then filtered and the supernatant

was analyzed by the immunoassay test for the respective pesticide.

2. Adsorption Determination.

To determine adsorption, only two lysimeters were sampled at two
different depths. This is considered adequate because all lysimeters contain the
same soil type. Pesticide soil water partitioning coefficient for metolachlor is
determined according to the procedure described by Talbert and Fletchall
(1965) as reported by Bouchard et al., (1982). Air dry soil was ground and
sieved in a 0.5 -mm sieve. Half a gram (0.5 g) was weighed and placed in a
50 mil centrifuge tube. Stock solutions of 0.125, 0.25, 0.5, 1, 2, and 4 ppm
technical grade metolachlor were prepared. A five milliliter aliquot was added
to each tube.

Samples were placed on a rotary shaker for 24 hours to allow the soil-
herbicide system fo equilibrate. Most kinetic studies reported that 24 hours are
sufficient for the soil-pesticide system to reach equilibrium. After 24 hours, the
samples were centrifuged at 2000 rpm for 5 minutes. The aliquot was analyzed
for the remaining concentration in the solution.

For 2,4-D sorption study, a procedure similar to that described by

Hicken (1993) was utilized. Four grams of soil were placed in a centrifuge tube
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and 40 ml of 2,4-D stock solutions were added to the test tube to insure
minimum head space. Minimum head space is desired because 2,4-D is an acid
and will volatilize. The soil-solution mixture was then placed on a rotary shaker
for 24 hours to equilibrate, Hicken (1993) found throﬁgh kinetic studies on
different soils that equilibrium between the soil and the solution is reached in 24
hours. After shaking, the mixture is centrifuged at 10,000 rpm for 30 minutes.
An aliquot was then removed to determine 2,4-D concentration in the solution

using the Immuno Assay Test Kit.
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CHAPTER 1V

RESULTS AND DISCUSSION

A. Metolachlor Distribution in the Soil Profile.

Metolachlor concentrations in the soil profile for the 1993 and 1994 growing seasons are
given in Figures 5-16. Figures 5- 8 and Figures 11-14 give metolachlor concentration versus time
for each treatment at the sampled depths for both years. Concentratibns shown are the average
for the three replicates. Figures 9 and 10 and 15 and 16 give metolachlor concentration versus
depth for each irrigation treatment and for same sampling days used in Figures 5-8 and 11-14
duﬁng the 1993 and 1994 growing seasons respectively.

Irrigation amount did not significantly affect metolachlor mobility and distribution in thé
soil profile in either year Figures 5-8 _and 11-14. Neither the irrigation method nor the irrigation
amount caused pesticide leaching. The lysimeters were irrigated using drip irrigation, a very
efficient method for applying water. Under a drip system, water is applied near the roots of the
plant at a low rate, always less than the infiltration rate of the soil. This results in wet areas along
the rows and dry areas away from the rows. Moreover, for treatments 1, 2, and 4 the amount of
applied water is less than the crop actual evapotranspiration. With this amount of water no
pesticide leaching should occur below the root zone.

Metolachlor was applied at the soil surface afier corn reached 5 inches in length.
Metolachior was applied manually and care was taken to insure application uniformity. Samples
were extracted 24 hours after application to determine metolachlor concentration in the soil

profile. As indicated in Figure 5, no metolachlor was detected in any treatment except for the 0.3
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times BT irrigation treatment (Figures 5a and 5 b). This detection could be due to a sampling
or experimental error, Sampling are collected over an interval and not a specific depth (ex: 0-
10 c¢cm). That is what we observe in Figure 5b. Later in the growing season, pesticide
concentrations showed a similar trend irrespective of irrigation amount applied.

Leaching of the pesticide was observed in all lysimeters, even in the no irrigation
treatment due to rainfall qccurring the second week after application in 1993 (Appendix Al).
After that, leaching ceased and was not observed even in irrigation treatment 3 (the 1.2 times
ET treatment). In this treatment leaching was expected since the amount of applied water
exceeds actual evapotranspiration. One possible explanation for this involves the sampling
procedure. Each soil sample collected from a lysimeter is a composite sample made from four
cores taken randomly from different parts of the lysimeter. In areas closer to the emitters,
metolachlor could have leached deeper than in areas more distant from the emitters.

In all irrigated treatments in 1993, metolachlor was leached to deeper depths at the
beginning of the season than later in the season. Even in the zero irrigation treatment pesticide
leached to below 30 cm in the soil profile. Pesticide leaching was not due to irrigation water,
but rather to rainfall occurring shortly after pesticide application and continuing throughout the
growing season (Appendix Al). Rainfall leached the pesticide to lower depths and even out of
the soil profile. After such rains, metolachlor was detected in the drainage water. Metolachlor
was not detected in the drainage water during periods without rainfall.

In the no irrigation treatment, pesticide leached to lower depths after each rainfall
event. This is apparent in Figure 8 and Appendix Al. In other treatments, pesticide leaching
increased with time with the exception of the 10-20 cm profile in the 1.2 times actual ET
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treatment. There, metolachlor concentration was high at Julian Day 251. The cause for this
could be an error in sampling.

Figures 9 and 10 show pesticide concentration versus depth for the four irrigation
treatments in 1993. Again, these figure indicate that irrigation treatments did not affect
pesticide leaching although some increase in metolachlor concentration with depth was
observed.

At the beginning of the 1994 season, soil analysis indicated that metolachlor was
present at all depths in all lysimeters. Metolachlor residues remained in the soil profile from
the 1993 season. The amount of metolachlor added to the soil at the beginning of the 1994
season was per label recommendations and did not consider what might be present in the soil
at the time of application. This does not interfere with the objectives of the experiment.
Pesticide mobility and half-life determination is affccted by the total amount of the chemical
present in the soil at a particular time rather than the amount added or previously existing in
the soil profile. Therefore, the more existing the better.

Metolachlor distribution in the lysimeters in 1994 show the same trend as 1993.
Irrigation treatment has no significant effect on pesticide distribution. Rainfall (Appendix A2)
in 1994 again affected pesticide mobility as observed in the zero irrigation treatment (Figure
14). Figures 15 and 16 show metolachlor distribution with depth. Metolachlor concentration
increased with depth in all irrigation treatments indicating that rainfall is the primary factor in
chemical leaching. Also, sampling error and uniformity of application could have caused

variation in pesticide concentration at the soil surface.
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1. Metolachlor Degradation
a. Metolachlor Half-Life

Table 4 shows computed metolachlor half-life in days for the 1993 and 1994 growing
seasons and for the different irrigation treatments. These values are close to those reported in
the literature for different soils. Although, the 1994 half-life seem slightly higher than the

1993, in both years, the difference between irrigation treatments is smaltl.

Growing Season
1993 1994
Irrigation Treatment 1 18.9 21.23
Irrigation Treatment 2 13.87 15.02
Irrigation Treatment 3 14.31 25.25
Irrigation Treatment 4 12.21 20.58

Table 4. Metolachlor Half-Life

Chemical half-life depends not on initial pesticide concentration, but on temperature,
soil, and pesticide effects (Bouchard et al, 1982). At higher temperatures, degradation occurs
more rapidly. Different soils have different degradable potentials. Microbial activities play an
important role in pesticide degradation. For this particular soil and Cache Valley, Utah,
climatic conditions, a metolachlor half-life of 12-25 days is appropriate.

b. Adsorption
The adsorption isotherm was used to determine the soil water partitioning coefficients

of metolachlor. Linear regression analysis was performed to determine whether this isotherm is
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linear or nonlinear. It was found that the metolachlor adsorption isotherm is linear when
plotted using the logarithmic form of the Freundlich equation Log (S) = 1/n Log(C) + Log
(K). S is the adsorped concentration and C is the unadsorped, or the solution concentration.
The values of C and S were determined in the laboratory as discussed in the material and
methods section. The K value was determined by plotting the logarithmic of the adsorped and
unadsorped concentrations and determining the Y-intercept.

Average K values from two replicates are presented in Table 5. Adsorptivity did not
differ with depth. This was expected because the organic matter content of the soil did not
differ with depth. Of all soil properties, organic matter most influences adsorption, followed

by cation exchange capacity (Weber and Peter, 1982).

Soil Depth (cm) | Lysimeter 1 | Lysimeter 2
0-30 cm 0.57 0.4
30-50 cm 0.21 0.45

Table 5. Partitioning Coefficient for Metolachlor in Lysimeters for 0-30 and 30- 50 cm soil
depth. '

Soil Depth {cm) FC PWP ocC Bulk Density
0-25 0.168 0.066 1.86 1.65
25-50 0.184 0.072 1.66 1.61

Table 6. Field Capacity (FC), Permanent Wilting Point (PWP), Percent Organic Carbon
(OC), and Bulk Density for the Kidman Fine Sandy Loam Soil
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B. 2,4 -D Distribution in the Soil Profile.

1. 2,4-D Degradation

2,4-D concentration in the soil profiles for 1993 and 1994 are shown in figures 17
through 22. Again, irrigation freatment did not affect 2,4-D concentration and mobility. For
irrigation treatment 1, the amount of applied water is 0.75 times actual evapotranspiration.
This amount is insufficient to satisfy crop water requirement and cause chemical leaching.
Irrigation treatment 2, or 1.2 times actual evapotranspiration, showed a slightly different
trend. More pesticide was detected at lower depths although it is unclear whether irrigation
water or rain is the cause.

The turf was irrigated using drip irrigation. If rain did not occur during the growing
season, 2,4-D mobility and distribution in the soil profile would have been different than it
was.

Figures 17 and 18 show 2,4-D concentration versus time for the 1993 irrigation season.
No clear trend in 2,4-D distribution is observed from these figures. The chemical was applied
to well established turf. Some 2,4-D might have volatilized and some might have stayed on the
soil surface and moved into the soil at a later time. In Figures 19 and 20, 2,4-D concentration
in the top 10 c¢m increased in the second day of sampling indicating a time lag between
pesticide application and detection. In the 1994 season the same trend was observed. Irrigation
treatments did not affect pesticide leaching. Moreover, there seemed to be a similar time lag as

during 1993 between pesticide application and detection in the top 10 cm.
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Figure 19. 2,4-D Concentration Versus Depth for the 1993 Growing Season.
(a) Irrigation Level Equals 0.75 Times Actual ET; (b) Irrigation Level Equals 1.2 Times

Actual ET.
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Figure 22. 2,4-D Concentration Versus Depth for the 1994 Growing Season.
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a, 2,4-D Half-Life

The half-life of 2,4-D was determined using the same procedure as for metolachlor.
The half-life of 2,4-D is 18.26 and 18.22 days for irrigation treatments 1 and 2 respectively in
1993. In 1994, the half-life of 2,4-D is 18 and 16 for irrigation treatments 1 and 2
respectively, Water levels have no significant effect on 2,4-D degradation in either year.
b. Adsorption of 2,4-D. |

Samples analyzed for 2,4-D adsorption did not reveal any pesticide concentration
remaining in the solution even when using a stock solution 100 times more concentrated than
those reported in the literature. This could be the result of either the easy volatilization of 2,4~
D or the inaccuracy of the test kit used in the analysis, It is recommended that future 2,4-D
adsorption studies be made using a different procedure.
C. Statistical Analysis

Statistical analysis was performed using the F-test at the 0.05 confidence level to see
the effect of water level, depth, and time of application on metolachlor and 2,4-D
concentrations in the soil. Statistical analysis was also used to study the effect of two and three
way interactions on pesticide mobility and distribution. Two way interactions involve
interactions between time and depth, time and water level, and water level and depth. The
three way interaction involve, the effects of depth, time, and irrigation amount on pesticide
concentration. Three way interaction is nof discussed here because of the complexity in
interpreting the results.

Table 7 shows whether irrigation amount, time, and depth have any signiﬁcant.effect
on metolachlor and 2,4-D copcentrations at the 0.05 confidence level. Irrigation amount did
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not significantly affect metolachlor concentration in 1994 but did in 1993. Time has a
significant effect on metolachlor concentrations in 1993 but not in 1994, Metolachlor
concentrations vary significantly with depth in both years.

Irrigation amount did not significantly effect 2,4-D concentration in either year. The
concentrations of 2,4-D at each depth are significantly different between replicates for both
irrigation treatments in both years. The chemical showed the same trend with time and no
significant differences occur between replicates. The interaction between water level and

depth was significantly different for metolachlor and 2,4-D in both years.

Corn Turf

1993 | 1994 1993 1994
Water Level SD NSD NSD NSD
Soil Depth SD SD SD SD
Time SD NSD NSD NSD
W. LevelxDepth | SD SD SD SD
W. LevelxTime | SD SD NSD SD

Table 7. Statistical Analysis for Corn and Turf.
SD: Significantly Different at 0.05 Level
NSD: Not Significantly Different at 0.05 Level

D. Model Application,
Soil and pesticide parameters determined in this experiment were used in a simulation

model to see the effect of irrigation practices on pesticide leaching in Cache Valley, Utah,
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Since there is no available data on applied irrigation amounts, a wide range of irrigation
amounts were simulated. The crop simulated is corn. No irrigation amounts less than actual
gvapotranspiration were simulated because it is assumed that actual irrigation practices always
apply more watef than required to crops to obtain better yield.

The pesticide simulation model used is a regression version of CMLS developed at
Utah State Uni?ersity. That simulation/optimization model can maximize crop yield while
preventing pesticide leaching using a regression approach. The model was applied in purely
simulation mode using the metolachlor parameters determined in the field experiment, the
- same soil parameters, and the measured rainfall.

The leaching simulations employed a three day irrigation frequency. The simulated
irrigation amounts are a function of ET as measured by the weather station. The first
simulation run was performed with an irrigation amount equal to potential ET. Subsequent
simulations were performed by increasing the amount of applied water 1 mm more than
potential ET at every irrigation for each simulation. A total of 50 simulations were
performed.

Figure 23 gives the depth the pesticide leached as a function of cumulative irrigation
applied. The first in‘igation equals crop potential ET (901 mm). According to the model, this
irrigation amount plus rainfall would leach the pesticide to 2.47 feet. Considering the two-foot
(0.61 m) lysimeter depth, pesticide leaching is expected even in treatments that received water

less than potential ET.
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Figure 23. Solute Depth versus Seasonal Irrigation Quantity as Computed by Model
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CHAPTER V

VI. SUMMARY, CONCLUSION AND RECOMMENDATIONS

A. Summary and Conclusion

We performed a field lysimeter experiment in the River Laboratory, Logan, Utah
during summers of 1993 and 1994 to study the mobility, degradation, and persistence of two
commonly applied herbicides under a range of irrigation practices. Metolachlor was applied to
sweet corn, 2,4-D was applied to turf, The experimental design consists of four irrigation
treatments applied to corn and two irrigation treatments applied to turf. The irrigation
amounts applied were based on actual crop evapotranspiration. The irrigation amounts applied
to corn for treatments 1-4 are: 0.3, 0.6, 1.2, and 0 times actual evapotranspiration
respectively. The irrigation amounts applied to turf are: 0.75 and 1.2 times actual
evapotranspiration for treatments 1 and 2 respectively. Each treatment is replicated three
times.

Each lysimeter was irrigqted two times a week. Soil moisture content was measured at
five depths before and after irrigation to monitor soil water fluctuations. Soil samples were
collected at four depths once a week after irrigation to determine pesticide concentration in the
soil. Drainage water was also analyzed for pesticide concentration.

Analysis of pesticide concentration was performed using Immunoassay Test Kit (RaPID
Assay, by Ohmicron). Irrigation amount did not significantly affect pesticide mobility in the
soil, because of the amount of applied water. Pesticide distribution in the profile was more

affected by rain than by irrigation. Several rainfall events early in the season in the first year

62



leached the pesticide to lower depths.

Half-life for metolachlor was determined to be between 14 and 25 days. Half-life for
2,4-D was determined to be between 18 and 16 days. The adsorption coefficient (K) for
metolachlor was between 0.4 and 0.5.

This field experiment indicates that good irrigation management is essential to reduce
pesticide leaching to groundwater. If given enough time in the soil, pesticides will degrade
and will not reach groundwater in toxic amounts, The trickle irrigation system used in this
study was efficient in minimizing pesticide leaching. Had rain not occurred early in the season
we might not have not observed pesticide at greater depths.

Efforts to manage nonpoint source pollution require managing chemical application
amount, type and frequency as well as water application. Good management practices could
minimize if not prevent groundwater pollution. Unmanaged irrigation application increases the

potential for groundwater contamination.

B. Recommendations

As a result of this study we recommend the following.
1. An extension program should be implemented to educate water users and homeowners
how to more efficiently irrigate crops and lawns to prevent pesticide leaching to groundwater,
2. Extension personnel and state representative could use model predictions in extension
programs to educate water users on management strategies that minin_lize non-point source

pollution.
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RIVLABD4
RIVLABES4
RIVLABS4
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RIVLAB94
RIVLABS24
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RIVLABY94
RIVLABS4
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RIVLABS94
RIVLABS4
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RIVLABO4
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RIVLAB24
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MO/DAY Max
5 28 25.09
5 29 27.36
5 30 31.22
5 31 22.79
61 22.62
6 2 27.15
6 3 30.93
6 4 27.68
6 5 30.16
6 6 27.43
6 7 12.93
6 B 18.25
6 9 24.6
6 10 28.52
6 11 31.37
e 12 29,79
6 13 32
6 14 21.23
6 1% 21.45
6 16 24.07
6 17 28.84
6 18 32.22
6 19 32,79
& 20 34.25
6 21 28.24
6 22 30.34
6 23 33.02
6 24 32.48
& 25 35.81
& 26 29.68
6 27 29,43
6 28 33.42
6 29 33.81
6 30 34.6
71 33.27
7 2 31.07
73 29.59
7 4 25b.68
75 33.02
76 19.93
T 7 28.36
78 31.62
79 34.5
7T 10 34.84
T 11 33.39
7 12 31.98
7 13 32.31
7 14 32.53
7 15 35.54
7 16 35.37
7 17 35.06
7 18 35.06
7 19 31.69
7 20 34.06
7 21 35.27
7 22 34.85
7 23 34,34
7 24 34.55
7 25 35.87
7 26 37.58
727 36.86
7 28 34.68
7 29 35.32

TEMP (C)

Min

9.94
10.02
11.78
10.93

9.77
13.44
13.71

12.9
10,18

5.82
5.596

T.74

9.55
12.89
13.63
15.45
11.11

B.68

B.62

B8.76
13.74
16.47
16.18
15.28
15.91

15.61
16.06
10.72

9.42
14.64
18.48
16.51
18.49

16.2

13.5
13.02
12.98

7.74
12.66
15.46
16.12
16.11
13.38
14.09
16.28
15.64
18.98

17.7

18.3
l6.16
16.37
19.75
19.39
19.486
17.57
18.44
18.74
20.76
19.26
18.35

Max

44,32

40.5
29.67
51.57
58.23
43.72
20.21
18.78
1%.01
20.45
49.22
42.64
19.02
18.21
17.06
18.45
16.82
20.07
20.69
21.76
18.94
16.467
15.48
15.42
18.75
24,47
16.06
15.43
16.29
17.85
18.57
15.79
14.88
i5.16
14.43
16.62
17.26
16.84
16.92
33.11
43,51
18.95
15,75
15.77
15.71
16.09
15,95

15.4
15.43
14.41
14.75
14.53
156.39
156.34
13.95
14.25
16.62
21.73
17.94
14.93
14,27
14.38
15.73

APPENDIX A2

RH{%)

Min

8.46
8.52
2.75
2.07
8.64
8.5%
8.79
8.76
8.18
7.62

7.7
8.47
8.38

Rain
{mm}

254
0

0
2.794
2,032

QOO0 000000 CBOOCODOC

G
o
= D

1.01

OO0 O0O~NNOOOO0O0OO0O0HNOOo OO0 OROCCOO0OOOOD OO0

Wind

(km/d)

g2.8
174.2
136.5
177.8
101.4
16B.1
162.7
148.5
155.9
224.3
100.8
110.2
174.6
i88.8
204
162
188.7
106.2
173.8
108
149.6
178.6
174.8
197
183.7
164.5
202.9
209.9
205.4
173.2
154.9
214.7
214.5
200.1
188.3
172.4
142
162.5
223.2
77.5
123
181.7
217.3
189
156.6
186.8
185.%
198.9
161.9
172.7
175.5
180
158
160.9
196
178.6
141.6
11%.1
184.6
160.7
152.8
156.8
126.9

SR
(1y)

578.2
686.1
761
289.7
565.9
753
706
759
786
622.3
764
763
768
781
749
643.9
471.9
615.8
349.2
178
184
810
193
730
317.3
713
739
653.7
783
79
795
743
T4
785
146
726
768
441.5
641.1
451.7
736
744
126
725
742
760
752
746
741
686.2
691.3
714
137
734
741
557.6
626.5
688.2
577.1
702
643.6
559.2
597.5

Soil T
{10cm) {(30cm)

19.77 17.35
18.13 17.33
19.21 17.92
17.78 17.714
18.01 17.38
18.8 17.77
17.33 24.717
15.21 29,77
18.98 17.88
17.63 26,71
17.3 16.05
16.43 11.91
17.76 16.34
18,86 17.34
20.05 18.31
20.61 18.96
19.8 -6999
15.53 -5999
13.72 -6999
16.92 14.54
18.26 16.38
19.88 17.75
21.04 19.01
21.44 19,93
18.8 12.85
20.53 17.42
21,22 19.65
21.06 19.97
21.61 20.69
21.86 21.15
20.97 20.57
19.93 -6999
16.99 ~6999
20,32 192.88
21.38 20.76
21.7 21.58
21.82 21.8
20.43 21.24
20.6 20.75
19.06 20.11
19.7 18,97
16.01 11.81
19.51 25.67
21.01 20,67
19.72 20.17
19.79 22.67
17.23 21.34
19.92 22.93
21.11 22.56
21.93 22.96
22,13 23.22
19,44 23.04
21.66 22.35
22.1 22.8
22.58 23.32
22.49 23.34
23.23 23.99
23.67 24.12
23.4 23.78
23.75 23.78
23.64 25.773
16.54 -6939
16.36 -6998
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