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1. RATIONALE AND OBJECTIVES

Agriculture and the agri-food sector are central to Ontario's economic development. At the same
time, the agri-food sector exerts adirect and diffuse influence on environmenta quality. Based on 1989
AVHRR remotely sensed land cover data the tota areaof agriculturd land in Ontario isabout 6.1 million
hectares of which gpproximately 82%, or 5.0 million hectares is located in the Great Lakes basin. The
Great Lakes Action Plan (GLAP) was established to manage the land and land use practicesin the Gresat
Lakes Basin in order to achieve sustainable development, a headlthy environment and a strong economy.

Under GLAP, field research was conducted at Sitesrepresentative of important soil, ecologica and
land use and management conditions in the province. These studies determined some of the conditions of
s0il and crop management for which contamination from pesticides, nitrates and bacteria (farm toxic
chemicas) weremost likely to occur. It isnot, however, astraight-forward task to extrapol ate Steresearch
resultsand gpply them acrossaregion. Both biophysca and land management conditionsvary widdy from
farm to farm and even within individua farms. Also, it is only relatively recently that computer hardware,
software and a consstent digital databases have been developed to permit any form of extrapolation.

The objectives of this research were threefold. The first objective was to characterize agriculturd
land use and management practices and land resource conditions in the Canadian portion of the Greet
L akes Basin. The second objectiveisto incorporate datafrom awide range of sourcesinto one consistent
gpatia framework for andys's, classfication and reporting of more detailed results. Thethird objectivewas
to explore procedures to extrapolate field research to surrounding areas where conditions are smilar.

2. METHODOLOGY
The methods are divided into three parts, they are:
1. The assembly of al rdlevant and available datawhich characterizethe biophysica conditionsas
wdl asland use and management practicesin the agriculturd portion of the Greeat LakesBasn and
organize them within a Geographic Information System (GIS).
2. Demondtrate the application of broad pesticide loss potentid ratings at both Soil Landscape
scale (1:1,000,000) and detailed soils map scale (1:50,000) to indicate areas of the basin
potentidly at risk to contamination.
3. Explore the problems associated with regiona extrapolation of field research results to areas
around the study sites to show where conditions may be smilar, and where research findings may
be applicable.
2.1 GI S Assembly
The system was devel oped using ARC/INFO GI S software operating on aDEC 3100 Vaxstation
and a DEC 3000 Alpha Station with an Open VM S operating environment. The database was assembled
with primarily pre-existing data inventories and some detailed drainage mapping digitized from hard copy.
The database consists of:



i) The Soil Landscapes of Canada (SLC) at 1:1,000,000 scale. The SLC isasmal scae land
resource database containing severd soil and landscape related attributes such as texture, dope,
surface form and drainage class. The SLC database was used for basin- wide biophysica
characterizations and regiona extrapolation of site specific research results. The SLC databaseis
part of the Nationa Soils Data Base (NSDB) of Agriculture and Agri-Food Canada.

ii) Detalled artificid drainage maps were digitized from Ontario Ministry of Agriculture, Food and
Rurd Affairs (OMAFRA) 1:25,000 scde Artificia Drainage maps. Theareas converted to digita
coverage were Oxford, Elgin, Middlesex and Essex Counties. The entire agricultura portion of the
basn isavalable in hardcopy format. The digitd drainage mapping depicts areas of random and
systematic artificid drainage. This mapping was used for regiond extrgpolation of Ste specific
research conditions.

i) Watershed data representing stream flow volume and sediment loadings, received from the
Monitoring and SystemsBranch of Environment Canada, indigita format. Thisdataprovided gross
runoff and sediment loss estimates for the basin.

vii) The 1991 Census of Agriculture based on Consolidated Census Sub-divisons (CCSD) and
re-compiled based on SLC boundaries and ecologically based Land Resource Areas. These
census compilations were used to characterize land management and land use.

viii) Advanced Very High Resolution Radiometer imagery(AVHRR), 1989 composite, classified
according to land cover class and vectorized from 1 kilometre pixels. Thislayer offers generdized
land cover which can be used to delineste the location of agriculturd areas, aswell it can befurther
andyzed to give ameasure of the divergity of land cover.

iX) Detailed soil pedon data from the Ontario Soil Names(SNF) and Soil Layer(SLF) files. The
Ontario detailed soil database is part of the Nationd Soils Data Base (NSDB) of Agriculture and
Agri-Food Canada. Detailed soil recordsare maintained and linked to the SL C database and used
as representative soils found within the SLC magp units. The detalled data in conjunction with the
SLC data was used to develop soil related potentias for adsorbed and solution losses of

pesticides.

The data base was used to devel op biophysica, land use and management characterizations of the
Gresat lakes Basin. As well the data base provides the information required to estimate pesticide loss
potentials and to develop regiond extrgpolations of field Ste results.

2.2 Pesticide L oss Potentials

Pedticide loss potential s were cal culated based on the chemical and physical characterigtics of the
pesticide and soil to estimate lossesin solution or adsorbed form. These procedures were developed from
the Soil/Pesticide Interaction Screening Procedure, or SPISP(Goss 1988; Goss 1991; Goss and
Wauchope, 1990). Rating classes were developed by running a variety of soil conditions and pesticide
characteristics under a GLEAMS computer model (Goss 1988; Goss 1991). Stover and Hamill (1993)
described how these procedures could be adopted to Ontario conditions. These procedures were further
developed and used as abasis for broad level, SL.C based, comparisons of pesticide loss potentials. For
more detailed assessments, it isrecommended that the eval uation be repested, using Site specific soils, land
use and management data.



Pegticide properties are based on solubility, hdf life and soil adsorption coefficient. These vaues
have been calculated and published for dl pesticidesused in the Canadian Great LakesBasin (Goss 1991).
Using the regression equitions devel oped by Goss (1991) runoff potentid is categorized aslarge, smdl or
medium for both adsorbed and sol ution phaseloss. Theloss potentia for atrazinewas determined. Atrazine
was chosen since it is the most widely used pesticide in the Great Lakes Basn and was one of the
pesticides used in dl the field research activities presented in this report which collected pesticide data.

The soil loss potentia in solution phase was caculated based on the soil hydrologic groupings
(Goss, 1991). The hydrologic groupings were derived from the Drainage Guide For Ontario (Irwin 1986).
The guide contains soil series based hydrologic groupings for dl soils found on published soils maps in
Ontario. Smal scade, SLC based ratings were developed using the dominant soil code in the Soail
L andscape database linked to the Drainage Guide classfication. For the detailed soil maps the dominant
s0il in the map unit name was used as alink to the drainage guide.

The soil losspotentiad in adsorbed phase was based on acombination of the hydrologic group from
the drainage guide for Ontario and the erodibility (K) factor. K factor calculations are based on surface
and subsurface particle sze distributions and organic matter concentrations derived from the detailed soil
layer and names files (Ontario Land Resource Unit 1994). The K factor was cdculated for the firgt
dominant soil for each SL.C soil polygon. For the detailed soil maps the K factor was derived from the
County sail report. The combinationsof K factor and hydrologic group were run through the soil adsorbed
runoff loss potentid agorithm to determine if the potentid was high, low or intermediate.

Find ratings were developed by integrating the soil and pesticide specific loss potentids using a
screening matrix for adsorbed and solution loss. Thefind rating is athree class sysem with class 1 having
the highest |oss potential (Goss 1991).

2.3 Regional Extrapolation of Field Research Results

The badc principle to extragpolate field research results was to establish the conditions at field
research Sites and to identify the degree to which surrounding areas were smilar. Once Smilar areaes are
identified research results can be extrapol ated to these areas, maximizing thereturn fromfield research. The
level of confidence associated with the extrgpolation is indirectly related to the degree of amilarity. Inthe
future a Smilar approach can be used prior to locating field sites, in order to choose sites which are
representative of large areas of land.

Regiond assessments were applied to three dtes; Kintore, Belmont and Harrow. The site
conditions addressed by theresearchincluded site biophysicd,, land use and management conditions. These
conditions, dong with the pollutant sudied, pathways of movement and the mgjor research findings were
summarized for each study area. The summary resulted in the development of a series of Site scae criteria
defining fied scale conditions.

Site scale criteria were converted to landscape scale criteria which could be applied againgt the
GLAP database a a scale of about 1:1,000,000. This technique alowed the field conditions to be
regiondly extrapolated to determinethe potentia of other areas of Ontario having conditionssimilar tofield
conditions.

The potentia area of extrapolation wasfirst determined by applying the biophysical or permanent
criteria to the data base. The artificid drainage mapping was included with the biophysica conditions
because of its semi-permanent nature. Climate was implied by focusing the extrgpolation to areas within



the same Ecoregion. The potential area of extrgpolation was then used to focus the land use and
management criteria

Farm and Field Scde Management Options can be regionaly extrapolated to determine the
likdihood of finding land use and management conditions Smilar to field conditions. Farm scae conditions
include crop sdection, input kind and application levels. Fidd scae options include timing of gpplication,
tillage and input application practices. Land Use and management data are derived from Census of
Agriculture data spatidly linked to the SLC.

3. FINDINGS
3.1 Basin Wide Biophysical, Land Use and Management Conditions.

Various datathemes contained in the database were analyzed to produce s mple characterizations
of biophysicd, land use and management conditionsin the Greet Lakes Basin. These characterizationsare
presented in figure 3.1.1to 3.1.6.

Land cover is presented for the Canadian portion of the Great Lakes basin is presented in figure
3.1.1. This map indicates that virtudly al agriculturd land use occurs in the South-Central and South-
WesternOntario inthe Lake Erie, Lake Huron and Lake Ontario Watersheds, known asthe Mixed Wood
Pain Ecozone. In thiszone agriculture is by far the dominant land cover with limited areas of urbanization,
mixed and deciduous forests.

Biophysical characterizations are presented in figures 3.1.2t0 3.1.4. These maps are based on the
Soil Landscapes (SLC) mapping. The attributes mapped include surface texture, dope and surface shape.
Together these landscape attributes have significant influence on the risk of non-point contamination from
agriculturd inputs. Generaly three types of landscapes are easily observed. Theseinclude clay dominated
soilswhich arefound on level landscapes, sand dominated loams located on low to moderately doped
hummocky, ridged and rolling landscapes and loam to silt loam textured soils dso on moderately soped
hummocky, ridged and rolling landscapes.

Characterizations of land management were devel oped from census data compiled on the basis of
dc SLC map units are presented in figures 3.1.5 to 3.1.6. The level of agriculturd inorganic input
gpplication is proportiond to cropping intendty (figure 3.1.5). Input gpplication rates have direct
implicationsto therisk of surface and subsurface contamination from nitratesand pesticides. Generdly crop
intengity increases from east to west, with the most intensive cropping located in Kent and Essex Counties.
The production and useof organic nitrogenisproportiona tointensty of livestock production (figure 3.1.6).
The production of manure has direct implicationsto the risk of surface and sub-surface contamination from
nitrates and bacteria. Intensve livestock production is concentrated in central Southwestern Ontario in
Oxford, Perth, Wellington and Huron Counties.

3.2 Pesticide L oss Potentials

The adsorbed and solution runoff potentias for atrazine have been estimated for the entire Mixed
Wood Plain Ecozone of Southern Ontario based on SLC leved data. In addition the ratingswereaso run
withdetailed, 1:50,000 scde datafor the Belmont research site using datafrom the Middlesex County soil
survey. The loss potentias are based on the soils erodibility, drainage class and the ability for specific
pesticides to become bound to soil particles or to be dissolved. The estimates are presented Figure 3.2.1
to 3.2.4. The province wide SLC based ratings are very generdized estimates based on the predominant
soil conditions, and as such do not present the level of detail required for farm of field scae management



decison making. This scale does however provide the levd of detall required for regiond planning and
policy making.

Goss and Wauchope (1990) have developed guiddines for interpreting the loss potentids.
Generdly class 1 indicates a high Loss Potentid which suggests the use of an dternate pesticide of lower
loss potentid or asite specific evauation to more definitely establish the pesticide's potentid for loss at the
gte of gpplication should be made. Class 2 indicates an intermediate L oss Potentid. This suggeststhat an
aternate compound of lower loss potentia should be used or
if the pesticide isfoliar applied, incorporated or banded under the soil's surface, the pesticide specific loss
potentia is reduced by 1 rank and the overal potentia should be recaculated. Otherwise, a Site Specific
evauation to more definitdy establish the pedticide's potential for loss at the site of gpplication. Class 3
indicates alow loss potential and the use of the pesticide in accordance with the label can be considered
as having alow potentid for loss.

The development of loss potentids at smdl and large scale gives and indication of soil variahility.
The adsorbed and solution loss rating at the SLC scaleis high for the area around the Belmont field Ste.
However, running the same agorithm at a more detailed level produces a map which has a variety of
ratings, athough the areadlill hasapredominantly high rating. Greater levelsof detail, downtothefiedleve
would introduce even gregter levelsof variability. Thisillustratesthe varigbility inherent in soilsand suggests
that these ratings are most gppropriate for genera levels of assessment only.

Care must betaken to ensurethat interpretationsare appropriateto the scale of representation. For
ingtance, the detailed leve ratings are an indicator that some caution should be exercised when applying
Atrazine to most fiddsin the Belmont area, however, detailed knowledge of the Site specific soil conditions
and management practices are required for actua field scae assessment. This scale of decisonmakingis
usudly made by the farmer who has the highest leve of familiarity with fied conditions and management
requirements on hisfarm.

3.3 Regional Extrapolations of Field Site Conditions

The conditions for each of the three field scale Stes was determined and then converted to
corresponding Landscape scale criteria. These conditions and criteria are presented in section 3.3.1 to
3.3.3, for each of the study dites.

The Landscape scale criteria were applied againgt the SLC, Census and drainage databases in
order to extrgpolate field conditions to the surrounding region. For Belmont, criteria were developed for
gpplication at the more detailed scale based on County level soil mapping, agricultura drainage mapping
and adetailed digitd elevation modd of the Site.

Theregional extrapolations are presented on maps 3.3.1 to 3.3.3 for thethreefield Stes. Themaps
display areas which have amilar biophysica conditions to the field Stes. The polygons which have the
highest level of amilarity are cirdled in dark blue. For the highlighted areas characterizations of probability
based land use and management data have to be developed. These characterizations consst of land use
and management activitiesintermsof proportionsof land areaor total acreages. Together thesebiophysical
and management characteristics can be used to devel op the probability of finding fidld conditionselsewhere
inthesurrounding area. Thissystem of andlysis can bereversed to indicate proactively, areaswhich contain
important agricultural landscapes for future field activities.

3.3.1Kintore Site



The dite conditions and corresponding landscape scae criteria for the Kintore Site are presented
in Tables 3.3.1 to 3.3.3. The objective of the Kintore research was to determine conditions of soil, crop
and management for which verticd transport of nutrients and bacteria from manure may lead to
contamination of tile drained water.

The mgor finding was that liquid manure applied a a rate of 90,000 I/Ha (8000 ga/Ha) led to
some contamination of tiledrainageweater. Theleve of contamination wasgrester where (i) application was
not accompanied by disruption of macro pore sructure, and (ii) where the gpplication was immediately
followed by heavy rain.

Table 3.3.1 Kintore Site - Biophysical Site Conditions and landscape Scale Criteria

Variable Site Scale L andscape Scale Criteria Findings
Conditions
SOIL TEXTURE SILT LOAM SOIL TEXTURE WITH HIGH FIGURE 331
TEXTURE CLAY CONTENT
ARTIFICIAL TILE ARTIFICIAL DRAINAGE FIGURE33.1
DRAINAGE DRAINED MAPPING
Table 3.3.2 Kintore Site - Farm Scale M anag_;ement Options
Variables Site Scale Landscape Scale Criteria Findings
Conditions
CROP CORN AREA OF CORN CROP 38 PERCENT CROPLAND IN
CORN (16,000 Ha)
INPUT KIND LIQUID LIQUID MANURE 69,000 PIGS
MANURE PRODUCTION (Assumeall 151 MILLION LITRES OF
swine manure managed in MANURE.
liquid form, and 13,000 | of
manure/pig/year)
INPUT LEVEL 90,000 I/Ha TOTAL AREA RECEIVING 1,700 HaRECEIVING LIQUID
LIQUID MANURE MANURE
Table 3.3.3 Kintore Site - Field Scale Management Options
Variables Site Scale Conditions L andscape Scale Findings
Criteria
TILLAGE DISRUPTION OF AREA OF 17 PERCENT CROPLAND UNDER
MACROPORE CONSERVATION CONSERVATION TILLAGE, ONE
STRUCTURE TILL PERCENT INNOTILL.
TIMING APPLICATION SEASONAL NO DATA
SHORTLY BEFORE WEATHER
HEAVY RAIN PATTERNS

The Kintore Steis presented in Figure 3.3.1. In order to identify potentia areasfor extrapolation
the biophysica conditionsand corresponding landscape criteriaoutlined intable 3.3.1 were used to i dentify




areas with natural conditions smilar to the study site. Table 3.3.1 indicates that these conditions consst of
high surface and subsurface clay contents, and a large proportion of the areatile drained. One area with
these conditions was identified and it is shown bounded by blue on figure 3.3.1. Further extrgpolation of
land use and management characterizations were performed for this polygon only.

Land use and management characterizations of the resultant area gives an indication of the
proportion of the entire polygon which can be expected to reflect ste conditions. Farm and field scae
management conditions are identified in tables 3.3.2 and 3.3.3. Applying these criteria indicated that the
proportion of the areain corn is 38.3%, or 15,771 Ha.

The Kintore field research found that disturbing the macro pore structure during manure injection
decreases the loss of nutrients and bacteriato tile drains. Since only one percent of cropped land wasin
no-till in 1991, adoption of incorporation measures by farmers using liquid manure could be a viable
drategy to reduce nutrient and bacteria loss in the Kintore region. The extrapolation gives some indicator
of the potentia areaat risk, and the type of management decisions required to mitigate or prevent potentia
environmenta degradation.

By andyzing the management data further it is possible to focus in on the risk posed by current
(1991) practices. As caculated, the proportion of the area potentiadly at risk is reatively high at 38%,
however, the probability of finding corn receiving liquid manure is much less than this. The arearecaiving
liquid manure was estimated based on swine production. Using this estimate it was possible to caculate
the probability of any ste having dl the risk factors identified by the fidd research. While this method is
crude it does give some indicator of the land area at risk. The potentid area receiving liquid manure was
estimated to be 1,680 Ha. Thereisatota of 15,880 Haof cornin the area and the total areais 41,200
Ha, therefore the probability of any particular ste having dl the land use and management risk factors
identified by the field research is 4% and the risk of any corn field meeting these conditions is only 10%.
Consequently, by targeting technology transfer and education programs to a rdatively smal number of
farms, it may be possible to reduce the risk of nutrient and bacteria runoff. However, a greater leve of
detail would be required to identify these specific farms.

3.1.2 Woodslee Site

The Woodd ee site conditions and Landscape scale criteriaare presented in Tables3.3.4t0 3.3.6.
The objective of thisfield research wasto determine the conditions of soil, crop and management on leve
agricultural landscapes characterized by high clay content for which surface, subsurface and tile transport
of herbicides and nitrogen may lead to contamination of surface water.

The mgor finding was that on cracking soils, the large cracks and pores contributed significantly
to herbicide trangport to thetile drains. The use of conservation tillage and intercropping practices reduced
herbicidelosses by up to 57 percent as compared to conventiond tillage practices, and was most effective
at limiting surface loss. Subsurface drainage during the winter months was the dominant nitrogen transport
pathway.

The Wooddee site is presented in Figure 3.3.2. In contrast to the Kintore and Belmont sites the
Woodd ee Ste hasre atively homogeneous soil conditions. Thislow levd of varigbility isreflected inthesize
of the SL.C polygon. The database was used to identify areaswhich have smilar conditionsastheresearch
dtebased on landscape scale criteria, asoutlined in table 3.3.4. These criteriaincluded areas with Sty clay
surface texture on a level landscape with a high proportion of systematic drainage. One polygon was
selected based on these criteria, it is bounded by blue on the map. The areas salected encompasses over



80 percent of the land areain Essex County. Land use and management characterizations were focused
on this polygon.

Table 3.3.4 Woodslee Site - Biophysical Site Conditions and Landscape Scale Criteria

Variables Site Scale Conditions Landscape Scale Criteria Findings

SOIL TEXTURE SILTY CLAY SURFACE AND FIGURE 3.32
SURFACE TEXTURE SUBSURFACE SOIL
TEXTURE WITH HIGH

CLAY CONTENT
SLOPE LESSTHAN 1% AREASOF LOW SLOPE FIGURE 3.32
S_LOPE
SURFACE SHAPE | LEVEL LEVEL FIGURE 3.3.2
ARTIFICIAL TILE DRAINED TILE DRAINED FIGURE 3.32

DRAINAGE

Table 3.3.5 Woodslee Site - Farm Scale M anagement Options

Variables Site Scale Conditions Landscape Scale Criteria || Findings
CROP CORN AREA OF CORN CROP 18 PERCENT LAND AREA IN
CORN (24,000 Ha)

INPUTS APPLICATION OF AREA OF HERBICIDE 17 PERCENT CROPLAND
ATRAZINE APPLICATION RECEIVING HERBICIDE
SENCOR/LEXONE
DUAL

Table 3.3.6 Woodslee Site - Field Scale Management Options

Variables Site Scale Conditions | Landscape ScaleCriteria Findings
TILLAGE CONVENTIONAL AREA OF 19 PERCENT OF
TILLAGE CONVENTIONAL AND CROPLAND UNDER
CONSERVATION CONSERVATION TILLAGE,
TILLAGE 81 PERCENT
CONVENTIONAL TILL
NON-TILLAGE NO INTERCROP AREA OF INTERCROP NO DATA
CONSERVATION USED
PRACTICES
TIMING APPLICATION SEASONAL WEATHER NO DATA
SHORTLY BEFORE PATTERNS
HEAVY RAIN




Land use and management characterizations of the resultant area gives an indication of the
proportion of the entire polygon which can be expected to reflect Ste conditions. Using the farm and field
scde criteria (Table 3.3.5 and 3.3.6), the proportion of the polygon area in corn was caculated to be
17.8%.Withatotal land areaof 134,200 Ha, 17.8 percent trandatesto 23,887 Ha. Thisvaue represents
the proportion of land which meets the biophysical and farm scae management conditions of thefield Ste
and isthe areaat risk of having pesticide and manure loses Smilar to the research findings.

TheWoodd eefield research found that conservationtillage practi cesreduced the off Stemovement
of pedticide by 57 percent over conventiona tillage. According to the 1991 census 19 percent of the
cropland was dready under conservation tillage practices. Also, only 74 percent of the cropland had
pesticide gpplied. Based on these numbers only 10.6 percent of the area was actudly at risk of having
conditions and loss rates comparable to the field Ste worse case scenario. This percentage trandates to
14,318 Ha.

This extrapolation gives some indicator of the area a risk and the field research suggests that
adoption of conservation tillage practices could greatly reduce the loss of pesticides by up to 57 percent
on amost 11 percent of the land area.

3.3.3 Bdmont Site

The ste conditions and corresponding landscape scale criteriafor the Belmont Site are presented
in Tables 3.3.7 to 3.3.9. The objective of the Belmont research was to determine conditions of soil, crop
and management for which surface runoff of herbicides may lead to contamination of surface water.

The mgor finding was that surface runoff of atrazine and metolachlor in solution and adsorbed by
s0il, on rolling agricultural landscapes appears to be the dominant pathway of herbicide transport to
tributaries. The level of contamination was greatest immediately followed by heavy rain. These events
produced loses of up to 10% of the applied chemical. Water transported off Site exceeded water quality

guiddines for up to one month after gpplication.

The Belmont site extrapolation is presented in Figure 3.3.3. Landscape scale biophysical criteriaidentified in
table 3.3.7 were used to locate areas in the surrounding region which could be used for extrapolation. The criteria
identified areas of high clay content in the surface soils, high slope, rolling landscape and the absence of artificial
drainage. There was one polygon which had all of these conditions and was used for extrapolation. This polygon is
bounded by blue onthemap (Figure 3.3.3). Land use and management characterizationswere produced for thispolygon.

Land use and management characterizations of the area gives an indication of the proportion of the entire
polygon which can be expected to reflect site conditions. The proportion of the polygon areain corn was cal cul ated to
be 25%. In terms of spatial extent, 25 percent corresponds to 10,675 Ha. This value represents the proportion of land
which meets the biophysical and farm scale management conditions of the field site and is the area at risk of having
pesticide loss rates similar to the research findings.

According to the 1991 census only 67 percent of the cropland received herbicide. Based on this only 16.7
percent of theareawasactually at risk of havinglossescomparableto thefield siteworse case scenario. This percentage
translates to 7,150 Ha. The site research found that surface loses of dissolved pesticide could be greatly reduced by
banding the application between rows.

Figure 3.3.4 displays the detail ed adsorbed atrazine loss potentials for the Belmont area (Section 3.2) draped
ontop of athreedimensional digital elevationmodel (DEM). Theelevation model wascreated with avertical exaggeration
factor of 60. The model clearly depicts the Belmont area as having arolling landscape with areas of considerable slope,
confirming the findings using SLC scale data. The DEM demonstrates the close relationship of soils and landscape.



Table 3.3.7 Belmont Site - Biophysical Conditions and L andscape Scale Criteria

Variables Site Scale Conditions L andscape Scale Criteria Finding
SOIL TEXTURE SILT LOAM OVER SURFACE SOIL TEXTURE FIGURE 333
CLAY LOAM WITH HIGH CLAY
TEXTURE CONTENT
(MODERATETO LOW
PERMEABILITY)
SLOPE HIGH SLOPE AREAS OF HIGH SLOPE FIGURE 3.3.3
(>9%)
SURFACE SHAPE | ROLLING AREAS OF ROLLING OR FIGURE 333
RIDGED LANDSCAPE
ARTIFICIAL NON TILE DRAINED NON TILE DRAINED FIGURE 3.3.3
DRAINAGE

Table 3.3.8 Belmont Site - Farm Scale M anagement Options

Variables Site Scale Landscape Scale Criteria Findings
Conditions
CROP CORN AREA OF CORN CROP 25 PERCENT OF LAND AREA IN
CORN
INPUTS APPLICATION OF AREA OF HERBICIDE 67 PERCENT OF THE CROPLAND
ATRAZINE AND APPLICATION RECEIVESHERBICIDE
METOLACHLOR
Table 3.3.9 Belmont Site - Field Scale M anagement Options
Variables Site Scale Conditions L andscape Scale Data Base Attributes
Criteria
TILLAGE CONVENTIONAL AREA OF 14 PERCENT OF CROPLAND
TILLAGE CONVENTIONAL UNDER CONSERVATION TILL, 86
TILLAGE PERCENT CONVENTIONAL
TILLAGE.
TIMING APPLICATION SEASONAL NO DATA
SHORTLY BEFORE WEATHER
HEAVY RAIN PATTERNS

All soil polygons within the study areathat had the required data to run the modd have a high or
medium potentia for adsorbed atrazine loss. The ratingsindicated by the model are substantiated by field
observations which indicatethat surfacelossisthemost important pathway of pesticidetransport. Themain
reason for these high ratingsis high dope gradients and the rdatively poor drainage characterigtics of the
s0ils which together act to increase the susceptibility to erosion, permitting the movement adsorbed



pesticides off dte. The generd relationship to dope can be observed in figure 3.3.4. Generdly, areas of
greater dope have a high loss rating. In contrast, soils on the more gently rolling landscapes demonstrate
predominantly medium losspotentiads. Andysisat thisleve indicatesthat from amanagement perspective,
practices which reduce erosion and adsorbed pesticide runoff should be used in conjunction with pesticide
goplication. Thisobservation issupported by research which showed that conservationtillage and pesticide
banding was an effective method of reducing pesticide loss, reducing loses by as much as 50 percent.

4. STUDY CONCLUSIONS

The biophysical, land use and management characterizations of the agriculturd portion of the Gresat
Lakes Basn give an indication of the range of conditions found in the basin. Overdl they indicate an area
of intendve agricultura production on a variety of soil conditions. Two dominant agriculturd landscapes
can be identified, each having specific land resource and management implications towards environmental
qudity. One of these landscapes includes the intensive cash crop region of Essex and parts of Kent
Counties. The management practices and soil conditions specific to this area have implications to off ste
movement of pesticides and nitrates to sub-surface tile drains and ground water. The Wooddeefidd ste
is representative of this landscape

The second digtinctive agriculturd landscepe is the intensve livestock based system found in
portions of Oxford, Perth, Huron and Welington Counties. The biophysica land use and management
conditions specific to these areas result in ahigh susceptibility to surface and subsurface pesticide, bacteria
and nitrate loss. The dominant pathway of transport is highly dependent on the dope at the ste of
goplication. The Kintore and Belmont field Sites are representative of these types of landscapes.

The remainder of the agriculturd portion of the Mixed Wood plain has a more diverse mix of
agriculturd practices. Generaly theseareas arelessintensvein termsof cropping and livestock production.
Consequently, the susceptibility to pesticide, bacteriaand nitrate contamination is decreased in proportion
to the reduction in input levels.

The potentia for surface losses of pesticide were cal culated based on agenerdized soil-pesticide
modd. The modd was used to estimate loss potentias for atrazine at the SLC scae for the Mixed Wood
Pain Ecozone. Almogt dl theintensively farmed aress identified in section 3.1 were rated as having ahigh
or medium loss potential in adsorbed and solute form, athough adsorbed losses were generdly lower. A
high or medium potentia indicates the need to make a Ste specific evauation to definitely establish the
pesticides potentid for loss at the Site of gpplication, highlighting the need for more detailed assessments.
A more detailed assessment was produced for the Belmont area based on the detailed soil map. At the
SLC leved the entire areais rated high, but the detailed assessment demondtrates the high level of soil
variability within the SLC polygon.

Research has demonstrated that detailed soils and 9 ope data can be used to produce even better
estimates of loss potentia. This would permit research and cropping recommendations to be directed a
areas which can benefit the most. Whileit is not possible from these anayses to make precise predictions
of the area represented by the field studies it was shown that these conditions occur over extensive areas
and are representative of conditions over significant portions of the Great LakesBasin. The GIS provided
a powerful tool to manage, integrate and andyze data at various scales. Using the existing database it was
possible to develop broad scale characterizations of the biophysicd, land use and management conditions
in the basin and to gpply modelsto predict the potentid for contaminant loss. The datalayersand the GIS
processing cgpability facilitate andyss which addresses the likely consequences of policy decisonswhich



provide specific recommendations for combinations of land management practices (e.g. liquid manurecan
only be gpplied if there is some soil trestment to disrupt macropores). The use of detailed soils maps and
digitd devation data may provide better resolution to identify potentiad sources of agricultura non-point
contamination.

5.NEW TECHNOLOGIES AND BENEFITS

This research represents an application of geographic information system technology. Techniques
have been developed to integrate socio-economic and census data with biophysical land resource data.
The study's digital database represents the best collection of agriculturdly oriented, SLC scde land
resource, land use and management data available. Techniques have been tested to identify the degrees of
amilarity between detaled fidld Ste conditions and the surrounding region. The research demonstratesthe
capability to make broad scae generdizations regarding the implications of agriculture to environmenta
qudity and it dso highlights the importance of detailed field and farm scale assessments to pinpoint aress
where changesin practices can havethe greatest impact. Also, the extrapolation techniques can be applied
proactively to locate field Ste locations which are most representative of the surrounding agricultura
landscape, maximizing the benefit from research investment.

6. IMPLICATIONS FOR GREAT LAKESECOSYSTEM

Thisresearch providesanindication of thereative magnitude and location of potentidly detrimenta
agricultura practices. It dso demondtrates the relative importance of individud field research studies in
determining overall implications to the hedth of the Great Lakes Ecosystem. Research places the
implications of specific fiedd and farm scale agricultura practiceswithin the context of the entire basin, thus
permitting time trend assessments of changes in risk to ecosystem hedth by tracking changes in
management practices.

7. TECHNOLOGY TRANSFER POTENTIAL

The research indicates areas which are spatidly smilar to the field research conditions and where
research findings of mitigation techniques may be gpplicable. Extrapolation of field results makes a strong
case for directing technology transfer programsto the areas which need them the most. For instance, these
extrapolation techniques can be used to identify where recommendations for safe use of pesticides based
on fied scae research are gpplicable and can be used most effectively.

8. GAPS/INEEDS FOR FUTURE RESEARCH

The most immediate need is for the completion of the database, particularly a detailed scdle. T
heseinclude artificia drainage mapping which was only prepared for Essex, Elgin, Middlesex and Oxford.
Census data compiled onthe basis of SLC mapunitsfor previous yearswould give someindication of time
trend. The detaled soils maps require correlation between counties to permit spatialy extensve
extrapolation a the detailed level. The detailed pedon data linked to the SLC and detailed soil maps is
incomplete and often based on estimates.

Asde from data base needs, there is a need to refine the techniques developed for making
interpretations over a range of scales and establishing the level of credibility to be associated with the
various scaes. The area of extrgpolation should be expanded to include more areas of the basin, at more



scaes. In future efforts these spatid assessments should be based on naturd units, rather than the county
boundaries used for this research.
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