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Red-Breasted Merganser (Mergus Serrator) Brood Movements, Habitat Use, and Survival Rates in
Eastern New Brunswick

Shawn Craik and Rodger Titman
Department of Natural Resource Sciences

Faculty of Agriculture and Environmental Sciences, McGill University
Shawn Craik: srcraik@hotmail.com

Brood rearing is a critical period for waterfowl species in which newly hatched birds learn critical life
skills from parents (1).  Since broods are generally secretive, habitat used throughout the rearing period
remains the least understood component of the annual cycle in waterfowl (2).  Most information concerning
brood habitats originates from surveys relying on observations of unmarked individuals that prove to be
ineffective at monitoring broods at specific intervals and in all types of habitats (2).  Therefore, management
of specific waterfowl populations remains extremely difficult in cases where information concerning habitat
preferences throughout the entire year is lacking.  This three-year study will examine daily movements of
female Red-breasted Mergansers and their broods in Kouchibouguac National Park, New Brunswick using
radio telemetry and will explore coastal habitats used by broods following departure from a nesting colony.
A total of 24 females (four in 2002; 10 in 2003; and 10 in 2004) will be caught (3) during the final stages of
incubation and marked with subcutaneously implanted radio transmitters (4).  Two important factors
governing the selection of brood habitats will also be examined: 1) food availability; and 2) selection of
concealment areas.

Duckling survival is a poorly understood component of recruitment (5).  Traditional studies have
been ineffective in identifying the timing and causes of duckling mortality.  Newly hatched mergansers of
individual radiomarked hens will receive distinct neck markers (6) that will assist researchers in determining
daily survival rates within broods.  To examine if the timing of breeding has evolved to maximize
reproductive output, five birds will be marked before 27 July (early) and five birds following 27 July (late)
(median hatch date).  Management efforts to improve productivity and survival of Red-breasted Mergansers
cannot be implemented effectively until there is a better understanding of the timing and causes of duckling
mortality.

Literature cited
1. Afton, A.D., and S.L. Paulus. 1992. Incubation and brood care. Pp.62-108 in Ecology and management of breeding waterfowl

(B.D.J. Batt, A.D. Afton, M.G. Anderson, C.D. Ankney, D.H. Johnson, J.A. Kadlec, and G.L. Krapu, eds.). Univ. of
Minnesota Press, Minneapolis.

2. Talent, L.G., G.L. Krapu, and R.L. Jarvis . 1982. Habitat use by mallard broods in south central North Dakota. J. Wildl. Manage.
46: 629-635.

3. Weller, M.W. 1957. An automatic nest trap for waterfowl. J. Wildl. Manage. 20: 111-113.
4. Korschgen, C.E., K.P. Kenow, W.L. Green, M.D. Samuel, and L. Sileo. 1996. Technique for implanting radio transmitters in

day-old ducklings. J. Field Ornithol. 67: 392-397.
5. Rotella, J.J., and J.J. Ratti 1992b. Mallard brood survival and wetland habitat conditions in southwestern Manitoba. J Wildl.

Manage. 56: 499-507.
6. Lyon, B.E. 1993. Brood parasitism as a flexible female reproductive tactic in American Coots. Anim. Behav. 46: 911-928.

A Red-breasted Merganser (Mergus serrator) brood
consisting of a hen and two newly-hatched young
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Managing Our Water Resources: The Case for Demand Management
Walid Khawam and Susan Gaskin

Department of Civil Engineering and Applied Mechanics
Faculty of Engineering, McGill University

Walid Khawam: wkhawa@po-box.mcgill.ca

Water is a finite and precious resource that is necessary in sustaining life and accelerating economic and
social development. Yet, it is being threatened by a rapidly increasing demand due to population, income,
and industrialization growth.

Traditionally, water resources were managed from a supply-side approach. This entails increasing the supply
of water to meet the various demands. The supply-side approach is however a short-term solution since in
the long run, the supplies will be approaching their physical limits. Moreover, supply management is
becoming more and more costly because the most suitable and accessible water resources have already been
tapped.

The failures of the supply-side measures have forced planners to consider water demand management. This
consists of controlling the water demands to match the available supplies. The main goals are to raise water
use efficiency, reduce wastage, improve social equity, protect the environment, and sustain water supply and
services (Mosai et al., 2000).

The main purpose of this research is to evaluate the impacts of different water demand management policies
on future domestic, industrial and agricultural water use. The intent is to show that demand-side measures
can increase the efficient, equitable and sustainable use of water. However, since the project is at its early
stage, the presentation will only introduce and compare both water supply and water demand management
approaches.
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Toward a Theoretical Basis for Ecosystem Engineering
Tania Lanphere and Robert Kok

Department of Agricultural and Biosystems Engineering
Faculty of Agriculture and Environmental Sciences, McGill University

Tania Lanphere: tlanph@po-box.mcgill.ca

Ecosystem engineering has a wide range of objectives. Activities like remediation, augmentation, and
management are important for those who wish to protect and improve the environment, while the design and
construction of entirely new ecosystems for a variety of reasons is a goal for others. Current efforts in all
areas, however, are hindered by the lack of a comprehensive theoretical basis. We intend to address this
problem, initially through the development of empirical knowledge of the relationship between system
composition and structure (constitution), and resultant comportment when the system is exposed to given
forcing functions. In order to develop such empirical knowledge, we are running computer simulations with
(virtual) ecosystem models of varying degrees of complexity. The results are being assembled in a case base,
each case consisting of the initial conditions, model and forcing function parameters, and results of the
simulation. The information in the case base will then be used to generate both _'forward' and _'backward'
knowledge at an empirical level. ('Forward' knowledge is about cause-effect relationships whereas
'backward' knowledge is about the range of possible causes that might result in a particular effect. Thus,
backward knowledge is required for engineering design, when a particular effect is desired and the most
appropriate of a range of possible causes - system arrangements or inputs - must be selected to attain the
'best' design.) This will be analyzed further to search for more abstract knowledge, which might then form
the beginning of a theoretical basis for ecosystem engineering.
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Nighttime Measurement of Greenhouse Gases over Agricultural Fields
N. Mathieu1,L.Wittebol1, I.B. Strachan1, E. Pattey2 and M.Y. Leclerc3

1 Department of Natural Resource Sciences
Faculty of Agriculture and Environmental Sciences, McGill University

2 Agriculture and Agri-food Canada, Ottawa, ON
3 Department of Crop and Soil Sciences, University of Georgia, Griffin, GA

Nathalie Mathieu: nathalie.mathieu@elf.mcgill.ca

The study of climate change has evolved as
more and more scientists accept the changes
observed as evidence of its existence. The

enhanced greenhouse effect will have many
impacts on many levels including water

resources. A better knowledge of these gases to
minimize their effects is a necessity. Carbon
dioxide has been well-studied in the past few

years and the scientific community is now
focusing on other greenhouse gases released that
have greater ability to warm and will be harder
to control: the greenhouse gases coming from

agricultural fields. Daytime measurement
techniques are well-documented now, but an
accurate estimate of nighttime concentration

becomes essential to establish a good profile of
these gases, to acquire knowledge on their

impact on the environment and to know what to
expect in the future to establish good reduction
plans. The nocturnal boundary layer technique
involves the use of the layer of the atmosphere

closest to the ground as a giant chamber.

The great stability of the nocturnal boundary layer enables us to do this because it inhibits the gases
from flowing out of our reach. As is the case with many outdoor experiments, the theory does not
always match reality and some flaws have to be taken into consideration. The spatial and temporal
variability of emissions is one of the major concerns. Also, the top of the nocturnal boundary layer does
not prevent intermittent turbulence and this need to be quantified. Trying to refine the NBL technique
is a challenge because it involves many different fields of research, but for the same reason is a very
exciting subject.
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A New Method for Defining Regional Homogeneity and Its Application to Extreme Rainfall
Estimation for Ungaged Sites

Tan-Danh Nguyen1 and Van-Thanh-Van Nguyen2

Department of Civil Engineering and Applied Mechanics
Faculty of Engineering, McGill University

Tan Danh Nguyen: tan.nguyen@mail.mcgill.ca

Regional frequency analysis, which uses data from many sites, has been shown to be able to reduce the
uncertainties in the estimation of extreme hydrological events. In particular, several regional estimation methods
have been proposed in the literature for estimation of extreme precipitations at sites with limited or without data.
However, one of the main difficulties in the use of these techniques is related to the definition of
“homogeneous” regions, which assume that data at different sites within a homogeneous group follow the same
distribution except for scale.  Various methods have been proposed for determining homogeneous regions, but
there is no generally accepted procedure in engineering practice.

In the present study, a new procedure for determining a homogeneous region is proposed for estimating extreme
rainfalls at sites with limited or without data. A homogeneous region in this study is defined based on the similar
properties of rainfall occurrences at different sites, rather than based on the inter-station correlation of rainfall
intensities as proposed in most previous investigations. The proposed procedure was tested using annual
maximum rainfall series from a network of 10 raingages in the Montreal region (Quebec, Canada). Results of
this illustrative application have indicated that homogeneity of rainfall conditions at different sites can be
defined based on the similarity of rainfall occurrences within a concurrent time period. Further, it has been
demonstrated that, based on the proposed definition of regional homogeneity, the estimates of maximum
daily rainfalls for ungaged sites were found as accurate as the fitted at-site values.

                                                
1 Graduate Research Assistant, Department of Civil Engineering and Applied Mechanics, McGill University.
2 (to whom correspondence should be addressed) Professor, Department of Civil Engineering and Applied Mechanics, McGill
University, 817 Sherbrooke Street West, Montreal, Quebec, Canada H3A 2K6, Phone: (514) 398-6870, Fax: (514) 398-7361,
E-mail: van.tv.nguyen@mcgill.ca



8

Tertiary Treatment of Municipal Wastewater Using Floodplain Filtration Technique
Sobhalatha P. Kunjikutty and Shiv O. Prasher

Department of Agricultural and Biosystems Engineering
Faculty of Agriculture and Environmental Sciences, McGill University

Sobhalatha Kunjikutty: lathasob@yahoo.ca

          Industrialized and densely populated areas in developed and developing countries are
producing and subsequently discharging increasingly large amounts of wastewater into the rivers.
The presence of nitrate, phosphorous, pathogenic bacteria, chemical oxygen demand (COD) and
biological oxygen demand (BOD) in the river water causes further contaminants to be produced
through eutrophication. In order to improve the situation, it is necessary to remove all these from the
river water originating from the non-point sources as well as from the point sources.

            When the contaminated river water is discharged over the floodplain surrounded by most of
the rivers and streams, microbial processes in the rhizosphere can simultaneously remove organic
matter and nitrogen during the filtration through soil. Natural floodplains usually contain some
vegetation and are at the top of soil and are therefore expected to be more effective in the removal of
NO3, in wastewater. They can convert NO3 into plant biomass or into N2O and N2 via denitrification.

 Eighteen lysimeters were used for this experiment. Two top soil conditions, bare soil and
grass cover, and three wastewater application rates of 50.0l/d, 30.0l/d and 10.0l/d were applied for the
research in triplicate. Each lysimeter will be constructed using a PVC pipe (45 cm Diameter x 100 cm
Height) and packed with a sandy loam soil representative of the floodplain soils. Concentrations of
organic matter DO, NO3, NO2, NH4,  N2, and N2O, and redox potential will be measured for at
different soil depths in each lysimeter using standard analytical methods.

The technique of floodplain filtration, removing contaminants and improving the water
quality to ensure the availability of better quality water to the people in the downstream. The
floodplains surrounded by the rivers and the streams are used as the filter media. This needs no
chemicals and produces no sludge, which makes it environmentally more favorable. Its cost of
construction and operation would be lower than that of the conventional techniques for the relatively
low concentration of contaminants. This technique can be expected to make a great contribution to
the saving of the water resources and increase downstream river water quality.
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The Effectiveness of Polyacrylamide for Short-Term Erosion Control on Steep Slopes
Mark Partington

Department of Natural Resource Sciences
Faculty of Agriculture and Environmental Sciences, McGill University

Mark Partington: mark-p@mtl.feric.ca

The construction of forest access roads has been shown to negatively impact water quality in forested
watersheds.  Poorly constructed roads and improperly stabilized road embankments can lead to soil erosion
and increased sediment loads in nearby watercourses.  The forest industry is increasingly aware of the
necessity to implement proper road construction practices that ensure the protection of water quality.
However, there remains a gap in available tools and techniques that can effectively provide for short-term
erosion control at construction sites before permanent vegetation or soil stabilization techniques can be
established.

This project aims to test the effectiveness of polyacrylamide (PAM) in providing short-term (3-6 week)
erosion control on steep slopes.  To date, the research on the applicability of PAM for erosion control has
focused on agricultural fields where PAM has been found to be highly effective.  This project will expand on
previous research to include soils on steep slopes commonly found on road construction sites.  The
hypothesis of this testing is: (1) The application of PAM will reduce soil erosion. (2) The application of
PAM will reduce water runoff. (3) Increases in PAM application rates will further reduce soil erosion.

Figure 1.  Example of typical erosion problem on an improperly stabilized roadside embankment.
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Towards Sustainable Water Management in Mexico City
Jamie Carrera and Susan Gaskin

Department of Civil Engineering and Applied Mechanics
Faculty of Engineering, McGill University
Jaime Carrera: jcarre3@po-box.mcgill.ca

The Mexican Basin, originally a closed basin, occupies an area of approximately 9,600 km2 with a mean
elevation of 2,200 meters above sea level (masl) and is surrounded by mountains that reach elevations of
over 5,000 masl. Mexico City and its Metropolitan Area (MCMA) are located in the Mexican Basin,
covering 4200 km2 with a total population of 20 million.

Water supply is provided by pumping water from the aquifers beneath the MCMA, some surface water
sources and by water imported from two different river basins. The main water supply to the MCMA is
groundwater. Exploitation policies in the last century have caused an important decline in the groundwater
table with a rate within 0.1 to 1.5 meters per year. This overexploitation has caused a land subsidence of
even 8 meters in some parts of the city, damaging buildings and existing infrastructure

The first step to achieve a sustainable exploitation is to maintain equilibrium between extraction and
recharge in the aquifer system. Therefore, new water management policies and solutions are needed in the
MCMA in order to achieve sustainability. Water reuse and artificial recharge are part of the solutions that
need to be explored to alleviate the critical state of the aquifer system in the Basin.

Please see Figure on next page (11)
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Digital Elevation Model of the Basin of Mexico.
The Mexico City Metropolitan Area is represented in gray color, while political boundaries within States are
shown in black and watershed limit is shown in white. Orange points represent wells located throughout the
Basin and registered in the Public Register of Water Rights of Mexico's National Water Commission.
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Regional Estimation Of Floods for Ungaged Medium-Sized Basins in Quebec
Nelly Peyrona, Van-Thanh-Van Nguyena, Gilles Rivardb

a Department of Civil Engineering and Applied Mechanics, McGill University, 817 Sherbrooke Street West,
Montreal, Quebec, Canada H3A 2K6; PH 514-398-6871; nelly.peyron@mail.mcgill.ca
b Aquapraxis Inc., 827 Pierre Street, Laval, Quebec H7X 3T3; PH 450-689-2967; grivard@aquapraxis.ca

Accurate estimation of floods for basins of medium size (less than 700 km2) is important for the design of
small hydraulic structures (e.g., culverts, small bridges). In general, flow records for these medium-size
basins are either limited or unavailable. In such cases, regional estimation methods, which use hydrological
information from many sites, have been proved to be able to improve the accuracy and reliability of the flood
estimates. However, the success of these procedures lies upon the appropriate identification of hydrologically
similar basins. While several methods of delineating homogeneous regions have been proposed in the
literature, the criteria used in these procedures for determining regional homogeneity involve still a great
deal of subjectivity. Therefore, the main objective of the present study is to propose an objective approach to
delineation of homogeneous regions for improving the accuracy of flood estimation at locations without data.
The proposed method is based on the scaling of statistical properties of floods with basin characteristics.
Results of an illustrative application using the available hydrologic and physiographic data for 65 watersheds
in Quebec have indicated that the grouping of homogeneous basins as suggested in this study could form
well-defined geographical regions with distinct climatic characteristics. Further, it has been demonstrated
that, based on the proposed definition of regional homogeneity, the estimates of floods for ungaged sites
would be more consistent and more adequate than those provided by existing methods.



13

Entomological Assessment of Malaria Vectors in Southern Sri Lanka
Angela Goodfellow1, David Lewis1 and Chandra Madramootoo2

1Department of Natural Resource Sciences
2Department of Agricultural and Biosystems Engineering

Faculty of Agriculture and Environmental Sciences, McGill University
Angela Goodfellow: angegood@hotmail.com

In the global fight against deadly diseases, efforts to eradicate malaria are among the top priorities.
Although malaria in Sri Lanka does not compare to the morbidity and mortality encountered in Africa, the
nature of transmission of the disease is unstable, which has led to a low natural immunity to the disease (1).
Epidemiological and vector research on the disease date back to the 1920’s (2) and since malaria continues to
be a major health problem for the country much effort in still invested in the disease (3).  Carter first
identified the main vector of malaria in Sri Lanka as Anopheles culicifacies (2) and several possible
secondary vectors have since been identified (4).  Malaria risk mapping of southern Sri Lanka took place
from data available from 1991 to 2000 and identified certain areas at greater risk of contracting the disease
than others (5).  An interesting finding was that a high-risk region was identified in an area of ancient rain-
fed tank cascade system, whereas a neighboring irrigation developed region was classed as low risk.
Striking, was that the nearly constant supply of water to the irrigated area indicates the potential for nearly
year round breeding habitats for malaria vectors, whereas ancient tank systems depend entirely on rainfall
and have more seasonal vector breeding.

The main objective of this study was to determine if indeed the higher risk of contracting malaria in
the area of ancient tank system was associated with higher vector breeding.  Collections were done on a
fortnightly basis with three types of collections: Larval Collections (LC), Cattle Bait Trap Collections
(CBTC) and Pyrethrum-spray Sheet Collections (PSC).  Collections took place from September 2002 until
December 2002.  Two villages in each area were chosen and 15 houses in each village were randomly
selected from a house list of the village for PSC collections.  Geographical positions of the houses were
plotted on GIS program ARCVIEW and 2 km buffer zones were created around the houses where LC’s were
to be concentrated.  One Cattle-baited hut was constructed at a villager’s house in each village and one house
was also selected for cattle-baited net collections.  The Anti-Malaria Campaign (AMC) assisted by
conducting the PSC collections.  Anopheline mosquitoes were identified to species while others were classed
by genera.

A spatial analysis could include comparisons between the sites as well as among the breeding
habitats.  Comparisons between adult and larvae populations may also be possible.  Temporal analysis will
show changes in vector abundances over the study period that includes both the dry, intermediate and wet
seasons.

Please see photo on next page (14)
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14

Angela Goodfellow in a rice paddy in Southern Sri Lanka
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Modeling Phosphorus Dynamics in Tile Drained Fields
Joumana Abou Nohra  and C. A. Madramootoo

Department of Agricultural and Biosystems Engineering
Faculty of Agriculture and Environmental Sciences, McGill University

Joumana Abou Nohra: Joumana_abounohra@hotmail.com

Recently, elevated concentrations of phosphorus, exceeding provincial norms, have been detected in rivers
and lakes of southern Quebec. Such elevated phosphorous contamination is mainly attributed to non-point
source pollution from agricultural watersheds. In these watersheds, fields that have received continuous
applications of fertilizers reached their full capacity in fixing phosphorus, rendering phosphorus more
soluble and mobile; hence it is now moving down through the soil profile into tile drains and in surface
runoff. Phosphorus has become a major concern to researchers due to its high contribution to eutrophication
(algal blooms) of fresh water bodies. To conserve these resources and prevent pollution, a framework of a
field-scale seasonal mathematical model will be presented aiming to predict phosphorous concentration in
water bodies based on data of phosphorous application to the soil. The model proposed is a deterministic
mechanistic, continuous, one dimensional, field-scale model that is able to predict dynamically phosphorus
movement down the soil profile into tile drainage and in surface runoff, based on the concepts of surface
complexation modeling, water and phosphorus budgeting.

Source: Richard Lauzier
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Nitrogen and Phosphorus Leaching as Influenced by Tillage, Crops and Fertilizer Sources
You Jiao, William H. Hendershot, and Joann K. Whalen

Department of Natural Resource Sciences,
Faculty of Agriculture and Environmental Sciences, McGill University

You Jiao: yjiao@po-box.mcgill.ca

There is worldwide concern about ground water contamination with nitrogen and phosphorus originating
from agricultural soils. Although certain agricultural management practices can reduce the quantity of N and
P leached through soils, there is limited information on the interactive effects of key management practices.
The objective of this study was to evaluate the interactive effects of tillage, crops and fertilizer sources on the
leaching of N and P from a silt-loam soil (Typic Endoaquent). We chose two tillage systems (no-till or
conventional tillage), two crop rotations (continuous corn or soybean/corn) and two fertilizer sources
(inorganic fertilizer or composted cattle manure), for a total of eight factorial treatments. Intact soil cores
were collected from three replicates of each factorial treatment, plus a control adjacent to the field
experiment (27 soil cores in total). Soil cores were maintained at 6°C and leached eight times with 960 mm
synthetic rainwater under suction to simulate mean annual temperature and precipitation conditions at the
field site. Our results indicate that more dissolved reactive P was leached from Soybean/corn rotation soils
than those from continuous corn soils. More dissolved N + P were leached from compost amended soils than
those receiving inorganic fertilizers. The relationships between soil properties and nutrient leaching, and how
management practices may reduce N and P leaching through soils will also be discussed.
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Effects of an Entomophilic Parasite Plagiorchis elegans on an Aquatic Insect Community: An Exercise
in Reality Science

Emily Wallace and D. J. Lewis
Department of Natural Resource Sciences

Faculty of Agriculture and Environmental Sciences, McGill University
Emily Wallace: emily_wallace@hotmail.com

Plagiorchis elegans is a parasitic trematode of mammalian and avian digestive tracts. A variety of insect
species are compatible as the second intermediate host.  Based on continuing research at this campus, it has
been suggested that this parasite be used for mosquito control.  P. elegans readily infects several mosquito
species causing a significant increase in mortality. However, as with any control agent, the effects on non-
target organisms must be properly understood before its application under field conditions.  Field and
laboratory tests were used to examine the effects of P. elegans on various insect species in an aquatic habitat.
Preliminary laboratory tests were used to identify the degree of susceptibility to infection for several species.
Laboratory experiments are the method of choice in order to provide controlled conditions and some idea as
to what may be occurring in the field.  Field experiments tend to have many more variables that cannot be
controlled and provide insight to what actually happens under natural conditions.  The design of a field
experiment is crucial in order to ensure a reasonable level of homogeneity throughout the study site.
However, what may be clear protocol on paper does not ensure that the design will be without complications.
In this study, susceptible species were examined for degree of pathogenicity.  Field experiments used
mesocosms, circular enclosures, to isolate areas within the site for testing.   Samples from the mesocosms
were treated with 600 cercariae per day for five days and collected on day six with the removal of the insects
and the enclosure.  A possible result may be a differential distribution of pathogenicity among the various
insect species and instars, and may be a result of behavioural or morphological adaptations of a given species
as well as possible environmental effects.  Laboratory experiments may be used for further investigation of
these possibilities.

Please see photo on next page (18)
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Sampling ponds in Stoneycroft Wildlife Area
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Combining Crop Growth Modeling with Remote Sensing
Yousef Karimi, Shiv O. Prasher, Heather McNairn, Robert B. Bonnell

Department of Agricultural and Biosystems Engineering
Faculty of Agriculture and Environmental Sciences, McGill University

Yousef Karim: ykarim@po-box.mcgill.ca

Crop growth models require temporal and spatial information about soil and agricultural practices for
the entire growing season. The collection of this information with existing methods is labor-intensive and
time-consuming, and, in some cases, impossible.  Remote sensing techniques have the potential of collecting
huge amounts of information, spatially and temporally, for large areas. So far, the potential of remote sensing
in crop monitoring and yield estimation has not been fully explored. For quantitative analysis to estimate
yields on a regional scale, newer methodologies are needed. The overall objective of this study is to combine
remote sensing observations with STICS a mechanistic crop growth model. For this purpose during the
summer of 2000, 2001, and 2002, measurements were made in corn fields on the Macdonald Campus Farm,
Ste-Anne-de-Bellevue, Quebec, Canada. Corn growth was studied as a function of different nitrogen
fertilization rates, weed control strategies, and water availability.  Optical spectral data was collected using
both airborne and handheld spectroradiometers. In addition, a large number of field data on crop conditions,
which are required for a crop growth model, were also measured. They included plant height, soil sample,
soil moisture, SPAD reading, nitrogen content of the plant and grain, LAI, biomass, and yield. Details of the
experiment and the results obtained thus far will be presented and discussed in the presentation.
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A Field Filter to Effectively Manage Agricultural Wastewaters
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Annually, the average Quebec dairy farm manages a volume of 370 to 1000 m3 of wastewater including
manure seepage. To facilitate the disposal of this large volume of slightly contaminated wastewater, a system
was developed based on principles of surface irrigation. The system consists in using the slope of cropped
land to distribute the wastewater to 1,0ha of forage crop. Because the design of the system depends on the
composition of the wastewaters, the first year of project consisted in sampling and analyzing such
wastewaters. Also, during the first year, the theory was developed to explain the distribution of water on the
ground surface by runoff, to test the equipment available on the market, to insure that the equipment worked.
The results were favorable as the wastewater disposal cost was reduced up to $5.50/m3. The system was
faster than spreading tanker, taking only two hours as compared to two days, required less equipment and did
not damage the crop. Furthermore, the wastewater can be applied at any time during the growing season
without disturbing the crop. In the second year of project, the benefit of the added water on the yield of the
crops and on environmental impacts of such application will be evaluated. The milk house and manure
seepage wastewaters of three farms Southwest of Montreal were analyzed and their N, P and K content
ranged between 50 and 600, 15 to 60 and 200 to 700 mg/L, respectively. Thus, the application of 1000m3/ha
of such wastewater could fertilize a forage crop for one year in terms of N and P, and for two years in terms
of K. Thus, the irrigation plot would have to be rotated on a two-year cycle.

Un Filtre Cultural pour la Gestion Efficace des Purins et Eaux de Laiterie
Sophie Morin and Suzelle Barrington

La ferme laitière moyenne québécoise est au prise avec un volume variant de 370 à 1000 m 3 d’eaux usées et
de purin annuellement. Elle se doit de disposer de ses volumes de façon à ne pas nuire à l’environnement et
en accord avec la réglementation en vigeur. En se basant sur l’expertise du Dr. Suzelle Barrington de
l’Université McGill et avec l’appuis de plusieurs partenaires dont, le club Southwest Agri-link Association
Inc et le Conseil pour le développement de l’agriculture au Québec nous avons élaborer un système qui
disposera de ces volumes de manière efficace et à un coût abordable. Le developpement d’un filtre cultural
fut la solution retenue. En effet, ce filtre permettrait de disposer des eaux usées et des purins d’un troupeau
de 40 vaches sur une surface d’irrigation de 1,0 ha en comblant les besoins en fertilisant de cette surface. Il
s’avèvre toutefois necessaire de connaître la composition des sols et des eaux de la ferme, afin de choisir la
culture la plus appropriée. Durant la première année du projet, nous avons développé la théorie qui explique
la distribution des eaux à la surface du sol, par ruissellement de surface; testé les équipements disponibles sur
le marché, afin de s’assurer que ceux-ci pouvaient faire l’irrigation de surface; échantillonné les eaux usées
et les purins de fermes laitières pour connaître leur contenu en nutriments et la surface d’irrigation requise
pour effectuer l’épandage; Et effectué quelques tests sur le terrain avec le système. Les résultats nous
permettent d’être optimiste. Les coût sont plus qu’avantageux pour les producteurs, un maximum 1,35$ par
m3. Le système est plus rapide par rapport à l’épendage par citerne. L’épendage peut s’effectuer en tout
temps, lorsque la culture en a besoin et aucune compaction du sol n’est relié à notre technique. Pour la
deuxième année du projet nous allons nous attarder sur des questions de rendement de culture et des
questions environnementales. Quelques analyses comparatives seront realisé à la fois, sur la végétation
irriguée par citerne et la végétation irrigée par notre système. Nous seront donc en mesure de savoir si le
système à des répercussions positives plus étendues.
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Introduction
Watershed management refers to judicious management of all the natural resources occurring within

watershed and their hydrological responses for enhancing production of food, fiber, fodder, fuel, fish,
flower and forest resources. Multidisciplinary approach in management of all the resources in a holistic
way is the key issue in watershed management for achieving sustainability in agricultural production. In
this connection, use of Geographic Information System (GIS) tool makes this gigantic task easier and
meaningful. GIS is distinguished from other modern data processing systems by its ability to manipulate
spatial data which is extremely useful is hydrologic modeling. Moreover, development of user interfaces
to link the hydrological models and watershed topographical and geomorphological parameter is an
added advantage in watershed management. The quantification of these parameters is tedious and time
consuming when accomplished manually or using the GIS without any interface. Therefore, there is a
need for automatic determination of watershed topographical and morphological parameters. This is
possible with development of an interface to work with GIS and Digital Elevation Models(DEM) or
Digital Terrain Models (DTM).

An interface is a group of related methods, which can link different applications to perform tasks as
desired by the developer. The ability of the user to display, manipulate or perform analyses on spatial
data with a GIS depends on three basic factors: the functionality of the particular system: the expertise of
the user: and the systems user interface. The user interface can be developed by writing computer
algorithm within or outside the GIS environment. The Visual Basic Programming language along with
ArcObjects technology of ArcInfo GIS of ESRI have made the job of interface development more
interactive and flexible. Moreover, Component Object Model (COM) technology in advanced GIS tools
also facilitates the interface development using any programming language that supports COM. In this
present study, the ArcGIS (ver.8.2) of ESRI was used to develop the interface using Visual Basic for
Applications (VBA). The developed interface is based on ArcObject technology and it performs different
activities directly without using the ArcMap procedures. The functionalities of the interface include 1.
Running of Watershed and Stream Delineation Tool (WSDT)[1] for watershed delineation and stream
network generation or adding the digitized polygon or poly-line features available for analysis 2. Adding
the features to the combo-box of the interface, which are available on the Table of Contents (TOC) of
ArcMap 8.2 of ArcGIS tool, 3. Selection of the layer in the combo-box for analysis, 4. Estimation of the
topographical and Geomorphological parameters such as watershed area, perimeter, length of drainage
channels, drainage density, shape factor, circulatory ratio, hypsometric integral etc. are displayed as the
output of the Interface.

Interface development and its operation
The developed interface for watershed topographical and geomorphological information contains a

combination of different ArcObject interface modules to perform functions such as activation of the layers,
set the cursor to each field and row of the attribute table and to perform the desired estimation of geo-
referenced tables. To begin with, the available DEM (7.5’, 1:50,000) of Cowansvile region (-730 to –720

Longitude and 450 00’ to 450 15’ latitude) under Quebec province of Canada is used for watershed
delineation and stream network generation using the interface WSDT. It was observed that the generated
natural drainage network using the interface WSDT was almost in line with the available drainage network
of the region (obtained from NTDB, Natural Resources Canada). The developed interface to estimate
                                                
3 Post Doctoral Fellow, Agricultural and Bio Systems Engineering, McGill University, Montreal, Canada,
4 Director Brace Centre of Water management and James McGill Professor, Agricultural and Bio-systems Engineering, McGill
University, Montreal, Canada
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watershed information and drainage density was applied on these watersheds. The interface along with the
selected layers in the TOC of ArcMap is shown in Fig. 1. The command buttons of the interface performs
different tasks and pressing the “Run” button, the watershed area, perimeter, length of drainage channels and
drainage density is estimated. The interface is user friendly and prompts messages to start with and guides
the user to perform the final estimation. Therefore, this interface acts as a macro to perform these tasks with
ease, accuracy and in quick successions. The manual and sequential calculation of these values consumes
time and requires more expertise to work with ArcMap. However, the interface performs these tasks without
working on different procedures within the ArcMap tool of ArcGIS.

Conclusion
In this article, one interface for geomorphological estimation is shown. The drainage density is one of

the geomorphological parameters, which provides the information about the behavior of the watersheds to
rainfall events. It is the ratio of the total length of all the streams to the watershed area, both measured in
consistent units. If drainage density is high, it implies a well-developed natural surface drainage pattern. A
high drainage density may occur due to several watershed features as well as the rainfall pattern. The
drainage density of delineated watersheds of Cowansville region are 93.256 km-1, 94.76 km-1 and 101.44 km-

1. It was observed that, drainage density is higher for smaller watersheds.  Moreover, higher drainage density
also reflets high rainfall in the watersheds and also reflects quick transformation of overland sheet flow into
rill, channel, rivulet and stream flows, which in turn, implies a low infiltration characteristics of the
watershed surface soils. Besides, drainage density will be usually low in well-vegetated or well-forested
watersheds as the direct impact of rainfall is reduced due to abstraction through interception of the incoming
rainwater. It was also observed form the metadata of the region that the low drainage density is obtained
from the watershed having more forest and land covers.

Interfaces for different purposes can be developed to estimate watershed based parameters and also
link the geo-referenced watershed parameters with the hydrological models to estimate surface runoff,
sediment loss, ground water potential etc.. The interface also acts as a dynamic linkage tool for real time
assessment of watershed parameters in response to hydrological processes occurring over watersheds. The
attribute table of the watershed coverages can be linked dynamically with the variable hydrological inputs to
generate temporal and spatial estimation of runoff and sediment loss within watersheds.

Reference

[1] Watershed and Stream Delineation Tool (WSDT)
    http://ceprofs.tamu.edu/folivera/GISTools/wsdt/home.htm

Activation Icon in toolbar
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Fig 1. Figure showing the Delineated watersheds from the DEM, Interface form and activated
windows after running the interface command buttons.
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The Effect of Bradyrhizobium Japonicum and Methyl Jasmonate (Meja) on Soybean (Glycine Max)
Nodulation, Nitrogen Fixation and Grain Yield under Short Season Conditions
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Jasmonic acid (JA) and its methyl ester, methyl jasmonate (MeJA), collectively termed as
jasmonates, are naturally occurring in plants and are important signal molecules involved in induced disease
resistance and biotic and abiotic stress responses of the plant. Jasmonates are derivatives of the octadecanoid
pathway and play a central role in wound signal transduction pathway. Their presence in the rhizosphere has
also been reported due its rhizosecretion from the root cells. Besides its role in-planta, jasmonates can also
act as signaling molecules rhizobium-legume symbiosis. We have recently shown that jasmonates induced
the transcription of nodulation genes in Bradyrhizobium japonicum and also produced substantial amount of
lipo chitooligosaccharides (LCOs) when these cultures were induced with jasmonates. It is well established
that low root zone temperature affects all stages of soybean nodulation and especially the early inter-
organismal signaling between the two symbiotic partners which is crucial for the establishment of effective
nodules. It has previously been reported that preincubation of inocula with geinstein, an effective inducer of
nodulation genes in Bradyrhizobium japonicum, partially overcame the detrimental effects of low root zone
temperature and enhanced soybean nodulation, nitrogen fixation and yield under sub-optimal root zone
temperature conditions. Since jasmonates induced nodulation genes and also caused LCO production from B.
japonicum, we conducted two field experiments in the year 2002 to determine whether incubation of B.
japonicum with MeJA prior to inoculation increases soybean nodulation variables and grain yield. At both
sites, experiments were designed as two factorial randomized complete block design (RCBD) with four
replications. Factor A consisted of inducer molecules while factor B consisted of B. japonicum strains. The
results of the experiments showed that both genistein and methyl jasmonate significantly increased nodule
number and nodule weight per plant. Due to enhanced nitrogen fixation attributed to increased nodule
number and weight, the soybean plants showed increased dry matter accumulation and total grain yield. In
conclusion, the results of this study indicate that MeJA can be used to promote soybean nodulation and grain
yield under low spring field temperature conditions.
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Genotoxicity of MeHg in wild mink (Mustela vison) and North American river otter (Lutra
canadensis).
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Methylmercury (MeHg) is the most toxic form of Hg to wildlife, partly because of its ability to biomagnify
through the food chain. Previous studies have shown that both wild mink (Mustela vison) and river otter
(Lutra canadensis) are particularly susceptible to increased exposure and body burdens of MeHg due to the
piscivorous nature of their diet. Very few studies have been conducted on the genotoxicity of Hg and MeHg
in wildlife; however, links between MeHg exposure and DNA damage have been documented in several in
vitro studies.  This research will attempt to establish a relationship between MeHg concentrations in mink
and otter tissues and DNA fragmentation using both single cell electrophoresis (comet assay), and agarose
gel electrophoresis.  The major obstacles facing this project are the additional factors (besides MeHg
exposure) that may potentially affect DNA degradation in our collected tissue samples.  Chief among these
factors is the amount of time elapsed between the animal’s death and proper tissue preservation; and the
number of times each carcass or tissue has been frozen, thawed, and refrozen.  Other potentially confounding
factors that might cause DNA damage independent from exposure to MeHg includes the animal’s exposure
to other DNA damaging substances, and the overall health of the animal.  Here, we report results of
preliminary experiments to determine the rate at which spontaneous hepatic DNA degradation occurs at
different ambient temperatures; and to determine the effects of multiple freeze/thaw cycles on DNA strand
breakage.  DNA damage was assessed both by the comet assay and agarose gel electrophoresis.  Results
indicate that, as expected, both time and storage temperature markedly influences the rate of spontaneous
DNA degradation.  Increased numbers of freeze/thaw cycling also appear to have a negative effect on DNA
integrity.
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Measuring Greenhouse Gas Emissions at the Farm-Scale Using the Nocturnal Boundary Layer Budget
Method
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The reduction and stabilization of atmospheric
concentrations of CO2, CH4, and N2O are the highest
priority of the Kyoto Protocol. The agriculture sector in
Canada (which includes emissions from agricultural
soils, enteric fermentation, and manure management) is
responsible for 26% and 68% of total CH4 and N2O
emissions, respectively, in Canada (Olsen et al., 2002).
However, emissions for this sector are highly uncertain
(10-50%), mostly due to the greater than 50% uncertainty
in emissions estimates of CO2, CH4, and N2O from
agricultural soils. If more precise estimates can be
obtained this may have an impact on policy-planning in
the area of greenhouse gas reduction.

The nocturnal boundary layer (NBL) budget
method is a measurement technique based on the NBL
acting as a natural chamber in which fluxes are measured over a large area. The characteristic temperature
inversion acts like a lid at the top of the boundary layer, enclosing gases emitted from the surface. Several
tethered balloon soundings of the NBL are conducted in one night. Successive profile measurements of trace
concentrations are integrated over time to determine the trace gas flux.

The NBL budget method is being used in this project to measure nocturnal CO2, CH4, and N2O
emissions from two typical farming systems in eastern Ontario and western Quebec. Data from this project
will be used to supplement continuous daytime measurements at the same locations, with the objective of
eventually obtaining a more precise estimate of greenhouse gas emissions from agricultural ecosystems in
Canada.

This poster will include the experimental methods and findings from intensive NBL campaigns
performed in the summer of 2002.
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Abstract
This study investigated the possibility of using data, acquired from airborne hyper-spectral sensors, to

detect nitrogen status and presence of weeds in crops; with the ultimate aim of contributing towards the
development of a decision support system for precision crop management (PCM).

In the year 2000, a 72-waveband (spectrum range 407 to 949 nm) hyper-spectral sensor was used to
detect weeds in corn grown at three nitrogen levels (60, 120 and 250 kg N/ha). The weed treatments were: no
control of weeds, control of grasses, control of broadleaved weeds and control of all weeds.  Imagery was
acquired at the early growth, tassel, and fully-mature stages of corn. Measurements were also carried out on
crop physiological and associated parameters. ANOVA and contrast analyses indicated that there were
significant (α=0.05) differences in reflectance at certain wavebands, due to weed control strategies and
nitrogen application rates. Weed controls were best distinguished at tassel stage. Nitrogen levels were most
closely related to reflectance, at 498 nm and 671 nm, in the aerial data set. Differences in other wavebands,
whether related to nitrogen or weeds, appeared to be dependent on the growth stage. Better results were
obtained from aerial than ground-based spectral data.

Regression models, representing crop biophysical parameters and yield in terms of reflectance, at one
or more wavebands, were developed using the maximum r2 criterion. The coefficients of determination (r2)
were generally greater than 0.7 when models were based on spectral data obtained at the tassel stage.
Models based on normalized difference vegetation indices (NDVI) were more reliable at estimating the
validation data sets than were the reflectance models.  The wavebands at 701 nm and 839 nm were the most
prevalent in these models.

Decision trees, artificial neural networks (ANNs), and seven other classifiers were used to classify
spectral data into the weed and nitrogen treatment categories. Success rates for validation data were lower
than 68% (mediocre) when training was done for all treatment categories, but good to excellent (up to 99%
success) for classification into levels of one or the other treatment (i.e. weed or nitrogen) and also
classification into pairs of levels within one treatment. Not one classifier was determined best for all
situations.

The results of the study suggested that spectral data acquired from airborne platforms can provide
vital information on weed presence and nitrogen levels in cornfields, which might then be used effectively in
the development of PCM systems.

Please see Figures on next page (28)
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Fig. 1 Color-infrared image of experimental plots

Fig. 2 Classification map for nitrogen categories
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Targeted P Applications Based on Grid Soil Sampling
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Elevated levels of phosphorus, derived mainly from agricultural non-point source pollution, is the dominant
water quality problem in rivers in Eastern Canada. As well, elevated phosphorus levels in soils limit the
amount of P that can be applied to fields, and in many cases, result in a requirement to transport manures
great distances. Grid soil sampling can be used to target P applications at the sub-field scale, to derive
benefits on the agronomic, environmental and farm manure management level.

Phosphorus fertilizer applications are based upon the uptake of the crop, the soil P richness, and the percent
P saturation in the soil.  The levels of P in fields are based upon a single composite sample. Generally
environmental parameters, including soil P tests, have non-normal distributions.  A few samples exhibit very
high P values, which can artificially increase the average for the field.  This results in an overestimation of
the P levels in the soil, and a subsequent decrease in the recommended fertilizer applications.  Fields exhibit
variable levels of P and  % P saturation due to inherent soil characteristics such as texture and aluminum
content, as well as the historic levels and methods of manure and fertilizer application. A phosphorus
application rate based on a single composite soil sample for a field generally underestimates the P
requirements in some sub-areas and overestimates the requirements in other sub-areas of the field.  The areas
of the field, which are excessively rich, are being fertilized at too high a level, which poses an environmental
risk. As the spatial variability of soil test P increases in a field, that is, the less uniform the P values are
across the field, the greater the benefits associated with this methodology. Seven agro-environmental clubs
are participating in this project. Field size ranges between 6 to 8 ha and between 8 to 10 samples will be
taken per ha (48 to 80 samples per field) on a staggered grid size of approximately 30-m x 40-m. Sampling
points are geo-referenced.

Acknowledgements:
Seven clubs have participated in the project: Agro-Environnemental Enviro-Oeuf, Agro-Environnemental
Bassin Versant Ruisseau St-Esprit, Agro-Environnemental Regroupement des Agriculteurs en Amélioration
Continue (RAAC), Agro-Environnemental Agri Conseils Maska, Agro-Environnemental Club-conseil Les
Patriotes, Agro-Environnemental Dura-Sol Drummond inc., and Agro-Environnemental Club Yamasol inc.

This project is funded through the Livestock Environmental Initiative (LEI) under the Canadian Adaptation
and Rural Development (CARD) program. The Canadian Pork Council championed this project.
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Addressing Water Scarcity and Drought in Central Asia due to Climate Change
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This project is designed to assist developing countries in Central Asia to reduce their vulnerability and adapt
to the adverse impacts of climate change, particularly water scarcity and drought. It includes the transfer
water and crop management technologies for food production to farmers and irrigators in the Hunger Steppe
region of Uzbekistan and Kazakhstan, thereby providing field level tools to enhance food security and reduce
poverty. Field sites will be used for demonstration and training purposes. The direct project beneficiaries are
the population dependent on food crop production around the pilot project sites. Local partners include the
Ministries of Water and Agriculture of the Central Asian Republics, the Main Administration of
Hydrometeorology of the Republic of Uzbekistan (Glavgidromet) as well as the Interstate Commission on
Water Coordination (ICWC). Glavgidromet is the UNFCCC National Focal Point in Uzbekistan.
Dissemination of project results will be accomplished using the resources of the Scientific Information
Centre of the Interstate Commission on Water Coordination (SIC-ICWC), and the CIDA financed Water
Resources Training Centre in Tashkent.

(UNFCCC: United Nations Framework Convention on Climate Change)
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A Greenhouse experiment was conducted to evaluate the effects of both water stress and spray
application of Lipo-choto-oligosaccharides (LCOs) during reproductive growth of soybean (Glycine max (L.)
Merr.). LCOs are bacteria-to-plant signal molecules essential for the establishment of rhizobia-legume
symbioses. LCOs are known to invoke a number of physiological changes in the host plant, which enhance
photosynthesis and nitrogen accumulation. The study was aimed principally at analysing the interactions
between water stress and LCO treatment, particularly the potential impact of a spray treatment of LCO on
the soybean’s drought resistance and productivity. Crop evapotranspiration (ETc), as measured by an
evaporation pan located within the growth chamber, was assumed to represent crop total water requirements.
Soybean plants were grown under three moisture regimes [0.25 ETc, 0.5 ETc, and full ETc], and were
treated by two levels of LCO [LCO, and no-LCO]. All plants, well fertilized, were irrigated daily. LCO
treated plants were sprayed with LCO regularly during the water stress period. Monitoring of plant
performance was conducted so as to determine the growth pattern of soybean under water stress and evaluate
the physiologic, morphologic and biophysical changes induced by LCO application. A LiCor Model-6400
portable photosynthetic meter was used to measure physiologic growth variables such as the photosynthetic
and transpiration rates. Plant height and other common morphologic growth variables were also regularly
measured. Reflectance of the whole plant canopy was measured with one of two portable
spectrophotometers, 300 to 2500 µm or 300 to 1300µm wavelengths. The physiologic results indicate that
photosynthesis and vegetative tissue were considerably reduced at both water stress levels. Growth data
consisting of stem, leaf, and bean dry matter, plus photosynthetic leaf area strongly confirmed these findings.
The canopy reflectance data show that water-stressed canopies have a lower spectral reflectance in the near-
infrared spectra (NIR). This demonstrates that water-stress can be detected using canopy reflectance
measurements. The LCO treatment had a significant impact on soybean growth. LCO spray enhanced the
photosynthetic rate of soybean at the medium stress level. This led to an increase of flower induction, pod
development and plant height. These data demonstrate that the LCO treatment decreased the impact of water
stress through a stimulation of overall plant physiology. The spectral data indicate that water-stressed and
LCO-treated plants have a higher reflectance in the NIR, when compared to water-stressed and non LCO
treated plants. These data suggest that LCO effect on plant physiology is to be linked with the increase of
canopy reflectance in the near-infrared spectra.
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Relationships between surface runoff discharge and dissolved ion loads are complicated by a
hysteresis effect.  Until now, researchers have investigated hysteresis loops using qualitative tools describing
their direction (e.g., clockwise or counterclockwise).  The quantitative study of these loops would ease
comparison of results of dissolved ion losses in surface runoff between events and therefore help to evaluate
the impacts of hydrologic characteristics, such as soil moisture conditions, on ion transfer from fields to
water bodies.  The objectives of the present study were to 1) develop a technique to quantify the hysteresis of
ion transport in runoff water and 2) use this technique to compare hysteresis behaviour on an event basis.

Since fall 1998, measurements have been performed on two undrained raised beds (290 m x 33 m
each) separated by a ditch along their length.  Trenches were dug on each side of the ditch and waterproof
polyethylene membranes were laid in them to intercept runoff from the adjacent beds.  At the end of each
trench, continuous monitoring of runoff volume was carried out using tipping buckets.  Manual sampling of
runoff water in both trenches was performed every 5 minutes for the first hour after initiation of a runoff
event and at 15- minute intervals thereafter.  Aliquots of runoff water were filtered (0.45 µm) and analyzed
for dissolved anions and cations.  Finally, rainfall volumes were measured using a recording raingage.

For each rain event, ion concentrations were coupled with discharges during the rising limb and the
falling limb of the runoff hydrograph.  The resulting hysteresis curves were characterized by 1) computing a
regression equation for each part of the hydrograph and 2) calculating an index (H) as the ratio of the integral
of the equation of the rising limb to that of the falling limb. Soil antecedent moisture conditions were
estimated by using the ratio of runoff to rainfall volumes.  The results show that soil antecedent moisture
conditions affect hysteresis loops.  Indeed, as the soil prior to a rainfall event is wetter, the ion hysteresis
behaviour of the loops shifts from a counterclockwise (H<1) to a clockwise direction (H>1).   Quantitative
assessment of hysteresis behaviour contributes to a better understanding of the effects of hydrology, with its
complexities of temporal variability, on ion transfers from soils to water bodies.

Keywords: Runoff, Hysteresis, Cations, Anions, Antecedent Soil Moisture
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Maize (corn, Zea mays L.) grown for grain returns large amounts of plant residues to the land at harvest.
These residues help maintain soil organic matter levels, recycle nutrients, and when left on the soil surface
they protect the soil against erosive forces.  Placement depth (surface, buried) and residue characteristics
influence decomposition rates and nutrient cycling.  Our study was set up to assess (1) rate of corn residue
mass loss under three different tillage systems; (2) timing and amount of net nitrogen release or
immobilization by the residues; (3) role of different plant parts (leaves, stems, husks and cobs) in
determining overall decomposition patterns and nitrogen (N) dynamics.   The study was conducted at the
Macdonald Campus Research Farm in southwestern Quebec, on a sandy loam underlain by clay.  Tillage
treatments, in place as of 1991, were as follows:  no-till (NT), with all residues left on soil surface at harvest;
reduced tillage (RT), with residues partially incorporated by disking, and conventional tillage (CT), with
residues buried by fall plowing and spring disking.  Mesh bags containing dried residues (leaves, stems,
husks, shelled cobs; bagged separately) were placed in the field in autumn 1996 (buried and surface-placed
in all grain corn plots), and retrieved for analysis in 1997 and 1998.   Estimates for overall residue mass loss
and nitrogen content were made by combining data from all residue types, taking into account initial
proportions of each at field scale at harvest. As expected, surface residues lost mass more slowly than buried
residues in all plots. Thus overall residue breakdown would be slowest in NT, intermediate in RT, and fastest
in CT.   Surface and buried residues released similar amounts of N between fall and first sampling in mid-
May, but after mid-June, depth effects on N varied by residue type.   Buried leaves and husks released N
over the summer, while N content of other residues remained unchanged or increased, despite continued
mass loss.  Often, some residues were releasing N while others were immobilizing it.  Residues released N
somewhat more slowly in NT than in RT and CT, although treatment differences were rather small in kg/ha
terms (max. 10 kg N/ha after 2 years).


