
Intra and Inter-Storm Study of Solute Chemical Composition of Overland Flow
Water in Two Agricultural Fields

Jacques L. Langlois and Guy R. Mehuys
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In agricultural fields, overland flow can transfer nutrients from soils to water courses with
a wide range of chemical composition.  So far, very few studies have looked closely at
the relationship between dissolved nutrient concentrations and surface hydrology on a
short-time scale. The objective of this study was to understand the factors responsible for
dissolved nutrient variations in overland flow on a short-time scale within and among
rain events.

In the summer of 2001, a study was performed near Montreal (QC) on two agricultural
plots (1.2 ha 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



overland flow from the adjacent plots.  At the end of each trench, continuous monitoring
of overland flow was carried out using tipping buckets.  Manual sampling of overland
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.  Sediment concentration
was determined by evaporating an aliquot of unfiltered runoff water samples. The ratio of
dissolved nutrient concentration over suspended solids (C/SS) was calculated for each
sample.

Results showed that, for all events, dissolved nutrient concentrations increased during the
event, which is in contradiction with trends found in small-plots studies.  Moreover, as
nutrient concentrations increased, sediment concentrations decreased.  Finally, the slope
between C/SS and overland flow discharge is different among nutrients, but the ranking
remains constant for all rain events.  These results suggest the hypothesis that suspended
sediments play a major role on chemistry of runoff water by re-adsorbing released
nutrients from the soil surface. The next step in this research is to test this hypothesis in
the laboratory.
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Agricultural management practices such as tillage and residue incorporation alter soil
physical and chemical conditions.  These changes influence microbial activity and
population structure, and in turn nutrient cycling and overall soil quality.  Our objective
was to evaluate overall changes in soil microbial biomass (C and N) and microbial
community structure (determined by phospholipid analysis), throughout the growing
season, in response to tillage and crop residue management.

An experiment was conducted on a tillage and residue management site, located at the
McGill University Macdonald Campus farm in Ste. Anne de Bellevue, Quebec.  Since
1991 the site has been cropped to corn (Zea mays L.). Factorial combinations of three
levels of soil tillage and two levels of residue addition were randomized within each of
three blocks.  Tillage treatments were conventional (CT), reduced  (RT) and no till (NT).
Residue treatments consisted in leaving (+R) or removing (-R) crop residues from the site
after crop harvest.  Soil samples were taken in 2001 at two depths (0-10 cm and 10-20
cm) and at four sampling times during the growing season: pre-planting, 6-weeks after
planting, mid July and immediately prior to harvest.  Microbial biomass carbon and
nitrogen were determined on fresh field samples by a chloroform fumigation extraction



technique using 0.5M K2SO4.  Phospholipid profiles were established using a gas
chromatograph after extracting soil lipids and separating the phospholipid fraction from
the total lipid fraction using silicic acid columns.  At the 0-10cm depth, microbial
biomass measurements were shown to fluctuate during the growing season in response to
treatment and sampling period while community structure (fungal:bacteria,
mycorrhizae:total fungal) remained unaffected by treatment but varied throughout the
season.  Treatments had no effect on microbial biomass at the 10 B 20 cm depth.

Teaching about Complex Systems in Primary and Secondary Schools: New
Approaches to Ecosystem Education

Jennifer Karsten

Certain impacts on ecosystems, by humans, can be described as short-sighted. Water and
air pollution, deforestation, and fossil energy dependence are examples of the areas of
concern shared by those who are interested in issues of "sustainability". With such
impacts in mind, an interesting question is "How might humans learn to have impacts on
ecosystems which reflect consideration of the long-term?". In order to answer this
question, it is first necessary to understand how people learn about ecosystems, and how
ecosystems are conceptualized.

The purpose of this study has been to investigate ways in which Complex Systems
Thinking could be taught to young schoolchildren as a means by which they could
understand ecosystems in a new way; and to discuss the effects of the related conceptual
and technological approaches on teachers and educational stakeholders. To avoid
generating abstract ideas which might never be read or integrated by educational
gatekeepers (teachers and administrators), an assumption from the theoretical framework
of participatory (or action) research was borrowed. The assumption is that individuals
within a system have the most real understanding of the issues faced by them, and as well
they have valuable opinions on what and how to best change their practice. Thus, it was
decided to begin by examining ecosystem studies as they are currently conducted in the
pre-University years (Kindergarten - 11th grade) with an eye on the aspects of these
curricula that could be a bridge to lessons on Complexity. Questionnaires, classroom
observations, interviews, and group discussions were used to gather information on the
attitudes and perspectives of teachers, students, administrators, and parents over a period
of two years. This information has been under review and, in this final stage of the
project, is forming the basis for a discussion of teaching about Complexity in the pre-
University years. It is hoped that one outcome of this research will be the initiation of a
dialogue among the above mentioned members of the educational system, on the role of
complexity in teaching about systems, especially ecosystems.



In this presentation, the research project will be explained in greater detail and all
questions are welcome.

Hyperspectral Remote Sensing for Weed and Nitrogen Stress Detection

Pradeep Kumar Goel

In the year 1999, a research project was initiated in the Department of Agricultural and
Biosystems Engineering at McGill University. The project took into account the
importance of precision agriculture in the current scenario of growing environmental and
economic concern, as well as the rapid developments taking place in the field of remote
sensing. University of Laval, York University, and Agriculture and Agri-Food Canada
are the main collaborators in this project. The objective of the study is to evaluate
airborne sensors and ground spectral measurements in order to study corn crop response
under various stresses. In the first year of the study, 1999-00, an airborne multispectral
sensor was evaluated for the detection of weeds. The focus of the second year’s (2000-
01) study was the use of hyperspectral airborne and ground sensors in the detection of
weed and nitrogen levels. The topic of research for the third year’s (2001-02) was the
study of moisture stress on the spectral response of corn grown under the combined
influence of different nitrogen levels and weed management conditions. To achieve the
objectives of the project, field experiments were laid out at the Lods Agronomy Research
Center of Macdonald Campus of McGill University. Spectral observations from an
airborne platform were made over the experimental site with Airborne Imaging
Spectrometer for Applications (AISA) and Compact Airborne Spectrographic Imager
(CASI) sensors. Hyperspectral data was also collected from a hand-held
spectroradiometer at different critical growth stages of the corn crop. In addition to
spectral measurements, observations on a number of crop condition indicating parameters
were also collected. The results of the study are quite encouraging and clearly indicate
the potential of linking remote sensing and precision agriculture.



Title of the picture: Color-infrared image of experimental plots indicating the variability
in corn growth due to different weed infestations and nitrogen fertilization levels
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Phosphorus is an essential nutrient for the growth of plants.  It is commonly applied on
fields to increase the yields of crops.  However, since only a part of the phosphorus is
readily available for the crops and since overfertilisation was frequent until recent years,
many agricultural lands now show high phosphorus concentrations in soils.  Losses of
phosphorus to the environment generally increase with the concentration of phosphorus
in the soil.  Phosphorus can cause increased eutrophication of water bodies, thus leading
to algal blooms.  It can therefore be an environmental problem when present in high
concentrations in the soil.

Many best management practices (BMPs) have been developed to reduce the impact of
agriculture on the environment.  Water table management is one such BMP.  It has been
shown to help reduce nitrogen losses to the environment.  Phosphorus losses can occur
via surface or subsurface runoff, subsurface drainage or by leaching to the groundwater.
The importance of tile drains in this system is not fully understood yet.  The goal of this
project was to determine the effect of water table management on phosphorus losses in
surface runoff and tile drainage flows.



Data were collected from a water table management research facility in southwestern
Québec in 2001.  Analysis of the data indicates a clear difference in concentration and
flow from plots with free drainage compared to those under water table management.
Grain corn yields were significantly higher in the subirrigated plots compared to the
conventional drainage plots.  The next picture shows cobs picked from plots with
different drainage treatment.

A Fuzzy Cost-Recovery Criterion for Sustainable Rural Water Supply
Systems

Kameel Virjee
Department of Civil Engineering and Applied Mechanics

McGill University
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Water supply systems, in developing countries, often fail before the end of their design
life and the repercussions in terms of public health and economic development can be
significant. Planning for sustainability in rural water supply systems in developing
countries, therefore, is required to ensure that the projects exist, and maintain their design
specifications, throughout their design life.  Historically such projects have been designed
according to developed nations standards and so have often neglected the socio-economic
realities of the context in which they are implemented.  Thus, socio-economic project
design features play an important role in ensuring project sustainability.  One such area
that has been found to significantly influence project sustainability in water supply
systems is the level of demand responsiveness in the project design.  That is, the level to
which a system caters to the actual needs and wants of the users.  Numerous components
contribute to the level of demand responsiveness of a project.  One such component is the



tariff charged for provision.  If the tariff is too high, or level of service too low, in
relation to the demands of the users, the revenue raised will be less than anticipated.  As
project sustainability is interlinked with the ability of the project to meet its financial
obligations, an overestimate in the revenue available can result in a lack of financial
sustainability of the system.  It is therefore imperative to ascertain the expected revenues
of the system.  Current practice relies upon an iterative bidding game contingent
valuation method to assess willingness to pay for project benefits.  Statistical regression
techniques are used to predict the demand relationship and the expected project revenue.
Due to the inherent imprecision in surveyed values and willingness to pay bids, fuzzy
regression methods can be used to develop the demand relation. From this fuzzy demand
curve, a fuzzy set representing the expected revenues of the proposed system is created.
Simultaneously, costs can be estimated using a fuzzy set methodology, as opposed to a
probabilistic one.  Here, from the fuzzy cost and revenue relations, a fuzzy cost-recovery
criterion is developed to reflect the quantitative possibility of the recovery of costs to
some predetermined level.  Such a criterion has use as a component in the multiobjective
planning for sustainable water supply systems.

Effect of LCOs on photosynthesis and plant biomass by soybean and corn grown in
greenhouse conditions.

J. J. Almaraz,  B. Prithiviraj, X. Zhou and D. Smith

     Since the industrial revolution the concentration of CO2 has been increasing due to
anthropogenic activity, potentially making the Earth’s surface warmer. Crops can help
with CO2 mitigation because they have the capability to fix it through photosynthesis to
produce biomass. Recently, our laboratory has been shown that lipo-
chitooligosaccharides (LCOs), compounds produced by rhizobia in their interactions with
legume roots, can increase photosynthesis and plant biomass production. The use of
LCOs in combination with soil agricultural practices that increase crop production could
be a good way for increasing carbon sequestration by crops.  The objective was to study
the effect of different application rates of  LCOs on soybean and corn in greenhouse
conditions to select the best application rate to be used in field experiments.
     Two experiments were conducted during the winter of 2001. The LCO Nod Bj V
(C18:1, MeFuc) was used in this study. Treatments included three applications rates of
LCOs (10-7, 10-9, and 10-11 M) and a control. Treatments were sprayed directly in the
plant leaves when plants were in the third leaf (for soybean) or in the four leaf stages (for
corn). Photosynthesis rate and stomatal conductance were evaluated as well as dry plant
biomass and leaf area.
     From the group of concentrations of LCO evaluated for soybean and corn, 10-7 M had
the largest effect. In soybean the photosynthetic rate was 16.4 umoles of CO2 fixed m2 s-1

for LCO 10-7 M and 14.5 umoles for the control at the second day of LCO application
(Figure 1). In corn the treatment that had the greatest stimulation of photosynthesis also
was 10-7 M, but the effect was present only for two days with respect to the effect found
in soybean. The maximum photosynthetic rate in corn with LCO 10-7 M was 22.3 umoles
of CO2 fixed, obtained at the third day, while for the control the value was 18.2 umoles.



An increase in photosynthetic rates resulted in an increase in dry biomass. In soybean
treatment 10-7 M had the highest dry weight at 8.5 g, while the control had 7.7 g.
Although there was not significant effect, the dry weight increase was consistent with the
relative increase in photosynthesis. In corn there were significant differences among
treatments. The higher dry weight was 22 g, obtained with the 10-7 M treatment, and the
lowest was 18 g.  A regression analysis showed that the increase in photosynthesis rate
because of LCOs was significantly associated to the increase in stomatal conductance.

References
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Experimental studies with Giardia muris cysts in mice mucosally immunized with a
CWP2-expressing.

Peter Lee

Giardia lamblia is a common intestinal protozoan parasite of humans and other mammals.
Recent data suggests that giardiasis is a zoonosis mediated by the transmission of the
infective cyst stage between susceptible hosts. The survival of the parasite within the
environment is guaranteed by a complex rigid filamentous matrix which makes up the
surrounding cyst wall. A major constituent of Giardia’s cyst wall is cyst wall protein 2
(CWP2), which we have previously shown to be immunogenic in a G. muris animal
model. We are currently pursuing the development of mucosal vaccine strategies against
Giardia cyst wall formation which would interrupt the transmission stage of the parasite,
thus reducing the level of environmental contamination. The Streptococcus gordonii
surface protein expression (SPEX) system was used as a tool to deliver CWP2 to mucosal
associated lymphoid tissues (MALT) in a G. muris mouse model. Mice were orally given
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Figure 2. Effect of LCOs on photosynthesis of soybean at fifteen days
after emergence.



recombinant S. gordonii expressing CWP2 and systemic and local humoral antibody
responses were assayed by ELISA to determine the vaccine’s immunogenicity. We
observed that the administration of the recombinant S. gordonii CWP2 vaccine vehicle
resulted in the production of CWP2 specific systemic and local antibodies. To further
investigate the biological significance of the vaccine generated humoral antibody
responses, immunized mice were challenged with infective G. muris cysts (10000) by
oral gavage and cyst output was compared between vaccinated and control animals for a
period of sixteen weeks. We observed a 70% decrease in cyst shedding and a 7 day
reduction of the cyst output period. These results demonstrate that CWP2 is a suitable
vaccine candidate antigen. Furthermore, the mucosal immunization of animals with
CWP2 results in the stimulation of cyst or encystation specific responses that result in the
reduction of duration and quantity of cyst output.

Assessment of water stress on soybean and the impact of Lipo-choto-
oligosaccharides spray application on that stress.

Sarra Atti¹, R. Bonnell², D.L. Smith, S. Prasher and Alain Viau
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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.

Figure 1: Photosynthetic rate at 44 days after sowing for soybean plants under medium water
stress and treated with LCO (W2L1), and soybean under medium water stress and not treated
with LCO (W2L0). Bar shows standard error (6 replications). (Y-axis : µmol/m²/s; X-axis :
treatment)



5,08
7,72

0

2

4

6

8

10

W2L0 W2L1

Figure 2: The situation at 71 days after sowing of soybean plants under medium water stress
and treated with LCO (W2L1) on the right, and soybean under medium water stress and not-
treated with LCO (W2L0) on the left.

Feeding behaviour, diving time and group structure of Common Goldeneyes,
Bucephala clangula, wintering on the Saint-Lawrence River.

Claude Drolet

The Common Goldeneye (Bucephala clangula) is one of the few waterfowl species,
which stays in Quebec all winter in significant numbers. Counts revealed approximately



3000 goldeneyes near Montreal (Bélanger 1982, Lanois and LeSauteur 1984 and Reed
1971) and Christmas Birds Counts indicated that there were a few thousand goldeneyes
near the mouth of the Saguenay River. The first objective of my study is to compile a
time-activity budget for wintering goldeneyes and to measure diving times. I will attempt
to determine how much of their time is invested in feeding behaviour and how this
feeding time is divided between active feeding underwater and digesting at the surface. It
is hypothesized that under winter conditions a bird must optimize its energy budget,
affecting the time spent feeding and efficiency of feeding, which is closely related to time
spent underwater (Dewar 1924). This diving duck spends almost all of the winter period
on or in the water, at a time when air temperatures fall considerably below freezing. The
second objective is to determine the distribution of Common Goldeneyes and how group
structure changes during the winter. A comparison with earlier studies (Bélanger 1982,
Lanois and LeSauteur 1984) should reveal changes in habitat use and distribution of
Goldeneyes in the Montreal region.

Soil quality under long term tillage practices

Rikke Dam

A 2.4 hectare sandy loam with an underlying marine clay site in Southwestern Québec
has been under three tillage (conventional, reduced and no till) and two residue practices
(silage and grain corn) with continuous corn (Zea mays L.) since 1991.  The site is set up

as a randomized complete block design.

Soil physical and chemical properties such as bulk density, porosity, dry aggregate
stability, saturated hydraulic conductivity, total organic carbon and total nitrogen were
analysed in May of 2001 between the time of cultivation and planting at 0 to 0.1 m and
0.1 to 0.2 m.  These particular tests were chosen in order to determine how the tillage and
residue practices in place have influenced these soil properties over the long term



compared to literature.  Thus far from the 2001 data,  results  indicate that bulk density,
porosity and saturated hydraulic conductivity are strongly influenced by tillage practices
over the two depths studied, rather than by residue cover.  Dry aggregate stability showed
no indication of differences in part contributed to the high sand content of the soil at the
site.  Total nitrogen has been shown to be affected by the combination of the
tillage*residue effect, but only at one depth (0-0.1m) which may be attributed to no till
practices and compaction issues.   Total organic carbon has been found to be strongly
influenced by residue, which seems to indicate the primary source of carbon at the site is
the residues remaining from harvest.  Grain and total yields were also determined (1.41
Mg/ha and 10.12 Mg/ha, respectively) and there was no significant differences between
any of the treatment practices.

Citric Acid Production by Aspergillus niger for Bioremediation of Heavy Metal
Contaminated Soil

JIN-WOO KIM

 Department of Agricultural and Biosystems Engineering, McGill University

Heavy metal contamination of soils has become one of the most serious world
wide environmental problems. Currently, Many remediation techniques are available for
cleaning up contaminated soil. However, conventional remediation techniques are
varying in efficiency or cost. Also current remediation techniques are not
environmentally friendly because they often change ecosystem of the soil.
Bioremediation of contaminated soil by fungal acid is promising approaches and having
the potential to remove metals from soil with minimum side effects. Furthermore, it is
much friendly to ecosystem and offer great development potential.



AN OPTIMAL DESIGN STORM PATTERN FOR URBAN RUNOFF
ESTIMATION IN SOUTHERN QUEBEC
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The main objective of the present study is to propose an optimal temporal rainfall
pattern for urban drainage design in southern Quebec.  Following a systematic evaluation
of the performance of seven popular design storm models for different typical urban
basins, it was found that the Canadian Atmospheric Environment Service (AES) storm
pattern and the Desbordes model (with a peak intensity duration of 30 minutes) were the
most accurate for estimating runoff peak flows while the model proposed by Watt et al.
(1986) gave the best estimation of runoff volumes.  Based on these analyses, an optimal
storm pattern was derived for southern Quebec region.  The proposed storm pattern was
assessed based on its ability to estimate accurately the runoff peak flows and volumes as
compared to the values given by the AES, Desbordes, Watt models as well as by a set of
199 significant historical rainfall events recorded during a 52-year period in the region.
Results of this comparison has indicated that the optimal design storm suggested in this
study is the most suitable for urban drainage design in southern Quebec since it could
provide accurate estimation of both runoff peak flow and volume.



Figure: The 1-hour optimal design storms for southern Quebec region for different return
periods
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