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INTRODUCTION
This report covers the 1990-1991 fiscal year and is the final report for the Agroforestry

Research and Development contract funded through the Land Stewardship (I) Program.

During the past year data was gathered from the intercropping project on Victoria Road,

four intercropped plantations on private land, the Washington Creek and Grand Valley

riparian sites, a small riparian planting near Alma, and a number of projects concerned with

the rehabilitation of marginal lands. Two intercropped plantations on private land were

removed and one added during 1990/1991.

Four projects have been completed: 1) soil/site factors affecting the growth of white

pine and Norway spruce in southern Ontario, 2) the relationship of optical porosity to

windbreak effectiveness, 3) the effects of corn row orientation and width on the growth of

interplanted black walnut and red oak seedlings, and 4) the impacts of cattle grazing on the

reforestation of marginal pastures. Reprints of journal articles on the soil/site studies, and

abstracts from the M.Sc. theses are included in Appendix 1 and 2 respectively.

Three graduate student projects are in the final stages of completion and are

reported on in the appropriate sections of the report. Two additional graduate student

projects are presently in their initial development and will be investigating different aspects

of competition between trees and crops in intercropping situations. Other ongoing projects

are looking at: 1) the effects of free soil carbonates on red pine growth in southern Ontario

and, 2) an assessment of riparian zones and poorly drained areas for biomass and

fuelwood production. Financial support for these latter projects was obtained from the

Ontario Ministry of Natural Resources and Energy, Mines and Resources Canada,

respectively. Additional support from private sources has been provided by Consolidated

Bathurst Inc. and McCann Ready Mix.



2

Our extension abilities were enhanced by a grant from the Environmental Youth

Corp which provided funding for 1.3 positions to assist in the organization and

dissemination of agroforestry extension materials. We responded to several development

requests including the installation of two windbreaks at the Cambridge Research Station.

This brings to four, the number of windbreaks that have been installed at the Cambridge

Station during the last three years. These windbreaks were designed to demonstrate

different aspects of windbreak design, specifically spacing, row configurations and species

combinations.

Another highlight of the last three years was the First Conference on Agroforestry

in North America, hosted by the University of Guelph. While not directly supported by the

contract, the conference would not have been possible without the volume and scope of

ongoing research in Ontario to highlight at the meeting. The costs of the conference were

covered by contributions from government and private agencies, and registration fees. The

conference proceeded smoothly and delegates were excited about the work here in

Ontario as well as projects reported on from other parts of North America. Proceedings

from the meeting are being published by O,M,A,F. and should be available shortly. The

Second Conference on Agroforestry in North America will be hosted by the University of

Missouri, Columbia, August 18-21, 1991. This conference is not related to the Windbreaks

and Agroforestry Symposium to be held in Ridgetown in June, 1991.

The 1990/1991 fiscal year is the final year for the Agroforestry Research and

Development contract (Land Stewardship Program); most objectives have been achieved.

Some short-term experiments have been completed and a number of longer-term projects

have been initiated and are ongoing. This contract has provided an excellent base for

agroforestry in southern Ontario, generating research, lay and professional interest and
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publicity in a relatively new area that is increasingly gathering public attention. Some

projects have already resulted in important contributions to the field, and all have

generated interest and publicity in the media.
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PROJECT SUMMARY - RESEARCH AREA 3.1

(PRACTICAL, COST-EFFECTIVE STEWARDSHIP CROPPING SYSTEMS)

This section of the report is presented in four parts. The first section, Intercropping

trees with agricultural crops in southern Ontario, updates the information provided in the

1989-90 Annual Report on the establishment and monitoring of intercropping research

plots. The second is a short report on work conducted on an economic analysis of

intercropping as an alternative cropping system for southwestern Ontario tobacco farms.

A report [Nitrogen cycling in a black locust/barley intercropping system] is summarized in

section 3 and a proposal to continue to investigate the effects of tree/crop competition on

tree growth is found in section 4. An abstract from the M.Sc. thesis of Hugh McLean, ("The

effects of corn row orientation and width on the growth of interplanted black walnut and red

oak seedlings"), a research project conducted at the Guelph Research Station, Victoria

Road Agroforestry Research Site, is given in Appendix 2.

The overall research thrust in this area has been concerned with both establishment

technology and the adaptability of intercropping to current on-farm operations. Interaction

between food and tree crops in terms of competition for light, moisture and nutrients is

obvious in many of the plantings already; it is anticipated that the next several years shall

provide an excellent opportunity to document and understand these interactions, leading

to improved implementation, operability and yield.
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1. Intercropping trees with agricultural crops in southern Ontario

Introduction

The agricultural community has come under increasing criticism for practices that

have accelerated soil and wind erosion, degraded soil structure, lowered water quality and

reduced wildlife habitat and landscape diversity. Further, low prices for farm products make

it difficult for farmers to accept costs that may be associated with good stewardship,

although good stewardship is directly related to the long-term productivity of agriculture.

There is an obvious need for farming systems that can provide a vehicle for farmers to alter

their land-use patterns, is environmentally acceptable and will provide opportunities for

diversification strategies. Agroforestry systems, specifically intercropping, can be designed

to provide a mechanism that can ease marginal lands out of cash crop production, generate

income during the early stages of fruit and nut orchard establishment, and add diversity in

an ecological sense that will benefit animal species as well as the human population.

Trees on farms have generally been relegated to small, over-utilized woodlots and

an occasional windbreak, with little attention paid to their care or well being. Windbreaks

and shelterbelts have been the most common form of agroforestry on Ontario farms,

although other "farm forestry" practices such as maple syrup and Christmas tree production,

and woodlot and plantation management have also been important. Intercropping is another

agroforestry practice where trees are planted in arrangements that allow the cultivation of

food crops among them. Forms of the system have been in use for many years in North

America, including Ontario, as an efficient method to produce cash or vegetable crops

during the early years of fruit or nut orchard establishment. These "traditional" practices
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have tended to be on a small-scale in Ontario, generally associated with peach1 or apple

orchard establishment. 

Some of the benefits of intercropping have been reported improvements in crop

yields and soil qualities with concurrent reductions in soil erosion. Intercropping also softens

the impact of the long establishment time needed to derive income from a fruit, forest or nut

planting by providing a regular income from the food or feed crop. Economic studies have

shown that the profitability of intercropping is greatly enhanced by (often dependent on) the

production of an annual tree-crop, such as nuts. However, the primary motive for many tree

plantings is not necessarily to maximize profits (e.g. the rehabilitation of marginal or fragile

lands). Therefore it is important to look at intercropping as a land-use system with an array

of applications rather than simply growing black walnut trees with corn.

That said however, much of the intercropping research conducted under this contract

has utilized black walnut and a variety of cash crops. While many other forest trees

(especially red oak), and some nut trees, have been included in intercropping experiments,

black walnut is perhaps the best candidate among forest trees for incorporation into

intercropping systems because of the high value of its wood, excellent growth rates and its

potential for nut production. Establishment procedures and growth rates for many tree

species growing under the conditions found in southern Ontario are well documented, but

this information is for stand-grown trees, and does not include the integration of crop

production into the system (von Althen, 1985; von Althen and Nolan, 1988). The results

reported on here are from recently established intercropped plantations in southern Ontario.

____________________

1 Scientific names for tree species are given in Table 9.
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These plantations form the basis for our research thrust in intercropping systems which has,

as its objectives:

a) the determination of the ecological limits (site and climatic) to successful

intercropping cash crops with trees, considering both physiological and

financial factors;

b) the determination of crop/tree compatibility and productivity under different

combinations of crop and tree species, spacings, soils and climate; and,

c) the development of practical intercropping systems adaptable to different

farming systems.

Background

Our experience with intercropped plantations has dealt mainly with plantation

establishment and early growth phases using methods similar to those developed in

Missouri and reported on by Garrett and Kurtz (1983). Many of our methods were

suggested by participating landowners and subsequently, plantation design and cultural

practices were modified to fit the specific requirements of their farm system and equipment.

We have encouraged farmers to use corn for the first several years because of suspected

advantages in microclimate amelioration this is currently being investigated at the Guelph

Research Station, Victoria Road Agroforestry Research Site. We have also placed a great

deal of emphasis on pruning to control stem form during early plantation development.

This program began in 1986 with the establishment of a plantation on a 9-ha field on

a specialty crop farm near Ailsa Craig, Ontario with the support and urging of the landowner,

Mr. Andrew Dixon. Financial support was subsequently obtained from the Ontario Ministry

of Agriculture and Food (O.M.A.F.) and two additional plantings were established on private
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land in 1987. In 1988, two small plantings on private farms were established, a major

planting (four experiments) on a 30-ha field at the University of Guelph was initiated, and

other agroforestry projects in silvipasture, windbreaks, rehabilitation of marginal lands and

streambank stabilization were begun. A sixth intercropped site was established on private

land in 1990. In 1990, two plantations were taken out of production, one because of an

ownership change and the second because of poor growth and site conditions. Currently,

the field aspect of our intercropping research consists of five plantations; four on private

farms at various locations and the fifth at the Guelph Research Station (Figure 1, Table 1).

The early emphasis on the private-land plantings has been due to their

cost-effectiveness, and to allow for practical, landowner input into our methods. The

landowners have been responsible for the cropping aspects and we have taken care of the

layout, installation, and subsequent tree measurements. These plantations help to

determine the site limitations to the productive intercropping of black walnut with cash crops

and also provide excellent demonstration areas for interested professionals and

landowners.

The recommended methods for establishing intercropped plantations and results of

our intercropping research were described in the annual report for 1989-1990 and are also

described in a paper to be published in the Forestry Chronicle in June, 1991 (galley proofs

in Appendix 3). The following section applies to the Victoria Road site and contains mostly

tabular updates on tree and crop growth and discussion relevant to the 1990 growing

season. The information on the private land plantings was reported on in detail in the

1989/1990 report and is not reported on here although the data files have been updated

with the information from the 1990 growing season. In general, growing conditions during
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1990 were much better than during 1988 or 1989, with the main difference being ample

precipitation during the 1990 season. However, it was also quite cool and the wet weather

caused some problems with planting and harvesting the crops.
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Figure 1. Location of intercropping study sites, including Guelph, in southern
Ontario.(1: Binbrook, 2: Delhi, 3: Lucan, 4: Grand Valley, 5:  Ailsa
Craig, 6: Mt. Carmel, 7: Guelph - Victoria Road Site)
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Table 1. Characteristics of the five private-land intercropped plantations1.

Ailsa
Craig

Lucan2 Grand
Valley

Binbrook3 Delhi

Year established 1986 1987 1987 1988 1988

Farm type specialty cash crop dairy cash crop cash/tobacco

Area (ha) 9 11 3 1 2

Spacing (m)
of trees

12.5,12.54

15.0,10.0
15.2,9 0 15.0,10.0 12.5,6.25 12.5,6.25

Tree species black
walnut

black
walnut

black
walnut
red oak

black
walnut
red oak

black
walnut
red oak

Soil loamy loamy loamy clayey sandy

1 A new plantation, not listed, was established during 1990 in Mt. Carmel, Ontario. Numerous
species of nut trees were planted and intercropped with soybeans.

2 This plantation terminated in 1990 because of changes in ownership.
3 This plantation terminated in 1990 because of harsh site conditions and poor survival.
4 12.5,12.5 is a 12.5 m by 12.5 m spacing.
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Victoria Road Planting

An on-campus intercropping research site was made available by the Ontario

Ministry of Agriculture and Food in 1988. This provided the opportunity to design a planting

that could test factors beyond the confines of courtesy and practicality that exist on private

farms. This project is located on a 30-ha field in Guelph with complex topography and

variable soil conditions. An operational soils map of the site and experimental design were

developed that accounted for some soil variability in addition to other site factors. Sufficient

areas with similar soil characteristics were located that would accommodate four

replications of a split-split plot experimental design.

The planting was designed to test the effects of between-row spacing and crops on

tree growth. The main treatment was between-row spacing (12.5 and 15.0 m), the first split

treatment was the intercrop (corn, soybeans or barley), and the second split treatment was

tree species (black walnut, red oak or Norway spruce). In order to test the effects of the

individual crops on plantation establishment, it was planned to grow the crops in the same

locations for three years and to rotate them annually after that. The specific treatments are

described in Table 2.

Variable site conditions on the site and restrictions within the experimental design left

relatively large areas of the field where planted trees could not be used for the main

experiment. Secondary experiments were therefore designed that could effectively utilize

these "buffer" areas. A second experiment started in 1988 is testing the compatibility of five

tree species (white cedar, white ash, Carolina poplar, red maple, and silver maple) with the

three crops, not considering between-row spacing as a treatment. A third experiment, 
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Table 2. Treatments used for intercropping experiments at the Victoria Road
research site in Guelph.

Spacing

Tree species Crop Between-row Within-row

Experiment 1 (1988)

black walnut soybeans 12.5 m by 6.25 m

red oak barley 15.0 m by 5.0m

Norway spruce
corn

Experiment 2 (1988)1

white ash soybeans

white cedar barley

red maple corn

silver maple

Carolina poplar

Experiment 3 (1989) 2

heartnut (var. CW3) corn

heartnut (var. Etter)
northern pecan

1,2 spacing is not part of the experimental design in Experiments 2 and 3.

installed in 1989, is looking at the growth of three nut trees (CW3 and Etter varieties of

heartnut and the Grandview variety of northern pecan) intercropped with corn (Table 2). A

final experiment, now concluded, tested the effects of corn-row orientation and corn-row

width on microclimate and black walnut and red oak seedling growth. A summary of this

experiment is provided in Appendix 2.
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Crop yields, measured in two ways, are given in Table 3 for all 3 years. The

intercropped yield was calculated by weighing the harvested crop and dividing that weight

by the area occupied by the crop, not accounting for soil conditions. The actual yield was

calculated by averaging the oven dry weights of ten groups of three metre-square plots for

each crop (thirty measurements). The smaller soil inclusions were not sampled for "actual"

yield as these areas were not included in the design for the main experiment.

Results: Row-spacing and crops (Experiment 1)

Significant differences due to intercrop were found using ANOVA procedures in

seedling height (1989, 1990) and survival (1988, 1989), seedling dieback (1988), and in

the percentage of seedlings browsed by deer or rabbits in 1990. Significant differences due

to tree species were found in seedling height in (1988-1989), height growth (1989, 1990),

survival (1989), dieback (1989) and browsing in all years (Table 4). Differences in seedling

growth between row spacing treatments were not considered due to the early stage of the

experiment. A separate analysis was run for each tree species and the means

comparisons among crop treatments within tree species using Duncan's multiple range test

(Table 5).

Given the drought conditions in 1988 and 1989, the survival was surprisingly good

with an average of 84.3% in 1988 and 91.5% in 1990, across all tree species and crops

(Table 5). Survival after three years averaged 95.2% across species and reached 97.7%

for black walnut.

Significant tree species by crop interactions were found in seedling height in all

years, height growth for 1989 and browsing in 1990, compromising findings that indicated

significant differences in those variables. The significant interactions were caused by

differences in the ranking of the different tree species with the different crops (Table 5). Dry
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conditions in the first two years, followed by ample rain in the third, have caused varying

growth patterns, although growth appears to have stabilized and an apparent trend is that

hardwood seedlings intercropped with barley have inferior growth and survival. This may

not hold true for the Norway spruce because of differences in seedling response to stress

between hardwoods and conifers. Seedling survival was not significantly affected by tree

species most years although the survival of seedlings intercropped with barley was

significantly lower in 1988 and 1989.

Black walnut seedlings had high survival rates, and were significantly taller than

other seedlings but had low growth rates the first two years and high levels of dieback. This

finding is not unusual in black walnut, especially with harsh weather or site conditions.

During the drought in the year of establishment, black walnut seedlings were commonly

observed to die back to or below ground level and resprout later in the growing season,

resulting in a reasonable total height but often negative growth for the year. The suggestion

that the poor growth of walnut results from moisture stress is reinforced by the finding that

walnut did most poorly when intercropped with barley, a result discussed further in a later

section.

Red oak seedlings had significantly lower survival than seedlings of other species

in 1989, likely related to their poor growth and survival in barley in 1988 (Table 5). The

establishment problems appear to have been overcome as many of the red oak seedlings

appeared healthy and vigorous going into the winter of 1989. Although the oak seedlings

grew well during 1990, heavy browsing by deer in the fall resulted in negative height

growth. This situation will be remedied in 1991 by the use of tree shelters.
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Table 3. Crop yields at the Victoria road site for 1988, 1989 and 1990.

Soybeans, Corn Barley
grain straw

1988

Intercropped Yield 1

Tonnes/hectare   1.8   5.2   1.1 -

Bushels/acre 27.2 83.5 21.2 -

Actual Yield2

Grams/m2 232.1 580.4  120.1  197.9  
Tonnes/hectare   2.3   5.8   1.2   2.0

1989

Intercropped Yield

Tonnes/hectare   1.0  3.1  2.3  0.6

Bushels/acre 15.5 49.4 42.2 46.23

Actual Yield

Grams/m2 134.7  363.1  98.6 134.4  

Tonnes/hectare   1.3   3.6  1.0   1.3

1990

Gross Yield

Tonnes/hectare   2.2  5.8  2.6 0.5

Bushels/acre 33.4 92.7 48.4 - 3

Yield

Grams/m2 172.3  345.0  239.4  162.5  

Tonnes/hectare   1.7   3.4   2.4   1.6

1 Calculated using harvested crops and gross acreage less 10% to account for the tree rows.

2 Actual yield from cropped area; Mean oven dry weight from 10 groups of 3, 1-m2 plots/crop.

3 Bales/acre.
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Table 4. Means and mean comparisons for tree growth parameters by tree species and crop - Victoria Road,
Experiment 1.

ht881 ht89 ht90 gr88 gr89 gr90 svl88 svl89 svl90 dbck88 dbck89 dbck90 brs88 brs89 brs90

Tree Species 

red oak 29.3a2 33.5a 35.1a 2.1 2.7a 0.7a 85.4 84.5a 93.6 20.6 17.4a 19.3 13.4a 8.7a 52.0a

Norway 35.1b 38.5a 48.5b 0.9 4.5a 10.2b 82.2 95.3b 96.3 21.1 5.2a 20.1 1.1b 0.0b 1.9b
black walnut 77.7c 63.5b 74.2c 1.1 -8.2b 12.8b 85.2 95.3b 95.9 26.7 60.1b 23.4 2.2b 1.9b 1.0b

Crop
soybeans 49.0 49.1x 60.5x 2.5 1.5 10.7 95.4x 96.4x 94.1 11.0x 21.0 16.8 5.7 2.8 17.9x

barley 44.9 36.9y 40.1y -0.8 -6.7 4.7 68.9y 84.0y 93.9 42.0 33.8 23.6 2.7 5.0 28.1y
corn 47.9 49.4x 57.0x 1.8 1.7 8.7 88.1x 94.0x 97.7 16.1x 28.4 22.5 7.8 2.4 8.9z

TOTAL 47.5 45.6 52.8 1.4 -0.6 8.2 84.3 91.5 95.2 23.0 27.7 20.9 5.7 3.4 18.1

1 ht88,ht89,ht90 - height in 1988,1989,1990. 
gr88,gr89,gr90 - height growth in 1988,1989,1990. 
sv188,sv189,sv190 - survival in 1988,1989,1990. 
dbck88,dbck89,dbck90 dieback in 1988,1989,1990. 
brs88,brs89,brs90 - browsing in 1988,1989,1990.

2 within columns, values followed the same letter are not significantly different (Duncan's Multiple Range Test).
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Table 5. Means for tree growth parameters in Experiment 1 by all combinations of tree species and crop.

Tree species crop ht881

(cm)
ht89
(cm)

ht90
(cm)

gr88
(cm)

gr89
(cm)

gr90
(cm)

svl88
(%)

svl89
(%)

svl90
(%)

dbck88
(%)

dbck89
(%)

dbck90
(%)

brs88
(%)

brs89
(%)

brs90
(%)

red oak beans2 32.5 36.3 41.7 4.6  2.3 4.1 95.6 94.4 90.3a 6.9a 5.6 18.1 11.6 5.9 55.4a

barley 29.4 29.9 27.8 1.2  1.0 -5.8 72.2 73.6 93.0a 38.9b 29.2 14.1 7.7 13.2 78.8a

corn 26.0 33.3 35.8 0.3  4.7 2.4 88.0 85.3 97.3b 16.0b 17.3 25.3 19.7 7.8 24.7b

Norway spruce beans 36.2 39.0 53.9 0.5  3.6 13.8 94.5 95.9 93.2 11.0 4.1 16.2 2.9 0.0 0.0

barley 34.6 37.4 43.4 0.6  3.3 7.5 67.1 91.4 95.7 35.7 10.0 22.9 0.0 0.0 2.9

corn 34.0 38.9 48.1 1.8  6.3 9.1 84.3 98.6 100.0 17.1 1.4 21.4 0.0 0.0 0.0

black walnut beans 77.4 71.1a 83.6a 2.5 -1.1 13.7 95.9a 98.6a 98.6 14.9a 52.7 16.2 2.8 2.7 1.4

barley 72.3 42.5b 48.9b -4.2 -23.6 10.6 67.1b 87.3b 93.0 51.4b 62.0 33.8 0.0 3.2 3.0

corn 81.7 73.7a 88.1a  3.2 4.9 13.8 91.8a 98.6a 95.9 15.1a 65.8 20.5 3.0 0.0 1.4

1 ht88,ht89,ht90 - height in 1988,1989,1990. 
gr88,gr89,gr90 - height growth in 1988,1989,1990. 
sv188,sv189,sv190 - survival in 1988,1989,1990. 
dbck88,dbck89,dbck90 - dieback in 1988,1989,1990. 
brs88,brs89,brs90 - browsing in 1988,1989,1990.

2 within tree species groups, column means followed by the same letter are not 
significantly different (Duncan's Multiple Range Test).
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The Norway spruce has done extremely well, especially during the adverse growing

conditions in 1988 and 1989. This result is a bit surprising but considering the different nature

of annual growth between the spruce and hardwoods, the spruce may be better able to survive

summer moisture stress than the hardwoods. The spruce respond to stresses by reduced

growth or death while the hardwoods can die back, later resprouting from buds lower on the

tree. The walnut grew better during 1990 suggesting that many of the hardwoods will do better

now that the seedlings are well established.

Results: Tree/Crop Compatibility (Experiment 2)

Experiment 2 was established to utilize space in the field not occupied by Experiment 1,

and to determine the compatability between selected tree species and the crops in an

intercropped plantation.Two replications of all combinations of five tree species and the three

crops (Table 2) were established in a randomized complete block experimental design. ANOVA

was conducted on the data and the results are given in Table 6 and 7. Significant differences

were found in most variables by tree species but this finding was compromised by a significant

species by crop interaction for height and height growth in 1989 and survival in 1990. The

variable means and results of means comparisons for the three crops for each tree species are

given in Table 7.

The significant differences among tree species were understandable considering the

variety of species utilized and their growth characteristics. Several species did especially well

considering the dry conditions prevalent in the first two years. After three years, average heights

for white ash and silver maple, for example, were 125 and 129 cm respectively and for Carolina

poplar, 317 cm. The silver maple did well despite heavy browsing pressure and the white cedar

also grew fairly well. The red maple did poorly, suffering from small initial size and heavy

browsing pressure from deer.
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The crop effects on the seedlings was significant only for height in 1990 (Table 6). The

lack of significant differences for crop effects may be a result of having only two replications in

the experiment, a limitation of the available space. As growth differences among treatments

develop, a greater number of significant differences should be found. Most of the significant

differences highlighted the fact that seedlings planted with corn or soybeans fared better than

those planted with barley. As in Experiment 1, the heights, height growth and survival were lower

and dieback rates higher in the barley treatment. It is suspected that the observed crop effects

were attributable to differences in moisture stress associated with the earlier developing and

shorter barley crop.

Results: Heartnut/Pecan (Experiment 3) 

Experiment 3 was installed in 1989 to utilize space in the plantation at the Victoria Road

site that was not occupied by Experiment 1, and to incorporate some "horticultural" nut trees into

an intercropped situation. Two varieties of heartnut (CW3 and Etter) and one variety of northern

pecan (Grandview) were planted in plots that were intercropped with corn in the spring of 1989.

Five replications of five seedlings per experimental unit were planted in a randomized complete

block experimental design. A total of thirty seedlings per nut tree variety (ninety seedlings in

total) were planted.

Results of the data summaries and ANOVA are reported in Table 8. Both varieties of

heartnut had acceptable survival considering the drought conditions that year, although survival

of the pecans was only 53%. The vendor subsequently suggested that in the Guelph area the

pecan would require some special attention to ensure that the seedlings break dormancy and

grow well. Many of the heartnut seedlings grew well during the summer of 1989 but suffered
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Table 6. Means for tree species and crop, Victoria Road - Experiment 2.

 
ht8811

(cm)

ht89

(cm)

ht90

(cm)

gr88

(cm)

gr89

(cm)

gr90

(cm)

svl88

(%)

svl89

(%)

svl90

(%)

dbck88

(%)

dbck89

(%)

dbck90

(%)

brs88

(%)

brs89

(%)

brs90

(%)
Tree Species2

white ash 51.5a 79.5a 105.4ab  4.8a 33.7a 25.9a 97.5 100.0 100.0 2.5 0.0 4.2 12.8 0.0a 18.8a

white cedar 25.3b 34.2b 53.5bc 3.5a 13.0b 19.1a 91.7 93.8 87.5 8.3 6.3 18.8 0.0 0.0a 0.0a

red maple   31.2ab 30.8b 24.8c -0.3a  -1.7c -5.8b 87.9 71.4 59.5 21.2 28.6 45.2 37.9 30.0b 72.0b

silver maple 87.9c 84.8a 128.8a 26.5b 1.5cb 47.7c 85.7 80.0 96.0 14.3 28.0 10.0 55.6 25.0b   29.2ab

Carolina poplar 123.2d 185.8c 317.4d 38.6b 70.7d 123.6d 95.1 95.9 89.8 12.2 16.3 14.3 7.7 0.0a 0.0a

Crop

soybeans 66.6 96.7 143.9x  16.8 29.7 48.5 97.5 93.7 90.0 3.7 8.7 15.0 28.2 13.3 16.7

barley 62.2 59.8 90.5y 5.4 -5.4 25.2 82.4 81.9 77.1 20.6 26.5 30.1 21.4 4.4 25.0

corn 76.3 105.8  167.9x  23.1 38.3 68.0 89.4 90.5 96.0 16.7 10.8 67.6 18.6 9.0 18.3

TOTAL 69.3 87.6 135.6   17.0 28.0 47.7 91.7 88.6 87.3 11.7 15.6 17.7 23.6 9.0 19.8

1 ht88, ht89, ht90 - height in 1988,1989,1990. 
gr88, gr89, gr90 - height growth in 1988,1989,1990. 
sv188, sv189, sv190 - survival in 1988,1989,1990.  
dbck88, dbck89, dbck90 - dieback in 1988,1989,1990. 
brs88, brs89, brs90 - browsing in 1988,1989,1990.

2 significant differences were found in most variables due to tree species but this finding was compromised by a significant species by crop
interaction for all variables.
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Table 7. Means for variables in Experiment 2 by tree species and crop.

Tree species
   

crop
ht88
(cm)

ht89
(cm)

ht90
(cm)

gr88
(cm)

gr89
(cm)

gr90
(cm)

svl88
(%)

svl89
(%)

svl90
(%)

dbck88
(%)

dbck89
(%)

dbck90
(%)

brs88
(%)

brs89
(%)

brs90
(%)

white ash beans1 53.4  93.6a 116.9a 5.9 40.2 23.4 100.0a 100.0 100.0 0.0a 0.0 6.3 12.5 0.0 6.3a

barley 46.7  55.8b 65.0 3.4 10.4 9.2  87.5b 100.0 100.0 12.5b 0.0 0.0 0.0 0.0 50.0b

corn 51.8  89.3a 134.3a 4.2 37.5 45.1 100.0a 100.0 100.0 0.0a 0.0 6.3 18.8 0.0 0.0a

white cedar beans  29.9a 44.4 52.3 3.4 14.6  12.8a  87.5   87.5 87.5 12.5 12.5 25.0 0.0 0.0 0.0

barley - 24.7 49.8 - -  20.1b -   93.8 81.3 0.0 6.3 25.0 - 0.0 0.0

corn  17.4b 34.1 57.8 3.5 10.1  23.3c 100.0 100.0 93.7 0.0 0.0 6.3 0.0 0.0 0.0

red maple beans 31.8 30.4 18.8 2.3 -0.9 -10.4 100.0   87.5 75.0 44.4 12.5 31.3a 62.5  28.6a 58.3

barley 34.3 36.1 21.4 -3.7 -4.0 -16.3  66.7   50.0 38.9 37.5 50.0 61.1b 0.0   0.0b 85.7

corn 27.1 24.9 40.7 -2.0 -2.3 18.2  87.5   87.5 75.0 0.0 12.5 37.6a 14.3  71.4c 83.3

silver maple beans 88.3 97.9 142.5 28.7   10.1 43.1 100.0   93.8 93.8 0.0 12.5 6.3 50.0 40.0 26.7

barley 71.3 58.5 97.7 8.1 -17.4 27.3 100.0   81.3 93.8 0.0 31.3 25.0 75.0 23.1 13.3

corn 98.4 97.0 143.3 35.9  -1.4 73.4 66.7   66.7 100.0 33.3 38.9 0.0 50.0 8.3 44.4

Carolina beans 125.1 202.6  359.6 38.5   77.4a 147.9 100.0a  100.0a 93.8 6.3 6.3  6.3a 12.5 0.0 0.0

barley 91.1 114.3  191.3 9.4 -13.1 70.1 77.8b   88.2b 76.5 22.2 41.2 35.3b 0.0 0.0 0.0

corn 135.3  236.1  380.3 51.4  100.8c 70.1 100.0a  100.0a 100.0 12.5 0.0   0.0a 6.3 0.0 0.0
1 ht88, ht89, ht90 - height in 1988,1989,1990. 

gr88, gr89, gr90 - height growth in 1988,1989,1990. 
sv188, sv189, sv190 - survival in 1988,1989,1990. 
dbck88, dbck89, dbck90 - dieback in 1988,1989,1990. 
brs88, brs89, brs90 - browsing in 1988,1989,1990.

2 significant differences from any parameter across crops by tree species have not yet been tested.
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frost damage during the winter, a common event with newly outplanted seedlings. However, most

of the seedlings recovered with the CW3 variety grown having the best growth and survival (Table

8). Insufficient replacement seedlings were available in 1990 so not all of the mortality was

replaced.

Table 8. Means for tree growth parameters in Experiment 4 by all combinations of tree
species and crop.

Tree species
ht89
(cm)

ht90
(cm)

gr89
(cm)

gr90
(cm)

svl
89
(%)

svl
90
(%)

dbck
89
(%)

dbck
90
(%)

brs
89
(%)

brs
90
(%)

heartnut
  (CW3)

47.7 57.9  8.4a 10.2 87.5a 87.5a 12.5a 79.2 0.0 4.8

heartnut
  (Etter)

39.7 48.3 -9.1b 8.3 83.3a   83.3ab 58.3a 79.2 4.8 0.0

northern pecan
  (Grandview)

38.3 22.5 -14.9b -9.1 53.3b 63.3b 70.0b 63.3 0.0 42.1 

Other Plantings 

Many seedlings are planted in areas of the Victoria Road plantation between crop

treatments or where they do not interfere with any of the experimental trees. Species of interest

include black locust, hazelbert (hazelnut x filbert hybrid) seedlings and Austrees (willow hybrids).

While these trees are not included in any experimental design, their growth is being recorded and

will provide some observational information in the future.
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Conclusions 

A combination of soil, climatic and economic factors currently exist in southern

Ontario that are conducive to intercropping agricultural crops and trees with the best

economic returns being realized from trees that produce nuts or other annual, marketable

crops. Other hardwoods and conifers also show potential not only for wood products or

christmas trees but where economic return is not the primary objective (e.g., retirement of

marginal lands).

Since 1984, the University of Guelph has been involved with the establishment and

subsequent monitoring of tree and crop growth in intercropped associations. At the present

time, intercropped plantations comprised of a variety of tree species, but principally black

walnut and red oak, have been established on 30-ha of crown land close to the University

and on another 6 private farms that total 28-ha in size. These plantations range in age from

1 to 5 years and incorporate a variety of intercrops including corn, soybeans, oats, canola,

wheat, barley and fescue on a wide range of soil types. Preliminary investigations have

developed the operational aspects of establishing and tending intercropped plantations such

as equipment considerations for spacing, competition control, and cropping methods.

Logical precautions with respect to these parameters lead us to believe that intercropped

plantation establishment is cost-effective and that intercropping is indeed a feasible and

ecological cash crop farming alternative.

Three-year results from the Guelph Research Station, Victoria Road Site have shown

that there are significant differences in tree growth and survival depending upon the

intercrops grown. These results suggest that crops developing later in the growing season

(corn and soybeans) provide better growing conditions than small grains, which develop
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early in the growing season. It is speculated that this relationship is attributable to the

early-season growth requirements of the trees. A project investigating some of the many

relationships existing between different crops and trees is described in a later section.

The intercropped plantations we have described have been established to maximize

the potential for testing the interactions between tree growth, crop performance, plantation

design, soils and cultural manipulation. Other intercropping projects in progress include one

study on the economics of intercropping (Ball et al. 1989) and two on the physical and

chemical interactions in tree-crop systems (McLean et al., 1989; Ntayombya and Gordon,

1989). The initial stages of our intercropping projects have already contributed greatly to our

understanding of these systems and we can look forward to increasingly important and

interesting information as they develop.
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Table 9. Scientific and common names of tree species referred to in text.

Common Name Scientific Name 

white cedar Thuja occidentalis L.

white ash Fraxinus americana L.
Carolina poplar Populus x canadensis Moench.
red maple Acer rubrum L.
silver maple Acer saccharinum L.
scuts pine Pinus sylvestris L.
Norway spruce Picea abies (L.)  Karst
black walnut Juglans nizra L.
red oak
heartnut

Quercus rubra L.
Juglans ailanthifolia Carr. var.
   cordiformis (Maxim.) Rehd.

northern pecan Carya illinoensis (Wangenh.) K.(Koch)
sugar maple Acer saccharum Marsh.
white oak Quercus alba L.
black cherry Prunus serotina Ehrh.
white spruce Picea glauca (Moench.) Voss
black locust Robinia pseudoacacia L.
hazelbert
   (hazelnut x filbert)

Corylus avellana L. x 
C. americana Marsh.

Austree Salix alba x matsudana
peach Prunus persica (L.) Batsch
apple Pyrus malus L.



26

Literature Cited

Ball, D., D.P. Stonehouse and A.M. Gordon. 1989. The economics of nutcropping in
southern Ontario. Poster. p. 42-43. In Proc. Forestry Research Marketplace,
Toronto, Ontario, November 21-23, 1989. O.F.R.C. Symp. Proc. O-P-18. pp. 151.

Garrett, H.E. and W.B. Kurtz. 1983. Silvicultural and economic relationships of integrated
forestry-farming with black walnut. Agroforest. Syst. 1: 245-246.

McLean, H.D.J., K.M. King, A.M. Gordon and T.J. Gillespie. 1989. Width and orientation of
corn rows affect growth of interplanted hardwood seedlings. Poster. p. 40. In: Proc.
Forestry Research Marketplace, Toronto, Ontario, November 21-23, 1989. O.F.R.C.
Symp. Proc. O-P-18. pp. 151.

Ntayombya, P. and A.M. Gordon. 1989. Nitrogen cycling in intercropped black locust and
barley.Poster.p. 4. In Proc. Forestry Research Marketplace, Toronto, Ontario,
November 21-23, 1989. O.F.R.C, Symp. Proc. O-P-18. pp. 151.

von Althen, F.W. 1985. Spacing trials in black walnut, white ash and silver maple
plantations. Can. For. Serv., Info. Rept. No. 0-X-365, Great Lakes Forestry Centre,
Sault Ste. Marie, Ontario. pp. 14.

von Althen, F.W. and J.D. Nolan. 1988. Performance of black walnut-white pine plantations
in southwestern Ontario. Great Lakes Forestry Centre, Ontario Ministry of Natural
Resources, Joint Rept. No. 13. pp. 30.



27

2.     Economic analysis of intercropping as an alternative cropping
 system for tobacco farms

Introduction

The decrease in demand for tobacco in Canada's domestic and export markets has

led to concern about the future of tobacco farming in southern Ontario. Although it is

reasonable to expect an eventual stabilization in the tobacco market, this decreased

demand has resulted in a search for alternative crops to tobacco for southern Ontario

tobacco farms.

A variety of crops have been proposed for the tobacco belt. Attempts have been

made at cultivating peanuts but the variability of frost occurrence and the relatively short

growing season are serious limitations to development (Francois, 1984). Horticultural crops

such as tomatoes, asparagus and carrots are current alternatives and the OMAF Transition

Crop Team have identified several other vegetable crop possibilities but a marketing

infrastructure for the area is not in place. Specialty crops such as ginseng and evening

primrose are profitable but market demand can be satisfied with a very small amount of

land. In addition, field crops, though possible, do not yield as much on the sandy soils of the

tobacco farms as on finer soils elsewhere in Ontario (Fortin Assoc., 1988).

An agroforestry approach to agricultural land use in the tobacco lands is another

potentially viable land use system. Kincaid (1982) has demonstrated the profitability of

intercropping several crops with black walnut1 in the American mid-west and other hardwood

trees species such as red oak also appear to have such as heartnut have qualities which

______________
1 see Table 9, section 1, for scientific names.
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make them uniquely northern trees with a high potential for greatly expanded commercial

production (Campbell, 1989). Garrett and Kurtz (1983) have addressed the technical

aspects of intercropping with black walnut trees and Gordon (1988b) has established the

feasibility of intercropping in tobacco-growing areas in southern Ontario. It is proposed that

red oak intercropped with field crops or, heartnut intercropped with field crops are possible

profitable alternatives. This would allow tobacco farmers to use these technologies as

diversification strategies or for the adoption of an agroforestry approach to generating

income.

Objectives 

This research is an ex ante analysis to determine whether certain agroforestry

alternatives qualify as part of an optimal diversification strategy for a solvent tobacco farmer.

It is assumed that the farmer is serious about finding a viable alternative which will diffuse

the effects of a tobacco market not yet rationalised. A supplementary analysis will, on a

broader level, examine agroforestry from a policy perspective. The specific objectives are:

1. To identify the costs and returns of two potential agroforestry systems if they were
to be implemented by tobacco farmers in Ontario in the Norfolk Sand Plain;

2. To ascertain to what extent cash flow and liquidity are constraints to the adoption of
these intercropped systems by Ontario tobacco belt farmers;

3. To identify the optimum resource mix (land, labour, capital) of the tobacco farm that
chooses to diversify using an intercropped red oak plantation and an intercropped
heartnut orchard; and,

4. To determine the possible implications of agroforestry in Ontario for agricultural, local
community economic and land-use planning in light of existing practice and policy.

Methodology

Agroforestry systems cannot be viewed in the same manner that a monocropping

enterprise can be, as they are inherently longer term. Consequently, the long term nature
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of nut cropping or growing trees for saw logs and veneer logs requires an analysis over a

long time horizon. In order to model a system that will maximize production and profits in

light of cash flow constraints while monitoring the long term viability of normal farm

operations, the methodology of Mendoza et al. (1987) will be utilized. These authors

demonstrated the utility of multi-period, multi-objective modelling in agroforestry planning.

In this study, a multi-period linear programming model is being used for analysis (Figure 1).

It will be used to compare 2 intercropping scenarios with a horticultural and a field cropping

alternative by identifying an optimal mix of resources given the goals and constraints of the

case study tobacco farmer.

Results and Discussion

To date, production costs and revenues for nutcropping and for intercropped

hardwoods enterprises have been compiled and are currently being used in the multi-period

model. Preliminary results indicate that nutcropping is a viable diversification strategy. An

intercropped hardwoods enterprise is currently being investigated and results are

forthcoming.

Conclusions

The preliminary nature of this study is dictated by the fact that agroforestry research

is still investigating crop-tree and system interactions. Such research will provide data that

will further enhance economic modelling efforts. However, with the available information, this

study should be viewed as a feasibility study to determine the potential of using an

agroforestry approach as a agricultural development strategy.
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Figure 1. Projected heartnut revenues when intercropped with soybeans in
the initial 5-10 years, for 3 stock types.
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3. Nitrogen cycling in a black locust/barley intercropping system

Introduction

All plants require nitrogen for growth and in most agricultural and forest soils, the

amount of available nitrogen in the soil solution is a major limiting factor to crop growth and

yield. Consequently, nitrogen fertilizers are often applied in large quantities to maintain or

increase yields. However, due to high oil prices, the high cost of nitrogen fertilizers and

environmental problems associated with fertilizer use, biological N-fixation has become a

"primer" in many agricultural systems (Evans and Barber, 1977; Ayanaba and Dart, 1977).

N-fixation occurs since some plant species are able to satisfy or augment their

nitrogen requirements by forming associations with N-fixing microorganisms. For example,

leguminous plants are important N2-fixers, and their incorporation into farming systems could

assist in reducing the total amount of nitrogen fertilizers used. Intercropping of grain crops

with Leguminous trees has become a common practice in China (IDRC, 1986) and a similar

system using black locust1 could be developed in North America.

Objectives 

1. To evaluate the potential for and enhancement of biological N-fixation by black
locust to augment nitrogen requirements of intercropped barley;

2. To evaluate the interaction effects resulting from intercropping barley with
black locust; and,

3. To determine the effect of regular pruning of black locust on the trees' ability
to coppice and/or fix nitrogen, and on the performance of intercropped barley
when the prunings are reincorporated into the soil.

________________
1 See Table 9, section 1, for scientific names.



33

Intercropping Experiment 

Methodology

An experiment using black locust intercropped with barley in large pots (lysimeters)

was installed at Dairy Bush Hill at the University of Guelph during spring, 1988. The purpose

of this experiment was to investigate the N-fluxes between leguminous black locust and

intercropped barley when grown in two soils. Loamy soil was obtained from the Victoria

Road farm and sandy soil was obtained from the Cambridge Research Station. The study

was set up as a factorial arrangement of two soil treatments, three N-fertilizer levels (0, 75

and 150 kg N/ha), and three tree treatments (no trees, trees to be pruned, and trees left

unpruned) in a randomized complete block experimental design.

A second experiment to investigate N-fixation activity was also established. 1-0 black

locust seedlings (1 per pot) were transplanted into 10-litre pots filled with sandy soil. The

experimental design was a randomized complete block design with 4 replications, and

combinations of 2 tree treatments (trees pruned; trees not pruned) and 5 nitrogen levels (0,

25, 50, 100, 200 kg N/ha). The seedlings were arranged in an enclosed open area at the

University of Guelph and the pruning treatment was carried out in the 1st week of June. The

seedlings were harvested in September and the acetylene reduction assay method (Hardy

et al., 1973) was used to measure the nitrogenase activity of the modulated whole root

system.

Results and Discussion

The previous progress report outlined detailed experimental methods and indicated

the progress made for this and supporting experiments. Data analysis is ongoing and

preliminary results are presented in Table 1. With the exception of a few minor changes, 
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Table 1. Biomass yield (g) and Total nitrogen (%) of barley harvested in 1990 under three fertilization regimes and
three management systems, by soil type.

Soil Type 
Management 
System

Biomass (g)
Nitrogen (%)

Fertilizer Regime 
Kg N/ha 

0 75 100

Sandy No trees 114.94 196.82 238.77 1.19 2.00 2.34

Trees, pruned 227.91 255.55 275.27 1.75 2.30 2.47

Trees, not pruned 219.88 295.86 299.10 2.47 2.42 2.26

Loamy No trees   94.26 182.82 214.38 1.06 1.74 2.32

Trees, pruned 228.02 232.82 236.94 1.88 2.29 2.23

Trees, not pruned 185.64 250.07 278.57 2.02 2.27 2.83
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most of the work has been carried out according to the 1989/1990 work plan. All samples

have been analysed and data inputting and analysis have been completed.

The results presented in Table 1 show significant improvement in biomass yield and

nitrogen content of barley intercropped with black locust. This may be attributed to nitrogen

fixation by the black locust trees as well as nitrogen returned via N-mineralization of the

organic matter supplied by the tree component.
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4.    Effect of three crop-types on tree growth in an intercropping system:

future research

Introduction

Agroforestry is defined as "the deliberate integration, in space or time, of woody

perennials with herbaceous crops and/or animals on the same land management unit"

(Steppler and Nair, 1987). The rediscovery of traditional agroforestry and the development

of new practices has occurred in the last ten to fifteen years because of increasing demands

for food and fuel combined with a degraded resource base in less-developed countries.

Although advances in agroforestry systems have taken place in tropical areas of the world,

many systems have been utilized in or can be adapted to temperate agricultural

practices. Recent moves to make greater use of these systems in temperate regions has

been driven by the real or perceived benefits of profitability (Knowles 1989, Garrett and

Kurtz, 1983), soil and water conservation (Thurman et al., 1989), agricultural diversification,

and wildlife enhancement (Gordon and Williams, 1988). A recent emphasis on sustainable

and low-input agriculture has also attracted interest in agroforestry practices.

Intercropping is just one agroforestry practice that has been the subject of intensified

research efforts in North America. Although much of the research has involved the

intercropping of American black walnut1 with cash crops, related practices have been in use

for many years. Crops have often been grown among young pecan trees in the southern

U.S., and in Ontario, some fruit growers have grown vegetables among the trees during the

early years of orchard establishment.

____________________

1 See Table 9, section 1, for scientific names.
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Along with a current surge in nut grove establishment in southern Ontario is the use of

intercropping as a methodology in plantation establishment for maximum economic returns.

The point that ecological interactions are inherent in an agroforestry system (Huxley,

1983) suggests that it would be helpful if the relationships that exist between the various

components of an intercropping system were better understood. Unfortunately, information

on mixed-product systems is not easily obtained and with a neonatal science as

agroforestry, poorly researched. However, it would appear that an understanding of

tree/crop interactions is an important research need (Willey, 1989; Willey and Reddy, 1981)

in terms of both above- and below-ground competition (Ssekabembe and Henderlong,

1989).

From the point of view of seedling establishment, intercropping with an annual crop

has a number of inherent advantages over traditional afforestation or reforestation

practices. In the first year of an intercropped plantation, the field is usually cultivated and

fertilized, and various herbicides are used to control weeds. With normal precipitation, the

tree seedlings have an ample supply of moisture and nutrient levels with few competitive

pressures. In contrast, a more typical forestry planting in an abandoned agricultural field

would involve scalping and/or a spot treatment with simazine in the immediate area of the

seedling. The majority of the vegetation on the site is generally left undisturbed and

perennial species, especially grasses, present stiff competition for the new seedlings.

The plantation establishment procedures described above work successfully with

many conifers, but have not worked well with hardwood species. Hardwood plantations

tend to have slow and erratic growth and many have failed because of weed competition.
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Hardwood seedlings also tend to be susceptible to allelochemicals in an old field

environment.

von Althen (1989) has described successful establishment methods for black walnut

and other hardwoods involving intensive mechanical or chemical site preparation followed

with intensive mechanical or chemical weed control for the first few years of the plantation.

Dramatic growth increases in black walnut plantations have been documented with such

types of weed control (Garrett et al., 1989; Schlesinger and van Sambeek, 1986; von

Althen, 1989), many involving the rehabilitation of stagnated plantings. In actual fact, there

is little difference between establishment procedures described by von Althen (1989) and

an intercropping scenario, except that in the case of the latter, many of the establishment

and weed control costs can be charged against the agricultural crop. Further, it has been

effectively demonstrated that an intercropping system with American black walnut is more

profitable than either crop production or black walnut plantation management as the sole

land use (Garrett and Kurtz, 1983; Kincaid et al., 1982).

There have been a number of economic studies published comparing various

intercropping scenarios with black walnut, although there is little information available on

the actual growth of black walnut in an intercropping situation or the effects of various crops

on tree seedling establishment and growth. Garrett et al. (1989) reported on yields of winter

wheat and soybeans as intercrops on two site types in Missouri but did not report on the

effects of the two crops on tree growth. If intercropping is to become an accepted practice,

those combinations of trees and crops that give the best tree growth and economic return

must be identified.
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Research Proposal 

This project will investigate the effects of three crops, representing different crop

types (corn, small grain and soybeans) on black walnut seedling growth. The study site will

be an established intercropping research planting on the Guelph research station. Two

experiments on the site, designed by the author, were established to test the hypothesis

that the crop choice has no affect on tree seedling growth. However, three-year results

indicate that there is indeed a significant effect of the crop type on tree growth. It is

proposed that factors such as crop growth, soil moisture, and microclimate be investigated

during the 1991 growing season to attempt and isolate those factors associated with the

observed growth differences in the trees.

Between July and October, 1990, soil moisture tension data was collected at two

depths (20 and 40 cm) from tree rows in the three crops (barley, corn and soybeans) using

tensiometers. This data is plotted in Figures 1 and 2. Although this is an incomplete data

set, the data from the 40-cm depth clearly shows less available moisture in the barley

during July although the situation becomes less clear later in the year. The data from the

20-cm depth shows similar trends, but the greater fluctuations tend to be obscured by the

frequent precipitation.
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Figure 1. Tensiometer readings at 20 cm from tree rows intercropped
with three crops July 1- Oct. 18, 1990

Figure 2. Tensiometer readings at 40 cm from tree rows Intercropped
with three crops July 1- Oct. 18, 1990
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Experimental Design

Ongoing experiment 

The currently established experiment at Victoria Road site is entering its fourth

growing season. The planting consists of four replications of a split-split plot experimental

design with between-row spacing as the main treatment (12.5 and 15.0 m), the intercrop

as the first split treatment (small grain, corn and soybeans) and tree species as the second

split treatment (black walnut, red oak and Norway spruce). Barley has been grown as the

small grain treatment for the first three years but will be replaced with wheat starting in

1991. A secondary experiment is made up of two replications of a split plot design with

the three crops as the main treatment and five tree species as the split treatment (Carolina

poplar, white ash, white cedar, silver maple and red maple). Data for the first three years

of the ongoing experiment is given in Tables 4,5,6 and 7 from section 1.

New Project 

Tree and crop growth have been monitored for the first three years of the plantation

and the crops will be rotated annually, beginning in 1991. In order to avoid problems

associated with the measurement of trees grown with different crops, new seedlings will

be planted specifically for this new project and measurements, soil moisture, microclimate

and tree growth response will be relating to these seedlings.

It is proposed that sampling be divided into two groups based on the timing of

measurement: periodic as opposed to continuous. The former will be sampled in three

replications of the three crop treatments.
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These measurements will include soil moisture, crop growth, temperature (tree leaf and

air), and incident radiation collected from a total of nine sampling points. Continuous

measurement of climatic factors such as radiation, wind and temperature at several heights

will also be measured in one replication (one location in each crop).

Periodic measurements 

Soil moisture 

Soil moisture will be evaluated three times per week at two depths (20 and 40 cm)

using a combination of tensiometers to measure moisture tension and TDR to measure

moisture content. Pairs of instruments will be located in the tree rows and adjacent cropped

areas. The corn area will require three sets of instruments because of potential differences

in soil moisture between and within the corn rows. This arrangement was implemented with

tensiometers during part of the 1990 growing season (Figures 1 and 2) and it seems to

have worked relatively well.

Crop Growth 

Crop growth will be monitored by measuring parameters such as crop height at

weekly intervals.Total dry matter accumulation and plant population will be measured at

three-week intervals. As total dry matter production is directly proportional to water

consumption (Tollenaar, 1990), it should provide a good index of moisture competition. Dry

matter production will be measured for each crop by sampling the above-ground biomass

from 3, 1-m2 plots from the cropped alleys adjacent to the sites monitored for soil moisture

and microclimate. Wheat will be sampled from the beginning of May; corn and soybeans

will be sampled commencing three weeks after plant emergence. The plants will be

counted and subsamples taken, dryed and weighed to estimate standing biomass.
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Seedling measurements 

Black walnut seedlings will be planted at appropriate locations in early May, 1991.

Seedling height, diameter at 10 cm, leaf area index, number of leaves/leaflets, petiole

length and leaf color will be measured at three-week intervals throughout the growing

season. Leaf temperature will be measured three times per week with an infrared

thermometer simultaneously with the soil moisture measurements.

Climatic measurements 

Air temperature, leaf temperature and incident radiation will also be measured at all

experimental units three times per week at the same time as soil moisture. Air temperature

and incident radiation will be measured at a height of 0.5 m, 1.5 m tree heights away from

the tree and above the crop canopy.

Continuous Measurements 

Continuous measurements of a number of parameters will be made only in the tree

rows at one location in each crop type (one replication). Temperature will be measured at

10 cm below the soil surface using groups of three buried thermocouples, hooked in

parallel. Air temperature, windspeed, humidity, and incident radiation will be measured in

the tree rows at 0.5 m (average seedling height) above the ground near seedlings in each

crop. An additional set of measurements will be made at 2.0 m above the ground in the

wheat crop. Air and soil temperature measurements will be made with thermistors,

windspeeds with cup anemometers, incident radiation with a PAR sensor, and humidity with

an RH sensor. Data will be recorded using Campbell Scientific 21-X dataloggers.
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Data Analysis 

PCSAS (SAS Institute, 1989) will be used to analyze the data.

Ongoing experiment 

Data for the ongoing experiment will be analyzed according to the experimental

design using ANOVA and Duncan's multiple range test. The data will be analyzed through

the fourth growing season. For the first three growing seasons, the seedlings have been

grown with the same crop and have exhibited relatively consistent growth patterns. As the

crops are rotated it will be interesting to see if these growth patterns shift. This will likely be

influenced by the size and vigour of the seedlings at the beginning of the year as well as

the current intercrop. Better established seedlings (those grown with corn the first three

years) may be able to grow better with a more competitive intercrop (wheat) than a more

diminutive seedling (those grown with barley) with a sheltering crop (corn).

Periodic Measurements 

Soil Moisture 

Soil moisture measurements will be used both as dependent and independent

variables in ANOVA. The data on crop growth will be analyzed to determine the effect of

crop growth on soil moisture within the cropped area and the tree-rows. Comparisons will

be made between the crop areas and tree-rows, and among the three crops. Appropriate

interactions will also be examined. The soil moisture data will also be used as independent

variables in a model to determine whether there is a significant impact on measured tree

parameters (i.e., seedling height, petiole length, etc.).
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Crop Growth 

The crop growth data will be analyzed in a similar fashion as the soil moisture data

to determine its relationship to soil moisture within the cropped area and the tree-rows, and

seedling growth.

Seedling Measurements 

Seedling measurements will be used as dependent variables in the analysis in order

to determine what effects crop growth, climate, and soil moisture have on seedling

characteristics.

Climatic Measurements 

Climatic measurements will be used to determine the effects of the crops on climate

and to relate the climatic differences to seedling characteristics.
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PROJECT SUMMARY - RESEARCH AREA 3.2 
(REHABILITATION OF MARGINAL LANDS)

Several projects in this research area have been completed. Projects relating site

quality to the growth of Norway spruce and white pine plantations have been completed

and published in the Northern Journal of Applied Forestry (Gordon et al., 1989; Williams

et al., 1990). Reprints of these publications are included in Appendix 1. Another project

completed in 1990 was the subject of a portion of a M.Sc. thesis and was titled,

Establishment of tree seedlings on marginal pasture. An abstract of the thesis is given in

Appendix 2 and two copies of the entire thesis have previously been delivered to the

contract administrator.

Two projects are ongoing: The assessment of riparian and poorly drained areas for

biomass and energy production and The effects of free carbonates in the soil on red pine

growth. A report on the biomass and energy production project is found in the section on

Research Area 3.3, Streambank Stabilization and Riparian Zones. A brief report on the

carbonates/red pine project follows.
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Effects of free carbonates in the soil on Red Pine growth

Introduction

Forestry workers in southern Ontario have commonly observed a decline in the health

and vigour of many red pine plantations in localized areas, often in upper slope positions.

The decline symptoms are similar to those exhibited in red pine growing on poorly drained

sites: chlorotic foliage, reduced increments, increased mortality, etc. However, in contrast

to symptoms resulting from poor drainage, this malady appears to be most frequent in

plantations established on well drained, previously eroded lands and has commonly been

attributed to the presence of free carbonates at or near the soil surface. While this is a

common belief among forestry staff it is poorly documented. The objective of this study is

to determine the cause of decline and the relationship between free carbonates and decline

symptoms.

To date, most researchers have attributed red pine decline to one of two distinct

agents 1) Fomes annosus, or 2) a "Lime-induced chlorosis". F. annosus  is a root disease

often transmitted by Ips spp. beetles (Raffa and Smalley, 1988). The beetles damage the

tree roots, introducing the Fomes infection. The disease is then transported from tree to tree

through intraspecific root grafts. Aerial observation of decline areas in southern Ontario

reveal roughly circular areas affected, symptoms similar to those of a F. annosus infestation.

However, infections have not always been found in many areas and a "Lime-induced

chlorosis" has secondarily been suggested as the most probable cause.

Chlorosis of plants growing on carbonate-rich soils has been documented for various

crops since at least the turn of the century. Holz (1907) concluded that an excess of soil

water in calcareous soils induced chlorosis and suggested that accumulation of carbon

dioxide in soils of low permeability favoured the occurrence of iron chlorosis in vineyards.
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Mengel et al. (1984) also looked at chlorosis in vine grapes and determined that free

bicarbonate ions were the main cause of this chlorosis. They suggested that high

phosphorous concentrations in chlorotic leaves were a result of, and not the cause of the

chlorosis,

Erdmann (1966) documented studies initiated in 1949 in order to determine the most

suitable conifer species for calcareous soils in western Iowa. His data suggested that

survival and growth of eastern red cedar and scots pine were not significantly affected by

depth to carbonates. However, all other species investigated, including Austrian pine,

ponderosa pine, jack pine and red pine had significantly decreased height growth on sites

where carbonates were present. In fact, white pine failed completely on one soil that had

free carbonates within 30 inches (75 cm) of the surface. Erdmann (1966) also noted a rapid

decline in survival and height growth of red pine with decreasing depth to free carbonates.

From 1971 to 1975 the Great Lakes Forest Research Centre monitored red pine

decline within two plantations in Grey County, Ontario (Ellis and Whitney, 1975). They found

no evidence of disease, fungus or insect damage in the living wood of affected trees.

Furthermore, examination of the roots did not elucidate symptoms typical of root rotting fungi

nor excess moisture although mycorrhizal associations present were poorly developed. On

the living diseased trees many of the fine roots were dead and had a partially disintegrated

Hartig Net indicating previously healthy root systems.

Foliar analysis on these plantations as well as two unaffected plantations was

conducted in 1971. Manganese to iron ratios were low in affected trees and iron to nitrogen

ratios were low in current year foliage but high in older foliage. This indicates an inability to

take up or translocate sufficient iron to maintain vigour in younger needles. The authors

suggest that the visible symptoms indicate a lime-induced iron and/or manganese-induced
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deficiency. The chlorosis and mortality of new needles is similar to that attributed to

manganese deficiency in Norway spruce (Ingestad, 1958).

A study conducted by Miller and Mozuraitis (1986), south of Lake Scugog in Durham

County, 0ntario, revealed similar findings to those of Ellis and Whitney (1975). Soil texture

on the site ranged from sandy loam to silty clay loam. The most advanced decline of red

pine was observed on the finer-textured soils. It was concluded that decline appeared to be

related to a combination of depth to the C horizon, depth to carbonates and texture of the

parent material texture. A strong correlation was found between a decline index rating and

depth to carbonates on soils with a silty clay loam parent material. This relationship was not

observed on the sandy textured soils. It was also suggested that unusual weather patterns

may have induced the onset of visual symptoms.

Progress report

In March, 1990, a report (Gillespie 1975) was obtained from the Ontario Institute of

Pedology that consisted of a large amount of mensurational and soil chemical data from red

and white pine plantations in southern Ontario. This information was analyzed and the

results were used to modify the methodology of the current project. Initial analysis of the

Gillespie (1975) data indicated that red pine growth had a significant relationship to

extractable boron in the organic layer. Documented symptoms of boron deficiency are

similar to those observed in the current study plantations.

A review of the literature revealed that boron had been implicated in conifer decline

in many parts of the world. Kolari (1983) has discussed the effect of micronutrient imbalance

on forest trees, using specific examples of research on scots pine in Finland. In

southwestern coastal British Columbia Carter et al (1984) attributed severe dieback and
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distorted growth of Douglas Fir to boron deficiency although data suggests that magnesium

and sulphur were also limiting. Radiata pine has also been shown to respond well to boron

fertilization in New Zealand.

A more rigorous analysis of the data provided by the Ontario Institute of Pedology

reduced the significance of boron but revealed significant relationships between growth

index (height over age) and pH, magnesium, manganese, potassium and % clay in the

profile.

Methodology

Thirty sites have been established across southern Ontario in red pine plantations

exhibiting symptoms of decline in local areas. Two plots at each site, one in a diseased area

and another in an adjacent relatively healthy area, have been selected for a total of sixty

sampling points. Sites were selected to embrace a variety of landforms, soil types and

degrees of decline. Twentieth-hectare plots were established at each sampling point and

the following measurements of the trees recorded: diameter at breast height (DBH), age at

breast height, height, decline index and 5-year growth intercept. The 5-year growth intercept

measurement is the length of the first five years of growth above breast height. The stand

decline index is a scale ranging from 1 to 5 and is based on visual observations.

In the fall of 1990, one tree of dominant or co-dominant class from each sampling

point was destructively sampled for stem analysis. Branches from the second or third whorl,

where possible, were collected and the needles separated into current and previous years

growth for comparative analysis. These samples are being currently analyzed for following

components: N, P, K, Ca, Mg, Mn, B, Zn, S, Fe and Total Organic Carbon.
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A soil pit was dug at one plot at each site; complete profile descriptions were made

and soil samples were collected from each major horizon in the pit. Horizon descriptions of

a second sampling point were made from auger holes. Soil information collected consisted

of horizonation, depth to diagnostic horizons, colour, texture, mode of deposition, slope

percent and length, plot position on slope, and rooting intensity. Soil samples were collected

from each site at constant depths and will be analyzed for the following: N, P, K, Ca, Mg,

Mn, B, Zn, S, Fe, pH and Carbonates.

All field work has been completed and the information collected is being processed.

Stem analysis measurements are in progress and wood samples will be preserved for future

chemical analysis if warranted. Funding from the Ministry of Natural Resources has been

approved to analyze the soil and tissue samples. The laboratory analysis, data analysis and

reporting will be completed in the 1991/1992 fiscal year.
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PROJECT SUMMARY - RESEARCH AREA 3.3
(STREAMBANK STABILIZATION AND RIPARIAN ZONES)

The bulk of our research investigations in this area have concentrated on the

rehabilitation of Washington Creek, a degraded agricultural stream near Platteville, Ontario.

The benefits of reforesting banks of such streams are numerous and include erosion control

and aquatic habitat enhancement due to increased detrital inputs and shading. On streams

draining agricultural fields subject to high fertilizer inputs, the chemical nature of the water

can be improved by the nutrient-filtering action of riparian forests and by enhanced

denitrification in the stream bottom sludges that form from leaf inputs to the stream. In

addition, wood is produced for on-farm use or sale.

Research in this area covers a wide range of subject areas and individual projects

report on tree growth, nitrogen uptake by trees, wildlife populations (animals and birds, fish,

and stream invertebrates), soil water chemistry, and light interception by streambank trees.

The first section reports on the background of the streambank stabilization work conducted

at Washington Creek and includes brief descriptions of several demonstration plantings at

other locations. The following four sections report on individual projects at the Washington

Creek site and the final section reports on the assessment of riparian and poorly drained

areas for biomass production.
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1.    Streambank Stabilization

Washington Creek

Afforestation project 

The plantings at Washington Creek were initiated in 1985 and encompass

approximately 2 km of streambank on both sides.Poplar cuttings of nine different clones

were planted on the streambanks along the upper part of the research site on Washington

Creek and rooted stock of four different clones were planted along the lower sections. Ten

seed sources of alder (three of Alnus glutinosa, three of A. rubra and four of A. incana) were

also established in the floodplain of Washington Creek in 1985. Since that time stands have

been thinned 50%, yielding biomass and productivity data (see next section) and additional

poplars have been planted as well as a number of native hardwood species such as silver

maple, black walnut, green ash and red oak. This brings to 6,500 the total number of trees

planted at the site. In 1990, several hundred multiflora rose vines were planted to improve

wildlife habitat and this year other wildlife shrubs will be planted in addition to more trees.

Survival of the poplar cuttings ranged from 10 to 76% and height now ranges from

1.9 to 5.2 m. Survival of the planted stock ranged from 28 to 80% and their height ranges

from 2.2 to 3.0 m. The low survival of the 1985 poplar planting was largely due to the late

planting date. Most of the dead seedlings have been replanted and additional trees added

to widen the buffer strip along the stream. The survival of planted alder was over 80% with

the exception of one seed source (A. rubra). Height of these trees ranges from 1.3 to 3.2 m

and between 2.3 and 2.8 cm in diameter. Height, diameter and biomass measurements

have been collected since 1985 on these trees and a nutrient cycling study was initiated 
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in 1989. Much of this data is summarized in manuscript form, a copy of which is appended

to this report (Appendix 4).

Wildlife Observations 

Staff working in the Washington Creek study area have reported observing much

wildlife use of the reforested sections. Mammalian observations are mostly casual and

include muskrats, rabbits, mink, weasel, beaver, and otter. The muskrat and beaver have

caused some problems feeding on the trees. The O.M.N.R., G.R.C.A., and the University

of Guelph have also conducted occasional fish samplings in the study area, and an

inventory of bird species has been conducted and is reported on in a later section. Stream

invertebrates have been the subject of a M.Sc. project, which is summarized in section 4.

The fish samplings documented the presence of the red-sided dace in 1987, an

endangered species, and brook trout in 1990. While rainbow trout have been previously

found in the stream before the trees were planted, brook trout have not been. It should be

pointed out that the headwaters of Washington Creek are spring fed and have a resident

population of brook trout.

Demonstration Plantings 

Grand Valley 

The plantings at Grand Valley were initiated in 1987 on a working dairy farm and

encompass approximately 0.6 km of streambank on both sides. The initial planting was

made up of of hybrid poplar and other species such as silver maple, black walnut, green

ash, white spruce, European larch and red oak.
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Glanbrook

The plantings at Glanbrook were initiated in 1988 on a cash crop farm; the planting

encompasses approximately 0.2 km of streambank on both sides. The initial plantings

consisted of combinations of hybrid poplar and other species such as black walnut, green

ash, and red oak. The stream is fairly large and it is unlikely that the planted section will

affect stream parameters. This study site will be used to evaluate tree growth potential in

riparian zones on local soils.

Lucan

The plantings at Lucan were initiated in 1987 on a cash crop farm; the planting

encompasses approximately 1.5 km of ditchbank on one side. The initial plantings consisted

of black walnut and green ash.

Arthur

Approximately 150 meters on both sides of a small stream were planted on a dairy

farm in Arthur in 1990. The planting consisted of hybrid poplar, silver maple, black walnut,

green ash, and red oak. The planted area will be expanded slightly in 1991.
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2.   The effect of reforesting a riparian habitat on incident 
solar radiation reaching the stream

Background

The primary advantage of shading to water quality is the increase in favourable

habitat for many aquatic species via reduced stream water temperatures (Barton and Taylor,

1981), and decreased rates of denitrification (Sanin et al., 1977). However, shading does

not have to be complete; half-shaded conditions are preferred when attempting to not only

maximize the overall ecological health of riparian environment, but also to control specific

submerged and emergent aquatic plants (Dawson and Haslam, 1983). Excessive shading

could actually result in secondary effects that may be potentially detrimental to the riparian

environment, such as the promotion of a thin or unstable understory community of low

diversity that may allow bank erosion and stability problems to develop. 

Since light intensity plays such an important role in the development of both terrestrial

(Clements, 1963) and aquatic communities, it is important to evaluate the solar radiation

loadings to these ecosystem components, as influenced by developing riparian forests.

Methods 

Incident solar radiation measurements were made through the spring and summer

of 1989 and 1990 in four transects in each of thinned and unthinned sections of a riparian

hybrid poplar (Populus spp.) plantation, on Washington Creek, near Plattsville, Ontario. The

trees had been planted in 1986 and some sections thinned by 50% in the spring of 1989.

Light levels were compared between the thinned and unthinned sections of trees, and

among the open area, streambank and stream.
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Transects were located perpendicular to the stream at four different orientations (N-S,

NW-SE, W-E and NE-SW). Measurements were taken at sampling points that were staked

in the centre of the creek, at each bank and in an adjacent open area using a LI-170

Quantum-Radiometer/Photometer, approximately one metre above the surface of the

water/ground, with the aid of a level to ensure a horizontal position. Where the canopy did

not reach the edge of the bank, additional stakes were added at 1.5 and 3.0 meters from the

bank.

Measurements commenced the week of June 26-30, and were taken two days a

week, every two weeks, through August 11. Readings were taken every hour between 9:00

a.m. and 6:00 p.m. The weather conditions on these days were also noted. The data was

analyzed using PCSAS, GLM procedure (SAS Institute, 1989) using the analysis for a split

plot design with no replication. A confidence limit of p<0.05 was used in the analysis.

Results 

The four factors in the split plot analysis were: 

treatment (thinned vs. unthinned)

orientation (transect) N-S, E-W, NE-SW, NW-SE

location (mid-stream vs. understory vs. open field)

time (9:00 a.m. to 6:00 p.m. for 1989, 9:00 a.m. to  4:00 p.m.

for 1990)

For both years, stream orientation was not significant, although, significant

differences in solar radiation were found due to time of day, thinning treatment and location.

There is evidence of a treatment*location interaction. Mean radiation values (Tables 1, 2)

are expressed as a ratio of measured radiation to unrestricted, full sun radiation (= 1.0000).
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Table 1. Ratio of incident solar radiation to full sunlight by thinning treatment
and year.

Treatment Year 

1989 1990

thinned 0.7200 a 0.6551 a

unthinned 0.6551 b 0.6242 b

within columns, values followed by the same letter are not significantly different at p<0.05

Table 2.  Ratio of incident solar radiation to full sunlight by thinning treatment,
location in stream and year by thinning

Year 
Treatment Location 1989 1990

thinned open 1.0000 a 1.0000 a

mid-streamed 0.8069 b 0.6755 b

under canopy  0.5368 c  0.4703 c

un-thinned open 1.0000 a 1.0000 a

mid-stream 0.7326 b 0.6243 b

under canopy 0.4440 c 0.4302 c
within columns, values, by location, followed by the same letter are not significantly different
(p<0.05).

Discussion
Measured radiation in the thinned treatment was significantly different from the

unthinned treatment, in both 1989 and 1990 (Table 1). However the differences were

relatively small the second year (1990), suggesting a rapid regrowth of the residual trees.

In 1989, the unthinned tree canopy decreased incident solar radiation to the stream by 27%,

and to the streambank understory by 56%. In the thinned treatment, the incident solar

radiation was decreased to incident full sunlight solar radiation to the stream by 19%, and
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to the streambank understory by 46%. During 1990, the light reduction was 38% and 57%

in the unthinned area and 33% and 58% in the thinned area (for the stream and bank area

respectively).

In both growing seasons, the tree canopy significantly reduced the amount of incident

solar radiation reaching the stream and the understory environment. The thinned plots

demonstrated sufficient regenerative capacity after one growing season that incoming

radiation was reduced in the same manner as occurred in the unthinnned treatment. This

reflects positively upon the ability of the riparian plantation to re-exploit the site rapidly after

thinning, which is significant if trees are harvested periodically for the purpose of biomass

production or to ensure a net uptake of nutrients filtering to the stream from adjacent fields.

The effect of this reduction in incident solar radiation on the stream environment is

more difficult to determine. Shading alone from trees may not lower stream temperatures

significantly, but shading will reduce algae growth that could slow streamwater flow and thus

allow heating of the water. Stream temperatures will also fluctuate drastically when exposed

to direct sunlight. The reduction of incident solar radiation to the stream can minimize these

temperature fluctuations, providing a more favourable habitat for fish species. The reduction

of algae growth also improves stream oxygenation, improving conditions for invertebrates

and fish. The optimal level of incident radiation, however, is not currently known, and could

only be determined through experimentation comparing different amounts of shading on

algae and other aquatic life.

In conclusion, reduction of full sun radiation incident to streams has a high potential

to improve aquatic habitats. It has been demonstrated that the poplar canopy has reduced

the amount of radiation reaching the streamwaters of Washington Creek by a significant
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amount. The environmental effects and the optimal level of radiation reduction are not

known, but successive studies and analysis should allow for a more precise determination

of these factors.
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3.    Bird population study of the Washington Creek Study Area

A study at the Washington Creek site was conducted during June, 1990 to examine

the degree to which varying conditions of the riparian plantings (e.g., buffer strip width, age

and species composition) affect the diversity and abundance of bird species in the area. A

supplementary inventory of the bird species observed through the months of May, June and

July was also carried out.

Methods 

The control area upstream consists of pasture land and is characterized by grasses

and little other riparian vegetation. The reforested area was divided into three sections

based on the width and species composition of the riparian zone (Table 1). Two or four,

600-m2 sampling sites were randomly assigned to each area type (Figure 1). For bird

species to be identified within a habitat range, the species must have been sited in the area;

however, it was not stipulated that the bird must be nesting in the habitat (Table 2).

The number of species (diversity) over the four-day sampling period for each site was

recorded and an analysis of variance (ANOVA) was conducted using species diversity as

a dependent variable.

Table 1. Sample area descriptions and species diversity.

Area Riparian Zone Identifier (species and width) Species Diversity

AREA 1 CONTROL - grazing area, no riparian shrubs or trees 10.5 

AREA 2 100m width, older trees with alder, poplar, walnut   11.75 

AREA 3 50m width, older trees with alder, poplar, walnut 11.0

AREA 4 1 row of 5 yr old poplar and alder, uniform comp.   9.5
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Results 

The average number of species observed ranged from 11.75 in Area 2 to 9.5 in Area

4 but no significant differences in species diversity among sampling areas were revealed.

Of the 24 bird species sited in the entire forested region, 24% were missing from

Area 4. Only five bird species were found to nest in Area 4 (red-winged black bird, song

sparrow, American goldfinch, northern orioles, and yellow warblers. The densities of these

nests were noted to be lower than either Area 2 or 3. No birds were observed nesting in the

pasture area (Area 1).

Discussion

It is questionable whether the species observed in Area 4 would be present without

the proximity of larger forested areas, since Area 4 alone may not supply enough cover or

foraging opportunities to support or attract as many bird species as observed. The narrow

width of the buffer strip and the close proximity of the stream to the road may also have

affected the use of Area 4 by birds. Areas 2 and 3 are of greater expanse, greater structural

complexity and have less edge than Area 4 and thus may provide a more favourable habitat

for forest dwelling birds.

The census from Area 1 may be a poor indicator of the bird species present prior to

the rehabilitation work as its proximity to the planted area may encourage foraging by birds

inhabiting the forested area, rather than residence.  Of the species sited in the control area,

only the upland sand piper was unique to this habitat. All other species sited in the pasture

were also observed in the reforested area. The diversity of Area 1 may seem high when

compared with a typical pasture area or when compared with Area 4.
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Table 2. Inventory of bird species and location of sightings: unforested
regions, forested regions, or common to both regions.

BIRD GROUP LOCATION
HERONS

Great Blue Heron -- Ardea herodias Both
Green-backed Heron -- Butorides striatus Forested

GEESE & DUCKS
Canada Goose -- Branta canadensis Forested
Mallard -- Anas platyrhynchos Both

VULTURES & HAWKS
Turkey Vulture -- Cathartes aura Both
Broad-winged Hawk -- Buteo platypterus Both
Red-tailed Hawk --Buteo jamaicensis Both
American Kestral -- Falco sparverius Forested

GROUSE & TURKEYS

Ring-necked Pheasant -- Phasianus colchicus Forested

SHOREBIRDS
Killdeer -- Charadrius vociferus Both
Spotted Sandpiper -- Actitis macularia Forested
Upland Sandpiper -- Bartramia longicauda Unforested
American Woodcock -- Philohela minor Both

DOVES

Mourning Dove -- Zenaida macroura Both

KINGFISHERS

Belted Kingfisher -- Megaceryle alcyon Forested

WOODPECKERS
Downy Woodpecker -- Picoides pubescens Forested
Common Flicker -- Colaptes auratus Forested

FLYCATHERS
Willow Flycatcher -- Empidonax traillii Forested
Eastern Kingbird -- Tyrannus tyrannus Both

MARTINS & SWALLOWS
Purple Martin -- Progne subis Forested
Tree Swallow -- Iridoprocne bicolor Both
Barn Swallow -- Hirundo rustica Unforested

JAYS & CROWS
Blue Jay -- Cyanocitta cristata Forested
American Crow -- Corvus brachyrhyncohs Both
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Table 2. - continued

BIRD GROUP LOCATION

TITMICE

Black-capped Chickadee -- Parus atricapillus Forested
THRASHERS & THRUSHES
Hermit Thrush -- Catharus guttatus Forested
American Robin -- Turdus migratorius Both
Gray Catbird -- Dumetella carolinensis Forested
Brown Thrasher -- Toxostoma rufum Both

WAXWINGS & STARLINGS
Cedar Waxwing -- Bombycilla cedrorum Forested
European Starling -- Sturnus vulgaris Both

VIREOS
Warbling Vireo -- Vireo gilvus Forested

WARBLERS
Yellow Warbler -- Dendroica petechia Both
Common Yellow Throat -- Geothlypis trichas Forest

GROSBEAKS & SPARROWS
Northern Cardinal -- Cardinalis cardinalis Forested
Chipping Sparrow -- Spizella passerina Forested
Song Sparrow -- Melospiza melodia Both
White-throated Sparrow -- Zonotrichia albicollis Forested

ORIOLES & BLACKBIRDS
Bobolink -- Dolichonyx oryzivorus Unforested
Red-winged Blackbird -- Agelaius phoeniceus Both
Common Grackle -- Quiscalus quiscula Both
Brown-headed Cowbird -- Molothrus ater Both
Northern Oriole -- Icterus galbula Forested

FINCHES
Purple Finch -- Carpodacus purpureus Forested
American Goldfinch -- Carduelis tristis Both
House Finch -- Carpodacus mexicanus Both

WEAVER FINCHES
House Sparrow -- Passer domesticus Forested
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4.    The role of substratum in stream rehabilitation

This study was begun in 1988 and will continue until August, 1991. Preliminary

results for this work were presented in the 1989/1990 annual report; the results presented

here are for data analyzed since the release of that report.

Introduction

Substratum, the solid material that makes up the stream bed, is the foundation upon

which the benthic (bottom-dwelling) insect community is based. Different particle sizes of

soil produce different living conditions and thus substrata composed of a diversity of particle

sizes support greater numbers of species than do those composed of more uniform rock

sizes, due to the diversity of living spaces available (Allan, 1975; Williams, 1980). In areas

degraded by sedimentation, the benthic community may become impoverished, due to the

loss of organisms requiring large particles or large spaces between particles (Rabeni and

Minshall, 1977). The objective of this study was to test whether increasing mean particle

size and diversity of particle sizes in the substrata of degraded areas results in an enhanced

benthic community as determined by an increase in diversity of insects.

Methods 

Three riffle areas of Washington Creek were modified in September, 1988. The

streambed of the downstream half of each riffle was completely covered from bank to bank

with a mixture of quarried rock 3 - 15 cm in diameter, and the upstream half of the riffle was

unmodified, serving as a control for that site. 

Invertebrates and substrata in the study areas were collected every eight weeks,

along with measurements of water depth and velocity, from the control and treated areas

of each site. Insects were stored in 70% ethanol, identified to family, and counted. Substrata
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 were dried and sorted into size classes, and the volume of each size class was determined.

Sedimentation rates of each of the control and treated areas were monitored weekly

in the summer and biweekly in the winter. Sediment collected was dried and weighed, then

ashed at 550ºC for three hours and reweighed, to determine the amount of organic matter,

as estimated by loss of weight on ignition.

A more detailed description of the methods was given in the 1989/1990 annual report.

Results and Discussion

The results for water depth, water velocity, and deposition of sediment and organic

matter were presented in the 1989/1990 annual report. In this document, the results of

substratum and insect population data analyzed to date will be presented. 

Mean rock size was consistently greater in the treated areas, where rocks were

added, than in the control areas. However, this difference was only statistically significant

on three of the dates rocks were collected, when data from all three sites were combined

(Figure 1). Analysis of each site separately for the January and June data revealed that the

treated areas of sites two and three had significantly greater mean rock size than their

control areas, while the difference in site one was not significant (Figure 2). This trend, with

differences between the control and treated areas of both sites two and three, but not site

one, was found previously in the water depth, water velocity, and sediment deposition data.

Despite the increase in rock size in the treated areas, the diversity of rock sizes was

not significantly different in the control and treated areas (Figure 1), even when each site

was analyzed separately.
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Figure 1. Mean (+ 1 SE) size and diversity of sizes of rocks collected
from the streambed over 17 months. n=3 sites. p< .05
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Figure 2. Mean (+ 1 SE) size of rocks collected from each site in
January and June 1989. n=3 samples. p< .05
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The insects collected in January and June 1989, and January 1990 have been

identified and counted, but the data from 1990 has yet to be analyzed.

For January and June 1989, there was no statistically significant difference in the

number of individuals, the number of families, or the diversity of insect families collected,

when data from all three sites were combined (Figure 3). When each site was analyzed

separately, no significant differences were found among the January populations; however,

in the June populations, significantly greater numbers of individuals were found in the

treated areas of sites two and three than in their controls, while there was no significant

difference between the treated and control areas of site one (Figure 4). As well, insect

numbers were much greater in June than in January.

The larger number of insects in the treated areas of sites two and three in June was

due to the number of larvae of blackflies, craneflies, and two caddisfly families, all of which

were significantly more abundant in these treated areas than in the control areas. These

larvae were also more abundant in the treated areas of sites two and three in January, but

there was no difference in overall abundance between control and treated areas due to

large numbers of elmid beetles in the control areas. The larvae of blackflies and these

caddisfly families are filter-feeders, and are generally found in riffle areas (Merritt and

Cummins, 1984).

Conclusions 

The addition of large rocks to site one did not significantly change the monitored

characteristics of the stream or the benthic community. This may be because site one

already had fairly large rocks and good riffle qualities, and therefore did not have much

room for improvement.
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Figure 3. Mean (+ 1 SE) abundance, number of families, and diversity
of families of insects collected January and June, 1989. n =3
sites.
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Figure 4. Mean (+ 1 SE) number of insects collected from each site,
January and June 1989. n=3 samples. * p< .05
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In sites two and three, the treated areas had decreased depth, increased water

velocity, decreased sedimentation rates, increased mean rock size, and increased

abundance of benthic insects, relative to the control areas. The addition of large rocks to

these areas, therefore, changed both substratum and streamflow characteristics. The

families that increased in these treated areas are generally riffle-dwellers, and this, along

with the physical changes mentioned above, suggests that the addition of large rocks to

degraded areas improved the riffle qualities of these sites.

Further analyses, including sedimentation rates from August 1989 onward and insect

data from 1990, are being conducted, along with continued analysis of another agricultural

stream undergoing rehabilitation. These will be concluded late this spring and a M.Sc.

thesis will be completed in September 1991. 
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5.    Reducing inorganic nitrogen leaching into streams through
the reforestation of agricultural riparian zones

OBJECTIVE 1: to investigate the ability of riparian trees to remove dissolved inorganic
nitrate-nitrogen from a saturated soil zone.

OBJECTIVE 2: to determine the ability of riparian trees to accumulate and
partition excess dissolved inorganic nitrate-nitrogen.

An outline of studies conducted by study site is presented for Dairy Bush Hill [(i) Water

Quality (ii) Tree Uptake (iii) Soil Parameters (iv) Chloride Tracer] and in greenhouse [(i)

Plant Uptake].

Dairy Bush Hill 

Water Quality 

The study site is an artificial riparian zone constructed from plywood set on a 4%

slope located under a rainshelter on Dairy Bush Hill (Figure 1). Experiments were

conducted on two potential riparian tree species: Carolina Poplar (Populus spp.) and Shrub

Willow (Salix spp.)(clone C1236k88). A randomized complete block 2x3 factorial design

replicated twice for the willow and four times for the poplar was used for both experiments.

The treatments consisted of nitrate concentration (10 ppm, 20 ppm) and tree density (0, 1,

2 cuttings per box) for poplar and (0, 2, 4) for willow (Table 1). The design of the boxes is

shown in Figure 1 and the sampling mechanisms in Figure 2.
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Table 1. The six treatments for poplar and willow.

nitrate concentration 
(ppm)

tree density/box
poplar willow

10 0 0

10 1 2
10 2 4
20 0 0
20 1 2
20 2 4

The nitrate-nitrogen nutrient solution was applied July 9 to the poplar and July 28

to the willow trees. The appropriate nitrate-nitrogen concentration was mixed then added

to a mariotte container connected to the input pipe of each compartment. Hence, the

mariotte container delivered the nitrate-rich nutrient solution as well as maintaining a

saturated zone in the compartment. These experiments were then sampled 11 and 7 times

respectively. Water sampling from the willow experiment was initiated on August 16 and

continued on August 21 and 28 and September 8, 15, 21, and 28. Similarly, water samples

were collected from the poplar experiment July 19, 25 and 31, August 7, 17, 22 and 29 and

September 8, 13, 21 and 28. Water samples were collected at four points; input, upper,

lower and output (Figure 2). On each sample day the depth to saturation was measured

in each compartment as well as the output flow rate.

The water samples have been analyzed for nitrate using the auto-analyzer and the

values entered into the computer. Statistical analysis has yet to be done regressing the

output nitrate concentration against the input concentration taking into consideration the

flow rate and volume of the saturated zone.
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Figure 1. Artificial riparian zone constructed in a 1.2 m x
2.4 m plywood box divided into six
compartments each representing a treatment.

Figure 2. Compartmental design indicating dimensions
and position of pipes.
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Tree Uptake 

Each tree was destructively sampled on November 17, 1991 and separated into

leave, stem and root material prior to drying. The dried material was weighed to determine

oven dry weight then ground into a fine powder. The total volume of nutrient solution

applied to and collected from each treatment was recorded to estimate the amount of

nitrate-nitrogen applied. This value will be related to the oven dry weights of the various

tree parts to determine any partitioning capabilities. The ground tree material has yet to be

digested to determine total nitrogen and the values then entered into the computer.

Statistical analysis will then be done comparing total nitrogen of the various tree parts to

the quantity of nitrate-nitrogen applied.

Soil Parameters 

The soil parameters estimated were soil texture, bulk density, hydraulic conductivity

and porosity.

Chloride Tracer 

A concentrated chloride pulse was applied to each treatment. Samples were

collected every day beginning October 13 from the upper sample point (i.e. upstream from

the tree stem) and ending November 7. Similarly, samples were collected every day

beginning November 2 from the lower sample point (i.e downstream from the tree stem)

and ending November 16. The water samples have been filtered and are ready to be

analyzed on the auto-analyzer. The results will be used to construct a breakthrough curve

to give an indication of compartmental flow rates of the nutrient rich saturated soil zone.
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Greenhouse Study

Tree Uptake,

A greenhouse experiment was conducted to determine the uptake potential of two

hybrid poplar clones (DN2 and IH214) planted in an inert soil medium (silica sand) supplied

with a hydroponic nitrate enriched nutrient solution. The nutrient solution was delivered by

a mariotte container attached to a bucket containing a single tree (Figure 3). The trees

were planted May 2 and treatment initiation began May 16. The experimental design was

a randomized complete block with five replications. The treatments applied varied in nitrate

concentration, supplied as ammonium nitrate, from 5 ppm to 320 ppm NO3
- (Table 2). The

volume of solution applied to each tree was recorded as well as estimating soil evaporation

from a control.

Table 2: Treatment concentrations of nitrate applied as ammonium nitrate for
hybrid poplar clones DN2 and IH214.

NO3
- concentration

(ppm) Clones

5 IH214, DN2

10 IH214, DN2
20 IH214, DN2
40 IH214, DN2
80 IH214, DN2
160 IH214, DN2
320 IH214, DN2
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Statistical analysis has yet to be done comparing tree growth parameters (height,

diameter and root, stem and leaf dry weights) to the total mass of nitrate applied.

Currently, this project is in its final phase and the M.Sc. thesis should be completed

by June, 1991.
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6.    Assessing riparian zones for biomass and energy production

Introduction

This aspect of the riparian-zone research program was initiated in 1989 with the

objective of evaluating riparian zones and marginal (poorly-drained) agricultural land for

energy production, both from biomass and fuelwood. The main objectives are:

1) To measure the productivity of forest plantings in riparian zones in terms of
fuelwood, biomass and energy; and,

2)  establish research plantings in riparian zones and poorly drained land in agricultural
areas in order to assess the productivity of tree or shrub species relative to
Objective 1.
One benefit of this proposed project will be the generation of knowledge on woody

biomass productivity in riparian situations. While much information is available on

short-rotation forestry using hybrid poplar and other species, it does not directly apply to

the different methods necessary to establish trees on the specific and diverse site

conditions found in many riparian zones.

Another direct benefit will be evidence that shows that "vacant" or "waste" lands can

be used to produce a renewable energy resource to supplement on-farm needs for energy

or income diversification. Each cubic metre of air-dried poplar, for example, can be

expected to provide approximately 5,000,000 B.T.U.'s of energy or the equivalent of 36

litres of home heating fuel. Other fast-growing tree species (e.g. oak, ash) could provide

up to 7,000,000 B.T.U.'s per cubic metre. In addition to reducing fossil fuel use, additional

environmental benefits exist - these include reduced sediment, pesticide and fertilizer

inputs to streams and improved water quality.

New technologies developed in Europe for on-farm utilization of biomass are

currently being evaluated in Iowa, where agricultural conditions similar to those found in
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southwestern Ontario exist. This could provide a critical incentive for farmers to convert to

biomass from fossil fuels for uses such as grain drying. If such equipment is effective, and

has a reasonable payback period for capital costs, it would justify converting additional

riparian areas from cash crop to wood biomass production.

The riparian plantings at Washington were initially established with funding from the

Ontario Ministry of Natural Resources and Forestry Canada. Support has been provided

by Energy, Mines and Resources Canada for the assessment of the older plantings and

the establishment of several new ones. O.M.A.F. support has allowed for the maintenance

of these plantings, as well as support personnel and infrastructure through which additional

projects like this can be undertaken.

Washington Creek Biomass Sampling

In April, 1989, biomass samples were collected from hybrid poplar plantations at the

research site adjoining Washington Creek at Washington, Ontario. The information was

collected from 50% thinnings in competition control studies and bank stabilization plantings.

A similar thinning of European alder block plantings was conducted during the spring of

1990. Total fresh weights were collected from all trees removed; fresh and dry weights for

whole tree, branches, stems and fuelwood of 10 or 20% of the thinned trees were

measured for the determination of oven-dry weight.

The data from the streambank alder plantings has not been completely analyzed and

is not reported on here. However, a draft manuscript reporting on many aspects of the

growth of the alder is provided in Appendix 5. Preliminary analysis has estimated

productivity of the hybrid poplar streambank plantings to be 5.2 oven dry tonnes of

biomass/hectare/year. A report on the competition control study, including the biomass
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growth is provided below.

Chemical and Mechanical Weed-Control in a Hybrid Poplar Planting

This study was initiated in 1986 and tested the effects of three competition control

treatments (chemical, mechanical and none) and the number of years these methods are

applied (one, two and three) on the growth of hybrid-poplar seedlings. The mechanical

treatment consisted of rototilling the first year and spading in subsequent years. In the

chemical treatment, glyphosate and simazine were used in the year of establishment and

glyphosate alone was used in subsequent treatments. The rooted cuttings were planted in

nine, 25-tree blocks and the three main treatments were then randomly assigned (n = 3).

Each 25-tree block was treated in the first year. During the spring of the second year, the

blocks were split and one half treated again. In the third year, the area that had been

treated for two years was split again and one portion treated for the third time. Annual

height and diameter growth measurements were made and biomass data was collected

from a 50% thinning after three growing seasons.

Overall, trees from the herbicide treatment had consistently significant greater total

height growth, and biomass production (Table 1). However, the mechanical treatment was

not significantly different in biomass growth alone from either the herbicide or

control-treated trees. In 1987, the trees from the herbicide treatment had significantly

greater height growth than seedlings from the control treatment; however, no other

differences existed at that time.

In 1988, the differences among treatments became more pronounced. Both

herbicide and mechanical treatments resulted in improved growth over the control although

there was no difference between herbicide or mechanical treatments. In addition, no
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significant difference in either height growth or biomass production was found due to the

number of years the treatments were applied.

The results of this study highlight the importance of competition control during the

first year of establishment for hybrid poplar plantations. Repeated treatments in subsequent

years did not result in significant growth improvements. The hybrid poplar grew quickly the

first year and likely inhibited the re-establishment of competing vegetation. Slower growing

trees (especially other hardwoods) would not dominate the site as quickly and might require

subsequent weed control for optimum growth on good sites or acceptable growth on sites

of lower quality.

Table 1. Comparison of arithmetic means of selected measured growth
parameters under three competition control methods.

TREATMENT
HERBICIDE ROTOTILL CONTROL

1988 Total ht.(m) 7.54 a 6.66 b  3.99 c

1987 Ht grth (m) 2.88 a 1.77 ab 0.94 b
1988 Ht grth (m) 5.46 a 5.13 a  2.44 b
1988 DBH (cm) 5.21 a 4.22 b  3.54 c
Total biomass (kg) 4.04 a 2.81 ab 0.86 b
Branch biomass (kg) 1.29 a 0.99 a 0.28 b
Stem biomass (kg) 2.75 a 1.82 ab 0.58 b

a For each variable, treatment means followed by the same letter are not
significantly different at p=0.05 (Tukey's Studentized Range Test).

Smithville Planting

This experiment was installed in 1989 on a poorly drained, clayey site near

Smithville, Ontario with the objective of determining the productivity of several hardwood

species for both fuelwood and biomass productivity under those site conditions. The

planting consisted of five replications of a split-plot experimental design and is investigating
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the growth potential of four tree species (red oak, hybrid poplar, silver maple and green

ash) at two spacings (1.0 by 2.0 and 1.0 by 0.5 meters). The wider spacing is to assess the

species productivity for fuelwood production and the narrow spacing is to assess biomass

productivity.

The experiment was laid out using a split-split plot experimental design and planted

during May and June of 1989. No site preparation was conducted, partly because of the

saturated condition of the soils at time of planting. Each block consisted of four rows of six

seedlings with all outside seedlings considered as buffer trees. The eight seedlings in the

center of each plot constitute an experimental unit for data analysis. Weeds were mowed

once during the summer and after leaf-fall; seedling height and survival were recorded and

the site was treated with a broadcast application of glyphosate.

ANOVA was conducted using the GLM procedure in PCSAS using seedling height

and survival in 1989 as dependent variables. Spacing was used as the main treatment and

tree species as the split treatment in the model. Duncan's Multiple Range Test was used

to compare treatment means where appropriate. No significant interactions were found and

spacing did not significantly affect seedling height or survival in the first year. Both height

and survival varied significantly by tree species but differences due to spacing were not

significant (Table 2). The significant effect of species on seedling height is not particularly

meaningful as the initial size of the seedlings also varied by species. The survival of green

ash and silver maple seedlings was not significantly different but these species had

significantly greater survival than the poplar and red oak; the latter had the poorest survival.
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Due to the poor survival of the red oak and poplar, these species were replaced in

the spring of 1990. In the fuelwood spacing (1.2 by 2.0 m), the 24 red oak in each

experimental unit were replaced with 12 black oak, flanked by 6 swamp white oak and 6

swamp chestnut oak; the hybrid poplar were replaced with black locust.

In the biomass spacing (1.0 by 0.5m) , the poplar blocks were replanted with a

different hybrid-poplar clone. Each of the four rows in each red oak block was replaced with

one of five hybrid-willow clones (four rows of six cuttings), supplied by Dr. Louis Zsuffa at

the University of Toronto. Willow clones used in this experiment were; SAM13, 236, S12,

SV2 and ER269. 

The 1990 data was analyzed differently than the 1989 data because of difficulties

in handling the data from the replacement trees. The analysis was conducted in two steps.

Initially, the two spacing treatments were analyzed separately as randomized complete

block designs. In the fuelwood spacing, only the black oak were considered in the oak

treatment. In the biomass spacing, the data for all four willow clones were pooled within

each experimental unit. Separate analyses were then conducted for the willows and oaks

as there were more than one clone/species involved. The results of these analyses are

presented in Table 2.
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Table 2. Mean and comparisons of the total height and survival of seedlings
planted at the Smithville energy plantation.

Tree Species
ht891

cm)
ht90
(cm)

sv1891
(%)

sv190
(%)

htgrth90
(cm)

Fuelwood spacing analysis (2.0 x 1.0 m)
Green ash   51.6 a2 57.3 a 90.0 a 92.5 a  3.5
Silver maple 32.6 b 50.7 a 88.8 a   80.0 ab 17.4
Hybrid poplar 57.5 - 31.2 b - -
Red Oak 22.3 - 11.2 c - -

Black locus - 57.7 a - 62.5 b -8.0
Black oak - 35.9 b - 92.5 a 17.1

Separate oak analysis Oak species
Black oak - 36.4 x - 91.7 17.4
Swamp chestnut oak - 62.9 y - 100.0 27.6
Swamp white oak - 45.4 x - 100.0 20.8

Biomass spacing analysis  (1.0 x 0.5 m)
Green ash 51.6 a 61.3 a 90.0 a 75.0 a  9.9
Silver maple 32.6 b 49.0 b 88.8 a 75.0 a 14.9
Hybrid poplar 57.5 a 26.7 c 31.2 b 15.0 b -
Red Oak 22.3 - 11.2 c - -
Willow (pooled) - 25.7 c - 10.8 b 25.7

Separate willow analysis Willow clones
ER-269 - 18.5 - 11.1 18.5
SAM-13 - 33.0 - 12.5 33.0
SV-2 - 21.7 - 12.5 21.7
S-12 - 19.7 - 12.5 19.7
236 - 37.0 - 6.7 37.0

ht89, ht90  - height in 1989,1990. 
htgrth90     - height growth in 1990. 
sv189, sv190 - survival in 1989,1990.

1 The analysis of 1989 data pooled both the fuelwood and biomass spacings.
2 within analysis, means followed the same letter are not significantly different (Duncan's

Multiple Range Test).
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Results 

1990

As previously mentioned, the hybrid poplar and red oak had very poor survival

during 1989 and were replaced for the 1990 growing season. The green ash and silver

maple had good survival rates and appeared healthy: the dead seedlings were replaced

for the 1990 growing season.

Fuelwood spacing

All species in the fuelwood spacings had reasonable survival rates during 1990. The

black locust had the poorest survival (62.5%) and the green ash and black oak had survival

rates of 92.5%. The surviving locust had a negative height growth, indicating a high level

of dieback. The black oak and green ash both grow over 17 cm in 1990 and it appears that

the black oak may have potential on this site.

The separate analysis for the oaks in the fuelwood spacing yielded some promising

results. All three oak species had high survival rates and the swamp chestnut and swamp

white oak had 100% survival. The swamp chestnut and swamp white oak also had good

growth rates (27.6 and 20.8 cm). The black oak grew 17.4 cm in 1990, but they were the

smallest of the three species at outplanting. Although these are first-year measurements

for these oaks, their excellent survival and growth are promising.

Biomass spacing

Because of poor survival, the hybrid poplar were replaced with rooted cuttings of a

different clone (rooted cuttings) and the red oak were replaced with a combination of five

willow clones (cuttings) as previously described. During 1990, the green ash and silver

maple experienced a decline in survival to 75% and the newly planted poplar and willows
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had significantly poorer survival (15.0% and 10.8%).

The surviving willows grew relatively well, but there were no significant differences

among clones. This is likely a result of the poor survival.

Grand Valley Planting

This planting was established in 1990 and was set up to look at similar factors as

the Smithville planting. The site was located on the floodplain of a stream on a dairy farm

near Grand Valley. The experimental design of the Grand Valley Planting differed from the

Smithville plantation in that the two spacing treatments were separated into two randomized

complete block experimental designs. This was done as the spacing treatments were

different enough that the spacing treatments might influence the microclimate and the

growth of adjacent treatments with different spacing (ie., the cultural practices associated

with the spacing treatments, such as bi-annual harvesting of biomass from the close

spacing). Five replications were planted in the fuelwood spacing and six in the biomass

spacing.

Site preparation consisted of treating the rough sod with a mixture of glyphosate and

simazine two weeks prior to planting. Tree species used in the fuelwood spacings were

green ash, silver maple, black locust and red oak. Tree species used in the biomass

spacings were consistent with the Smithville planting; silver maple, green ash, hybrid poplar

and the willow clones from the University of Toronto.

Competition was controlled throughout the growing season and the first year

measurements were made in the fall of 1990. The spacing treatments were analyzed as

randomized complete block experiments. In the biomass spacing, the data from the four

willow clones was pooled within each experimental unit for the analysis. A separate
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analysis was then conducted using only the willow data to determine the differences among

clones.

Dead seedlings were replaced with new seedlings of the same species and the dead

willows were replaced with 1-year old rooted cuttings in 1991. 

Results 

In the fuelwood spacing, the red oak, green ash and silver maple had survival over

95%, but the survival of the black locust was significantly lower (27.5%), apparently a result

of mouse damage. Although the locust had poor survival, the surviving seedlings were

largest at the end of the growing season. The locust and oak were significantly taller than

the maple and green ash (using initial seedling height as a covariate). The height of the

maple and ash were significantly different with the green ash being the shortest seedlings.

In the biomass spacing, the hybrid poplar, green ash and silver maple had survival

over 95%, but the willow had signfiicantly lower survival (86.4%). The hybrid poplar was

significantly tallest, and grew the most in height, followed by the silver maple. The willow

cuttings had grown to a similar height as the green ash by the end of the growing season

(36.8 and 35.4 cm respectively.

Among the willow clones, the 236 and ER269 clones had survival over 85%. Clones

SAM-13, SV-2 and S-12 had survival rates of 66.7%, 76.7% and 60.0% respectively.

Clones SV-2 and S-12 were significantly taller than SAM-13 (44.3 and 40.5 cm compared

with 26.2 cm). ER-269 and 236 were not significantly different in height from other clones

(34.9 and 35.8 cm).
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Table 3. Mean and comparisons of the total height and survival of seedlings
planted at the Grand Valley energy plantation.

Tree Species
ht90
(cm)

sv190
(%)

htgrth90
(cm)

Diameter1

(mm)

Fuelwood spacing analysis (2.0 x 1.0 m)

Green ash 34.1 a 95.0 a -   5.0 ab

Silver maple 45.7 b 97.5 a - 2.9 a
Black locust 67.2 c 27.5 b - 6.2 b

Red Oak 63.0 c 100.0 a  -   3.9 ab

Biomass spacing analysis (1.0 x 0.5 m)
Green ash35.4 a 97.9 a 21.0 a 3.7 a

Silver maple 63.0 b 97.7 a 37.6 bc 4.8 b
Hybrid poplar 92.9 c 95.8 a 46.2 b   3.9 ab
Willow (pooled) 36.8 a 86.4 b 36.8 c 2.5 c
Separate willow analysis Willow clones

ER-269   34.9 ab 86.7 ab     34.9 ab -

SAM-13 26.2 a 66.7 ab 26.2 -
SV-2 44.3 b 76.7 ab   44.3 b 4.0
S-12 40.5 b 60.0 b  40.5 1.8
236   35.8 ab 90.0 a       35.8 ab 1.4

ht90    - height in 1990.
htgrth90 - height growth in 1990. 
sv190     - survival in 1990.
di90   - diameter in 1990 at 15 cm.

1 diameter measurements were made at 50 cm height.
2 within analysis, means followed the same letter are not significantly different (Duncan's

Multiple Range Test).
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Cambridge Planting

A planting to evaluate six willow clones for biomass growth was also initiated in 1990

at the Cambridge Research Station of the University.

The planting site is located on an imperfectly drained, loamy sand that had been

planted to corn for several years. The site was cultivated with a rototiller prior to planting.

A total of six willow clones were included in the experiment, five from the University of

Toronto, the same as discussed in earlier sections and the "Austree", a willow clone from

New Zealand currently being promoted in North America. The cuttings were planted in a

randomized complete block experimental design with six replications and six cuttings per

experimental unit.

Because of a layout problem, the experiment was discontinued after one year and

was reinstalled in 1991 using different clonal stock and a different planting configuration.

Due to the limited usefulness of the planting, only height and survival data was collected

from the trees. The results of the data analysis are presented in Table 4.

The planting was reinstalled in May, 1991, using thirty-six tree experimental units

testing six shrub-type willow clones. Cuttings for the 1990 plantings were from tree-form

willows that were not of great interest to the University of Toronto Biomass Productivity

Research Program. It was determined that better information on biomass productivity would

be obtained using the shrub-type stock in a different planting configuration.

1990 Results 

All of the clones had reasonable survival rates. ER-269, SAM-13 and SV-2 had

survival over 90%. S-12 and 236 had survival rates of 80.6% and 86.1% and the Austree
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Table 4. Mean and comparisons of the 1-year total height and survival of 
seedlings planted at the Smithville energy plantation.

Willow Clone Height Survival%

Austree 124.0 a  72.2 a

ER-269 94.0 b 97.2 b
SAM-13 76.4 c  91.2 bc
SV-2 60.3 d 97.2 b
S-12 105.0 b 80.6 ab
236 107.1 b   86.1 abc

a Within columns, means followed by the same letter are not significantly different.

had the poorest survival at 72.2%. However, the Austree accrued a significantly greater

height over the growing season (124.0 cm). ER-269, S12 and 236 were not significantly

different from each other in height (94.0, 105,0 and 107.1 cm respectively). SAM-13 and

SV-2 were significantly shorter from the other clones and each other with heights of 76.4

and 60.3 cm respectively.

Conclusions 

Our preliminary investigations into biomass and fuelwood production on marginal

land illustrate a high potential for this endeavour across many parts on southern Ontario.

Additional environmental benefits, including erosion control and carbon-sequestering are

also possible; future studies may address these in tandem with other on-going riparian

research.
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PROJECT SUMMARY -  RESEARCH AREA 3.4
(WINDBREAKS AND SHELTERBELTS)

Using optical porosity to evaluate the shelter effectiveness
of windbreaks in southern Ontario

Introduction

Aside from tree height, windbreak porosity is the most important structural factor

controlling the shelter effectiveness of windbreaks (Van Eimern et al., 1964). However, other

structural factors may also influence shelter effect; these would include windbreak length

(Mulhearn and Bradley, 1977) and, to some extent, windbreak width (Van Eimern et al.,

1964).

Several external factors may also affect the sheltering influence of a windbreak.

Atmospheric stability as well as the surface roughness length of the vegetation adjacent to

the windbreak may affect turbulence levels of approaching air flow (Seginer, 1975), as will

wind direction relative to the windbreak (Van Eimern et al., 1964; Mulhearn and Bradley,

1977). The velocity of the approaching air flow is generally considered not to affect relative

windspeed reduction behind the windbreak, except when very high windspeeds cause the

porosity of a natural windbreak to change slightly due to leaf and branch movement (Van

Eimern et al., 1964).

Porosity, defined as the ratio of pore space to the space occupied by tree stems,

branches, twigs and leaves, is usually expressed as a percentage. It affects the degree of

windspeed reduction as well as the shelter extent behind the windbreak (Naegeli, 1953;

Raine and Stevenson, 1977); optimum aerodynamic porosity is usually considered to be 35

to 45% (Jensen, 1954; Hagen and Skidmore, 1971; Raine and Stevenson, 1977). Windbreak

porosity also affects the turbulence level behind the windbreak (Plate, 1971). High turbulence
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levels behind windbreaks are undesirable because turbulence tends to damage crops and

increase crop evapotranspiration (Van Eimern et al., 1964) and can contribute to increased

wind erosion (Chepil, 1945).

In southern Ontario, windbreaks are often pruned near the ground to prevent physical

contact and damage to agricultural machinery, and to restrict windbreak width. This practice

produces relatively large gaps in the windbreak at or near the ground surface, which causes

increased turbulence levels and higher leeward windspeeds near the surface (Klingbeil et al.,

1982). In some instances, the windspeed immediately behind the windbreak may even be

greater than open windspeed due to the jetting effect.

Variation in individual tree height in the windbreak may also influence shelter

effectiveness. If large gaps exist in the windbreak's topline, they cause additional turbulence

which may shorten the shelter extent of the windbreak. Klingbeil et al. (1982) found that

windspeed reduction was affected if gap depth exceeded approximately one-tenth of total

windbreak height.

Unfortunately, it is impossible to physically measure the aerodynamic porosity of a

natural tree windbreak. Much effort has therefore been directed towards finding alternative

measurements. Optical porosity, a two-dimensional measure of porosity determined from a

windbreak silhouette, may be a promising alternative to aerodynamic porosity.Generally,

optical porosity is not equivalent to aerodynamic porosity since it does not take into account

the three-dimensional nature of the pores through which the wind flows (Sturrock, 1969).

However, for thin artificial barriers, optical porosity is likely equivalent to actual porosity

(Heisler and Dewalle, 1988). Further, Van Eimern et al. (1964) found that for two-dimensional

windbreaks, optical porosity was linearly related to leeward windspeed reduction. Heisler and

Dewalle (1988) suggest that optical porosity is a useful and perhaps
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under-used structural parameter for narrow natural windbreaks.

The objective of this study was to establish a relationship between optical windbreak

porosity and windbreak shelter characteristics for windbreaks planted in southern Ontario.

Such a relationship could prove useful in predicting the shelter effectiveness of windbreaks

from relatively simple field measurements.

Methodology

The windbreaks studied were located in Brant, Oxford and Haldimand-Norfolk

Counties in southern Ontario, Canada. Parts of these counties are situated on the Norfolk

sand plain, a region of flat topography with intensive tobacco and vegetable farming activity.

Since the sandy soils of this area are very prone to wind erosion, many of the farms in this

region have one or several windbreaks The windbreaks used in the study were selected to

meet the following criteria:

1) one or two rows in width, to maintain a windbreak width:height ratio less than

0.5:1;

2) similar vegetation height either side of the windbreak, to keep a constant

surface roughness on both sides;

3) length:height ratio of at least 10:1, to avoid edge and vortex effects usually

found near the ends of windbreaks;

4) located on flat terrain, to avoid topographical influences on windspeed patterns

near the windbreak;

5) no buildings or other obstructions in immediate vicinity that could influence

windspeed patterns over windbreak;

6) clear upwind fetch; and,

7) uniformity in height and porosity.



98

Windbreaks were comprised of one of either Norway spruce (Picea abies (L.) Karst.),

white spruce (Picea glauca (Moench.) Voss), eastern white cedar (Thuja occidentalis L.),

Scots pine (Pinus sylvestris L.) and jack pine (Pinus banksiana Lamb.). These windbreaks

represent the most common types of field windbreaks found in the tobacco farming region

of southern Ontario.

The two Scots pine windbreaks (Nos. 7, 9) (Table 1) had previously been pruned to

a height of 2 m. In addition, the lower branches of a Norway spruce windbreak (No. 1) had

been trimmed near ground level to reduce crown spread onto the adjacent field. There was

no evidence of trimming, pruning or thinning in the remaining windbreaks, the structural

parameters of which are given in Table 1.

Windspeeds were measured using four Met One 014A cup-type anemometers (Met

One, Inc., 481 California Ave., Grants Pass, OR). Wind direction was measured using a Met

One 024A wind direction sensor.

Windspeed reduction curves were constructed for nine different windbreaks between

October, 1988 and November, 1989. Wind measurements were undertaken only on days

where open windspeed was at least 3.0 m/s, and wind direction was approximately

perpendicular to the windbreak. Each run represents between 3 and 7 hours of wind

measurements on any one day.

Windspeeds around the windbreak were measured at various locations along a line

perpendicular to the windbreak. The anemometers were mounted on modified portable

camera tripods. Measurement height for all instruments was 1.8 m above the ground surface.

All distances are expressed in terms of windbreak height (h). 

Open field windspeed and direction were measured at least 5 h to the windward side

of the windbreak. At this station, both the anemometer and the vane were mounted 1.25 m
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apart on a crossarm attached to the tripod. The three remaining anemometers were used to

measure leeward windspeeds. At each leeward location, windspeed was measured for an

hour, and then the tripod was moved to a new location. The leeward distance to which

windspeeds were measured varied with wind conditions. Relative windspeeds were

measured to at least 6h, and in one case to 12h. To avoid bias errors due to calibration

inaccuracy, one measurement location was repeated every hour using a different

anemometer than was used in the previous hour.

Windspeeds at all four locations and upwind wind direction were continuously

recorded on a Campbell 21X Datalogger and averaged over 1-minute intervals. Leeward

windspeeds were divided by open field windspeed during that interval to calculate relative

leeward windspeeds.

The data was then examined to meet the following criteria:

1) Interval average windspeed of at least 1 m/s; and,

2) Interval average wind direction less than 50º deviation from perpendicular to the

windbreak.

If either of these criteria were not met for any one instrument within a one-minute

interval, data from all instruments for the interval were discarded. For each hour, the

remaining one-minute values were then averaged to give mean windspeed (expressed as

a percentage of open windspeed) at that particular leeward location, as well as mean open

windspeed and direction.

The following independent variables were determined for each windbreak: 

1) height

Average tree height was determined from at least 15 randomly selected dominant or

co-dominant trees. Suppressed trees were not included in the height estimate.



100

2) average tree diameter at 1.4 m

3) average spacing between trees

4) species

Tree species were grouped by genus and were assigned class variables.

5) surface roughness length of adjacent vegetation

The following relationship was used to calculate zo values for vegetation existing either

side of the windbreak (Oke, 1987):

z0   =   1/10 h (1) 

where z0  is the roughness length

h is vegetation height

For harrowed fields, the roughness value 0.005 suggested by Oke (1987) was used. Surface

roughness lengths are expressed relative to windbreak height as h/zo values. 

6) atmospheric stability

The Pasquill categorization for atmospheric stability was used to estimate the thermal

stratification of the approaching air flow (Panofsky and Dutton, 1984). For this method, a

visual estimate of percent cloud cover and windspeed at a height of 10 m are required.

Percent cloud cover was estimated at the start of every hour. Windspeed at 10 m was

calculated from windspeed at 1.8 m using the logarithmic wind profile. Atmospheric stability

class was calculated every hour, but is reported only for that time period during which

minimum relative windspeed was measured. 

7) optical porosity

Optical porosity was determined by a digitizing technique described by Kenney (1987).

This method requires black and white photographic silhouettes of windbreaks which are

digitized to calculate windbreak porosity.
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All photographs were taken on clear, calm days from 1H away from the windbreak.

Each photograph shows a 10 to 20 m length segment of the windbreak. Five randomly

chosen locations along the windbreak were photographed. Optical porosity was estimated

from 7x10 photographic prints. Image digitization and analysis was carried out using the

Oculus personal computer digitizing system (Coreco, 1986).

Three porosity parameters based on windbreak height were determined for each

image. These were full height porosity, three-quarter height porosity, and bottom-half

porosity. Full windbreak height was defined as the distance from the ground surface to the

top of the tallest tree in the depicted windbreak segment.

The three-quarter porosity measurement excludes the upper 1/4 of the total windbreak

height, and bottom-half porosity measures only the porosity of the lower half of the

windbreak. This was done to remove the effects of large gaps due to variation in tree height

in the upper part of the windbreak.

Up to five different photographs of windbreak segments were available for analysis

for each windbreak. Porosities were determined separately for each image, and then average

values for each windbreak were computed.

The data were analyzed using multiple linear regression. Two regressions were

performed, using minimum relative windspeed and location of minimum windspeed as

dependent variables. Initially, all independent variables except atmospheric stability and tree

species (both class variables) were included in the model to determine if they significantly

contributed towards predicting the dependent variables. The regression was performed using

SAS (SAS Institute, 1987). The stepwise option of the regression procedure was used for the

initial regressions and the residual analysis.
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There was no statistical evidence of any interactions between the independent

variables. To ensure the validity of the model, it was tested by residual analysis and by

overfitting the model to test for curvature.

Results and Discussion

The optical porosity values found for the windbreaks are given in Table 2. For cedar,

optical porosity ranged from 0 to 20% (full height porosity) and for spruce windbreaks,

porosities similarly ranged from 1 to 21%. The highest optical porosity values were measured

on the pine windbreaks (9 to 37%). These values are comparable to those calculated by

Kenney (1985), who measured average effective porosities of 14% for white spruce, 18% for

Norway spruce, 3% for cedar, and 22% for Scots pine.

In terms of porosity distribution and relative pore size, obvious differences existed

across species. The cedar windbreaks were most dense but large gaps occurred at the

topline attributable to variation in tree height. The spruce windbreaks were somewhat more

porous. Small gaps were evenly distributed throughout the full height of the windbreak, and

some larger gaps occurred in the topline. In contrast to the spruces and cedars, the pine

windbreaks were much more porous, particularly those that had been pruned and had large

gaps existing at ground level. Typical spruce, cedar, and pine silhouettes are presented in

Figures 1, 2 and 3 respectively.

Some characteristics of the approaching air flow are presented in Table 3. Hourly

averages of open windspeeds ranged from 3.1 to 6.5 m/s during the periods of

measurement. Atmospheric stability was usually slightly unstable or neutral. Minimum relative

leeward windspeed (um/uo) and leeward distance of the minimum relative windspeed from the

windbreak (xm) for each windbreak are given in Table 3. Minimum relative windspeeds
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ranged from 0.29 to 0.71, and the location of minimum windspeed lay between 2h and 6h.

Two sets of wind reduction data are available for windbreaks No. 1, 3 and 9 because

windspeeds were measured behind these windbreaks on two separate occasions.

Windspeed reduction behind the pine windbreaks was much poorer than behind the

cedar and spruce windbreaks. This was presumably caused by air flow jetting through the

large gaps at the base of the windbreak. Behind the pine windbreaks, relative windspeeds

ranged from 0.85 to 1.0 at 1h. Windspeeds then gradually decreased to a minimum of 0.61

to 0.71 and then slowly increased again. Since windspeeds behind the pines were reduced

by no more than 30%, the shelter extent behind these windbreaks was quite short.

The spruce windbreaks showed greater windspeed reductions than the pine

windbreaks. Relative windspeeds immediately behind the windbreak ranged from 0.38 to

0.62. Since all of the spruce windbreaks had dense foliage extending to the ground, no large

gaps were present near the ground to allow the jetting of air underneath the main crowns.

Minimum windspeeds were reached at 3 to 4h and ranged from 0.35 to 0.46.

The strongest windspeed reductions were found behind the cedar windbreaks, where

minimum relative leeward windspeeds ranged from 0.29 to 0.35.

Stepwise regression analysis showed that optical porosity of the bottom half of the

windbreak (BHP) was the only independent variable that significantly contributed to predicting

the minimum leeward relative windspeed. The regression relationship is shown in Figure 4.

The regression equation obtained was: 

um/uo =   0.3697 + .0149 (BHP) (2)

r2      =   0.74 *

* significant at p < 0.05



104

In order to incorporate tree species and atmospheric stability class as class variables,

the regression was rerun using the General Linear Models procedure (SAS Institute, 1987).

Atmospheric stability class did not significantly affect minimum relative windspeed. However,

the r2 value was improved to 0.94 by including the tree species class variable. The inclusion

of tree species therefore strongly increases the predictive value of the regression equation.

No significant effect of tree spacing on minimum windspeed was found. This result

was anticipated, since Kenney (1985) had not been able to find a relationship between

optical porosity and tree spacing.

There was no significant effect of deviation in wind direction on maximum windspeed

reduction. The research literature suggests that surface roughness, atmospheric stability and

wind direction have little influence on the wind profile immediately behind the windbreak.

Instead, they are expected to affect the shelter extent of the windbreak (Van Eimern et al.,

1964; Seginer, 1975; Jacobs, 1984).It seems likely that these variables were insignificant in

predicting minimum relative windspeed because the minima occurred closely behind the

windbreak in many of the shelter profiles.

For a field shelterbelt, the location of minimum windspeed is probably one of the less

important shelter characteristics. None of the independent variables contributed significantly

to the prediction of this characteristic. This is not surprising since no consistent trend

between minimum windspeed location and windbreak porosity appears in the more recent

research literature.

Figure 4 illustrates the relationship between bottom-half optical porosity and minimum

relative windspeed. This relationship is similar to that found by Heisler and Dewalle (1988).

There are several possible explanations for the fact that bottom-half porosity contributed
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more significantly than full height porosity, the most important being the presence of large

gaps at the base of the windbreak. These will determine the amount of air that will jet through

the gaps and cause high windspeeds immediately behind the windbreak.

It can be hypothesized that bottom-half porosity affects windspeeds immediately

leeward of the windbreak, while top-half porosity influences the turbulence level of the

displacement flow coming over the top of the windbreak. The amount of turbulence in the

displacement flow is expected to have a strong effect on the shelter extent, and therefore

top-half porosity is perhaps more important in determining shelter extent than minimum

relative windspeed.

The full height porosity measurements are ambiguous because of the problem of

defining full windbreak height. This problem arises from the considerable variation in tree

height found in the windbreaks used in this study: large gaps in the topline of the tree canopy

were present in most of the windbreaks. When the full height of the tallest tree was treated

as the upper limit of the windbreak, these gaps artificially increased windbreak porosity. To

eliminate this source of error, porosity was also calculated for the bottom three-quarters of

full windbreak height.However, this variable did not significantly contribute to explaining the

variation in minimum relative windspeed.

Optical porosity is not equivalent to actual aerodynamic porosity. This becomes readily

apparent upon close examination of a cedar windbreak. Most cedar windbreaks have optical

porosities close to 0%; however, large pores exist adjacent to the tree trunk. This pore space

is invisible from the outside due to the dense foliage.

Differences in shelter effectiveness between species may exist for several reasons.

Most importantly, porosity distributions and average pore size vary greatly. Because these
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factors influence leeward windspeeds and turbulence levels, they are important in

determining minimum relative windspeed.

The manner in which aerodynamic porosity changes with windspeed also depends on

tree species. Cedar leaves are much less rigid than pine or spruce needles, and therefore

move differently at given windspeeds. The degree of branch movement in high winds may

have implications on the drag force of the windbreak on the wind, and therefore on leeward

shelter effects.

The data suggests that the relationship between minimum relative windspeed and

bottom-half optical porosity fits a straight line, regardless of tree species. However, at least

two other possibilities exist. The line describing the relationship between bottom-half optical

porosity and minimum relative windspeed may actually be curvilinear, or perhaps species or

genus-dependent. In this study, insufficient data (especially for windbreaks with higher

bottom-half optical porosities) was available upon which to perform non-linear regressions.

Another distinct possibility is that any relationship between optical porosity and

minimum relative windspeed disintegrates as bottom-half optical porosity increases past a

certain point. As the gaps at the base of the windbreak become larger, the leeward

turbulence and eddying patterns become more complex. Since multiple factors affect

turbulence levels (i.e. crown profile, porosity distribution, surface roughness, atmospheric

stability), it is doubtful whether a single optical porosity measurement will be a satisfactory

indicator of leeward windspeeds under very turbulent conditions. Therefore the prediction of

minimum relative windspeed from optical porosity may become inaccurate with very porous

windbreaks. Further data on windspeed reduction and optical porosity is necessary to

investigate this question.
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The problem of deciduous windbreak evaluation remains unresolved. In their leafless

stage, hardwood windbreaks have much higher optical porosities than coniferous

windbreaks. Since porosity distribution is less uniform and the gaps are larger than in

conifers, the effect of the hardwood windbreak on turbulence patterns becomes more

complex. The leeward shelter effect is therefore much less predictable than behind a dense,

homogeneous conifer windbreak.

Conclusions 

The results suggest that optical porosity can be used to predict minimum relative

windspeeds. It may therefore be useful as a guide in the field evaluation of windbreaks. The

regression results suggest that greater predictive accuracy could be achieved if enough data

were obtained to develop species-specific predictive equations. The relationship derived in

this study should be applied only to relatively narrow, homogeneous coniferous windbreaks.

The goal of windbreak management for optimum shelter effect should be to create

relatively small pores evenly distributed across the windbreak. If the wind is forced through

large gaps at the base of a windbreak, very high windspeeds will occur in the gap and

immediately behind it. Such air jetting is desirable only in situations where snow is to be

scoured off a road, as is currently recommended in Ontario. This scouring action would be

unwelcome behind most field shelterbelts because of the increased danger of soil erosion

and crop damage. Furthermore, an open windbreak base should be avoided if a maximum

shelter effect is desired, and therefore field windbreaks should be managed to prevent the

formation of large gaps at the base.

In the case of a windbreak which has been pruned at the stem, several steps could

be taken to improve the leeward shelter effect. For example, an additional shrub row could

be planted beside the pines if sufficient space is available. An alternative would be to erect
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a slatted fence directly adjacent to the tree trunks. This method is the most practical in the

short term because additional shelter is provided immediately. In addition, the difficulties

associated with establishing an additional tree or shrub row in the shade of an existing row

are circumvented.

Leeward minimum relative windspeed is an important shelter characteristic, but other

shelter aspects are presumably of interest in windbreak evaluation. Further studies are

needed to determine the relationship between optical porosity and the leeward shelter extent.

Studies relating leeward turbulence levels to optical porosity, porosity distribution and relative

pore size would also be useful in improving thinning and pruning recommendations.
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Table 1. Structural and descriptive parameters of the windbreaks utilized in this study.

Windbreak
No.   Species

Number
of Rows

Average
Spacing
between

Trees (m)

Average
Spacing
between

Rows  (m)

Average
Diameter

per stem (cm)
at 1.4 m

Average
no. stems
per tree

Total
diameter'

(cm)

Height
(m)

Width:Height
ratio

Length:Height
ratio

1 Norway spruce 1 1.25 19.9 1 13.25 0.40   20.5

2 Norway spruce 1 0.77 13.7 1 11.0 0.38   15.3
3 White spruce 1 0.95 12.8 1  8.5 0.47   16.6
4 White cedar 1 0.55   6.9 3.0 20.7  7.0 0.29   22.3
5 White cedar 1 1.27   4.6 6.9 31.7  5.0 0.40 160.0
6 White cedar 1 1.15   7.8 4.3 33.5  6.0 0.42   23.5
7 Scots pine 2 2.21 1.0 21.8 1 12.0 0.50   18.0
8 Jack pine 1 1.13 21.0 1 13.0 0.46   38.3
9 Scots pine 1 1.76 28.4 1   15.25 0.48   12.8

1 For the cedar windbreaks, total diameter was substituted for average diameter in the data analysis.
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Table 2. Average optical porosity (by fractions of full height) of the nine
windbreaks utilized in this study.

Windbreak No. Species Full Height
% (Sx)

3/4 Height
% (Sx)

Bottom-Height
% (Sx)

1 Norway spruce 21.4   (2.52) 9.4   (1/96) 5.0   (0.89)

2 Norway spruce 16.5   (0.97) 1.9   (0.37) 0.8   (0.18)

3 White spruce 19.9      -     5.9        -   2.3         -  

4 Cedar 10.6   (1.45) 0.1   (0.04) 0.0     (0.0)
5 Cedar 20.4   (1.41) 2.6   (0.79) 0.1   (0.09)

6 Cedar 10.8       -     0.2        -   0.0        -   

7 Scots pine 36.9   (0.40) 27.7   (1.37) 30.2   (2.24)

8 Jack pine 17.8   (2.93) 10.6   (1.61) 13.0   (2.24)
9 Scots pine 18.1   (1.62)   9.4   (1.45) 12.4   (1.76)
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Table 3. Descriptions of the surface roughness length (z0), ratio of windbreak height:surface roughness Length,
and characteristics of the approaching air flow, minimum relative windspeed (um/uo) and location of
minimum relative windspeed (xm) in multiples of windbreak height for the nine windbreaks studied.

Windbreak No. zo

(m) h/zo

uo

(m/s)
average deviation in

direction from
perpendicular (/)

atmospheric
stability um/uo xm

1a 0.01  1350  3.89 40.49 neutral 0.393 4h

 b 0.035 400 5.20 15.05 slightly unstable 0.450 4h

2 0.025 481 3.35 28.83 slightly unstable 0.462 2h

3a 0.015 571 3.06   7.83 moderately unstable 0.402 3h

b 0.02  426 6.50 18.98 neutral 0.347 4h
4 0.005 1401 5.05 31.98 neutral 0.346 4h
5 0.02  250 4.23   9.91 slightly unstable 0.293 3h
6 0.015 400 5.27 21.69 moderately unstable 0.315 4h
7 0.005 2398  5.19 12.52 slightly unstable 0.708 4h

8 0.005 2597  3.22   8.66 slightly unstable 0.708 5h
9a 0.005 3003  5.75 36.0 neutral 0.658 6h
b 0.005 3096  4.94 29.13 slightly unstable 0.606 3h

a,b: windspeed reduction data from windbreaks no. 1, 3 and 9 was collected on two different occasions.
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Captions for Figures 1 to 4:

Figure 1. High contrast black and white, sihouette photograph of a Norway spruce (Picea
abies (L.)  Karst.) windbreak (No. 1).

Figure 2. High contrast black and white, sihouette photograph of an Eastern
white cedar (Thuja occidentalis L.) windbreak (No. 5).

Figure 3. High contrast black and white, sihouette photograph of a Scots pine  (Pinus
sylvestris L.) windbreak (No. 7).

Figure 4. The relationship between minimum relative windspeed and optical porosity.

Captions for Tables 1 to 3:

Table 1. Structural and descriptive parameters of the windbreaks utilized in this study.

Table 2. Average optical porosity (by fractions of full height) of the nine windbreaks
utilized in this study.

Table 3. Descriptions of the surface roughness length (z0), ratio of windbreak
height:surface roughness length;, and characteristics of the approaching air
flow, minimum relative windspeed (um/uo) and location of minimum relative
windspeed (xm) in multiples of windbreak height for the nine windbreaks
studied.
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FIGURE NOT AVAILABLE
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FIGURE NOT AVAILABLE
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FIGURE NOT AVAILABLE
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Figure 4. The relationship between minimum relative windspeed and
optical porosity.
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APPENDIX 1 - Site index curves for Norway spruce in southern Ontario.

 - Site index curves and site factors affecting the growth of white pine in
southern Ontario.

Pages 199 - 127 - reproductions of published papers.
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APPENDIX 2 - Abstracts of completed (1990) M.Sc. theses in agroforestry.

Loeffler
Bezkorowajnyj 
McLean
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ABSTRACT
USING OPTICAL POROSITY TO EVALUATE THE SHELTER EFFECTIVENESS OF

WINDBREAKS IN SOUTHERN ONTARIO
Anne Loeffler Supervisor:
University of Guelph, 1990 Dr. A.M. Gordon

This thesis is an investigation of the relationship between the optical porosity of a windbreak
and the shelter effect found behind it. Relative windspeed reduction was measured behind nine
relatively narrow, homogenous windbreaks to assess whether any characteristics of the windspeed
reduction curve generated could be predicted from optical porosity. The latter was determined for
each of the windbreaks by digitizing high contrast black and white photographic silhouettes using the
Oculus digitizing system. Various structural and environmental parameters were also measured.

Minimum windspeeds behind the windbreaks ranged from 29 to 71% of open windspeed;
these minima were located 2 to 6 multiples of windbreak height away from the windbreak. Optical
porosities of the bottom half of the windbreak ranged from 0 to 31%. Multiple regression of the shelter
parameters (minimum relative windspeed, location of minimum) on the independent variables (optical
porosity, open windspeed, surface roughness, approaching wind direction relative to the windbreak,
average tree diameter, average tree spacing) showed that minimum relative windspeed could be
predicted from the optical porosity of the bottom-half of the windbreak.

The digitizing technique for measuring optical porosities was tested by analyzing windbreak
silhouettes previously published in the literature. The digitizing technique gave slightly higher optical
porosities than the dot grid technique for any given windbreak.

Using equations from a recent numerical model of air flow through a windbreak, minimum
relative windspeed values were used to calculate resistance coefficients for each windbreak in this
study. The model was further used to estimate aerodynamic porosities from the resistance
coefficients.

The results suggest that optical porosity can be used to predict minimum relative windspeeds
and may therefore be useful as a guide in the field evaluation of windbreaks. The regression results
suggest that greater predictive accuracy could be achieved if enough data were obtained to develop
species-specific predictive equations. The relationship derived in this study should be applied only
to those windbreaks with characteristics similar to those described above.
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ABSTRACT

TESTING MANURE SLURRY AS A CATTLE REPELLENT
IN AN AGRO-SILVOPASTORAL SYSTEM

Peter George Bezkorowajnyj Supervisor:
University of Guelph, 1990 Dr. A.M. Gordon

Trees growing concurrently with grazing cattle may increase the economic productivity of
pasture land with the additional benefit of wood production and other tree products. To increase
survival of planted seedlings, however, it has been suggested that cattle be allowed to graze on
planted land only after the trees have established themselves: approximately 5 years or when the
terminal leaders are beyond the reach of the browsing animals. This is an impractical length of time
for most cattle farmers who depend on the pasture for fresh forage during the growing season. This
study investigates the use of manure slurry as a repellent to cattle, and its effectiveness in deterring
cattle from browsing young seedlings in planted areas.

It was hypothesized that if a manure slurry is sprayed onto or around tree seedlings before
cattle are allowed into pasture, then the natural aversion exhibited to excreta by cattle will help to
reduce browsing of the seedlings and encourage proper seedling establishment with a minimum
amount of seedling damage. The objectives of the experiment were to determine the effects of cattle
grazing and foliar application of manure slurry on growth and survival of red oak (Quercus rubra L.),
hybrid poplar (Populus spp. x), silver maple (Acer saccharinum L.),  and white pine (Pinus strobus
L.) seedlings planted on marginal pasture. Also investigated were the effects of manure slurry
application around planted poplar seedings upon associated grazing of pasture grasses, the dietary
preference of stall-fed cattle for poplar leaves either slurry treated or not treated, and the effects of
soil compaction on both tree growth and manure nitrogen uptake.

Results indicate that oak was the most suitable, and white pine the least suitable species for
the selected site. Application of manure slurry reduced consumption of both pasture grasses and
poplar leaves, and differences in browsing damage, seedling growth, and soil compaction between
"slurry" and "no slurry" treatments were indicated. In addition, artificial soil compaction reduced the
rate of water infiltration and increased soil dry bulk density around tree saplings. It is hypothesized
that this resulted in denitrification of soil nitrates and a subsequent reduction in the rate of seedling
growth. The application of manure slurry increased the height growth of the saplings in the compacted
soils to the same rate as those saplings planted in the non-compacted soils.
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ABSTRACT

THE EFFECT OF CORN ROW WIDTH AND ORIENTATION ON THE GROWTH OF
INTERPLANTED HARDWOOD SEEDLINGS

Hugh Donald John McLean Supervisor:
University of Guelph Professor K.M. King

Studies were started in 1988 at the University of Guelph Agroforestry Research Station to
investigate the effect of corn row width and orientation on the growth of interplanted black walnut
(Juglans nigra L.) and red oak (Quercus  rubra L.) seedlings. A split-split-plot design with four
replications, four row orientations, (NS, EW, NE-SW, NW-SE) and two row widths, (.75m and 1.5m)
was utilized in the 1988 and 1989 growing seasons.

The orientation factor had a significant effect on seedling dieback in 1989 but not in 1988.
Shoot regrowth analyses indicated that the ordering of the orientation treatments from most to least
favourable was: NW-SE, NS, EW and NE-SW. The NW-SE and NS row treatments gave significantly
greater regrowth than the NE-SW orientation treatment. A slight change in row orientation from
NE-SW to NS results in significant increases in seedling growth.

The row width and species factors were significant only in 1988, due to differences in corn
canopy leaf area index and height between the two seasons. Black walnut seedlings had significantly
greater regrowth than red oak, and the wide row treatment had greater regrowth than the narrow row.

Investigations into seedling carbon assimilation in September 1989 found the greatest carbon
assimilation response to the orientation treatments was, in descending order: NW-SE, NS, NE-SW
and EW. On days of seedling stress, carbon assimilation trends in the orientation treatments were:
NW-SE, EW, NE-SW and NS. Over the growing season, seedling growth in the various orientation
treatments on unstressed and stressed days combines to give a growth response following the
orientation height growth response.

Modelled light penetration and subsequent seedling carbon assimilation showed daily
differences in time of initiation and duration of maximum seedling response to the orientation
treatments. The narrow row light levels were found to limit carbon assimilation, in agreement with the
results of the height growth analysis.
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APPENDIX 3 - Intercropping valuable hardwood tree species and agricultural
crops in southern Ontario (galley proofs).

Note: P. 132 - 141 is a reprinted paper - not included here
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APPENDIX 4 - Foliar nitrogen concentration and uptake in selected seed sources
of Alnus glutinosa and Alnus incana used in stream rehabilitation
(manuscript).
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FOLIAR NITROGEN CONCENTRATION AND UPTAKE IN SELECTED

SEED SOURCES OF ALNUS GLUTINOSA AND ALNUS INCANA USED

IN STREAM  REHABILITATION

Andrew M. Gordon1

Narinder K. Kaushik1

Lakeram Chatarpaul2

Ole Hendrickson2

and

Art Mueller1

1 Department of Environmental Biology, University of Guelph, 

Guelph, Ontario N1G 2W1.

2 Petawawa National Forestry Institute, Canadian Forestry Service, 

Chalk River, Ontario K0J 1J0.
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Abstract

Three European seed sources of Alnus glutinosa and four seed sources of A. incana

(Europe, Ontario) were planted in a randomized block design on the banks of a southern

Ontario stream selected for rehabilitation. The trees were tested for differences in foliage

N-concentration and N-uptake. Within any one seed source, no difference existed in

foliar-N levels when an August sampling was compared to a September sample. Across

seed sources, N-concentrations from the late sampling varied from 2.54 - 2.77%. As well,

nitrogen uptake rates varied from 0.33 to 1.36 g/m2/yr (3.3 to 13.6 kg/ha/yr). An ancillary

experiment illustrated a site quality effect on N-concentration. A preliminary ranking of the

tested seed sources for use in riparian plantings to rehabilitate streams is given.
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Introduction

Woody plants of the genus Alnus are actinorhizal in nature, exhibiting root-nodule

symbiosis with the actinomycete Frankia. Due to their extensive nitrogen-fixing capacity,

alders have high-value for soil improvement and reclamation of degraded lands

(Huss-Danell, 1986a; Tarrant and Trappe, 1971; Wheeler et al. 1986). Their value is also

recognized as a nurse crop when interplanted with other fast-growing, short rotation

fibre-producing forests (cf. Côté and Camiré, 1987; Dawson et al. 1983).

Much nitrogen may be incorporated into early successional forest ecosystems,

whether natural or managed, by Alder. Substantial inputs of nitrogen to the soil have been

reported for young A. incana stands in Alaska by Van Cleve et al. (1971) and in France by

Danière et al. (1986). Large inputs have also been recorded for A. rubra in Washington

(Turner et al. 1976) and A. glutinosa in Quebec (Côté and Camiré, 1987). This is

presumably a result of symbiotic nitrogen fixation, a result of which may be increased

N-uptake, leaf N-concentrations, and litterfall-N.

In southern Ontario, we have been looking at the use of riparian forest plantings to

rehabilitate degraded agricultural streams (Gordon and Kaushik, 1987). Increased shade

for fish production, erosion control and possible filtering of excessive nutrients applied as

fertilizers to adjacent fields are some of the numerous benefits that may result from

streamside plantings. Another benefit is the accumulated biomass in such forests for

on-farm use. Alders appear to have similar caloric value to other temperate forest trees

(Van Cleve, 1973) and fast-growing tree-form alders might be enigmatic candidates for

such purposes. The enigma is that alders appear to conserve leaf nitrogen less effectively

than other deciduous trees not capable of nitrogen fixation (Dawson et al. 1980; Dawson

and Funk, 1981; Côté and Dawson, 1986). Thus, in addition to streamside-soil loadings of
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N, there is the possibility of increased N-inputs to the stream itself through litterfall. Despite

certain advantages to increased organic matter inputs from leaf fall (Kaushik and Hymes,

1971), alder litter high in N may cause a serious decrease in stream water quality (cf.

Taylor and Adams, 1986).

The best alder candidate for stream-side planting would be one exhibiting high

N-uptake rates in conjunction with low autumnal foliar-N levels. In this preliminary study,

we looked at these parameters for tree form seed sources of A. incana and A. glutinosa.

Materials and Methods 

Alder seeds were obtained from the National Tree Seed Centre at the Petawawa

National Forest Institute, Chalk River, Ontario, in early 1984. Four to eight seeds per cavity,

depending upon the results of previous germination trials, were sown in Hilson-type

Spencer-Lemaire containers. The planting medium consisted of a 3:1 peat: vermiculite

mixture, supplemented with dolomitic lime, gypsum, triple super phosphate, and

micronutrients (B, Cu, Fe, Mn, Mo, Zn). Each seedling received 225 mg N in the form of a

slow-release fertilizer (Osmocote). Seedlings were grown in the greenhouse under 24-h

lighting. They were watered for 5 min. every 4 h from 8:00 a.m. to 8:00 p.m., and 5 min. at

2:00 a.m. Following germination, seedlings were thinned to one per container.

The seedlings remained in the greenhouse until late May 1984, when they were

placed outdoors under shade racks and irrigated during a two-week hardening-off period.

In early June, the seedlings were transplanted into nursery seedbeds, at a density of about

40 seedlings/m2. The 1.2 m by 3.7 m nursery beds had been fertilized with N, P, and K at

rates of 133, 58, and 100 kg/ha, respectively, and received supplementa1 micronutrients.

The beds were irrigated as needed and manually weeded. Characteristics of the alder
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provenances used in the study are given in Table 1.

The seedlings remained in the beds until lifting in early April, 1985. They were

transported to Guelph, Ontario, and kept in cold storage (3ºC) until out-planting in early

May. Trees were planted close to Washington Creek (43.3ºN lat., 80.6ºW long.), a small,

agriculturally-degraded stream southwest of Kitchener, Ontario. The stream is part of the

Nith River system and exhibits low streambank cover and high sediment load. The mean

daily temperature for this region is 7.2ºC and the average length of the frost-free growing

season is 135 days. Summers are hot and humid; winters can be cold with snowfall depths

to 160 cm (Brown et al. 1968). The study site is now fallow land that has been previously

under cultivation. The soil consists of an Ap horizon to approximately 15 cm over a

well-drained Honeywood silt loam mineral soil of alluvial origin over a calcareous till loam.

Soils were sampled for the basic soil characteristics given in Table 2. No excessive spatial

variation in any of these parameters was obvious over the area of land utilized for the

statistical design.

Planting sites were first prepared by manually tramping or scything any weeds

present. The Ap horizon was removed, and each planting site hand-scarified using shovels

or mattocks. The provenances listed in Table 1 were planted in a randomized-block design

that utilized 3 adjacent replications, with 50 trees per replication. Planting was at a spacing

of 1 m by 1 m.

In late summer, 1985, weeds were again controlled around the alder by scything or

clipping. In 1986, weeds were further controlled with a herbicide (Round-up) at a rate of 20

ml/L (2%) using Monsanto hockey-stick applicators or backpack sprayers. Where the latter

were used, trees were protected from spray drift with large plastic boxes.
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Foliage samples were taken from the trees for tota1 nitrogen analysis on August 11,

1986 and again on September 16 (3 growing seasons old). For A. glutinosa, Dawson and

Funk (1981) have shown that foliar-N levels are maximum and vary little within this period.

For A. incana, stable foliar-N levels have been found with both spring (Van Cleve et al.

1971) and fall samplings (Huss-Danell, 1986a). Five trees were randomly chosen from

each replication for each provenance on each sampling date, giving a 10% sample. Fifteen

to twenty mature leaves were picked from each tree in the mid-crown region. Leaves were

transported to the laboratory and oven-dried at 65ºC for 48 h, ground and analyzed for

Kjeldahl N (cf. Huss-Danell, 1986b). Nitrogen concentrations were expressed on an

oven-dry weight basis.

Principle uptake (into foliage) for each provenance was calculated by multiplying

nitrogen concentration by foliage biomass. Since biomass and productivity studies are

on-going in these plots, only one tree per replication was destructively sampled for leaf

biomass. However, this tree was the average tree in each replication, as determined by

on-going height and diameter measurements. The leaves were collected from this tree prior

to leaf-fall, dried at 65ºC for 48 h, and weighed for biomass determination.

Analysis of variance and subsequent multiple range-testing were used to look at

differences in nitrogen concentration and uptake between seed-sources. Statistical

analyses followed the procedures described by S.A.S. (1985). Zar (1974) was used as a

technical reference.

Results and Discussion

With the exception of the A. rubra provenances, survivorship and growth of the alder

were excellent. A. rubra provenances from interior B.C. have recently been shown to be

relatively frost-susceptible (Cannell et al. 1987); the selected seed-sources failed to survive
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a late-spring frost in 1986 and were omitted from the study. Nitrogen concentrations in

foliage of the surviving seed sources ranged from 2.42 to 2.70% and 2.54 to 2.77% for

trees sampled in August and September, respectively (Table 3). Within any one seed

source, no difference existed between the August and September sampling. Thus, the

September autumnal values were subsequently used to calculate N-uptake rates.

September A. glutinosa N-concentrations ranged from 2.60-2.74%; for A. incana the

N-concentrations in foliage varied from 2.60 to 2.77%. These values are generally in the

range for autumnal foliage N-concentrations for both species as reported in the literature

for 'young' A. glutinosa plantations (cf. Côté and Camiré, 1987; Dawson and Funk, 1981;

Dawson et al. 1980), and for A. incana plantations (Danière et al. 1986; Huss-Danell,

1986). Tarrant and James (1971) cite studies showing similar N-concentrations for both A.

glutinosa and A. incana foliage; however, the age of sampled stands is not given.

Comparison with published values is made difficult due to differences in site. This

is exemplified by the data of Côté and Dawson (1986), who worked with young A. glutinosa

on mine spoils, and by data presented in Table 4. N-concentrations in foliage from A.

incana and A. glutinosa seed sources, compared between the Washington Creek study site

reported on here, and Ballantrae, Ontario showed site-specific differences in favour of the

better site, Washington Creek (full study details on file - U of G).

No differences in foliage N-concentration were noted in this study when August

samples were compared to September samples. However, in plantations of A. glutinosa,

Dawson and Funk (1981) noted low spring concentrations, followed by relatively constant

levels of N in leaves, through senescence. In natural stands of A. glutinosa, Dawson et al.

(1980) documented a general decline in foliage N-concentration as autumn approached.
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In both cases, N-concentration was relatively high in foliage (>2.0%) by the time leaves

were shed.

The foliage biomass values (Table 5) presented are averages of three trees (1 per

replication). Uptake was calculated for the sample trees within each replication by

multiplying N-concentration in sampled trees (n – 5) by biomass (n – 1) (see Materials and

Methods). The N-uptake values thus reported in Table 5 are not exactly the N-uptake

values that would be obtained by multiplying 'average concentration (Table 3) by average

foliage biomass (Table 5).

Despite a relatively uniform nitrogen concentration found in the leaves, the nitrogen

uptake rates vary dramatically, from about 0.33 to 1.36 g/m2/yr (3.3 to 13.6 kg/ha/yr). This

range reflects differences in the leafy biomass of the seed sources, an important factor to

consider if shade production over the stream is of primary interest. Our destructive sample

for biomass estimation was too small to allow us, at this time, to statistically rank the seed

sources in terms of foliage biomass production. However, this should be possible with

further research.

The N-uptake rates compare favourably to rates reported by Van Cleve et al. (1971)

for young, tightly spaced A. incana stands (– 13 kg/ha/yr) and by Côté and Camiré (1987)

for young A. glutinosa stands (4-21 kg/ha/yr, depending upon species mixture). A statistical

ranking of seed sources is obvious for the N-uptake rates presented in Table 5. The

ANOVA performed on N-uptake rates was highly significant, but included a significant block

effect. This is hard to interpret given the uniformity of the site in terms of soil conditions

(Table 2) and the fact that this block effect was not found when only N-concentrations were

compared across seed sources (Table 3). Since uptake is strongly influenced by foliage

biomass, there may have been an effect on foliage biomass production by block. However,
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this was not obvious by casual observation and we are unable to account for this effect at

the present time. It appears, however, that the ANOVA was robust enough to overcome

this particular block effect (pers. comm., T. James, Univ. of Guelph) and show differences

across seed sources.

The best seed source of Alnus for our purposes is one which exhibits low autumnal

N-concentrations in conjunction with high N-uptake rates through the season and high

foliage biomass production. It has not yet been possible to rank these seed sources

according to the latter parameter, but a preliminary ranking based on N-uptake and

N-concentration is given in Table 7. Based on these characteristics the best seed sources

for A. incana are from Lake Dore, Ontario and the Surju Forest District, U.S.S.R. For A.

glutinosa, the best seed sources come from Turkey and the Soviet Union.

Obviously, the ability of alder to intercept and filter nutrients from groundwater

draining agricultural fields will depend on many factors, including the extent to which tile

drainage is utilized and the velocity and geography of the stream (Taylor and Adams,

1986). There is strong evidence to suggest, too, that genotype x age interactions are

common, at least in A. glutinosa (DeWald and Steiner, 1986), and may result in decreased

height growth and nutrient uptake after rapid juvenile growth.

The nitrogen interception abilities of alder in the streamside environment must also

be weighed against the return of nitrogen to the site in leaves that tend to high

N-concentrations in autumn foliage (cf. Dawson and Funk, 1981) and by N-fixation.

Huss-Danell (1986a) gives rates of N-return in litterfall up to 17 kg/ha/yr in 6-year old

stands of A. incana and Wheeler et al. (1986) estimate return of N to the ecosystem via

fixation alone to be 10-12 kg/ha/yr. Both litterfall-N rates (Côté and Camiré, 1987) and soil

N-concentrations resulting from planted alder (Dawson et al., 1983) have also been shown
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to be affected by type and mix of planting. This is important, since other tree species are

also candidates for stream-side rehabilitation work. As well, there is some evidence to

suggest that, when N is not limiting to alder growth, as the case might be at a streamside

planting next to a heavily fertilized field, almost all of 'returned-N' is in the form of litterfall

(Huss-Danell, 1986b), which would make N-concentration in autumnal foliage of prime

interest.

In summary, several seed sources of A. incana and A. glutinosa appear to be

suitable candidates for stream rehabilitation, based on autumnal N-concentrations in foliage

and N-uptake rates. More seed sources need to be tested and those that have been

surveyed here should be followed with respect to these parameters as they age. Seed

sources should be tested for foliage production and crown architecture, other elemental

concentrations (cf. Van Cleve and Viereck, 1972) and site quality interactions with litterfall,

fixation and uptake processes.
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Table 1. Characteristics of alder provenances grown at P.N.F.I., 1984 and
out-planted to southern Ontario, 1985.

Elev. Height 1

Species Seedlot   Provenance Country Lat. Long. (m) (cm)

A. glutinosa 81808902 Turkey Turkey -- -- -- 107.4a

A. glutinosa 7884440 Gor'Kiy Oblast U.S.S.R 56.00N 44.00E --- 56.2e

A. glutinosa 8181210 Chernigovskaya Oblast U.S.S.R 51.30N 31.30E -- 66.5d

A. incana 7683860 Tartu Res. Forest, Estonia1 U.S.S.R 58.22N 26.40E 70 40.4g

A. incana 7983140 Tartu Res. Forest, Estonia2 U.S.S.R 58.24N 26.43E 50 35.5h

A. incana 7983150 Surju Forest Dist., Estonia U.S.S.R 58.19N 24.0E 20 48.0f

A. incana 8130170 Lake Dore, Ontario Canada 45.37N 77.7W 175 67.2d

A. rubra 3 8071170 Shawinigan-Renfrew, B.C. Canada 49.25N 124.5W 500 86.5c

A. rubra  3 8370235 Spruston Road, B-C. Canada 49.03N 123.56W 107 94-5b

A. rubra  3 8370260 Salmon River, B.C. Canada 50.12N 125.5W 304 85.0c

1 Height (cm) measured at end of first growing season in the nursery seedbeds. Means followed
by the same letter do not differ significantly at the 5% level.

2 High-lighted 3-digit code follows through text.
3 Did not survive out-planting. See text.
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Table 2. Selected soil characteristics of the Washington Creek Study Site.

Parameter Mean1 (S0) 

pH   7.05  (.03)

total N (%)   0.37  (.03)

organic matter (%)2   7.13  (.62)

calcium carbonate (%)   6.20  (.51)

sand (%) 31.20 (3.04)

silt (%) 50.58 (2.20)

clay (%) 18.22 (1.10)

1 Mean of 18 samples taken from the upper mineral horizon, just below the Ap layer.

2 Depth of plow layer was variable and the high organic matter content likely reflects
more of a sampling in the Ap horizon.
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Table 3. N-concentration (%) for 7 seed-sources of alder out-planted in southern
Ontario. Trees were in their third growing season when sampled.

N-concentration (%)1

Mean (S0)
Seed Source August Sample September Sample
A. incana-1402  2.63   (.06)a3 2.77   (0.4)a   

A. glutinosa-890 2.70   (.07)a 2.74   (.24)ab 

A. incana-170 2.58   (.05)a  2.68   (.04)abc

A. incana-860 2.69   (.04)a  2.64  (.04)abc

A. glutinosa-210 2.62   (.04)a 2.60   (.03)bc

A. incana-150 2.64   (.04)a 2.60   (.08)bc

A. glutinosa-440 2.42   (.04)b 2.54   (.03)c 

1 Average of 15 random samples (5 per rep.).

2 No significant difference, for any seed source existed between sample dates (Student's t
test, p < 0-05).

3 Within sample dates means with the same letter are not significantly different (Duncan's
M.R.T., p < 0.05).
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Table 4. Comparison of N-concentration in foliage for 3 seed-sources of alder
grown on 2 different sites on southern Ontario.

Seed-Source Planting Location N-Concentration (%)

A. incana-860 Washington Creek  2.64 a1

A. incana-860 Ballantrae 2.04 c

A. incana-150 Washington Creek 2.60 a

A. incana-150 Ballantrae   2.14 bc

A. glutinosa-210 Washington Creek 2.60 a

A. glutinosa-210 Ballantrae 2.24 b

1 Trees sampled at Ballantrae in similar fashion to sampling conducted at Washington
Creek. Data for September sampling presented. Means with the same letter are not
significantly different (Duncan's M.R.T., p < 0.05).
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Table 5. Foliage biomass (g) and N-uptake into leaf foliage for 7 seed-
sources of alder out-planted in southern Ontario (mean [S0]).

Seed-Source Foliage
Biomass (g)

N-upake1

(g/m2 /yr)

A. glutinosa-890   49.2  (23.7) 1.36  (.23) a

A. incana-170 41.0  (7.9) 1.10  (.09) b

A. glutinosa-210 39.3  (3.4) 1.02  (.02) c

A. incana-150 30.9  (7.3) 0.82  (.08) d

A. incana-860 28.2  (3.9) 0.74  (.04) e

A. incana-140 16.8  (0.8) 0.46  (.01) f
A. glutinosa-440 13.0  (2.3) 0.33  (.02) g

1 Means with the same letter are not significantly different (Duncan's M.R.T., p < 0.05).
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Table 6. ANOVA for N-uptake into leaf foliage for 7 seed-sources of alder
out-planted in southern Ontario.

Source of Variation Degrees of
Freedom

Sum of
Squares

Mean
Square F-value

Probability
> F

Seed source1

  6 11.6901 1.9483 463.81 0.0001

Replication1

  2 0.6665 0.3332  79.33 0.0001

Rep x seed source'

12 15.9860 1.3322 317.13 0.0001

Error 84 0.3529  0.0042

Corrected total 104 28.6954

1 Model:  f.=20; SS-28.3426;   MS= 1.4171;  F=337.35;  Pr>F=0.0001.
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Table 7. Ranking of seed sources of alder for best autumnal N-concentration
(low) and best N-uptake rate (high).

Seed source
N-concentration N-uptake Cumulative

Ranking 3
Rank 1 Rank 2 Rank 1 Rank 2

A. incana -170 5 2   2 2 11   

A. incana -150 2 1.5 4 4 11.5

A. glutinosa -210 3 1.5 3 3 10.5

A. glutinosa -890 6 2.5 1 1 10.5

A. glutinosa -440 1 1   7 7 16   

A. incana -860 4 2   5 5 16  

A. incana -140 7 3   6 6 22 

1 Absolute rank. The best seed source has the lowest autumnal N-concentration and the
highest N-uptake rate. Best is represented by the lowest number in each case.

2 Statistical grouping. Class is the average of the statistical grouping as determined by
Duncan's M.R.T. For example, A. incana-150 fell into the best (1) and second-best (2)
groupings for N-concentration (Table 3, September sample: best is 'c' grouping;
2nd-best is 'b' grouping) giving it a class of 1.5. Similarly, it was the 4th best class for the
N-uptake parameter (Table 5).

3 The best seed source for both N-concentration and N-uptake parameters is represented
by the lowest number on a scale of 4 (best) to 28 (worst). N-concentration and N-uptake
characteristics could be weighted, if desired.
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APPENDIX 5 - Extension Activities in Agroforestry
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EXTENSION ACTIVITIES IN AGROFORESTRY

The agroforestry unit conducts extension activities in addition to the contract

requirements with the Land Stewardship Program and without assistance from the

University O.M.A.F. Program. These activities have been partially supported with a grant

from the Environmental Youth Corp Program which permits the employment of Sheila

Pease to coordinate and expand these extension activities. To date, our extension work

has six main components: 1) working with landowners on agroforestry projects and helping

them overcome problems as they arise; 2) seeking out and observing agroforestry

practices already in operation; 3) increasing landowner awareness of agroforestry as a land

use option, through displays and talks at local meetings and events; 4) responding to

agroforestry inquiries as they arise; 5) actively gathering landowner and public knowledge

and perceptions of agroforestry; and 6) constructing a library and bibliographic database

of agroforestry related material we have available.

The agroforestry unit routinely handles 100-150 requests for information per year.

Although these requests vary greatly in specifics they are usually related to growing trees

in a farm situation. Intercropping and growing nut trees are the most popular topics of

inquiry, followed in order by growing hardwoods, forest health problems (referred to Pest

Diagnostic Clinic), silvipasture, treed waterways, woodlot management, windbreaks, and

international activities- A number of radio, T.V-, and newspaper interviews that have been

given, provide the public with information, and prompt many of the inquiries we receive- An

existing information package is regularly updated and a pamphlet describing general

agroforestry systems, research and development, was developed for distribution to assist

in servicing these requests, and to provide general information to interested persons.
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In addition to servicing requests for information and giving interviews, field tours for

special interest groups and farm organizations are conducted. Information is also

distributed to such groups through invited seminars and presentations. Poster displays

have been prepared for local meetings and events, to assist in the dissemination of

information. An abbreviated list of these is included below.

These meetings also provide an opportunity to discover what opinions landowners

have of agroforestry systems. During the spring of 1991 a survey of farmers from four

townships in Wellington County was conducted to more formally investigate farmers needs

and perceptions with regard to agroforestry. A brief summary of the survey has been

included below; however an analysis of the results is not yet complete.

Land availability and environmental concerns are forcing the expansion of

agroforestry in North America, and with it, extension services must also expand. In the

future, as more agroforestry operations come on line and research results become

available, emphasis should shift from raising public awareness to providing technical

information.

Attendance and/or presentations at Professional Organization meetings, conferences and events.

Canadian Nut Growers' meeting Science Teachers of Ass. Ont. conference
Canadian Nut Growers' tour REAP field days
Soil and Water Conservation workshop OFA Forestry in the Environment Show
Agroforestry Workshop Forestry tour
G.R.C.A. Urban Fringe workshop Ag Alternatives Conference
Greening of S. Ont. workshop OPFA Annual Meeting
Hardwood Symposium  E. Region Larch Workshop 
E. Region Landowners' meeting
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THE ADOPTION OF AGROFORESTRY SYSTEMS
BY FARMERS IN SOUTHERN ONTARIO

The adoption of agroforestry systems on farms in southern Ontario is largely

dependent on farmer's attitudes and willingness to participate in non-traditional agriculture.

As such, an understanding of farmer needs and perceptions is imperative to encourage the

adoption of appropriate systems. In order to elicit this information, a survey of farmers from

4 townships in Wellington County will be conducted in the spring of 1991.

The survey will investigate: 1) the present level of knowledge concerning

agroforestry systems such as windbreaks, woodlot management, silvipasture, riparian

plantings, energy plantations and intercropping 2) the current level of participation in each

of these agroforestry systems on farm 3) the perceived benefits and/or drawbacks of each

of these agroforestry initiatives on farm, and 4) the interest in participation in agroforestry

systems in the future. Data will be analyzed statistically and results will be discussed in the

context of present agroforestry research priorities and directions for the future.
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APPENDIX 6 - Annual Field and Lab Services Support Summary.
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AGROFORESTRY FIELD SERVICE SUMMARY

This year's field operations consisted of servicing four (six plantations in 1989)

intercropping plantations. Two of our plantations were terminated by the landowners (F.

Knip and Barlow) due to lack of interest and other logistical problems. Other operations

included: establishing a second energy plantation in Grand Valley (the other being in

Smithville). We also planted a 1000 tree fruit/nut plantation at Mount Carmel (near Grand

Bend); maintenance of a red oak/white pine experiment near Dorset, Ontario; a riparian

stream study near the town of Washington; an alder and poplar clone experiment also near

Washington.

The season began in the spring with replanting trees in areas of mortality from the

previous year. For all plantations, this was followed up by weed control using back-pack

sprayers and round-up with some mechanical weed control also. There was some biomass

harvest thinning conducted in the fall of our alder clone plantations at Washington.

The fall consisted of processing the biomass collected for subsequent nitrogen

analysis. Height and diameter information was collected for all plantation experiments

including our intercropping sites. This was completed by February, 1991.

This year's field season went relatively smooth and I don't anticipate any major

problems for 1991 (outside of funding that is -- Ha Ha).



169

AGROFORESTRY LABORATORY SERVICE SUMMARY

The majority of the work in the laboratory involved the analysis of soil extracts from

incubation study, stem and leaf samples from alder thinnings. Autoanalyzer II system was

used for all the analytical work. Approximately 1600 samples were analyzed between April,

1990 to April, 1991.

Part of the year was spend learning to use the autoanalyzer, atomic absorption

spectromphotomeoter and gas chromatograph. I also assisted graduate students with their

laboratory work.

There were a few problems during the year, such as the breakdown of autoanalyzer

and fumehood not removing fumes to the outside, some of the fumes were escaping into

the laboratory.

Part of February and March, 1991 was spent on packing and moving into the

Environmental Biology/Horticultural Science Complex.

Samples Analyzed

Description Total N NO3– NO2–NH4
+          

1990 branch and stem thinnings 500

1990-1991 water samples 200
1989 soils from incubation study.
   (alder plantation)

500

1987 Algonquin Site Program  (ASP) Soils 200
1991 soils from nitrogen dynamics study.
   (poplar and willow)

120

*1991 leachate from N-mineralization
   of soils amended with leachate

45

700 865

TOTAL = 1565

* The experiment will be repeated in the near future. The results were not satisfactory. Will
have to increase the number of treatments.
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APPENDIX 7 - Cross-reference to agroforestry personnel and research area.
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Table 1. Faculty and professional  participation  in agroforestry research projects

Individual Institution Department Section
Affiliation

Capacity

Alex,J.F. U. of Guelph Environmental Biology App. 7 Committee Member
Baldwin, C. Ridgetown College Continuing Education 3.4 Committee Member
Brown, R.D. U. of Guelph Landscape Architecture 3.4 Committee Member
Bryan, R. U. of Toronto Faculty of Forestry App. 7 Committee Member
Buchanan- Smith,J.G. U. of Guelph Animal Science App. 7 Student Supervisor
Carleton,T.J. U. of Toronto Faculty of Forestry App. 7 Committee Member
Chang, K. Ag. Canada App. 7 Committee Member
Douglas, D.G. U. of Guelph Rural Planning 3.1.3 Student Supervisor
Fayle,D.C.F. U. of Toronto Faculty of Forestry App. 7 Committee Member
Fox,G.C. U. of Guelph Agricultural Economics 3.3.6 Committee Member
Gillespie,T.J. U. of Guelph Land Resource Science 3.4 Committee Member
Gordon, A.M. U. of Guelph Environmental Biology all sections Multiple Capacities
Hume, D.J. U. of Guelph Crop Science 3.1.3 Committee Member
Hurnik,J.F. U. of Guelph Animal Science 3.2 Committee Member
Jorgensen, E. U. of Guelph U. of G. Arboretum App. 7 Student Supervisor
Kachanoski, R.G. U. of Guelph Land Resource Science 3.3.5 Committee Member
Kaushik, N.K. U. of Guelph Environmental Biology 3.4 Multiple Capacities
Keates, R. U. of Guelph Chemistry App. 7 Committee Member
King,K.M. U. of Guelph Land Resource Science 3.1.4, App. 7 Multiple Capacities
Laing,J.E. U. of Guelph Environmental Biology App. 7 Committee Member
Mackie,G.L. U. of Guelph Zoology 3.4.4 Committee Member
Marshall,S.A. U. of Guelph Environmental Biology 3.4.4 Committee Member
McBride, R.A. U. of Guelph Land Resource Science 3.1.4,3.2 Multiple Capacities
Milligan,L.P. U. of Guelph Animal Science App. 7 Committee Member
Miyanishi,K. U. of Guelph Geography App. 7 Committee Member
Moss, M.R. U. of Guelph Geography App. 7 Committee Member
Penfold, G.E. U. of Guelph Rural Planning 3.1.2 Committee Member
Pfeiffer, W.C. U. of Guelph Agricultural Economics 3.3.6 Student Supervisor
Simpson, J.A. U. of Guelph Environmental Biology 3.2 Research Associate
Shute,J.C.M. U. of Guelph Rural Extension App. 7 Committee Member
Souza- Machado, V. U. of Guelph Horticultural Science App. 7 MultipleCapacities
Stonehouse, D.P. U. of Guelph Agricultural Economics 3.1.2 Student Supervisor
Timmer, V. U. of Toronto Faculty of Forestry App 7. Student Supervisor
Tollenaar, M. U. of Guelph Crop Science 3.1.4 Student Supervisor
van Vuuren, W. U. of Guelph Agricultural Economics 3.3.6 Committee Member
Williams,P.A. U. of Guelph Environmental Biology all sections Research Associate
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GRADUATE STUDENTS IN AGROFORESTRY, UNIVERSITY OF GUELPH

Several students have graduated since 1984, having completed higher degrees on

aspects of agroforestry. These degrees have been conferred through a variety of

Departments and it is anticipated that, because of the inter-disciplinary nature of

agroforestry, this will continue in the near future. Of the 10 to 15 students currently studying

agroforestry on campus, the majority are pursuing degrees at the M.Sc. Level. Most are

addressing problems or interactions encountered in temperate agroforest ecosystems

developed specifically for southern Ontario farming systems.

Land Stewardship Research Funds have supported, in whole or in part, the activities

of 8 graduate students, including Mr. Peter Williams, a part-time student who also serves

as research associate to the program. Their contributions are documented in this report

and are cross-referenced in this appendix. In 1989-1990, 3 students graduated at the M.Sc.

level (Loeffler, Bezkorowajnyj and McLean) and by the end of the present fiscal year, it is

expected that 4 others will have defended their theses (Ball, Mallory, Ntayombya and

O'Neill). N. Thevathasan (Commonwealth Scholar) began a M.Sc./Ph.D. graduate program

in 1990, and an ENSERC scholar (H. Wind) will begin a M.Sc. Program in September,

1991.

Other agroforestry students on campus have been supported financially by

Agriculture Canada, CUSO, CIDA, Ontario Hydro, Ontario Ministry of Natural Resources,

NSERC, Government of Kenya, World Council of Churches, CONACYT, IDRC and the

Commonwealth Scholarship and Fellowship Fund.
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Table 1. Graduate Student Projects in Agroforestry.
Student Program Thesis Title Supervisor (*)

and Committee
Affiliation

D.Ball1 M.Sc.
Economic analysis of intercropping as an
alternative cropping system for tobacco
farmers (3.1, Section 2)

D.P.Stonehouse*
A.M. Gordon*
G.E. Penfold

Agric. Economics
Env. Biology
Rural Planning

P. Bezkorowajnyj1,2 M.Sc. Testing manure slurry as a cattle repellent in
an agro-silvopastoral system (Appendix 2)

A.M. Gordon*
R.A. McBride
J.F. Hurnik

Env. Biology
Land Res.Sci.
Animal Science

F.Borsa M.Sc.
Interference for light in a tree/crop
association on coral rag soils of Zanzibar
Island

V.S. Souza-Machado*
A.M. Gordon
J.C.M.Shute

Hort. Science
Env. Biology
Rura1 Extension

B.Cozzarin2 M.Sc.
The economics of plantation forestry for
electrical power generation in eastern
Ontario

W.C. Pfeiffer*
G.C.Fox
W. van Vuuren
A.M. Gordon

Agric. Economics
Agric. Economics
Agric. Economics
Env. Biology

W.A. Kenney2 M.Sc.
The design, establishment and maintenance
of living shelterbelts and
windbreaks in southern Ontario

E. Jorgensen*
A.M. Gordon
J.E. Laing

Arboretum
Env. Biology
Env. Biology

A. Loeffler 1,2 M.Sc.
Using optical porosity to evaluate the shelter
effectiveness of windbreaks in southern
Ontario (Appendix 2)

A.M. Gordon*
T.J. Gillespie
R.D. Brown
C. Baldwin

Env. Biology
Land Res.Sci.
Landscape Arch.
Ridgetown College

E. Mallory' M.Sc. The role of substratum in stream
rehabilitation (3.2,Section 4)

N.K. Kaushik*
G.L. Mackie
S.A. Marshal1

Env. Biology
Zoology
Env. Biology
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H. McLean1,2 M,Sc,
Effect of width and orientation of corn rows
on growth of interplanted hardwood
seedlings (Appendix 2)

K.M. King*
A.M. Gordon
T.J.Gillespie

Land Res.Sci.
Env. Biology
Land Res.Sci.

C, Mwendia Ph.D.
Tannin levels and forage palatability of
Leucaena  and other legume  in
Kenya

J.G. Buchanan-Smith*
L.P. Milligan
A.M. Gordon
R. Keates
K. Chang

Animal Science
Animal Science
Env. Biology
Chemistry
Agric. Canada

P. Ntayombya1 M.Sc. Nitrogen cycling in intercropped black
locust and barley (3.1, Section 3)

A.M. Gordon*
D.J.Douglas*
D.J. Hume
H.W. Anderson

Env. Biology
Rural Planning
Crop Science
Ont. Min. Nat. Res.

G. O'Neill1 M.Sc. Nitrogen dynamics in a riparian forest
ecosystem (3.3, Section 5)

A.M.Gordon*
N.K. Kaushik
R.G. Kachanoski

Env. Biology
Env, Biology
Land Res.Sci.

B. Padilla M.Sc. Regional planning for the implementation
of temperate agroforestry systems

D.J. Douglas*
A.M. Gordon*

Rural Planning
Env. Biology

B. Tegler Ph.D. Monitoring and control of desertification in
Mali

W.G. Nickling*
J.F. Alex
A.M. Gordon
K. Miyanishi
M.R.Moss

Geography
Env. Biology
Env. Biology
Geography
Geography

N. Thevathasan M.Sc, Moisture and nitrogen levels in a
poplar/barley intercropped system

A.M. Gordon*
V. Souza-Machado*
M. Miller

Env. Biology
Hort. Science
Land Res.Sci.

P. Williams1

Ph.D.
Competition for moisture between
intercropped hardwoods, cashcrops, and
soil (3.1,Section 4)

M. Tollenaar*
A.M.Gordon*
R.A. McBride
G,P.Lumis
H.E. Garrett

Crop Science
Env. Biology
Land Res.Sci.
Hort. Science
Univ. Missouri
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Table 1. (continued)

I. Bachrul3 Ph.D.
Soil-site factors controlling agroforestry
development and implementation in
Indonesia

M.  Junus*
A.M. Gordon*

Hasanuddin Univ.
Env. Biology

A. Yobterik4 M.Sc.F. Incubation studies on N-mineralization rates
of mulch incorporated into a dryland soil in
Kenya

V.  Timmer*
D.C.F. Fayle
T.J. Carlton
R. Bryan
A.M. Gordon

Univ. Toronto
Univ. Toronto
Univ. Toronto
Univ. Toronto
Env. Biology

1 supported wholly, or in part, by Land Stewardship Program Research Funds.
2 graduated.
3 exchange student; completing course work here only.
4 University of Toronto; A.M. Gordon serves as committee member. *supervisor(s).
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APPENDIX 8 - Acknowledgements to funding sources.
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ACKNOWLEDGEMENTS TO FUNDING SOURCES

The activities of the agroforestry group have, to date, been principally supported by

the Ontario Ministry of Agriculture and Food (O.M.A.F.) Land Stewardship Program

(Research). In addition to this and the previously mentioned (Appendix 2) support for

graduate students, individual projects have been supported in whole or in part by the

Ontario Ministry of Natural Resources; O.M.A.F.; the Canadian Forestry Service (Forestry

Canada); the Ausable-Bayfield and Grand River Conservation Authorities; Challenge ̀ 87;

Agriculture Canada; Environmental Youth Corp. Program (O.M.A.F.); Energy, Mines and

Resources Canada; Consolidated-Bathurst, Inc.; Wellington County Breweries; and Union

Gas. Contributions to analytical equipment and instrumentation for agroforestry in the new

Environmental Biology/Horticultural Science Complex have also been received from

Domtar, Inc.; Omark Industries; the Ivy Foundation; and Imperial Tobacco, Ltd. To all of the

above, we remain indebted for your support and help.


	Title Page
	TABLE OF CONTENTS
	INTRODUCTION
	PROJECT SUMMARY - RESEARCH AREA 3.1
	1. Intercropping trees with agricultural crops in southern Ontario
	2. Economic analysis of intercropping as an alternative cropping system for tobacco farms
	3. Nitrogen cycling in a black locust/barley intercropping system
	4. Effect of three crop-types on tree growth in an intercropping system: future research

	PROJECT SUMMARY - RESEARCH AREA 3.2
	PROJECT SUMMARY - RESEARCH AREA 3.3
	1. Streambank Stabilization
	2. The effect of reforesting a riparian habitat on incident solar radiation reaching the stream
	3. Bird population study of the Washington Creek Study Area
	4. The role of substratum in stream rehabilitation
	5. Reducing inorganic nitrogen leaching into streams through the reforestation of agricultural riparian zones
	6. Assessing riparian zones for biomass and energy production

	PROJECT SUMMARY - RESEARCH AREA 3.4
	APPENDICES
	APPENDIX 1
	APPENDIX 2
	APPENDIX 3
	APPENDIX 4
	APPENDIX 5
	APPENDIX 6
	APPENDIX 7
	APPENDIX 8


