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Bowater Mersey Paper CompanyBowater Mersey Paper Company

�� Aerial Seeding Trials began in 2000Aerial Seeding Trials began in 2000
–– More costMore cost--efficient method to regenerate efficient method to regenerate 

partially stocked harvested areaspartially stocked harvested areas
–– Promote ecologically sustainable forest Promote ecologically sustainable forest 

managementmanagement

�� B.Sc.F. ThesisB.Sc.F. Thesis : Aerial seeding operation of : Aerial seeding operation of 
2003 and 20052003 and 2005
–– Focus on 2005 resultsFocus on 2005 results

BackgroundBackground



Purpose / ObjectivesPurpose / Objectives

Stocking and density Stocking and density 
versus microversus micro--sites  sites  
and surface moisture.and surface moisture.

Determine success and Increase knowledge  ofDetermine success and Increase knowledge  of
direct  seeding in Nova Scotia.direct  seeding in Nova Scotia.



Aerial Seeding OperationAerial Seeding Operation

CalibrationCalibration
SeedingSeeding



SamplingSampling MethodsMethods

20032003

20052005

5 m5 m22

4 m4 m22

GerminantsGerminants
MicroMicro--sitessites
Advance RegenerationAdvance Regeneration
Coarse Woody DebrisCoarse Woody Debris
Ground VegetationGround Vegetation
Soil: Drainage,TextureSoil: Drainage,Texture

Surface Moisture (in 2005)Surface Moisture (in 2005)



20032003--2005 Plot Design2005 Plot Design

20032003 20062006



2005 Distribution of Micro2005 Distribution of Micro --sitessites

�� Mineral soil (5%)Mineral soil (5%)

�� Mixed mineral soil (5%)Mixed mineral soil (5%)

�� Organic soil (6%)Organic soil (6%)

�� Disturbed substrates Disturbed substrates 

(14%)(14%)

�� Duff, or litter (32%)Duff, or litter (32%)
�� Other substrates (3%)Other substrates (3%)

�� Feather mossFeather moss
–– Live (8%)Live (8%)
–– Dead (18%)Dead (18%)

�� Sphagnum mossSphagnum moss
–– Live (4%)Live (4%)
–– Dead (1%)Dead (1%)

�� HairHair--cap moss (1%)cap moss (1%)
�� Other moss (2%)Other moss (2%)



Aerial Seeding Sites (2005)Aerial Seeding Sites (2005)

11 blocks 11 blocks –– 285 ha in total     285 ha in total     

red spruce red spruce –– 100 000 /ha (2) 100 000 /ha (2) 

black spruce black spruce –– 100 000 /ha (8) 100 000 /ha (8) 

black spruce black spruce –– 200 000 /ha (1) 200 000 /ha (1) 

Control –– Site Prepared

98 Plots –– 27 Seed-Spots



Other Data UsedOther Data Used

Slope Slope -- to to -- Position IndexPosition Index
(Depth to Water Table Index)(Depth to Water Table Index)

Geographical GIS dataGeographical GIS data

Weather Weather 
Current (2005)Current (2005)
Past trendsPast trends



SlopeSlope --toto --Position MapPosition Map

LegendLegend

St. John RiverSt. John River



GerminantsGerminants



GerminantGerminant DensityDensity
Mean=2571
SD=5516.6

N=98

Mean=333
SD=1052.3

N=60
<13.4%

Mean=6105
SD=7554.4

N=38

Mean=3931
SD=6035.2

N=29

Seed Rate

Mean=13111
SD=8006.9

N=9

Mean=1076
SD=2253.2

N=13
Poor, Moderately Well, Rapid

Mean=6250
SD=7150.7

N=16

Mean=1000
SD=2449.4

N=6

Mean=9400
SD=7244.9

N=10
<30%

Cover of Ground Vegetation (%)

>30%

Drainage

Well

Surface Moisture (%)

>13.4%

Explains 61.3%

200,000       
Seeds /ha

100,000                     
Seeds /ha

Other Variables: Regeneration (density & stocking),  CWD (height & %), Rock %, 
Mineral soil %, Organic Soil %, Treatment (C vs. SP ), Texture, and Species



Germinant StockingGerminant Stocking
Mean=0.29
SD=0.459

N=98

Mean=0.07
SD=0.260

N=56
<12.5%

Mean=0.59
SD=0.497

N=42

Mean=0.16
SD=0.389

N=12

Mean=0.76
SD=0.430

N=30
<30%

Mean=0.50
SD=0.522

N=12

Mean=0.94
SD=0.236

N=18

Mean=0.16
SD=0.408

N=6
<10% Mean=0.83

SD=0.408
N=6

Surface Moisture (%)

Cover of Ground Vegetation (%)

>30%

>12.5%

Drainage

Mineral Soil (%)

Well, RapidPoor, Moderately Well

>10%Explains 60.9%
Other Variables: Regeneration (density & stocking),  CWD (height & %), Rock %,  

Organic Soil %, Treatment (C vs. SP), Seed Rate, Te xture, and Species



Surface MoistureSurface Moisture
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Stocking and DensityStocking and Density

Low Soil Moisture

High Soil Moisture

200,000 Seeds/ha
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Three Corner Lake, St. MargaretThree Corner Lake, St. Margaret ’’s Bays Bay
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Water
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Block 11 Block 11 –– 200,000 seeds /ha200,000 seeds /ha
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Line Transect Line Transect –– ControlControl
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Line Transect Line Transect –– Site PreparedSite Prepared
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Block 10 Block 10 --100,000 seeds /ha100,000 seeds /ha
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Line Transect Line Transect –– Site PreparedSite Prepared
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Moisture /Slope Moisture /Slope -- to to -- Position IndexPosition Index
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Surface Moisture Surface Moisture 
by Microby Micro --sitessites

M12. Other substrates
M8.   Dead feather mosses
M10. Dead sphagnum 
mosses
M4.   Disturbed substrate
M11. Other mosses
M5.   Duff and litter
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M9.  Live sphagnum mosses                       
M7.  Live feather mosses
M3. Organic soil
M1.  Mineral soil
M6. Hair-cap mosses 
M2.  Mixed mineral soil



Surface Moisture by MicroSurface Moisture by Micro --sitessites
For GerminantsFor Germinants

M3, Organic soil                          
M9, Live sphagnum mosses                                        
M4, Disturbed substrates           
M1, Mineral soil
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Mineral Soil RelationshipMineral Soil Relationship
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Duff and Litter RelationshipDuff and Litter Relationship
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Conclusion Conclusion -- 11

�� Surface moisture is the most critical factorSurface moisture is the most critical factor

Mean=2571
SD=5516

N=98

Mean=333
SD=1052

N=60
<13.4%

Mean=6105

SD=7554

N=38

>13.4 %

Higher densityHigher density

Higher surface Higher surface 
moisture =moisture =

Germinant Density



ConclusionConclusion -- 22

�� Site preparation aids in surface moisture Site preparation aids in surface moisture 
retentionretention
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Conclusion Conclusion -- 33

�� Germinant response in control sites is Germinant response in control sites is 
dependent on slope positiondependent on slope position
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RecommendationsRecommendations

-- LiteratureLiterature
�� Red spruceRed spruce -- mid Maymid May

�� Black spruce Black spruce -- late May late May -- early Juneearly June
�� Frost vs. DroughtFrost vs. Drought

-- Direct seeding will not replace manual Direct seeding will not replace manual 
planting, but rather complement it.planting, but rather complement it.

-- Development of the slopeDevelopment of the slope--toto--position  position  
index is require to assist for management                       index is require to assist for management                       
decisions in direct seedling operations.decisions in direct seedling operations.



Field Work in 2006Field Work in 2006

Confirm seed germination and environmental Confirm seed germination and environmental 
relationships observed in 2005 with those relationships observed in 2005 with those 
observations in the 2005 and 2006 direct observations in the 2005 and 2006 direct 
seeding blocks.seeding blocks.



Fieldwork in 2006Fieldwork in 2006

�� InIn--corporation of the slope corporation of the slope -- to to -- position position 
index into the direct seeding operation by index into the direct seeding operation by 
arranging the sample plots in line transects arranging the sample plots in line transects 
to different to different 

different slope different slope 

positions.positions.
�������

Slope Position Index (m)
20+
15 - 20
10 - 15
7.5 - 10
5 - 7.5
2.5 - 5
1 - 2.5
0.5 - 1
0 - 0.5

� Plots 
Water
Block 10

0.5 0 0.5 1 Kilometers
N



Field Work in 2006Field Work in 2006

Establish seed spot tests to develop Establish seed spot tests to develop 
receptive seed bed indicesreceptive seed bed indices
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