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PURPOSE:  The purpose of this handout is to outline the objectives of the Fall River long-term site productivity study, and describe the treatments being investigated and the experimental design.

STUDY OBJECTIVES:  

The objectives of this study are to:  1) add to the strategic database that can be used to develop soil management guidelines for intensively managed Douglas-fir sites in the Pacific Northwest; and 2) understand how a range of site resource allocation treatments affect soil processes, the microenvironment, and tree growth.    

The specific tasks to be completed as part of this investigation include:

1) Develop nutrient budgets for various levels of harvest utilization and organic matter removals.

2) Evaluate the effects of increased harvest utilization and organic matter reductions on soil processes and Douglas-fir growth over a 40-year rotation.

3) Determine the impact of soil disturbance/compaction on stand productivity and the need for and effectiveness of soil tillage in maintaining or enhancing site productivity. 

4) Evaluate the need for fertilization to mitigate organic matter removal impacts and determine its effects on nutrient supply and tree growth.

5) Assess the effects of intensive vegetation control and fertilization on vegetative cover, species composition, nutrient allocation to the crop, and stand development and growth.

6) Evaluate initial differences in microclimate and seedling water uptake associated with microsites typical of various organic matter removal and vegetation control treatments.  

TEST LOCATION AND EXPERIMENTAL DESIGN:

The test is located in the Twin Harbors-South operating area of Weyerhaeuser Company in Pacific County, Washington.   The Boistfort soil series on the test site is representative of soils developed from basic igneous parent material with volcanic tephra (ash and pumice) and found in parts of the Coast Range and Western Cascades of Washington and Oregon.  The randomized complete block study design is comprised of twelve treatments that include four levels of organic matter removal levels, as well as treatments assessing impacts of harvesting-related soil disturbance/compaction,  intensive vegetation control, nutrient amendments, and soil tillage. Forty-eight 30 m x 85 m plots are arranged in four blocks at one site.

MANAGEMENT IMPLICATIONS:

This study will provide additional information to a database that can be used to develop soil-management guidelines to maintain/enhance long-term site productivity under intensive forest management regimes.

Background:

This study was initiated to determine the implications of various soil management and site-resource allocation treatments on long-term site  productivity for a representative site in western Washington that will be intensively managed for Douglas-fir (Pseudotsuga menziesii (Mirb.)Franco) production.  Heretofore, no well-replicated study existed in western Washington that determined the implications of various harvesting/organic matter retention strategies on soil processes and Douglas-fir growth.   There were also no large-plot studies capable of assessing the long-term impacts of harvesting-related soil disturbance or intensive vegetation control treatments.    In addition, it was desired to determine the role that various mitigation treatments could play in ameliorating any negative impacts that resulted from such treatments; e.g., fertilization as a replacement for nutrient capital removal, or soil tillage as a mitigation for soil disturbance/compaction effects from mechanical harvesting.   

This study was initiated in the spring of 1998 after several years of discussions about study objectives and design among scientists within the following organizations: Weyerhaeuser Company, the University of Washington Forest Soils Department, and the, Pacific Northwest and Pacific Southwest Research Stations, U.S. Forest Service.

___________________________________________________________________________________________

Treatments under investigation:

The following table lists the twelve treatments being investigated in this study:

	Table 1: Fall River Long-term Site Productivity Study Treatments

	Treatment
	Harvest level
	N-fertilization


	Vegetation Control
	Soil Disturbance/Compaction
	Soil Tillage

	1
	Bole-only 
	-
	+
	-
	-

	2
	Bole-only 
	+
	+
	-
	-

	3
	Bole-only to 5 cm top
	-
	+
	-
	-

	4
	Bole-only to 5 cm top
	+
	+
	-
	-

	5
	Total-tree 
	-
	+
	-
	-

	6
	Total-tree 
	+
	+
	-
	-

	7
	Total-tree plus 
	-
	+
	-
	-

	8
	Total-tree plus 
	+
	+
	-
	-

	9
	Bole-only
	-
	-
	-
	-

	10
	Bole-only
	+
	-
	-
	-

	11
	Bole-only
	+
	+
	+
	-

	12
	Bole-only
	+
	+
	+
	+


These treatments are described in more detail in the following sections.  

Treatment descriptions:

In order to describe treatments it will be necessary to refer to the classes of coarse-woody material in the original stand (Adapted from Maser, et al., 1988):
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Class 1: 

Fresh logs with foliage, bark and small limbs intact.  These logs were generally western hemlock  (Tsuga heterophylla) with annosus root rot; e.g., fresh blow-down within the stand.   No Douglas-fir root-rot diseases were observed on the site.  
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Class 2: 

Logs with bark sloughing; some limbs present; foliage not evident; wood discolored but firm.
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Class 3: 

Logs with trace of bark; limbs absent; wood texture firm in the center; center wood faded/stained; outside of the log may be blocky, brown cubicle rot; e.g., large remnant old-growth logs.
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Class 4: 

Logs with bark absent; texture soft-to-firm; mostly blocky, brown, cubical rot (may have very small portion of Class 3 in the very heart of the log).
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Class 5:

Logs with bark and twigs absent; considerable amount of moss present; soft-textured, granular, brown decomposed wood as an integral part of the forest floor.

Organic matter removal treatments*:

	Conventional bole-only removal
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	· Plots were hand-felled so that all tops remained within the boundary area of the treatment plots.

· Cable harvested with a CAT 330L 2-drum shovel yarder; merchantable limit 8 to13 cm (3 to 5 inches); logging slash, and all butt-cuts left in place.  

· “Compaction”  and “compaction plus tillage plots” were ground-based logged with a similar size shovel.  

· Non-merchantable Class 2 and 3 material was left in place.

_________________________________________________________



	Total-bole removal to a 5-cm top
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	· Plots were hand-felled so that all tops remained within the boundary area of the treatment plots.

· Cable harvested with total-bole removal to a 5-cm (2-inch) top and all broken stems and butt-cuts removed from the plots. 

· Non-merchantable Class 2 and 3 wood was left in place.

__________________________________________________________

	Total-tree removal
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	· Hand-felled then cable harvested with total bole, all live limbs, most large dead limbs greater than 2.5 cm (1 inch) in diameter, and all Class 1, and merchantable Class 2 wood removed.  

· All Class 3, 4, and 5 woody material and remnant old-growth logs left in place.    

· The shovel inadvertently removed some forest floor when limbs and tops were removed.*  Small green limbs were removed by hand.
_____________________________________________________________________

	
	


	“Total-tree plus” removal [image: image9.jpg]




	· Hand-felled then cable-harvested with total bole, all live limbs, most dead limbs greater than 0.6 cm (0.25-inch) in diameter, and all Class 1, 2, 3 coarse woody material removed. 

· Most Class 4 and 5 coarse woody material and all old-growth logs were removed.   Class 4 and 5 material including “red-rot” that was not easily removed in chunks or was below the ground surface was left in place.   

· The larger coarse-woody material was removed by shovel which inadvertently removed some forest floor with the Class 4 and 5 material.*   Smaller material was removed by hand.




*All plots had a shovel with a piling-rake head traverse the outside buffer (one pass) within treatment plots to either scatter slash uniformly across the plots or remove woody material to treatment specifications.  This was necessary because the tree-felling pattern on the plots concentrated slash in certain areas.   

Vegetation control treatments:

	No Vegetation Control


	· Cable-harvested and conventional bole-only utilization

· No vegetation control treatments to be applied

	With Vegetation Control   


	· Intensive vegetation control with herbicides during years 1 and 2 and possibly year 3.


Fertilization treatments:

	No Fertilization 
	· No fertilization treatments to be applied



	With Fertilization
	· Fertilization will take place when a significant difference in growth is detected between organic removal treatments or at the time of crown closure, whichever occurs first.   Subsequent fertilizations will occur at 5-year intervals.  N-fertilization rates may be less than 225 kg/ha if fertilization begins prior to crown closure.


Soil Disturbance and Tillage Treatments:

	Minimal Soil Disturbance 
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	· Cable-harvested with conventional bole-only removal. 

· There was some soil mixing and displacement of forest floor caused by logs being partially lifted and cable yarding.



	Mechanical Harvesting 

Compaction / Disturbance 
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	· Ground-based shovel-harvested with conventional bole-only removal. 

· Shovel traffic covered ~50% of the area creating Class 2 disturbance on 25-32 percent of the area with ruts averaging 13 cm deep.**

___________________________________________________



	Tillage
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	· Shovel-harvested with conventional bole-only removal followed by shovel-scarifier tillage to 60-cm depth on the area trafficked by shovel

___________________________________________________


** Soil disturbance classification as defined by Scott (2000).

Experimental design:

The experimental design for the study is a randomized complete block with 4 replications of  12 treatments.  Each treatment plot is 30 m x 85 m [0.25 ha (0.63 acres)] with a 15 m x 70 m [0.10 ha (0.26 acres)] interior measurement plot.

Eight of the treatments (1,2,3,4,5,6,7,8) form a 4 x 2 factorial in organic matter removal (4 levels), and fertilizer (2 levels) all with the same vegetation control regime.  These treatments will be used to determine the effects of different levels of woody-biomass removals and if nutrient inputs maintain / enhance productivity. 

Treatments 1, 2, 9, and 10 form a 2x2 factorial with fertilizer (2 levels) and vegetation control (2 levels) under the cable-harvested conventional bole-only utilization regime.  These treatments will 

determine the growth potential enhancements from full site resource allocation to the crop via vegetation management with herbicides and if these effects differ when nutrient amendments are applied.

Treatments 11 and 12 will be compared with treatment 2 to determine the impacts of mechanical harvesting on soil properties and stand productivity, and the amelioration potential of tillage, all under the conventional bole-only harvest plus vegetation control and fertilization regime.

Investigations of nutrient budgets, microclimate, seedling water relations, vegetation cover, soil solution chemistry, soil-mineralization rates, and logging slash assessment and decomposition rates use different subsets of the treatment plots to test specific hypotheses using pre-planned statistical contrasts.
Map of Study Site:
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Test Site Description:

Location:

The test is located in the Twin Harbors – South operating area of Weyerhaeuser Company in Pacific County, Washington.

Soils:

The site is level to gently-sloping with a westerly exposure.  The soil is the Boistfort series, which is a deep well-drained, medium- to moderately-fine textured soil developed from Eocene volcanic rocks with considerable volcanic ash influence in the surface horizons (Steinbrenner and Gehrke, 1973). Weathered basic igneous rock occurs at depths greater than 150 cm (60 inches).  The Boistfort series is representative of soils developed from basic igneous parent material with volcanic tephra (ash and pumice) and found in parts of the Coast range and Western Cascades of Washington and Oregon. 

Vegetation Type:

The study area is in the western hemlock (Tsuga heterophylla) zone described by Franklin and Dyrness (1973).  The plant association community based on a pre-harvest vegetation survey is western hemlock/swordfern-oxalis (Beach, 2000).  
Original stand history:

Based on inventory records the original old-growth stand was harvested in 1952-53.  Based on aerial photography taken soon after logging, the area was harvested by cable rather than a ground-based system. The area was broadcast burned in 1953.   Planting records indicate the stand was planted the winter of 1953-54 with 2+0 Douglas-fir seedlings at 2188 trees per ha (886 trees per acre).   Naturally seeded hemlock also became a significant component of the stand.  In 1971 the stand was pre-commercially thinned from 2235 trees per ha (904 tpa) to 1220 trees per ha (494 tpa).  The stand was fertilized four times with urea: 1970 (370 kg/ha);  

1979 and 1984 (493 kg/ha), and 1995 (448 kg/ha).  In total, 1804 kg/ha urea was applied.  The study-site stand exhibits a site index class of 41 m to 43 m (135-140 ft.), breast-height age 50 years (King, 1966).
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The initial stand conditions prior to study installation were as follows:

	Block
	Trees per ha (trees per acre)
	Basal area m2/ha (ft2/acre)
	Total Volume m3/ha (ccf/acre)
	Percent Douglas-fir by Volume*

	 I
	657 (266)
	68 (294) 
	892 (127.5) 
	58

	II
	659 (267) 
	68 (295)
	885 (126.4)
	69

	III
	603 (244)
	69 (299)
	912 (130.3)
	49

	IV
	589 (238)
	70 (304)
	967 (138.1)
	43


*Remainder of stand was western hemlock.

Study Establishment:

The study was installed per the following timeline:

	Treatments  / Planting
	Timing

	Harvesting / organic matter removal treatments
	April-July 1999

	Soil tillage treatment
	August 31, 1999

	Vegetation control treatment (first treatment)
	March 6-7, 2000

	Planted Douglas-fir seedlings at 2.5 m x 2.5 m spacing, 1600 / ha (648/acre)
	March 20-21, 2000


The seed source used for the study is a mixed lot of 23 first-generation Douglas-fir half-sib families.  Percent of seed in the lot for each family is known.  The stock type was 1+1 transplants that were graded prior to planting to reduce seedling size variation.  Seedlings <5 mm and >10mm in caliper and those less than 35 cm or greater than 51 cm in height were not planted.   Initial seedling caliper and height were measured after planting.  

Natural regeneration will be removed from the study so planted tree performance can be monitored. 

Future technical notes will describe the study installation and results of the various investigations in detail. 
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