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Project Purpose and Management Implications:  

SCHIRP was established in the 1980s to study poor conifer growth on sites dominated by ericaceous shrubs 
and to develop tools to improve conifer growth. The well-designed long-term trials allow investigation of current 
questions of biodiversity, ecosystem function, and carbon sequestration. 

SCHIRP trials were installed on CH (cedar-hemlock) and HA (hemlock-amabilis fir) sites on northern Vancouver 
Island (Lewis 1982). Both are zonal to wet, nutrient-poor sites in the CWHvm1 (Green and Klinka 1994), but CH 
sites are less productive than HA sites.  

While testing and disproving a number of hypotheses concerning the underlying causes of lower productivity on 
CH sites, researchers made findings which indicate that CH sites are wetter than HA sites. This may be the 
primary cause of the low nutrient supply. These include greater frequency of gleyed horizons and hydromors in 
CH forests (deMontigny 1992), lower fauna abundance and biomass and larger population of copepods 
(Battigelli et al 1994), higher water content in CH forest floors, fast growth of shore pine (usually found in coastal 
bogs) on CH sites relative to other conifers (Bothwell et al 2001), and higher frequency of cedar (hence CH sites) 
near swamps and bogs. 

The theory that high soil moisture causes low nutrient supply is being investigated using a combination of field 
measurements, lab incubations, a field trial and ecosystem modeling. Examination of soil moisture conditions of 
ecosystems whose moisture classification borders that of CH sites is aiding in our examination. A field drainage 
trial has been examined to determine if the characteristics associated with higher moisture on CH cutovers can 
be ameliorated by operational drainage. These studies will assist managers in identifying sites and applying 
appropriate regeneration strategies.  

The controlled, replicated Demonstration Trial plots are examined to evaluate the effects of fertilization on 
function and structure of microbial communities and on carbon sequestration and nutrient cycling. Plots logged 
in 1980 were fertilized in 1987 and 1997 with nitrogen (0, 100, 200, and 300 kg/ha) and phosphorus (0 and 100 
kg/ha) and P with micronutrients for a total of 12 treatments. The results of this study will provide managers with 
knowledge of fertilization effects on ecosystem function. 

Contributing to an understanding of the effects of forestry practices on non-target species, the mycorrhizae of 
mature CH and HA forests is being compared with those of the ~25-year-old trees of the Demonstration Trials. 
We test the theory that one or more of the fertilization regimes increases the similarity of young mycorrhizal 
communities to the mycorrhizal community of mature forests. This work will inform managers of the long-term 
effects of fertilization on mycorrhizal communities and indicate which treatment(s) result in mycorrhizal 
communities most similar to mature forest stand mycorrhizal communities.  
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Methodology Overview:  

Mycorrhizal Studies: 

We are assessing ectomycorrhizal diversity in mature CH and HA sites. We sampled 48 sets of hemlock 
ectomycorrhizae from mature HA sites. These mature hemlock plots were selected to be similar to the original 
fertilization trial HA plots prior to logging.  We selected 25 ectomycorrhizal root tips from each of four samples 
per tree; pooled the four samples, extracted DNA from them, and amplified the DNA using PCR. We are in the 
process of identifying the fungi in the samples using DNA cloning and sequencing. Our preliminary phylogenetic 
analysis shows that the fungal genus Cortinarius is common in old growth as well as regenerating CH plots. 
However,  different Cortinarius species predominate in old growth CH plots compared with regenerating plots.  
Over the next year, we will compare new data on fungal species composition in the mature hemlock stands with 
our current data on species composition in the regenerating 18 year old fertilization plots and in the mature CH 
plots. This comparison will reveal whether N fertilization, N+P fertilization, or no fertilization brings regenerating 
hemlock mycorrhizal communities closer to the mycorrhizal community of a mature forest. 



We had originally intended to evaluate whether mycorrhizal communities of fast and slow growing trees of the 
same age grown under uniform conditions differed. However, we modified our original plans because we were 
unable to identify sites where trees of the same age were growing under uniform conditions. We saw an 
interesting opportunity for cross-disciplinary collaboration, examining the mycorrhizae associated with plots of 
differing levels of chitinase, that would allow us to begin to answer the important question of which fungi are 
important in tree growth..     

Much of the nitrogen in forest sites dominated by ericaceous plants may be trapped in chitin that makes up 
fungal cell walls.  Mineralization of nitrogen then involves N release from the chitin in cell walls through microbial 
activity. Bennett et al. (2003) suggested that the reason for long-term improvement in site index in SCHIRP with 
N+P but not with N alone might have been related to the influence of P on nitrogen mineralization..   

We sampled soil from SCHIRP sites with and without N and P fertilization and are analyzing the fungi that are 
correlated with the CH plots that received only N fertilizer vs. the plots that received both N and P fertilization.  
During this fiscal year, we prepared 108 soil samples for enzyme analysis. We analyzed the levels of five soil 
enzymes from 8 of the study plots. Chitinase levels were about 1.5X higher in the plots fertilized with both N and 
P than plots fertilized with N alone. If on the SCHIRP plots, the chitinase is correlated strongly with overall rates 
of mineralization (Ekenler and Tabatabai, 2004), this result supports Bennett et al.’s (2003) hypothesis that 
phosphorus fertilization has a direct or indirect role in mineralization of nitrogen. Because fungi are active 
producers of chitinase, we are evaluating which fungi are associated with soils from the N-fertilized plots and the 
N+P fertilized plots. To date, we have extracted DNA from the 108 soil samples. We have amplified the DNA 
from each sample using fungal specific primers ITS1F and TW13 and are in the process of identifying the fungal 
species in each sample by cloning, sequencing, and phylogenetic analysis.   

We are next planning to evaluate whether chitinase levels in SCHIRP plots respond to added chitin and 
phosphorous by mixing soil from the plots with chitin and or phosphorous. We will then place the soil in ‘teabags’ 
made of 50 µm nylon mesh. We will bury the bags in the organic soil layer at the SCHIRP site in spring and bring 
them back to the lab for analysis of enzyme levels and fungal species in fall.  The bags will be distributed among 
the six plots fertilized with either 200 or 300 kg/hectare N and the six plots fertilized with P in addition to either 
200 or 300 kg/hectare N. Among possible outcomes, the chitinase levels may increase uniformly with added 
chitin; this will suggest that substrate availability limits the enzyme activity in the plots without P. If the chitinase 
activity only increases when both P and chitin are added, this suggests that lack of P limits chitinase and N 
mineralization. 

Enzymes and Nutrient Cycling: 

The DEMO plots at the SCHIRP installation were used for studying enzyme profiles and nutrient cycling. The 
study contains stands of cedar and hemlock with 3 levels of N ( 0, 200 and 300 Kg N/ha ) and 3 levels of P 
fertilization ( 0, 100, 100 + micronutrients). Samples of forest floor and mineral soil were taken from each plot 
(composite of 5 soil cores) from Aug 12 to Aug 16, 2007. With 3 replicates of each, total plot number was 54. 
Total number of samples (n) was 108. 

Enzyme profiling was used to characterize the functional diversity of these soil microbial communities in terms of 
decomposition and nutrient cycling processes and how they may be affected by fertilization as the enzymes are 
involved in cycling of C, N and P (Saiya-Cork et al., 2002; Grayston et al., 2006). The activities of enzymes 
involved in breakdown of cellulose (cellobiosidase), organic phosphorus (phosphatase) and chitin (1, 4- β -N-
acetylglucosaminidase) were assayed using fluorimetric methods. Activity of the lignin-degrading enzymes, 
phenol oxidase and peroxidase were determined using colorimetric assays. 

Analysis of variance (ANOVA) will be used to see if there are interactions between individual enzyme activity and 
N, P and micronutrients fertilizations. Multivariate analysis of variance (MANOVA) will be used to see if there are 
interactions between all enzyme activities as a whole and N, P and micronutrient fertilizations. 

Soil Moisture Hypothesis: 

A cutover which had characteristics of productive forests but was influenced by excess soil moisture throughout 
much of the year was chosen as the study site. Following harvesting and slash-burning in 1993-1994, the 
cutover was planted in 1995 to western redcedar. In 1997, four treatment areas within the cutover were 
identified.  An open-channel technique with ditches at 30-m intervals was chosen over subsurface drainage after 
an initial hydrology study (van Niejenhuis et al. 2003). Five parallel ditches comprised a treatment area. A control 
undrained area was selected in each treatment area to compare response variables in drained versus control 
plots.  



Soil samples were collected from the upper humus layer (H horizon) and mineral (B horizon) in both the drained 
and control areas. Samples were tested for moisture content of organic and mineral samples, and measures of 
total C and N were determined. Bulk density samples were also measured. Fresh soil samples were incubated 
and measures of  microbial biomass, DOC, pH, redox and moisture were recorded. 

Statistical analysis to determine the effects of drainage include analysis of variance and principal components 
analysis. 

Project Scope and Regional Applicability:  

The findings of these studies apply to a large portion of Coastal Forests; the CWHvm1 site series 01, 06, and 13.  
These include the wetter and nutrient poor portions of the CWHvm1.  These are the most common sites in much 
of the Coastal Region; thus these findings are relevant to many forest management strategies. 

The project scope includes a balance of empirical results as well as research into the underlying causes and 
ecosystem functions.  The ecological studies have provincial application in that they demonstrate how these 
ecosystem functions may be studied and add to general knowledge; these studies are building blocks for future 
research throughout all forest ecosystems. 

Interim Conclusions: 

Fungal studies post-fertilization revealed high diversity; many fungal species recovered from any initial negative 
effects of fertilization but long-lasting changes in habitat resulting from fertilization had a lingering effect on 
fungal ectomycorrhizal species composition. 

Enzyme profiling was used to characterize the functional diversity of the soil microbial communities in terms of 
decomposition and nutrient cycling processes and how they may be affected by fertilization as the enzymes are 
involved in cycling of C, N and P (Saiya-Cork et al., 2002; Grayston et al., 2006). Preliminary results indicate that 
fertilization does not inhibit enzymes involved in lignin breakdown in these forests, but stimulates their 
production. This may be related to the different species of fungi producing these enzymes, some of which are 
stimulated by fertilization. 

Fertilized operational drainage trials, as compared to un-drained sites in areas of high water table, demonstrated 
significant improvement in conifer regeneration performance for western redcedar. 

Contact Information:  

Annette van Niejenhuis RPF 

Tree Improvement Forester 

Western Forest Products Inc 

avanniejenhuis@westernforest.com

http://www.forestry.ubc.ca/schirp/homepage.html
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