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There are a number of different methods for evaluating the nutrient status of a forested stand. Among the most commonly used methods are 

· Identification of visual symptoms 

· Foliar analysis

· Soil analysis

· Pot culture

· Inference based on site and stand characteristics

· Fertilizer trials

The level of effort required, the ease of interpretation of results and the accuracy of the results varies greatly between methods. The Diagnosis spreadsheet model was developed to aid in the identification of potential soil fertility limitations based on the results of simple foliar and litter nutrient analyses.  An overview of each of the modules that are contained in the Diagnosis spreadsheet model is presented in this user manual. The model contains modules for :

· Evaluating foliar nutrient concentrations from a single tree, group of trees or stand and

· Evaluating stand nutrient status based on a treatment response.

Foliar Deficiency Levels

The use of foliar nutrient analyses for the detection of potential soil fertility limitations is based on the idea that foliar nutrient concentrations are an index of the amount of a nutrient taken up by the tree.  For the purposes of this model, insufficient nutrient uptake is assumed to be a result of an insufficient supply of the nutrient in a plant available form.  If the nutrient concentration is below a critical level, the productivity of the stand is typically also depressed as described in Figure 1.





Figure 1: 
Relationship between foliar nutrient concentration and productivity.
Sampling

Nutrient concentrations may vary considerably between different seasons, position in the crown, crown classes of trees, ages of trees, ages of foliage, and outside environmental factors such as disease and moisture regime (Walker and Gessel, 1991). Recommendations for a foliar sampling protocol can be found in Ballard and Carter (1986).  In general, it is recommended that between 10 and 30 foliage samples be collected from the current year's growth in the upper 1/3 to 1/2 of the crown but not from the upper 2-3 branches (Carter, 1992).  When comparing foliar nutrition between different stands, foliage samples from all stands should be collected during a short period of time, minimizing differences in age and exposure (Walker and Gessel, 1991).

The nutrient content of the forest floor material is highly variable.  Several forest floor samples located across the site should be collected and analyzed for total C and N.

Using the Spreadsheet

Each of the different modules in the spreadsheet may be accessed via the menu screen shown in Figure 2.  To begin, click the Enter Nutrient Concentrations button to bring you to the Data Input screen, shown in Figure 3.  All of the site-specific data required for use of the modules should be entered on this page.  The data required for each individual module is as follows:

Comparison with foliar deficiency levels 
(
Individual foliar concentrations



Graphical foliar nutrient evaluation 
(
Average foliar concentrations and average needle weights for both control and treated trees, groups of trees or plots



Prediction of potential N fertilizer response
(
Average C:N ratio of forest floor material

After entering available data, click the Begin Evaluation button to return to the menu screen.  Click on the appropriate button to begin your evaluation.

Foliar Deficiency Evaluation

Individual and average foliar nutrient concentrations can be directly compared to average deficiency levels.  Although the exact nutrient concentration that defines a nutrient deficiency varies from site to site, comparison to average literature values provides a rough guideline of the nutrient status of the site and can be sued to determine the need for further evaluation or corrective measures.  A summary of average deficiency levels reported in the literature is presented in Table 1.  If site-specific or region-specific values are available, these should be used and can be entered on the Deficiency Levels screen (Figure 4) by clicking the Change Deficiency Levels button.  If the deficiency levels are changed, click the Return to Foliar Deficiency Evaluation button to get back to the Foliar Evaluation screen (Figure 5) and click the Evaluate Foliar Nutrition button to re-run the analysis.  The analysis shown in Figure 5 should be completed for each sample individually as well as the average concentration across all samples. 

Additional information on Douglas-fir nutrition and evaluation of foliar nutrient status can be found in:

Radwan, MA and H Brix. 1986. Nutrition of Douglas-fir. In Douglas-fir: Stand Management for the Future. Eds. CD Oliver, DP Hanley and JA Johnson. Institute of Forest Resources, Contribution No. 55. College of Forest Resources, University of Washington, Seattle Washington.

Walker, RB and SP Gessel. 1991. Mineral Deficiencies of Coastal Northwest Conifers. Institute of Forest Resources Contribution No. 70.  College of Forest Resources, University of Washington, Seattle WA.

Foliar graphical analysis

The nutrient status of the stand can also be evaluated based on foliar nutrient levels of a treated and control stand using graphical analysis methods.  Graphical analysis uses the relationship between foliar nutrient content (nutrient mass per needle) and foliar concentration to identify possible cases of dilution, sufficiency and luxury consumption (Timmer and Stone, 1978).  This method presents the nutrient status of a stand relative to a control or target and is most often used as a means of assessing a particular silvicultural treatment.  

This model is based on the idea that the dry weight of individual needles is closely correlated with growth response to fertilization or another treatment which affects nutrient status.  Foliar concentration is plotted on the y-axis and foliar nutrient content is plotted on the x-axis.  The diagonal lines eminating from the origin represent s unit increases in needle weight.  The direction of the vector created by a line joining the control and treated points or control and target points indicates the diagnosis of the stand based on the response to the treatment (Figure 6).  The possible responses are summarized in Table 2.  The model output is expressed in both tabular form (Figure 7) and graphical form (Figures 8a and 8b).  The direction of the line should be compared to the key, shown in Figure 6, to determine the nutrient status.

The target concentrations are taken from the adequate levels in the Foliar Levels screen.  These can also be adjusted to suit your site.

More information on the graphical analysis method can be found in:

Timmer, VR and EL Stone. 1978. Comparative Foliar Analysis of Young Balsam Fir Fertilized with Nitrogen, Phosphorus, Potassium and Lime. Soil Sci. Soc. Am. J. 42:125-130.

Timmer, VR and LD Morrow. 1983. Predicting Fertilizer Growth Response and Nutrient Status of Jack Pine by Foliar Diagnosis. In Forest Soils and Treatment Impacts, Proceedings of the Sixth North American Forest Soils Conference, Knoxville, TN. Ed. EL Stone.

Weetman, GF and R Fournier. 1982. Graphical Diagnosis of Lodgepole Pine Response to Fertilization. Soil Sci. Soc. Am. J. 46:1280-1289.

Timmer, VR and PN Ray. 1988. Evaluating Soil Nutrient Regime for Black Spruce in the Ontario Claybelt by Fertilization. For. Chron. 64:40-46.

Visual Identification

Although not included as a module in the spreadsheet, visual identification of nutrient deficiencies may be a useful first step in diagnosing the cause of growth limitations.  Visual evaluation of stand nutrient status can be carried out by observing the color, shape and size of the needles in the field.  This is an easy method for initial evaluation of stand nutrient status but should not be alone with out other more sophisticated evaluated methods for several reasons.  Many deficiencies exhibit the same symptoms; for example, chlorosis is a symptom of nitrogen deficiency, sulfur deficiency and poor health.  Visible symptoms are not always present with nutrient deficiencies which may suppress growth rates.  Foliar abnormalities often associated with nutrient deficiency can also be caused by physiological stress, pathogens, insects and herbicides (Carter, 1992). Examples of visible symptoms of nutrient deficiency are presented in Figure 10 and described in Table 3..
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