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by 
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(ABSTRACT) 

Fraser fir [Abies fraseri (Pursh) Poir.] is an important Christmas tree species in Virginia. 

Because it is responsive to fertilization, and because most Fraser fir growers fertilize their 

crop, a scientifically-based nutrient diagnosis and fertilizer recommendation system is needed. 

The objective of this study was to develop and test DRIS norms for Fraser fir Christmas 

trees grown in Virginia for the ultimate purpose of establishing a nutrition diagnosis and 

fertilizer prescription system. A total of 107 Fraser fir plantations were sampled for foliage, 

soil, and diameter measurements. These plantations represented the range in site conditions 

and management practices for Fraser fir Christmas trees grown in Virginia. Foliage was 

analyzed for N, P, K, Ca, Mg, Zn, Mn, Fe, Cu, and B. Soil was analyzed for extractable 

macro- and micronutrients. DRIS norms were developed from these data using standard 

DRIS procedures. A total of 42 nutrient ratios were significant discriminators of tree 

performance as measured by variation in ground line diameter. The norms were tested using 

sixth year data from a factorial fertilizer trial. Nutrient limitations due to both deficiencies 

and imbalance were detected and correctly diagnosed using the newly-derived norms. A 

complete validation is required, but this preliminary test showed that these norms are useable 
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and useful in their present form. In the process of developing and testing the norms, 

modifications to traditional DRIS methods were used to meet the special conditions of this 

crop. DRIS symmetry was maintained by including non-significant ratios, but setting their 

standardization functions equal to zero. This reduced the influence of the non-discriminating 

nutrient ratios on the DRIS analysis. Norm ranges as opposed to discrete norms (ratio 

means) were used to correct for the influence of extremely variable micronutrient ratios on 

the DRIS analysis. Soil norms did not enhance diagnoses over and above using foliar norms 

alone. This is due to soil sampling variation, poor coorelations of extractable nutrients with 

tree performance, and an incomplete understanding of fertilizer reactions and uptake 

chemistry in a variety of soils. Each crop presents unique challenges in the 

application of DRIS. DRIS should not be naively applied without investigating these 

problems. The DRIS norms established in this study, and the modifications to standard 

DRIS methods, provide a sound scientific basis upon which to build a nutrient diagnosis 

and fertilizer recommendation system for Fraser fir Christmas trees grown in Virginia. 
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INTRODUCTION 

Fraser fir [Abies fraseri (Pursh) Poir.] is an important Christmas tree species in 

southwestern Virginia and North Carolina. The popularity of the species among growers is 

due in large part to the high price that it commands in the market. Of the total number of 

Christmas trees harvested in the two states in 1986, 55% were Fraser fir in North Carolina, 

and in Virginia, 26% were Fraser fir (Anon., 1987). Production of Fraser fir is projected to 

double in the next two years. 

Because of Fraser fir’s high market value and the promise of economic reward, growers 

can justify intensive and expensive cultural practices which include fertilization, vegetation 

control, and labor-intensive shearing (Turner, 1973; White, 1966). Commercial growers spend a 

considerable amount of money on fertilizers. The use of fertilizers produces trees of good 

vigor and hence trees that exhibit the attributes of a superior quality Christmas tree. 

Superior quality Christmas trees command the highest price. Fertilization of Fraser fir 

Christmas trees has proven to be economically sound and in many cases necessary in order to 

produce the quality of trees required for growers to compete. 

Despite the large annual fertilizer expenditures made by Fraser fir growers, fertilizer 

recommendations are made with little scientific basis. Fraser fir Christmas tree nutrition has 

not been thoroughly studied as most agronomic crops and some forest tree species have. 

There is a need to establish a scientifically-based fertilizer recommendation system so that 

growers can apply the proper types and quantities of fertilizers at the proper times to 

optimize tree nutrition and hence optimize tree quality. 
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A good fertilizer recommendation system will also reduce costs by eliminating wasteful 

applications of fertilizer that are not needed or are even detrimental for optimum tree 

nutrition. Savings realized by more precise fertilizer applications may enable growers to 

invest in other much-needed cultural treatments such as weed control. Reducing excessive 

fertilizer applications will also minimize the potential for ground- and surface-water pollution. 

The Diagnosis and Recommendation Integrated System (DRIS) has been used 

successfully in conjunction with plant tissue analysis to diagnose nutrient deficiencies in a host 

of crops. Beaufils developed DRIS in the 1950’s in the Republic of Vietnam where he used 

his new system to improve rubber tree latex quality and yield (Beaufils, 1957). Since then, 

DRIS has been used to diagnose plant nutrient needs in corn, sugarcane, wheat, soybeans, 

hybrid poplar, sorghum, bermudagrass, and a host of other crops. In most applications, 

nutrient indices were developed for some or all of the major plant nutrients (N, P, K, Ca, 

Mg) using foliar nutrient concentrations. 

Briefly stated, nutrient indices are calculated from the foliar nutrient concentration ratios 

(N/P, K/P, P/Ca, etc.) and represent the mean deviation of these ratios from the nutrient 

ratio values of some optimum population (Walworth and Sumner, 1987). The optimum 

population is one which produces superior quality or yield and thus presumably has the "best" 

nutrient intensity and balance. The values of the nutrient ratios from the reference 

population are referred to as norms. The DRIS approach has an advantage over other 

nutrient diagnosis methods (i.e., critical level) in that it diagnoses nutrient imbalances relative 

to the other plant nutrients as well as individual nutrient deficiencies. 

In 1983, the Virginia Polytechnic Institute and State University’s School of Forestry and 

Wildlife Resources in cooperation with the H. Smith Richardson Trust Foundation initiated a 

program to implement DRIS in developing a fertilizer recommendation system for Fraser fir 

Christmas trees. The overall objectives of this program were: 
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1. Establish standardized foliage sampling procedures. 

2. Establish which measurable growth response variable is most highly 
correlated with tree quality and optimal tree nutrition. 

3. Using the standardized foliage sampling procedures and the "best" growth 
response variable established in 1 and 2 above, develop a set of nutrient 
norms from Fraser fir plantations in Virginia with the aim of using these 
norms to make nutrient diagnoses for all Fraser fir growers. 

4. Validate the DRIS norms using field trials. 

5. Using field trials, calibrate specific fertilizer application rates to DRIS 
indices. 

6. Utilizing the results of the preceding objectives, put in operation a 
scientifically-based fertilizer recommendation system for all Fraser fir 
growers in Virginia. 

Towards objectives 1, 2, and 3, Hockman et al. (1989a), established standardized foliage 

sampling procedures for Fraser fir Christmas trees. They also conducted a local test of 

DRIS for Fraser fir (1989b). Kopp et al. (1990), identified stem diameter measured at the 

ground line as the most suitable growth response variable among a host of response variables 

tested for Fraser fir Christmas trees. Ground line diameter was correlated with both tree 

nutrition and Christmas tree grade. 

The specific objectives (3 and 4) of this study were to develop a set of DRIS norms 

which will provide reliable diagnoses of the nutrient status of Fraser fir Christmas trees grown 

throughout Virginia, and to validate those norms under field conditions. Norms were not only 

calculated for the foliage macronutrients (N, P, K, Ca, and Mg), but also for foliage 

micronutrients (Fe, Mn, B, Cu, and Zn) as well. In addition to developing foliage norms, soil 

norms were also derived to ascertain their usefulness in Fraser fir nutrition diagnosis. 
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LITERATURE REVIEW 

Benefits of Christmas Tree Fertilization 

Fraser fir Christmas tree growers generally accept fertilization as beneficial and even 

requisite to producing superior quality trees in a reasonable length of time. The overall 

objective of most Christmas tree growers is to produce the best trees possible in the least 

amount of time. 

Only a few scientifically-based studies of Christmas tree fertilization have been reported 

in the literature. Most of these studies found that fertilization significantly stimulates height, 

diameter, and other indices of growth. Czapowskyj et al. (1980) found that various 

combinations of N, P, and lime treatments increased dry needle weight of red spruce by 21%, 

and that of balsam fir by 34%. He concluded that this increase in needle weight and hence 

overall needle size also increased the photosynthetic surface area resulting in increased rates 

of growth. 

Hu and Burns (1979) conducted a fertilizer study on Virginia pine Christmas trees in 

Louisiana and found that fertilized trees had 21% more height growth than non-fertilized 

trees. They concluded that this increased growth rate could reduce the rotation length by one 

or two years. This reduction in rotation length reduces production costs by reducing the 

number of shearings needed, eliminating weed and insect control costs for those years, and 

reducing the cost of capital tied up in a given Christmas tree rotation (White, 1966). 

In a study testing the responses of a host of morphological characteristics of 10 to 

15-year-old natural balsam fir to various fertilizer rates, Timmer et al. (1977) found that N 
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stimulated almost every characteristic. However, they also found that the higher rates of N 

did not produce significantly better growth than the lower rates of application. Armson et al. 

(1975) on the other hand, claimed that large N applications on northern conifers resulted in 

larger and longer-lasting growth responses. Turner (1966) discovered that the application of N 

in excess of 58 grams/tree overstimulated height growth causing tree deformities. He also 

concluded that unfertilized Douglas fir growing on glacial till in western Washington grow too 

slowly to be successfully subjected to a shearing regimen. By the same token, trees fertilized 

over a number of years without being sheared are unmarketable because they develop a 

sparse-looking crown (Turner, 1973). 

It is generally accepted that good soil fertility is requisite to other important Christmas 

tree quality characteristics such as needle color and needle retention (Richards and Leaf, 

1971). Jablanczy (1971) recommends lime applications for balsam fir Christmas trees to 

improve needle color. On a study of balsam fir Christmas trees in Ohio, 0.7 kg of dolomitic 

lime was applied around each tree. Within one year, needle color changed from pale green to 

dark green and early needle drop ceased (Pound, 1967). Turner (1966) found that N content 

of the foliage of Douglas fir is correlated with foliage color, high N concentration being 

associated with dark green foliage. In a 1968 study, Turner determined that S must be 

present in adequate amounts for N to have an influence on foliage color (Turner 1968). 

Timmer et al. (1977) found that improved needle color was short-lived after a large N 

application. They, along with other authors, recommend frequent low-dosage N applications 

(Timmer et al., 1977; Bruns, 1973; Turner, 1966). 

Along with improved needle color, fertilization enhances needle retention, not only while 

the tree is growing, but also after the tree is cut (White, 1966). Timmer and Stone (1978), in 

a fertilizer trial on 1 to 2 m tall balsam fir, found that N fertilization increased numbers of 

terminal and lateral buds. An increase in the number of lateral buds, along with increased 
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needle size and prolonged needle retention as discussed by other authors, result in a tree 

with a full, dense crown. A full, dense crown is probably the single-most important criterion 

in determining Christmas tree quality. 

‘Vigorous trees withstand insect and disease attacks better than trees weakened by a 

nutrient deficiency or imbalance (White 1966). Baule and Fricker (1970) consider good 

calcium and nitrogen nutrition to be effective against defoliators. They also found that good 

potassium nutrition prevents aphid damage. Fewer insect and disease problems result in 

lower pest-control costs, an added bonus to the grower in a competitive market. 

Methods of Christmas Tree Nutrition Diagnosis 

The importance of including fertilization in the management of Christmas trees is well 

established in the literature. However, the question of how much fertilizer to apply and when 

to apply it still remains. Many methodologies have been developed for diagnosing plant 

nutrient needs and making fertilizer prescriptions. These methodologies include plant tissue 

analysis, soil analysis, or a combination of the two. They range from making diagnoses from 

visually perceptible plant deficiency symptoms, to making recommendations based on plant 

nutrient relations established from pot cultures in greenhouse environments, to using 

Azotobacter growth as an indication of soil nutrient status (Tisdale, Nelson, and Beaton, 

1985). Richards and Leaf (1971) outline five considerations important in developing a 

fertilization program for Christmas trees: 
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1. Understanding the relationships of soil nutrient availability and tree 
nutrient needs; 

2. Being able to assess the tree’s nutritional status; 

3. Determining types and rates of fertilizer to use; 

4, Determining when to apply fertilizers within a given season and over the 
course of a rotation; 

5. Correcting soil pH for improved nutrition. 

Each state’s respective Cooperative Extension Service maintains its own tailor-made 

system of determining soil and plant nutrient status for making fertilizer recommendations for 

a variety of tree crops based on these considerations. 

i] An Versus Tradition 

Many tree nutritionists extol the virtues of tissue analysis (White, 1966; Richards and 

Leaf, 1971; Turner, 1966; McKell, 1980). In a study of balsam fir in New Hampshire, Bruns 

(1973) found that trees growing in soils relatively high in N had a wide range of foliar N 

levels. This suggests that soil test results may not always coincide with plant nutrient 

availability and needs. Soil tests can detect whether soil nutrient levels are low or high but 

they cannot always predict that portion which is available for plant uptake. Foliar analysis 

better reflects nutrient availability. White (1966) feels that soil tests are not precise enough 

to detect the need for fertilizer. 

Soil testing as a diagnostic and fertilizer recommendation tool is well developed for 

agronomic crops; however, soil tests have not been very useful for tree crops. Pritchett and 

Fisher (1987) list five difficulties with soil analysis in forestry crops: 
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1, Lack of basic information on nutrient requirements of forest species. 

2. Lack of correlation data useful for interpreting test results in terms of 
tree growth response to fertilizers. 

3. Difficulty in getting a representative sample in a forested area. 

4, Lack of information on what soil depth to sample. 

5. Which nutrient forms or fractions should be extracted. 

One advantage of soil testing over that of tissue analysis no matter what the crop is 

that soil nutrient requirements can be determined before a crop is planted. (Tisdale et al., 

1985) 

The validity of any soil test depends on how well soil conditions are correlated 

with crop growth (Geraldson, 1975). Excessive variability in the soil can lead to erroneous 

conclusions if a given set of correlations are assumed to exist when they really do not. 

Tisdale et al. (1985) point out that obtaining a good sample is often a problem in soil 

analysis and that "a poor sample is worse than none at all." When the soil is tilled for 

agronomic crops, a well-mixed, relatively homogeneous condition exists, thus facilitating the 

procurement of a representative sample. Heterogeneous edaphic conditions commonly exist 

in tree plantations (Mead, 1984; Mollitor et al., 1980). Metz (1966) found that the 

nutrient content variation from tree to tree in a stand was greater for soil than for 

foliage. Usher (1970) found unpredictable patterns of small regions (less than 16 cm?) 

of high N concentration while K, Ca, and P had regions of high concentration up to 750 

cm? in size. 

Because of these sampling problems, foliar analysis has been shown to be more sensitive 

for detecting deficiencies in tree crops. Because the foliage is the site of photosynthesis, 

foliar analysis is directly related to the trees’ productivity (Mead, 1984). It integrates all site 

factors affecting growth (Powers, 1984). Richards and Leaf (1971) propose foliar analysis as 
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the best indicator of tree nutrition needs. It permits detection of deficiencies well in advance 

of severe growth potential losses. 

Powers (1984) advocates the use of both soil and foliar analysis to assess soil N 

availability and its effect on tree growth. However, he warns that the standard techniques 

currently used in agriculture are not adequate for coniferous trees. The benefits of foliar 

versus soil analysis for diagnosing Christmas tree nutrition have yet to be resolved. 

ritical Nutrien' ncentrati Nutrient B 

There are a number of techniques used in agriculture and forestry for making 

interpretations of foliage nutrient concentration data. Critical nutrient concentration 

or critical level is one such technique that is widely used. In agriculture, the 

critical level is usually defined as the nutrient concentration associated with 90% of a 

given crop’s maximum yield (Richards and Bevege, 1972). Many researchers advocate a 

critical range rather than a discrete critical level, due to the variation associated 

with nutrient concentrations that are within the transition zone between deficiency and 

adequacy (Tisdale et al. 1985; Pritchett and Fisher, 1987). 

Richards and Bevege (1972) point out that the critical level of a nutrient in a particular 

crop is not independent of the levels of other nutrients or other environmental factors. The 

nutrient balance concept is based on the assumption that the best growth is obtained when all 

tree nutrients are not only present in adequate amounts, but also in balance with each other 

(Shear et al. 1943; van den Driessche, 1974; Sumner, 1979). Comerford and Fisher (1984) 

found that using a N/P ratio approach was superior to a critical level approach in identifying 

N deficient sites for slash pine. 
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The Diagnosis and Recommendation Integrated System (DRIS) developed by Beaufils 

(1957), incorporates the concept of nutrient balance. Nutrient ratios developed from the 

population being diagnosed are compared to the ratios of a reference population of the best 

trees. This reference is presumed to have optimum nutrition and thus its nutrient ratios are 

optimum. These optimum nutrient ratios are referred to as norms (Beaufils, 1976). 

Indices calculated in DRIS analyses represent the mean deviation of the test population 

nutrient ratios from the DRIS norms (Walworth and Sumner, 1987). A negative deviation 

from the norm represents a deficiency of that particular element. A positive deviation 

represents an excess of the nutrient. Both cases represent a nutritional imbalance compared 

to the reference population. The order of importance of nutrient deficiencies are ranked 

according to the magnitude of the negative DRIS index value; i.e, N index = -30 is more 

limiting to tree growth than a P index = -20 and a Mg index = -2. This literature review is 

not designed to provide a thorough discussion of the mechanics of DRIS methodology. Refer 

to Walworth and Sumner (1987) for further detail. However, the following equations are 

given as review: 

f(A/B) = [(A/B)/(a/b)-1](100/CV)) x 10 [1] 
if a/b < A/B 

f(A/B) = [1-(a/b)/(A/B)](100/CV)) x 10 [2] 
if a/b > A/B 

N index =[f(N/P) - f(K/N)] [3] 
2 

P index = [-{(N/P) + £(P/K)] Ey 
2 

K index =[f(K/N)_- f(P/K)] [5] 
2 
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standardization calculation. They calculate the weighted percent deviation of the test 

population’s nutrient ratio from the given norm ratio value. The weighting is done using the 

norm population’s coefficient of variation for that particular ratio. 

Equations 3 through 5 are examples of the DRIS nutrient index equations for N, P, and 

K, They show how all nutrient expressions are linked together to provide an index of 

relative nutrient balance. 

One of the purported advantages of DRIS is the ability to sample foliage regardless of 

the stage of development of the plant or from where on the plant the sample is taken 

(Sumner, 1977). However, Hanson (1981) found that DRIS was sensitive to age in soybeans, 

while Beverly et al. (1984) reported that DRIS indices were affected by leaf age in Valencia 

oranges. 

Another advantage, according to DRIS theory, is the universality of norms over the 

geographical range of a particular crop (Walworth and Sumner, 1987). If the data used in 

norm development is collected from over the whole range of the crop, then those norms 

should be applicable wherever the crop is grown, so long as the nutrient composition of the 

high yielding plants from both the norm population and the test population are nearly 

identical. Escano et al. (1981) found that a set of "universal" norms for corn was less 

accurate in diagnosing deficiencies than norms that were calibrated to local conditions. This 

may suggest the need to develop sets of norms for sites that represent extreme growing 

conditions for a crop. 

In its inception, Beaufils envisioned DRIS as a diagnostic system that would integrate all 

plant and environmental factors that influence plant growth (Beaufils, 1976). To date, most 

DRIS applications have involved foliar analyses of only a few nutrients (N, P, K, Ca, Mg). 

There are very few published DRIS applications which include micronutrients. Elwali and 

Gascho (1984) established norms for Fe, Mn, Zn, and Cu in Sugarcane as well as the usual 
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norms for N, P, K, Ca, and Mg. Escano et al. (1981) used norms of N, P, K, Ca, Mg, S, 

Fe, Cu, and Zn that were developed by Sumner for corn to test whether the use of ratios 

developed from all these elements was necessary for an accurate diagnosis. They found that 

the use of 10 ratios ( from N, P, K, Ca, Mg) gave more accurate diagnoses than the use of 

36 ratios developed from all nine nutrients. 

Beaufils and Sumner (1976) developed DRIS norms for soil P, K, Ca, and Mg contents 

of sugarcane fields in South Africa. They concluded that a DRIS soil analysis complements 

the DRIS plant tissue diagnosis and further asserted the importance of maintaining nutrient 

"balance within both plant and soil." Finding the optimum soil nutrient balance required to 

produce optimum nutrient balance in the crop foliage may also provide a practical means for 

relating fertilization to tree needs. 

Problems and Modifications of DRIS 

Although DRIS has been applied successfully to a host of varied crops, some 

researchers also discuss problems in applying DRIS theory and methodology to their particular 

crops. A number of modifications to DRIS have been proposed to improve its diagnostic 

capabilities. 

A basic assumption of DRIS theory is the normal distribution of the norm ratio 

populations. If this assumption is violated, then the calculated mean and its associated 

statistics for a given nutrient ratio may not represent the true or "best" norm value. Beverly 

(1987) recognized that many nutrient ratio distributions for "Valencia" orange data were 

skewed. He proposed using natural logarithmic transformations of the data to reduce this 

skewness. 
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Jones (1981) noted problems with obtaining enough significant nutrient ratios, using 

standard DRIS methodology, to attain balanced DRIS index equations (symmetry). He 

observed that the more observations there were in the DRIS data set, the more ratios there 

were that were significant (the variance of the "good" population is significantly smaller than 

the variance of the “poor” population). Letzsch and Sumner (1984) confirm this observation 

for corn. Jones proposed using significant differences between "good" and "poor" population 

means as a secondary criterion for determining a ratio’s significance or importance. 

Righetti et al. (1988) had similar problems establishing norms for hazelnut and sweet 

cherry. They suggested that using asymmetrical indices may still provide valid DRIS 

diagnoses. 

Including micronutrients in the DRIS analysis presents a unique problem. Righetti et al. 

(1988) found that certain ratios, particularly those involving certain micronutrients, exhibited a 

broad range in variation many times greater than found in most of the macronutrients. This 

results in extreme DRIS index values (extremely large or small) which pose interpretational 

difficulties. The standardization of these inherently variable ratios using the coefficient of 

variation for the norm population does not sufficiently correct for these large disparities in 

Tatio variability. 

Another modification was proposed by Elwali and Gascho (1984) which might serve to 

alleviate this variability problem. They proposed using a norm range defined by +1 standard 

deviation of the mean nutrient ratio value. If a test population’s ratio fell within the norm 

range its intermediate function was set equal to zero ( f(A/B)=0 ). 

A standard DRIS analysis only provides information on a nutrient’s balance relative to 

all other nutrients. It does not indicate whether nutrient concentrations are high or low 

overall; ie., all nutrients could be in excess relative to established sufficiency levels, yet some 

will still be “deficient” relative to other nutrients. Walworth et al. (1986) proposed the use of 
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a dry matter (DM) index as a means of determining the overall relative sufficiency of 

nutrient contents as a percentage of the dry matter. Negative DM indices indicate overall 

sufficient or perhaps excessive levels of nutrients in the foliage. The opposite is true for 

positive DM indices. The full interpretation of the index is still speculative pending further 

testing. 

Validation and Calibration of DRIS 

The validation of DRIS norms commonly involves the use of factorial fertilizer trials 

(Sumner et al., 1981). Norms are tested by determining the percentage of accurate diagnoses 

in a trial(s). 

Until tree growth response is related to DRIS indices and fertilizer application rates, 

DRIS remains only a method of diagnosing deficiencies and not a system for making fertilizer 

recommendations. Tisdale et al. (1985) recognized the calibration of tests as "the greatest 

problem in a testing program." The calibration of actual fertilizer applications by DRIS was 

beyond the scope of this study. 

Future DRIS Applications 

DRIS is now being used to study the role of plant nutrition in the susceptibility of 

crops to certain pathogens. Schaffer et al. (1988) used DRIS to find relationships between 

mango decline (caused by a fungus) and micronutrient imbalances. Anderson and Dean (1986) 

using a DRIS diagnosis, found that certain plant tissue nutritional conditions favored the 
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development of rust diseases on sugar cane. 

DRIS is also being investigated by the U.S. Environmental Protection Agency (EPA) for 

possible use in its Environmental Monitoring and Assessment Program (EMAP) (Riitters, 

1990). Possible applications of DRIS to EMAP include monitoring nutrient and other 

chemical balances, not only in tree foliage, but also in forest floor litter. 
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METHODS 

Field Procedures 

In order to develop a set of DRIS norms that would be valid for making diagnoses and 

prescriptions for all Fraser fir Christmas trees grown in Virginia, 107 commercial plantations 

throughout the state were sampled. These plantations represented the geographical range, as 

well as the full range of sites, growing conditions, plantation ages, and management practices 

for Fraser fir Christmas trees in Virginia. 

Fraser fir growers were contacted via a questionnaire sent by mail (Append. A). Growers 

who responded positively to the questionnaire were contacted by telephone or letter to 

arrange a meeting time and location. The following information was solicited from the 

growers prior to or while visiting the plantations (Append. B): 

1. Plantation location (county plus directions or maps); 

2. Use of land prior to planting; 

3. Date when Fraser fir were planted; 

4. Specific management practices over the rotation of the plantation: 
- site preparation 

- fertilization (types, rates, when applied) 
- weed control (mechanical or chemical, types and rates of 
herbicides used). 

One plot of approximately 1/10 ha in area was located on a topographically uniform site 

within each of the selected plantations. This plot size was chosen to minimize variation due 

to topographic, edaphic, and other microsite differences and yet allow expression of tree 

fertilization response variation. Foliage and soil samples were randomly collected from 10% of 

the trees in each plot. Using preliminary data, a 10% sample size was found to be sufficient 
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for obtaining a 10% allowable error rate. This resulted in approximately 40 trees per plot 

being sampled. 

Foliage was sampled according to Hockman et al. (1989a) recommendations for Fraser 

fir. Samples were clipped from current year’s growth on two- or three-year-old branches 

growing on the south facing side of each tree. These samples were then composited for each 

plantation. Sampling was done within a narrow window of time (Oct. to Nov.) to minimize 

variation due to seasonal fluctuations of foliage nutrient concentration. To minimize climatic 

effects that may have been due to elevation differences, plots located at the highest elevations 

were sampled first with the plots at the lower elevations being sampled last. 

Soil was sampled the same time as the foliage using a Hoffer tube to a depth of 15 cm. 

Forty subsamples were collected and composited from each plot. Site characterization data 

were collected for each plantation. This information included aspect, slope, slope position 

(ridge top, foot of slope, etc.), and elevation. Stem diameter was measured on 40 randomly 

selected trees in each plot. This measurement was taken at groundline (at the interface of 

the soil surface and the tree stem). Where pronounced basal swelling occured, diameter was 

measured 5 cm up from the groundline. 

Validation of the DRIS norms was accomplished through factorial fertilizer trials located 

on H. Smith Richardson Trust property in Watauga County, North Carolina. The trials were 

established in Fraser fir plantations growing on a grass bald at approximately 1340 m in 

elevation and were replicated over three sites. Site 1 was on the Ashe (coarse-loamy, mixed, 

mesic, Typic Dystrochrept) soil series. Site 2 was on the Watuaga (fine-loamy, mixed, mesic, 

Typic Hapludult) soil series. These soils have thick A horizons (+20 cm), are high in organic 

matter content (10-12 %), are acidic, and have moderate to high inherent fertility (Hockman, 

1986). 
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Fertilizer trial number one was a two-way factorial (2x2) with two nutrients (N and P) 

being applied at two different rates. The nitrogen treatments were applied using NH4NO3 at 

rates of 0 and 43 kg N/ha. Phosphorus was applied using triple superphosphate (TSP) at 

rates of 0 and 67 kg P/ha. Fertilizer was applied annually in May from the trial’s inception 

in 1984 through 1989 for a total of six growing seasons (Kopp, 1988). 

Trial number two was a single factor experiment located on the same sites as trial 

number one. Soil pH was altered to provide three pH-effect treatments. Elemental sulfur 

was applied to the soil surface at the rate of 864 kg/ha to decrease soil pH to 4.5. Dolomitic 

lime was applied at the rate of approximately 9823 kg/ha to raise the soil pH to 6.5. 

Ambient soil pH was approximately 5.5. In addition, 17-17-17 was applied in the spring of 

each year and 18-46-0 (diammonium phosphate or DAP) was applied in the fall to provide an 

annual N, P, and K application of 134, 111, and 87 kg/ha, respectively. Foliage and soil 

samples were collected and groundline diameters measured as described in the field 

procedures above. 

Laboratory Procedures 

The foliage samples collected from both the norm development procedures and the norm 

validation study were oven dried at 65°C and ground to pass through a 20 mesh (1 mm) 

sieve. These samples were then analyzed to determine N, P, K, Ca, Mg, Fe, Mn, B, Cu, and 

Zn concentration. Total Kjeldahl Nitrogen (TKN) was determined by block digestion 

(Bremner and Mulvaney, 1982) of the foliage and subsequent analysis using the ammonia 

salicylate colormetric technique on a Technicon Autoanalyzer IT (1978). P, K, Ca, Mg, Zn, 

Mn, Fe, Cu, and B were determined from dry-ashed samples (Isaac and Kerber, 1971) using 
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inductively coupled plasma spectrometry. 

Soil samples were air-dried, ground, and passed through a 2 mm sieve. 

Anaerobically-mineralizable nitrogen (Keeney, 1982) was determined using the indophenol blue 

colormetric technique on a Technicon Autoanalyzer II (1973). Available P, K, Ca, Mg, Za, 

Mn, Fe, Cu, and B were extracted using the Mehlich 3 extraction (Mehlich, 1984) and 

analyzed using inductively coupled plasma spectrometry. Soil pH was measured using a glass 

electrode in a 2:1 (water:soil) suspension. 

Data Analysis 

DRIS norms were calculated for both the foliage nutrient data and the soil element data. 

Norm sets included micronutrients as well as macronutrients. The derivation of these norms 

and their subsequent validation is detailed in the first paper of the results section of this 

thesis. Discussion of problems in applying DRIS to Fraser fir and the comparison of 

subsequent modifications are detailed in the second paper. All data handling and analysis 

was done using the Statistical Analysis System (SAS, 1985). 
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Paper 1: DRIS Norms for Fraser Fir Christmas Trees 

Introduction 

Fraser fir [Abies fraseri (Pursh) Poir.] is a species with a small native range restricted to 

the higher elevations of the Blue Ridge Mountains in Virginia, North Carolina, and 

Tennessee. It has become a very popular Christmas tree in recent years and is now grown in 

plantations at lower elevations and on a wide variety of soils. Fraser fir is adapted to a 

nutritionally-depauperate native soil environment; however, as a juvenile, it is very responsive 

to nutrient-enriched soils. Most Fraser fir Christmas tree growers fertilize their plantations; 

however, the heterogeneity of the soils and site conditions, the need for annual 

recommendations, and soil sampling inconsistencies render conventional soil fertility testing of 

limited value. 

Foliage nutrient analysis has been shown to be much more sensitive in diagnosing 

nutrient deficiencies in tree crops (Mead, 1984; Powers, 1984; Richards and Leaf, 1971). The 

nutrient balance concept, in conjunction with foliage nutrient analysis, is often favored over 

critical nutrient concentrations (CNC) or sufficiency ranges because optimum growth or yield 

depends not only on nutrient intensity but also on an optimum balance between nutrients 

(Shear et al., 1943; van den Driessche, 1974; Sumner, 1979). 

The Diagnosis and Recommendation Integrated System (DRIS) incorporates the foliage 

nutrient balance concept. It has been used successfully in conjunction with plant tissue 

analysis to diagnose nutrient deficiencies in a host of crops (Riitters, 1990). DRIS compares 

nutrient ratio values developed from a population being diagnosed to the ratio values of a 

reference population. This reference population includes the best yields or growth and is 
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presumed to have optimum nutrition. The nutrient ratios of the reference population are 

referred to as norms. Indices calculated in DRIS analyses represent the mean deviation of 

the test population nutrient ratios from the DRIS norms (Walworth and Sumner, 1987). 

Equations 1 and 2, called standardization equations, illustrate the calculation of the percent 

deviation of a given nutrient ratio from that of the norm: 

f(A/B) = [(A/B)/(a/b)-1](k/CV), [1] 
if a/b < A/B; 

f(A/B) = [1-(a/b)/(A/B)}(k/CV), [2] 
if a/b > A/B; 

where: A/B = test population’s value, a/b = norm value, CV = 
coefficient of variation of the reference population used as a weighting 
factor to make all nutrient ratios comparable to each other, and k = a 
constant to make indices convenient whole number integers. 

Indices calculated in a DRIS analysis represent the mean deviation of the test population 

nutrient ratios from the DRIS norms. A negative index represents a deficiency while a 

positive index represents sufficiency or excess. The closer a given nutrient’s index is to zero, 

the closer it is to being in optimum balance. The order of importance of nutrient 

deficiencies are ranked according to the magnitude of the negative DRIS index value; ie., N 

index = -10 is more limiting than P index = -7 and a Mg index = -2. 

Despite large fertilizer expenditures (10% to 12% of total operation costs) made annually 

by Fraser fir growers, fertilizer recommendations are made with little scientific basis. 

Recently, Hockman et al. (1989a) established standardized foliage sampling procedures for 

Fraser fir. In addition, Kopp and Burger (1990) and Hockman et al. (1990) studied a range 

of growth variables to determine which was most suited for providing a measure of nutrient 

response. They found that diameter measured at ground line was the variable best correlated 

with both Christmas tree grade and tree nutrition. In both studies the authors made 

preliminary DRIS applications to Fraser fir Christmas trees with DRIS norms derived from 
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populations of individual trees or groups of trees from a single location. 

Most DRIS applications involve the use of large data sets containing thousands of 

observations in order to establish DRIS norm values. Because there was no previously 

existing nutrient data set for Fraser fir that included the range in growing conditions and 

management practices required, a DRIS nutrient data base needed to be established. The 

objectives of this study were to develop and test Virginia state-wide DRIS norms for Fraser 

fir foliage using micronutrients as well as macronutrients. The newly-derived norms were 

also tested using a factorial fertilization trial established six years earlier. 

Methods 

Establishment of DRIS Data Set 

One hundred and seven commercial Fraser fir plantations throughout Virgina provided 

the basis for the DRIS norms. These plantations represented a wide geographic range, as well 

as a full range of sites, growing conditions, plantation ages, and management practices. 

Square plots, one-tenth hectare in size, were established within each plantation. Foliage 

and soil samples were taken from randomly selected trees to achieve a 10% sampling 

intensity (approximately 40 trees per plot). Foliage was sampled and composited according to 

procedures established by Hockman et al. (1989a). Soil was sampled using a Hoffer tube to 

a depth of 15 cm and composited. One soil subsample was taken at the drip line of the 

crown of each sample tree. All foliage and soil samples were collected within a narrow 

window of time (October to November) to minimize variation due to seasonal fluctuations in 

foliage nutrient concentrations. Stem diameter was measured at groundline (interface between 

soil surface and tree stem) on the sample trees. Where basal swelling occured, diameter was 
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measured 5 cm up from the groundline. 

Foliage samples were oven dried at 65°C and ground in a Wiley mill to pass a one 

millimeter sieve. Total Kjeldahl nitrogen of the foliage was determined by block digestion 

(Bremner and Mulvaney, 1982) and subsequent analysis using the ammonia salicylate 

colorimetric technique on a Technicon Autoanalyzer. P, K, Ca, Mg, Zn, Mn, Fe, Cu, and B 

were determined from dry-ashed samples using inductively coupled plasma spectrometry. 

Soil samples were air-dried, ground, and passed through a two millimeter sieve. 

Anaerobically-mineralizable NH4*-nitrogen (Keeney, 1982) was determined using the 

indophenol blue colormetric technique on a Technicon Autoanalyzer. Available P, K, Ca, Mg, 

Zn, Mn, Fe, Cu and B were extracted using the Mehlich 3 extraction (Mehlich, 1984) and 

analyzed using inductively coupled plasma spectrometry. Soil pH was measured using a glass 

electrode in a 2:1 (water:soil) suspension. 

Norm Validation Trials 

Two factorial fertilizer trials were established six years earlier in Fraser fir plantations 

located on a high elevation (1340 m) grass bald in the Blue Ridge physiographic province, 

Watauga County, North Carolina. The soil was a fine-loamy, mixed, mesic Typic Hapludult 

with a thick A horizon (20cm+) which was high in organic matter (10-12%), acidic (pH 

5-5.5), and inherently fertile (Hockman, 1986). These plantations were independent of the 

norm data set. 

Each trial was replicated in three plantations of the same age; however, only two 

plantations were available for testing. The trials were made up of plots containing nine trees 

with two buffer rows between each plot. Each plot served as an experimental unit for a 

given treatment combination. Trial number one was a two-way factorial (2 x 2) design with 

two nutrients (N and P) applied at two rates. The N treatments were applied using 
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NH4NO3 at rates of 0 and 43 kg N/ha. Phosphorus was applied using triple superphosphate 

(TSP) at rates of 0 and 67 kg P/ha. Fertilizer was applied annually in May from the trial’s 

inception in 1984 through 1989 or for six growing seasons (Kopp, 1988). 

Trial number two was a single factor experiment located in the same plantations as trial 

number one. Elemental sulfur (S) and dolomitic lime were applied to the soil surface to 

provide a range in soil pH. Sulfur was applied at the rate of 864 kg/ha to obtain a soil pH 

of 4.5. Dolomitic lime was applied at the rate of approximately 9800 kg/ha to obtain a pH of 

6.5. Ambient soil pH was 5.5. In addition, 17-17-17 was applied in the spring of each 

year, and 18-46-0 (DAP) was applied in the fall to provide an annual N, P, and K 

application of 134, 111, and 87 kg/ha, respectively. 

Foliage and soil samples were collected, prepared, and analyzed in the same manner as 

the samples used to develop the DRIS norms. Groundline diameter was measured for each 

plot tree. 

DRIS Analysis 

Because a Fraser fir Christmas tree crop is the culmination of twelve or more years of 

growth as opposed to an annual yield, a growth response variable that was independent of 

tree age was needed. As mentioned earlier, Kopp and Burger (1990) and Hockman et al. 

(1990) found that groundline diameter was best suited as a response variable in Fraser fir 

nutrition studies; therefore, groundline diameter was measured and used. Because diameter 

was not independent of tree age, regression techniques were used to find the functional 

relationship between diameter and tree age for this population (Fig. 1). Adding the overall 

mean of the data set to the regression residual of each data point (mean diameter for a 

plantation) provided a variable that was independent of tree age (Fig. 2). The remaining 

variation in the data was then due to factors other than age, including tree nutrition. The 
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Figure 2. Diameter with removal of age effects for Fraser fir Christmas trees 

in Virginia. 
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age-adjusted diameter (Daqj) was then used in developing the DRIS norms. 

Nutrient ratios using both macronutrients and micronutrients were calculated. The upper 

quartile of the population was used as the "good" subpopulation for determining significant 

variance differences between subpopulations and subsequent norm derivations. 

DRIS indices were calculated using traditional forms of DRIS standardization and index 

equations with some modifications. To maintain balance or symmetry (Righetti et al., 1988) in 

the DRIS indices, the calculations were modified so that when non-significant ratios were 

included, they had no effect on the DRIS indices. The standardization functions of the 

nonsignificant nutrient ratios were simply set equal to zero (e.g., f(Ca/P) = 0 ). Such a 

modification is based on the assumption that nonsignificant ratio values in the "good" 

population can vary as much as those in the “poor” population without influencing tree 

growth. 

Nutrient ratio ranges were used in the standardization calculations as opposed to discrete 

norm values represented by the mean of the "good" population. For the macronutrients, this 

norm range was delineated by subtracting one standard deviation from the mean for the 

lower bound and adding one standard deviation for the upper bound (Elwali and Gascho, 

1984). For micronutrients, the range was delineated by the minimum and maximum values in 

the “good” population. Thus the standardization calculates the mean deviation of the test 

population ratio value from the upper or lower bound of the norm range. Equations 3 

through 5 illustrate the standardization calculations using norm ranges. 
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f(P/N) = [(P/N)/0.1057-1]k/CV, [3] 
if P/N > 0.1057 (upper bound of the norm range); 

f(P/N) = [1-0.0839/(P/N)]k/CV, [4] 
if P/N < 0.0839 (lower bound of the norm range); 

f(P/N) = 0, [3] 
if P/N > lower bound and < upper bound; 

where:P/N = P over N ratio of the test population, CV = the 
coefficient of variation of the norm population, and k = constant to make 
DRIS indices convenient whole number integers. 

This modified version of the DRIS index calculations was used to calculate foliage 

nutrient indices for each treatment on each site in the DRIS validation experiment. A 

progressive diagnosis approach, as outlined by Walworth and Sumner (1987), was used to 

analyze responses in DRIS indices and tree growth to the different fertilization treatments. 

Development of the Dris Norm Data Base 

In order for a set of DRIS norms to be universally applicable, it must be derived from a 

sample which represents the total population being considered; i.e., the sample must represent 

the entire range of site conditions and management practices (Walworth and Sumner, 1987). 

The plantations sampled for this study represented the geographic range of Fraser fir 

Christmas trees grown in Virginia (Fig. 3). The plantations were located in three major 

regions of western Virginia: the northern Blue Ridge, central Blue Ridge and Appalachian 

Ridge and Valley, and the southern Blue Ridge (Table 1). Very few Fraser fir Christmas 

tree plantations are located outside these three regions in Virginia. The number of plantations 
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sampled in each region was proportional to the total number of Fraser fir plantations 

found there. Elevations ranged from 180 m to 1160 m above sea level. The entire range of 

landscape positions was represented, from ridge tops to alluvial flood plains. Soil parent 

materials included granites, gneiss, schist, sandstones, limestone, mixed sediments, and 

colluvium. Soil fertility levels and soil pH varied dramatically (Table 1). 

Management practices ranged from no fertilization through large fertilizer applications 

made twice a year. Weed control ranged from none to complete control (totally bare ground 

over entire plantation). Most of the plantations were grown from a Mount Rogers, Virginia 

or a Roan Mountain, North Carolina seed source. Plantation ages ranged from 1 through 12 

years. Few plantations remain unharvested beyond age 9. 

Table 2 lists the chosen norm ratios, their means, lower and upper bounds of the norm 

range, variances, and coefficients of variation for both the "good" and the "poor" populations, 

plus the F-test level of significance for the variance differences test between the populations. 

A total of 55 ratios were used in the calculation of the indices, of which 13 were 

nonsignificant. A somewhat larger than usual alpha level of 0.15 was chosen to test the 

significance of the variance differences between the "good" and "poor" populations. It was 

reasoned that it would be better in this case to commit a type I error and include marginally 

significant or discriminatory nutrient ratios than to commit a type II error and leave out 

ratios that may really have been discriminating. 

Possibly due to the limited size of the norm survey data set, certain aberrations in 

traditional DRIS assumptions occurred. Ideally, all nutrients being tested will be represented 

in some nutrient expression in the calculation of every other nutrient’s DRIS index (DRIS 

symmetry). In this way it can be said that N, for example, is deficient relative to every other 

nutrient included. However, not all nutrient combinations were discriminatory or produced 

significant ratios in the DRIS norm data set; e.g. N/DM, Ca/N, and B/N were 
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Table 2. ORIS norms, norm ranges and associated scaciscics for Fraser fir foliage. 

Virginia State-wide survey. 

  

ste eescecces Good Population------------ ----Poor Populacion----- 
Nora Lower Upper F-tesc! 

Vv Nv 2v. 

setceceee (2) --------0- -°(Z)}-- 

N/DOM 2.0671 2.283 2,499 0468 9.47 2.201 0748 = 12.43 .186 ns 
P/OM . 1956 .215 234 . 0004 9.03 .217 .0009 13.45 026 wre 
K/DM -6372 . 732 .827 .0090) 112.94 . 662 0127. 17.02 .330 ns 
Ca/DM -3118 .374 436 .0039 16.61 -413 0069 20.11 102 +* 
Mg/DM .0614 .076 .O91 .0002 19.46 .098 .0016 38.17 0001 re 
Zn/DM .0010 .009 .030 .O0OOL 45.78 .010 .060L 100.08 104 * 
Mn/DM .O155 .052 .L74 .0013) 70.72 .067 .0022 70.61 .155 * 
Fe/DM .0036 .005 .006 .0000 §=611.30 .006 .0000 51.58 0001 re 
Cu/0M -00034 .00047 .00059 .0000)=:12.41 .00045 0000 =—-:18.52 066 ree 
5/OM .0016 .003 .007 -0000 40.66 .003 .0000 43.14 .597 ns 
P/N .0839 .095 - 106 -Q00L 11.52 . 100 9004 19.48 002 re 
N/K 2.6561 3.174 3.692 -2680 =16.31 3.425 5077) 9-24.46 .074 +# 
Ca/N - 1267 - 166 .205 -OO1S 23.59 .190 0018 22.37 .654 ns 
Ng /h .0261 .034 042 .00OOL 22.70 .066 .0004 42.89 0001 twee 
Mn/N .0062 .023 .072 .0002 65.47 .030 .0006 68.40 053 
Fe/N -0016 .002 .003 .0000 12.87 .003 .0000 57.44 000] rrer 
Zn/N - 0006 004 .O13 .0000 84.34 -005 -0000 101.38 064 rr 
Cu/N -00015 .00021 .00023 .0000 9.73 - 00021 -0000 14.34 .034 row 

5/N .0007 .0014 .003 -0000 43.61 0015 .0000 44.97 .551 ns 
eK 2595 .297 -335 0016 = 12.73 . 334 0030 16.28 .043 oe 
Ca/P 1.4298 1.750 2.070 -1026 18.30 1.926 1788 = =—21.95 -119 * 
Mg/P - 2827 .357 -431 -0055 20.76 .460 0383 42.56 0001 tre 
zn/P - 0069 062 129 0012 83.71 049 0026 103.81 067 ror 
Mn/P -9715 .238 841 .0270 69.00 314 0830 §=73.32 -061L 
Fe/P 0174 -021 .929 -0000 15.13 027 .0003 58.42 000] sre 
P/Cu 334.3 462.6 619.6 4232.4 14.07 495.8 12486.8 22.54 004 irene 
B/P .0073 .O15 .029 .9000 39.13 OLS .0000 46.41 .236 ns 
Ca/K . 4057 -321 .638 0135) 9-22.25 6546 0481 33.55 00] sre 
Mg/K -0776 . 107 - 136 .0009 = 27.50 . 160 -0096 60.34 .000L te 
Zns/K .0016 .013 043 .000L 89.35 -O16 .0003 106.24 021 tre 
Mn/K .0201 .072 .289 .0032 78.40 -105 0063 75.91 .057 ** 
Fe/X . 0047 . 006 .009 .0000 818.58 .009 .0000 65.72 000. ree 
K/Cu 1137.4 1575.4 2425.3 82263.8 18.21 1506.8 L50751.0 25.77 089 re 
B/K - 0022 004 .010 .0000 «41.79 .005 .0000 «38.37 .829 ns 
Mg/Ca .1707 . 206 241 -0012. 17.07 . 260 0065) 33.71 .000L eres 
zn/Ca .0025 -024 .075 .0004 82.78 026 .0008 106.05 067 +° 
Ca/Mn 2.3120 10.10 24.31 32.65 56.38 9.506 53.62 77.05 158 * 
Fe/Ca .0073 .012 -O18 .0000 20.20 -O15 .0001 60.84 .000L reer 
Ca/Cu 531.07 612.7 1572.0 49461.1 27.36 951.3  81705.0 30.05 157 * 
Ca/8 50.05 136.4 283.5 2671.7 37.90 150.7 4518.8 44.61 -139 * 
Zn/Mg -0156 -119 . 347 .0091 380.26 -116 -OL19 = 94.33 456 ns 
Mg/Mn .3696 2.057) 4.922, 1.3276 = 556.01 2.393 4.4927 88.59 001 ree 
Mg/Fe 11.5546 16.85 22.79 11.87 20.45 18.88 34.82 0-39.21 0002 #92 
Mg/Cu 98.850 165.2 261.9 1699.0 24.97 231.7 16122.9 © 54.30 .000L ree 
Mg/B 10.940 28.41 62.12 168.2 45.66 37.16 606.5 66.27 00] sere 
Zn/Mn . 0058 292 = 1.508 1817) (33.40 265 2043 170.87 409 ns 

in/Fe -19391 2.066 «=6.731 803.2736 = 88.45 1.953 3.6280 97.53 .816 ns 
zn/Cu 2.4270 19.68 80.16 333.5 92.82 23.63 608.9 104.41 .093 
zn/B -1905) 3.469 «17.72, «13.613 (06.35 3.602 13.73 102.88 1.000 ns 
Fe/Mn . 0299 . 122 .275 .0050 $8.12 132 0139 89.48 010 errr 
Mn/Cu 30.645 112.3 4666.5 7972.7 79.51 131.2 10629.0 67.55 .456 ns 
Mn/B 3.2170 17.91 44.39 123.7 62.10 23.11 298.6 74.78 016 re 
Fe/Cu 7.8770 89.897 13.95 2.6513 16.45 13.35 67.34 61.48 0001 *#++ 
Fe/S -7890 1.579 2.796 .2699 31.66 2.107 1.8189 64.01 000] *9re 
B/Cu 3.4031 6.713 15.13 9.0083 44,71 7.365 12.44 47.89 .356 ns 
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non-discriminating ratios (Table 2). For this reason, the standardization function 

of nondiscriminating nutrient ratios were set equal to zero. 

Another problem was encountered with the use of micronutrients in the DRIS analysis. 

Certain micronutrients varied greatly in foliage concentration without being deficient or toxic. 

Such widely ranging nutrients and their associated nutrient ratios result in the calculation of 

extreme DRIS indices when using "standard" DRIS methodology. These extreme indices often 

did not represent real nutrient imbalances. Thus, norm ranges were developed and used in 

the standardization calculations instead of discrete norm values (ratio means). 

Preliminary Test of DRIS Norms 

The DM index of zero for treatment NgPgKgCagMgpSp (control) in test plantation 1 

shows that nutrient concentrations relative to DM were in balance; therefore, no nutrient 

deficiencies occurred, but relative imbalances occurred between N, P, and K (Table 3). 

Phosphorus was the most imbalanced nutrient relative to all other nutrients. Thus, when P 

was applied in the NoPg7KgCagMgoSp treatment, the imbalance was alleviated and a 

concomitant 22% increase in diameter was realized. Foliage P concentration also increased, 

further confirming the imbalance diagnosed in the control. A secondary marginal N 

deficiency or imbalance was also found in the control treatment. Again, the application of P 

alone worsened the N imbalance even though the growth response induced by P resulted in 

increased uptake of N by the trees and higher foliage N concentrations. In addition, 

imbalances in Mn and Fe were induced. When N alone was added in the 

N43P9KgCagMggSp treatment, the N imbalance was eliminated and diameter increased. 

However, the diameter increase was only half that achieved by the previous treatment, 

thus reflecting the secondary nature of the original N imbalance. 
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Table 3. ORIS indices and nutrient concentrations for Fraser fir foliage collected 

from test plantation 1 in the North Carolina fertilization trial. 

  

  

  

  

  

  

Treatment DORIS Indices Tree 

N Pp K Ca Mq $ OM NW PK €g Mg Zn Mn Fe Cu 8 NBI Dia, 

wastesese (kg/ha)---------- (rma) 
0 0 0 0 >) 0 0 -i 6 6 0 0 0 0 0 9 13 54 

0 67 0 0 0 0 0-5 6 6 0 0 0-5 -3 0 2s 

43 0 0 0 0 0 0 6002 +2 000 0 4 60 

43 67 9 0 0 0 0-3 #5 4 -7' +O 80 0 90 20 19 58 

134 111 87 0 0 Q 0-3 03 000 0 0 90 6 68 

134 111 87 0 Q 864 0 011 0 8-31 0 206-% 3 90 60 

134 111 87 9862 491 0 06-4 -2~ 5 «808 0 0 GG 8 OO 11 7% 

Treatment . Nutrient Concentration Soil 

a a a? ee W p Ks og tn in Fe Cu B pH 

crescowses kg/ha----------- were eer ec cw ecer ec cw were c cen $n conse cercccena ces cccencenerecces 

09 09 08 O88 @O@ O 2.13 .20 .81 .37 .068 .005 .024 .0039 .0006 .0023 5.5 

0 667 0 0 0 0 2.26 .27 .92 .61 .08 .011 .016 .0044 .0004 .0023 5.6 

43 0 0 0 6 0 2.17 .21 .8% .40 .066 .010 .023 .0040 .0006 .0025 5.2 

43. 67 Q 0 0 0 2.10 .25 .83 .32 .076 .006 .026 .0046 .0006 .0023 5.3 

134 111 87 0 Q 0 2.16 .26 .85 .38 .077 .004 .039 .0045 .0006 .0022 4.4 

134 111 87 0 0 8% 2.26 .27 .80 .46 .065 .005 .260 .0046 .0004 .0023 5.4 

134 111 87 982 491 0 2.235 .@ .90 .39 .08 .012 .018 .0049 .0006 .0018 6.6 
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Addition of sulfur acidified the soil and made Mn more available for tree uptake. 

This resulted in the aggravation of Mg and Fe uptake. The addition of lime resulted in 

balanced nutrition and the best diameter response. 

A similar approach was used to assess the DRIS norms as they were applied to the 

second test plantation. A positive DM index associated with the control treatment indicated 

that one or more of the nutrients with a negative index (Ca, Mg, or Mn) was deficient 

(Table 4). The lowest index was -25 for Mn, but the addition of P alone, N alone, and the 

combination of the two alleviated the Mn deficiency presumably by affecting Mn availability 

and uptake chemistry. Increases in diameter were associated with the P applications, although 

P was not in relative deficiency in the control. Adding N alone created a N, P, K imbalance 

that may have suppressed diameter response. 

The addition of K in the N134P,1;Kg7CagMgpSp treatment where K was in relative 

excess, induced a Mg deficiency. A more severe Mg deficiency occurred when sulfur was 

applied. Acidifying the soil increased Mn availability. In spite of the Mg deficiency, there 

was still a positive growth response in diameter. Yet, with the addition of lime, the original 

Ca, Mg, and Mn deficiencies in the control were alleviated, the best overall nutrient balance 

was achieved (NBI=13), and the best growth response occurred. In addition, the nutrient 

concentrations of Ca, Mg, and Mn (Table 4) increased compared to the concentration levels 

of these elements in the control treatment to levels approximating the norm values. This 

confirms the original diagnosis made in the control. 

Foliage Mn concentrations appeared to be closely related to soil pH (Fig. 4). Mn is 

known to be more soluble in the soil solution and more available for plant uptake at a lower 

pH (Tisdale et al., 1985; Marchner, 1986). Mg also appeared to be closely related to soil pH 

even when the limed plots were disregarded (Fig. 5). Consequently Mg was also closely 

related to Mn concentrations (Fig. 6). This relationship may actually contain a synergism. It 

Results 36



Table 4. DRIS indices and nutrient concentrations for Fraser fir foliage collected 

from test plantation 2 of the fertilization trial in North Carolina. 

  

  

  

  

  

  

Treatment DRIS Indices Tree 

N P K Ca_ Mg $ OM Ww oP K Ca Mg Zn Mn Fe Cu NB8I Dia. 

seeceeeee (kg/ha)---------- (am) 
0 0 0 0 0 9 5 1 5 1% -2 -2 0-25 0 0 54 54 

0 67 0 0 0 0 0-7 7 15 -§ -6 0 0 0 90 44 67 

43 0 0 0 0 0 0-7 -9 14 0 0 90 0 0 9 32 54 

43 67 0 0 0 0 0-4 4 9 9 90 D0 DO O BD 26 &é 

134 111 87 0 Q 0 10 9 3 6-™@% O 5 11 QO 67 &4 

134 111 87 0 0 864 3 11 #4& %9 67 #0 3% 6 90 131 64 

134 111 87 982 491 0 0-65 6OWlUSKmlUCti‘ Oe:ClCUClCOC 13 6&8 

Treatment Nutrient Concentration Soil 

N P K Ca_ Mo 6S N Pp K Cag gn Min Fe Cu 8 _PH 

wecressess (KG/NA)--eeeeee = were nee nese ener nee w en re ee (R) oc re cer cersereccrsecceesees 
0 0 0 0 0 0 2.22 .22 .87 .3% .064 .005 .011 .0055 .0005 .0028 5.2 

0 667 0 0 0 0 2.21 .2 .93 .33 .066 .009 .028 .0057 .0005 .0024~ 5.3 

43 0 0 0 0 0 2.26 .22 .93 .40 .076 .007 .019 .0057 .0005 .0028 5.5 

43. 67 0 0 0 0 2.26 .25 .90 .33 .076 .012 .038 .0054 .0005 .0041 5.2 

134 111 87 0 0 0 2.27 .2 .8 .40 = .061 .008 -192 .0064 .0005 .0046 4.3 

134 #111 87 0 0 8% 2.26 .25 .82 .45 .058 .005 .305 .0062 .0004 .0029 4.6 

134 111 87 982 491 0 2.35 .27 .98 .45 .077 .014 .061 .0060 .0005 .0025 5.8 
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Figure 4. Fraser fir foliage Mn concentrations as a function of soil pH for the 
North Carolina test plantations. 
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Foliage Mg Concentration (%) 
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Figure 5. Fraser fir foliage Mg concentrations as a function of soil pH for the 
North Carolina test plantations. 
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Figure 6. Fraser fir foliage Mg concentration as a function of foliage Mn 
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is well known that Mg is more available at higher soil pH levels. As soil pH drops, not 

only does Mg availability decrease due to pH alone, but increased Mn availability competes 

directly for root exchange sites between the two elements as well as selective blocking of 

exchange sites by Mn against Mg (Marschner, 1986). In addition, Mn has been found to 

compete with Mg in various plant metabolic reactions (Heenan and Campbell, 1981). 

It is uncertain whether the magnitude of the Mg and Mn deficiencies and excesses truly 

reflect their importance relative to other nutrients. Those treatments with large Mn indices 

exhibited no outward Mn toxicity symptoms. Righetti et al. (1988) discuss, at length, biases 

in DRIS associated with unequal magnitudes of variation between different nutrients. The 

norm ranges were designed to equilibrate these disparities in variation between nutrient ratios. 

Mn may not be directly toxic, but it may in part be the cause of Mg deficiencies. 

This preliminary test shows that interactions among nutrients relative to their availability 

and uptake chemistry is clearly a factor that must be considered in diagnosing tree nutrition 

and prescribing fertilizers. The inclusion of micronutrients, as well as macronutrients, in the 

DRIS analysis was necessary in order to properly diagnose the many interactions among 

nutrients that could influence this crop. 

Conclusions 

The DRIS norm data set represented the range of site and management conditions for 

Fraser fir Christmas trees grown in Virginia. Plantations were sampled in each of the major 

geographic regions in Virginia where Fraser fir Christmas trees are grown. A _ broad 

spectrum of growing conditions which differed in elevation, landscape position, soil properties, 

and management practices provided the diversity necessary to produce a "universally" 

Results 41



applicable set of DRIS norms for Fraser fir in Virginia. 

The preliminary test of the norms provided some encouraging results. Most of the 

diagnoses were logical; however, these trials were not particularly well suited for allowing a 

straightforward evaluation of the norms. Applying fertilizer to the already-nutrient-enriched 

system mostly served to cause shifts in relative balances rather than eliminating true nutrient 

deficiencies. 

The importance of including micronutrients in the DRIS analysis was evidenced by the 

Mn-Mg interactions which occurred in the test trial. Diagnosing macro- and micronutrient 

interactions will lead to better nutrient diagnosis interpretations. 

Applying the norms to this fertilization trial elucidated some of the problems and benefits 

of augmenting a DRIS analysis with foliar micronutrient indices. Further testing is required 

before these norms are used routinely to diagnose Fraser fir Christmas tree nutrition on a 

production level. 
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Paper 2: DRIS Modifications for Fraser fir Christmas trees 

Introduction 

DRIS has been used to diagnose the nutrition of a host of crops, from corn and alfalfa 

to hazelnuts and hybrid poplar (Sumner, 1977; Kelling et al., 1981; Righetti et al., 1988; Kim 

and Leech, 1981). Most research shows that DRIS is a very useful plant nutrition diagnostic 

tool; however, many authors cite various problems in applying DRIS to certain crops. Several 

have proposed modifications to traditional DRIS methods in order to circumvent the 

problems. 

A common dilemma for researchers dealing with tree crops is the selection of a suitable 

measure of "yield." For most agronomic crops such as wheat or corn, a measure of crop 

production expressed as mass or volume per unit area (kg/ha) is used as an expression of 

yield. For Fraser fir [Abies fraseri (Pursh) Poir.], a measure of yield based on biomass per 

unit area is of no consequence since the final product’s value is based on a subjective 

estimate of overall tree quality called "Christmas tree grade." Because tree grade is so 

subjective and nearly impossible to apply to very young Christmas trees (a five-year-old 

Christmas tree does not resemble in size, shape, or appearance a harvestable Christmas tree), 

some other measure of tree vigor and quality was needed. 

Hockman et al. (1990) and Kopp and Burger (1990) assessed a variety of Fraser fir 

Christmas tree growth variables and concluded that stem diameter measured at ground line 

was best associated with tree quality and most responsive to nutrient manipulations. However, 

these authors only reported results for a single tree age and did not address the fact that 

Fraser fir Christmas trees require 12 or more years from germination to reach a harvestable 
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age. Ground line diameter increases with age thus rendering a traditional DRIS 

norm-discrimination approach unworkable. — 

Another problem frequently encountered is obtaining enough significant nutrient ratios in 

standard DRIS methodology to attain balanced index equations (symmetry). Jones (1981) 

noted that the more observations there were in the DRIS data set, the more ratios there 

were that were significant (variance of good population significantly smaller than variance of 

poor population). Jones’ observation was corroborated by Letzsch and Sumner (1984) for 

corn. To overcome asymmetry in small DRIS data sets, Jones (1981) proposed using 

significant differences between good and poor population means as a secondary criterion 

for determining a ratio’s significance or importance. Righetti et al. (1988) had 

similar problems in establishing norms for hazelnut and sweet cherry; however, they 

suggested that using asymmetrical indices may still provide valid DRIS diagnoses. 

The inclusion of micronutrients in the DRIS analysis also presents new problems and 

interpretation challenges. Righetti et al. (1988), found that certain ratios, particularly those 

involving micronutrients, exhibit a broad range in variation many times greater than most 

macronutrients. Minimum or maximum expected ratio values of certain micronutrients can be 

up to thirty times less than, or greater than, their mean in the "good" population. This 

contrasts with other nutrients such as nitrogen and phosphorus which may range less than two 

times the mean ratio value. The traditional standardization of these inherently-variable ratios 

using the coefficient of variation does not sufficiently correct for these large disparities in 

ratio variability and may lead one to diagnose a deficiency that does not exist. 

Another factor that may lead to misleading diagnoses is the use of an absolute or 

discrete norm value. Elwali and Gascho (1984) proposed using a norm range instead of a 

discrete norm value in the DRIS standardization calculation in order to overcome this 

problem. This was accomplished by setting the function of a given ratio equal to zero [e.g., 
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F(P/N)=0] if the value of that ratio was within +1 standard deviation (S.D.) of the norm 

value. Beaufils (1971) provided a precendent for this by using a 4/3 and 8/3 standard 

deviation rule to distinguish between no deficiency (within 4/3 S.D. of norm), mild 

deficiency (between 4/3 and 8/3 S.D.) and extreme deficiency (>8/3 S.D.). 

Very few applications of soil norms have been made. Beaufils and Sumner (1976) used 

soil norms to diagnose sugarcane nutrition. They concluded that a DRIS soil analysis 

complements the DRIS plant tissue diagnosis, and they further argued the importance of 

maintaining nutrient “balance within both plant and soil.” 

The purpose of this study was to resolve these problems as they were encountered in 

applying DRIS to Fraser fir Christmas trees. Specifically, attempts were made to 1) establish 

an age-independent growth variable for the purpose of finding discriminating ratios for DRIS 

norms; 2) overcome the problem of asymmetry in DRIS index equations; 3) overcome the 

problem caused by the inclusion of extremely variable micronutrients in the DRIS analysis; 4) 

compare the use of discrete norms versus sufficiency ranges; and 5) test the usefulness of soil 

DRIS norms for diagnosing Fraser fir nutrition. 

Methods 

No region-wide Fraser fir DRIS data base had previously been published. Therefore, it 

was first necessary to assemble tree nutrient and growth data for a wide-ranging population of 

Fraser fir plantations. A survey approach was used whereby 107 commercial Fraser fir 

Christmas tree plantations were sampled throughout Virginia. These plantations represented 

the full range of sites, growing conditions, plantation ages, and management practices for this 

species (Rathfon, this volume) 
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Square plots, one-tenth hectare in size, were established within each plantation. Stem 

diameter (D) measured at the ground line (interface between soil surface and tree stem) was 

recorded for 40 randomly selected trees in each plantation. Where basal swelling occured, 

diameter was measured 5 cm from the ground line. Current-year shoots were clipped from 

40 randomly selected trees in each plot and composited. A single 2.5-cm long segment was 

clipped from the middle of each shoot. These segments were then oven-dried at 65°C and 

the needles stripped and weighed to provide a mean needle weight (NW) per 2.5-cm segment 

for each plantation. The needles were ground in a Wiley mill to pass a 1 mm sieve. 

Total Kjeldahl nitrogen was determined by block digestion (Bremner and Mulvaney, 1982) 

of the foliage and subsequent analysis using the ammonia salicylate colorimetric technique on 

a Technicon Autoanalyzer II (1978). P, K, Ca, Mg, Zn, Mn, Fe, Cu, and B were determined 

from dry-ashed samples using inductively-coupled plasma spectrometry. 

Soil samples to a 15-cm depth were collected using a Hoffer tube from the same trees 

from which foliage was sampled. Soil samples were air-dried, ground, and passed through a 

2-mm_ sieve. Anaerobically-mineralizable nitrogen (Keeney, 1982) was determined using the 

indophenol blue colormetric technique on a Technicon Autoanalyzer II (1973). Available P, 

K, Ca, Mg, Zn, Mn, Fe, Cu, and B were extracted using the Mehlich 3 extraction (Mehlich, 

1984) and analyzed using inductively-coupled plasma spectrometry. Soil pH was measured 

using a glass electrode in a 2:1 (water:soil) suspension. 

DRIS norms were derived for both foliage and soil using both needle weight and tree 

diameter as response variables. Norms were tested using a progressive diagnosis approach 

similar to that used by Walworth and Sumner (1987). 

Two fertilizer trials co-located in a Fraser fir plantation located on a high elevation (1340 

m) grass bald were used to test the norms. These trials were independent of the DRIS 

norm data set. The soils on these sites had thick A horizons (over 20 cm), were high in 
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organic matter, and were inherently fertile (Hockman, 1986). 

Trial no. 1 was a two-way factorial (2x2) with two nutrients (N and P) applied at two 

different rates. The nitrogen (N) treatments were applied using NH4NO3 at rates of 0 and 

43 kg of elemental N per hectare. Phosphorus (P) was applied using triple superphosphate 

(TSP) at rates of 0 and 67 kg of elemental P per hectare. Fertilizer was applied annually in 

May from the trial’s inception in 1984 through 1989 for a total of six growing seasons. 

Trial no. 2 was a single factor experiment in which the effect of adding dolomitic lime at 

a rate of 9823 kg/ha (982 kg/ha and 491 kg/ha of elemental Ca and Mg, respectively) was 

assessed. In addition, 17-17-17 was applied in the spring of each year and 18-46-0 (DAP) 

was applied in the fall to all plots. This resulted in an annual elemental N, P, and K 

application of 134, 111, and 87 kg/ha, respectively. 

Comparisons were made between DRIS analyses of the fertilizer trial results using three 

DRIS method variations. Method 1 used standard DRIS methodology to calculate indices 

which included all nutrient combinations regardless if a particular combination produced a 

significant ratio (Hockman et al., 1989b; Beaufils and Sumner, 1976). Method 2 included only 

those nutrient ratios that were significant (Righetti et al. 1988). Method 3 set the 

intermediate function or standardization calculation for all nonsignificant nutrient ratios equal 

to zero (e.g., f(P/N)=0 ) and used this in the final index calculation. 

In addition to discrete norm values, (ratio means) sufficiency ranges (norm ratio ranges) 

were calculated and used in the standardization equations for subsequent calculation of DRIS 

indices. For macronutrients, this norm range was delineated by subtracting one standard 

deviation from the mean for the lower bound and adding one standard deviation for the 

upper bound (Elwali and Gascho, 1984). For micronutrients, the range was delineated by the 

minimum and maximum values in the "good" population. This corresponded to the 

intersection of the yield value delineating the "good" and "poor" populations and the boundary 
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lines depicting deficient and excess nutrient parameters (Fig. 1 and 2). Thus standardization 

equations calculate the mean deviation of the test-population-ratio value from the upper or 

lower bound of the norm range. The standardization equation using the discrete norm 

approach is illustrated in equations 1 and 2 using the P/N ratio as an example. Equations 3 

through 5 illustrate the norm range standardization calculations using the P/N ratio as 

an example: 

f(P/N) = [(P/N)/0.0948-1]k/CV, (1] 
if P/N > 0.0948 (discrete norm); 

f(P/N) = [1-0.0948/(P/N)]k/CV, [2] 
if P/N < 0.0948; 7 

f(P/N) = [(P/N)/0.1057-1]k/CV, [3] 
if P/N > 0.1057 (the upper bound of norm range); 

f(P/N) = [1-0.0839/(P/N)]k/CV, [4] 
if P/N < 0.0839 (the lower bound of norm range); 

{(P/ N) = 0, [5] 
if P/N < upper norm bound and > lower norm bound; 

where: P/N = the P over N ratio of the test population; CV = the 
coefficient of variation of the norm population; and k = a scaling factor to 
make DRIS indices convenient integers. 

Comparisons were made between the discrete norm approach and the norm range 

method. Soil data were also analyzed using the norm range approach. However, the 

minimum and maximum values in the "good" population were used to set the upper and 

lower bounds of the norm range for macronutrient ratios as well as micronutrients ratios. 
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Figure 1. Age-adjusted diameter as a function of the Mg/Ca ratio for 
foliage collected from the Virginia Fraser fir Christmas tree 
nutrition survey. 
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Figure 2. Age-adjusted diameter as a fuaction of the Ca/Mn ratio for foliage 
collected from the Virginia Fraser fir Christmas tree nutrition 
survey. 
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Results and Discussi 

Growth Response Variable Selection 

Unlike diameter, it was reasoned that needle weight should fit the criteria for an ideal 

age-independent growth response variable. Timmer and Morrow (1984) cited studies where 

significant correlations were found between needle weight and tree diameter, diameter growth 

being a well established measure of forest tree response to soil fertility. However, needle 

weight (NW) in young Fraser fir trees is very much a function of tree age (Fig. 3). Therefore 

it was necessary to separate the variation in needle weight due to age from that due to other 

factors such as nutrition. Adding the regression residuals of the NW/tree age relationship to 

the overall NW mean for the entire data set removed the age-induced variation in NW from 

the total variation (Fig. 4). The remaining variability in the data set (Fig. 4) was attributed 

to factors other than age, including tree nutrition. The same procedure was used for 

adjusting stem diameter. (Figs. 5 and 6). 

The relationship between age-adjusted needle weight (NWadj) and age-adjusted diameter 

(Daqj) was significant (P=0.0001); however, the linear relationship between the two variables 

was weak (R*=0.24) (Fig. 7). The horizontal and vertical reference axes in figure 7 delineate 

the "good" versus “poor" populations for Dadj and NWadj respectively. The "good" 

plantations delineated on the basis of Dadj were not necessarily the same plantations 

delineated "good" by NWadj: there was very little overlap between the two good populations. 

Therefore, the variable chosen for deriving the norms could result in very different sets of 

norms and ultimately very different diagnoses. 

Since needle weight is age-dependent in juvenile Fraser fir, there is no advantage in using 

it over diameter as a nutrition response variable. Dadj resulted in many more significant 
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Figure 3. Needle weight - tree age relationship for Fraser fir in the Virginia 
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Age-adjusted Needle Weight 
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Figure 5. Diameter - tree age relationship for Fraser fir in the Virginia 
Christmas tree nutrition survey. 
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Figure 6. Diameter with removal of age effects for Fraser fir in the Virginia 
Christmas tree nutrition survey. 

Results 55



Age-adjusted Needle Weight 
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nutrient ratios than did NWadj: thus indicating that diameter produced nutrient ratio 

populations which more closely approached the DRIS normality assumption. Based on these 

criteria, plus the precedence for using diameter as a response variable in Fraser fir (Hockman 

et al, 1990 and Kopp and Burger, 1990) and other tree crops, the Dadj norms were chosen 

for all subsequent DRIS analyses. 

Use of Nonsignificant Ratios 

Not all nutrient ratios produced normal distributions. Nutrients that were discriminatory in 

a ratio with another nutrient were not always discriminatory in ratios with all other nutrients, 

thus leading to asymmetrical indices (method 2). The nutrient boron, for example, has only 

four discriminating ratios (Ca/B, Mg/B, Mn/B, and Fe/B) out of a possible 10. Even a large 

norm data set may result in certain non-normal nutrient ratio distributions (Beverly, 1987). 

Including nonsignificant ratios in the index calculations for the purpose of maintaining DRIS 

symmetry (method 1) may result in biases where such nonsignificant ratios exert too much 

influence on a diagnosis. This is illustrated in Figures 8 and 9 where the nonsignificant 

K/DM index has a CV=13 and the significant Mg/K has a CV=28. 

Instead of just discarding these nonsignificant ratios as proposed by Righetti, et al. (1988) 

another alternative was to set the intermediate function or standardization calculation equal to 

zero (as described earlier) and use it in the final index calculation (method 3). This assumes 

that the nonsignificant ratio in question is not playing a role in the nutrition of the trees in 

the norm population; that is, the ratio values for trees in the good population could vary as 

much as those in the poor population without affecting tree growth. This allows the 

calculation of symmetrical indices, or indices which sum to zero. Thus it can be said 

that every nutrient index is linked to, or is a function of, every other nutrient index 

in the analysis. 
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Age-adjusted Diameter 
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A comparison of the indices calculated using the three methods shows a DM excess in 

the control trees which was nearly corrected in the fertilized trees (Table 1). The 

tree diameter (Dad) responded by increasing from 54 mm to 74 mm. Although nutrient 

concentration increased in the foliage (Table 2), the treatment created a slightly 

greater imbalance, especially as the lime treatment induced some negative indices for 

several micronutrients. In method 3 the indices for such nutrients as Zn, Mn, and B 

were consistently lower than their counterparts in methods 1 and 2. These same 

nutrients had at least two nonsignificant ratios for which the standardization equations 

were set equal to zero. Method 1 allowed the unrestricted inclusion of nonsignificant 

nutrients and thus resulted in certain nutrients being more deficient or more in excess 

("over-diagnosis") relative to those nutrient indices which were based on a greater 

number of significant indices. 

The comparison of the diagnoses of the three methods using this preliminary test 

does not definitively justify the use of one method over the other; however, it 

demonstrates that the NBI of method 3 is more conservative thus reducing the probability 

of “over-diagnosing" an imbalance. Because nonsignificant nutrient ratios may frequently 

be encountered in DRIS analyses, it is important to maintain a correct theoretical basis 

for any modifications used to overcome such limitations. Method 3 has a better 

theoretical basis in that the effect of non-discriminating nutrient ratios on DRIS 

indicies are minimized while allowing their inclusion in the index equations to provide 

symmetrical indices and an interpretable NBI. 

Including Micronutrients in the Diagnosis 

Manganese, in particular, created problems in this study when micronutrients were 

included in the DRIS diagnosis. For the relationship between the discrete norm-based Mn 
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Table 1. ORIS indices for Fraser fir foliage data of the fertilization trials. 

A comparison of three methods. 

  

  

Treatment DORIS Indices Tree 

NP K Cag Methog* w PK Ca Ng Zn Mn Fe Cu 8 0M NBI Dis, 
tettsees (kg/ha)--------- (ma) 

0 @ 0 oo @ 1 3°12 3 -1 -7 -8 -5 & -3 7 68 56 

134 111 187 982 491 1 0 1% 2 5 4-18 5 0-16 1 & 74 

2 -1 -1° «13 5 3-18 6 -6 -9 1 + 

3 -1 -1— «10 5 2-15 5 -5 -4 1 48 N
 

  

‘asymmetrical indices do not produce NBI’s which are comparable. 

euethod 1 includes all ratics in the analysis, regardless of their significance; 

method 2 includes only significant ratios in the analysis; 

method 3 uses nonsignificant ratios but sets their standardization function equal to 0. 
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Table 2. DRIS indices for Fraser fir foliage collected from the fertilization trials; 

calculated using discrete norms. 

  

    

  

  

    

Treatment DRIS Indices Tree 

N Pp K Ca Mg N PK Ca Mg 2n Mn Fe Cy B DOM NBI Oia. 

trttcese (kg/ha)-------- (mm) 

0 0 0 0 0 2 -4 10 3 -2 -§ -7 -5 2 0 6 40 5% 

0 67 0 0 0 -1 9 10 3 § 1-19 -2 -5 O -1 57 66 

43 0 0 0 0 1 -1 8 5 -5 OF -8 -5 0 1 4 XM 6 

43. 67 0 0 0 -2 10 9 -5 1 -64 -6 3 -9 0 3 48 58 

13%4 111 87 0 0 -1 6 9 2 1 -7 #90 0 -9 -2 2 38 & 

134 111 87 982 491 “1 -1 10 #2 5 2-15 5 -5 -&6& 1 68 7% 

Treatment Nutrient Concentration 

NP « Ca Mg ON p K Co Mg  %n Mn Fe Cu B 
rateeeee (kg/ha)---- nen teen eee e nee e nee rete n en nn nn (Keen cere eer creceessccesencces 

0 0 0 0 0 862.13 .20 «8! -37 ©=©3©—.068 ~=.005 .024 .0039 .0004 .0023 

0 8667 0 0 0 2.26 .27 3 .92~ .4!1 -086 .011 .016 .0044 .0004 .0023 

43 0 0 0 0 2.17 .2!1 81 40 -066 .010 .023 .0040 .0004 .0025 

43 67 0 0 0 2.10 .25 .a& 32 -076 .006 .026 .0046 .0004 .0023 

134 111 &7 0 0 2.18 .26 3 .85 -38 .077 .004 .039 .0045 .6004 .0022 

1% 111 87 982 491 2.25 .23. .90 93 .39 8.083 .012 .018 .0049 .0004 .0018 
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index and tissue Mn concentration, the Mn index appeared to be almost totally 

controlled by the Mn concentration of the tissue when Mn concentrations were above 

0.04%; it was nearly a perfect linear relationship (Fig. 10). Figure 10 contains data 

from additional replications of these trials, thus accounting for the number of data 

points displayed. If the Mn index was a function of all nutrients, then there should 

have been more variation displayed in this relationship. Wide differences in the 

possible range of Mn tissue concentration in Fraser fir foliage was responsible for this 

phenomenon. In this case, Mn concentrations of foliage collected from the fertilizer 

trials ranged up to six times higher than the mean concentration of the norm population. 

Therefore, in the test population (the fertilization trial) Mn dominated the indices 

thus masking the influence of other nutrients whose possible concentrations fit within a 

much narrower range. The CV in the standardization equations for Mn ratios were high 

but not high enough to account for this disparity. 

When norm ranges were used, the Mn index became more a function of the other 

nutrients and thus was more comparable with them (Fig. 10). Table 2 shows the DRIS 

indices calculated from discrete norm ratios for the fertilization trial. The Mn indices 

fluctuated significantly among the treatments. This poses problems in diagnosing the 

nutritional status of these trees. Does a Mn index equal to -7 in the control treatment really 

represent a deficiency? If so, how severe is it and is it really more limiting than the P or 

the Mg deficiency in the same treatment? The same questions can be asked about all 

micronutrient deficiencies shown in Table 2. 

The same nutrient data for site 2 of the fertilization trial was used to calculate indices 

using norm ranges (Table 3). It was determined that using the minimum and maximum 

values of the “good” population for calculating macronutrient standardization functions 

excessively reduced the sensitivity of the DRIS analysis. One standard deviation was chosen 
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Fraser fir Christmas trees in the North Carolina fertilization 
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Table 3. DRIS indices for Fraser fir foliage collected from the fertilization trial 

calculated using norm ranges. 

  

  

Treatment DRIS Indices Tree 

N Pp K Ca Mig N P K Ca Mg 2rn Mn Fe Cu B OM NBI Dia. 

wt asccces (kg/ha)-------- (mn) 
0 0 06 0 #0 #-1 6 6 0 0 @ 0 0 0 0 0 13 54 

0 67 #++%O0 OB 808 -5 6 6 9 0 0 +5 3 0 0 0 2B 6 

13% 111 8? #O OF -3 0 3 0 0 0 0 0 0 060 0 6 8& 

134 111 87 982 491 4 -2 5 0 0 0 0 0 90 0 0 11 7% 
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to set the norm range for the macronutrients because they are required in larger 

quantities by the trees and are more subject to depletion in the soil (Elwali and 

Gascho, 1984). Micronutrients, on the other hand, are rarely limiting and may vary a 

great deal in foliage concentration without affecting tree growth; therefore, the 

minimum and maximum values of the "good" population were used to delineate the norm 

range. 

Because the indices now represented the mean deviation from the upper or lower bound 

of a norm range, rather than from a discrete norm, very few micronutrients appeared as 

deficient or in excess. Mn was in balance in the control treatment while P was the most 

deficient nutrient. N was a secondary deficiency. In no case was DM in excess. 

When P was applied in the NgP¢7KpCagMgo treatment, a 22% increase in diameter 

growth was realized. A smaller 11% increase in diameter was the result of applying N in the 

N43PoKgCagMgp treatment. No N deficiency was indicated in Table 2 when discrete norms 

were used to calculate the indices. Thus a N deficiency appears to have been masked when 

discrete norms were used to derive the indices. This may be attributed to the excessive 

variation in some of the micronutrients. 

Though the fertilizer trial design was not designed to test the micronutrient DRIS 

indices, it may be safe to conclude that most of the micronutrient deficiencies in Table 

2 would not elicit a diameter growth response if addressed by the appropriate treatment. 

When the norm range approach is used (Table 3) the subsequent negative and positive 

indices are more likely to represent true micronutrient imbalances. Additionally, 

widely varying nutrients will maintain proportionally less influence on the indices of 

other nutrients and thus prevent true deficiencies from being masked, as in the case 

with N. This makes DRIS diagnoses which include micronutrients more conducive to a 

literal DRIS index interpretation, i.c., P is the most limiting nutrient, while N is the 
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second most limiting nutrient, etc. 

DRIS Soil Fertility Diagnosis 

The DRIS soil indices were also calculated using the norm-range-approach (Table 4). 

Extractable soil nutrient levels did not always directly translate to plant nutrient availability 

and uptake. This was seen where soil P, as well as foliage P, in the control treatment 

indicated a deficiency. 

When P was applied in the NoP67KgCagMgp treatment, soil P was still shown as 

deficient while foliage P was sufficient (Table 3), thus indicating adequate availability in the 

soil for uptake by the tree. Therefore, soil nutrient deficiencies as indicated by DRIS indices 

did not always result in plant nutrient deficiencies. Many factors may have contributed to this 

imperfect correlation, including those commonly cited as limiting the usefulness of soil test 

data: e.g., 1) spatial variability of soil properties pose problems in obtaining a representative 

soil sample; 2) soil extractions may not represent nutrient availability to the trees depending 

on type of soil and elements being analyzed for; 3) each type of fertilizer applied to the 

fertilizer trial reacts differently in the soil (Pritchett and Fisher, 1987; Mead, 1984). 
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Table 4. DRIS indices for soil nutrient data from Fraser fir fertilization trial; 

calculated using norm ranges. 

  

  

  

  

  

Treatment DRIS Indices Tree 

N p K Ca Mg pK Ca Mg 2n Mn Fe Cu B NB! Dia, 

wre tcses (kg/ha)-------- (mm) 

0 0 0 0 0 4-9 0 0 1 90 0 90 0 2 18 54 

0 67 0 0 0 8 -6 0 90 0 0-7 0 3 2 2 66 

43 0 0 0 0 6-19 0 1 0 0 0 9 0 3 37 0 

43 67 0 0 0 3 0 0 0 073 0 3 0 13 58 

1344111 87 0 0 0 0 090 0 0 0 0 0 0 4 60 

134 #111 87 982 491 7 -2 #O 10 4& O-29 -2 13 O 68 7% 

Treatment Soil Nutrient Levels” 

N P K Ca Mg N P K Ca Mg Zn Mn Fe Cu 8 pH 

wererece (kg/ha)-------- meee tence ccc c creme mmm eww eens (MLK) rn nnn rece rete tte ere 

0 0 0 0 0 120 6.9 209 #1026 237 0.86 11.7 35.8 0.58 0.60 5.5 

0 67 0 0 0 205 10.8 269 1548 295 1.33 11.3 42.1 0.81 0.89 5.6 

43 0 0 0 0 18% 7.8 238 1337 179) «#»1.58 26.3 63.8 0.7% 0.77 5.2 

43 67 0 0 0 196 11.7 218 1426 219 2.26 21.0 54.9 1.48 0.66 5.3 

134 111 87 0 0 134 12.3 346 1518 225 1.64 32.9 54.3 1.27 0.87 5.4 

134 111 87 982 491 217 19.5 227 37735 465 2.68 8.5 50.0 1.47 1.13 6.6 

  

"wy is anaerobically mineralizable. All other elements extracted using Mehlich 3 extractant 

(Mehlich, 1984) 
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Conclusions 

Each crop presents unique challenges in applying DRIS to the diagnosis of its nutrition. 

Current standard DRIS methodology is fairly straightforward for well-researched crops such as 

corn and alfalfa where large data sets and extensive experience are available for establishing 

norms. The use of unconventional crops with small data sets pose special problems which 

require consideration before meaningful DRIS analyses may be conducted. Including 

micronutrients in the analysis further complicates a diagnosis. 

Not all crops have a standard easily-measured response variable such as yield per unit 

area (i.e., tons/ha) for use in delineating the norm populations. In many tree crops, such as 

Fraser fir Christmas trees, age-induced variation complicates the use of most growth response 

variables. Needle weight was found to be age-dependent thus necessitating the use of 

statistics to remove variation due to age. However, age-adjusted ground line diameter was 

determined to be the most suitable growth response variable for the DRIS analysis. 

When micronutrients were included in a DRIS analysis where the norms were based on a 

limited population, nonsignificant ratios occurred. Although a comparison of three methods, 

each dealing with the nonsignificant ratios in a different manner, produced essentially the 

same DRIS diagnosis in this test, it is important to maintain a theoretical basis for any 

modification. Arbitrarily dropping or including nonsignificant ratios in the hope that it will not 

affect the diagnosis may result in interpretational problems. 

When including micronutrients in a DRIS analysis, care must be taken in interpreting 

such micronutrient indices. This is especially true for nutrients which may vary greatly in 

their concentrations without producing deficiencies or toxicities. In crops where such a 

condition might occur, extreme micronutrient indices may be indicative of a nutritional 

disorder, while relatively minor fluctuations in such indices fall within the range of healthy 
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plant nutrition. Macronutrient diagnosis may still be interpreted in terms of relative 

deficiency to one another. 

One way to overcome problems in interpreting micronutrient indices is to use norm 

ranges instead of discrete norm values. Deviations from the upper or lower bounds of these 

norm ranges are more likely to reflect true nutrient deficiencies or toxicities while the use of 

discrete norms may result in “over diagnosing" or making erroneous diagnoses. Soil DRIS 

analyses also require care in interpretation. Negative soil DRIS indices do not directly 

translate to plant nutrient deficiencies for some of the same reasons cited as limitations of 

soil testing (Mead, 1984). 

The one clear lesson to be learned from comparing these alternatives to the standard 

DRIS procedures is that DRIS should not be naively applied to a crop. Each crop has its 

own set of DRIS-specific problems into the system. The impacts of these problems on the 

DRIS results must be assessed to avoid erroneous diagnoses and fertilizer prescriptions. 
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SUMMARY 

The Fraser fir Christmas tree industry has grown in importance in Virginia in recent 

years. Fraser fir is very responsive to fertilization and most growers of the species apply 

nutrient amendments to their plantations annually. Despite the heavy fertilization that this 

crop receives, there is no scientifically-based nutrient diagnosis and fertilizer recommendation 

system for Fraser fir Christmas trees in Virginia. 

A number of nutrient diagnosis systems have been proposed and used, including critical 

nutrient levels for both soil and plant tissue. Nutrient balance has been shown to be 

important along with nutrient intensity. This poses problems with critical levels, which are 

based on the concentration of a nutrient, assuming that all other nutrients are optimum. 

DRIS incorporates the nutrient balance concept with the use of nutrient ratios. Ratios 

calculated from the population being diagnosed are compared to the ratios of a reference 

population of the “highest yielders.” 

Norms were developed from a state-wide survey of Fraser fir Christmas tree plantations 

in Virginia. The 107 plantations included in the DRIS data set encompassed the range in 

site conditions and management practices thus making the norms “universal” for Fraser fir 

grown in Virginia. Though the validation trial provided mixed results in the applicability of 

the norms to an independent data set, the results were none-the-less encouraging. This is 

especially true in light of the anomalous nature of the high-elevation North Carolina sites on 

which these trials were growing compared to the Virginia plantations from which the norms 

were derived. 
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A number of practical and conceptual problems were encountered in attempting to apply 

DRIS theory and methodology to Fraser fir Christmas tree nutrition. One problem was 

finding an age-independent response variable. Needle weight proved to be age-dependent in 

these young trees. Statistics were used to remove variation due to tree age from the total 

variation in ground line diameter thus resulting in an age-independent variable. 

When highly variable micronutrients were included in a DRIS analysis, nonsignificant 

ratios occurred. Although three proposed methods for dealing with nonsignificant ratios in a 

DRIS analysis produced essentially the same diagnosis, the recommended method has a better 

theoretical basis. Therefore, setting the nonsignificant ratios’ standardization calculation equal 

to zero and including it in the DRIS index calculation was favorable to arbitrarily dropping or 

including them. 

Norm ranges were found to be useful in preventing “over diagnosis” where micronutrients 

are included in the DRIS analysis. This simplifies nutrient diagnosis and reduces the 

probability of making erroneous conclusions and fertilizer recommendations. 

The foundation for a scientifically-based nutrient diagnosis system has been established 

with the results of the Fraser fir nutrition program thus far. The DRIS norm set requires 

further testing with fertilizer trials established in Virginia. Through such fertilizer trials DRIS 

analyses may also be calibrated to specific fertilizer prescriptions. Such a system will enable 

growers to operate more efficiently and will thus help to maintain a healthy Fraser fir 

Christmas tree industry in Virginia. 
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List of Cooperating Fraser Fir Christmas Tree Growers 
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Jaye Baldwin 
P.O. Box 1 
Whitetop, VA 24292 

703-388-3218 
Grayson Co. 

Scott Beebe 

Washington and Lee Univ. 

Lexington, VA 24450 
703-463-8490 

Nelson Co. 

Blaine Blevins 

Whitetop, VA 24292 
703-388-3443 

Melvin Blevins 

Rt. 1 Box 128 

Whitetop, VA 24292 

Ralph Blevins 
Whitetop, VA 24292 

703-388-3260 

Grayson Co. 

Scott Buchanan 

Rt. 1 Box 31 

Whitetop, VA 24292 
703-388-3509 

Grayson Co. 

Matthew Elliot 

1330 Hollins Rd. 

Waynesboro, VA 22980 
703-942-1356 

Nelson Co. 

Danny Farmer 

Rt. 1 Box 233-4 
Lansing, NC 28643 
919-382-4324 
Grayson Co. 

Sanford Fishel 
P.O. Box 3 
Grassy Creek, NC 28631 
703-579-7052 
Grayson Co. 
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Buryl Greer 
Whitetop, VA 24292 
703-388-3477 
Grayson Co. 

Willard Hamill 
3121 King St. N.E. 
Roanoke, VA 24012 

703-343-9701 
Roanoke City 

Doyle Hensley 
Whitetop, VA 24292 
703-388-3235 
Grayson Co. 

Slade Howell 

1207 North Rotary Dr. 
High Point, NC 27262 

Grayson Co. 

Dan Huffman 

124 Hess St. 

Narrows, VA 24124 

703-726-2889 

Craig Co. 

Ken Kilby 
Whitetop, VA 24292 
703-388-3166 
Grayson Co. 

Greg Miller 
P.O. Box 1029 
Blacksburg, VA 24060 
703-382-6133 
Montgomery and Floyd 

Tim Moser 

Rt. 2 Box 168-1 
Lansing, NC 28643 
919-384-4328 

Grayson Co. 

Jack Nichols 

Rt. 5 Box 747 

Hillsville, VA 24343 

703-728-2038 

Carroll Co. 

Charlie Profitt 

Whitetop, VA 24292 

703-388-3165 
Grayson Co. 

Olef Richardson 

Whitetop, VA 24292 

703-388-3426 
Grayson Co. 

Ron Richardson 

Whitetop, VA 24292 

703-388-3285 

Ken Sexton 

Rt. 3 Box 396 
West Jefferson, NC 

919-246-9810 

Grayson Co. 

Lawson Shumate 

Whitetop, VA 24292 

703-388-3139 

Grayson Co. 

Charles Streithof 

Rt. 3 Box 125AA 

Floyd, VA 24091 
703-745-4984 

Floyd Co. 

Erma Sublett 
Rt. 1 Box 261 

Newport, Va 24128 
703-544-7303 
Craig Co. 

Mike Zeigler 

Brookfield Nursery 
Rt. 1 Box 150 B3 
Riner, VA 24149 
Montgomery and Floyd 
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John Winger 
Green Cove, VA 

703-388-3579 
Grayson and Washington 

Walt Winger 
Rt. 1: Box 96 
Whitetop, VA 24292 
703-388-3579 
Grayson Co. 

Roger Wolff 
P.O. Box 215 

Bluemont, Va 22012 

703-554-8323 

Loudoun Co. 

80



APPENDIX B 

Christmas Tree Plantation Survey Field Forms 
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CHRISTMAS TREE PLANTATION SURVEY - FIELD FORM A 

Field Worker: 
  

  

  

  

  

  

  

Date: 

Plantation 
No. State 

County Species 

Parent Soil 
Material Series 

        

Owner Manager 

Address Address 

Phone Phone 

Plantation Site Data 

Physiographic Landscape 
Province Elevation Slope Aspect Position 

Mean Annual Mean Annual Land use prior to planting: 
Temp. Precip. 
  

  

  

Plantation Location Map 

Appendix B 

  

Plot Location Ma: 

No. of trees in plot: 

82



CHRISTMAS TREE PLANTATION SURVEY - FIELD FORM B 

Planting Data Plantation No.: 

Rotation Planting Planting Stock Planting Spacing Site preparation: 
No. Date Code Method W =B 

  

      

  

Profile Description 

Fertilization 
Plantation Age 
4 5 

Year 

Fert. Type 
  

Method 
  

Rate 
  

Month(s) 
  

Comments: 
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CHRISTMAS TREE PLANTATION SURVEY - FIELD FORM C 

Plantation No.: 

Weed Control 
Plantation Age 

l 2 3 4 5 6 7 8 

Year 

Method 
  

Herb. Type 
  

Rate 
  

Month(s) 
  

No. Mow. 
  

Width of Herbicide Band: 

Comments: 
  

  

  

Ground Cover 

  

Percent Height 
Species Cover (Feet) 
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Pest Control 

Year 

Method 

CHRISTMAS TREE PLANTATION SURVEY - FIELD FORM D 

Plantation No.: 

Plantation Age 
1 2 3 4 5 6 7 8 

  

Pest. Type 
  

Rate 
  

Month(s) 
  

Comments: 
  

  

  

  

Shearing 

Year 

Method 

Plantation Age 
4 5 

  

Month(s) 
  

Comments: 
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CHRISTMAS TREE PLANTATION SURVEY - FIELD FORM E 
  

Plot Data 

No. of trees in plot: 

Tree No. 

Notes: 

Appendix B 

  

Plantation No.: 

Leader {Ground-li Leader |Ground-li 
Diam.(mm)/ Diam.(mm) i Tree No. |Diam.(mm)}|Diam.(mm)| Height(m) 
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