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Abstract

Considerable debates exist about the efficacy of foliar application of nutrients to Christmas trees, but little research has been
conducted to determine whether this method of fertilization is beneficial. In this study, standard foliar and soil-applied
fertilization products were applied to Nordmann fir Christmas trees under greenhouse and field-grown management
regimes. On both sites, foliar nitrogen (N) and boron (B) concentrations, color, and normalized difference vegetation index
(NDVI) were evaluated. Plant growth and needle chlorophyll/carotenoids were also monitored at the greenhouse site and
sulfur (S) at the field site. At all sites, the soil-applied fertilizers were effective in increasing foliar N% compared to untreated
and foliar applications. The foliar-applied products did not improve foliar N% compared to untreated trees. Foliar B
concentrations were correlated with foliar fertilizer applications, indicating that B can be absorbed via foliar application. A
second part of this study investigated alternate or complementary methods of assessing foliar N%. We addressed whether
plant color, spectral reflectance, chlorophyll measures, or NDVI measurements could serve as surrogates for foliar N%.
Color, chlorophyll/carotenoid, and foliar N% were closely correlated. However, NDVI evaluations showed no relationship
with foliar N%, color, or chlorophyll/carotenoid levels.
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Introduction plants are used as seedlings for field plantings,
containerized Christmas trees, or landscape plants.
Nitrogen (N) is the most important nutrient re-
quired to obtain desired tree color and growth
(Christensen et al. 2000). The form of N applied, as
well as application methods and rates, varies by
country, region, soil type, legal restrictions and other
factors (McEvoy 1992). In the PNW, N is typically
applied as urea or ureasul (urea and ammonium sulfate
blend). It is usually broadcast on the soil following
recommendations in the Christimas tree nutrient manage-
ment guide for western Oregon and Washington (Hart et

Nordmann fir [Abies nordmanniana (Stev.) Spach] is
the dominant Christmas tree throughout Europe
(Nielsen et al. 2011). The annual European harvest
of Nordmann fir exceeds 30 million trees
(Ostergaard 2009). This species occupies approxi-
mately 5% of the forested land in Denmark
(Pedersen et al. 2006). It is also an emerging
Christmas tree species in the USA and is now the
third most commonly planted Christmas tree species
in the US Pacific Northwest after Douglas-fir
[Pseudotsuga menziesii (Mirb.) Franco.] and noble

fir [Abies procera Rehd.] (PNW) (NASS 2011).
Field plantings of Christmas trees are typically
nonirrigated and intensively managed. They com-
plete a production cycle roughly every 10 years.
Nordmann fir is also grown under irrigated condi-
tions in containers, using soilless media. The resulting

al. 2009). In Denmark, multi-element fertilizers (such
as NPK 23-3-7) are used, and soil-applied rates of N
may not exceed 75 kg ha ' on clayey soil or 100 kg
ha~'on sandy soil (Pedersen et al. 2006).

Despite the wide range of N application rates,
forms, and mixtures, general agreement exists in
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