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ABSTRACT 
Current season needle necrosis (CSNN) is a needle disorder on fir (Abies spp.) that has been associated with low calcium (Ca) foliage 
concentration in the USA. Shortly after bud break, randomly distributed needles form chlorotic spots that turn necrotic during the growth 
season. Another major needle disorder on fir is discoloured needle tips on two-year-old needles caused by Mg deficiency. The latter 
disorder is much more uniform than the former, i.e. all two-year old needles show symptoms. CSNN on the other hand, result in a mixture 
of healthy and diseased needles. Thus, the effects of low and sufficient supply of both Ca and Mg on plant mineral status were 
investigated on Nordmann fir (A. nordmanniana) grown in chelator-buffered nutrient solution in a greenhouse trial. Ca deficiency induced 
general chlorosis on new shoots, but no CSNN or Mg deficiency symptoms were obtained by suboptimal Ca and Mg supply. In field 
studies, no links were found between CSNN symptoms and Ca nutritional status. 
_____________________________________________________________________________________________________________ 
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INTRODUCTION 
 
In Norway and many other European countries, Nordmann 
fir (Abies nordmanniana) is the dominant Christmas tree 
species. Two major disorders significantly affect the mar-
ketability of the trees; current season needle necrosis 
(CSNN) and magnesium (Mg) deficiency (Terje Pundsnes, 
Norwegian Extension Service, personal communication). 

CSNN appears on new needles two-three weeks after 
bud break as tan to yellow-coloured spots or bands, which 
turn reddish brown during summer. Discoloured portions 
may occur at any position on a needle, and damaged need-
les are randomly distributed in the foliage. CSNN is a major 
problem on fir Christmas trees and bough plants in Europe 
and North America. The symptoms have been observed on 
noble (A. procera), Nordmann, and grand fir (A. grandis) 
on both continents. In the USA, research indicated that 
CSNN was a physiological disorder, and foliar applications 
of calcium significantly reduced CSNN damage (Chastag-
ner et al, 1997). Another hypothesis in Europe suggested a 
biotic (fungal) cause to the CSNN-problem (Butin and Pehl 
1993; Perny et al. 2002; Talgø et al. 2007). 

In Norwegian field sites, low Mg uptake is known to 
induce chlorosis of the distal half of all needles on the pre-
vious year’s shoots (very uniform symptoms). In severe 
cases, the chlorotic parts of the needles turn necrotic. Mag-
nesium deficiency is also recognised as a nutritional cons-
traint in true fir Christmas tree species in other European 
countries, ex. Austria (Perny et al. 2002) and Denmark 
(Lyhr 1994). 

Based on the suggested role of Ca in CSNN develop-
ment, we conducted an experiment with Nordmann fir trans-
plants grown in nutrient solution (Fig. 1A, 1B). Suboptimal 
and sufficient levels of both Ca and Mg were included. 
Magnesium was included as an experimental factor due to 
the role of Mg-deficiency under field conditions (Kolling et 

al. 1997; Bouya et al. 1999), and the potential antagonistic 
relationship between Ca and Mg, as both being divalent 
macro cations. Prior to this experiment, chelator-buffered 
nutrient solution experiments were carried out with barley, 
oat, and wheat (Lombnæs and Singh 2003a, 2003b), but this 
was the first experiment with a lignose crop. At the farm 
level, both foliar and soil applications are common manage-
ment strategies for controlling disorders. However, it has 
often been difficult to find an optimal balance for nutrient 
requirement and uptake. Few scientific studies have been 
undertaken to optimize nutrient supply to fir Christmas 
trees, thus fertilizer recommendations are not well deve-
loped, resulting in nutrient disorders in situ. Here, we pre-
sent some examples of nutritional disorder symptoms from 
Norwegian field sites. 

The main aim of the study was to state the role of Ca 
and possibly other nutrient disorders in development of 
classical CSNN symptoms, both by a controlled experiment 
in a greenhouse and by field observations. Furthermore, we 
wanted to state the cause of different other symptoms ob-
served under field conditions that we expected to be caused 
by unbalanced nutrient levels. Specific objectives for the 
study were to investigate if: i) a low supply of Ca and pos-
sibly Mg could develop CSNN symptoms in A. nordman-
niana; ii) there are possible synergetic and/or antagonistic 
effects of calcium and/or magnesium supply on the uptake 
and translocation of selected macro- and micronutrients; iii) 
some disorders observed under field conditions, including 
CSNN, might be associated with unbalanced nutrient levels. 

Preliminary results were published elsewhere (Talgø et 
al. 2005; Lombnæs et al. 2008). 
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MATERIALS AND METHODS 
 
Greenhouse study 
 
1. Plant growth 
 
Two-year-old Nordmann fir container transplants (provenance 
Ambrolauri/Tlugi from Georgia in Caucasus) were grown for 31 
days in chelator-buffered nutrient solution in a greenhouse (Fig. 
1A, 1B). The average stem length at the start of the experiment 
was 15 cm. Fresh weight per plant, including roots, was approxi-
mately 12 g. The shoot: root ratio was approximately 1.5. Nutrient 
analysis were performed on a bulk sample (n = 25) before start of 
the experiment. The plants had been stored over winter at –2°C 
prior to the start of the experiment in mid-June. The experiment 
included 24 plastic containers with 4.0 litres of nutrient solution in 
each. In each container 8 transplants were carefully fixed in cir-
cular styrofoam lids (Fig. 1A). Holes for the plants were made 
with a cork borer. The lids were fitted to the containers and were 
floating on top of the solution. Edges of the containers were 
covered by aluminium foil to avoid light entering the nutrient 
solution between the lids and the container walls. The plants were 
kept in an upright position by fitting a water pipe insulation mate-
rial between the stem basis and the walls of the holes in the styro-
foam lid. Prior to transferring the plants to the containers, soil was 
washed from the roots with deionised water. 

The average greenhouse temperature was 23.7°C (varied from 
17.6 to 34.6°C) during the experimental period. Average mid-day 
photo fluency rate right above the plants was 295 μE m-2 s-1. The 
containers were systematically rotated clockwise around the table 
every second day to ensure uniform light conditions during the 

experimental period. The nutrient solutions were changed weekly, 
and solution pH was controlled and adjusted daily with 1 M NaOH. 
The pH was consequently dropping from 6 to an average level of 
4.5 during the 24-h periods. The containers were supplied by air 
from an aquarium pump. The air passed through a main silicon 
pipe to smaller PVC pipes entering the containers. The smaller 
pipes were connected with syringe needles to the main pipe (Fig. 
1B). 

 
2. Solution composition 
 
The basal hydroponic solution was prepared with deionised water 
and contained 1 mM KNO3, 80 μM KH2PO4, 0.5 mM (NH4)2SO4, 
3 mM NH4NO3, 0.01 mM H3BO3, 0.5 mM NaOH, 75 μM 
Fe(NO3)3, 8.0 μM ZnCl2, 0.6 μM MnCl2, 2.0 μM CuCl2, 0.1 μM 
NiCl2, and 0.1 μM NaMoO4. The pH in the solution was buffered 
at 6.0 with 1.0 mM 2-[N-morpholino]ethanesulfonic acid (MES). 
Sufficient and suboptimal levels of Ca were provided by 2 mM 
and 0.04 mM CaCl2, respectively. Corresponding levels of Mg was 
provided by 0.5 mM and 0.01 mM MgCl2, respectively. HEDTA 
[N-(2-hydroxyethyl)-ethylenediamine-triacetic acid] was added at 
a concentration equal to the sum of the trace metal concentrations, 
plus a 25 μM excess (Parker et al. 1995; Rengel 1999; Pedler et al. 
2000). The experiment included four factor combinations with suf-
ficient and suboptimal levels of Ca and Mg in the nutrient solution. 

 
3. Plant harvest and analysis 
 
At the end of the experimental period, the plants from each con-
tainer were rinsed in deionised water and divided into four sam-
ples: Current year shoots, old needles, stems and roots. The fresh 

Fig. 1 Nordmann fir (Abies nordmanniana). (A, B) Experiment conducted in chelator buffered nutrient solution. (C) Chlorotic and necrotic needle tips 
on two year old foliage due to Mg deficiency (note that the current year shoots appear healthy). (D) Chlorotic old needles due to K deficiency (old needles 
became chlorotic from tip to base). (E) Chlorotic current year foliage due to Mn deficiency. (F) Discoloured patches on needles due to current season 
needle necrosis (CSNN). Photos: Venche Talgø. 
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weight of the samples was recorded before they were transferred 
to paper bags and dried at 75°C for one week. Dry weight was 
recorded, and the samples were analysed for all essential macro 
and the most important micro minerals (Table 1). Before starting 
the experiment, a bulk sample of 25 plants was randomly chosen, 
and needles, stems, and roots were prepared for chemical analysis. 
Standard methods were used for the nutrient analysis; nitrogen (N) 
was analyzed by CHN-analysator (carbon, hydrogen, and nitro-
gen), and all the other elements by ICP (inductively coupled 
plasma). 

 
4. Statistical analysis and software 
 
The experiment was designed as a 2×2 factorial design, and in-
cluded six replicate observations (in 6 separate containers) for 
each of the four factor combinations. Data were statistically ana-
lyzed with the ANOVA glm procedure of Minitab Statistical Soft-
ware, and means were separated by Tukey’s test. The statistical 
analyses were run both with and without interaction effects. 

 
Field observations 
 
A number of different disease and nutrient disorder symptoms 
were observed on foliage in Nordmann fir Christmas tree fields 
from 2000-2008. Samples with disorder symptoms were collected 
and analysed for macro- and micronutrients. The main production 
of Nordmann fir in Norway is in Rogaland County, hence, most 
samples originated from that region. Samples were taken from 
single trees, and foliage was divided into current and previous year 
needles, and occasionally 3-year-old foliage, roots, and stems were 
analyzed. The methods for chemical analysis were the same as for 
the Greenhouse trial. 
 
RESULTS 
 
Greenhouse study 
 
Table 1 presents the nutrient concentrations and main 
effects of essential minerals at the end of the experiment in 
new shoots, old needles, stems, and roots, respectively. All 
results report the statistical analysis without interaction 
effects, because significant interaction effects were only 
present for Mg in roots (p < 0.001) (Fig. 3) and shoots (p = 

0.047). Nutrient concentrations before start of the expe-
riment (initial values) are based on the bulk sample (n = 25), 
and are given in the table. 

In new shoots, Ca supply had a significant impact on 
several elements. Sufficient Ca-supply increased the uptake 
of Ca, Mg and Mn, and decreased the uptake of P and K. 
The only significant impact of adequate Mg supply was a 
negative influence on the uptake of N. By harvest time the 
new shoots were well developed (fully grown), but no 
CSNN symptoms were observed. A general chlorosis was 
seen on the new shoots in all the 12 replicates (containers) 
with low Ca supply. 

In old needles, sufficient Ca supply increased the con-
centration of P, while Mg supply decreased the concentra-
tion of Zn. No disorder symptoms were observed on old 
needles. In stems, sufficient Ca supply decreased the con-
centration of N and increased the concentration of Ca, while 
sufficient Mg supply reduced the concentration of Zn. In 
roots, sufficient Ca supply increased the concentration of P, 
K, and Ca, and decreased uptake of Mg. Sufficient Mg sup-
ply increased the concentration of Mg, but decreased the 
concentrations of Ca, Mn, and Zn. 

 
Field observations 
 
Based on analysis of nutrient contents in field samples from 
Nordmann fir, a number of observed symptoms could be 
related to lack of specific minerals. Fig. 1C-E shows Mg 
deficiency, K deficiency, and Mn deficiency, respectively. 
Mg deficiency was recognised by chlorotic or necrotic two 
year or older needle tips. K deficiency showed up on the 
same needle generations as Mg deficiency, but was distin-
guished from the latter by needles turning chlorotic also at 
the base (not only the tip). Mn deficiency gave chlorotic 
current year shoots. N deficiency also gave chlorosis on the 
last year growth, but in addition older needles turned chlo-
rotic. Thus, a more general chlorosis was seen with N defi-
ciency compared to Mn deficiency. 

Table 2 gives examples of nutrient content in Nord-
mann fir related to deficiencies of Mg (I and II), Mn (III 
and IV), and K (V). In addition current year needles with 
and without CSNN symptoms are included (VI and VII). 
Concerning the latter samples, the healthy needles were 

Table 1 Nutrient concentrations of selected elements in new shoots, old needles, stems, and roots of Nordmann fir (Abies nordmanniana) at low (0) and 
sufficient (1) supply of calcium (Ca) and magnesium (Mg) after 31 days growth in chelator-buffered nutrient solution. 
 Macro nutrients (% of dry matter) Micro nutrients (mg kg-1 dry matter) 
Plant part Treatments N P K Ca Mg Mn Zn 
New shoots 

Ca 0 1.80 a* 0.29 a 1.30 a 0.05 b 0.07 b 77.6 b 26.3 a 
 1 1.77 a 0.24 b 1.11 b 0.08 a 0.08 a 126.3 a 26.1 a 
Mg 0 1.84 a 0.27 a 1.24 a 0.07 a 0.07 a 100.6 a 27.7 a 
 1 1.72 b 0.26 a 1.17 a 0.07 a 0.07 a 103.2 a 24.6 a 

Old needles 
Ca 0 1.84 a 0.20 b 0.70 a 0.71 a 0.17 a 658.0 a 89.8 a 
 1 1.82 a 0.27 a 0.75 a 0.71 a 0.19 a 688.0 a 92.2 a 
Mg 0 1.86 a 0.23 a 0.71 a 0.74 a 0.18 a 710.0 a 99.2 a 
 1 1.80 a 0.24 a 0.74 a 0.68 a 0.18 a 637.0 a 82.8 b 
Initial** 2.24 0.37 1.24 0.69 0.22 577.0 81.1 

Stems 
Ca 0 1.30 a 0.13 a 0.50 a 0.19 b 0.09 a 216.0 a 43.0 a 
 1 1.11 b 0.14 a 0.50 a 0.24 a 0.09 a 196.0 a 45.1 a 
Mg 0 1.18 a 0.13 a 0.49 a 0.23 a 0.08 a 211.0 a 49.6 a 
 1 1.23 a 0.14 a 0.51 a 0.21 a 0.09 a 200.0 a 38.5 b 
Initial  2.09 0.40 1.20 0.32 0.19 301.0 79.0 

Roots 
Ca 0 1.54 a 0.16 b 0.23 b 0.13 b 0.13 a 49.8 a 29.6 a 
 1 1.50 a 0.22 a 0.36 a 0.40 a 0.09 b 44.0 a 37.2 a 
Mg 0 1.53 a 0.19 a 0.30 a 0.31 a 0.08 b 53.0 a 40.0 a 
 1 1.51 a 0.19 a 0.28 a 0.23 b 0.14 a 40.8 b 26.8 b 
Initial  0.94 0.27 0.96 0.31 0.17 223.0 128.0 
* Mean values of 12 replicates. For each of the two treatments per element per plant part, means with different letters in the same column and row are significantly different at 
P = 0.05 (Tukey’s test). 
** Initial = values at start of the experiments, mean values for 25 plants. 
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collected in the same field as the diseased needles (Fig. 1F), 
but from trees with no CSNN symptoms. All samples in 
Table 2 originated from Rogaland County in southwestern 
Norway, except the first mentioned Mn deficiency samples 
(III), which was collected in Vestfold County in southeas-
tern Norway (Fig. 2). The images of Mn and K deficiencies 
in Fig. 1 are identical to sample IV and V, respectively. 

The reference values in Table 2 are optimal nutritional 
contents (range of nutrient content without nutrient disorder 
symptoms) for Nordmann fir recommended by HedeDan-
mark a/s in Denmark (formerly Hedeselskabet Forest and 
Landscape A/S) (Christensen et al. 1997). The values were 
based on data from nearly 100 locations (Ravnsbæk 1989). 
The content of the respective minerals in the samples show-
ing deficiencies of Mg, Mn, and K were below the mini-
mum reference values. 

  
DISCUSSION 
 
In the greenhouse study, we were interested in symptom 
development on young needles to find out if CSNN could 
be related to low Ca content. In the suboptimal Ca treat-
ments, Ca concentration in new shoots (Table 1) was re-

duced to approximately 50% compared to reference values 
given in Table 2; however, no CSNN symptoms were ob-
served. Thus, we concluded that CSNN may not be trig-
gered by low Ca concentration in needles. The latter was 
supported by our field observations, where there were only 
marginal differences in Ca concentrations in current year 
shoots with and without CSNN symptoms, and the Ca val-
ues of both diseased and healthy needles were well within 
the reference values (Table 2). This result supports the most 
recent research that suggests that CSNN seem to be associ-
ated with a fungal infection (Talgø et al. 2008, 2010). Also 
the random distribution of symptomatic needles in the foli-
age sup-ports the explanation that CSNN is caused by a bio-
tic factor. The significant effect of foliar application of Ca 
against CSNN in USA may be explained by a fungicide 
effect of the Ca treatment (Gadoury et al. 1994). 

We believe the general chlorosis we observed on the 
new shoots with low Ca supply in the greenhouse trial was 
due to low Mn concentration. Low Ca supply significantly 
suppressed Mn uptake in the new shoots. This may indicate 
that Ca has a specific function in the translocation process 
of Mn to new shoots, since there was no significant effect of 
Ca supply on the Mn concentration in roots, stem or old 
needles. Manganese deficiency is generally known to re-
duce chlorophyll conctent (Marschner 1995), and may in-
duce chlorosis (Lombnæs and Singh 2003a). The symptoms 
correspond well with our field observations (Table 2, Fig. 
1E), and with literature stating that lack of Mn induces 
chlorosis on younger leaves (Thompson and Huber 2007). 
Mn has a rather low translocation rate in plants compared to 
other nutrients (Mengel and Kirkby 1987; Pearson and Ren-
gel 1994). Due to the immobile nature of Mn in plants, 
older foliage usually contains a higher amount of Mn com-
pared to younger tissue (Singh and Steenberg 1974). Mobi-
lity of Mn in plants is slightly more mobile in stems and 
roots compared to foliage (Thompson and Huber 2007). 
The latter was confirmed in the present greenhouse trial; the 
Mn level was high in old needles, but lower in stems and 
roots. Especially the Mn concentration in the roots dropped 
considerably during the experimental period from more 
than 200 mg kg-1 to approximately 50 mg kg-1. 

Old needles were almost unaffected by different Ca and 
Mg treatments, but sufficient Mg supply had a negative im-

Table 2 Nutrient content in Nordmann fir (Abies nordmanniana) Christmas trees with magnesium (- Mg), manganese (- Mn), potassium deficiencies (- K), 
and current season needle necrosis (CSNN) symptoms. A = latest/current year growth, B = previous year growth, C = three year old growth, S = stems, R = 
roots, H = healthy trees. 

Macronutrients (% of dry matter) Micronutrients (mg kg-1 dry matter)Sample site* / symptoms 
N P K Ca Mg Mn Zn 

I / - Mg A 1.37 0.17 0.72 0.43 0.06 1010.0 58.1 
 B 

S 
R 

1.51 
0.52 
0.75 

0.13 
0.08 
0.13 

0.49 
0.48 
0.62 

0.34 
0.39 
0.20 

0.03 
0.10 
0.13 

916,0 
469.0 
167.0 

46.2 
62.0 
68.2 

II / - Mg A 2.61 0.44 1.17 0.80 0.08 285.0 175.0 
 B 

S 
R 

1.93 
0.84 
1.34 

0.30 
0.14 
0.38 

0.89 
0.58 
0.77 

1.21 
0.60 
0.58 

0.05 
0.13 
0.15 

606.0 
205.0 
101.0 

282.0 
115.0 
440.0 

         
III / - Mn 
 
IV / - Mn 
 
V / - K 
 
 
VI / CSNN 
 
VII/ CSNN 

A 
B 
A 
B 
A 
B 
C 
A 
AH 
A 
AH 

0.85 
1.20 
1.49 
1.37 
1.75 
1.68 
1.19 
1.61 
2.23 
1.51 
1.59 

0.12 
0.10 
0.19 
0.14 
0.17 
0.18 
0.09 
0.33 
0.35 
0.31 
0.32 

0.78 
0.66 
0.80 
0.71 
0.71 
0.59 
0.40 
0.83 
0.96 
0.82 
0.91 

0.37 
0.70 
0.37 
0.78 
0.18 
0.22 
0.20 
0.54 
0.61 
0.52 
0.55 

0.07 
0.05 
0.09 
0.09 
0.09 
0.09 
0.08 
0.13 
0.13 
0.13 
0.12 

42.9  
107.0 
 3.2  
 4.6 
209.0 
259.0 
198.0 
112.0 
102.0 
27.5 
17.9 

25.6 45.2 
15.6 
16.5 
24.1 
28.0 
26.2 
46.6 
64.5 
80.2 
90.8 

Ref. values** Min Max 1.6 
2.0 

0.14 
0.20 

0.6 
1.0 

0.1 
0.9 

0.06 
0.11 

50 
2500 

15 
50 

* Commune/County: I = Strand/Rogaland, II = Suldal/Rogaland, III = Nøtterøy/Vestfold, IV = Finnøy/Rogaland, V = Hjelmeland/Rogaland, VI = Randaberg/Rogaland, VII = 
Time/Rogaland. 
** Reference values = optimal nutritional values (minimum and maximum) (Christensen et al. 1997) 

 

 
Fig. 2 County map of southern Norway. Sample sites from Table 2 are 
marked (I – VII). 
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pact on Zn uptake. Generally, Mg2+ competes with Zn2+ and 
reduces the uptake of the latter (Ross 1975). This phenome-
non was also obvious for roots and stems. No Mg defici-
ency symptoms were observed on old needles. The Mg con-
centration was slightly reduced during the experimental 
period compared to the initial value (Table 1), although still 
far above reference values for Mg (Table 2). Since the plant 
Mg status was rather high at the experimental start, we 
would probably have had to run the experiment for a longer 
period of time than 31 days in order to obtain Mg defici-
ency symptoms. 

Mg is known to be mobile in plants, and when cons-
trained, Mg is translocated from old to young needles 
(Lange et al. 1987). Interestingly, in our greenhouse study 
we noticed that in the low Mg treatments, when compared 
to initial values (Table 1), Mg-concentrations in stems and 
roots had been reduced considerably at the end of the expe-
riment compared to old needles. This may indicate that, Mg 
for development of new shoots was primarily taken from 
stems and roots. By first using Mg from stem and roots 
before old needles, photosynthesis most likely remained un-
affected for a longer period of time under conditions where 
Mg otherwise would be a constraining growth factor. 

In general in the greenhouse study, Ca supply signi-
ficantly increased the Ca concentration in all plant parts 
except old needles. Sufficient Ca supply also increased the 
shoot Mg concentration, suggesting a synergistic effect. The 
opposite relationship was obvious for the roots. This indi-
cated that Ca had a positive effect on Mg translocation 
when first taken up by the plant, while a significant antago-
nism was valid for the roots. Both Ca and Mg had a mutual 
antagonistic relationship on the uptake of Ca and Mg in 
roots. Sufficient Ca supply significantly increased the 
amount of P and K in roots and P in old needles, but de-
creased the content of both elements in new shoots. Con-
cerning the clear interaction effect (p < 0.001) for Mg in 
roots, we can conclude that the two factors (solution con-
centration of Ca and Mg) act dependently of each other (Fig. 
3). Further, Fig. 3 shows that Mg root concentration is less 
influenced by Ca supply when Mg supply is low. We con-
sider the significant interaction effect for Mg concentration 
in shoots (p = 0.047) as too weak to draw any conclusion. 

Sufficient Ca supply decreased the amount of N in 
stems, and sufficient Mg supply slightly decreased the 
amount of N in new shoots. This may indicate antagonistic 
relationship between the divalent cations and N. Many fac-
tors can cause Mg deficiency under field conditions. Even if 
chemical analysis of soil samples shows that Mg is present 
in sufficient amount, various soil factors may induce Mg 
deficiency; too high or too low pH, excess potassium, or too 
wet or too dry conditions (Aasen 1997). Antagonism, cau-
sing imbalance in nutrient uptake, may lead to negative 
nutritional effects. High pH may give Ca2+/Mg2+ antago-
nism, too low pH may give NH4+/Mg2+ antagonism, and 
abundant K may give K+/Mg2+ antagonism (Aasen 1997). 
During wet conditions K+ and other monovalent cations 
may leave the colloids to regain equilibrium between liquid 
and solid material. Then Mg2+ may easily bind to the free 
spaces on the colloids, and thereby becomes unavailable for 
the plants. If the soil is very dry there may not be enough 
liquid for the nutrients to be dissolved, and thus uptake in-
hibited. Mg is the central atom in the chlorophyll molecule, 
hence, lack of Mg results in breakdown of chlorophyll and 
thereby chlorosis and necrosis (Aasen 1997). Potassium 
deficiency is not very common in Nordmann fir in Norway 
(Talgø et al. 2005). As for Mg, it is a very mobile nutrient in 
plants, and therefore easily translocated from older to youn-
ger needles. 

Manganese deficiency is a less common disorder than 
Mg deficiency, but can be a nutritional constraint in certain 
locations. Manganese is not subject to relocation in the 
plants, and is nearly immobile after it has been transported 
to the cells, and therefore unavailable for the young shoots. 
Deficiency is most common on trees grown in soil with 
high pH (Ca2+/Mn2+ antagonism) 

In Norway and other Christmas tree producing countries, 
there has been a major change in the production over the 
last decades, shifting from Norway spruce (Picea abies) in 
forest stands to fir (Abies spp.) on cultivated land. Thus, 
many Christmas tree fields are newly established on culti-
vated land. In general, pH is higher in cultivated soils than 
in forest stands, and may partly explain the two major abi-
otic problems we face on cultivated land; Mg and Mn defi-
ciencies. It should be noticed that in cases of low Mn con-
tent, Mn deficiency symptoms do not necessarily occur. The 
healthy tree in sample VII in Table 2 did not show any 
symptoms of Mn deficiency, even though the Mn content 
was below reference values, and also lower than in sample 
III where clear Mn deficiency symptoms were seen. This 
may serve as an example of the complex nature of nutrient 
balances in plants, with Christmas trees being no exception. 

Standard levels of optimal nutrient concentrations were 
chosen in the sufficient treatments. We could have omitted 
Ca and Mg in the deficient treatments; however, we chose 
to adjust the levels to 2% of the sufficient treatment concen-
trations to avoid mortality of plants and at the same time 
achieve deficient conditions. This range of deficient vs. suf-
ficient supply has commonly been practiced for other ele-
ments at higher plant species in nutrient solution experi-
ments (Lombnæs and Singh 2003a, 2003b). 

Our result showed no association between low Ca or 
Mg content and CSNN. Research and management focus 
should now be on a fungal infection as the cause of CSNN, 
and more precisely on Sydowia polyspora (Talgø et al. 
2010). Nutrient disorders and their causes have not been ex-
tensively studied in Christmas tree production previously 
and should receive more attention in the future. However, 
results from our field observations made it possible for 
growers to identify the major nutrient deficiency problems, 
and fertilize accordingly. Especially against Mg deficiency, 
foliar applications of Mg has proven very effective if ap-
plied on new shoots before they become lignified and the 
wax layer is still developing on the needles. 
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