
Invest. Agrar.: Sist. Recur. For. (2003) 12 (1), 75-85

Foliar nutrient status and tree growth response of young
Pseudotsuga menziesii Mirb. (Franco) to nitrogen, phosphorus

and potassium fertilization in Galicia (Northwest Spain)

R. Zas*
Lourizán Forestry Research Center. Forest Production Department. Apdo. 127. 36080 Pontevedra. Spain

Abstract

The nutritional status of 14 young Pseudotsuga menziesii plantations on abandoned agricultural land in Galicia
(Northwest Spain) was studied and related to growth response to N, P and K fertilization. Nutritional status was as-
sessed using macronutrient foliar analysis followed by the critical levels method and foliar nutrient ratios interpreta-
tion. Douglas fir showed high N levels in control foliage samples. Foliar N:P and N:K ratios were greatly unbalanced
in many sites. Foliar Mg concentrations were below the satisfactory levels in all cases and P, K and Ca were deficient
in several cases. Height growth of untreated plants correlated positively with foliar P, K and Ca concentrations and
negatively with total soil N in the surface soil. Thus, P, K and Ca were classified as favorable parameters for Douglas
fir growth, whereas N was classified as an unfavorable parameter. According to this, the application of urea signifi-
cantly reduced the Douglas fir growth in several trials. However, there was a lack of consistence between the foliar
diagnosis and the growth response to superphosphate and potassium sulphate applications at the end of the first grow-
ing season following fertilization. This response was much lower than expected after the foliar diagnosis. The low fer-
tilization rates used, the short time passed between fertilization and response measurements or other factors such as
Mg nutrition and other nutrient interactions, could be the cause. In conclusion, N fertilization is not recommended in
young P. menziesii plantations on abandoned agricultural land in Galicia whereas further research is needed to ge-
nerate a fertilization recommendation for the other nutrients.
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Resumen

Estado nutricional y respuesta en crecimiento a la fertilización con nitrógeno, fósforo y potasio 
en plantaciones jóvenes de Pseudotsuga menziesii Mirb. (Franco) en Galicia

Se estudió el estado nutricional de 14 plantaciones jóvenes de Pseudotsuga menziesii en tierras agrarias en Galicia
y se relacionó éste con la respuesta en crecimiento a la fertilización con N, P y K. El estado nutricional se evaluó me-
diante analítica foliar aplicando el método de los niveles críticos e interpretando las relaciones entre pares de nutri-
entes. Los niveles foliares de N en las plantas control fueron muy altos y las relaciones N:P y N:K resultaron alta-
mente descompensadas en la mayoría de las parcelas. Las concentraciones foliares de Mg fueron inferiores a los niveles
satisfactorios en todos los casos, mientras que las de P, K y Ca resultaron deficientes sólo en determinadas ocasiones.
El crecimiento en altura de las plantas control se correlacionó positivamente con los niveles foliares de P, K y Ca y
negativamente con el N total del horizonte superficial del suelo. De esta manera, se consideró al P, K y Ca como paráme-
tros favorables para el crecimiento del abeto Douglas y al N como parámetro desfavorable. Concordando con esto, la
aplicación de urea provocó una disminución significativa del crecimiento en varios ensayos. Sin embargo, la respuesta
a la fertilización con superfosfato y sulfato potásico no resultó congruente con el diagnóstico foliar previo, siendo es-
ta respuesta mucho menor de la esperada. Las bajas dosis de fertilizantes, el escaso tiempo transcurrido entre la fer-
tilización y la evaluación de la respuesta u otros factores como la nutrición en Mg y otras interacciones entre nutrien-
tes podrían ser la causa. En conclusión, la fertilización nitrogenada no es una práctica recomendable en las 
plantaciones jóvenes de P. menziesii en tierras agrarias abandonadas en Galicia. Es necesario profundizar más en la
investigación para poder ofrecer unas recomendaciones prácticas respecto a la fertilización con el resto de elementos.
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Introduction

Pseudotsuga menziesii (Mirb.) Franco plantations
cover approximately 30,000 ha in Spain, distributed
mainly in the Basque Country (Vega et al., 1998). In
Galicia, Pseudotsuga menziesii is not a widespread
species but, in the last five years, the European Pro-
gram for afforestation of agricultural land has in-
creased notably the area planted with this species. Dou-
glas fir has become the fourth most important species
planted in Galicia under the application of the Regu-
lation EU 2080/92 which institutes an European aid
scheme to promote afforestation as an alternative use
of agricultural land. In fact, the Galicia Forest Plan has
recommended the plantation of this species in more
than 70,000 ha (Xunta de Galicia, 1992).

In a previous study we found important nutritional
disorders in P. menziesii plantations on abandoned agri-
cultural land in Galicia (Zas and Serrada, submitted).
In that study, N appeared as an excessive nutrient that
may thwart the uptake of other nutrients such P and K.
These nutrients were diagnosed as deficient elements
in most of the plantations studied. Two different diag-
nostic methods were used: the critical levels method
(Lambert et al., 1984) and the DRIS system (Diagno-
sis and Recommendation Integrated System). The
DRIS system, proposed by Beaufils (1973) for agri-
cultural crops, has become an alternative to the criti-
cal levels method for forest nutrition management and
fertilization research (Truman and Lambert, 1980;
Svenson and Kimberley, 1988; Shumway and Chap-
pell, 1995; Romanya and Vallejo, 1996; Wadt et al.,
1998; Zas, in press). Conceptually, DRIS differs from
other methods for interpreting nutrient status in its 
focus on nutrient ratios and balance rather than cri-
tical concentrations (Needham et al., 1990).

In Zas and Serrada (submitted) report, it was ob-
served that the DRIS system applied to soil nutrient
data (Shumway and Chappell, 1995) and the critical
level method applied to foliar nutrient data (Ballard
and Carter, 1986) agreed in the N and P diagnosis but
not in the diagnosis of Ca and K. There was a lack of
consistence between both diagnostic methods. Some
authors have remarked that DRIS norms and critical
levels can vary among geographical regions, genotypes
and other factors (Needham et al., 1990; Turner and
Lambert, 1986). As Turner and Lambert (1986) and
Walworth and Sumner (1987) pointed out, testing of
the DRIS norms and the critical levels before using
them is very important.

In this study we assess the foliar nutrient status of 14
young Pseudotsuga menziesii plantations on abandoned
agricultural land in Galicia and we analyze the growth
response to N, P and K fertilization in these sites. The
main objectives of this paper are to verify the nutritional
disorders previously found in Galician Douglas fir plan-
tations, and to propose an establishment fertilization
prescription for new plantations on similar sites.

Material and Methods

Sites description

Fourteen sites of young Pseudotsuga menziesii plan-
tations on abandoned agricultural land were selected
for nutritional diagnosis and fertilization response
evaluations. The stands, distributed throughout the
Galician territory (NW Spain) (Fig. 1), ranged in age
from 2 to 4 years old at the time of fertilization. All
sites were planted under the application of Regulation
EU 2080/92 on abandoned agricultural land. Spacing
was 3 × 3 m in all sites. Site and stand characteristics
of each site are provided in Table 1. Elevations ranged
from 250 to 1098 m. Slopes were generally low. Cli-
mate is characterized by high annual rainfall levels
with relative and variable dry summers, and warm
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Figure 1. Location in Galicia of study sites.



mean annual temperatures. Low height and diameter
growth rates can be noted. Some 4-year-old stands had
a mean total height below 100 cm and less than 2 cm
for basal diameter. The absence of an adequate grass
and shrub control or the existence of important nutri-
tional disorders could be the cause.

Surface soil (0-20 cm) characteristics of the studied
plots are presented in Table 2. The soils have high le-

vels of organic matter and total N, low pH and relative
low levels of nutrients. The coefficients of variation of
available P and exchangeable Ca are notably high.

Design and treatments

At each site, one fertilization trial was established.
Each fertilization trial consisted in 80 samplings grouped
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Table 1. Site and stand characteristics for the 14 Pseudotsuga menziesii studied plantations

Elevation Slope
Parent Annual Mean

Age Total H GLD
Trial

(m) (%)
Aspect material rainfall temp.

(yrs) (cm)a (mm)a

(mm) (°C)

1 360 0 — Ultrabasic 1860 13.1 2 72.6±5.3 17.1±1.2
2 350 3 SE Ultrabasic 1769 13.3 4 97.2±7.9 18.4±1.2
3 275 4 NE Schist 1658 13.6 4 130.6±7.9 27.9±2.2
4 230 27 NE Granite 2039 13.9 3 55.5±2.7 15.8±0.9
5 275 10 N Schist 1721 13.6 3 185.4±10 30.1±1.4
6 470 14 W Sediments 1605 12.5 3 86.8±3.6 19.3±1
7 540 7 W Slate 1176 11.7 4 153.6±9.9 29.3±2.3
8 908 10 N Slate 1219 10.5 4 99.4±7 13.3±1
9 1098 28 NW Granite 1648 10.1 3 73.6±4.2 10.0±0.5

10 705 16 N Granite 1228 11.1 2 56.6±4.2 8.2±0.4
11 760 21 W Granite 2420 10.8 4 57.3±3.5 10.5±0.5
12 460 19 NW Granite 2290 12.5 4 50.1±2.2 10.5±0.6
13 250 7 S Schist 1599 13.4 4 192.7±9.2 36.1±1.7
14 500 8 S Granite 1452 12.5 2 114.4±16 21.5±3.3

a Mean and standard error of total height (Total H) and groundline diameter (GLD) at the time of fertilization.

Table 2. Topsoil (0-20 cm) characteristics for the 14 Pseudotsuga menziesii studied plantations

Organic Total N Available P Exchangeable cations

Plot matter C:N pH (g kg–1) (mg kg–1) (mg kg–1)

(%) K Ca Mg

1 15.6 71.6 5.2 1.3 4.4 5.2 676.0 73.5
2 17.6 13.9 4.8 7.4 4.6 107.2 39.1 15.6
3 5.0 13.7 5.2 2.1 50.4 240.7 235.5 40.6
4 18.6 14.1 4.2 7.6 7.6 50.9 23.3 10.6
5 10.4 14.8 5.0 4.1 8.3 129.4 68.4 37.4
6 10.4 16.0 5.4 3.8 4.4 79.6 453.7 62.9
7 10.9 12.8 5.4 4.9 23.9 96.8 904.9 32.3
8 8.5 14.5 4.8 3.4 2.3 100.3 388.8 12.5
9 9.6 10.5 4.8 5.3 9.1 64.4 74.9 25.3

10 5.4 12.3 4.7 2.5 43.1 93.7 112.0 33.6
11 16.8 18.7 4.6 5.2 2.9 156.3 125.7 87.6
12 16.7 13.6 4.4 7.1 5.8 69.9 19.1 19.1
13 10.4 13.0 5.0 4.6 7.5 96.4 43.9 30.0
14 3.2 12.4 6.1 1.5 363.3 209.0 771.8 81.6

Mean 11.4 18.0 5.0 4.3 38.4 107.1 281.3 40.2
C.V. 43.9 86.4 9.6 48.0 246.7 57.4 108.9 64.4

a Mean and standard error of total height (Total H) and groundline diameter (GLD) at the time of fertilization.



into 5 blocks. Blocks were divided in four experimen-
tal units with four plants each. Fertilizer treatments
were randomly assigned to the experimental units with-
in each block. In each block, one experimental unit re-
mained untreated, serving as a control, one was trea-
ted with urea at 35 g N per plant, one was treated with
superphosphate at 55 g P2O5 per plant and the fourth
one was treated with potassium sulphate at 65 g K2O
per plant. Fertilizers were applied in April 2000. Grass
and shrub vegetation were previously removed on a
one meter diameter circle around each plant and fer-
tilizers were spread by hand on this weeded out area.
Fertilizers were then slightly covered with a thin la-
yer of soil.

Measurements

Tree measurements for height and groundline dia-
meter were made at the time of plot setup, and at the end
of the first growing season following fertilization. All
trees were measured. Height and diameter growth (final
minus initial height or diameter, respectively) of un-
treated plants were highly influenced by initial height
and diameter, respectively (r2 = 0.54 and r2 = 0.60,
p<0.0001). Because of this, residuals of these regres-
sions (named RH and RD, respectively) were used as pa-
rameters that characterize growth capacity at each site.

Foliar analysis

Current season foliar samples were collected at the
end of the growing season one year after fertilization.
In each trial (except number 12), all the control plants
from the first three blocks were sampled. These twelve
samples were bulked to obtain a composite sample of
green needles per plot. These samples were used to 
diagnose the nutritional status of each site.

Foliage samples were collected from three branch-
ends per tree in the top third of the crown (Ballard and
Carter, 1986). Samples were placed in plastic bags and
stored in ice-cooled containers. Foliage was not
washed prior to analysis. Needles were separated from
stems and oven-dried at 45ºC. Separate subsam-
ples were oven-dried at 105ºC to know moisture
content, and nutrients concentrations were expressed
on a dry-weight basis. Nitrogen was determined by 
a Carloerba CNH-analyzer. Phosphorus, K, Ca and 
Mg were determined by X-ray fluorescence (Buhrke

et al., 1998) using tea leaves as certified reference ma-
terial.

To determine nutritional status we used the critical
and marginal foliar levels for Pseudotsuga menziesii
proposed by Ballard and Carter (1986). Foliar N:P and
N:K ratios were also used to assess the balance 
between nutrients. A foliar N:P ratio above 12.5 and
above 16 was interpreted, respectively, as a marginal
or critical excess of N relative to foliar P concentra-
tion, whereas a foliar N:P ratio below 12.5 indicated
optimal P nutrition (Ballard and Carter, 1986). Inges-
tad (1979) suggested that for all conifers a foliar N:K
ratio above 2 indicates an excess of N in relation to K,
while a foliar N:K of 1.5 is optimal.

Statistical analysis

Pearson correlation analysis and principal compo-
nents analysis (PCA) were used to study the relation-
ships between growth of untreated plants (residuals of
the regressions between growth and initial value of
height and diameter of the control plants as explained
above) and foliar and soil nutrients. Two PCA were car-
ried out: one including foliar and growth parameters
and another including soil and growth variables.

The analysis of the growth response to fertilization
was carried out by analysis of covariance using the ini-
tial height (or diameter) as covariate. Two different
kinds of analysis were made: one including all trials
together and one independent analysis for each trial.
The model for the combined analysis was as follows:

Yijk = µ + Si + Tj + Bk(Si) + Si*Tj +Tj*Bk(Si) +
+Yo + εl(i,j,k) (1)

where Y is the height (or diameter) at the end of the
first growing season following fertilization; µ is the
overall mean; Si, Tj and Bk(Si) are the effects of site «i»
(i = 1, 2, ..., 14), fertilization treatment «j» (j = 1, 2, 3,
4) and block «k» (k = 1, ..., 5) at site «j», respective-
ly; Si*Tj and Tj*Bk(Si) are the effects of site «i» x treat-
ment «j» interaction and treatment «j» x block «k» at
site «j» interaction, respectively, and Yo is the effect of
the covariate initial height (or initial diameter) before
fertilization.

The model for independent analysis for each site
was as follows:

Yjk = µ + Tj + Bk + Tj*Bk +Yo + εl(j,k) (2)

Significant differences between fertilization treat-
ments and control were tested analyzing the probabi-
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lity values for the hypothesis H0: LSMj = LSMo, where
LSMj is the least-square mean (mean adjusted for the
covariate) of treatment «j» and LSMo is the least-
square mean for the control (SAS, 1989).

Results

Foliar nutrient status

The foliar nutrient concentrations of the untreated
plants are presented in Table 3. On the basis of critical
levels, all sites presented foliar N concentrations above
the critical or marginal levels reported by Ballard and
Carter (1986). Nitrogen concentrations were also higher
than those considered by Bonneau (1988) as optimal 
levels. On the contrary, foliar P concentrations were
above the critical levels only in six cases. One site showed
critical foliar P concentrations and the remainders
showed marginal levels. Foliar K and Ca concentrations
were marginal in three and two cases, respectively. Fo-
liar Mg concentrations were always below the critical or
marginal levels. Two sites showed critical foliar Mg con-
centrations and the remainders showed marginal levels.

The foliar N:P and N:K ratio were very high in most
of the studied plots indicating a high imbalance between
these nutrients (Table 3). Five and three sites showed a
high and moderately N:P imbalance, respectively,

whereas foliar N:K ratio was highly unbalanced in 10
sites and moderately unbalanced in the remainders. As
found previously in other nutritional studies in Galicia
(Zas and Serrada, 2003; Zas and Serrada, submitted;
Zas, in press), these results suggest a nitrogen excess in
some sites that can lead to important nutritional and
growth disorders. Trials number 2, 6 and 11 are those
where these disorders are expected to be higher.

Correlation analysis

The correlation coefficients between foliar nutrient
concentrations, topsoil variables and growth are pre-
sented in Table 4. Residual height growth of untrea-
ted plants (residuals of the regression between height
growth and initial height) were positively correlated
with foliar P, K and Ca concentrations and negatively
correlated with total soil N and organic matter in the
surface soil. Residual diameter growth was positively
correlated with soil exchangeable K. These correla-
tions indicate the importance of P, K and Ca for the
growth of the trees and confirm the N excess found
previously. The higher imbalance in relation to N ex-
cess, the lower height growth rates were found. Des-
pite the low foliar Mg levels found (Table 3), no sig-
nif icant correlation was found between growth and 
either foliar or soil Mg concentrations.
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Table 3. Foliar nutrient concentrations in untreated plants of each fertilization trial

Plot
Nutrient concentrations (g kg–1)a Nutrient ratiosb

N P K Ca Mg N:P N:K

Critical level 13.0 0.80 4.50 1.00 0.60 >16.0 >2.0
Marginal level 14.5 1.50 8.00 2.50 1.20 12.5-16.0 1.5-2.0

1 19.8 1.59 8.11 4.75 0.90 12.5 2.44
2 18.8 0.86 7.19 1.99 0.86 22.0 2.62
3 23.5 2.01 10.01 3.30 0.68 11.7 2.35
4 21.2 1.21 8.40 2.54 0.91 17.5 2.52
5 19.4 1.37 9.73 2.77 0.91 14.1 1.99
6 20.9 0.70 7.12 2.05 0.59 29.7 2.93
7 17.5 2.33 8.11 4.68 0.51 7.5 2.16
8 15.4 1.66 8.01 3.22 0.62 9.2 1.92
9 20.9 1.27 9.77 3.30 0.69 16.4 2.14

10 18.1 3.01 9.90 3.66 1.18 6.0 1.83
11 29.7 1.31 6.59 2.61 1.09 22.7 4.51
13 19.1 1.42 9.35 2.64 0.97 13.5 2.04
14 21.8 2.91 9.56 5.27 0.73 7.5 2.28

a Critical and marginal levels reported by Ballard and Carter (1986). b Foliar N:P ratio interpretation as Ballard and Carter (1986),
foliar N:K interpretation as Ingestad (1979).



Foliar nutrient concentrations were signif icantly
correlated with their respective soil levels only in the
case of P and Ca. Foliar levels of these nutrients were
also negatively correlated with total soil N, indicating
the negative influence of the high levels of soil N in
the uptake of these nutrients. Furthermore, the higher
total soil N levels, the lower pH and exchangeable Ca
and Mg were found. Under acid pH, availability of P,
Ca and Mg increase as pH does (Larcher, 1983). It
seems that availability of these nutrients decrease as
total soil N increases.

Principal component analysis (PCA)

Two principal component analysis corresponding to
soil and foliar data of control samplings were carried out.

In the f irst PCA, the percentage of variance ac-
counted for 47.9% for axis 1 and 20.4 for axis 2. The
distribution of the variables included in the analysis
along these two axis (Fig. 2a) was used to classify them
in two groups. Height and diameter growth, soil pH,

available P and exchangeable K appeared close to-
gether at the right-down corner of the graphic and were
classified as favourable parameters. High values of these
parameters are related with high rates of tree growth.
Soil organic matter and total soil N appeared at the op-
posite side and were classif ied as unfavorable para-
meters for Douglas fir growth. The distribution of sites
(Fig. 2b) shows trial 3 and 14 located in the same po-
sition as the favourable parameters and trials 2, 4 and
12 located close to the unfavourable parameters.

In the same way, results of the PCA corresponding
to foliar data are present in Fig. 3. The first principal
component accounted for 47.8% of the overall va-
riance whereas the second axis explained 19.3%. At
the positive end of axis 1 and around null values of
axis 2 were situated the height and diameter growth
and the foliar P, K and Ca levels, whereas at negative
values of this axis and at the positive end of axis 2 we-
re situated the foliar N and Mg concentrations (Fig.
3a). Foliar P, K and Ca were then considered as favou-
rable parameters while foliar N and Mg were consi-
dered unfavourable parameters for Douglas fir growth.
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Table 4. Pearson correlation coefficients between foliar nutrient concentrations, surface soil variables and residual height
(RH) and diameter (RD) growth of untreated plants*

Growth Foliar nutrients Soil variables

RH RD N P K Ca Mg N P K Ca Mg pH O.M.

Growth

RH 1.00 0.62 0.64 0.70 0.68 –0.64 –0.63
RD 1.00 0.54

Foliar 
nutrients

N 1.00 0.63
P 1.00 0.77 –0.60 0.62 –0.69
K 1.00 –0.69
Ca 1.00 –0.65 0.61 0.78 0.60
Mg 1.00 –0.57 –0.52

Soil
variables

N 1.00 –0.57 –0.58 –0.68 0.73
P 1.00 0.55 0.68 –0.56
K 1.00 –0.57
Ca 1.00 0.77
Mg 1.00 0.55
pH 1.00 –0.63
O.M. 1.00

* Residual height and diameter growth are the residual of the regressions between height and diameter growth and initial height
and diameter at the time of fertilization of the untreated plants. Only coefficients significant at P <0.05 are presented. O.M.: or-
ganic matter.



The distribution of sites shows (Fig. 3b) trial 14 and
11 as the nearest to favourable and unfavourable pa-
rameters, respectively.

Growth response to fertilizer

The results for the combined analysis of covariance
(all trials together) for the height and diameter growths
are presented in Table 5. Both, the fertilization treat-
ments and the site x fertilization treatment interaction
had a significant effect on height growth. Despite the

variation among sites in height growth response to fer-
tilization, a general trend in this response was observed
in all sites (Fig. 4). The fertilization with urea and
potassium sulphate signif icantly reduce the height
growth, whereas no significant effect was observed af-
ter the application of superphosphate. The results for
the diameter growth were slightly different. The fer-
tilization treatments did not significantly influence the
diameter growth whereas site x treatment interaction
was highly significant. Thereby, no general trend in
the diameter growth response to fertilization treat-
ments can be observed throughout all the studied sites.
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The results for the individual analysis of covariance
for each site are summarized in Fig. 5. The fertiliza-
tion treatments had a signif icant effect on height
growth in trials 4, 7, 8, 9, 10, and 11. In all these tri-
als, height growth was significantly lower when urea
was applied. In addition, phosphorus and potassium
fertilization had also a negative effect in trial 4. In the
remainder sites, no significant effect of fertilization
treatments on height growth was observed.

In the case of diameter growth, the fertilization treat-
ments had a significant effect in trials 4, 6, 9, 11, 12, 13
and 14. The N treatment led to a significant reduction
of the diameter growth in trials 4 and 9 whereas, in tri-
als 13 and 14, the diameter growth was higher after the
application of N. The P fertilization had a positive 
effect on diameter growth in trials 6, 11 an 12. Finally,
in trials 4 and 6, the diameter growth was respectively
lower and higher after the application of K.

Discussion

Nutritional status

As found in a previous nutritional study of young
Pseudotsuga menziesii plantations in Galicia (Zas and
Serrada, submitted), the foliar analysis indicated an
excess of nitrogen in most of the studied sites. Nitro-
gen excess is a common problem of European conifer
plantations (Binggeli et al., 2000; Mohren et al., 1986).
High foliar N levels were also found in other Pinus ra-
diata studies in Galicia (Zas and Serrada, 2003) and
in the Basque Country (Mesanza et al., 1993; Palacios
et al., 1995). The organic amendment, a typical agri-
cultural practice in Galicia (Bará, 1990; Sánchez,
1995; Sánchez et al., 1986) that has been probably ap-
plied on the studied soils, can lead to soil nitrification,
acidification, cation leaching and potentially to P, Ca
and Mg deficiencies (Harrison et al., 1994). Galician
soils are coarse-textured and conform a subtractive
system where the high precipitation levels lead to high
rates of nutrient leaching (Macías et al., 1982). Thus,
Galician soils appear very sensitive to high rates of ni-
trogen input. The high foliar N:P and N:K ratios found
in the studied plots (Table 3) confirm this negative in-
fluence of the excess of nitrogen. These adverse effects
of nitrogen excess have been also found in areas of Eu-
rope receiving high nitrogen inputs through atmos-
pheric deposition (Ulrich et al., 1980).

Comparing with our previous study on nutritional
status of 1-2 years-old Douglas fir plantations (Zas and
Serrada, submitted), some important differences can
be observed in the nutritional status, especially in the
K and Mg status. Whereas foliar K levels were below
the critical levels in almost all cases in the previous
work, foliar K concentrations found here were rela-
tively high (Table 3). On the contrary, foliar Mg con-
centrations are relatively lower than those found pre-
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Table 5. Results of the combined analysis of covariance for all the studied sites

Source of variation D.F.
Height growth Diameter growth

MS F value p<F MS F value p<F

Site 13 8.435.4 46.4 0.0001 298.9 22.0 0.0001
Treatment 3 234.0 14.5 0.0001 29.0 2.1 0.0946
Block(Site) 53 2.631.0 1.3 0.0879 23.0 1.7 0.0020
Site × treatment 39 305.5 1.7 0.0066 33.2 2.4 0.0001
Treatment × block(site) 157 225.1 1.2 0.0381 14.0 1.0 0.3898
Initial height / diameter 1 1.085.885.3 5.968.7 0.0001 58.047.6 4.270.7 0.0001

D.F.: Degrees of freedom. MS: type III mean square.
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viously. These differences can be due to differences in
the plantations age between both studies. It seems that
the K uptake increases and the Mg uptake decreases
as the stands get older. The fertilization with Mg, not
considered in this work because no important Mg di-
sorders were found previously, could be reconsidered
for further research.

Correlation and principal component
analysis

Both correlation analysis and principal component
analysis identified N as an excessive nutrient that may
limit Douglas fir growth. High foliar or soil N levels
were related to low growth rates (Table 4, Fig. 2 and
3). Height growth of Douglas f ir (Zas and Serrada,
submitted) and Pinus radiata (Gandullo et al., 1974;
Mesanza et al., 1993; Romanya and Vallejo, 2000;
Sánchez et al., 1998; Sánchez et al., 2000; Zas and 
Serrada, 2003) has been observed to be negatively cor-
related with either soil or foliar N in northern Spain.
Despite the negative effect on P and cation uptake that
can be induced by the N excess, it is well known that
high N levels in the foliage of f ield-grown trees in-
crease both number and size of lateral shoots, and the
trees with lower N had much better stem form (Tur-
ner and Lambert, 1986). Some authors have indicated
that in many cases it may be desirable to maintain lo-
wer N levels in trees in young stands to ensure a good
stem form (Knight, 1973; Will, 1971).

On the other hand, P, K, and Ca were positively re-
lated to Douglas f ir growth (Table 4, Fig. 2 and 3).
Availability of these nutrients must be promoted to en-
sure high growth rates. These results, together with the
variability of the foliar P, K and Ca diagnosis (Table
3) suggest that these nutrients are not always well sup-

plied, and, in some cases, the low nutrient levels may
restrict the trees growth. Some authors have observed
that growth of Pinus radiata in Galicia is positively
correlated with foliar P concentration (Sánchez et al.,
1998; Zas, in press) and foliar K concentrations (Zas
and Serrada, 2003).

The Mg nutrition of the studied plots is much more
difficult to interpret. Although foliar Mg concentra-
tions were below the marginal level in all cases
(Table 3), the results of the PCA showed foliar Mg con-
centration as an unfavourable parameter for Douglas fir
growth (Fig. 3a). Some other factors may influence the
uptake of Mg. Normally, Mg availability and uptake
increases as pH does (Larcher, 1983). However, in our
studied plots, foliar Mg concentrations correlated nega-
tively with soil pH (Table 3). The negative correlation
between foliar Mg and soil Ca suggests a negative in-
teraction between both nutrients. Mg deficiencies are
common in Pinus radiata stands in northern Spain (Ro-
manya and Vallejo, 1996; Zas and Serrada, 2003) and
may be induced by high nitrogen inputs through sludge
amendments (Harrison et al., 1994).

Growth response to fertilization

The critical level for a particular element is the fo-
liar concentration below which growth is normally li-
mited by that element. Above the critical level little
growth response should be expected with increasing
supply of the element. Below the critical level, appli-
cation of the element should increase tree growth (Bal-
lard and Carter, 1986). However, the growth response
to fertilization treatments found in the present work
did not correspond with the foliar diagnosis of un-
treated plants through the critical levels method. On-
ly in the case of N, the lack of a positive growth res-
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ponse or even the negative influence of urea applica-
tion, agree with the relative excess of nitrogen found
in the control foliage samples. However, P and K fer-
tilization did not generate the expected response. As
derived from foliar diagnosis, a positive response to P
and K addition should be expected in seven and three
sites (Table 3), respectively. However, this positive res-
ponse was only observed in three and one sites (Fig
5b), respectively. Furthermore, in trial 4, although the
foliar control samples were marginal in P, plants fer-
tilized with this nutrient grew significantly less than
untreated plants. Several hypothesis can be offered to
explain this lack of consistence. Firstly, the critical le-
vels for Douglas fir have been developed in British Co-
lumbia (Ballard and Carter, 1986) and their portabili-
ty to other regions may require a previous recalibration.
Foliar nutrients levels may vary between regions (Tur-
ner and Lambert, 1986) but similar values of critical or
recommended foliar nutrient concentrations for Dou-
glas f ir can be observed among different countries
(Ballard and Carter, 1986; Binns et al., 1980; Bonneau,
1988). We think that the lack of a positive response to
the fertilization treatments is due to the low fertiliza-
tion rates employed and/or the short time passed 
between fertilization and response evaluation. In addi-
tion, some other factors not considered in this work
could have influenced the response to the fertilization
treatments. For example, the foliar Mg concentrations
indicated a marginal or critical Mg deficiency in all
sites (Table 3). Despite the low foliar P and K levels
found in some cases, these Mg deficiencies may en-
crypt the positive effect of the addition of these nutri-
ents. Foliar Mg concentrations correlated negatively
with exchangeable soil Ca. The application of super-
phosphate, that also supplies calcium, can generate
disorders in the Mg nutrition and, hence, no positive
influence of the P amendment takes place. The nutri-
tional status of other micronutrients and other inter-
actions between nutrients should also be considered.
The application of other fertilizers, rates and combined
fertilization treatments must be studied to ensure the
viability of foliar critical levels for the Galician plan-
tations and to propose a fertilization prescription for
young Douglas fir plantations in Galicia.

As a practical and general conclusion of this paper,
no nitrogen should be added to young Douglas fir plan-
tations on abandoned agricultural land in Galicia. Ni-
trogen application may be only considered in specific
locations when a previous diagnostic indicates a clear
and severe nitrogen def iciency. Further research is

needed to generate a practical fertilization recom-
mendation for the remainder nutrients.
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