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SUMMARY

The objective of this study was to determine whether differences in site quality correlate with better leaf nutritional status in
pure Nothofagus antarctica (fiire) forests. Nine pure fiire stands of the three site classes (SC) were selected to represent the most
representative sites (97 % of the total area of these forests) of the southern Patagonia region. At each study site, fully expanded leaves
(mature and green) were collected from five dominant trees in each stand. These leaves were washed and subsequently oven dried,
weighed, and ground prior to macro (C, Ca, K, Mg, N, P, and S) and micro element (Al, Fe, Mn, and Na) determination. Additionally,
three composite samples (from five subsamples) of the first 20 cm of soil were collected from each site and processed for macro- and
micro-element determination. Macro-nutrient concentrations in leaves varied between site classes (SC) in some elements such as
K, Mg, N, P, and S, with a trend to be lower in the worse SC. In the case of soil macronutrients, all the evaluated elements showed
the lowest values in the SC 5 stands. Thus, soil and leaf concentrations were significantly and positively correlated with N, P, and S.
Conversely, Al, Fe, and Mn concentrations in leaves were lower in the best site class stand. With this information, we can suggest that
the best classes of forests in southern Patagonia were positively associated with higher values of some macronutrients and negatively
associated with some microelements.
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RESUMEN

El objetivo de este estudio fue determinar si la diferencia en la calidad del sitio se correlaciona con un mejor estado nutricional
foliar en bosques puros de Nothofagus antarctica. Se seleccionaron nueve rodales puros de N. antarctica de tres clases de sitio (CS),
expresando los sitios mas representativos (97 % de la superficie total de estos bosques) de la region sur de la Patagonia. En cada sitio
de estudio se recolectaron hojas completamente expandidas (maduras y verdes) de cinco arboles dominantes en cada rodal. Estas hojas
fueron lavadas, posteriormente secadas al horno, pesadas y molidas antes de la determinacion de macro (C, Ca, K, Mg, N, Py S) y
microelementos (Al, Fe, Mn y Na). Ademas, se recogieron tres muestras compuestas (de cinco submuestras) de los primeros 20 cm de
los suelos de cada lugar y se procesaron para la determinacion de macro y microelementos. Las concentraciones de macronutrientes
en hojas variaron entre CS en algunos elementos como K, Mg, N, P y S, con una tendencia a ser menores en las peores CS. En el
caso de los macronutrientes del suelo, todos los elementos evaluados mostraron los valores mas bajos en los rodales de peor CS.
Asi, las concentraciones en suelo y hojas estuvieron significativa y positivamente correlacionadas para N, Py S. Por otro lado, las
concentraciones de Al, Fe y Mn en hojas fueron menores en el rodal de mejor clase de sitio. Con esta informacion podemos sugerir que
las mejores clases de bosques de fiire en el sur de la Patagonia estan asociadas positivamente con valores mas altos de algunos macro
nutrientes y negativamente con algunos micro elementos.

Palabras clave: bosque, suelo, fiire, altura dominante, hojas.

INTRODUCTION nal nutrient cycling, being the litter fall the main pathway
for nutrient input into soil. Low nutrient requirements had

In general, net primary production in temperate forest  been raised as an important plant strategy to conserve nu-
ecosystems is mainly driven by climatic factors and inter-  trients in this type of ecosystems (Aerts and Chapin 1999).
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In the south hemisphere, the Nothofagus (Fagaceae) is one
of the most representative tree genus of the temperature fo-
rests, where N. antarctica (G. Forster) Oerst. (fiire, iirre) is
the most broadly distributed species from 36° 30’ to 56° 00’
of S latitude and from 0 to 2,000 m a.s.l., (Donoso et al.
20006). This implies that fiire grows in a very diverse ran-
ge of environmental conditions in Chile and Argentina.
In continental southern Patagonia (Santa Cruz province,
Argentina), fiire covers 160,000 ha, growing in contras-
ting environmental conditions such as poorly drained si-
tes with high precipitations in the Andean mountains or
drier sites at lower elevations and exposed to strong winds
in the limit with the Patagonian steppe (Peri and Ormae-
chea 2013). This range of environmental conditions con-
sequently has been associated with different net primary
productivity of these forests. Related to this, Ivancich et al.
(2011) have characterized the N. antarctica forests produc-
tivity through site quality index equations and proposed a
“site class” (SC) classification using the height of domi-
nant mature trees as a proxy of fiire forest productivity. Ac-
cording to this, in the best SC stands, dominant tree height
reaches up to 14 m (SC 1) and in lowest SC dominant tree
height is less than 8 m (SC 5). Furthermore, several studies
related SC with different ecological and productive featu-
res such as carbon accumulation (Peri ez al. 2010), unders-
tory productivity, litter-fall and response to water shortage
(Bahamonde et al. 2015, 2019a). Also, low rates of litter
decomposition and soil nitrogen mineralization have been
reported for these forests, although these studies have been
carried out only in the lowest site classes (Bahamonde et
al. 2013). On the other hand, Bahamonde et a/. (2018) have
evaluated several soil and climatic features and their rela-
tive importance on SC of N. antarctica forests in southern
Patagonia. They reported that better SC (higher dominant
trees) were related to locations with low altitudes, less
differences between maximal and minimal temperatures,
and sandy soils. Regarding the variation in nutrient con-
centration in fiire stands growing in different site classes,
information is very scarce. Peri et al. (2006, 2008) have
reported that nutrient accumulation and concentration in
fiire leaves was low in a stand growing in a marginal site
class (dominant mature tree height of 5.2 m). However,
these studies only focused in variations within stands.
Frangi et al. (2005) studied the nutrient cycling in
Nothofagus pumilio (closely related to N. antarctica) fo-
rests growing at different altitudes in Tierra del Fuego,
which included the highest elevations for these forests
(timberline) broadly known as krummholz. They reported
that N. pumilio forests growing at krummholz showed hig-
her nutrient concentrations and faster rates of nutrient flu-
xes compared to forests located at lower elevations. Also,
N and P concentrations in mature leaves have been positi-
vely correlated with soil concentrations in several Notho-
fagus (including N. antarctica) of the Patagonian forests
(Diehl ez al. 2008). Hevia et al. (1999) reported differences
in leaf N and P concentrations between three Nothofagus
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sp. (N. pumilio, N. dombeyi and N. obliqua) in Chile, but
not clear association with the elevation were found.

On the other hand, other chemical elements that are not
considered nutrients are of interest to be studied in Notho-
fagus forests, such as aluminium (Al) and sodium (Na).
In the case of Al, it is known that there are concentration
levels that could be toxic to plants (Kabata-Pendias 2011,
Kirkby 2012). While Na has been described as a beneficial
element for plants (Pilon-Smits et al. 2009). The presence
of both elements has already been reported in leaves of
grasses and Nothofagus in Patagonia (Bahamonde et al.
2016, 2019b).

However, little is known about the incidence of soil
and climatic features that determines different site classes
on the nutritional status of N. antarctica forests in southern
Patagonia. In this context, the objective of this study is
to answer the following question: Does the difference in
site quality correlate with higher nutrient concentrations
in pure N. antarctica forests? We hypothesized that stands
growing in worse site classes will have lower nutrients and
micro elements concentrations in leaves compared to the
better sites.

METHODS

Study sites. An exploratory survey was performed analy-
sing the map of site class distribution of N. antarctica fo-
rests in Santa Cruz province (southern Patagonia) (Peri
and Ormaechea 2013) and including sites which are part
of PEBANPA network (Parcelas de Ecologia y Biodiver-
sidad de Ambientes Naturales en Patagonia Austral) (Peri
et al. 2016). Thus, we selected pure N. antarctica stands of
the three site class (Ivancich ef al. 2011) representing the
most representative sites (97 % of the total area of these
forests) of the region (SC 3, 4 and 5) (Peri and Ormaechea
2013). According to the classification proposed by Ivan-
cich et al. (2011) in SC 3 height of mature dominant trees
are in the range 10 — 12 m; SC 4: 8 — 10 m; and SC 5 <
8 m. Three mature stands of each SC were selected for
sampling. Main climatic, productive and location features
of each evaluated stand are given in table 1. Climatic para-
meters for each site were derived from the WorldClim data
set (Hijmans ef al. 2005, WorldClim 2005), meanwhile the
altitude was obtained from Farr et al. (2007).

Sampling and measurements. During March 2015, at each
study site, we measured in a 500 m? plot the height of three
mature dominant trees to determine the site class according
to Ivancich et al. (2011) classification as an indicator of
productivity. At the same time, fully expanded leaves (ma-
ture and green) were collected from five dominant trees
at each stand. In each sampled tree the leaves were taken
from the four cardinal points and considering that leaves
were from fully sunny exposed branches/leaves at height
2.0-2.5 m above soil surface. The leaf samples were im-
mediately taken to the lab in closed plastic bags and kept at



3 °C in the refrigerator until processing. Leaf tissues were
carefully washed with 0.1 % detergent (Cif) to remove sur-
face contaminants and then rinsed with abundant distilled
water. These were subsequently oven dried at 70 °C for
2 days, weighed and grounded prior to macro (C, Ca, K,
Mg, N, P and S) and micro elements (Al, Fe, Mn and Na)
determination. Nitrogen was measured with an elemental
analyzer (TruSpec). The remaining elements were deter-
mined by inductively coupled plasma (ICP) analysis (Op-
tima 3000, PerkinElmer) following the UNE-EN ISO/IEC
17,025 standards for calibration and testing laboratories
(CEBAS-CSIC Analysis Service, Murcia, Spain). Addi-
tionally, three composite samples (from five subsamples)
of the upper 20 cm of soils were collected from each site,
in places where leaves were also sampled. Samples were
air dried, screened through 2 mesh, oven dried at 40 °C
and sieved through 20 mesh. Soil pH was determined in
saturated soil paste (30 ml deionized water per 100 g soil).
Carbon and nitrogen concentrations of soil samples were
determined by dry combustion using a LECO CNS-2000
(Tabatabai and Bremner 1991). The remaining elements
were determined by inductively coupled plasma (ICP)
analysis as above described for leaves samples.

Statistical analysis. A multiple linear regression analy-
sis was conducted to evaluate the relationship between
dominant mature trees height (DH) (dependent variable)
and four independent variables: altitude, mean annual pre-
cipitation (MAP), mean annual temperature (MAT), and
soil pH. The objective was to determine how these envi-
ronmental factors influence DH. The model was assessed
using the coefficient of determination (R?), the adjusted R?,
and the F-statistic to determine its overall significance. In-
dividual predictor significance was evaluated using t-tests
and p-values. Additionally, residual diagnostics were per-
formed, including:

e Normality test using the Shapiro-Wilk test on re-

siduals.

e  Multicollinearity assessment through the Variance
Inflation Factor (VIF).

e Residual plots to check for homoscedasticity and
linearity.

Exploratory testings were carried out to verify the
compliance with the assumptions of normality, homos-
cedasticity and independence of data for each evaluated
situation. While the Shapiro—Wilk test was performed
to verify the normality of the data, the Levene test was
used to verify homoscedasticity. The independence was
verified by analysing residuals from graphs. Leaves and
soil nutrient concentrations were analysed with one way
ANOVA with site classes as main factor. Tukey tests were
carried out to test differences between factors when F-
values were significant (P < 0.05). Pearson correlation
analyses were carried out to evaluate the association
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between soil and leaves elements and between soil pH
and soil elements. Also, a principal component analysis
(PCA) was performed to analyse the influence of the mi-
neral concentrations (soil and leaves) on Site Class over
the sample distribution in an ordination space. PCA inclu-
ded Monte Carlo permutation test (n = 999) to assess the
significance of each axis.

Statistical analyses were performed using R (version
4.2.1, R Foundation for Statistical Computing, Vienna,
Austria).

RESULTS

In general, there was a trend where dominant matu-
re trees reached higher heights (better site class) at lower
elevations. However, a multiple regression analysis with
altitude, mean annual precipitation (MAP), mean annual
temperature (MAT) and soil pH as independent variables
and dominant tree height (DH) as the dependent variable
showed that soil pH was the only significant variable that
was positively correlated with DH (tables 1 and 2).

Macro nutrients concentrations in leaves varied bet-
ween site classes (SC) in some elements such as K, Mg, N,
P and S, with a trend to be lower in the worse SC (figure 1).
Carbon and Ca concentrations did not vary between SC.
On the other hand, C:N ratio was higher in SC 5 and N:P
ratio was lower in SC 3. In the case of soil macro nutrients,
all the evaluated elements showed lowest values in the SC
5 stands. Thus, soil and leaves concentrations were signi-
ficantly and positively correlated for N, P and S (table 2).

On the other hand, Al, Fe and Mn concentrations in
leaves were lower in the best site class stand (SC 3) com-
pared with other stands growing in SC 4 and 5, but Na con-
centration was higher. The opposite was observed in soils,
where the lowest concentrations of micro elements were in
lower site classes (figure 2). Thus, a negative correlation
was found between leaves and soil concentrations of Al
and Fe (table 3). On the other hand, soil pH was positively
correlated with the concentration of soil nutrients (N, K, P,
S and Fe) and other elements such as Al (table 4).

The first three principal components explain a total of
57.8% of the variation in the dataset (PC1: 30.9 %; PC2:
16.1 % and PC3: 10.8 %). This indicates a moderate level
of structure in the data, with PC1 and PC2 capturing nearly
half of the variability. While not dominant, these axes still
offer meaningful insights into the underlying gradients of
variation. The first principal component (PC1), explaining
30.9 % of the total variance, is strongly associated with
variables related to soil chemical composition, particularly
high negative relationship of Nitrogen (N), Potassium (K)
and moderate contributions of Phosphorus (P) and Sulphur
(S). Site Class 5 appears to cluster along the high end of
PC1, indicating lower soil N, K, P and S levels. SC3 and
SC4 are more distributed toward the centre or lower ran-
ge of PC1, suggesting higher N, K, P and S in soils. The
second component (PC2), accounting for 16.13 % of the
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Table 1. Main characteristics of Nothofagus antarctica forests located in contrasting environmental conditions, in southern Patagonia.

Principales caracteristicas de los bosques de Nothofagus antarctica ubicados en condiciones ambientales contrastantes, en Patagonia sur.

Site Class Geographical coordinates Altitude (m a.s.l.) MAP (mm yr') MAT (°C) DH (m) Soil pH
SC3 51°56°57.6” S - 71°41°41.6” W 130 336 6.2 10.8 5.7
51°50°53” S - 71°46°18” W 138 330 6.2 11.3 5.7
51°01°30.1” S - 72°13°11.2” W 203 291 6.6 11.0 5.6
SC 4 51°13'21.0” S - 72°15°34.0” W 295 331 5.9 8.1 5.7
51°17°50.7” S - 72°11°2.18” W 414 334 53 8.8 5.6
49°17°22.4” S - 72°53'34.9” W 416 808 7.5 9.0 5.5
SC5 51°55°55.4” S - 71°39°23.7” W 130 335 5.6 7.2 5.1
49°14716.3” S - 72°54"12” W 450 821 7.3 4.2 5.0
51°57°22.77 S - 71°31°40.7” W 141 330 54 6.5 5.1

Site Class (SC) is determined according to Ivancich et al. (2011) classification. MAP: mean annual precipitation; MAT: mean annual temperature; DH:
dominant height of mature trees.

La clase de sitio (SC) se determina segln la clasificacion de Ivancich ez al. (2011). MAP: precipitacion media anual; MAT: temperatura media anual;
DH: altura dominante de los arboles maduros.

Table 2. Regression model coefficients for DH (table 1) prediction.

Coeficientes de modelo de regresion para prediccion de altura de arboles dominantes (tabla 1).

Variable Coefficient Standard error t value p-value
Intercept -28.21 8.98 -3.142 0.035
Altitude -0.0061 0.005 -1.135 0.320
MAP -0.0020 0.007 -0.301 0.779
MAT 0.9007 1.277 0.706 0.519
pH 6.1697 2.115 2916 0.043

Table 3. Pearson correlation coefficient (R) and p-value (P) between elements concentration in leaves of Nothofagus antarctica and
soils where the trees growth, in three contrasting sites in southern Patagonia.

Coeficiente de correlacion de Pearson (R) y valor p (P) entre la concentracion de elementos en hojas de Nothofagus antarctica y los suelos
donde crecen los arboles, en tres sitios contrastantes del sur de la Patagonia.

C N Al Ca Fe K Mg Mn Na P S
P 0.169 0.001 0.012 0.99 <0.001 0.053 0.129 0.842 0.347 0.005 <0.001
R 0.24 048 (+) 0.37(-) 0 0.50(-) 027 (+) 0.23 0.03 0.14 041(+) 0.55(+)

Signs in parentheses indicate if the correlation is positive (+) or negative (-).
Los signos entre paréntesis indican si la correlacion es positiva (+) o negativa (-).

Table 4. Pearson correlation coefficient (R) and p-value (P) between soil pH elements concentration in soils where the
Nothofagus antarctica trees growth, in three contrasting sites in southern Patagonia.

Coeficiente de correlacion de Pearson (R) y valor p (P) entre pH y la concentracion de elementos en los suelos donde crecen
los arboles de Nothofagus antarctica, en tres sitios contrastantes del sur de la Patagonia.

C N Al Ca Fe K Mg Mn Na P S
P <0.001  <0.001 0.015 0.75 <0.001 0.042 0.081 0.084 0.821 <0.001 <0.001
R 0.53(+) 0.55(+) 0.53(+) 0.38 0.46(+)  0.46(+) 0.33 0.44 0.04 0.67(+)  0.54(+)

Signs in parentheses indicate if the correlation is positive (+) or negative (-).
Los signos entre paréntesis indican si la correlacion es positiva (+) o negativa (-).
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Figure 1. Mean macro nutrients (C, Ca, K, Mg, N, P and S) concentrations and C:N, N:P ratios (+ standard deviation) of Nothofagus
antarctica mature leaves (left column, grey) and soils (right column, black) from three site classes (SC), in southern Patagonia. Site
Class (SC) is determined according to Ivancich et al. (2011) classification. Different letters for a same element indicate significant

differences between SC according to F (P) values.

Concentraciones medias de macro nutrientes (C, Ca, K, Mg, N, Py S) y relaciones C:N, N:P (+ desviacion estandar) de hojas maduras de
Nothofagus antarctica (columna izquierda, gris) y suelos (columna derecha, negro) de tres clases de sitio (SC), en Patagonia sur. La clase de sitio (SC)
se determina segun la clasificacion de Ivancich ef al. (2011). Letras diferentes para un mismo elemento indican diferencias significativas entre SC segiin

valores de F (P).

variance, is influenced primarily by foliar nutrient concen-
trations, particularly lower concentrations of Manganese
(Mn) and Iron (Fe), and higher concentrations of Potas-
sium (K) in leaves. SC3 samples tend to align with hig-
her PC2 values. SC4 and SCS5 are more variable along this
axis, indicating site-specific differences in foliar nutrient
dynamics.

DISCUSSION

In this study, a new contribution to the knowledge
about the incidence of environmental factors (topography,
soil and climate) on nutrient performance of N. antarctica
forests is provided. This information may assist to a better
understanding and practical management of these forests
in a context of silvopastoral use, ecological significance
and changing climate (Bahamonde et al. 2018). Despite
some differences in leaves macro nutrients concentra-
tions between SC, in general the values are in the range
of previously published information for N. antarctica in
southern Patagonia (Peri et al. 2006, 2008, 2010, Baha-
monde et al. 2019b). The lower leaves concentrations of
K, N, P and S in trees growing at SC 5 are clearly asso-
ciated with low soil nutrient concentrations. The low lea-
ves concentrations in a marginal site class, as SC 5, were
also reported by Peri et al. (2008) for aerial components
(branches, leaves, bark and wood) compared with macro
nutrients concentrations in a better site class stand of fiire
(Peri et al. 2006). However, Bahamonde et al. (2019b)
did not detect differences in nutrient concentrations in
fiire leaves from 3 stands with contrasting productivities
(dominant tree heights). It should be noted that the stu-
dy by Bahamonde ef al. (2019b) also found no differences
in most of the soil nutrients evaluated between sites. This

study also discusses the complex interaction between soil
characteristics and environmental variables that ultimately
determine nutrient concentrations in leaves.

Concerning to the correlation between soil fertility
and leaves concentrations, although in the studies of Peri
et al. (2006, 2008) there were not differences in soil con-
centrations between site classes, there are antecedents in
concordance with our results. For example, Dichl et al.
(2003) found a positive significant correlation (R = 0.68)
between soil and mature leaves N concentration in a study
with 10 species (including N. antarctica) of native forest
in northern Patagonia. Similarly, on another study Diehl
et al. (2008) found positive correlations between soil and
mature leaves N and P concentrations in native forests of
Patagonia. Bahamonde et al. (2013) reported lower annual
net soil nitrogen mineralization in a fiire forest growing in
a SC 5 compared to stand growing in a better site class.
Thus, the incidence of N and P availability in forest soils as
limiting for tree growth is broadly recognized (Aerts and
Chapin 1999). Moreover, N:P ratio in leaves is commonly
used as an indicator, being the values proposed by Aerts
and Chapin (1999) the mostly used in temperate forests,
where N:P values less than 14 indicate N limitation; N:P
values higher than 16 imply P limitation; and N:P values
between 14 and 16 would indicate both N and P limita-
tions. In the present study, all SC stands showed a clear
limitation for N, coincident with Diehl et al. (2008) in
Nothofagus forests (including N. antarctica) in northern
Patagonia. Related to this, Frangi et al. (2015) reported a
significant positive correlation between mean annual tem-
perature and N:P ratio in an analysis which included all Ar-
gentinean forests. Bahamonde et al. (2019) reported N:P
ratios under 14 for N. antarctica and N. pumilio forests
growing in different environmental conditions in southern
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Figure 2. Mean micronutrients (Fe and Mn) and additional micro elements of interest concentrations (Al and Na) (+ standard deviation)
of Nothofagus antarctica mature leaves (left column, grey) and soils (right column, black) from three site classes (SC), in southern
Patagonia.
Site Class (SC) is determined according to Ivancich et al. (2011) classification.
Different letters for a same element indicate significant differences between SC according to F (P) values.

Concentraciones medias de micronutrientes (Fe y Mn) y microelementos de interés adicionales (Al y Na) (+ desviacion estandar) de hojas
maduras de Nothofagus antarctica (columna izquierda, gris) y suelos (columna derecha, negro) de tres clases de sitio (SC), en Patagonia sur.

La clase de sitio (SC) se determina segln la clasificacion de Ivancich et al. (2011).
Letras diferentes para un mismo elemento indican diferencias significativas entre SC segtin valores de F (P).
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Figure 3. Principal component analysis including leaves and soil variables related to site classes of Nothofagus antarctica forests in
southern Patagonia. SC is the site class where each stand is growing.

Analisis de componentes principales, incluyendo variables foliares y edaficas, relacionadas con las clases de sitio de los bosques de
Nothofagus antarctica en la Patagonia austral. SC representa la clase de sitio donde crece cada rodal.

Patagonia. These authors suggested that this N limitation
in Patagonian forests was mainly due to very low organic
matter decomposition and N mineralisation rates in these
soil forests. In agreement with this, low decomposition of
litterfall and roots, low N mineralisation and soil respira-
tion have been reported in N. antarctica forests in southern
Patagonia (Bahamonde ef al. 2013, Peri et al. 2015, Baha-
monde et al. 2016, Gargaglione ef al. 2018). On the other
hand, several mechanisms have been described in the lite-
rature to improve P acquisition in plants. The generation of
cluster roots has been reported in Embothrium coccineum,
a Proteaceae that grows in forests in Patagonia, as an effi-
cient mechanism for P acquisition in situations of low
availability (Lambers et al. 2012). Similarly, species such
as Nothofagus have been documented to have established
symbiotic relationships with mycorrhizal fungi that increa-
se phosphatase activity and carboxylate exudation, which
improve the availability and absorption of phosphorus in
these plants (Gallardo ef al. 2012). Related to this, Zhou

et al. (2020) have indicated that foliar Mn concentration
as an indirect indicator of the use of carboxylates by roots
to acquire phosphorus. In our study, the highest concen-
tration of P in leaves (and lowest N:P ratio) occurred in
SC 3, which had a lower concentration of Mn in leaves,
which allows us to infer that its higher concentration of P
would not be associated with the exudation of carboxyla-
tes, but probably with an increase in phosphatase activity
due to its association with mycorrhizal fungi. Likewise, it
has recently been published that mycorrhizal fungi in N.
antarctica forests in Patagonia are more associated with
soils with higher pH (Truong et al. 2024) as is the case of
stands growing in SC 3 in our study.

Published data about micro nutrients concentrations
in N. antarctica leaves are very scarce. Bahamonde et al.
(2019) found Al, Fe and Mn concentrations in the range of
the values of the present study in fiire leaves of N. antarc-
tica and N. pumilio mixed forests in southern Patagonia.
Also, Bahamonde et al. (2016) published micro elements
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concentrations in grasses which were growing in N. an-
tarctica soil forests in southern Patagonia. Compared to
our results, these authors reported lower concentrations of
Al, Fe, Mn and Na in grasses than N. antarctica leaves.
Both Al and Fe leaves concentrations were higher in SC 5,
despite the concentrations of these elements were lower in
SC 5. Nevertheless, these results would be related to soil
pH, with the lowest value in this site class (SC 5), sup-
porting the well-known negative correlation between soil
pH and Al and Fe availability for plants (Marschner and
Romheld 1996). On the other hand, both Mn and Na in lea-
ves did not show a clear trend related to neither SC or soil
fertility. Regardless of differences between site classes, all
the evaluated micro elements (Al, Fe, Mn and Na) were
in the range of the concentration considered as sufficient
for growing requirements by the literature (Kirkby 2012).
Also, the concentrations of these elements were under the
range of the considered toxic concentrations for the availa-
ble studies in the literature (Kabata-Pendias 2011).

CONCLUSIONS

Most of macro nutrients (K, N, P and S) show a trend of
higher values in leaves of trees growing in better site clas-
ses, being positively correlated with soil nutrient concen-
trations and pH of soil. The most limiting macro nutrient
in these forests is N, which is concordant with previous
research in these forests. On the other hand, some micro
elements, as Al (not considered as a nutrient) and Fe (nu-
trient), are higher in leaves of stands growing in worse site
classes and negatively correlated with their soil concentra-
tions. With this information we can suggest that the best
classes of fiire forests in southern Patagonia are positively
associated with higher values of some macro nutrients and
negatively associated with some micro elements.
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