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In Romania, the sessile oak is the widest spread species of all native oak species, forming a lower story of vegetation. The European beech and Norway spruce cover
50% of the Romanian forest area. The purpose of this study was to analyze the variability of the leaf nutrients, as well as of the soil nutrients, for sessile oak, Norway spruce
and European beech stands situated under different site conditions. The studied sites are located in the southern part of the Carpathian Mountains at altitudes varying
from 600 m to 1300 m. Leaves samples were collected from twenty sessile oak trees, in three moments during the growing season. The same eight elements in total form
were determined for soil and leave too: N, P, K, Ca, Mg, Fe, Cu and Zn. Leaves samples for beech and spruce were collected in the Il Level Intensive Monitoring Grid of the
ICP Forests Programme. The paper focuses on the seasonal concentration variation of eight macro elements in leaves and the correlations between the concentration
of the macro elements in soil and litter. In addition, the study highlighted the degree of influence exerted by some soil properties on the foliar concentration of nutrients
(through multiple regressions). The obtained results show different mobility of the elements and a greater variability was noticed in the case of certain elements. The same

three soil properties were noticed to influence the foliar nitrogen concentration.

Introduction

Romanian forests are situated mainly in the mountainous
regions (70%), while hills and especially plains are covered
by much smaller areas of forests. European beech (Fagus
sylvatica L.) and Norway spruce (Picea abies L. Karst) constitute
approximately 50% of Romanian forest habitats (of which
31% is beech), summing up to 3 mils. ha [1], while sessile oak
(Quercus petraea Liebl.) covers 10,5% of the afforested area and
is the widest spread species of all native oak species [2].

Knowing the nutritional status of these important species
is crucial as it is indicative of ecosystem processes that help
in understanding and monitoring forest health [3]. With the
purpose to evaluate the nutritional status and the potential
nutritional deficiencies, the available quantity of nutrients in
the soil was determined, as well as the concentration of leaf

nutrients (foliar analysis or foliar diagnosis) and foliar ionic
reports [4]. The chemical analysis of the soil offers indicators
of the potential availability of nutrients [5,6], under certain
conditions favorable to absorption, whereas the analyses
made either on leaves or on other plant parts, only reflected
the current nutritional status. The seasonal variations in the
concentration of nutrients, in the leaves of the perennials
(forest trees) are relatively small, in comparison with those of
the annual species [7].

This paper aims to highlight the evolution of foliar
nutrition cycles in the three main Romanian forest tree species
in relation to litter and soil properties.

Materials and methods

The research was located in four different forest stands:
one oak stand was selected in the Cristian Piedmont (Warthe
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hill near the city of Brasov) and another in the Vladeni
Piedmont (near Dumbravita village), while for European beech
and Norway spruce the researches were conducted in core plots
Fundata (beech) and Predeal (spruce), both of them belonging
to the II Level Intensive Monitoring Grid of the ICP Forests
Programme. Fundata core plot is located at 1300 m altitude, has
a southern exposition and the stand is 50 years old, while the
Predeal Core plot is situated at 1185 m altitude, the exposition
is East and the stand age is of 95 years (Figure 1).

In order to examine the nutritional status of sessile oak,
the research was conducted at the soil level and also at the leaf
level. The soil samples were collected on genetic horizons. The
leaf samples were collected from 20 trees (5 around each soil
profile). The leaves were collected from apparently healthy,
mature trees, which belong to the It and II" Kraft classes
and to their upper third, in compliance with the international
methodology in force [8].

The number of five macro elements was determined (N,
P, K, Ca, Mg) in the laboratory [9] for the soil samples, as
well as three microelements (Cu, Fe, Zn), in their total form.
The concentrations of macro and microelements (excepting
N) were determined by the soil treatment with an oxidant
mixture, consisting of HNO,, HClO,, H,SO, and dosing at
the spectrometer in atomic adsorption. The concentration of
organic carbon was determined by the method of wet oxidation
and titrimetric dosing, also called the Walkley-Black method.
In order to determine the concentration of total nitrogen,
the Kjeldahl method was used; and with its help, as well as
through the concentration of organic carbon, the pedogenetic
index, the ratio carbon-nitrogen (C/N) was calculated. The
potentiometric method in aqueous soil suspensions was used
for the soil pH. The sum of exchangeable bases and total
exchangeable hydrogen were determined with the Kappen
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method; the bases were extracted with hydrochloric acid; while
the hydrogen cations, were with the calcium-acetate solution.
The total cationic exchange capacity resulted by summing the
exchangeable bases and the exchangeable hydrogen.

For the leaf samples, the same 8 nutrients were determined,
as in the case of the soil samples. The applied method consists
of the wet mineralization of the foliar samples with strong
acids (HCI, HNO,) and then, determining the concentration
of nutrients, by reading at the spectrometer in atomic
absorption. The nitrogen concentration was determined by the
Kjeldahl method while the phosphorus concentration, was by
colorimetric dosing.

In order to examine the nutritional status of European
beech and Norway spruce, the research was conducted at the
soil level (mineral and organic horizon), litterfall level and leaf
level. For these two species, the methodology is that of ICP
Forests Level II intensive monitoring (2010).

Litterfall samples sorted into fractions were dried at
maximum temperatures of 70 °C, for 24 hours, before grinding.
A subsample of powder, not chemically analyzed, was used for
moisture concentration determination, by drying at 105 °C. All
results were corrected considering the moisture concentration.
Open digestion with HNO, / H,SO, was used for litterfall pre-
treatment. For analysis of calcium, magnesium and potassium,
the AAS flame technique was used, with acetylene/air on Perkin
Elmer AAS Analyst 700. Phosphorus was determined by UV/
VIS spectrometry, with the molybdenum blue method. Carbon,
nitrogen and sulphur analysis were performed using a LECO
Truspec CHNS analyzer. In some cases, when the analyzer
could not be used, Gerhardt Kjeldahl digestion and titration for
nitrogen determination were applied.
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Figure 1: Location of monitoring sample plots.
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Figure 5: Seasonal variation of foliar Ca concentration.
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Figure 4: Seasonal variation of foliar K concentration. Figure 8: Seasonal variation of foliar Fe concentration.
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Figure 9: Seasonal variation of foliar Zn concentration.

days, the maximal foliar-nitrogen concentration, determined
for the Warthe stand reaches approximately 14000 mg
kg-1; whereas, at Dumbravita, the minimal concentration
approaches the value of 15000 mg kg-1. Just as the nitrogen
concentration, the phosphorus concentration follows the same
trend, decreasing during the growing season, for both stands
(Figure 3). The minimum concentration of phosphorus is
much lower for the Warthe stand (approximately 300 mg kg-
1) than the Dumbravita stand (approximately 550 mg kg-1).
The phosphorus concentration drops by 55% for Warthe, from
June, until October; and by 37% for Dumbravita.

For the sessile oaks from Warthe, the potassium
concentration drops, in October, by 29%; and barely decreases
(9%) for the one at Dumbravita (Figure 4). From June, until
August, different (even opposite) variations in the potassium
concentration, were recorded. For Warthe, the concentration
of potassium increases by 20%, from June, until August, for
Dumbravita it decreases by 29%, for the same interval, while
the concentration of foliar potassium increases by 7% for
Warthe and it drops by 21% for Dumbravita,

Similar to the case of the potassium variation, for the foliar-
calcium concentration, a different situation was recorded for
each of the two stands under study (Figure 5). The calcium
concentration for the sessile oak from the Warthe stand
increases by 31%, from June, until October; and by 58% for the
sessile oak from the Dumbravita stand. For both locations, the
calcium concentration is greater at the end of the season, than
at its beginning; quite the opposite of the concentrations of
nitrogen, phosphorus and potassium.

Also, the magnesium concentration has different dynamics
in the growing season (Figure 6). Thus, two different
situations were recorded: for Warthe, the foliar-magnesium
concentration decreases from June, until October, by 36%;
while for Dumbravita, it increases by only 4%.

Regarding copper concentration, one can see, from Figure
6, that it has similar dynamics for both locations. For the sessile
oak situated on Warthe Hill, the copper concentration drops,
from June until October, by 42%; and by 71%, for the sessile
oak from Dumbradvita. The decrease continues throughout the
growing season, for both locations, except the interval August-
October, for the sessile oak from Dumbravita, where there is a
slight increase (0.30 mg kg-1).
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In Figure 8, it can be observed that the variation of iron
concentration is low, during the growing season, if we relate
it to the value of the median. Thus, for the sessile oak from
Warthe, it dropped, during the interval June-October, by
9% (9.74 mg kg-1); and, for the one from Dumbravita, it
increased, by 49% (41.46 mg kg-1). As regards the foliar-zinc
concentration, one can easily see, from Figure 9, that it follows
an approximately constant trend, from June, until August; and
then, a slight increase, until October, for both locations. For
the sessile oak from Warthe stand, the increase, in October, as
against the month of June, is 20% (3.87 mg kg-1); and for the
one from Dumbravita stand, 57% (8.09 mg kg-1).

The physical and chemical properties of the soils from
researched stands are shown in Table 1. All four analyzed soils
belong to the Luvisols class, luvisol type (according to WRB
classification). One profile belongs to the typical subtype; and
three of them to the albic subtype (according to Romania’s Soil
Taxonomy System, SRTS 2003).

In the top layer (Ao organic-mineral horizon), the soil
reaction is strongly acidic. The supply of organic carbon and
nitrogen is good and very good. The total cationic exchange
capacity is small.

In terms of the degree of base saturation, the studied
luvisols are oligo-monobasic. With respect to the assimilated
potassium concentration, it varies from middle to high. As
regards the mobile phosphorus concentration, one can see that
the researched soils show a deficit, this concentration varying
from extremely low to low.

Likewise, the correlations between the concentrations of
nutrients in the soil and in the leaf were studied. For the soil,
the concentration of elements in total form, in horizon A and
in horizon B, was considered (Table 2).

Table 2, it can be observed the greater number of
correlations between the concentration of elements in the
leaf, and the ones in the A horizon. Significant correlations for
the calcium element are recorded only in August. The foliar-
magnesium concentration, in October, with the one in the soil,
achieves significant correlations, also given the fact that, for
magnesium, a deficiency at the foliar level is recorded. Copper is
another element that marks significant positive correlations, in
August and October. The emerging negative correlations show,
in fact, an inverse relationship between the concentration of an
element in the soil and the one in the leaf, possibly due to some
other factors, that for now remain unknown.

Regarding the significant correlations, for the calcium
element in the soil, respectively leaf, they are the same, for both
A and B horizons. Magnesium achieves, in its turn, significant
correlations, yet in June, this time, a negative correlation. The
total concentration of magnesium in the B horizon is much
greater than the one in the A horizon. The copper in the B
horizon achieves a single more significant correlation, with the
foliar concentration from October.

Table 3 shows the degree of influence exerted by some soil
properties on the foliar concentration of nutrients, during the
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Table 1: Physical and chemical properties of analyzed soils.
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Soil property

Soil profile  Horizon Organic SB (me/100g SH (me/100g T (me/100 K,0(mg P,0.(m ’

i carbgon (%) PH ( soil) : (soil) | soil) ’ :(g-(1)g 2kgs-gl) ’ *Texture Soil type
Ao 12.72 0.26 28.38 4.42 9.6 18.0 27.6 34.78 126.5 0.30

1 Ea 4.87 3.2 8.0 11.2 28.57 L Albic luvisol
Bt 5.65 17.21 6.0 23.21 7413 SiCL
Ao 10.32 0.34 17.59 4.95 10.0 16.0 26.0 38.46 279.9 4.4

2 Ea 4.71 0.8 8.0 8.8 9.09 LS Albic luvisol
Bt 5.05 9.2 7.6 18.8 54.76 SiL
Ao 5.04 0.25 11.68 4.52 11.6 13.6 25.2 46.03 1731 4.6

3 El 5.01 52 8.0 13.2 39.39 LSi Typic luvisol
Bt 5.19 16.0 8.4 24.4 65.57 SiCL
Ao 10.2 0.31 19.09 4.41 3.2 16.8 20.0 16.0 2441 12.0

4 Ea 4.47 1.2 8.4 9.6 12.50 LS Albic luvisol
Bt 5.07 52 8.0 13.2 39.39 SiL

*L = Loam,; SiCL = Silty Clay Loam; LS= Loamy Sand; SiL = Silt Loam [18].

three growing season’s moments. This degree of influence is
rendered by the value of the coefficient of determination R>
and the intensity of the connection between the considered
variables, by the multiple-correlation coefficient R.

Only those properties which showed statistical support
and which influenced the dependent variable were kept in the
regression analysis.

In this way, it can be observed that, for the studied species
in June, the variation in two of the eight foliar nutritive
elements (nitrogen, zinc) is explained in a proportion of 65%,
respectively 71%, by three soil properties, namely the exchange
capacity for hydrogen, the organic carbon concentration and
the carbon-nitrogen ratio.

Thevalueof themultiple-correlation coefficient (R) indicates
a strong-intensity connection, between the aforementioned
properties and the foliar concentration of nitrogen and zinc.
In August, middle and strong-intensity connections were
noticed between the soil properties and four of the eight foliar
nutritive elements. The coefficient of determination with the
highest value (0.699) shows that approximately 69% of the
variation in the foliar-nitrogen concentration is explained
by the exchange capacity for hydrogen, the organic carbon
concentration and the carbon-nitrogen ratio. In October, the
strongest connections between the soil properties and foliar
concentrations of nutrients are recorded.

The strongest connection (R = 0.919), was noticed between
the foliar concentration of nitrogen and the exchange capacity
forhydrogen, the organic carbon concentration, and the carbon-
nitrogen ratio. Nevertheless, at the end of the growing season,
the foliar-nitrogen concentration decreases, triggering the
intensity of this connection. The same soil properties influence,
in a proportion of 69%, respectively 74%, the variation of
the potassium and copper concentrations. The variation of
the magnesium concentration is explained in a proportion of
73% by the exchange capacity for bases, the degree of base
saturation, and the organic carbon concentration.

Foliar analysis for Fagus sylvatica in the last 15 years reveals
imbalanced nutrition with periodic deficiencies in nitrogen
(N), potassium (K) and calcium (Ca) concentrations (Table 4).

Table 2: Correlation between total nutrients concentration from soil and from leaf
for sessile oak.

Spearman correlation coefficient

Element A Horizon

August October
Ca 0.294 0.620 -0.064
Mg -0.217 -0.418 0.603
Cu 0.341 0.666 0.809

B Horizon

P 0.166 0.537 0.260
Ca 0.294 0.620 -0.064
Mg -0.449 -0.255 -0.323
Cu 0.007 0.356 0.483

Table 3: Multiple linear regressions between soil properties and foliar nutrient
concentration.

Multiple

Independent Dependent correlation Coefﬁc|e!1t p- F, Degrees
variables  variables coefficient of dt?termm- value F. e:” of
= ation R? @5%) freedom
June
Sh, H, C/N N 0.809 0.655 0.001 10.12 3,16
Sh, H, C/N Zn 0.847 0.717 <0.0001 13.56 3,16
August
Sh, H, C/N N 0.836 0.699 <0.0001 12.37 3;16
Sh, H, C/N K 0.745 0.555 0.004 6.65 304 3,16
Sh, H, C/N Ca 0.746 0.556 0.004 6.68 3,16
Sb,V,H Cu 0.832 0.692 <0.0001 12.03 3,16
October
Sh, H, C/N N 0.919 0.845 <0.0001 27.34 3,15
Sh, H, C/N K 0.833 0.693 <0.0001 11.29 3,15
Sb,V,H Mg 0.856 0.733 <0.0001 13.72 3.29 3,15
Sh, H, C/N Cu 0.863 0.746 <0.0001 14.71 3,15

The reduction in N, K and Ca uptake in the first half of the
period can be linked to atmospheric CO,-enrichment which
leads to a decrease in all foliar element concentrations by a
dilution effect as a result of increased biomass [10], but also
to the fluctuation of atmospheric deposition process. Sulphur
(S), magnesium (Mg) and phosphorus (P) high concentrations
are mainly related to soil high base saturation and mycorrhizae
activity (Table 5).

Needle analysis for Picea abies in the past decade shows
that K, Ca and Mg exceeded normal range concentrations
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largely caused by modifications in the level of nitrate leeching
induced by the fluctuating level of precipitations (periodic
droughts), followed by a gradual stabilization of nutrition in
more recent years. Soil humidity and acidity levels determine
the availability of K and Ca, which, in turn, influence plant
physiological processes (especially transpiration) (Tables 6,7).

Discussion

Referring to the seasonal variation of nitrogen concentration,
Parascan & Danciu 2001 [11] noticed that the nitrogen migrates
from cells, as they grow old, while within old organs, the
nitrogen concentration is lower than in the young ones. A
possible explanation would be the higher altitude where the
sessile oak on the Warthe Hill (735 m) is situated, as against
the one in the Vladeni Piedmont (611 m); hence a shorter
period of the growing season, at higher altitudes, which means

Table 4: Foliar concentrations for beech (mg/g).

Element
/Year
2007

N s K Mg P

2009
2011 2410 1.45 2.30
2013 2.10 2.18 1.60
2015 28.6 2.00 9.48 14.45 1.39 1.2
2017 25,66 2,10 7,79 14,48 1,74 1,6
2021 25,42 1,83 8,28 11,86 1,54 1,3
*Range 20.41 1.26 4.81 3.44 0.65 0.89
9 29.22 212 11.14 14.77 2.5 1.86

*Blue = below range, Red = above range

Table 5: Temporal trend of element ratios for beech.

Ratio
/Year N/P N/K N/Ca N/Mg K/Ca K/Mg Ca/Mg
2007 15.33 2.03 2.02 14.18 1.00 6.99 7.01

2000 8N 258 634 [JESAN 139
2011 1086 (SISO 04 157
2013 SO 260 483 [EEAN .05

2015 2383 302 GBI 2058 066 682  10.40
2017 1614 320 177 1475 [JOEAN 44¢ [EEEN
2019 1920 260 19 2338 075 899 1192
2021 2019 307 214 1653 070 539 771
ance T 18 2 12 063 333 367

g 25 5 6 25 25 10 8

*Blue = below range, Red = above range

Table 6: Foliar concentrations for spruce (mg/g).

Element
Year N S K Ca Mg P

2007 1158 090 890 1249 143 094
2009 1203 100 500 6.50 117 119
2011 PEEEN 120  cs0 EEEEE 0
2013 1185 100 389 6.13 102 147
2015 1258 106 603 5.68 083 089
2017 1267 120 461 4,65 076 10
2019 1267 108 487 6,46 054 07
2021 1166 082 420 517 057 08
9.47 0.69  3.41 1.83 044 081

*Range
1597 134 836 9.77 156 182

*Blue = below range, Red = above range

Table 7: Temporal trend of element ratios for spruce (mg/g).
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Element
/Year
2007

N/P N/K N/Ca N/Mg K/Ca K/Mg Ca/Mg

12.32

2009 1011 2.41 077 427 556

2011 860 134 723 1690 538

2013 1013 305 G 1162 063 381 6.01

2015 1413 209 221 1516 106 727 684

2017 1320 275 272 1667 099 607 612

2019 [JISEEH 260 WSEN 2347 075 902

2021 1487 277 225 2041 081 736 906

rRonce 133 2 8 058 233 1
9 17 486 1133 2833 6 15 10

*Blue = below range, Red = above range.

earlier senescence, at higher altitudes; the literature quotes
that, before the fall of the leaves, high quantities of nitrogen
migrate towards the branches and the stalks — approximately
52% [11]. In addition to nitrogen, the literature quotes that,
before the fall of the leaves, approximately 27% of the foliar-
phosphorus concentration, migrates [11]. In the current study,
in both stands, the phosphorus concentration migrated towards
other plant parts, which is higher than the one quoted in the
literature. Potassium, along with phosphorus and nitrogen,
belongs to the category of nutrients with high tissue mobility,
which migrate, at the end of the growing season, towards other
structures [4,12,13].

The foliar calcium concentration increases from June to
October and this is due to the fact that the calcium nutrient has
low tissue mobility and blocks in the leaf [4]. Calcium can be
found in greater quantities in tissues with lower vital activity
[14]. Thus, one can see that the leaves of the sessile oak from
the Warthe stand, due to their higher calcium concentration in
October, are more inactive than the ones of the sessile oak from
the Dumbravita stand, where the growing period is longer. In
this way, both for calcium and for potassium, great variations
canbe noticed between individuals, even if they exist in the same
forest site conditions. Other researches show that this great
variation in the calcium concentration, from one individual to
another, might be owed to a certain genetic variability [15]. The
studies aimed at examining the nutritional status of the trees,
due to the different mobility of the elements and the great
variability, among the individuals, should preferably focus on
physiology aspects or on the individual genetic characteristics,
so that the study might fulfill its purpose as rigorously as
possible [16].

The significant correlation between foliar magnesium
concentration and the one from soil could be an unusual
situation because the literature specifies that, in forest soils,
magnesium deficiencies are very rare and that the trees can
extract this nutrient even from the minerals [17,19].

Conclusion

A greater variability was noticed in the case of the
phosphorus, calcium and magnesium elements, in the two
studied stands. During all three growing season moments, the
foliar-nitrogen concentration was noticed to be influenced, to
various extents, by the same three soil properties: exchange
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capacity for hydrogen, organic carbon concentration, and
carbon-nitrogen ratio. The foliar concentration of nitrogen
decreases, with the advancement in the growing season; and
the intensity of the connection between this one and the
aforementioned properties increases at the end of the growing
season. At the A-horizon level, significant correlations are
noticed for the calcium element in the soil and in the leaf,
in August. In the B horizon, the relations for the calcium
macro element are the same as in the A horizon. The copper
microelement in the soil correlates with the one in the leaf,
both in August and in October. As against the A horizon, in the
B horizon, another correlation appears in August, between the
phosphorus concentration in the soil and in the leaf.

The potassium deficit in the beech stand could signal a
disturbance in the assimilation process with an impact on the
tree’s health. The significant trends in foliar N/nutrient ratios
were positive for Ca and K and negative for Mg indicating that
Ca and K foliar nutrition was deteriorating in comparison to N
nutrition while Mg nutrition was decreasing.

For spruce, the negative temporal trend in the foliar N to
Mg ratio could be an indication that some forest ecosystems
are progressively recovering from past acidification due to the
decline in acidifying deposition observed in Europe. However,
during the last two years, the spruce stand shows a normal
nutrition status.

In the context of Europe’s higher demand for wood biomass
used as green energy, it is important to continue monitoring
forest health through interdisciplinary approaches that use
harmonized and updated methodologies.
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