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Abstract.

Tropical forest soils generally have low nutrient availability. Some species exhibit specialized behavior, occurring exclusively
in a single soil type, while others are generalists, thriving across different soils and water table depths. This study assessed the
influence of topographic variation on leaf and trunk macronutrient and carbon amounts of tree species occurring only in one
topographic position and species occurring across topographic positions and their relationship with soil macronutrient and
carbon stocks. We selected nine species occurring in different topographic positions: three plateau specialists, three valley
specialists, and three generalists (with four replicates each, totalling 35 individuals), where leaf and trunk samples were
collected from each individual, and soil samples for carbon and nutrient analysis and quantification. Leaf and trunk nutrient
concentrations varied across specialist and generalist functional groups, with valley specialists showing the highest
concentrations of leaf and trunk nutrients and carbon. Nutrient concentrations within generalists remained consistent across
topographic positions, underscoring their adaptive strategy to sustain productivity across environments. The concentrations of
certain trunk nutrients of plateau and valley specialists and generalists mirrored those found in leaves, albeit at lower relative
concentrations. Trunk carbon concentrations did not vary significantly compared to leaves, suggesting that other biological or

environmental factors influenced tree nutritional status. We found evidence of variations in plant carbon and nutrient
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concentrations between generalist and specialist species inhabiting plateau and valley habitats in Central Amazonia, and a
weak correlation between the stocks of some soil nutrients and leaf and trunk nutrient amounts.

el Cabon
Keywords: Biogeochemical cycles, tropical forest, Nutuent-eeﬂeena—atm—eﬂ—&epiea-l—speeies carbeﬂ—eeﬂeeﬂﬁaﬁeﬁse#
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1 Introduction <~ 9
W

The Amazon rainforest supports abundant life despite considerable nutrient limitation on aged tropical forest soils. In
general, Amazon soils are classified as acidic, low-fertility, nutf_ie(?t-poor, and prone to leaching(@ (%l/el/:;lfa:nd et al., 2011;
Quesada et al., 2012), with scarcity of phosphorus (P) and other nutrients (Turner et al., 2018; Cunha et al., 2022). As a result,
plant species in tropical regions such as the Amazon have developed multiple nutrient acquisition and recycling strategies such
as fine-root P foraging, symbioses with arbuscular mycorrhizal fungi (AMF), organic acid exudation and acid phosphatase
exudation (Cordeiro et al., 2020; Guilbeault-Mayers and Laliberté, 2024; Lugli et al., 2020; Reichert et al., 2022; Urbina et al.,
2021; Vengavasi et al., 2021). The investment in fine roots, for example, is particularly géﬁaﬁg ffﬁhe central Amazon, where
the species tend to have shallow root systems compared to other locations (e.g., eastern Amazon) due to well-distributed
rainfall throughout the year (Spanner et al., 2022). Additionally, at a larger scale (e.g., Amazon basin) distinct soilstypes with
different water table depths imposed by the topography create, dlverﬁe environments with contrasting species composition and
functional traits (Costa et al., 2023). Variations in soil pr opemes2 such as those found across clay-rich plateaus and sandy

valleys in the Central Amazon, are key determinants of tree species distribution, as previously observed by other studies in

= ¥,
_ \7“" 14 ‘,,IJ LA »
& G\“U/\j’)

‘The primary reservoir of essential nutrients for the functioning of forest ecosystems lies within the _spﬂ (Nottmgham ks

etal., 2022; Vitousek and Sanford, 1986). However, due to the highly weathered soils of tropical ecosystems a great proportion

of these nutrients in their readily available form are found in shallow soil layers and are associated with litterfall depesition— / “t(\
& {

and organic matter (Leff et al., 2012; Machado et al., 2016). A portion of these nutrients, available in organic matter as well

as derived from parent rock sources, are stored in tree organs and tissues, playing a crucial role in the establishment and | 4
maintenance of tropical environments (Bauters et al., 2022). When a tree falls, dies and decomposes, nutrients in short-lived ' , ;{
organs like leaves and fine roots are released quickly, whereas nutrients in long-lived woody tissues (branches, stems, twigs)

are released more slowly (Martins et al., 2023; Summers, 1998). This difference in nutrient release interferes with their

availability to the soil, where woody tissues generally contain higher total stock of ceitain nutrients, such as phosphorus (P) ¢w

v

and nitrogen (N), compared to other plant components (Ferraz et al., 1997; Martins et al., 2023), serving as a long-term carbon
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(C) reserve (Martin et al., 2018). Nonetheless, nutrient concentrations in wood and leaves exhibit substantial variation among

forest species both locally (e.g. presence of N fixing species, species-composition-associated-with-topegraphy, functional traits
o

like wood density etc.) and globally (e.g., precipitation regimes, rock-derived nutrignts etc.) (Heineman et al., 2016; Meerts,

14 [ ”
> oL drignm

2002), with the local drivers influencing the variations of nutrient concentrations remaining poorly understood.

Experiments with tree response to P nutrition have reported a strong relationship between the maximum electron r St |
transport rate (Jmax) for both foliar N and P rates, with these relationships improved with the inclusion of wood density (Norby ""‘"‘52{“*’\4
etal., 2017). In the tropics, wood density is widely recognized as a key factor in estimating biomass and an important ecological | - %
and forest dynamics trait (Chave et al., 2009). However, the relevance of wood density in models and species performance is i y

bk &

still under debate (Larjavaara and Muller-Landau, 2010). Higher wood density, for example, results in less volume growth pe o /y =
2 7 [l

unit of carboncz'lllocation, where the construction and maintenance costs of resistant plant structures and biochemical defense
’bufuv-a/_y(_,-

/ / /
(o 4-GC

ultimately reduce resources available for plant growth and reproduction (Chave et al., 2006; Poorter et al., 2010). Also, hig
wood density species have higher survival rates due to biomechanical stability and hydraulic Nsafegyv' (Esquivel-Muelbert et al.,
2020; Gray et al., 2019). On the other hand, low wood density species have higher mortality and decomposition rates compared

to high wood density species (Chambers et al., 2000). Overall, the observations of high wood density species presenting slower | [ 4 - 77,

growth and higher costs for wood production suggest the possibility of different nutrient acquisition strategies and nutrient ,i?«/, 1
storage in tissues and organs compared to low wood density species. In the Amazon, wood density and water storage are most ; ”‘0{4
strongly influenced by species identity, whilst _o_tilkix}\;\’\éi‘e primarily determined by environmental conditions (Lira-Martins et
al., 2022). Therefore, understanding the variation in nutrient allocation in plant organs, such as leaves and trunk, among | 2 3 - 7¢
generalist and specialist species with diverse functional traits such as wood density in relation to soil nutrient stocks along a | (.. /L,;,,,fl,%
topographic gradient is essential to unravel the underlying biogeochemical mechanisms governing the functioning of Amazon |+ tte ez
forest ecosystems.

Despite a growing number of recent initiatives and studies in the Amazon, the current scarcity of information on

nutrient stocks in the vegetation emphasizes the importance of quantifying nutrient eempartments-and-quantities, sueh-as-P—

.and-N; in plant organs (trunk-and-leaves) and in the soil. This information can support the development of dynamic vegetation

models with nutrient functionality, such as the Functionally Assembled Terrestrial Ecosystem Simulator (FATES) (Koven et
al.,, 2020). Additionally, climate change can potentially impact forest productivity and function as well as the plant-
environment interactions in the Amazon in the coming decades (Flores et al., 2024; Holm et al., 2023). The highly intricate | [l 'J(u
and diverse environments and their links to species composition and different functional traits in the Amazon biome pose | ., _ 7 .

challenges in terms of determining which ecosystems and species will be more vulnerable to climate events such as El Nifio- Mg‘

driven droughts. For example, it is well known that species occupying habitats with shallow water tables (e.g., valleys) are

3
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more vulnerable to drought events than species from deep water tables (e.g., upland plateaus) due to differences in their
hydraulic systems (Esteban et al., 2021). Nevertheless, our understanding of nutrient acquisition and strategies on these

hyperdiverse forests and their links to topography is still limited (Rodrigues et al., 2024).

This study’s objective was to evaluate the influence of topography on soil nutrient stocks and on the amount of leaf |

and trunk nutrients in 'generalist' and 'specialist' tree species in a terra-firme tropical forest in Central Amazon. Specifically,
we aimed to determine whether (1) trunk and leaf C and nutrient concentrations vary between three functional groups:
generalists, plateau specialists and valley specialists, (2) there is a relationship between wood density and nutrient and C

concentrations in trunk, (3) and to assess whether the amounts of nutrients and C in tree species correlate with soil nutrient

and C stocks. We hypothesized that (i) the nutrient and C concentrations of specialist species differ from those of generalist |

species, (ii) that wood density is a key factor explaining variation in trunk nutrient and C concentrations, and (iii) that the |

amounts of nutrients and C in the trunk of generalist and specialist species correlate with soil nutrient and C stocks.

2 Miethods

2.1 Study Area 174 )
o~

The study was conducted along the North-South transect witl)"/125 individual 20 x 20 m permanent plots, which
collectively span a 20-meter by 2,500-meter area, covering 5 hectare{ (Araujo et al., 2020). The North-South transect was
installed in 1996 by the Jacaranda Project (a collaboration between II\fPA and Japan International Cooperation Agency, JICA)
and is situated within the Cuieiras river basin, encompassing the territory of the Tropical Silviculture Experimental Station
(commonly referred to as ZF-2, 02°35'55" S, 60°02'14" W), operated by the National Institute for Amazonian Research
(E.E.S.T./INPA) (Fig. 1) (Araujo et al., 2020). The North-South transect plot was designed to representatively sample the
dominant undulating topography of the region, which encompasses plateau, slope and valley positions and associated forest
structural and functional differences (Piva et al., 2019). Forest censuses have been conducted since 1996, where all woody
individuals with a diameter at breast height (DBH) > 10 cm were measured (Da Silva et al., 2002).

Soil characteristics in the region have been previously described by (Ferraz et al., 1997). Soils in plateaus feature a
more clayey texture and are classiﬁé&%s ch;'llox \féﬁ‘;sol, while the shallower soils in the valleys have sandy texture, with a
predominance of coarse sand, and are classified as hydromorphic spodosols. According to the white-sand vegetation
classification in the Amazon described by (Demarchi et al., 2022), the valley forests at the study site can be classified as a mix
of open forested campinarana (wetlands upon hydromorphic sand soils) and dense forested campinarana with the last one more
comprehensive in terms of area at the NS transect (Fig. 1). The region has a predominantly tropical rainy climate, classified as

Amw according to the Koppen classification. The average relative humidity at the study site is 72.8%eﬂ-auera.ge,.adth}\ranging
A

“7J 4
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from a minimum of 69% to a maximum of 99%. The annual rainfall ranges from 1,900 to 2,400 mm (Alvares et al., 2013;
Spanner et al., 2022). The rainy season typically extends from November to May, while the dry season spans from June to
October. The average annual temperature stands at 26.7°C, with a peak of 31.2°C and a low of 23.5°C (Meng et al., 2022).
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2.2 Species selection and categorization
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In October 2022, we sampled a total of 35 trees whose functional group were categorized based on their position

125 along the topographic gradient (Plateau/Valley). Our categorization was informed by prior studies conducted by (Carneiro,
«{J‘\

( )\,y 2004) and (Souza, 2011), which served as a foundation for our initial selection of sample species. We adopted the term

= "specialist" for species exciusively inhabiting one topographic position (i.e., plateau spec1allst and valley specialist), and

o has vl dotiibuded | DA they hace o profaemce 7
"generalist" to those species distributed across the entire topographic gradient (Fig. S1 in the Supplementary Material). We

selected three species exclusively found on the plateau (plateau specialists), three species exclusive to the lowlands or “valieys”
(valley specialists), and three species that are present in both plateau and valley habitats (generalists), as further detailed in
Table 1. We selected a total of nine sample species, each with four replicates, with the exception of the plateau specialist

species Croton lanjouwensis Jabl., which had only three replicates due to the death of an individual (35 sample trees in total).

The selected sample trees aiso encompass a range of diameter classes (Fig. S2 in the Supplementary Material).

ﬁ&ﬁfﬁeaﬁen—eenéueteé—wﬁh——betaﬂwal—expeﬁ—assm@ The plateau specialist species 1dent1ﬁed for this study are
41 b’ l”'\ all
Eschweilera tessmanii (Lecythidaceae), Ocotea percurrens (Lauraceae), and Crofon lanjouwensis Jabl. Euphorbiaceae). The

generalist species selected comprise Brosimum rubescens (Moraceae), Scleronema micranthum Ducke (Malvaceae), and

R
Protium hebetatum (Burseraceae). The specmz,Lst valley species encompass Micrandra siphonioides (Euphormaceae ), Tt Tapura
VVW"( 0 Qs

140 lanceolata (Dichapetalaceae), and Brosimum utile subsp. ovatifolium Ducke (Moraceae), as described by (Carneiro, 2004) and ;
e g,

_(Souza, 2011) (Fig. S3). In this study, N-fixing species, often associated with the Fabaceae family, were excluded from the 24

species selection to mitigate potential confounding effects. v /
A

[ oy

We also report the periodic annual increment (PAI) of each species. PAI is the mean annual increment per diameter
[

at breast height (DBH) of a tree over a ]l\eriod of time (in this study from 2010 to 2022, 12 years) (Equation 1).
z:‘/\ L’U’v'\" =i \;7:
s Jbs <76
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__ Current DBH size — Initial DBH size

EGUsphere\

145 PAI Current time — Initial time M Loy b M b 1? i
i N mE VMJLWKV"
A -
Table 1 Selected species along the North-South Transect. The table includes information on topographic position, functional
F
group, family, species, number of individuals (#), calculated basic wood densityK(%cm‘?), and periodic annual increment (PAI).
Topographical S
Functional group Species Family n  Wood density PAI (¢
position / IR
- ( }]c ) ((/IVL s il )
Plateau Plateau specialists  Eschweilera tessmannii Lecythidaceae 4 0.7329 0.17
Plateau Plateau specialists Ocotea percurrens Lauraceae 4 0.3878 0.30
Plateau Plateau specialists Croton lanjouwensis Euphorbiaceae 32 0.3758 0.80
Plateau/Valley Generalists Brosimum rubescens Moraceae 4 0.7051 0.11
Plateau/Valley Generalists Scleronema micranthum Malvaceae 4 0.5307 0.16
Platéau/V alley Generalists Protium hebetatum Burseraceae 4 0.5384 0.21
Vallpy Valley specialists ~ Micrandra siphonioides ~ Euphorbiaceae 4 0.4524 0.20
Valley Valley specialists Tapura lanceolata Dichapetalaceae 4 0.5700 0.08
/ Brosimum utile subsp.
Va,‘ley Valley specialists Moraceae 4 0.4501 0.15
',’ Ovatifolium
aNoz‘e::f,One individual of this species was found dead in the field and there is no other individual of the species within the
!\
boundaries of the plots in the North-South Transect.
150

2.3 Leaf sample collection

For each of the 35 tree individuals, samples of sun-exposed canopy branches and twigs were collected with the

assistance of a climber. Immediately after the branches were cut, fully expanded, healthy green (mature) leaves were selected,
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Si vous désirez recevoir une copie papier de cette documentation, veuillez nous contacter par courrlel a l'adresse
hardcopW\Buests@alg om, par écrit a1€dresse AIC}?Europe SA.SA. - BoutT;rd de la P(alne 111050 (”
Bruxelles ~Belgique ou par-téléphone au numéro 02/739.96.20. Veuillez vous \assurez de&nentmnné‘rclawement
I ro de pqlice, le.nom du _preneur d’assur rincipal et I'adresse a elle, vpus souhaitez que nous
placed in Qﬁﬁgﬁﬁ dp 58 storedr}n a reﬁ%gerator at the ?incld %amppto reduce mlcro{)Elq actlvfty At the F or%st Management
155 Laboratory, the leaf samples were processed and then sent to the Soil and Plant Analys1su§boratory (LASP) of EMBRAPA-

Amazonia Ocidental for carbon and nutrlent quan ification.

[ , Y : (9
s did j‘—;‘n ole Tl IQN‘V(L <

2.4 T"‘,{/}i‘] woody material sample collectign (
9 .
Mcclleﬁed two samples of trunk woody material from each selected individual,

160 totaling 70 samples.@le wood sample was utilized to quantify nutrients in the trunk (sample 1), while the other was used to
determine basic wood density (sample 2). Sample 1 was obtained by employing a 25 mm diameter drill attached to a drill press
(Fig. S4), and inserted to a depth of approximately 7 cm (with each sgxb\nple\kbeing approximately 2.5 cm in diameter and 7

i

cm in length). Sample 2 was acquired using a 5.15 mm diameter mssler auger (Fig. S5) and used to determine basic wood

density following the methodology descrrbed in section 2.7 Physical analysis of wood samples. All samples were collected at
e wdh lloric ;(,«jmt\ Ao e g
165 a height of approximately 1.10 meters ﬁgom the ground.
702 7 o 7 7 Trunk samples were initially stored in liquid nitrogen for one week before being transported to the Forest Management
Laboratory in Manaus. Upon arrival, all samples were weighed on a precision scale and oven dried at 65°C until a constant

== Weight was achieved. A /(ﬂ L
outlmed.m.sectmn.Leaf_sample.co.llectanJsatep they were transported to the Forest Management Laboratory for a 72 hour @j Coay “"l

uf/LL— ~

170  oven drying process at 65°C. Then, the leaf samples webrlé) grxotund using a knife mill and sent, along with the trunk samples, to
the EMBRAPA Occnder)rtjz'ill1 ci}\rer(incgl ,]il,l\)oratory for C and nutrient concentration determination folewing—EMBRAPA's—
established-methodology? C was q(lantiﬂed using the Walkley-Black method, N through the Kjeldahl method, P with the
molybdenum blue spectrophotometry method, and K, Ca, and Mg using atomic absorption spectrometry. For K a hollow

cathode lamp was employed, while Ca and Mg required either a calcium-magnesium or individual arc discharge (or hollow

175 cathode) lamp, with the addition of lanthanum or strontium to mitigate interference from phosphates and aluminum in

180 | , -,
w4 4 - ) 9 - ‘
2.5 Soil collection and determination of soil properties __—> M’KLLQ(ACK S Wi . ‘ mev%w«g d 2

Three soil cores (Fig. 2) were opened around each sample tree, about one meter apart, resulting-in-a-total-of 105-seil |
cores-each-50-cm-deep. Soil samples were collected at four depths: 0-5 cril;;-lo cm, 10-30 cm and 30-50 cm. In each of the
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three cores around each tree, one single sample was taken at each depth and combined with the others from each core to obtain

185 a composite sample per depth per individual tree. This resulted in 140 soil samples (35 trees x 4 depths).

collected ocks around each-sam; e. For the chemical analysis, the soil samples were air

dried in the shade and sent for analysis to the Soil and Plant Analysis Laboratory (LASP) - EMBRAPA Amazonia Ocidental, ¢ A OL&L

where the analyses followed the EMBRAPA (1998) soil analysis protocol. Soil nutrient and carbon stocks NGS)-were W\«, u/ a{ I
\" .

calculated using the following equation:

190 | Nes =222 \ PR & )
where NCS = Soil nutrient and carbon stocks (Mg ha™'), C = nutrient concentration in the sampled soil layer (g kg™), Ds = soil
density (g cm™), E = thickness of the soil layer considered (cm).
mm Soil density (Ds) was determined using a volumetric ring of known volume to obtain an undeformed soil sample. The
soﬂ sm\@rz’iensny were taken to the Forest Management Laboratory (LMF), weighed on a precision scale to obtain their
195 _wet weight, dried in an oven at 105 + 2°C until they reached a constant mass to determine their dry weight. The difference

/ U1 _between the wet weight and the dry weight was used to determine the soil moisture and, after this processing, the density was

determined using the following equation: [ )
Ds ?/_ AL NS -/k_

o

where Ds = Soil density (g cm™), m = Dry mass of soil (g), v = Internal volume of the ring (cm?).
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Figure 2 Field sampling scheme showing the (a) collection of trunk samples, (b) leaf samples and (c) the three soil collection

points near each sample tree. The valley specialist species, plateau specialist’s species, and generalist species are highlighted

in the figure

2.6 Quantification of carbon and nutrients in the leaf and trunk
We estimated the amount (i.e., total weight) of carbon and nutrients in the leaf and trunk compartments of each
sampled tree by first estimating the total tree biomass using an allometric model proposed by (Silva, 2007). The criteria of ‘
using the fresh weight (biomass) equation developed by (Silva, 2007) were based on the species composition used by (Silva,
2007) to fit the equations and estimate the coefficients. This was essentially done in the same study area (ZF-2, Manaus region),
compared to other proposed equations which, while potentially more commonly used, were fitted for other regions of the %Céﬂ,\

Amazon forest with different floristic compositions and biomass (Nogueira et al., 2008).
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/ FW = a x DBH® ()

where FW = Tree biomass (total fresh weight in kg), DBH = Diameter at breast height (in cm), a =2.7179, b = 1.8774 ( ‘}Ce"\tk, (Zm'ﬂ?
According to Silva (2007), in a mature forest of Manaus region leaf biomass represents approximately 3% of the total
215 fresh biomass of a tree, while the trunk represents around 69% of the total fresh biomass. Based on this, we calculated the leaf
fresh weight using the following equation: VL2 M 637 = ~odp [
LEW=FWx 003 ta il )
where LFW = leaf fresh weight (kg), F' ‘W= tree biomass (total fresh weight in kg) ‘ .
Similarly, the o trunk fresh weight was calculated as: N for how
TFW =EW-x069 o~ ek (6) | s
where TFW = Fresh weight of the trunk (kg), F? = Tree biomass (total fresh weight in kg) / 2 fvz len
(Silva, 2007) found that 59.7% of the fresh weight of the leaves is water, while 38.8% of the total weight of the trunk L)
is water. Using this information, we calculated the dry weight of each compartment as following: 1z NOWIVT . »Lyu\
LDW = LFW % 0.597 @
225 where LDW = leaf dry weight (kg), LFW = leaf fresh weight (kg) ‘/"
And the dry weight of the trunk (kg) \
DWT=TFW % 0.388 ®)
where DWT = Dry weight of the trunk (kg), TFW = Trunk fresh weight (kg)
Therefore, the amounts of leaf C, N, P, K, Ca and Mg were calculated as follows: amount of leaf C and nutrients =
230 LDW x the concentration of each element in the leaf, where LDW is the leaf dry weight. Similarly, the amounts of trunk C,
N, P, K, Ca and Mg in the trunk was calculated as: Amount of C and nutrients in the trunk = DWT X concentration of each
element in the trunk. - DW-is-dry-weight-in-lkilograms.

235 2.7 Physical analysis of wood samples
Basic wood density (g cm™) was determined for each trunk sample taken with the increment borer, which was placed
close to the point of where the DBH (diameter at breast height or 1.30 cm from ground level) measurement is taken. In the

laboratory, the trunk samples were submerged in water for 20 days to obtain their saturated volume, then oven dried at 105 +

2°C until reaching a constant weight to determine the dry mass (~0% moisture). i Mecnied lour 7
m t+ 20 <y A 9
240 Db =~ [ © 7 -

Vs,
where Db = basic wood density (g cm™), m = dry mass of wood at 105°C (g), v =Jsaturated volume of the sample (cm?).

11


https://doi.org/10.5194/egusphere-2025-391

https://doi.org/10.5194/egusphere-2025-391
Preprint. Discussion started: 20 March 2025 G U
© Author(s) 2025. CC BY 4.0 License. E Sp here

2.8 Statistical analysis

All statistical analyses were carried out using R software version 4.2.3 for Windows (R Development Core Team,
2023).

Initially, the Shapiro Wilk test was applied to check the

245  normality of each varlable,( leaf, wood and sml)ln cases where the data did not follow a normal distribution, non-parametric

XA e, 2
bove e tﬁaq
To test whether leaf and trunk nutrient and C concentrations differ between the generalist and specialist species, we y)«(* s

statistics were used. beor “2\ j/) J dAd
v

performed an ANOVA when the data followed a normal distribution, and the Kruskal-Wallis test when the normality }
assumption was not met. Boxplots—were—constructedfor-each-nutrient,—grouped-b eneralists,—Plateat
) S ial; Vall S jali ; OC — (7 7{‘}_) L »/{/\4\;?( A v K L G [;c—)' 5 ‘7

Spearman's correlation was used to test the correlation between basic wood density and the concentration of nutrients

and C in the trunk, and the correlation between the amount of nutrients in the leaf and trunk and the stocks of soil nutrients
o

and C, in plateau areas and in valley habitats, at the 95% confidence level. <, did a « «'z,/TA,(;/;,@,&,;y @€ 7

()\, AN

3 Results

255 3.1 Nutrients and carbon concentrations in soiis of piateaus and vaiieys

The sandy valley soils presented significantly higher concentrations of P, K and Mg compared to plateau soils. On
the other hand, the clayey plateau soils presented the highest concentrations of N. No significant difference in concentrations

of C and Ca was found between both soil types (Fig. 3).
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260 Figure 3 Concentration of carbon and nutrients in the soils of plateaus and valleys

3.2 Leaf nutrient and carbon differences across plant functional types
We compared the average concentrations of leaf C and macronutrients of plateau specialists, valley specialists, and
generalists (FEQ;.\WP, found significant differences in the concentrations of N (p <0.001), P (» <0.001), K (p <0.001), and
p @N\w\ Ca (p <0.001), suggesting a high level of confidence in the existence of differences among the functional groups. In the case
G«;}&%S of C (p =0.092) and Mg (p = 0.031), there was no significant difference between functional groups. The ANOVA results are
‘ \_presented in the supplementary Tables 1 and 2.

The valley specialist functional group differed significantly by displaying notably higher concentrations of P at 0.88 £ 0.12 g
kg and K at 9.56 + 2.08 g kg in their leaves when compared to the other functional groups. Conversely, the plateau specialist
species boasted the highest concentrations of C at 613.09 + 10.99 g kg™ and N at 19.63 + 1.80 g kg™'. The plateau specialist
270 species also displayed the lowest concentrations of Ca at 0.89 + 0.37 g kg™ and Mg at 0.70 = 0.12 g kg™ (Table S3, F i{g. SB?Z
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Figure 4 Boxplots showing the concentrations of leaf C and nutrients across the functional groups: valley specialists, plateau
oL -
specialists and generalist species 3 %

275 3.3 Trunk nutrients and carbon across plant functional types
Similar to leaf analysis, we compared the average concentrations of C and macronutrients in the trunks to test whether
generalist and specialist tree species differed significantly. We found significant differences in the concentrations of P (p =

0.0013), K (p < 0.001), Ca (p <0.001), and Mg (p = 0.003) between functional groups (Fig. 5). Trunk N (p = 0.043) was also
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highly likely to differ, whereas\'/trunk C (p = 0.23) concentration did not show a significant difference among groups. The

280 ANOVA results are presented in Supplementary Tables 4 and 5.
‘ Among the three functional groups, valley specialists exhibited the highest concentration of P (0.11 £+ 0.01 gkg™) in
the trunk. In contrast, the plateau specialists displayed the lowest concentrations of K at 0.44 + 0.04 g kg™, Ca at 0.81 £ 0.16
gkg!, and Mgat 0.22+0.08 g kg 1. Notably, generalist species had the lowest N concentration at 2.42 + 0.35 g kg™'. Regarding
C concentration, it is Erobable that differences exist between the groups, with the highest and lowest concentrations observed
285  in the valley specialists and generalists (Table S6 and Fig. 5).

The concentrations of certain trunk nutrients in plateau specialists, valley specialists, and generalists mirrored those

found in the leaves, albeit with lower relative concentrations (Fig. 4, 5). However, trunk C concentrations did not exhibit

significant variation compared to leaves.
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290 Figure 5 Trunk carbon and nutrient concentrations of valley specialist, plateau specialist and generalist functional groups

3.4 Relationship between wood density and variation in nutrient and carbon concentrations ili;le trunk PLN-\AL«?

We correlated the concentrations of nutrients and C in the trunk with basic wood density and found no correlation

between wood density and the analyzed nutrients in the studied tree individuals (Fig. 6). These findings suggest that, within

the group of species examined, therevlis no discernible association suggesting that wood nutrient concentration increases with
295  wood density. However, for C, a moderate negative and statistically significant correlation was observed (r=-0.52; p=0.001),

suggesting that the highest concentrations of C were found in wood samples with lower wood densities.
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We found significant correlations between the C and nutrient amounts in the leaves and those in the trunk, suggesting
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We found a strong positive correlation was-ebserved between soil C and N stocks, indicating a siggiﬁcant relationship

310 between the presence of C in the soil and N availability. Moreover, soil K stocks correlated positively with soil C and N stocks
(Fig. 7).
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Figure 7 Correlations between the amount of carbon and nutrients in the leaves and trunks and the stock of carbon and nutrients

in the plateau soil up to a depth of 50 cm. The correlations were significant at the 95% significance level ’/X m g
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In valley soils, the soil C stock exhibited strong and positive correlations with soil P, N, and

EGUsphere®

K stocks (Fig. 8).

Furthermore, there was a positive correlation, although weak, between soil C and Mg stocks. Fhese-eorrelations-underseore- The v

. Soil P stock also correlated with &~
N, C, and K stocks, with a strong correlation observed with N (r = 0.82).
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Figure 8 Correlations between the amount of carbon and nutrients in the leaf and trunk and the stock of carbon and nutrients

in the valley's soil up to a depth of 50 cm. The correlations shown were significant at the 95%@1I{tyﬂle\g .
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Nutrient dynamics in intact tropical ecosystems are highly intricate and influenced by various factors, includiné/parent
. ; o . Vol .
material, species composition, sga_tla.l_m;t&xt, canopy structure and topography. In ecosystems like the terra-firme forests of

U
the Central Amazon it is well known the influence of togograph;(r)\and its links to water table depth and soil texture variation)

on forest productivity and biomass (de Castilho et al., 2006). Topography also influences species composition and divergent

hydraulic functional traits such as specific leaf area and sapwood area (Cosme et al., 2017; Oliveira et al., 2019), litterfall

decomposition (Powers et al., 2009), and {unignwnamics (Broedel et al., 2017). In terms of nutrients dynatu%sﬁ for example,
=z Y o n

the valleys tend to have greater nutrient fluxes'in compafison to the upland plateaus due to the higher leachiwies, and large

amount of macropores within the soil matrix that facilitate higher levels of percolation (Rodrigues et al., 2024). Corroborating

with this, we found greater concentrations of P, K and Mg in valley soils compared to plateau soils (Fig. 3). However, higher

nutrient concentrations in the valley are not reflected on higher aboveground biomass production, as the clay-rich substrates

9 In general, plateau and valley habitats differ in forest productivity and structure (Gongalves et al., 2024). Excluding

i ﬂ the biomass of palm species (which is higher in the valley than in&le plateau), the sandy valley soils are characterized by lower
. A - — <

sl

Ay

.;15

350

X Nt dne ‘L&Mw/gci; F M Gl f—u‘yg&ﬁj/, 7

foeést productivity (de Castilho et al., 200\Q;ibrests on valleys (with shallowjwater table) had 18% less above-ground woody

productivity and 23% less biomass stock than plateau forests (with a deeper waté;;z;i)Téi:(\S;_)usa et al., 2022).(Soong et al.,

2020) in Guiana Shield revealed that tree growth rates in clayey soils were higher than in sandy soils due to greater prevalence

of arbuscular mycorrhizal fungi (AMF). Another possible explanation for this contrasting productivity between plateau and

valley habitats in the Amazon is the presence of shallow root systems due to the excess of water availability in valleys, which

can affect the mechanical stability of trees and, consequently, tree height and growth rates (Ribeiro et al., 2016). The presence

of shallow root systems in valleys can limit the nutrient access to deep layers of the soil, and may affect ecosystem productivity.

Besides, valley species tend to invest in more efficient hydraulic systems compared to species from plateaus. Trees in plateaus
have q%wer vessel area and vessel diameters compared to valleys, and could be another possible explanation for the differences
in productivity between these two habitats due to trade-off differences (investment in hydraulic safety or efficiency for

example)(Barros et al., 2019; Cosme et al., 2017). Another possible mechanism is that species growing on nutrient-poor plateau

soils can present different nutrient acquisition strategies (Reichert et al., 2022). Based on the forest inventory dataset of the

North-South transect, plateau specialists presented, on average, higher periodic annual increment (mean at 0.43 cm year™,

minimum Eschweilera tessmannii at 0.3 cm year™'; maximum Croton Lanjouwensis at 0.8 cm year™") and the valley specialists
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the lower periodic annual increment (mean at 0.14 cm year™', minimum Tapura lanceolata at 0.08 cm year”; and maximum

Micrandra siphonioides at 0.2 cm year™) (Table 1). This lowér periodic annual increment of the valley specialists corroborates

355 with the assumption that sandy valley habitats are less productive than plateau habitats.

Similarly to differences in productivity between plateau and valley habitats, we observed that valley specialist species
exhibited higher average concentratlops of most analyzed leaf and trunk nutrients when compared to plateau specialist and

generalist species. It is important tovﬁighhght that the predominant vegetation found in the valleys at the North-South transect

plot have similarities with white-sand vegetation also known as campinarana, characterized by a dominance of few species,

360 high endemism, and high presence of palm species (Demarchi et al., 2018). The observed pattern of higher trunk nutrients in

the valley specialists aligns with (Heineman et al., 2016)findings; who noted that allocation of nutrients to wood, especially _ /,L b/ﬂ}_

A g G & s e e
P, influences species distributions and nutrient dynamics in tropical forests. AL W")‘\ W‘J bl 4 @

One of the factors that could account for the higher concentration of nutrients in the valley specialist functional group b, 50 7
was the greater presence of fine roots compared to generalists and plateau specialists, as observed by (Sampaio de Souza,
365 2016) (dissertation in Portuguese). (Sampaio de Souza, 2016) identified high fine root biomass,,-"lehgth}/surface area, and
turnover in valley species in the same study site, corroborating other studies that found a higher biomass of fine roots in areas
with sandy soils (Jiménez et al., 2009; Noguchi et al., 2014; Silver et al., 2000). Depending on environmental conditions, plants
have the capacity to modify their root architecture, encompassing root morphology, topology, distribution patterns, and
forming associations with arbuscular mycorrhizal fungi to facilitate the uptake of specific and relatively scarce nutrients, such
370 as P (Shen et al.,, 2011). Although no root morphology analysis was conducted in this study, we observed no significant
differences in nutrient concentrations in leaves and trunks of generalist species across both topographic positions, with the
exception of N concentration in leaves and P and K concentrations in trunks between valleys and plateaus (Fig. S7 and S8).
This suggests that generalist species can maintain similar nutrient concentrg/;i;\)ns in their organs regardless of topographic

position, implying that other adaptations may be at play. The limiting nutrient availability in the first 50 cm of soil on plateaus

5 compared to valleys (Fig. 3) suggests that generalist species exhibit high nutrient use efficiency (Cuevas and Medina, 1986).
7 This functional group, with tree species occurring in both plateau and valley habitats, is able to dtﬂigemx?lft/rients more efficiently
than valley specialists, in spite of relatively higher fertility in valley soils. The mechanisms underlying this efficiency should
be further investigated. 1/7 e b Lk a S ;; mtlﬂ\;\awt ALAASS L’tvm o ,,L - LWMJCVM‘—'?’
ik ety
380 4.2 Linking plant to soil nutrient concentrations along topographic positions
At a local scale, topographic variation is a pivotal factor that significantly influences biogeochemical and ecological

processes within a forest, given that climatic variables remain consistent (Cuevas and Medina, 1986; Davies et al., 2005).
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Consequently, variations in topography, coupled with shifts in soil physicochemical factors in the Central Amazon, can
modulate nutrient availability to plants, thereby affecting nutrient concentrations within plant organs tissues (Luizéo et al.,

2004). However, in this study, we observed weak correlations between sbil nutrient stocks and nutrient amounts in leaves and

trunks (Fig. 7 and Fig. 8). This weak correlation indicates that plant nutrient acquisition is dynamic and complex over time -

.and space, making it difficult to establish direct correspondences of nutrient concentrations between soils and plant organs.

One potential explanation for this weak correlation between the soil and plant organs is the influence of seasonality on nutrient L\)L\Lvt‘ o)
fluxes through soil water percolation along topographic positions (Rodrigues et al., 2024) in addition to species-specific | (-
nutrient acquisition strategies (Bustamante et al., 2006). It is also important to consider whether the sampled soil adequately VVL(,N\/;/— b
reflects the nutrient availability to the tree, either in terms of the spatial distribution of these nutrients or the ability of the
extraction method used to capture the truly available nutrient pool.
At the community level, for example, species can present different nutrient acquisition strategies and symbioses such
as with AMF, or using mining strategies like exudation of phosphomonoesterase enzymes (PMEs) and low-molecular weight
organic acids (LMWOAs), and leaf P resorption, along different P gradients in the soil (Reichert et al., 2022). In addition to
this active investment in nutrient acquisition, plants can also indirectly influence soil nutrients through litterfall deposition (Ye
et al., 2022). This process is generally associated with leaf age and phenological stages of species which are complex over
time, especially in tropical regions (Lopes et al., 2016; Nardoto et al., 2008). Consequently, the interplay of direct and indirect
soil nutrient interactions makes it challenging to establish a simple, one-way cause-and-effect relationship between soil
nutrients and nutrient levels in plants. This difficulty is maximized in hyperdiverse systems like the Amazon, which has an
estimated 6,500 tree species (Cardoso et al., 2017), hundreds of specxes,Per hectare and approximately 600 individuals with
DBH > 10 cm at the ZF-2 site (based on the forest inventory of NS transect). Despite our method of having three soils cores
of 60 cm depth around each sampled tree species (Fig. 2), these spots could have been influenced by other factors like the 4\« ) buk

litterfall deposition of other species, such as N-fixing individuals, as well as different rates of microbiological activity due, for - i "”"‘M

1 5D

example, fallen branches and trunks with different decomposition rates. Future studies focusing on the coordination between “** Lk >

Teon ( um&%wd .3 buv

PR AV “claok.
nutrients in plants, litterfall, and soils could potentially address this complex1ty ThlS type of approach will help elucidate, for o dats !

example, that foliar P allocation is species-specific and does not converge w1th habitat (Liu et al., 2023). Additionally, on a

local scale, the possibility of different nutrient acquisition strategies between species inhabiting valleys and plateaus could be

deeper investigated since on a larger scale, recent findings indicate that tropical tree ectomycorrhiza are distributed

independently of soil nutrients (Medina-Vega et al., 2024). &;,\ 'k oy dniwrxd  onbuslialan
In sandy valley soils, we found the highest concentrations of P, which was also highest in the leaf and trunks of valley

specialists. These findings of elevated P concentrations in both wood and leaves, along with higher concentrations of other
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¢ nutrients in valley specialists, align with observations of (Bauters et al., 2022), who found that wood P, Ca, Mg, and K

concentrations are often inter-correlated. This suggests that species with high wood P amount are also likely to store more Ca,

Mg, and K in their wood. In our study, valley soils had higher concentrations of P, K, and Mg compared to plateah soils, which

had significantly higher concentrations of N. It is important to note that our data were collected in October, typically coinciding

with the peak of the dry season. Since nutrient dynamics in tropical forests are complex and intricate, water availability can

potentially interfere in microbiological and decomposition rates. During the collection of soils, we observed higher humidity

/\_(, Mf_q(_,,
levels in the sandy soils from valleys, as well as an apparently higher organic matter amount. In coordigation with the observed

higher nutrient levels on the sandy valleys, the valley specialist species presented the higher concentrations of C, N, P, K, Ca,

and Mg in tree trunks, as well as higher concentrations of P, K, Ca and Mg in the leaves. {M%ntgiroLZOOS) (thesis in Portuguese)
oD

suggested that valleys have the highest nutrient input due to the higher decomposition\/of litterfall, which is influenced by

seasonality. When comparing the results from (Montelro 2005) litter study with our findings, which analyzed nutrlent/

hasrng
concentrations in the living tissues of standing trees, it became apparent that the nutrient concentrations in the litterfall found { f V?

by (Monteiro, 2005) mirror the nutrient concentrations in plant organs of valley specialists.

Opposite to the valleys, we found that clayey plateau soils had lower concentrations of P, as did the Q):ga»ﬂs of plateau -y%

specialists (leaf and trunk). This mean that plateau specialists occurring in high-clay soils, which are relatively P-scarcer [

compared to valleys, can potentially present distinct cycling strategies such as AMF symbiosis and the exudation of PMEs and

LMWOAEs, to avoid P losses from the ecosystem (Reichert et al., 2022; Soong et al., 2020). Plateau specialists presented lower

concentrations of almost all the nutngg\lts in the trunks and leaves compeayg the other functional groups, except for leaf N

w
and C. This finding corroborates Luizdo et al., 2004) and (Nard/ot et al., 2008), who also reported elevated leaf N

~
concentrations in species occurring on plateau habitats, encompassing both legume and non-legume species. (Luizdo et al.,

2004) demonstrated that clayey soils, such as the yellow latosols in plateaus exhlblt higher N concentrations than sandy soils

32 o~

Ay
in valley habitats of the Central Amazon with limited net nitrate 1/ oductlon é?)amty, which is a plant-available form of N

(Vitousek and Matson, 1988). We found that the average trunk N concentration did not differ between plateau specialist and

valley specialist species. However, average trunk N concentrations differed between generalist species and both specialist

functional groups. (|~ ko . >

. n/ {p .9
- f(f"/twbu’( b vs ot ok all 3 “-{jj'«"vﬁkk,’

No significant dlfferences were found in C concentrations between plateau and valley soils nor-in-the-trunks among

U pusexl ¢

functional groups. However, we found a significant difference in leaf C concentratlon among functlonal groups. Leaf C

/L wea ),

W\ Lo
concentration in plateau specialist species was dlgarent ﬁom the other functional groups. This finding contrasted

(Luizdo et al., 2004), who found no significant differences in C concentrations in mature leaves of trees across the three

topographic positions. One possible explanation could be that the authors worked with random species across a topographic
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-gradient without differentiating between the functional groups. In the context of our study, wh&eh—analyzed—dlscmet—ﬁmefe?na#
= 7 e 4l U/\«Vb

_groups, it is evident that the generalist functional group displayed more consistent results, implying that spemes in this group s u-L/
445  are adaptable to both environments. This reinforces the need to understand the mechanisms inherent to these spemes, which /
. &\xlikely possess more advanced adaptive strategies and may exhibit greater adaptability as they thrive in various environments.
. " Our findings also underscore the intricate nature of nutrient cycling processes in tropical forest ecosystems and emphasize that

\\‘ Q

5 w
M 1,,L,L hxt)

— ==
450 the degradation of structural compounds and nutrient release of the litter lazerz‘ﬁr”htatmg nutrient eaﬁsorgtlon by plant roots ana n

litter production (an important exchange network between vegetation and soil) does not necessarily serve as a direct indicator

of nutrient availability. Nutrient cycling in tropical forests predominantly occurs in the first soil layers yhere fine roots increase

(Martins et al., 2021). The decomposition of litter and other organic materials in conjunction with the internal reabsorption of 7 , - =
j(/a'fgl/m ?
3 = ’ s % I ' - ‘ { . ’ =2 ) V ) ,l?x,b\.twv,\ =
455 health (Trumbore et al., 2015) e A Ay 0 eCaovyy v(»m mbidenic ey Evn J ) -9
, J whoinnE hene 1€ C foCadoam !

In Amazon foresb;topogljaphic positions are a key component of hydraulic trait distribution and vulnerability to
/ drought (Cosme et al., 2017; Zuleta et al., 2017). However, linking species distribution to soil nutrient concentrations along

topographic positions is challenging due to the complexity of nutrient cycling and dynamics. Soil texture and nutrient

availability appear to be crucial components of species distribution, although other local factors, such-as. water table depth,
460 also play significant roles (Checa-Cordoba et al., 2024; Sousa et al., 20 2/) Recent findings indicate that sm &SM/)L7
availability is a critical variable in the distribution of plant traits (Gull@mﬂ/Mayers et al., 2024). Nutrient acquisition requires #* mbnde
resources, and the construction of plant biomass is limited by nu/tﬁent acquisition. In this context, maintenance respiration,
construction, and turnover replacement costs of fine roots are significant factors that should be investigated (Knox et al., 2024).
| Future studies focusing on these aspects could help address gaps in our understanding of nutrient acquisition and cycling in
4uJ\_jropical ecosystems like the Amazon forest.

S L eakty [ ot

4.3 Nutrient concentration and wood density ..—> 1VLL., ? v

Q
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We also investigated the relationship between wood density and carbon and nutrient concentrations in the trunk. The—

spectrum and nutrient concentrations (Fig. 6). One possible explanatlon for this weak correlation is that other functional traits,
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such as those linked to the leaf economics spectrum-which balances leaf construction costs against growth potential (Diaz et
al., 2016)-could play major roles in nutrient concentrations. (Heineman et al., 2016), for example, hypothesized that wood
nutrient concentrations were directly related to the irlvestment of nutrients in storage reserves, positing that trunk nutrient
concentrations would positively correlate with basiy Ziensity. However, they found no support for this hypothesis, as the trunk
nutrient concentrations did not increase with wood density. These authors noted a significant decrease in the average wood
density of the species as phosphorus concentration increased. (Martin et al., 2014), in their study of N concentration in the
trunk of tropical trees, identified a significant correlation between trunk N concentration and wood density.

Our results contrast those of (Martin et al., 2014), but corroborate (Heineman et al., 2016), as no nutrients were found

to be positively correlated with wood density. Only C exhibited a significant negative correlation with wood density.

MWMMM%MWM@%WW%C concentration in trees, especially in
KE

the trunk, is linked to plant allocation of C to specific functions and life strategies¥ The initial hypothesis was that trees with
high basic wood density would have increased trunk C concentrations as these trees typically exhibit siower growth rates,
lower mortality rates, and greater resistance to xylophage attacks, among other traits associated with conservative species
(Chave et al., 2009). However,—:l;;s: results did not confirm this -intttat hypothesis. One potential explanation is that the
anatomical and chemical structures of wood regulate the trunk C concentration. Trees with high basic density may have low
C amount, given that wood density is mainly associated with wood fiber traits (Zieminska et al., 2013), as well as the density

of vessels and vessel diameter. As a result, C may be allocated to structures other than lignin such as wood extractives, and in

2 7A 2 X 4 ~ ~ .4 V] s 4 b P -4
the conductive system (Venturas et al., 2017). The allocation of C to various wood structures reflects the life strategies of

individuals in each environment. In the Amazon, environmental factors such as wind and light availability drive giant tree
distribution and forest structure (Gorgens et al., 2021). For instance, higher C concentrations in extractives in the form of
starches are linked to energy reserves, phenolic extractives may be related to the individual's defense mechanisms, and C
allocated to cell walls is associated with mechanical structure and support. Consequently, further studies focusing on C
allocation within wood structures and ultrastructures are essential to understand the functional ecology of specialist and

generalist plants in varying environments.

5 Conclusions

o s T

MM)CCV\

Taken together, our findings provide robust evidence of consistent variations in C and nutrient concentrations amomy
generalist and specialist species inhabiting the plateau and valiey areas in the Central Amazon. Valley specialists exhibited the

highest concentrations of C, and nutrients such as P, Ca, Mg, and K in both leaves and trunks. Fhese-results-align-with-the—
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505 _concentrations within the generalist group remained consistent across topographic classes (plateaus and valleys), underscoring

their adaptive strategy to sustain productivity in both environments.\The weak correlation observed between soil nutrient stocks e

§
and nutrient amount in leaves and trunks suggests that other factors, such as water table depth, in addition to soil nutrient

availability, play a more significant role in shaping species distributions along Amazonian topographic gradientﬂ Similar to

the weak correlatlons of nutrient concentra\(t\llc\)’ns between soils and plant organs, no evidence was found between wood density
VAN

510
Hﬁ S A«‘A
to play a major role than wood density. The observed'dispatiitie in species behavior in response to varying soil characteristics P
underscore the importance of distinguishing between functional plant typesvr\elated to nutrients (generalists versus specialists). fa::;):\
This distinction is vital for the accurate simulation of the carbon cycle in tropic%grests-thmugheﬁ-&e—%}st-eeﬁt&wusing P ) i
515 ecological models. Mod g by y\] Gf\w, oSl M Lhak ]
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Supplementary Figure 1: Image of the topographic profile of the North - South Transect, where the green dots represent the

trees where plant tissues (leaf and wood) were collected for nutrient analysis.

topography-of-the-area. Image adapted from Higuchi et al. (1998)
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Diametric distribution by functional groups

o \- (LAA L\(:A/CZ . é\.v\w
o - (K~ﬁ;ﬁi? ' C&JM 4 Lﬂ"/ ZOC ofe

I T - . WMM{
o l I I 1_41_3(3*2'9-/
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Diametric class/ Functional groups

Individuals number

30<39.9cm [
40<49.9 cm -
50<59.9 cm -
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20<29.9 cm
10<19.9cm
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Supplementary Figure 2: Diametric distribution (cm) of the individuals selected according to each functional group
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Supplementary Figure 3: Distribution of the 50 most common tree species with DBH > 10 cm inventoried in the transect

along the soil texture gradient, represented by clay content (in %). This image is adapted from Souza (2011), which studied

the dynamics of a terra firme forest in Central Amazonia
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Supplementry Figure Z: ‘Phe:ﬁts@gys—a phot of the ollection of woody material in the field with a 25 mm diameter
drill attached to a drill press (A), inthe-second image we have a photo of the drill used (B) d,;/ﬁh wt (A) 4 ({é) [

Supplementary Figure 5 Tlustrative imagé of the Pressler drill embedded in a tree (A); sample obtained with the Pressler

drill (B) to determine wood density



Supplementary Table 1: Table results of the analysis of variance for the nutritional concentration and carbon in the leaves

between the different functional groups.

Variables Source of variation G.L  SQ QM F P

Group 2 3004 1505 2562 0.092
: Error 32 18760 5863

Group 2 2191 10953 1593 l6ox
X Error 32 220 688

Group 2 048 0245 8824 0.00089
P Error 32 089  0.028

Group 2 241.1  120.54 15.58  1.9e-
& Error 32 2476 774

G.L = Degrees of freedom; SQ = Sum of squares; QM = Mean square; F = F-statistic; P = P-value

Supplementary Table 2: Summary of the analysis of variance for nutritional variables that did not follow a normal distribution

(Kruskal Wallis test) in the leaves between the groups.

———— N

‘(7‘,) p \Q\\ A< sk , Variables p-value
{ :\%'Lu: ;\ &’w\,»;\u"‘ Ca 0.00092
‘ Mg 0.031

Supplementary Table 3: Mean concentration and confidence interval (CI = 95%) in g.kg-! of carbon and nutrients in the

leak. cJ J whie Tt whex etz e % e
‘: L “k\
Functional Group
Chemical elements in leaves  Generalists Plateau Valley
specialists specialists

C 601.81 £13.86 613.09+10.99% 590.23 +15.61

N 14.47 +1.02 19.63 + 1.80 14.05+1.55

P 0.62 +0.05 0.65+0.08 0.88£0.12

K 5.57+0.99 3.40 +£0.92+ 9.56 +£2.08"

Ca 2.75+0.92 0.89+0.33+ 4.09+1.99
Mg 1.09 +0.36 0.70£0.11" 1.28 +£0.34

##4p <0,001; **p <0,01; *p <0,05

Supplementary table 4: Table of results of the analysis of variance for the nutritional concentration and carbon in the trunk

between the different functional groups. ) 4
e
Nutrients Source of variation G.L. SQ QM F P i &
Group 2 465 233 3485 0.043 3
N "Brror 32 2136 067 b

G.L = Degrees of freedom; SQ = Sum of squares; QM = Mean square; F = F-statistic; P = P-value.

Supplementary Tabie 5: Summary of the analysis of variance for nutritional variables that did not follow a normal distribution

(Kruskal Wallis test) in the trunk between the groups

Variables p-value

C 0.23

p 0.0013
K 0.0007
Ca  0.000064
Mg 0.003




Supplementary Table 6: Mean concentration and confidence interval (CI =95%) in g kg-' of carbon and nutrients in wood.

) L
SE AN '> el /\x.lr\" /{ l‘,»l{'{Jé‘: i" :)

Functionil Group
Chemical elements in wood  Generalists Plateau Valley
specialisis specialisis
C 560.4+34.6 585.81+33.95 597.27+26.96
N 2.42+0.35% 3.17+0.38 3.2+0.59
P 0.076 £0.021  0.066+0.007  0.11+£0.01*
K 0.81£0.27* 0.44 £ 0.04%** 1.40+0.30
Ca 221+1.05 0.81+0.16%** 3.26+0.95
Mg 0.82+0.59  0.22+0.08** 0.59+ 0.15

*Ep <0,001; ¥*p <0,01; *p <0,05
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