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ABSTRACT

Light and soil water availability may limit carbon uptake of trees in tropical rainforests. The objective of this
work was to determine how photosynthetic traits of juvenile trees respond to variations in rainfall sepaiality
nutrient content, and opening of the forest candpg correlation between leaf nutrient content and annual growth
rate of saplings was also assessed. In a terra firme rainforest of the Aerdraln, leaf nutrient content and gas
exchange parameters were measured in five sapling tree species in the dry and rainy season of 2008. Sapling growth
was measured in 2008 and 2009. Rainfall seasonality led to variations in soil water content, but it did not affect leaf
gas exchange parameters. Subtle changes in the canopy opening affectaduCaded photosynthesiép&, p=
0.04).AIthoughApot was afected by leaf nutrient content (as follows> Rlg > Ca > N > K), the relative growth rate
of saplings correlated solely with leafcBntent = 0.52,p = 0.003).At present, reduction in soil water content
during the dry season does not seem to be strong enough to cause any effect on photosynthesis of saplings in central
Amazonia.This study shows that leafd®ntent is positively correlated with sapling growth in the ceAimzdzon.

Therefore, the positive effect of atmospheric,@étilization on long-term tree growth will depend on the ability
of trees to absorb additional amount of P
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RESUMO

O crescimento de arvoretas correlaciona-se com a fotossintese e teor de fésforo foliar
naAmazonia central

A disponibilidade de luz e o contetdo de agua do solo podem limitar a fixacdo de carbono de arvores em flores-
tas tropicais. O objetivo deste trabalho foi determinar como as caracteristicas fotossintéticas de arvores juvenis
(arvoretas) respondem as variagdes na sazonalidade das chuvas, teor de nutrientes da folha e a abertura do dossel ¢
floresta.Avaliou-se também a correlagéo entre o crescimento anual das arvoretas e o teor de nutrientes na folha.
Par&dmetros de trocas gasosas e teor foliar de nutrientes foram mensurados, na estagcédo seca e chuvosa de 2008, e
cinco espécies de arvores numa floresta de terra-firmdenaaonia central. O crescimento anual das arvoretas foi
mensurado em 2008 e 20@9sazonalidade das chuvas causou variacdes na umidade do solo, mas nao afetou os
parametros de trocas gasosas. Mudancgas sutis na abertura de dossel afetaram a fotossintese satyl(ag(g por CO
p = 0.04). Embora  tenha sido afetado pelos teores de nutrientes da folha (nesta ordem: P > Mg > Ca > N > K),

a taxa de crescimento relativo das arvoretas correlacionou-se apenas com o contetdo de B fabay, [ =
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0.003). Na atualidade, o declinio da umidade do solo durante a estacdo seca ndo parece ser forte o suficiente para
causar efeito na fotossintese de arvoretaSmazonia central. Mostra-se neste estudo que o contetddotiarP

esta positivamente correlacionado com o crescimento de arvorédasazania central e, portanto, o efeito posi-

tivo da fertilizagdo de COatmosférico sobre o crescimento das arvores em longo prazo dependera da capacidade
destas para absorver quantidades adicionais de P

Palavras-chave:abertura do dossel, nutricdo mineral, potencial de eficiéncia de utilizacdo de nutrientes,
sazonalidade de chuvas.

INTRODUCTION species can be found (Oliveira & Scott, 1999). Based

on soil characteristics of the centiaiazon, in this
Growth rates of plants depend on several factors

. . . Study is hypothesized that in this region, variations in
including soil water content (8¢gneret al., 2012) and y yp g

IR . _ leaf P content affect photosynthetic traits, and that
availability of mineral nutrients (Vightet al.,2011; San- . . P . y . .
. . . o increases in photosynthesis ultimately result in faster
tiago et al., 2012). In addition, light availability in the

L . growth rates of saplings. The hypothesis that variations

forest understory may also limit sapling growth (Lopesi-n canopy opening across microsites and changes in soll

Toledoet al.,2008; Mendes & Marenco, 2010). Because .

of liaht limitation for photosvnthesis. iuvenile treeswater content over the year affect leaf traits was also
'ght fimitat P y 'S, Juven assessed in this studihus, the objective of this work

beneath the forest understory often take as long as 80 Y35 to determine how photosynthetic traits of juvenile

to grow to 10 cm in diameter (Clark & Clark 2001) andtrees respond to variations in soil water content, leaf
perhaps it takes longer to reach the forest canopy : b o
) i ) i nutrient content, and forest canopy opening in central

In compar|son ‘_N_'th the attention glyen t9 CanOPYAmazonia. The correlation between leaf nutrient content
trees, mlngral nutr|.t|on of t.rees at.the juvenile stagegnd annual growth rate of saplings was also assessed.
has been little studied, particularly in tAmmazon.The
availability of N and P often limits carbon assimilationMATER|A|_S AND METHODS
in several ecosystems (Elstral., 2007).An N/P ratio
above 16 in the plant tissue can indicate low soil P Sudy area and plant material
availability (Gisewell, 2004). In young trees growing The study was conducted 60 km north of Manaus
beneath the forest cangpyost of carbon assimilation (02°36'21" S; 60°08'1" W), state ofAmazonas, Brazil,
occurs during the short periods of high intensity lighin a terra firme rainforest (ZF2 reserve). The predominant
(sunflecks) that puncture the forest canopy (Pearcgoil type is an Oxisol (yellow latosol in the Brazilian
1990). Hence, high potential nutrient use efficiency iglassification), clay texture and low pH. The region has
of paramount importance for plant growing in poor soilscharacteristics of a humid equatorial climate, with a short
otherwise fitness and survival are in jeopardy (Aerts &nild dry season (July-Septembaiith a rainfall of 50-
Chapin, 2000). In addition to light and nutrient100 mm per month), and a dry-rainy transition month
availability, soil water content is another factor that(October). The rainy season lasts from November to May
influences photosynthesis and plant growth, and over(200-300 mm montH; mean annual rainfall is 2420 mm
wide range of plant species and growth conditions, theend average annual temperature is about 26°C (Malhi &
seems to be a positive correlation between plant growtright, 2004).Atmospheric CQ concentration in the
and photosynthetic rates (Kruger ¥olin, 2006). forest understory is about 450 ppm (Mareretoal.
Currently the mild dry period in centrélmazonia is 2014b). In this studysaplings (0.8 to 2.4-m tall) of five
limited to only a few months; howevehe magnitude of tree species were useklinquartia guianensisAubl.,
the effect of reduction in soil water content on treeSuatteria olivaceaR.E.Ft Rinorea guianensig\ubl.,
growth during the dry season remains to be elucidate$imaouba amaraAubl., andDuroia macophyllaHuber
(Marencoet al, 2014a).Amazonian soils are highly (Table 1)As the study was conducted under natural field
weathered, and consequently very low in phosphorus. bonditions, the number of species was limited by natural
centralAmazonia for example, Magalhdetal. (2014) damages underwent by selected sapliagg (nechanical
reported about 1 mg Kgof Mehlich-extractable .P injuries of shoots, herbivory or attack of pathogens). Thus,
Although the soil is poor in nutrients, biodiversity ofonly species with at least three saplings (replications) per
centralAmazonica is high. In one hectare more than 608pecies (growing under the forest understory) were
trees (diameter at breast height above 10 cm) from 2&tcluded in the study
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Gas exchange and specific leaf area Sapling growth

Gas exchange parameters were measured using anDiameter D) and heightKl, from the base of the plant
infrared gas analyzer (Li-6400, Li-GiE, USA) inthree to the apex) of saplings were measured in January and
saplings per species and two leaves per plant, in the raibgcember of 2008 and 2009. Stem diameter was measured
and dry season of 2008. Data were collected at(mean of two measurements taken at right angles from
temperature of 28 £ 1 °C and relative humidity of 70 £ach other) with digital calipers at 50 cm from the soil
5%. Light saturated photosynthesf§ () and stomatal surface At the end of the study period, average annual
conductanceq) were measured at 1000 umof*re* increase in height (AIH) and diameter (AID) and annual
and CQ concentration of 380 ppm, _ andg_data were increase in biomass per plaf) were determined. In
collected between 06:00 and 18:00 at about 30-minugeldition, the annual relative growth rate (RGR, the annual
intervals. Photosynthetic rates at a [C0f 2000 ppm biomass gain to initial biomass ratio) was calculated as
and light saturation (hereinafter termed toAg9 were (B, — B))/B,, where B and B stand for the biomass of
also measured\  on a mass basis was obtained bgaplings at the end)tand the beginning of a 12-month
multiplying A (per unit leaf area) by SLAAg = period (). Biomass of saplings (B, in gram) was estimated

ot-mass

A stareaX SLA). Specific leaf area (SLA, the leaf area tas follows (Hughes et al., 1999): B = (exp (1.0583
leaf mass ratio), fresh leaf thickneks)(@nd leaf nutrient In(D?) + 4.9375))x 1.143; whereD is in centimeter
contents were also determined. The SLA was measured . ) o

in a sample of six disks of 240 mper leaf and seven The physical environment and statistical analyses
leaves per plant. Leaf dry mass was obtained after oven Photosynthetic photon fluxQ), air temperature, air
drying at 72 °C until constant mass.was measured in relative humidity (RH) and precipitation were recorded
the field with digital calipers (accuracy of 10 pm) in 24@bove the forest canopy (in 2008 and 2009) at the nearest
mm? leaf disks (two per leaf). Leaves similar inopen place, the top of a 40 m tall observation toB&
appearance to those used in photosynthetkin away from the study sitdbove canopyQ data were
determinations were used to determine SadL_. logged at the observation towe@ () at 15-minute
When the amount of leaf tissue (of the two leaves usétfervals with a quantum sensor (Li-190SA, Li-CNE,

for A measurements) was not enough to perforidSA) connected to a datalogger (Li-1400, Li-CNE,
chemical analysis, the leaf sample was complement&tBA).Air temperature and RH were registered (Humitter
with other leaves from the same plant and similar ihOy, Vaisala Oy Finland) at 30 minute intervals at the
appearance to those used in photosyntheti@me placeAt some points on the forest floarlose-by

determinations. to the selected plants, daytime air temperature,
) understory photosynthetic photon flu® (), and RH
Leaf nutrient content were also measuredAmigust (dry season) and December

Nitrogen was determined using the Kjeldahl methodvet season) of 2008. In both seasons (2008) and at each
K, Ca and Mg by atomic absorption spectrophotometmglant location, the fraction of sky visible (FStie ratio
(PerkinElmer 100B; PerkinElmer In¢ Waltman, MA, of canopy openings to the whole projected area of the
USA). Leaf P was measured using ammenium molybdafierest canopy) was determined using a canopy analyzer
and the absorbance read at 660nm (Shimadzu UVmIn{L-Al-2000 Plant CanopyAnalyzer, Li-Cor, NE, USA)
1240, Shimadzu Corp., Kyoto, Japan). Potential usesing two synchronized sensors, as previously described
efficiency for nitrogen (PNUE), phosphorus (PPUE)(Mendes & Marenco, 2010). In the dry and rainy season
potassium (PKUE), calcium (PCaUE) and magnesiuif2008), soil water content (water volume / soil sample
(PMgUE) were determined as tA%t_massto leaf nutrient volume) was determined in 40 undisturldg®-cn? soil
content ratio. Leaf nutrient contents were determined sBamples collected nearby the selected plants, at a depth
the dry and rainy season of 2008. of 100-200 mm. Soil water content was determined after

Table 1.Family, plant heightkl) and plant stem diametdd(at 50 cm from soil surface) of the species used in the. &adhydH refer
to values at the beginning of the experiment

Species Family H (m) D (mm)

M.guianensis Olacaceae 0.92-1.57 4.33-9.49
G.olivacea Annonaceae 1.04-1.51 6.61-8.33
R.guianensis Violaceae 0.92-1.45 5.35-13.0
S.amara Simaroubaceae 0.87-1.00 6.69-8.42
D.macophylla Rubiaceae 0.79-2.37 5.15-14.0
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oven-drying the soil sample at 105°C until constaramounts in the leaf tissue, but K content was the double
mass.A second set of soil samples (n = 4) similarlyof that of Mg, and 15 times as much the content of leaf P
collected was used for chemical and physical analysé€3able 2).
as previously described (Magalh&ssal, 2014). i i i o
All data were submitted to analysis of variance Photosynthetic traitsand nutrient use efficiency
(ANOVA) to assess the fett of rainfall seasonality on The majority of stomata were open between 09:00
the studied parameters. Because the same set of plaxitd 14:00 (Figure 2). Thus, only data collected between
was measured in both seasons, data were analyzed u§lfg00 and 14:00 were used for comparison among
two-way repeated measurNdOVA. Regression analysis species or between seasons. Photosynthetic parameters
was carried out to determine the effect of minerdA, ., A, 9) Were not affected by rainfall seasonality
nutrition on leaf photosynthesis. For variables without & > 0.05), thus data sets over seasons were analyzed
direct cause-effect relationship (FSMrsusRGR or together Photosynthetic rates fiéfed among species,
photosynthesis) the Pearson correlation coefficient (and on averagé, per unit leaf area”( ) more than
was calculatedTukey post-hoc test was used fordoubled the values observed ®y. (Table 2). On the
comparison of meang € 0.05). The SAEG 9.0 packageother handg_did not vary across species; it was found a
of the Federal University dficosa-Brazil was used for mean value of 0lLmol m*s*. A | . was responsive to
statistical analyses. variation in leaf nutrient contenp (< 0.05, Figure 3).
The highest determination coefficient was observed
betweenApot and leaf P content{= 0.45,p < 0.01),
which was almost the double thevalue observed for
Thephysical environment theA _ -leaf N relationship (Figure 3A, B). Regarding

pot-area

Average annual rainfall during the study period wale response oh __ to variation in leaf nutrient
2802 mm (Figure 1A), 16% higher than the historicafontents, the? values followed this order of importance:
mean for the regiombove the canopyaverage monthly P > Mg > Ca >N > K (Figure 3A-C).
air temperatures ranged from 24.0 °C to 26.9 °C (mean

RESULTS

pmol m? st (Figure 1B). During daytime, air temperature
on the forest floor ranged from 21.9 to 27.0 °C, where
relative humidity was above 90%.

Soil water content was significantly lowgr< 0.05)
in the dry season (mean of 47.3%: v/v) than in the rair I FMAMI JASORND
season (mean of 51.3%, v/v). Soil gHwas 3.97 and Nt
soil Mehlich-extractable P content was 1.68 mg. I&pil

of 25.4 °C).Average monthI>Qopen values varied from 800 x
22.8 to 34.0 mol riday* (Figure 1A), with a maximum T (°C) Qopen Al =
o B - o
mean of 980 umol rhs! at noon (data not shown). £ 600 | LA o
Maximum understory irradiance)( ) was about 20 = 3
= 400 o)
g o
g e,
~ 5

200

4

(;-Aep

concentrations of K, Ca and Mg were 46.7, 37.0, ar O 40 160
14.5 mg kd, respectively Sand, silt and clay content =
were 112, 150 and 738 g KgrespectivelySoil analysis = 30
confirmed that the soil in study area had high clay conte : 80 E
and that the soil Bontent was very lowalues of FSV = 20 Lo
did not differ between seasons (mean of 0@03,0.05) g 60 5
and were similar among individual species within thi ¢ 10
study area (@ble 2) indicating that, on average, sapling <
over the study area received similar amount of light, whic 0 ' ' ' ' = 40
allows one to make reliable comparison among specie ¢ ' ke 1? i
Day time (h)
Leaf nutrient content Figure 1. Monthly precipitation (mm, dark bar), mean air

Content of leaf mineral nutrients varied amoncﬁmperﬁture (‘Bolid line) and above canopy photosynthetic photon

species. It was found that the range of nutrient contelf* (Qupe: dashed line) in the study area (A) and understory

. photosynthetic photon flux) ), temperature (T) and relative
was wider for Ca and K than for N or(fable 2). On humidity (RH) on the forest floor iugust (dry season, dashed

average, the N/P ratio was 40.3, almost 10 times highgfe) and December (rainy season, solid line) of 2008 (B). For
than the N/K ratio. Calcium and K were found in similapanelA data were collected in 2008 and 2009.
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Values of PCaUE, PMgUE and PKUE, but not PNUEncrease in eitheApm_areaorApot_massled to an increase in
or PPUE, varied among specigs(0.05,Table 3).The sapling growthy§ < 0.05, Figure 4A, B), perhaps because
mean PPUE value (36imol g!s?) was about 40 times potential photosynthesis significantly increased in
as high as that of the PNUE value, and about six to twelvesponse to FSV (Figure 5A). The correlation between
times as much as the photosynthetic use efficiency RIGR and FSV was not significamt£ 0.055, Figure 5B).

K, Ca and Mg (@ble 3). PNUE decreased as the leaf N

content increased= 0.23,p < 0.01, Figure 3D, inset), DISCUSSION

indicating that as leaf N content incrgased more N was Thephysical environment
allocated to non-photosynthetic compounds.

Nevertheless, the increases in leaf N content more than Values O_fQund rgported ip this study are similar to
offset the decline in its use efficiency and, as a resdnose found in previous studies in the same area (Marenco
increased with PNUE (Figure 3DYalues of & Vieira, 2005; Magalh&est. al.2014).Although soil
pyater content declined in the dry season, it was close to

pot-mass

PPUE rapidly declined as leaf P content increased (
gure 3E, inset). Therefor@;pot_massdid not respond to
changes in PPUE (Figure 3E). The lack of correlation
between PPUE, PCaUE, PMgUE, PKUE @nd, _ (Fi-

gure 3E, F) indicates that as the leaf content of these
elements increased, less efficiently they were used.

o

(]

)
T

o
o
)

Leaf traits and sapling growth

Although there was a decline in soil water content in
the dry season, the rainfall seasonality did not affect leaf
traits. Therefore, data collected over seasons were
combined for data analysis. In comparison WithSLA
varied only within a narrow range, from 14.3 t0 205 m
kg (Table 2), which is within the range observed in other
tree species in the same region (Marenc¥i&ira,
2005, Mendes & Marenco, 2015). There was no
difference among species AtH, AID or AB (Table 2),
indicating that differences on growth rates across
microsites were related to environmental factors rather
than differences on the genetic make-up of the species. 0

Growth of saplings increased with increases in leaf 4 9 14 19
P content (Figure 4C). Even though all study elements Day time (h)

significantly affected photosynthetic parameters
9 Y P y P Figure 2. Diurnal variation in stomatal conductaneg (pper

changes in Ieaf concentrations of N, Ca, K and Mg di nel) and light saturated photosynthesis (lower panel) in the
not affect sapling growthp(> 0.05, data not shown), gry (solid circle) and wet season (open circle) of 2008. Each symbol
suggesting that they followed iR importance An  represents data collected from one leaf.

g, (molm?s1)

o
e
=

o
=
&

—
o
T

A, (umol m2 s71)

Table 2. Light-saturated photosynthesi& ( pmol(CO,) m? s?), potential photosynthesi&(, . .. umol(CO) m? s?), stomatal
conductanceg, mol(H,0) m?s?), annual increase in biomass per pléf (g (MS) year), annual increase in height (AlH, m year

') and diameter (AID, mm yedy, specific leaf area (SLA, thg™), fresh leaf thicknesd (, mm) and fraction of sky visible (FSV

unitless) in fiveAmazonian tree species. Each value (for leaf trait) represents the mean of three plants per species (two leaves per plant
for photosynthesis argj) across rainfall seasons of 2008. For sapling growth, each value denotes the mean of three plants per species
over the years 2008 and 2009. FSV was measured around each plant, each values stands for the mean across rainfall seasons of 200

Species A A aren g, AB AIH AID SLA L, FSV

M. guianensis 3.16b 8.50ab  0.07a 22.35a 0.10a 0.87a 17.64ab  0.13c 0.02a
G olivacea 493ab 10.17ab  0.12a 18.36a 0.10a 0.65a 14.41b 0.21ab  0.02a
R. guianend 4.04ab 9.31ab 0.1la 25.86a 0.07a 0.94a 20.54a 0.15c 0.02a
S. amara 5.14a 11.71a 0.13a 29.04a 0.05a 1.09a 14.32b 0.23a 0.05a
D. macophylla  3.16b 6.94b 0.12a 23.69a 0.05a 0.57a 20.13a 0.16bc  0.03a
Mean 4.09 9.32 0.1 23.86 0.07 0.82 17.41 0.18 0.03

Means within columns followed by same letters do ndédéccording tdukey’s test at 5% probability
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the soil water content at field capacity (Ferrestaal,
2002). This explains the lack of an effect of soil water
content on leaf traits. In this stydyne decline in soil
water content in the dry season was not enough to cause
significant reduction on the studied parameters, which
is in agreement with previous results reported by Men-
des & Marenco (2010) and Mendesal. (2013). It is
worth noting, howevethat the annual rainfall in the study
period was a little higher than the historical mean for
the region. Obvious|ya diferent plant performance can

be found if the dry season extends more than expected
for a typical year

Plant growth

Low annual increase in diameter (AID of 0.82 mm
year!) and height (AIH of 0.07 m) are expected for
saplings growing beneath the forest canopy (Mendes
et al, 2013). The average height growth rate indicates
that saplings used in the study (0.8-2.4 m tall) may take
300 years to reach the forest canopy (about 25 m), and
over a century to reach 100 mm in diameter at breast
height. Howeverit should be noted that upper leaves
of a tree receive more light as it grows, which could
reduce the amount of time for a sapling to reach the
forest canopy

Photosynthetic traitsand nutrient use efficiency

Values of photosynthetic rates ayabtained in this
study are similar to those found by othersAorazonian
saplings acclimated to low light (Mendes & Marenco,
2010;Azevedo & Marenco, 2012; Marencst al,
2014b). Thepositive effect of leaf P content on
photosynthetic parameters is in agreement with data
reported by Raaimakerst al. (1995). Low P
concentration affects the whole metabolism of the plant
cell inasmuch as P is a structural component of nucleic
acids; it also has a major role AP generation
(Marschner1995).The positive d&ct of leaf K, Ca and
Mg content on photosynthetic parameters exemplifies
the complexity of interactions between carbon gain and
mineral nutrition of tropical rainforest, as suggested by
Townsenckt al. (2011). Mendes & Marenco (2015) also
found significant correlations between K, Ca and Mg and
photosynthetic parameters (electron transport ang CO
carboxylation rates). The reduction in either PNUE (as
a function of leaf N) or PNUE with respect to leaf P
content concurs with the results reported by Reich &
Schoettle (1988) and Mendes & Marenco (2015). The
positive correlation between photosynthesis and RGR
is consistent with the results of Kruger\&lin (2006)
and supports the hypothesis that in the study area, both
A __and plant growth are responsive to variation in leaf P

pot )
concentration.
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Leaf nutrient content ratios. On the other hand, because of low leaf P

Leaf nutrient contents found in this study are siconcentrations, the N/P and K/P ratios reported in this

milar to those reported by Mendes & Marenco (2015§_tudy are almost twice the values reported by Fyllas

Except for leaf P concentration, the mean values &f al- (2009) and Mendes & Marenco (2015). There

leaf nutrient content for N, K, Ca and Mg found in'S @ gap in the information regarding critical levels

this study resemble those reported by Fykasal. for mostAmazonian tree species. For comparison, in
(2009) for tropical trees. Fyllast al. (2009) also Swi(_atenia maaphyllaandBrosimum alicastum leaf
found similar values for the N/K, K/Ca and the K/Mghutrient content below 10-14 mg'dfor N) and 0.6
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Figure 3. Potential photosynthesiAp()tper unit area) as function of nitrogen @&, phosphorus (), potassium (K), calcium (Ca)

and magnesium (Mg) (C). Relationship between potential photosynthgjgixe( unit mass) and nitrogen (PNUE, D), phosphorus
(PPUE, E), potassium (PKUE), calcium (PCaUE) and magnesium (PMgUE) use efficiend\iifiuartia guianensigcircle,O),

Guatteria olivacegsquare(d), Rinorea guianensi¢diamond,), Simaouba amargtriangle,A) andDuroia macophylla (solid

circle,®). Ns = not significanty> 0.05); ** = highly significantjf < 0.01). Regressions in panel C and F: solid line is for Mg, dashed

line for Ca, and the dotted line is for K. Insetin panel D and E show the relations between indicated variables across species. For further
information, please s@able 2.
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mg gt (for P) are under the sufficiency rangethe belief that in the old and highly weathetgdazonian
(Drechsel & Zech, 1991). IQuerus, leaf nutrient soils, P can limit tree growth in this ecosystem (Reich
contents below 1.5, 3.0 and 10 mgfgr Mg, Ca and & Oleskyn, 2004). Nevertheless, Magalh&ssal.

K may limit growth (Marschnerl995) and inAlnus (2014) failed to detect any significant plant response to
acuminata,leaf nutrient content of 1.4, 2.4, and 7.&he addition of Pwhich suggests that the amount of P
mg g* for Mg, Ca and K are considered to be undethey added was not sufficient to cause any detectable
the adequate range (Segwetal., 2005). If critical effect on plant functioning; it is well known, for example,
levels ofAmazonian tree species are similar to thosthat oxisols have a high capacity fofifation. Wright
reported for other tree species, it seems plausible ¢b al. (2011) reported that the addition of éhly
conclude that P may be close to its critical level imarginally enhanced seedling growth rates in a lowland
leaf tissue in the study area. tropical forest of Panama.

The saplings had a rather high leaf N content, but a In this study evidence for the positive association
very low leaf P concentration (0.45 mg)gwhich leads between sapling growth and leaf P content in central
to a high N/P ratio. Indeed, P values reported here afenazonia is presented. If P is actually limiting tree
almost half those observed in canopy trees (Feflad., growth in the deeply weatheredimazon soils, the
2009). It is remarkable that only P was positivelyenhanced effect of carbon dioxide deposition on the
correlated with sapling relative growth rates (Figure 4atmosphere will depend on the ability of the root system
The rather low? value, nevertheless highly significant,to increase Riptake diciency. Enhanced mycorrhizal
(0.52,p < 0.01) is not unexpected as plant growth is thassociation can contribute to provide the surplus of P
result of myriads of interactions between internal andequired to keep pace with the ongoing @@richment
external factors that ultimately end up in cellular growthof the atmosphere (Lloyds & Farquh&008). It is
The high N/P ratio (Koerselman & Meuleman, 1996known that mosAmazonian trees are able to establish
and the low leaf P content found in sapling leaves supports/corrhizal association {&rmer & Siqueira, 201L),

which enhances phosphorus uptakeees growing on

400 low-phosphorus soils reduce foliar P concentration and
— A increase its use fidiency (Hidaka & Kitayama, 2.
o Higher photosynthetic rates observed in brighter
/'03 300 f =037, p=0.04 environments can provide the plant with the additional
o) amount of carbon required to enhance mycorrhizal
< 200 b 0 e 4 " A colonization and consequently to grow faster
Tg o a0 (Gerdemann 1968; Janos 1980)
P lge
gz 100 f ©OA CONCLUSIONS
X Photosynthetic parameters of saplings did not
) : 1 . respond to variations in soil water content between
rainfall seasons, suggesting that the length of the dry
L2 r B season during the study period was not long enough to
r ~ affect photosynthetic carbon gain of saplings in central
=~ 08 } ¥ =0.35,p =005 Amazonia. Evidence for the positive correlation between
el leaf P content and growth of tree saplings in central
& i Amazonia under natural conditions is presented. This
% 04 r oo aa a--=""% finding suggests that the response of trees to increases
= | EI:? """ in atmospheric CQOconcentrations may depend on the
o ® ability of trees to absorb additional amount of
0.0 ' l ' : : phosphorus to meet the mineral requirements to support
0.00 0.04 0.08 0.12 long term growth.
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