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ABSTRACT: Most Amazonian soils are highly weathered and poor in nutrients. Therefore, pho-
tosynthesis and plant growth should positively respond to the addition of mineral nutrients. Sur-
prisingly, no study has been carried out in situ in the central Amazon to address this issue for 
juvenile trees. The objective of this study was to determine how photosynthetic rates and growth 
of tree saplings respond to the addition of mineral nutrients, to the variation in leaf area index 
of the forest canopy, and to changes in soil water content associated with rainfall seasonality. 
We assessed the effect of adding a slow-release fertilizer. We determined plant growth from 
2010 to 2012 and gas exchange in the wet and dry season of 2012. Rainfall seasonality led to 
variations in soil water content, but it did not affect sapling growth or leaf gas exchange param-
eters. Although soil amendment increased phosphorus content by 60 %, neither plant growth 
nor the photosynthetic parameters were infl uenced by the addition of mineral nutrients. However, 
photosynthetic rates and growth of saplings decreased as the forest canopy became denser. 
Even when Amazonian soils are poor in nutrients, photosynthesis and sapling growth are more 
responsive to slight variations in light availability in the forest understory than to the availability 
of nutrients. Therefore, the response of saplings to future increases in atmospheric [CO2] will not 
be limited by the availability of mineral nutrients in the soil.

Introduction

The Amazon rainforest is the largest tropical rain-
forest in the world. It is particularly important because of 
its prominent role in carbon and water cycles. Its vegeta-
tion stores about 90 Pg (1 Pg = 1015g) of carbon (Saatchi 
et al., 2007), and about 50 % of the rainfall in the region 
comes from water cycled via transpiration (Salati, 1987; 
Fisher et al., 2009). Net productivity of tropical forests 
may be limited by several factors, including nutrient de-
fi ciency (Vitousek et al., 2010), sunlight (Graham et al., 
2003) and soil water content (Wagner et al., 2012). 

Because most Amazonian soils are highly weath-
ered and poor in nutrients (Sanchez, 1976), it seems pos-
sible that phosphorus (P) availability, for example, can 
limit forest productivity in the Amazon (Harrington et 
al., 2001; Townsend et al., 2007, Vitousek et al., 2010; 
Townsend et al., 2011). Nevertheless, the real effect of 
P on net primary production still remains to be deter-
mined, as tropical forests have enough labile phosphorus 
to account for P requirements to sustain plant growth 
(Johnson et al., 2003). Furthermore, calcium (Ca) (Paoli 
and Curran, 2007) and potassium (K) may also limit tree 
growth or fi ne root turnover in tropical rainforests (Kas-
pari et al., 2008; Yavitt et al., 2011). 

Although there are uncertainties about how Amazo-
nian trees respond to nutrient addition, to our knowledge 
no study has been carried out in situ in the central Amazon 
to address this issue for juvenile trees. In the rainforest of 
Panama, addition of mineral fertilizers may increase sapling 
growth of Tetragastris panamensis (Yavitt and Wright, 2008), 
and in a secondary forest of Hawaii, Acacia koa trees may 
grow faster in P-amended soils (Scowcroft et al., 2007). 

In addition to nutrients, water availability can be 
responsible for over 60 % of the environmental effect 
on tree growth (Wagner et al., 2012). In this study, we 
hypothesized that the growth of saplings in the forest 
understory is limited by both sunlight and the availabil-
ity of soil nutrients, and that variations in soil water con-
tent across rainfall seasons infl uence photosynthesis and 
sapling growth. Thus, we evaluated how photosynthetic 
rates and growth of saplings respond to the addition of 
mineral nutrients, the variation in leaf area index (LAI) 
of the forest canopy and to changes in soil water content 
associated with rainfall seasonality.

Materials and Methods

Study site and plant materials
The study was conducted 60 km north of Manaus 

(02º36’21" S; 60°08’11" W), state of Amazonas, Brazil, 
in an area of native “terra-fi rme” forest. The predomi-
nant soil type is an acidic clayey textured Oxisol. The 
region has a humid equatorial climate, with a mild short 
dry season (July-Sept, rainfall of 50-100 mm per month), 
and a dry-wet transition month (Oct). The wet season ex-
tends from Nov to May (200-300 mm monthly); annual 
rainfall is 2,240 mm and the mean annual temperature 
is about 27 °C. 

In this study, we used saplings (1.0 to 3.0-m tall) 
from fi ve tree species (Minquartia guianensis Aubl., Ola-
caceae; Guatteria olivacea R.E.Fr, Annonaceae; Rinorea 
guianensis Aubl., Violaceae; Simarouba amara Aubl., Si-
maroubaceae, and Duroia macrophylla Huber, Rubiace-
ae), selected because of their shade tolerance and the 
relative abundance of saplings in the forest understory. 
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Five plants per species and mineral nutrient treatments 
were tested, except for D. macrophylla, in which only 
four replications were available for the soil amendment 
treatment (the 5th plant was badly injured before data 
collection).

Physical environment
Photosynthetic photon fl ux (PPF), air temperature, 

air relative humidity (RH) and precipitation above the 
forest canopy were measured at the nearest open place, 
the top of a 40-m-tall observation tower, 3.3 km away 
from the study site. Overstory PPF data were recorded 
at the observation tower (PPFopen) at 15-min intervals 
with a quantum sensor (Li-190 SA, Li-Cor, NE, USA) con-
nected to a data logger (Li-1400, Li-Cor, NE, USA). Air 
temperature and RH were logged (Humitter 50Y, Vaisala 
Oy, Finland) at 30-min intervals, at the same place. In 
addition, light data in the forest understory (PPFund) were 
also recorded at the study site.

Soil amendment, soil water content and leaf area 
index

We applied 75 g of a slow-release fertilizer (con-
taining 15 % N, 9 % P, 12 % K, 1 % Mg, 2.3 % S, 0.05 
% Cu, 0.45 % Fe, 0.06 % Mn and 0.02 % Mo) per plant. 
The control was unfertilized plants. In the fertilized 
treatment, the total amount of fertilizer was equally split 
into fi ve applications (Dec 2010, Mar, June, Sept and Dec 
of 2011; i.e. 15 g per plant on each occasion). The fer-
tilizer was applied from 30 to 50 cm of the stem base 
and 10-cm depth from the soil surface, forming a circle 
around the plant (soil amendment circle). The radius of 
this circle resembled that of the crown of each sapling. 
It is estimated that the radius of a plant root system cor-
responds to about two times its foliage radius (Gilman 
et al., 1987); thus, all nutrients applied were within the 
infl uence of the root zone.

To assess the effect of soil water content on photo-
synthesis, in the dry and rainy season of 2012, we deter-
mined soil water content (the ratio of soil water to dry 
soil mass) in four soil samples per plant microsite to ob-
tain a mean. Each sample was collected at a depth of 10-
100 mm. Soil water tension was estimated using the Van 
Genuchten (1980) equation with parameters obtained at 
the same Experiment Station by Ferreira et al. (2002). In 
addition, during the collection of photosynthesis data, 
predawn leaf water potential (leaf) was determined (4:00 
to 05:00) using a pressure chamber (1505D, PMS Instru-
ment Company, Albany, OR, USA). 

Soil samples (four subsamples per plant microsite 
mixed together to obtain a compound sample for analy-
sis) were taken in Dec 2012 in the control and in the 
fertilized treatments 20 to 40 cm (depending on plant 
size) away from the stem base and at 10-cm depth from 
the soil surface for chemical and physical analyses. The 
double-acid Mehlich-I solution (0.05 M HCl + 0.0125 
M H2SO4) was used to extract phosphorus (P), potas-
sium (K), zinc (Zn), and iron (Fe). Calcium (Ca), mag-

nesium (Mg) and aluminum (Al) were extracted with 
1M KCl (1:10 soil solution ratio). Mehlich-I-extractable 
phosphorus was determined using ammonium molyb-
date and the absorbance recorded at 660 nm (Shimadzu 
UVmini-1240, Shimadzu Corp., Kyoto, Japan); nitro-
gen was assessed using the Kjeldahl method. Concen-
trations of K, Ca, and Mg were determined by atomic 
absorption spectrophotometry (PerkinElmer 1100B; 
PerkinElmer Inc., Waltman, MA, USA), whereas Al in 
the extractant was measured by titration with 0.025 M 
NaOH. Soil texture was determined using the classic 
pipet method, which depends on the precipitation ve-
locity of soil particles (Stokes' law) in a sedimenting 
soil suspension (Day, 1965). Soil samples were taken 
within the amendment circle, but 10 cm closer to the 
stem from the fertilization line to avoid sampling over 
the same place where the fertilized treatment had been 
applied.

The leaf area index (LAI, total one-side leaf area 
per unit ground surface area) was obtained both in the 
dry and rainy season of 2012 to estimate the canopy foli-
age above saplings. LAI was determined with a canopy 
analyzer (LAI-2000 Plant Canopy Analyzer, Li-Cor, NE, 
USA) using two synchronized sensors. One sensor was 
used to collect data at the forest understory (six readings, 
forming a circle around each sapling) and the second, 
operating in the remote mode was installed on the top of 
the observation tower, to log LAI values above the forest 
canopy. 

Leaf traits and tree growth
Gas exchange parameters were measured with an 

infrared gas analyzer (Li-6400, Li-Cor, NE, USA) in ten 
saplings per species (fertilized and unfertilized plants) 
and two leaves per plant, both in the wet and dry season 
of 2012. Data were collected at ambient conditions of 
temperature (28 ± 1 ºC) and relative humidity (70 ± 
5 %). Light response curves (A/PPF) were generated at 
a [CO2] of 380 µmol mol−1. The A/PPF light response 
curve was used to determine light saturated photosyn-
thesis (Amax at 1000 µmol m−2 s−1) and gs at light satura-
tion (gs-max). 

The maximum carboxylation velocity of Rubisco 
(Vcmax) and the maximum rate of electron transport (Jmax) 
were calculated using Farquhar´s model (Farquhar et 
al., 1980). Vcmax and Jmax data were standardized to 25 
ºC (Nascimento and Marenco, 2013). Vcmax and Jmax were 
obtained after measuring photosynthesis at CO2 concen-
trations of 50 to 2000 µmol mol−1 and saturating light 
intensity (1000 µmol m−2 s−1).

Specifi c leaf area, SLA (the inverse of leaf dry mass 
per unit area, LMA) and leaf thickness (LT) were also 
determined in the same leaves used for photosynthetic 
measurements. SLA was determined as the leaf area to 
leaf mass ratio in two leaves per plant. Leaf dry mass 
was obtained after oven drying at 72 °C until constant 
mass. LT was measured with digital calipers (accuracy 
of 10 µm) in 240-mm2-leaf disks (two per leaf). We also 
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450 W m−2 (i.e. about 930 µmol m−2 s−1), very close to 
PPF values observed in this study. Rainfall seasonality 
led to variations in soil water content, from 51 % (soil 
water tension of about 95 kPa) in the dry season to 67 
% in the rainy season, soil water tension of about 10 
kPa (p < 0.05, t test). Also, it led to changes in predawn 
leaf water potential (leaf) from -0.26 MPa (dry period) to 
-0.13 MPa in the rainy season. 

As a result of soil amendment, Mehlich-extractable 
P increased from 0.84 to 1.35 mg kg−1 (i.e. an increase of 
60 %, Table 1). Despite the amount of fertilizer applied 
(100 g m−2), P was the sole element that had an increase 
worthy of note in response to soil amendment. This sug-
gests that (except for P) the amount of added elements 
was not high enough to affect the availability of soil nu-
trient contents at the plant microsites. 

calculated leaf longevity (in months) as LMA (in g m−2) 
divided by 5.128; Wright et al., 2004). Light saturated 
photosynthesis on a mass basis (Amass, nmol g−1 s−1) was 
obtained as Amax (µmol m−2 s−1) multiplied by SLA (m2 
kg−1). 

Height (H) and diameter (D) of saplings were re-
corded at 30-d-intervals for 24 months (Dec-2010 to Dec-
2012). Plant height was measured from the base of the 
plant to the apex. Stem diameter was measured (mean of 
two measurements taken at right angles from each oth-
er) with digital calipers at 50 cm from the soil surface. 
During this period, monthly increase in diameter (D) 
and height (H) were determined as the difference in 
diameter (or height) between two consecutives measure-
ments. Also, we calculated the annual relative growth 
rate (RGR, the annual biomass gain to initial biomass 
ratio) as (Btf – Bti)/Bti, where Btf and Bti stand for the bio-
mass of saplings at the end (tf) and the beginning of the 
experiment (ti). 

Biomass per unit volume depends on wood density, 
which often varies among species (Nogueira et al., 2007). 
As there is a lack of information about the wood den-
sity of saplings, the equation of Cummings et al. (2002), 
which disregards wood density in calculation, was used 
to estimate the biomass of saplings (B), as follows: B = 
[(exp (1.0583 x ln((D/10))² + 4.9375)) × 1.143]. In this 
equation B is in gram and D in millimeter. 

Statistical analyses
Data were analyzed using the two-way repeated 

measures analysis of variance (ANOVA) procedure, 
for a completely randomized design with fi ve replica-
tions (saplings). The repeated measures analysis was 
performed because the same set of plants was assessed 
in both rainfall seasons. The effects of LAI and other 
study variables on growth and photosynthetic param-
eters were examined by regression analysis. Sigma Plot 
11.0 (Systat Software, Inc, USA) was used for statistical 
analyses.

Results

Physical environment
During the study period monthly rainfall ranged 

from 41 mm in Sept 2011 to 557 mm in Feb 2012 (Figure 
1A). Above the forest canopy mean air temperature was 
24.9 °C, and monthly mean PPF varied from 20.9 to 32.6 
mol m−2 day−1 (Figure 1B, C), with a mean maximum of 
1084 µmol m−2 s−1 at noon (inset in Figure 1C). In the 
forest understory, the mean temperature was lower than 
the air temperature observed above the forest canopy, 
and light intensity did not exceed 1-2 % of PPF values 
recorded above the forest canopy (Figure 1B, C). 

PPF and air temperature values recorded in this 
study are similar to those reported previously for the 
same region (Nascimento and Marenco, 2013). Shuttle-
worth et al. (1984) also found that radiation above the 
canopy is only 40 % of extra-terrestrial radiation, about 

Figure 1 − Monthly rainfall (A), mean air temperature (T) and mean air 
relative humidity (RH) above the forest canopy (solid line), panel B; T 
and RH at the forest understory (dashed line) and mean photosynthetic 
photon fl ux above the forest canopy (PPFopen) and PPF at the forest 
understory (PPFund) at the study area, panel C. The inset in panel 
C shows mean values of PPFopen and PPFund (in µmol m−2 s−1) as a 
function of time. Data were collected from Dec-2010 to Dec-2012. In 
the x-axis, the numerals correspond to the months, beginning in Dec 
2010 (month 1) and ending in Dec 2012 (month 25).
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Leaf traits and sapling growth 
Although there was variation in soil water content 

and leaf across rainfall season, neither sapling growth 
rates nor the leaf traits (photosynthetic parameters, 
LT, SLA, and the relative chlorophyll content) were af-
fected by rainfall seasonality (p > 0.05). Also there was 
no effect of soil amendment on either sapling growth or 
leaf traits, including photosynthesis, gs-max, Vcmax, Jmax or 
SPAD values (p > 0.05). Thus, data obtained across sea-
sons and fertilization treatments (with and without soil 
amendment) were pooled to examine interspecifi c varia-
tion and the effect of leaf area index on sapling growth 
and parameters of photosynthesis.

Interspecifi c variation in leaf traits and sapling 
growth

Light saturated photosynthesis, gs-max, Vcmax and 
Jmax differed among species, and across species Amax 

tended to increase in response to stomatal opening (Ta-
ble 2). We observed little variation in the relative chlo-
rophyll content and, on average, SPAD value was 52.7 
across species. Although leaf varied within species, 
changes in leaf water content did not lead to variation 

in gs-max or Amax. Vcmax and Jmax ranged from 18 to 29 
µmol m−2 s−1 and 40 to 59 µmol m−2 s−1, respectively. 
In comparison with LT, SLA varied only within a nar-
row range, from 12.2 to 17.7 m2 kg−1 (Table 2). Amax 
ranged from 3 to 6 µmol m−2 s−1 and mean gs-max was 
0.1 mol m−2 s−1. 

Across species, Amass ranged between 32 and 146.1 
nmol g−1 s−1 (mean of 62.2 nmol g−1 s−1) and mean LMA 
was 67.6 g m−2 (range of 41 to 95.6 g m−2), demonstrat-
ing positive correlation between LT and LMA (r = 0.44; 
p < 0.01). On average, estimated leaf longevity was 13.2 
months. Although there was no correlation between 
Amax and LMA (p > 0.05), the relationship between Amass 
and LMA was highly signifi cant (p < 0.01, Figure 2A). 
Leaf water potential varied from -0.24 MPa in S. amara 
to -0.16 MPa in M. guianensis. In addition, Amax (but not 
Amass) and gs-max were responsive to variation in LT (Fig-
ure 3A, C). We found positive correlation between Vcmax 

or Jmax and gs-max (Figure 3B, D). Monthly increase in di-
ameter (D) ranged from 0.08 (G. olivacea) to 0.17 mm 
in S. amara, which also showed the highest H value 
(Table 2).

Table 1 − Chemical and physical properties of the fertilized and the 
unfertilized soil at the study area. Mean and standard deviation 
(within parentheses).

Parameter or element unfertilized soil Fertilized soil
Mehlich-extractable P (mg kg−1) 0.84(0.31) b 1.35(0.64) a
Total N (g kg−1) 2.17(0.40) a 2.25(0.26) a
pH (1 M KCl) 3.85(0.12) a 3.88(0.09) a 
pH (H2O) 3.97(0.15) a 3.92(0.13) a
K (mg kg−1) 29.10(4.29) a 33.38(11.01) a
Ca (mg kg−1) 13.40(6.09) a 13.53(8.65) a
Mg (mg kg−1) 14.48(2.40) b 16.93(4.87) a
Fe (mg kg−1) 157.58(32.95) a 152.55(39.69) a
Zn (mg kg−1) 0.80(0.23) a 0.81(0.23) a
Al (mmol+ kg−1) 19.0(4.0) a 19.2(2.9) a
Sand (g kg−1) 112 -
Silt (g kg−1) 150 -
Clay (g kg−1) 738 -
Within lines means followed by the same letter do not differ (Student's t test, 
p  0.05).

Table 2 − Light-saturated photosynthesis (Amax), stomatal condutance (gs-max), maximum carboxylation velocity of Rubisco (Vcmax), maximum 
electron transport rate (Jmax), monthly increase in diameter (D) and height (H), specifi c leaf area (SLA), leaf thickness (LT), relative chlorophyll 
content (SPAD values), leaf area index (LAI), and leaf water potential (leaf) in fi ve Amazonian saplings species. Each value represents the mean 
of ten plants per species across rainfall seasons.

Species Amax Vcmax Jmax gs-max H D LT LAI SPAD SLA leaf

---------µmol m−2 s−1--------- mol m−2 s−1 --------------mm-------------- ----- unitless----- m² kg−1 MPa
M. guianensis 3.37 b 21.79 b 49.53 bc 0.06 c 3.0 b 0.10 ab 0.14 b 4.66 a 52.3 a 15.86 ab -0.16 a
G. olivacea 4.20 b 21.37 b 43.63 cd 0.12 ab 4.0 ab 0.08 b 0.15 b 4.69 a 53.7 a 13.41 cd -0.19 ab
R. guianensis 4.09 b 23.25 b 52.22 b 0.08 bc 4.0 ab 0.11 ab 0.19 a 4.29 ab 54.8 a 14.39 bc -0.17a
S. amara 5.79 a 29.11a 59.24 a 0.15 a 12.0 a 0.17 a 0.18 a 4.01 b 49.0 a 17.73 a -0.24 b
D. macrophyla 4.04 b 18.28 b 40.27 d 0.10 abc 9.0 ab 0.12 ab 0.20 a 4.39 ab 54.1 a 12.26 d -0.21ab
Mean 4.31 22.86 49.13 0.11 6.0 0.12 0.18 4.41 52.7 14.8 -0.21
Within columns, means followed by the same letter do not differ (Tukey test, p  0.05).

Figure 2 − Relationship between leaf dry mass per unit area (LMA) 
and light saturated photosynthesis on a mass basis, Amass (A), 
and between annual relative growth rate (RGR) and light-saturated 
photosynthesis, Amax (B) in Minquartia guianensis (circle, ○), 
Guatteria olivacea (square, □), Rinorea guianensis (diamond, ), 
Simarouba amara (triangle, Δ) and Duroia macrophylla (solid circle, 
●). The inset in panel A shows the relationship between LMA and 
Amax. Each symbol represents one plant per species and two leaves 
per plant. ns: not signifi cant; **signifi cant at p  0.01.
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Leaf traits and sapling growth in response to varia-
tion in leaf area index

LAI values did not differ between the dry and 
rainy season (p > 0.05) and across plant microsites they 
ranged from 4 to 4.7 (Table 2). LT, Vcmax and Jmax were re-
sponsive to variation in leaf area index (p  0.05, Figure 
4A, C, E). RGR, Amax and gs-max declined with increases in 
LAI (Figure 4B, D, F). Finally, we found positive correla-
tion between Amax and annual RGR (p  0.01, Figure 2B).

Discussion

Effect of nutrient addition
Although the amount of nutrient added was rela-

tively high (about 15 g m–2 of N and 9 g m–2 of P), no 
effect of soil amendment was observed on the param-
eters examined, which negates our initial hypothesis. 
The nil effect of the mineral nutrient treatments was 
unexpected because the highly-weathered Amazonian 
soils are of low fertility (Sanchez, 1976; Quesada et al., 
2010). However, our results agree with Cleveland et al. 
(2011), who found only a weak correlation between P 
and net primary production. The absence of response 
to mineral fertilization suggests that either the length of 

the interval between nutrient addition (and thereby the 
total amount of nutrient added) was not short enough to 
affect the parameters examined or that the root system 
of neighbor canopy trees absorbed a large fraction of the 
nutrients supplied. 

As the forest fl oor has high microbial activity, ap-
plied nitrogen can also be immobilized by soil micro-
organisms (Moreira et al., 2011), which makes it unavail-
able to plants. The lack of response to additional mineral 
N may also indicate the soil has a suffi cient supply of 
this element, as a result of N-fi xation by either symbiotic 
association or free-living microorganisms (Cleveland et 
al., 1999; Reed et al., 2010). 

If sunlight availability is the primary factor re-
straining sapling growth at the forest understory (Ni-
inemets, 2010; Gommers et al., 2013), increasing nutri-
ent availability should only result in marginal (if any) 

Figure 3 − Relationship between light-saturated photosynthesis 
(Amax) and leaf thickness, LT (A); maximum carboxylation velocity 
of Rubisco (Vcmax) and stomatal conductance, gs-max (B); gs-max and 
LT (C); and gs-max and maximum electron transport rate, Jmax, (D) 
in Minquartia guianensis (circle, ○), Guatteria olivacea (square, □), 
Rinorea guianensis (diamond, ), Simarouba amara (triangle, Δ) 
and Duroia macrophylla (solid circle, ●). The inset in panel A shows 
the relationship between Amass and LT. Each symbol represents one 
plant per species and two leaves per plant. *signifi cant at p  0.05; 
**signifi cant at p  0.01.

Figure 4 – Relationship between leaf area index (LAI) and leaf 
thickness, LT (A), annual relative growth rate, RGR (B), maximum 
carboxylation velocity of Rubisco, Vcmax (C), light-saturated 
photosynthesis, Amax (D), maximum electron transport rate, Jmax, (E), 
stomatal conductance, gs-max (F) in Minquartia guianensis (circle, ○), 
Guatteria olivacea (square, □), Rinorea guianensis (diamond, ), 
Simarouba amara (triangle, Δ) and Duroia macrophylla (solid circle, 
●). Each symbol represents one plant per species and two leaves 
per plant. **signifi cant at p  0.01.
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real enhancement in plant growth. Adaptation to low 
fertility soils is often accomplished by several mecha-
nisms including enhanced nutrient use effi ciency (e.g. 
recycling of litter nutrients, nutrient resorption from se-
nescing leaves) and improved nutrient acquisition (e.g. 
phosphorous) by forming mycorrhizal association (Aerts 
and Chapin-III, 1999; Kobe et al., 2005). 

Effect of water availability 
No response of sapling growth and photosynthetic 

parameters to rainfall seasonality contradicts our expec-
tation. Small changes in soil water content often lead to 
stomatal closure, and thereby to reduction in photosyn-
thesis (Davies et al., 2002). Thus, absence of response to 
rainfall seasonality indicates that the decline in soil wa-
ter content during the dry season was not large enough 
to affect stomatal functioning and carbon gain. Although 
soil water tension dropped in the dry season and led to 
variation in leaf water potential, soil water content was 
well above the permanent wilting point (lower limit of 
readily available water), about -1500 kPa for most plants 
(Van Genuchten, 1980). 

Constancy of photosynthetic traits across seasons 
agrees with Mendes and Marenco (2010), who found 
higher photosynthetic rates only at midday rather than 
either early in the morning or in the afternoon. Rainfall 
events during the mild dry season and the little change 
in leaf area index across seasons contribute to maintain 
high soil water content, so that leaf water potential re-
mains high, saving the leaves from water stress. 

Plant growth in response to variation in forest can-
opy foliage 

The mean growth rate observed is similar to 
that recorded in Swietenia macrophylla and Minquartia 
guianensis grown under shade condition (Azevedo and 
Marenco, 2012). This indicates that saplings used in the 
study (1 to 3-m tall) can take over a century to reach a 
minimum of 100 mm in diameter at breast height. LAI 
values found in this study are within the range (3.5 to 6) 
reported by others (Aragão et al., 2005; Malhado et al., 
2009; Caldararu et al., 2012) for the Amazon region. 

The effects of LAI (a measure of canopy foliage) on 
leaf traits can be explained on the ground that high LAI 
values lead to low light availability at the forest under-
story. Under shade conditions, leaf area per unit leaf dry 
mass tends to increase to enhance light capture, which 
ultimately results in thinner leaves (Valladares and Ni-
inemets, 2008). In comparison with thicker leaves, thin-
ner leaves have a lower concentration of photosynthetic 
proteins per unit leaf area (Hikosaka, 2004). This ex-
plains the reduction in photosynthetic traits and thereby, 
reduction in growth rates under denser canopy covers 
(higher LAI values; Kruger and Volin, 2006). 

Leaf structure-function relationships 
Our LMA values concur with those reported by 

Wright et al. (2004). LMA had negative correlation with 

Amass, but no correlation was found between Amax and 
LMA, which is in agreement with previous reports 
(Wright et al., 2004). Amass often declines as LMA in-
creases (Osnas et al., 2013), and in several species leaf 
longevity is greater in thick (high-LMA) leaves than in 
thinner ones, as an adaptive strategy to compensate for 
the high investment in constitutive defenses to avoid 
leaf damage (i.e. herbivory; Endara and Coley, 2011). 
The slight trend of Amax to respond to changes in LT but 
not to variation in LMA suggests that leaf density (the 
other component of LMA) negatively affects Amax, as pre-
viously reported for the Amass/leaf density relationship 
(Niinemets, 1999). 

As high-LMA leaves (thick leaves) are more expen-
sive to produce, per area, they need to live longer in 
order to payback their construction costs (Osnas et al., 
2013). In this study, estimated values of leaf life span are 
consistent with those reported by Williams et al. (1989), 
who observed that understory Piper species have leaf 
longevity greater than one year. Indeed, leaves with Amass 
of 62.2 nmol g−1 s−1 (this study) have leaf longevity of 15 
(Reich et al., 1991) to 30 months (Poorter and Bongers, 
2006), which suggests our leaf longevity estimate is rath-
er conservative. In comparison with gap-demanding spe-
cies, shade tolerant plants also have high LMA, leaves 
with a long life span, and synthetize large amount of 
antiherbivore metabolites (Valladares and Niinemets, 
2008; Gommers et al., 2013). However, contrary to ex-
pectations, they also have low phenotypic plasticity, per-
haps because a large amount of assimilate is required to 
produce leaves able to withstand herbivory pressure (i.e. 
synthesis of allelochemics) and other physical damage 
(Gommers et al., 2013).

Conclusions

Photosynthesis and sapling growth are most likely 
to be limited by light availability and light quality, rather 
than by the content of mineral nutrients. Decline in soil 
water content during the dry season does not seem to 
be large enough to reduce photosynthesis of understory 
saplings in central Amazonia. However, small changes in 
canopy openness infl uence growth and photosynthetic 
parameters of juvenile trees at the forest understory. 
Our results suggest that although the Amazonian soils 
are poor in nutrients, the response of saplings to future 
increases in atmospheric CO2 concentration will not be 
limited by the availability of mineral nutrients in the 
soil.

Acknowledgements

To the Research Foundation for the State of the 
Amazon (FAPEAM, UA-062.03164-12), to the Coordina-
tion for the Improvement of Higher Education Person-
nel (CAPES), and to the National Council for Scientifi c 
and Technological Development (CNPq), for the scholar-
ships.



64

Magalhães et al. In situ fertilization in Amazonian trees

Sci. Agric. v.71, n.1, p.58-65, January/February 2014

References

Aerts, R.; Chapin-III, F.S. 1999. The mineral nutrition of wild 
plants revisited: a re-evaluation of processes and patterns. 
Advances in Ecological Research 30: 1-67.

Aragão, L.O.C.; Shimabukuro, Y.E.; Espírito-Santo, F.D.B.; 
Williams, M. 2005. Landscape pattern and spatial variability 
of leaf area index in eastern Amazonia. Forest Ecology and 
Management 211: 240-256.

Azevedo, G.F.C.; Marenco, R.A. 2012. Growth and physiological 
changes in saplings of Minquartia guianensis and Swietenia 
macrophylla during acclimation to full sunlight. Photosynthetica 
50: 86-94.

Caldararu, S.; Palmer, P.I.; Purves, D.W. 2012. Inferring Amazon 
leaf demography from satellite observations of leaf area index. 
Biogeosciences 9: 1389-1404.

Cleveland, C.C.; Townsend, A.R.; Schimel, D.S.; Fisher, H.; 
Howarth, R.W.; Hedin, L.O.; Perakis, S.S.; Latty, E.F.; Von 
Fischer, J.C.; Elseroad, A.; Wasson, M.F. 1999. Global patterns 
of terrestrial biological nitrogen (N2) fi xation in natural 
ecosystems. Global Biogeochemical Cycles 13: 623-645.

Cleveland, C.C.; Townsend, A.R.; Taylor, P.; Alvarez-Clare, S.; 
Bustamante, M.M.C.; Chuyong, G.; Dobrowski, S.Z.; Grierson, 
P.; Harms, K.E.; Houlton, B.Z.; Marklein, A.; Parton, W.; Porder, 
S.; Reed, S.C.; Sierra, C.A.; Silver, W.L.; Tanner, E.V.J.; Wieder, 
W.R. 2011. Relationships among net primary productivity, 
nutrients and climate in tropical rain forest: a pan-tropical 
analysis. Ecology Letters 14: 939-947.

Cummings, D.L.; Kauffman, J.B.; Perry, D.A.; Hughes, R.F. 
2002. Aboveground biomass and structure of rainforests 
in the southwestern Brazilian Amazon. Forest Ecology and 
Management 163: 293-307.

Davies, W.J.; Wilkinson, S.; Loveys, B. 2002. Stomatal control by 
chemical signalling and the exploitation of this mechanism to 
increase water use effi ciency in agriculture. New Phytologist 
153: 449-460.

Day, P.R. 1965. Particle fractionation and particle-size analysis. p. 
545-567. In: Black, C.A. ed. Methods of soil analysis. American 
Society of Agronomy; Madison, WI, USA. 

Endara, M.J.; Coley, P.D. 2011. The resource availability 
hypothesis revisited: a meta-analysis. Functional Ecology 25: 
389-398.

Farquhar, G.D.; Von Caemmerer, S.V.; Berry, J.A.A. 1980. 
Biochemical model of photosynthetic CO2 assimilation in 
leaves of C3 species. Planta 149: 78-90.

Ferreira, S.J.F.; Luizão, F.J.; Mello-Ivo, W.; Ross, S.M.; Biot, Y. 
2002. Soil physical properties after selective logging in Central 
Amazonia. Acta Amazonica 32: 449-466.

Fisher, J.B.; Malhi, Y.; Bonal, D.; Da Rocha, H.R.; De Araujo, 
A.C.; Gamo, M.; Goulden, M.L.; Hirano, T.; Huete, A.R.; 
Kondo, H.; Kumagai, T.; Loescher, H.W.; Miller, S.; Nobre, 
A.D.; Nouvellon, Y.; Oberbauer, S.F.; Panuthai, S.; Roupsard, 
O.; Saleska, S.; Tanaka, K.; Tanaka, N.; Tu, K.P.; Von Randow, 
C. 2009. The land-atmosphere water fl ux in the tropics. Global 
Change Biology 15: 2694-2714.

Gilman, E.F.; Leone, I.A.; Flower, F.B. 1987. Effect of soil 
compaction and oxygen content on vertical and horizontal root 
distribution. Journal of Environmental Horticulture 5: 33-36.

Gommers, C.M.M.; Visser, E.J.W.; St Onge, K.R.; Voesenek, L.; 
Pierik, R. 2013. Shade tolerance: when growing tall is not an 
option. Trends in Plant Science 18: 65-71.

Graham, E.A.; Mulkey, S.S.; Kitajima, K.; Phillips, N.G.; Wright, 
S.J. 2003. Cloud cover limits net CO2 uptake and growth of a 
rainforest tree during tropical rainy seasons. Proceedings of the 
National Academy of Sciences of the United States of America 
100: 572-576.

Harrington, R.A.; Fownes, J.H.; Vitousek, P.M. 2001. Production 
and resource use effi ciencies in N- and P-limited tropical 
forests: a comparison of responses to long-term fertilization. 
Ecosystems 4: 646-657.

Hikosaka, K. 2004. Interspecifi c difference in the photosynthesis-
nitrogen relationship: patterns, physiological causes, and 
ecological importance. Journal of Plant Research 117: 481-494.

Johnson, A.H.; Frizano, J.; Vann, D.R. 2003. Biogeochemical 
implications of labile phosphorus in forest soils determined by 
the Hedley fractionation procedure. Oecologia 135: 487-499.

Kaspari, M.; Garcia, M.N.; Harms K.E.; Santana, M.; Wright, 
J.; Yavitt, J.B. 2008. Multiple nutrients limit litterfall and 
decomposition in a tropical forest. Ecology Letters 11: 35-43.

Kobe, R.K.; Lepczyk, C.A.; Iyer, M. 2005. Resorption effi ciency 
decreases with increasing green leaf nutrients in a global data 
set. Ecology 86: 2780-2792.

Kruger, E.L.; Volin J.C. 2006. Reexamining the empirical relation 
between plant growth and leaf photosynthesis. Functional 
Plant Biology 33: 421-429.

Malhado, A.C.M.; Costa, M.H.; Lima, F.Z.; Portilho, K.C.; 
Figueiredo, D.N. 2009. Seasonal leaf dynamics in an Amazonian 
tropical Forest. Forest Ecology and Management 258: 1161-
1165.

Mendes, K.R.; Marenco, R.A. 2010. Leaf traits and gas exchange in 
saplings of native tree species in the Central Amazon. Scientia 
Agricola 67: 624-632.

Moreira, A.; Fageria, N.K.; Garcia, A.G.Y. 2011. Soil fertility, 
mineral nitrogen, and microbial biomass in upland soils of the 
Central Amazon under different plant covers. Communications 
in Soil Science and Plant Analysis 42: 694-705.

Nascimento, H.C.S.; Marenco, R.A. 2013. Mesophyll conductance 
variations in response to diurnal environmental factors in 
Myrcia paivae and Minquartia guianensis in Central Amazonia. 
Photosynthetica 51: 457-464. 

Niinemets, Ü. 1999. Components of leaf dry mass per area – 
thickness and density– alter leaf photosynthetic capacity in 
reverse directions in woody plants. New Phytology 144: 35-
47.

Niinemets, U. 2010. A review of light interception in plant stands 
from leaf to canopy in different plant functional types and in 
species with varying shade tolerance. Ecological Research 25: 
693-714.

Nogueira, E.M.; Fearnside, P.M.; Nelson, B.W.; Franca, M.B. 
2007. Wood density in forests of Brazil's 'arc of deforestation': 
Implications for biomass and fl ux of carbon from land-use 
change in Amazonia. Forest Ecology and Management 248: 
119-135.

Osnas, J.L.D.; Lichstein, J.W.; Reich, P.B.; Pacala, S.W. 2013. 
Global leaf trait relationships: mass, area, and the leaf 
economics spectrum. Science 340: 741-744.



Magalhães et al. In situ fertilization in Amazonian trees

65

Sci. Agric. v.71, n.1, p.58-65, January/February 2014

Paoli, G.D.; Curran, L.M. 2007. Soil nutrients limit fi ne litter 
production and tree growth in mature lowland forest of 
southwestern Borneo. Ecosystems 10: 503-518.

Poorter, L.; Bongers, F. 2006. Leaf traits are good predictors of 
plant performance across 53 rain forest species. Ecology 87: 
1733-1743.

Quesada, C.A.; Lloyd, J.; Schwarz, M.; Patino, S.; Baker, T.R.; 
Czimczik, C.; Fyllas, N.M.; Martinelli, L.; Nardoto, G.B.; 
Schmerler, J.; Santos, A.J.B.; Hodnett, M.G.; Herrera, R.; Luizão, 
F.J.; Arneth, A.; Lloyd, G.; Dezzeo, N.; Hilke, I.; Kuhlmann, I.; 
Raessler, M.; Brand, W.A.; Geilmann, H.; Moraes Filho, J.O.; 
Carvalho, F.P.; Araujo Filho, R.N.; Chaves, J.E.; Cruz Junior, 
O.F.; Pimentel, T.P.; Paiva, R. 2010. Variations in chemical and 
physical properties of Amazon forest soils in relation to their 
genesis. Biogeosciences 7: 1515-1541.

Reed, S.C.; Townsend, A.R.; Cleveland, C.C.; Nemergut, D.R. 
2010. Microbial community shifts infl uence patterns in tropical 
forest nitrogen fi xation. Oecologia 164: 521-531.

Reich, P.B.; Uhl, C.; Walters, M.B.; Ellsworth, D.S. 1991. Leaf life-
span as a determinant of leaf structure and function among 23 
Amazonian tree species. Oecologia 86: 16-24.

Saatchi, S.S.; Houghton, R.A.; Alvala, R.C.D.S.; Soares, J.V.; Yu, Y. 
2007. Distribution of aboveground live biomass in the Amazon 
Basin. Global Change Biology 13: 816-837.

Salati, E. 1987. The forest and the hydrological cycle. p. 273-
296. In: Dickinson, R.E, ed. The geophysiology of Amazonia: 
vegetation and climate interactions. John Wiley, New York, NY, 
USA.

Sanchez, P.A. 1976. Properties and Management of Soils in the 
Tropics. John Wiley, New York, NY, USA.

Scowcroft, P.G.; Friday, J.B.; Idol, T.; Dudley, N.; Haraguchi, 
J.; Meason, D. 2007. Growth response of Acacia koa trees 
to thinning, grass control, and phosphorus fertilization in a 
secondary forest in Hawai. Forest Ecology and Management 
239: 69-80.

Shuttleworth, W.J.; Gash, J.H.; Lloyd, C.R.; Moore, C.J.; Roberts, 
J.; Marques, A.D.; Fisch, G.; Silva, V.D.; Molton, L.C.B.; Sa, 
L.D.D.; Nobre, J.C.; Cabral, O.M.R.; Patel, S.R.; Demoraes, 
J.C. 1984. Observations of radiation exchange above and 
below Amazonian forest. Quarterly Journal of the Royal 
Meteorological Society 110: 1163-1169.

Townsend, A.R.; Cleveland, C.C.; Asner, G.P.; Bustamante, 
M.M.C. 2007. Controls over foliar N:P ratios in tropical rain 
forests. Ecology 88: 107-118.

Townsend, A.R.; Cleveland, C.C.; Houlton, B.Z.; Alden, C.B.; 
White, J.W.C. 2011. Multi-element regulation of the tropical 
forest carbon cycle. Frontiers in Ecology and the Environment 
9: 9-17.

Valladares, F.; Niinemets, U. 2008. Shade tolerance, a key plant 
feature of complex nature and consequences. Annual Review 
of Ecology, Evolution, and Systematics 39: 237-257.

Van Genuchten, M.T. 1980. A closed-form equation for predicting 
the hydraulic conductivity of unsaturated soils. Soil Science 
Society of America Journal 44: 892-898.

Vitousek, P.M.; Porder, S.; Houlton, B.Z.; Chadwick, O.A. 2010. 
Terrestrial phosphorus limitation: mechanisms, implications, 
and nitrogen–phosphorus interactions. Ecological Applications 
20: 5-15.

Wagner, F.; Rossi, V.; Stahl, C.; Bonal, D.; Herault, B. 2012. Water 
availability is the main climate driver of neotropical tree growth. 
Plos One7(4): e34074. doi:10.1371/journal.pone.0034074.

Williams, K.; Field, C.B.; Mooney, H.A. 1989. Relationships among 
leaf construction cost, leaf longevity, and light environment in 
rain-forest plants of the genus Piper. American Naturalist 33: 
198-211.

Wright, J.; Reich, P.B.; Westoby, M.; Ackerly, D.D.; Baruch, Z.; 
Bongers, F.; Cavender-Bares, J.; Chapin, T.; Cornelissen, J.H.C.; 
Diemer, M.; Flexas, J.; Garnier, E.; Groom, P.K.; Gulias, J.; 
Hikosaka, K.; Lamont, B.B.; Lee, T.; Lee, W.; Lusk, C.; Midgley, 
J.J.; Navas, M.L.; Niinemets, U.L.; Oleksyn, J.; Osada, N.; 
Poorter, H.; Poot, P.; Prior, L.; Pyankov, V.L.; Roumet, C.; 
Thomas, S.C.; Tjoelker, M.G.; Veneklaas, E.J.; Villar, R. 2004. 
The worldwide leaf economics spectrum. Nature, 428: 821-
827.

Yavitt, J.B.; Harms, K.E.; Garcia, M.N.; Mirabello, M.J.; Wright, 
S.J. 2011. Soil fertility and fi ne root dynamics in response to 
4 years of nutrient (N, P, K) fertilization in a lowland tropical 
moist forest, Panama. Austral Ecology 36: 433-445.

Yavitt, J.B.; Wright, S.J. 2008. Seedling growth responses to water 
and nutrient augmentation in the understorey of a lowland 
moist forest, Panama. Journal of Tropical Ecology 24: 19-26.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


