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Abstract

P.J. Donoso, D.P. Soto, J.E. Schlatter, and C.A. Biichner. 2009. Effects of early fertilization
on the performance of Nothofagus dombeyi planted in the Coastal Range of south-central
Chile. Cien. Inv. Agr. 36(3):475-486. Native Nothofagus dombeyi growth rates excel in
secondary forests and in some plantations, and the species has good timber quality. However,
few have reported on the effects of fertilization on N. dombeyi plantations. This is a key matter
since fertilization has environmental and financial costs, and therefore its use to increase growth
and survival for production or restoration must be carefully evaluated. Here we evaluated the
early effects of fertilization (control and three levels) using several performance variables (leaf
properties, growth, plant quality, and survival) in a N. dombeyi plantation at a low elevation
in the Coastal Range of south-central Chile, which has a rainy temperate climate and medium
fertility soils. Four years after plantation and fertilization, there were no differences in growth
among all treatments despite initial gains in the fertilized plants. Trees with a single leader
represented 58% for the lower fertilization treatment and between 42-49% for the other
treatments, although this difference was not significant. Survival was only significantly lower
(75%) with the highest fertilizer doses. Although the results are not conclusive, they provide
a good platform for discussion regarding the feasibility of fertilizing N. dombeyi plantations
and using other early silviculture prescriptions for this species. The reported early growth rates
are similar to P. radiata plantations and fast-growing hardwood species in other temperate and
subtropical regions, suggesting that N. dombeyi plantations are a true alternative for timber and
fiber production, which would decrease pressure on natural forests in Chile.

Key words: Fast-growing tree species, hardwood plantations, mineral nutrition, plant quality,
survival.

Introduction

Plantations that produce high-quality timber
are an attractive option for timber production,
especially for small and medium landown-
ers (Grant et al., 2006) and for conservation
of native forest species. Nothofagus dombeyi
(Nothofagaceae) is a high-quality native tim-
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ber species (Hall and Witte, 1998; Diaz-Vaz
et al., 2002) and one of the most productive in
secondary growth forests (Donoso ef al., 1999a)
and plantations in Chile (Donoso et al., 1999b,
2005, 2007; Cubbage et al., 2007). Currently, N.
dombeyi plantations without soil preparation,
fertilization, or weed control have yielded aver-
age annual volume growth rates as high as 18
m3ha! (Donoso et al., 1999b), which indicates
the promising economic potential of complete
rotations (Cubbage et al., 2007). Intensive sil-
viculture aimed to increase the productivity of
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these plantations (Allen et al., 1990; Albaugh et
al. 2003, 2004; Nilsson and Allen, 2003; Nils-
son and Orlander, 2003) could make them more
attractive to landowners, but to date there are no
reports on the effects of intensive silviculture on
the growth and yields of these plantations.

Nothofagus dombeyi is a shade-intolerant spe-
cies, which suggests that it could exhibit high
growth rates with increasing nutrient avail-
ability (Grime, 1979). This has been observed
for nursery seedlings (Bustos et al., 2008), but
fertilization trials are necessary to determine
whether N. dombeyi would respond to soil fer-
tilization at the diverse sites where it grows
naturally (Donoso et al., 2006) or could be es-
tablished through plantations, from sea level to
about 1,000 m above sea level (a.s.l.) and from
34 to 47°S.

Fertilization during the initial stages of plan-
tation aims to increase survival and short-
term productivity (Duryea and Dougherty,
1991; Binkley, 1993; Fox et al., 2006), reduce
competition for light, water, and nutrients,
and increase growth rates (Allen et al., 1990;
Nambiar and Sands, 1993; Nilsson and Allen,
2003; Nilsson and Orlander, 2003). The use of
fertilization should be determined according
to the potential soil nutrient supply and spe-
cies’ requirements, in addition to considering
economical and environmental factors (Rodri-
guez, 1993; Alvarez et al., 1999). This is a com-
mon way to proceed in hardwood plantations
(Pritchett and Fisher, 1987), although fertiliza-
tion of hardwood plantations has been poorly
studied (Brown, 1999).

The objectives of this study were (i) to evaluate
the one-year effect of fertilization on the leaf
morphology and nutrient content of planted
seedlings and (ii) to evaluate the effects of fer-
tilization on growth, plant quality, and survival
during the four initial years of plantation.

CIENCIA E INVESTIGACION AGRARIA

Material and methods

Study area

The N. dombeyi plantation was established on
the eastern side of the Coastal Range (39°58'S
and 73°20°S) in the province of Valdivia, be-
tween 50 and 80 m above sea level (a.s.l.) on a
hill with a convex 10-20% slope facing North.
The region has a rainy temperate climate with
a slight Mediterranean influence and nar-
row thermal oscillation (Di Castri and Hayek,
1976). The mean temperatures are 12°C annu-
ally, 18°C for the warmest months (January and
February), and 7.5°C for the coldest months
(July and August). Annual rainfall varies be-
tween 2,500 and 3,000 mm and is highly con-
centrated between May and August (Di Castri
and Hayek, 1976).

Soil characterization

The plantation is on red clay soil from the Los
Ulmos series (Acrudoxic Hydric Hapludand;
CIREN, 1999). These soils are deep to very
deep, well structured, and have high contents
of organic matter. The high aluminum and iron
levels cause phosphorus fixation (IREN et al.,
1978). Using three samples of the upper 20 cm
of soil collected from the center of each of the
three control plots, we followed standard labo-
ratory procedures to measure pH, total carbon,
total nitrogen, available phosphorus, sodium,
potassium, calcium, magnesium, extractable
aluminum, iron, manganese, copper, extractable
zinc, sulfur, exchangeable aluminum, and boron.
Results (Table 1) show that according to refer-
ence values, the soil is strongly acidic and rich
in organic matter and total nitrogen, and has an
adequate C/N ratio, a very low base saturation,
and very low levels of available phosphorus. It
has high available sulfur and iron contents, high
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levels of extractable and exchangeable alumi-
num, and a high aluminum saturation. Overall,
it is a nutritionally poor soil in cation bases and
phosphorus, but has adequate temperature and
water regimes, so it has medium fertility.

Table 1. Means and standard deviations of the chemical
characteristics of the soil in the plantation area, the Los
Ulmos series, east coastal mountain range, province of
Valdivia.

Mean
Variable Mean (SD) Variable (SD)
pH-HO 5.48 (0.15) SB (cmol+100 g")! 1.7 (0.3)
Ctotal,%  9.54 (2.06) Al-KCl,mgkg' 41(21.8)
Ntotal, %  0.61 (0.12) Al Saturation, %  20.2 (9.6)
P, mg kg! 1.6 (0.6) Fe, mgkg' 145 (6)
K, mgkg' 79(17) Mn, mg kg™ 83(2.1)
Ca, mgkg' 181 (27) Cu, mgkg! 5.1(0.6)
Mg, mg kg' 54 (14) Zn, mg kg! 1.0 (0.4)
Na, mg-kg' 36 (5) B, mg kg! 0.5(0.2)
Al, mgkg! 1,803 (310) S, mgkg! 20(5.3)

'Sum of bases.

Site preparation and plantation specifications

The planted area was cleared of its previous na-
tive forest about 80 years ago to allow for exten-
sive cattle grazing in a small land holding. The
N. dombeyi seedlings used were produced in the
nursery of the Department of Silviculture, Uni-
versidad Austral de Chile. Seeds were collected
in the Coastal Range in the area known as Rau-
lintal (40°10°52”'S, 73°24'42°W at 530 m a.s.l.),
in the province of Valdivia. We used one-year-
old bare root seedlings that were sown in 24-
cm’® containers and transplanted near the middle
of the first growing season in nursery beds at a
spacing of 10 x 15 cm (860 seedlings per m?)
following production protocols recommended
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by Duryea and Landis (1984). Final seedlings
used for plantation had a mean root collar diam-
eter of 0.38 = SD 0.06 cm and a mean height of
41.5 £+ SD 9.70 cm, and there were no significant
differences in either of these variables among
seedlings used in the different treatments tested
in this study (ANOVA; p > 0.05).

The soil in the experimentation area was plowed
(and blocks were crashed) in 40-cm-deep rows
along level contours to reduce superficial com-
paction, improve the water regime, and reduce
weed competition during the first year. The
plantation was established in regular 3 x 2 m
spacings at the end of the dormant season dur-
ing August 2004. Fertilization treatments were
then applied during the first week of September
of the same year, and weeds were mechanically
controlled every year for the first three seca-
sons.

Fertilizers

We used N-P-K fertilizer (10 N, 30 P205, 10
K20 for every 100 g) composed of urea (46%
N), triple superphosphate (20% P), and potas-
sium muriate (50% K). Three doses of N-P-K
were applied: one determined through the ra-
tional method of fertilization (sensu Rodriguez,
1993; Alvarez et al., 1999), and double and
triple that amount. The rational method of fer-
tilization estimates the demand of the trees ac-
cording to a conservative expected growth rate,
the nutrient availability from the soil (after nu-
trient analysis), and the efficiency of nutrient
uptake by seedlings. The resulting fertilizer
treatments (in addition to the untreated control)
were ~ 50 g plant” (T50; 5N, 15 P,O,, 5 K,0),
100 g-plant’ (T100; 10 N, 30 P,O,, 10 K,0),
and 150 g-plant! (T150; 15 N, 45 P,O,, 15 K,0).
T100 and T150 should allow for an evaluation
of how seedlings respond to additional nutri-
ent supplies. Fertilizers were applied in lateral
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bands at a distance of 15 cm from the seedlings
and at a depth of 5 cm to avoid volatilization
and superficial runoff.

Design and statistical analysis

Fertilization treatments were distributed ac-
cording to a complete randomized design with
three replicates of 20 trees each. The root-collar
diameter (RCD), total height (TH), and quality
were determined annually (May) after estab-
lishment (August 2004) until the fourth grow-
ing season. Quality was estimated, with three
classes for the shape of the crown and three
classes for the angle (straightness) of the tree
(Figure 1; sensu Rock et al., 2004). We also re-
corded dead trees to determine mortality rates.
With RCD and TH, we estimated the volume
(V) of each plant as follows (sensu Rose and
Ketchum, 2003):

*(RCD»)*TH
Viempry— T (1)

Stem form

Y PLA s
TR X N ¥

1 Top 2 Forked 3 Dissolved

Figure 1. Form criteria used for trees sampled in this study
(modified from Rock et al., 2004).

To evaluate fertilization efficiency, we collected
100 g mixed foliar samples in May after the first
growing season from all replications and the
upper 50% of the crown (sensu Schlatter ef al.,
2001). Leaves were oven-dried at 75°C and later
crashed and analyzed for essential nutrients
(sensu Mengel and Kirkby, 1978; Will, 1985;
Schlatter et al., 2003). Simultaneously, a straight
complete branch was collected at the base of the
upper third of the crown from five of the largest
trees in each treatment. In the middle part of
the branch, the number of leaves within a re-
gion of 10 cm was counted and then scanned to
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determine the foliar area with the ImageTool®
program. The remaining leaves were separated
from the branch and each component (branch
and leaves) was weighed (0.01-g precision). All
material was oven dried at 75°C to obtain the
total dry weight.

We used one-factor ANOVA with four levels for
the fertilization variable (three fertilized treat-
ments and one control) to evaluate the one-year
foliar parameters (area, weight, and leaf num-
bers), branch weight, and annual growth param-
eters (RCD, TH, and V). We also tested cumula-
tive RCD, H, V, and DBH at the fourth season
for all trees and for the best 20% of trees (five
per replication). When ANOVA was significant,
mean separation for the analyses was evaluated
with the LSD test (Sokal and Rohlf, 1995). We
were not able to statistically compare results of
the foliar analyses since we mixed foliar samples
from each treatment, as mentioned earlier. To
evaluate cumulative effects of fertilization on
crown form and tree straightness by treatment,
as well as the survival differences following
each growing period, we used a non-parametric
Kruzkal-Wallis (H-test) ANOVA and the Mann-
Whitney (U-test) for treatment separation when
the H-test was significant. For every analysis,
we considered a = 0.05 (Zar, 1999).

Results

Effect of fertilization on chemical and
morphological parameters after the first year of
growth

Following the first growing season, the foliar
percentage of nitrogen (N) was higher in TT
than in the three fertilized treatments (Table
2). Among the fertilized treatments, only T150
had an N level above marginal (1.36%) (sensu
Will 1985). For the remaining nutrients, lev-
els were similar among treatments, although
phosphorus (P) and potassium (K) were slight-
ly greater in the treatments with more fertil-
ization. These P and K contents are considered
marginal to good according to the laboratory
of Forest Nutrition and Soils of the Universi-
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dad Austral de Chile, who considers >0.08%
and >0.5% to be good concentrations for P and
K, respectively, based on literature and its own
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studies of N. dombeyi.
The foliar area was significantly different
among treatments (p < 0.001), with significantly

Table 2. Foliar analysis of Notofagus dombeyi after the first growing season.

Treatments Treatments
Macroelements Microelements
% TT T50 T100 T150 mgkg! TT T50 T100 T150
N 1.56 1.14 1.19 1.36 Fe 199 127 172 92
P 0.06 0.06 0.07 0.09 Mn 239 224 259 223
K 0.44 0.44 0.51 0.53 Cu 4.3 3.6 3.7 4.1
N/P 26 19 17 15.4 Zn 15 13 11 13
Ca 0.28 0.32 0.30 0.30 B 18 16 16 31
Mg 0.11 0.13 0.13 0.12

greater areas for T150 and T100 compared to
TT and T50 (Table 3). Similarly, the dry foliar
weight was also significantly different among
treatments (p = 0.035), with significantly greater
dry foliar weights of T150 and T100 compared
to T50 and TT. Dry foliar weights per leaf and
per branch were only marginally significant
among treatments (p = 0.052 and p = 0.054), but
they were evidently higher in T150 and T100.
Finally, the number of leaves per branch was

significantly different among treatments (p =
0.002), with a significantly higher abundance of
leaves in T150 with respect to TT and interme-
diate values for T100 and T50 (Table 3), which
illustrates that this variable was stimulated the
most by fertilization. Overall, T100 and T150
considerably stimulated biomass development
during the first growing season.

Effects of fertilization on annual growth

Table 3. Means and standard deviations (in parenthesis) for some foliar variables of Nothofagus dombeyi seedlings in
response to fertilization treatments after the first growing season.

Variable Fertilization treatments

TT T50 T 100 T 150
Foliar area, cm? 3.67b (0.97) 3.72b (0.96) 4.73a (1.07) 4.66a (0.92)
Dry foliar weight, gem™ 0.22b (0.03) 0.21b (0.03) 0.28a (0.03) 0.27a (0.02)
Dry foliar weight per leaf, g 3.23 (1.68) 3.32(1.47) 4.51 (1.11) 6.55(0.95)
Dry foliar weight of branches, g 1.58 (0.85) 1.30 (0.54) 2.13(0.47) 3.47 (1.25)
Leaves, n° 19b (13) 37ab (23) 36ab (24) 49a (16)

Different letters in a row denote significant differences between treatments from the LSD test for means separation following significant

ANOVA tests.

Following the first growing season, the fertiliza-
tion treatments induced highly significant dif-
ferences in the annual growth parameters RCD
and TH with respect to the unfertilized treat-
ment (Table 4). There were no significant differ-
ences in annual RCD growth after the second,
third, and fourth growing seasons among treat-
ments (p =0.153, 0.157, and 0.130, respectively),
although T150 had greater growth rates during

these seasons (Table 4). Annual TH growth
rates showed a complete shift during the second
year, since the treatment with the best first-year
growth (T100) had a significantly lower growth
rate than TT during the second year. Annual
TH growth rates were not significantly different
among treatments following the third growing
season (p = 0.168), but during the fourth grow-
ing season TT had the greatest growth rate,
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which was significantly different from T50 and
T150 in this case (Table 4). Annual V growth
rates were significantly greater in the fertilized
treatments with respect to the control for years
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one, two, and three, but not significantly greater
for year four (Table 4).

Cumulative growth after four growing seasons
was not significantly different among treatments

Table 4. Mean annual growths (and standard deviations) for root collar diameter, height, and volume variables.

Treatments Root collar diameter, cm Height, cm Volume, cm?® pl!
2005 2006 2007 2008 Total 2005 2006 2007 2008 Total 2005 2006 2007 2008 Total
TT 0.43b' 131 1.61 2.20 6.00  44.8b' 84.6a 81.9 141.5a"  398.5 14.8b'  241.3b' 840.9b' 3088.2 4190.2
(0.17)  (0.59) (0.62) (0.89) (0.92) (20.5) (41.8) (35.7) (46.5) (46.5) (104)  (221.8) (625.7) (1972.8) (1497.3)
T50 0.77a 1.25 1.70 2.14 6.29 69.6a  67.0b  96.5 121.3b  399.5 40.1a 272.0b 1034.4ab 3109.3  4463.2
(0.27)  (0.55) (0.82) (0.74) (0.59) (224) (39.9) (54.1) (46.5) (34.9) (27.2)  (2142) (726.8) (2041.8) (1080.5)
T100 0.83a 1.30 1.51 1.94 590 76.8a  66.3b  93.1 125.4ab  400.7 45.3a 296.7ab 962.9b 2802.4 41154
(0.24) (047) (0.52) (0.68) (0.81) (21.1) (39.6) (37.3) (43.1) (50.1) (26.0)  (226.2) (613.4) (1692.3) (1329.3)
T150 0.82a 1.40 1.76 225 6.52 73.3a 82.7ab  101.2 116.5b  414.6 42.9a 385.8a 1332.2a 3537.9 5304.6
(0.27)  (0.69) (0.57) (0.71) (0.88) (25.0) (40.8) (36.3) (33.4) (52.2) (27.1)  (363.2) (1039.6) (2224.7) (1827.5)

'Different letters in a column denote significant differences between treatments from the LSD test for means separation following significant.

for any of the variables evaluated (RCD, TH, V,
and DBH) when all trees per plots were consid-
ered or when only the best 20% of trees per plot
(five trees) were considered. The best trees had
on average 20% higher growth than the average
for RCD, TH, and DBH and between 30% and
50% more for V.

Effect of fertilization on quality of trees

The quality of trees did not differ significantly
among treatments after the first growing season
or after the fourth growing season (p> 0.05 for
Top, Forked and Dissolved trees in both cases).
Quality deteriorated from more than two-thirds
of top trees (Top 70%, Forked 25%, and Dis-
solved 5%) to only one-half of the trees classi-
fied as top after the fourth growing season (Top
50%, Forked 36%, and Dissolved 15%; Figure
2). However, after four growing seasons, T50
had 58% top trees while all other treatments had
between 40% and 50% top trees, with the lowest
amount (42%) for T150 (Figure 2).

O Top Forked M Dissolved
100
=
~ 80
s
S 60
o
8 a0
@
& 20
0 "S005 008" 2005 2008 2005 2008 | 2005 2008 |
TT T50 T 100 T 150
Treatments

Figure 2. Forms of Nothofagus dombeyi trees after the first
(2005) and fourth (2008) growing seasons.

Effect of fertilization on tree survival

Survival was significantly different among treat-
ments after the first growing season (H = 7.94,
p = 0.047), with a survival rate (97%) for T100
that was significantly higher than T150 (73%),
but not significantly higher than T50 (86.6%)
and TT (81.6%). Following the first year, there
was nominally extra mortality (TT had an ad-
ditional 1.87% mortality and T50 2.07%), but
after the fourth growing season there were no
significant differences in survival rates among
treatments (H = 7.22, p = 0.065).
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Discussion

The most important effect of fertilization on
plantations in Chile is the increased foliar level
of N. In this study, after the first growing sea-
son, fertilization (especially T100 and T150)
increased the number, area, and dry weight of
leaves, as well as the weight of branches (Table
3). This result was also illustrated in the greater
RCD, TH, and V growth rates during the first
growing season of the plantation for the fertil-
ized treatments (especially T100), which is sim-
ilar to a report by Donoso et al. (2007) for a one-
year-old N. dombeyi plantation in the Chilean
Andes on soils of recent volcanic ash, where in-
termediate doses of fertilizer (110 g pl) caused
the best growth rates. The addition of N through
fertilizers is associated with the production of
proteins that stimulate photosynthesis and
therefore growth (Lea et al., 1980; Hinckley et
al., 1992). However, during the second year, the
effect of the fertilization treatments was surpris-
ing since the best growth rates were achieved by
treatments that had the lowest rates after the first
year (TT and T150). Initial gains were gradually
lost over time to a point where differences were
only marginal with respect to the unfertilized
treatment at year four (Table 4). The significant
effect of fertilization on growth occurred only
during the first year (2005), which has been re-
ported elsewhere (Duryea and Dougerthy, 1991;
Binkley, 1993; Rodriguez et al., 2001; Albaugh
et al., 2003; Amishev and Fox, 2006). This ef-
fect manifests especially in soils of low to medi-
um nutritional supply like the soil in this study
since plants stimulated by the fertilizer during
the first growing season later need to physiolog-
ically adjust to the true nutrient supply of the
local site and therefore lose their initial gains
(Table 4).

We suggest that N (in a low doses) and P stimu-
lated the growth of the fertilized plants and this
caused a dilution of the N in the new biomass.
The dilution of N is illustrated in the foliar N
levels following the first growing season in T50

and T100, which were marginal and about 25%
lower than in TT (Table 2). The N dilution was
caused by insufficient N supply that was un-
able to sustain the level of leaves produced dur-
ing the first year (sensu Lea et al., 1979, 1980;
Bellote and Ferreira, 1995; Fife and Nambiar,
1997). A fertilized plant usually has a greater
foliar volume than root volume (Binkley, 1993).
Although root growth was not analyzed, the
control trees probably had to put more energy
in this tissue, and eventually a more balanced
shoot/root ratio allowed the control trees to have
better growth the next year compared to the fer-
tilized trees, which did not get the nitrogen sup-
ply from the soil that they needed to maintain
their greater biomass. If the soil cannot supply
the plant’s nutrient demands during the second
year, the plants must dramatically adapt to this
condition. This is what likely happened in our
study with the seedlings fertilized during the
first year. Plants with the higher fertilization
doses were partially able to maintain a more ad-
equate supply during the second year since they
had a better nutrient level in their foliage than in
the other treatments, and plants without fertil-
ization also had a nutritionally better status, in
addition to likely having a more balanced shoot/
root ratio probably compared to the fertilized
plants. After four growing seasons, plants had
similar growth behaviors (except for some in-
significantly lower values for T100), illustrating
that early fertilization did not eventually affect
growth of N. dombeyi.

One possible way to prevent the observed de-
cline in volume that occurred in the T100 treat-
ment, which had the best performance during the
first year, i.e., to diminish the effect of nutrition-
al dilution, would be to apply a second fertiliza-
tion treatment, with a different nutritional com-
position that favors N, at the end of winter and
before the onset of the second growing season.
This may require a strong weed control program
since fertilization can stimulate weed growth
(sensu Albaugh et al., 2003, 2004; Nilsson and
Allen, 2003; Nilsson and Orlander, 2003; Ami-
shev and Fox, 2006). This strategy would be op-
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timal since it would favor the treatment with the
lowest mortality and would decrease the time to
crown closure, therefore increasing competition
and the probability of obtaining straight trees, an
important consideration in N. dombeyi, a species
with a great tendency to lose its epinastic con-
trol (Donoso ef al., 1999b). Through this type of
fertilization program, we would probably expect
that the initial volume gains would remain at
least until crown closure, which has been widely
reported (Binkley and Reid, 1985; Nilsson and
Allen, 2003; Prescott and Blevins, 2005).

The plantations had good survival rates (three
out of four trees survived in the worst treat-
ment, T150) that were similar to rates observed
for Pinus radiata plantations subjected to differ-
ent silvicultural treatments in the Coastal Range
(Albaugh et al., 2004; Rubilar et al., 2008). T150
had lower survival rates that were only margin-
ally and not significantly different than those for
T100, clearly suggesting that this high dose can
be toxic to the plants (Duryea and Dougherty,
1991). In terms of quality, a major problem with
N. dombeyi is its high rate of forking (Donoso
et al., 1999b), which is a common issue in some
hardwood plantations (e.g., Erskine et al., 2005).
However, 42-58% of the trees had single lead-
ers (that were not forked), which represents ap-
proximately between 500 and 700 trees per ha
(considering the 75-85% survival range over an
initial density of 1,600 trees per ha), so we can
expect that a plantation would reach a final rota-
tion age with sufficient high-quality trees. Most
of the forked trees could be gradually harvested
through intermediate cuttings such as thinning or
improvement cuttings. This suggests there may be
no need to establish dense plantations or conduct
early pruning of forked trees to maintain a leader
branch, as suggested by Donoso et al. (1999b),
thus reducing plantation costs while still yielding
a high-quality and fast-growing plantation.

In general, the cumulative height growth rates
observed for unfertilized N. dombeyi trees in
this study were noticeably greater than those
registered in open fields in the Andes [0.45 m
during the first year at 700 m (Donoso et al.,
2007); 0.65 m per year at age 7 at 550 m (P.
Donoso’s unpublished data)] or in strips be-
tween 5-m tall Chusquea coleou [0.6 m per year
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at age 4 at 650 m (Alvarez and Lara, 2008)] and
slightly greater than those reported for open field
plantations in the central depression (Donoso et
al., 2005) and in low-elevation foothills of the
Andes (Wienstroer et al., 2003). Height growth
of N. dombeyi without fertilization in this study
was also greater than many planted hardwood
species in other temperate regions and in some
subtropical regions (Belanger and Pepper 1978;
von Alten 1988; Cogliastro et al., 1997; De Bell
and Harrington 2002; Jacobs et al., 2005; Grant
et al. 2006, Renou et al., 2007; 2008) and com-
parable to those of Pinus radiata in red clay
soils (Albaugh et al., 2004) and derived from
metamorphic rocks (Rubilar ef al., 2008) in
south-central Chile.

The growth rates reported in this study illustrate
the potential use of N. dombeyi plantations es-
tablished with adequate initial soil management
and good-quality seedlings. Although further
fertilization experiments must be conducted, it
would be advantageous to reduce establishment
costs through a modest and low-intensity silvi-
culture prescription. This would also have the
added benefit of reducing the potential negative
effects on the environment associated with ap-
plication of significant amounts of chemicals un-
der intensive silviculture treatments (Kimmins,
1997). Yet, greater growth could be achieved
with more research to develop early silviculture
prescriptions for this species.

The value (Cubbage et al., 2007) and great
variety of uses (Diaz-Vaz et al., 2002) of N.
dombeyi will continue to pose harvesting pres-
sure on second-growth or old-growth forest
stands that comprise this species, unless timber
of N. dombeyi is supplied from plantations. The
argument that plantations could decrease pres-
sure on the harvest of natural forests (Sedjo,
1983; Binkley, 1997; Sedjo and Botkin, 1997)
seems stronger if fast-growing plantations in-
clude native species, as with N. dombeyi. In ad-
dition, plantations of N. dombeyi in open fields
or severely high graded forest stands facilitate
the entrance of other tree species once it has
grown enough to provide shade to the under-
story, a feature that is rarely observed in plan-
tations of exotic species (P. Donoso, personal
observation), illustrating that N. dombeyi plan-
tations may have potential for timber produc-
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tion and forest restoration. This study provides
additional evidence for the great potential of
N. dombeyi plantations in Chile and reports
greater growth rates than in all previous stud-
ies with plantations of this species. Although
it is not conclusive that the use of fertilization
is a feasible method to achieve greater growth
rates, survival, and quality, these variables

performed better either with the lower or inter-
mediate fertilization doses.

Acknowledgements

This study was supported by grant FONDEF-
CONICYT D0411271.

References

Resumen

P.J. Donoso, D.P. Soto, J.E. Schlatter y C.A. Biichner. 2009. Efectos de la fertilizacion
temprana en el comportamiento de una plantacion de Nothofagus dombeyi en la
Cordillera de la Costa del centro sur de Chile. Cien. Inv. Agr. 36(3): XXX-XXX. Las tasas
de crecimiento de Nothofagus dombeyi son superiores a las de otras especies nativas en bosques
secundarios y plantaciones, y la especie tiene buena calidad de madera. Sin embargo, pocas
experiencias han sido reportadas acerca de los efectos de la fertilizacion en plantaciones de N.
dombeyi. Esto es fundamental, ya que la fertilizacion tiene costos ambientales y financieros,
y la necesidad para incrementar el crecimiento y la sobrevivencia debe ser cuidadosamente
evaluada. En este estudio evaluamos el efecto de la fertilizacion (control y tres niveles) en una
serie de variables (propiedades de las hojas, crecimiento, calidad de plantas y sobrevivencia)
en una plantacion de N. dombeyi a baja altitud en la Cordillera de la Costa del centro sur de
Chile, con un clima templado lluvioso y suelos de mediana fertilidad. Cuatro afios después de
establecida y fertilizada la plantacién no hubo diferencias entre tratamientos en crecimiento,
a pesar de las ganancias iniciales en plantas fertilizadas. Los arboles con un solo apice
dominante fueron un 58% en el tratamiento con menor fertilizacion, y entre 42-49% para el
resto, diferencia no significativa. La sobrevivencia fue sélo significativamente menor (75%)
con la mayor dosis de fertilizacion. A pesar de que los resultados no son concluyentes, ellos
proveen una buena base para discutir acerca de la conveniencia de fertilizar plantaciones de N.
dombeyi'y de efectuar otras prescripciones de silvicultura inicial. Los resultados de crecimiento
temprano reportados son similares a los de plantaciones de P. radiata y de latifoliadas de rapido
crecimiento en otras regiones templadas y subtropicales, lo que sugiere que estas plantaciones
son una verdadera alternativa para la produccion de madera y fibra, y para reducir la presion
sobre bosques naturales en Chile.

Palabras clave: Calidad de plantas, especies arboreas de rapido crecimiento, nutricion mineral,
plantaciones de latifoliadas, sobrevivencia.

1990. Manipulation of water and nutrients-prac-

tice and opportunity in southern U.S. pine forests.
Forest Ecology and Management 30:437-453.

Albaugh, T.J., H.L. Allen, B.R. Zutter, and H.E.
Quicke. 2003. Vegetation control and fertilization
of Pinus taeda stands in the southeastern United
States. Annals of Forest Science 60:619-624.

Albaugh, T.J., R. Rubilar, J. Alvarez, and H.L. Allen.
2004. Radiata pine response to tillage, fertiliza-
tion and weed control in Chile. Bosque 25:5-15.

Allen, H.L., PM. Dougerthy, and R.G. Campbell.

Alvarez, J., J. Rodriguez, and D. Suérez. 1999. Me-
joramiento de la productividad de plantaciones
de Pinus radiata D. Don a través de un modelo
racional de fertilizacion. Bosque 20:23-36.

Alvarez, C., and A. Lara. 2008. Crecimiento de una
plantaciéon joven en fajas con especies nativas
en la Cordillera de Los Andes de la provincia de
Valdivia. Bosque 29:181-191.



484 CIENCIA E INVESTIGACION AGRARIA

Amishev, D.Y. and T.R. Fox. 2006. The effects of
weed control and fertilization on survival and
growth of four pine species in the Virginia Pied-
mont. Forest Ecology and Management 236:93-
101.

Belanger, R.P,, and D.W. Pepper. 1978. Seedling
Density Influences the Early Growth of Planted
Sycamore. Forest Science 24:493-496.

Binkley, C. 1997. Preserving nature through inten-
sive plantation forestry: the case for forestland
allocation with illustrations from British Colum-
bia. Forest Chronicles 73:553-559.

Binkley, D. 1993. Nutricion Forestal: Practicas de
Manejo. Edit. Limusa. México.

Binkley, D., and P. Reid. 1985. Long-term increase
of nitrogen availability from fertilization of
Douglas-fir. Canadian Journal of Forest Research
15:723-724.

Braun, J.M., and W.R. Byrnes. 1982. Growth of
black walnut in a fertilized plantation. Pages
97—-104. In: USDA, Forest Service, North Cen-
tral Research Station (eds.) Black Walnut for the
Future. GTR-NC-74, Saint. Paul, MN, USA.

Brix, H. 1983. Effect of thinning and nitrogen fertil-
ization on growth of Douglas-fir: relative contri-
bution of foliage quantity and efficiency. Cana-
dian Journal of Forest Research 13:167-185.

Brown, K.R. 1999. Mineral nutrition and fertilization
of deciduous broadleaved tree species in British
Columbia. Res. Branch, B.C. Min. For., Victoria,
B.C. Work. 42. 52 p.

Bustos, F., M.E. Gonzalez, P.J. Donoso, V. Gerding,
C. Donoso, and B. Escobar. 2008. Efectos de dis-
tintas dosis de fertilizante de liberacion contro-
lada (Osmocote®) en el desarrollo de plantas de
coigiie, rauli y ulmo. Bosque 29:155-161.

CIREN. 1999. Estudio Agroldgico de la provincia de
Valdivia-X region. Descripcion de suelos. Mate-
rial y Simbolos. Santiago, Chile.

Cogliastro, A., D. Gagnon, and A. Bouchard. 1997.
Is site preparation necessary for bur oak receiv-
ing post-planting weed control? Annals of Forest
Science 54:107-116.

Cubbage, F., P. MacDonagh, J. Sawinski, R. Rubilar,
P.J. Donoso, A. Ferreira, V. Hoeflich, V. Morales,
G Ferreira, G. Balmelli, M Jacek Siry, N. Baez,
and J. Alvarez. 2007. Timber Investment Returns
for Selected Plantations and Native Forests in
South America and the Southern United States.
New Forests 33:237-255.

DeBell, D.S., and C.A. Harrington. 2002. Density
and rectangularity of planting influence 20-year

growth and development of red alder. Canadian
Journal of Forest Research 32:1244-1253.

Diaz-Vaz, J.E., H. Poblete, R. Juacida, and F Dev-
liger. 2002. Maderas comerciales de Chile. Mari-
sa Cuneo Ediciones. Valdivia, Chile.

Di Castri, F., and E.R. Hayek. 1976. Bioclimatologia
de Chile. Pontificia Universidad Catolica de Chi-
le. Santiago, Chile.

Donoso, P.J., C. Donoso, B. Escobar, C. Navarro, and
L. Gallo. 2006. Nothofagus dombeyi. In: Donoso
C (ed.). Pages 423-432. Especies arboreas de los
bosques templados de Chile y Argentina. Au-
toecologia. Marisa Cuneo Ediciones. Valdivia,
Chile.

Donoso, P.J., C. Cabezas, A. Lavanderos, and C.
Donoso. 1999a. Estudio comparativo de la
estructura y crecimiento de renovales de Coihue
(Nothofagus dombeyi) en la precordillera de la
Costa y de los Andes de la provincia de Valdivia.
Bosque 20:9-23.

Donoso, P.J., M.E. Gonzilez, B. Escobar, 1. Basso,
and L. Otero. 1999b. Viverizacion y plantaciones
de Rauli, Roble y Coihue. In: Donoso C, Lara
A (eds.). Pages 177-244. Silvicultura de los
Bosques Nativos de Chile. Universitaria. San-
tiago, Chile.

Donoso, P.J., C. Donoso, F. Utreras, A. Zuiiiga, and
D.P. Soto. 2005. Majestuoso Coihue Valdiviano.
Chile Forestal 318:26-29.

Donoso, P.J., V. Gerding, D. Uteau, D.P. Soto, O.
Thiers, and C. Donoso. 2007. Establecimiento y
crecimiento inicial de una plantacioén de Nothofa-
gus dombeyi en Los Andes valdivianos. Bosque
28:249-255.

Duryea, M.L., and P.H. Dougerthy. 1991. Forest Re-
generation Manual. Kluewer Academic Publish-
ing, The Netherlands.

Duryea, M.L., and T.D. Landis. 1984. Forest Nursery
Manual: Production of bareroot seedlings. Dr.
Junk Publishers, The Hage, The Netherlands.

Erskine, P.D., D. Lamb, and G. Borschmann. 2005.
Growth performance and management of a
mixed rainforest tree plantation. New Forest
29:117-134.

Fife, D.N., and E.K.S. Nambiar. 1997. Changes in
the Canopy and growth of Pinus radiata in re-
sponse to nitrogen supply. Forest Ecology and
Management 93:137-152.

Fox, T.R., H.L. Allen, T.J. Albaugh, R. Rubilar, and
C.A. Carlson. 2006. Forest fertilization in south-
ern pine plantations. Better Crops 90:12-15.

Grant, J.C., M.C. Pelletier, J.D. Nichols, K. Glen-



VOLUME 36 N°3 SEPTEMBER - DECEMBER 2009 485

cross, and R. Bell. 2006. Five year results from a
mixed-species spacing trial with six subtropical
rainforest tree species. Forest Ecology and Man-
agement 233:309-314.

Grime, J.P. 1979. Plant Strategies and Vegetation
Processes. John Wiley. NY, USA.

Hall, M., and J. Witte. 1998. Maderas del Sur de
Chile. IER Ediciones. Santiago, Chile.

Hinckley, T.M., A.L. Fried, and A.K. Mitchell. 1992.
Response at the foliar, tree, and stand levels to ni-
trogen fertilization: a physiological perspective.
Pages 82-89. In: N.J. Chappel, G.F. Wetman, and
R.E. Miller (eds.). Forest Fertilization: Sustain-
ing and Improving and Growth of Western For-
ests. Institute of Forest Resources, Contribution
N° 73, University of Washington, Seattle. USA.

IREN-CORFO-UACH. 1978. Estudio de los suelos
de la provincia de Valdivia. Universidad Austral.
Valdivia, Chile.

Jacobs, D.F., F.K. Salifu, and J.R. Seifert. 2005.
Growth and nutritional response of hardwood
seedlings to controlled-release fertilization at
outplanting. Forest Ecology and Management
214:28-39.

Kimmins, H. 1997. Balancing Act: Environmental Is-
sues in Forestry. UBC Press, Vancouver.Canada.

Lea, R., W.C. Tierson, and A.L. Leaf. 1979. Growth
responses of Northern Hardwoods to fertiliza-
tion. Forest Science 25:597-604.

Lea R., W.C. Tierson, D.H. Bickelhaupt, and A.L.
Leaf. 1980. Differential foliar responses of
northern hardwoods to fertilization. Plant and
Soil 54:419-439.

Nambiar, E.K.S., and R. Sands. 1993. Competition
for water and nutrients in forests. Canadian Jour-
nal of Forest Research 23:1955-1968.

Nilsson, U., and H.L. Allen. 2003. Short and long-
term effects of site preparation, fertilization and
vegetation on growth and stand development of
planted loblolly pine. Forest Ecology and Man-
agement 175:367-377.

Nilsson U., and G. Orlander. 2003. Response of new-
ly planted Norway spruce seedlings to fertiliza-
tion, irrigation and herbicide treatments. Annals
of Forest Science 60:637-643.

Oskarsson, H., A. Sigurgeirsson, and K. Raulund-
Rasmussen. 2006. Survival, growth, and nutri-
tion of tree seedlings fertilized at planting on
Andisol soils in Iceland: Six-year results. Forest
Ecology and Management 229:88-97.

Prescott, C.E., and L.L. Blevins. 2005. Eleven-year
growth response of young conifers to biosolids

or nitrogen and phosphorus fertilizer on northern
Vancouver Island. Canadian Journal of Forest
Research 35:211-214.

Pritcher, W.L. and R.F. Fisher. 1987. Properties and
management of forest soils. Second Ed. John Wi-
ley and Sons, NY, USA.

Renou, F., U. Scallan, M. Keane, and E.P. Farell.
2007. Early performance of native birch (Betula
spp.) planted on cutaway peatlands: influence of
species, stock types and seedlings size. European
Journal of Forest Research 126:545-554.

Renou, F., M. Keane, and E.P. Farrel. 2008. Estab-
lishment oak woodland on cutaway peatlands:
Effects of soil preparation and fertilization. For-
est Ecology and Management 255:728-737.

Rock, J., K.J. Puettmann, H.A. Gockel and A. Schul-
te. 2004. Spatial aspects of the influence of silver
birch (Betula pendula L.) on growth and quality
of young oaks (Quercus spp.) in central Germa-
ny. Forestry 77:235-247.

Rodriguez, J. 1993. La Fertilizacion de los culti-
vos. Un método racional. Pontificia Universidad
Catolica. Santiago, Chile.

Rodriguez J., D. Pinochet, and F.J. Matus. 2001. Fer-
tilizacion de los cultivos. LOM Ediciones, San-
tiago, Chile.

Rose, R. and J.S. Ketchum. 2003. Interaction of
initial seedling diameter, fertilization and weed
control on Douglas-fir growth over the first four
years after planting. Annals of Forest Science
60:625-635.

Rubilar, R., L. Blevins, J. Toro, A. Vita, and F. Mu-
floz. 2008. Early response of Pinus radiata
plantations to weed control and fertilization on
metamorphic soils of the Coastal Range, Maule
Region, Chile. Bosque 29:74-84.

San Martin, C., C. Ramirez, and N. Ojeda. 1991.
Estudio sinecoldgico del bosque Roble-Laurel-
Lingue del centro-sur de Chile. Bosque 12:11-
27.

Sedjo, R.A. 1983. The Comparative Economics of
Plantation Forestry: A Global Assessment. Re-
sources for the Future. Johns Hopkins Press,
Baltimore. USA.

Sedjo, R., and D. Botkin. 1997. Using forest plan-
tations to spare natural forests. Environment
39:14-20.

Schlatter, J.E., V. Gerding, and E. Brant. 2003. Sil-
vicultura. /n: SQM (Sociedad Quimica y Minera
de Chile) (eds.). Agenda del Salitre. Santiago,
Chile.

Schlatter, J.E., R. Grez, and V. Gerding. 2005. Man-



486 CIENCIA E INVESTIGACION AGRARIA

ual para el Reconocimiento de Suelos Forestales. Wienstroer, M., H. Siebert, and B. Miiller-Using.

Second ed. Universidad Austral, Valdivia, Chile. 2003. Competencia entre tres especies de Not-
Sokal, R., and F, Rohlf. 1995. Biometry: The Prin- hofagus y Pseudotsuga menziesii en plantaciones
ciples and Practice of Statistics in Biological Re- mixtas jovenes, establecidas en la precordillera
search. Freemann and Co., NY, USA. andina de Valdivia. Bosque 24:17-30.
von Althen, F.W. 1988. Effects of spatial arrange-  Zar, J.H. 1999. Biostatistical Analysis. Prentice-Hall
ment in mixed-species hardwood plantations. Inc., Nj, USA:

Northern Journal of Applied Forestry 5:203-207.




<<
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


