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Abstract ResiDuEs of green-harvested sugarcane con-
tribute to nutrient recycling in production systems. There-
fore, better understanding of trash decomposition dynamics
can help crop fertilisation management. This study was
conducted during the 2006-2008 seasons in Jaboticabal,
north-eastern Sao Paulo State, Brazil and aimed to evaluate
the nitrogen recovery rates from the previous crop residues
or from urea applied on sugarcane planting in a minimum
tillage system, thus without trash and rhizome incorpora-
tion in crop renewal. Previous crop residues consisted of 9
and 3 t/ha of sugarcane trash (dry tops + leaves) and root
system (roots + rhizomes) enriched with 1.07 and 0.81%
>N isotope, respectively. These contributed 51 and 33 kg/
ha of N. '°N labelled trash laid on the soil surface and
buried *N-root system attempted to simulate the original
field residues disposal. The SP81-3250 variety was planted
with 80 kg N/ha of a 5.17% '"N-labelled urea. Recovery of
sugarcane residues-N (trash-N and root system-N) or urea-
N incorporated to the soil at planting were evaluated in
distinct plant parts (stem, tops and dry leaves) during three
consecutive harvest seasons. Recovery of urea-N was
higher in the first harvest season (31% of initial N rate) and
its uptake decreased in the second and third to 5 and 4%,
respectively. In later harvested seasons, urea-N had prob-
ably been turned-over as soil organic matter and/or
microbial biomass but remained in the soil N pool and
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available for plant recovery. Trash-N uptake closely
resembled urea-N uptake, and only 13% of its N content
was recovered in the first year, followed by 7 and 3% in the
second and third seasons. Root system-N recovery was
different since the second cut uptake was higher than the
first followed by the third, 9, 6 and 2% respectively. Three
year cumulative recovery of urea-N, trash-N and root
system-N was 39, 23 and 17%, respectively. Most recov-
ered N was found in stems followed by tops and dry leaves.

Keywords Green-cane - '°N labelled urea - Sugarcane
trash - Nitrogen uptake - Mineralisation

Introduction

Brazil is the world’s largest sugarcane producer, totalling 7
million hectares of which more than 50% of harvest is
performed without burning in Sao Paulo State (Yank
2009). Sugarcane under green cane trash blanket (GCTB)
has been adopted by many producers worldwide as a
conservative crop system, reducing soil erosion and
greenhouse gas (GHG) emissions. Likewise, minimum or
no-tillage systems also present benefits in cost savings for
highly competitive growers (Wood 1991).

Residues of GCTB contribute to nutrient recycling in
production systems; therefore, better understanding of trash
decomposition dynamics can help crop fertilisation man-
agement. Those crop residues provide annually about
40-120 kg/ha of N thereby increasing the amount of
organic matter and nutrients in the soil (Trivelin et al.
1996; Wood 1991; Oliveira et al. 2002).

Nitrogen tracer (ISN) trials indicate that fertiliser-N
recovery by the sugarcane crop varies from 5 to 40%
(Basanta et al. 2003; Franco 2008; Gava et al. 2005; Meier
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et al. 2006; Trivelin et al. 1996). These low recovery rates
might be due to N losses from soil by denitrification and/or
ammonia volatilisation, and gaseous losses from leaf can-
opy of plants (Trivelin et al. 1996) and microbial immo-
bilisation of N in the soil (Gava et al. 2005; Oliveira et al.
2002).

Crop residues mineralisation is dependent on environ-
mental factors such as temperature, soil moisture and aer-
ation. Nevertheless, chemical composition of residues such
as C:N ratio, lignin, cellulose, hemicellulose, and poly-
phenols content also play an important role in trash
decomposition and nutrient dynamics (Janzen and Kucey
1988; Meier et al. 2006; Oliveira et al. 2002).

Sugarcane trash presents on average 390450 g/kg of
carbon and 4.6-6.5 g/kg of N, thus a C:N ratio about 100.
Under these conditions, a strong immobilisation of soil N
by microbial biomass and a reduced net N mineralisation
for the subsequent growing season after harvested
unburned sugarcane is expected, as pointed out by several
trials using 15N tracer (Franco 2008; Gava et al. 2005; Ng
Kee Kwong et al. 1987; Oliveira et al. 2002; Meier et al.
2006).

Nitrogen recovery from crop residues incorporated into
the soil varies from 2.4 to 15%. The recovery rate depends
basically on residues quality regarding N content, higher
than 20 g/kg and a C:N ratio lower than 25. This allows
faster mineralisation compared to N immobilisation and
enables higher N uptake by plants from those organic
sources (Ng Kee Kwong et al. 1987; Janzen and Kucey
1988; Chapman et al. 1992; Gava et al. 2005).

Most studies have considered only one or two harvest
seasons to evaluate the effect of N uptake from fertilisers
and crop residues. This study was conducted in north-
eastern Sao Paulo State, Brazil and aimed to evaluate
nitrogen recovery rates from the previous-cycle crop resi-
dues and from urea applied to sugarcane under a minimum
tillage system during three consecutive harvest seasons,
2006-2008.

Materials and Methods

Location, Trial Design and '°N Labelled Fertiliser/Crop
Residues

The trial was planted on March 2nd, 2005 in Jaboticabal
county, north-eastern Sao Paulo State (Lat 21°17" S, Long
48°12" W) on a clayey Typic Hapludox under minimum
tillage system. The previous sugarcane crop, Sth ratoon of
RB855536 variety, had been desiccated with herbicide and
succeeded by a single subsoiling operation, attempting to
preserve previous crop residues on the soil surface.

Soil 0-25 cm layer analysis indicated: 135, 227 and
628 g/kg of total sand, silt and clay, respectively, pH c,cy,)
5.2; OM (g/dm?) 31; P (mg/dm’) 42 and K, Ca, Mg, and
CEC, 3.1, 31,9, 77.4 (mmolC/dm3), respectively.

A randomised block design was adopted with four repli-
cates of 12 rows with 15 m length and spaced 1.5 m apart.
Plant-cane fertilisation (N:P,05:K,0) was 80:120:120 with a
planting density of 12 viable buds per metre of SP§1-3250
variety. On ratoons, fertilisation was only KCI (150 kg/ha
K,0) applied as a row top dressing after each harvest.

In each plot replicate for plant-cane, micro plots
comprising 2.0 m length furrows were assembled and a
5.17% '>N enriched urea was buried as done with
ordinary urea in the remaining plot area (Trivelin et al.
1994).

Attempting to simulate past crop residues left on the soil
surface, hereafter known as previous crop trash (PCT) and
rhizomes (PCR), a small plot of the previous variety
(RB855536) was cropped outside this trial, and the plants
were labelled by foliar spraying with a 28% '°N urea
solution, according to Faroni et al. (2007). The achieved
concentrations of C, N (g/kg) and N (%) on PCT and
PCR were 402, 5.7, 1.07% and 334, 6.6, 0.81%, respec-
tively. Thus, C:N ratios on those materials were around
71:1 for PCT and 51:1 for PCR.

Furthermore, dry leaves and rhizomes were harvested
out of this plot in order to assemble other '’N labelled
residues micro plots (2.0 x 1.5 m), settled separately in
each replication. To simulate the original disposal of crop
residues, 9 t/ha of PCT was laid on soil surface and 3 t/ha
of PCR was buried into soil as in Franco (2008). Thus, the
total N (kg/ha) added by urea, PCT and PCR were 80, 51
and 33, respectively.

Rainfall during the studied seasons was: 1767, 1715 and
1367 mm for plant-cane, first and second ratoons, respec-
tively. Average maximum and minimum temperatures (°C)
in these seasons were 30.4 and 18.0, respectively.

Harvesting, Sampling and Statistical Analysis

The trial has been conducted over three consecutive harvest
seasons: 18 month plant-cane was harvested on August
10th, 2006 and first and second 12 month ratoons on
August 21st, 2007 and 25th July, 2008, respectively. Agro
industrial yield data were evaluated but will not be dis-
cussed in this paper.

Harvest of urea, PCT and PCR micro plots comprised
the collection of cane in 1.0 m of the central and two
adjacent rows, in the same contiguous position as described
in Trivelin et al. (1994) and performed in several trials
(Trivelin et al. 1996; Basanta et al. 2003; Franco 2008;
Gava et al. 2005). All plant parts were harvested separately
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(stems, dry leaves and tops). Plant parts fresh mass were
evaluated directly in the field with a weighing scale and
crushed in mechanical forage chopper as in Franco (2008).

Homogenised sub-samples were prepared according to
Trivelin et al. (1996) (65°C drying for 72 h and finely
ground on Willey type mill) for determination of total N
(%) and '°N abundance analysis in a mass spectrometer
model Hydra 20-20 SerCon Co., UK, coupled to an auto-
matic N analyser ANCA-SGL (Barrie and Prosser 1996).

Nitrogen recovery from fertiliser and crop residues was
calculated using formulae described below (Trivelin et al.
1994, 1996):

Ndfs = [(A — 0.367)/(B — 0.367) x NC
R(%) = [(Ndfs)/(NR)] x 100

where Ndfs, N in plant part derived from 5N source (urea,
PCT or PCR); A and B, 5N abundances of harvested
samples (plant part) and from '°N source, respectively
(0.367% is the natural N abundance); NC, nitrogen
content in each plant part (stem, dry leaves or tops); R, N
recovery from a N source in each sample (plant part); NR,
applied N rate (via fertiliser or crop residues).

Table 1 Nitrogen Ny recovery (R%) from fertiliser (urea) applied
and 2008 growing seasons

ANOVA and F test statistical analyses were performed.
Means detected as significant by the F test were compared
by the Tukey test at 1 and 5% of probability.

Results and Discussion
Nitrogen Recovery from Planting Fertiliser (Urea)

Plant-cane urea-N recovery was higher in the first harvest
season, 24.7 kg/ha (31% of applied N) (Table 1). This
result is consistent with 28% (22 kg/ha of urea-N) by plant-
cane obtained by Franco (2008) who evaluated two other
field trials using the same sugarcane variety and planting
fertiliser rate (80 kg N-urea/ha). Bologna-Campbell (2007)
also used the same N rate in a study with SP80-3280
variety planted in pots and obtained 35% of urea-N util-
isation for the whole plant (above ground parts plus roots
and rhizomes).

Chapman et al. (1992) also found that 32% of buried
urea on planting was present in the first crop, despite the
applied rate was twofold compared with this case (160 kg/
ha). Basanta et al. (2003) concluded that 63% (40 kg/ha) of

at planting, previous crop trash (PCT) and rhizomes (PCR) in 2006, 2007

Stems Dry leaves Tops Above ground
kg/ha R (%) kg/ha R (%) kg/ha R (%) kg/ha R (%)

Urea
2006 18.9 23.6 a** 3.10 3.90 ak* 2.70 3.40 ns 24.70 30.9 ak*
2007 1.25 1.57 b#* 0.64 0.80 b** 2.01 2.52 ns 391 4.89 b#*
2008 0.86 1.07 b** 0.60 0.74 b** 1.43 1.78 ns 2.88 3.60 b**
2006-2008 21.0 26.2 4.34 5.45 6.14 7.70 31.49 394
LSD 1.43 1.79 0.65 0.83 1.72 2.15 2.92 3.66
CV% 9.39 9.40 20.72 20.97 38.70 38.57 12.80 12.84

PCT
2006 5.90 11.6 a¥* 0.46 0.91 b** 0.34 0.66 b** 6.70 13.1 a**
2007 1.87 3.67 b** 0.70 1.37 a** 1.17 2.30 a¥* 3.74 7.34 b#**
2008 0.90 1.77 cH* 0.18 0.35 cH* 0.26 0.51 b** 1.34 2.63 ck*
2006-2008 8.67 17.0 1.34 2.63 1.77 3.47 11.8 23.1
LSD 0.93 1.82 0.16 0.31 0.64 1.25 1.51 2.95
CV% 14.8 15.1 16.3 16.2 49.7 49.9 17.7 17.9

PCR
2006 1.45 4.40 a¥* 0.30 0.91 b** 0.22 0.67 b* 2.00 6.0 b**
2007 1.57 4.75 a** 0.69 2.09 ak* 0.85 2.58 a* 3.11 9.43 ak*
2008 0.20 0.61 b#* 0.07 0.21 b#* 0.23 0.70 b* 0.50 1.53 ck*
2006-2008 3.22 9.80 1.06 321 1.30 3.95 5.61 17.0
LSD 0.20 0.62 0.26 0.78 0.51 1.55 0.93 2.83
CV% 8.8 8.7 33.7 337 54.3 54.4 23.0 22.9

Same letters on columns are not statistically different by Tukey test * 5% and ** 1%, respectively

LSD least significant difference (Tukey), CV coefficient of variation
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N applied on planting was recovered by plant cane. Note
that those authors utilised a lower N dose (63 kg N/ha) as
ammonium sulfate applied 50 days after planting. Kor-
ndorfer et al. (1997) found 53% of apparent urea-N
recovery applied on plant cane measured using a non-iso-
topic method (difference method). Those authors empha-
sised this method usually overestimates real fertiliser-N
uptake.

Slight differences of urea-N accumulation on plant-cane
parts were found, compared to literature results. Data
shown in this study presented higher uptake by the stems
(77%) followed by tops (12%) and dry leaves (11%)
(Table 1). Franco (2008) obtained 54% of total urea-N
applied on stems, 22% on dry leaves and 24% on tops of
plant cane, similar to Basanta et al. (2003) who concluded
that 56% of planting fertiliser-N uptake was on stems, 23%
dry leaves and 22% on tops.

Korndorfer et al. (1997) found that 56% of urea-N
uptake remained on stems; 16% on dry leaves and 28% on
tops, respectively. These differences could be explained by
the higher tonnage obtained in the present work (average
156 t/ha, data not shown) which could lead to higher urea-
N accumulation in millable stalks. This could also reflect
on N uptake by cane tops in further years since there were
no significantly differences in three seasons for this specific
plant part (Table 1).

The cumulative urea-N uptake in three seasons
(2006-2008) reached 31.5 kg/ha (21 in stems, 4.5 dry
leaves and 6 on tops). The overall recovery of urea-N
applied at planting in three consecutive seasons was 39%
of which 66% was found in stems, 14% in dry leaves and
20% in tops (Table 1). After the first year, urea-N had
probably been turned-over as soil organic matter and/or
microbial biomass but remained in the soil as an available
N pool for plant recovery.

These results concord with those of Chapman et al.
(1992) who obtained 32% of N recovery from buried urea
application in the first year and an average of 5% was
recovered by the crop above ground part on the second cut.
In the present results, 5 and 3.5% of urea-N was recovered
in the second and third harvest seasons, respectively
(Table 1). Basanta et al. (2003) concluded that 77%
(49 kg/ha) of planting fertiliser-N (ammonium sulfate) was
recovered after three cropping seasons. From that amount,
53% was exported by stems, 24% dry leaves and 23% by
cane tops, respectively.

The urea-N uptake by the whole above ground part over
time (Ist to 3rd cut) was 31, 5 and 4%, the same pattern
obtained by Basanta et al. (2003), 63, 11, 4%, for first
second and third cuts, respectively.

Nitrogen Recovery from Previous Crop Residues
(PCT and PCR)

Nitrogen recovery from PCT and PCR by plant cane was
13 and 6%, respectively (Table 1). These results are con-
sistent with those of Ng Kee Kwong et al. (1987) who
observed up to 14% of trash-N recovery, when this residue
remained for 18 months in field conditions. Bologna-
Campbell (2007) found 14% of crop residues-N utilisation
by sugarcane after 12 mouths planting by using a mixture
of sugarcane trash (tops 4+ dry leaves) and rhi-
zomes + roots labelled with '°N incorporated to the soil;
74% of crop residues-N remained in the soil at the end of
the 1st season harvested.

PCT-N uptake decreased from the first to third cropping
season, 13, 7 and 3%; respectively. PCT-N amount found
in stems was 74, 11% in dry leaves and 15% in cane tops
(Table 1). This distribution agreed with Gava et al. (2005)
who found trash-N uptake as 52% in stems, 7% in dry
leaves and 29% in cane tops. PCT-N uptake was closely
related to urea-N recovery and was remarkably higher in
the first cut, decreasing in the second and third harvest
seasons (Table 1). This also indicates that the urea-N added
to soil under GCTB and minimum tillage system could
have enhanced crop residues mineralisation.

In contrast to PCT-N, a larger amount of PCR-N was
recovered after the plant-cane cycle, 9% during the second
harvest season, followed by 6% on the first and 2% on the
third season (Table 1). This could have happened because
this residue was previously buried into soil in a minimum
tillage system environment, thus with limited aeration
capacity leading to lower mineralisation rates in the first
year (Janzen and Kucey 1988). This result differs from
those obtained by Chapman et al. (1992) who stated that
4% of the N from a '’N-labelled crop residue (roots and
stubbles) was assimilated by sugarcane after two cropping
They mentioned that sometimes temporary
flooding may lead to lower decomposition rates of crop
residues and can reduce its N availability to plants.

Unburned cane and in this case, minimum tillage sys-
tem, can lead sugarcane root system to be more superficial
and take advantage of surface nutrients (Meier et al. 2006;
Oliveira et al. 2002). PCR-N recovered by crop was 57% in
stems, 19% in dry leaves and 23% in tops.

After three cropping seasons, N recovery from PCT and
PCR by sugarcane aerial part was 12 and 6 kg/ha,
respectively. As those residues contributed initially with 51
and 33 kg N/ha, N uptake was approximately 23 and 17%
after three harvests (Table 1). Basanta et al. (2003)
obtained 7 kg/ha (5%) of trash-N recovered by sugarcane

s€asons.
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in two consecutive cropping seasons, of which 51% was in
stems, 24% in dry leaves and 29% in tops.

Overall N uptake from PCT and PCR found herein (23
and 17%—Table 1) are larger than ones found by Ng Kee
Kwong et al. (1987) and Gava et al. (2005), 14 and 9%,
respectively. This could be explained by the lower C:N
ratio on residues applied during this work (PCT: 71:1 and
PCR: 51:1) compared with those used by authors where
C:N ratio was higher than 125:1. Furthermore, higher C:N
ratios can decrease mineralisation rates as stressed by
Janzen and Kucey (1988). Another point to consider is the
total time of each trial (three seasons in this work against
one in the others) and the local environment temperature,
an important factor to be considered in this kind of
evaluation.

It is also clear that trash composition is dependent on
variety characteristics. Meier et al. (2006) used a '°N-
labelled trash from Q166 variety (C:N 105:1) in their
research in Queensland, Australia but stated that this ratio
usually varies from 70:1 to 120:1. Oliveira et al. (2002)
found C:N = 95:1 on recently harvested trashes of two
distinct varieties (SP79-1011 and SP80-1842) and two
locations in Sao Paulo State, Brazil. Bologna-Campbell
(2007) obtained similar values of C:N ratio compared to
the present work, 89:1 for trash and 57:1 for root system
grown in pots.

Wood (1991) stated that unburned cane management
provided 50% of overall urea-N recovery compared to less
than 40% in burned cane but emphasised that variety
suitability for GCTB crop management is mandatory for
successful sugarcane growing.

In general, the amount of N recovered decreased in the
order stems > tops > dry leaves. These results are con-
sistent with those of Basanta et al. (2003), Gava et al.
(2005) and Ng Kee Kwong et al. (1987) indicating that,
despite crop residues-N having slow release and is mainly
immobilised in the soil, it can become a complementary
source of N for succeeding crops.

Conclusion

Nitrogen recovery from urea, PCT and PCR after three
harvest seasons was 39, 23 and 17%, respectively, indi-
cating that N from crop residues is an important long-term
source of nitrogen to sugarcane.

The larger portions of recovered nitrogen from urea and
crop residues were found on stems followed by tops and
dry leaves.

@ Springer

References

Barrie, A., and S.J. Prosser. 1996. Automated analysis of light-
element stable isotopes by isotope ratio mass spectrometry. In
Mass spectrometry of soil, ed. T.W. Boutton, and S. Yamsahi,
1-46. New York: Marcel Dekker.

Basanta, M.V., D. Dourado Neto, K. Reichardt, O.0.S. Bacchi,
J.C.M. Oliviera, P.C.O. Trivelin, L.C. Timm, T.T. Tominaga,
V. Correchel, F.A.M. Céssaro, L.F. Pires, and J.R. Macedo.
2003. Management effects on nitrogen recovery in a sugarcane
crop grown in Brazil. Geoderma 116(8): 235-248.

Bologna-Campbell, 1. 2007. Balan¢o de nitrogénio e enxofre no
sistema solo-cana-de-agiicar no ciclo de cana-planta. PhD
Thesis, soils and plant nutrition—Escola Superior de Agricultura
‘Luiz de Queiroz’, University of Sao Paulo, Piracicaba.

Chapman, L.S., M.B.C. Haysom, and P.G. Saffigna. 1992. N cycling
in cane fields from "°N labelled trash and residual fertiliser.
Proceedings of the Australian Society of Sugarcane Technolo-
gists 14: 84-89.

Faroni, C.E., P.C.O. Trivelin, P.H. Silva, I.R. Bologna, A.C. Vitti, and
H.C.J. Franco. 2007. Marcacdo da fitomassa de cana-de-agucar
com aplicagdo de solucio de uréia marcada com '°N. Pesquisa
Agropecudria Brasileira 42: 01-07.

Franco, H.C.J. 2008. Eficiéncia agronomica da adubagdo nitrogenada
de cana-planta. PhD Thesis, soils and plant nutrition—Escola
Superior de Agricultura ‘Luiz de Queiroz’, University of Sao
Paulo, Piracicaba.

Gava, G.J.C., P.C.O. Trivelin, A.C. Vitti, and M.W. Oliveira. 2005.
Urea and sugarcane straw nitrogen balance in a soil-sugarcane
crop system. Pesquisa Agropecudria Brasileira 40(7): 689-695.

Janzen, H.H., and R.M.N. Kucey. 1988. C, N, and S mineralisation of
crop residues as influenced by crop species and nutrient regime.
Plant and Soil 106: 35-41.

Korndorfer, G.H., M.R. Valle, M. Martins, and P.C.O. Trivelin. 1997.
Aproveitamento do nitrogénio da uréia pela cana planta. Revista
Brasileira de Ciéncia do Solo 21: 23-26.

Meier, E.A., P.J. Thorburn, M.K. Wegener, and K.E. Basford. 2006.
The availability of nitrogen from sugarcane trash on contrasting
soils in the wet tropics of north Queensland. Nutrient Cycling in
Agroecosystems 75: 101-114.

Ng Kee Kwong, K.F., J. Deville, P.C. Cavalot, and V. Riviere. 1987.
Value of cane trash in nitrogen nutrition of sugarcane. Plant and
Soil 102: 79-83.

Oliveira, M.W., P.C.O. Trivelin, G. Kingston, M.H.P. Barbosa, and
A.C. Vitti. 2002. Decomposition and release of nutrients from
sugarcane trash in two agricultural environments in Brazil.
Proceedings of the Australian Society of Sugarcane Technolo-
gists 24: 40.

Trivelin, P.C.O., W.A.R. Lara Cabezas, R.L. Victoria, and
K. Reichardt. 1994. Evaluation of a N plot design for
estimating plant recovery of fertiliser nitrogen applied to sugar
cane. Scientia Agricola, Piracicaba 51(2): 226-234.

Trivelin, P.C.O., J.C.S. Rodrigues, and R.L. Victoria. 1996. Utilizagao
por soqueira de cana-de-agtcar de inicio de safra do nitrogénio da
aquamdnia-'°N e uréia-'>’N aplicado ao solo em complemento 2
vinhaga. Pesquisa Agropecudria Brasileira 31(2): 89-99.

Yank, M.S. 2009. Global sustainable biofuels: The role of sugarcane
ethanol. Unido da inddstria Canavieira, Available at http://english.
unica.com.br/multimedia/apresentacao.

Wood, A.W. 1991. Management of crop residues following green
harvesting of sugarcane in north Queensland. Soil and Tillage
Research 20: 69-85.


http://english.unica.com.br/multimedia/apresentacao
http://english.unica.com.br/multimedia/apresentacao

	Recovery of Nitrogen (15N) by Sugarcane from Previous Crop Residues and Urea Fertilisation Under a Minimum Tillage System
	Abstract
	Introduction
	Materials and Methods
	Location, Trial Design and 15N Labelled Fertiliser/Crop Residues
	Harvesting, Sampling and Statistical Analysis

	Results and Discussion
	Nitrogen Recovery from Planting Fertiliser (Urea)
	Nitrogen Recovery from Previous Crop Residues (PCT and PCR)

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


