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ABSTRACT

Process-based model (PBM), based on the interactions physiological

processes and many environmental factors, can be a powerful tool for estimating crop growth

between endogenous

and productivity. Carbon acquisition and biomass accumulation are the main components in
PBM, so it has become important to understand and integrate gas exchange process in crop
model. This study aimed to assess the applicability of FvCB model (a leaf model of C;
photosynthesis proposed by Farquhar, von Caemmerer, and Berry (1980)) in onion (Allium
cepa L.). For parameterization, two early-maturing onion cultivars, ‘Singsingball’ and
‘Thunderball’, grown in a temperature gradient plastic film house, were used in measuring
leaf net CO, assimilation rate (4), and then, parameter estimation was carried out for four
parameters including Vin.x (maximum rate of carboxylation), Jy.x (maximum rate of electron
transport), TPU (rate of triose phosphate utilization), and Ry (Dark respiration rate). The

gas-exchange model calibrated in this

research is

expected to be able to explain the

sk

photosynthetic responses of onion under various environmental conditions (R*=0.95""").

Key words: Crop model, Carbon assimilation, Physiological process, Allium cepa

I. Introduction

Onion is one of the five major vegetables as
essential ingredient for Kimchi. Since onion is grown
under relatively low temperature in open field, it is
susceptible to temperature rise caused by climate
change in winter. In order to reduce the uncertainty
in food production under changing climate, many
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efforts have been made to accurately predict the crop
production by linking the physiological processes and
the accumulation of biomass in plants. However, the
empirical model based on the regression method has
a problem that the predictable range is limited to the
environmental conditions and varieties used in the
modeling (Simane et al., 1994). On the other hand,
the process-based model, which belongs to the
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mechanistic (explanatory) model, enables accurate
yield prediction by simulating the interaction between
plants and environmental conditions based on
physiological metabolic processes (Buck-Sorlin, 2013).

Photosynthesis is an important physiological
process that determines crop growth and yield by
introducing fixed carbon and energy into agricultural
ecosystems (Jones, 2014). The gas-exchange model
provides a basic framework for predicting the net
carbon assimilation rate under field conditions
through leaf photosynthesis simulation. Leaf photo-
synthesis model proposed by Farquhar et al. (1980)
is based on the biochemical mechanism in which
the rate of photosynthesis is determined by
Rubisco (Ribulose-1,5-bisphosphate carboxylase/
oxygenase)-mediated carboxylation, RuBP regeneration
controlled by electron transport, and the availability
of triose phosphate (Sharkey et al., 2007). In the
model, the initial slope of the CO, response curve
is related to the in vitro Rubisco activity of C; plants,
and the CO, saturation rate in the A-Ci curve is
related to the in vitro measurement of electron
transport rate (Bernacchi et al., 2003). The Farquhar
model was adopted for predicting leaf-level
photosynthesis in the sun/shade model of canopy
photosynthesis (De Pury and Farquhar, 1997).
Meanwhile, the sun/shade model of canopy photo-
synthesis, based on the dynamic differences in photo-
synthesis of sunlit and shaded leaves, effectively
overcame the problem of big leaf and multi-layer
models. The predictive accuracy and simplicity of the
sun/shade model provides the basis for incorporating
leaf-level photosynthesis into higher processes, crop
growth model.

So far, only ALCEPAS model has been reported
for onion, which is based on SUCROS87 simulating
the potential growth of crops depending on the
radiation use efficiency (de Visser, 1994). However,
this model has the drawback of simulating crop
growth only when weeds, pests, diseases, and soil
conditions do not limit growth, and there are
sufficient water and nutrients. In this study, parameter

estimation and calibration of the model were carried

out to expand the gas-exchange model, a key process
for developing comprehensive process-based model

reflecting crop growth and productivity, into onion.

II. Materials and Methods

2.1. Plant material and gas exchange measurements

The field experiment was conducted during the
growing season in a temperature gradient plastic film
house at Research Institute of Climate Change and
Agriculture in Jeju, South Korea (33°28'06.7"N,
126°31'03.5"E). Seedlings of early-maturing onion
cv. ‘Singsingball’ and ‘Thunderball’ were transplanted
at a density of 25 plants m? on 31 October and 12
November in 2019, respectively (about 45~55 days
after sowing). The temperature gradient (about + 6°C
from outside temperatures) was maintained along the
tunnel from transplanting to harvest, and the average
daily irradiance was 607.7 pmol m? s”. Fully-
expanded healthy leaves were used in photosynthesis
measurement by an open gas-exchange system with
a 6 cm?® leaf cuvette (LI-6400XT, LI-COR, Lincoln,
USA) during bulb enlargement period from April to
May in 2020. Flow rate 500 umol s, block
temperature 25°C, photosynthetically active radiation
(PAR) 1,500 umol m? s, relative humidity (RH) 50
~60%, and reference CO, concentration of 50, 100,
200, 400, 600, 800, 1,100, 1,400, 1,700, and 2,000
umol mol™ were used for fitting A4-C; curve.

2.2. Parameterization and calibration of the model

Vemaxs Jmax» TPU, and Ry, the main parameters of
leaf gas-exchange model, were determined, based on
FvCB model (a leaf model of C; photosynthesis
proposed by Farquhar ef al. (1980)) and photo-
synthesis measurement data obtained from tempe-
rature gradient tennel. Curve fitting utility model
(Sharkey et al., 2007) was used for estimating
photosynthetic CO, response curves. Points below
200 pmol mol! were assigned as Rubisco-limited,
and points above 300 pmol mol”! as RuBP-regeneration
limited. Points between 200 and 300 pmol mol™ were
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Table 1. The constant values used for parameter estimation process of leaf gas-exchange model in onion

Parameter’ at 25C ¢ (dimensionless) AH, (k] mol™) Reference

Vemar (umol m? s 1.00 26.35 65.33 Bernacchi et al. (2001)
Jpax (umol m? s™) 1.00 17.57 43.55 Bernacchi et al. (2003)
TPU (umol m? s 1.00 21.46 53.10 Sharkey et al. (2007)
Ry (umol m? s 1.00 18.72 46.39 Bernacchi et al. (2001)
K. (umol mol™) 404.90 38.05 79.43 "

K, (mmol mol™) 278.40 20.30 36.38 "

77 (umol mol™) 42.80 19.02 37.83 "

"Wemas: maximum rate of carboxylation by Rubisco, J,.,: maximum rate of RUBP regeneration by electron

transport, TPU: rate of triose phosphate utilization, R
constant of Rubisco for CO,, K,: Michaelis-Menten
compensation point.

Dark (or day) respiration rate, K.: Michaelis-Menten
constant of Rubisco for O, /7: photorespiratory

Table 2. Parameters estimated for application of leaf gas-exchange model in onion

Parameter Vemax Jimax

TPU Ry

Mean + S.D. 118 + 21 217 +

26 173 £ 29 40 + 1.6

"Normalized to unity at 25°C based on Bernacchi er al. (2003)

assigned as 0. The last point at the top of the curve
that are constant or declining with CO, concentration
was assigned as TPU limited. Finally, the output
values minimizing the sum of squares were derived
from the model.

I”, CO, compensation point in the absence of dark
respiration, was fixed to 42.8 pmol mol™ (Bernacchi
et al, 2001), and &, a constant related with the
curvature of A-Ci curve, was calibrated to 0.9857.
Scaling constants, activation energy and Michaelis-
Menten constants for CO,/O, were adopted from
Bernacchi et al. (2001), Bernacchi et al. (2003) and
Sharkey et al. (2007), and described in Table 1.

III. Results and Discussion

3.1. Gas-exchange model for estimating leaf photo-
synthesis in onion
Predicting the rate of photosynthesis in onion
leaves is a key process in process-based modeling.
The main parameters of the gas-exchange model,
Vemaxs Jmax» TPU, and Ry, were estimated using the

photosynthesis measurements of onion leaves grown
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Fig. 1. Parameterization of leaf gas-exchange model
for onion leaves. Measured and estimated net CO,
assimilation rates (4) were compared.

in a temperature gradient house, and described in
Table 2. The relationship between the observed
(measured) data and estimated values by gas-
exchange model was described in Fig. 1. The
gas-exchange model was proved to provide an
accurate prediction on CO, response curve with about
95% confidence (R*=0.95"") when & (theta) is
calibrated to 0.9857. This means that the leaf
gas-exchange model can be applied to various crops

through parameter estimation and modification. There



236 Korean Journal of Agricultural and Forest Meteorology, Vol. 22, No. 4

are some reports on the application of the
gas-exchange model to rose (Kim and Lieth, 2003)
and garlic (Kim et al, 2013). These previous
researches showed that the gas-exchange model based
on underlying biochemical mechanisms can give
accurate prediction on actual photosynthesis, and can
be widely accepted to various crops for mechanistic

modeling.

3.2. Model simulation for evaluating interactions
with environmental factors

The results of leaf gas-exchange model simulation
on CO,, light, and temperature response curves were

described in Fig. 2. The estimated A (net CO,
assimilation rate) at saturating light (PPFD =1,500
pmol m? s') in 400 pmol mol® CO, and air
temperature near 25°C was 27.7 pmol m™ s (Fig.
2A). Photosynthetic CO, response curve showed that
Asat (light-saturated photosynthesis) reached above 40

pmol m? s

with saturating CO, concentration in
moderate leaf temperatures (=257C). Elevated CO,
concentration stimulated Ay in C; plants grown
under free-air CO, enrichment (FACE) by an average
of 31%, although nitrogen supply and sink capacity
modulated the response of photosynthesis to elevated

CO, concentration through their impact on the

(A)

-y
S

v
S

PPFD

N

S

\
\
\

200 pmol m-2 s-1

S/ - == * =400 pmol m-2 s-1

\

o oS
W

----- 1.500 pmol m-2 s-1

Estimated A (nmol m? s)
w
o

0 500 1,000 1,500
C; (nmol mol™)

©

60
=
i
@ 50
8
ER
g Leaf temperature
e 10°C
€0 | —rr———
T U _  —-xc
'g 20 2 30°C
£ .
210

%
0
0 500 1,000 1,500

PPFD (pumol m?s)

(E)

8 3
*
N

8

CO, concentration

400 pmol mol—1
— - =600 umol mol-1

)
=1

----- 800 pmol mol-1

Estimated A (umol m? s')
w
(=

—
15}

=Y

<)
S)

20 30 40
Leaf temperature (°C)

B)
© e
“ -~
o 50 =
g L
]
g4 Leaf temperature
s S . 10°C
< 30 / e
T S — . =20°C
‘é 20 T S 30°C
2 £
& 10 //’f
g
4
0 f
0 500 1,000 1,500

C; (nmol mol?)

(D)

3

o
=]

5]

CO, concentration

400 pmol mol-1
=+ =600 pmol mol-1

)
=3

----- 800 pmol mol-1

Estimated A (umol m? s1)
w
(=)

—
15}

0 500 1,000 1,500
PPFD (umol m2 s?)

~ 60
n
L 50
g
]
40
£} PPFD
S
-« 30 Comeeeeag - 200 pmol m-2 s-1
E 2 ‘_&—’_‘\ i N — - =400 pmol m-2 -1
E e ~. - 1.500 pmol m-2 s-1
S /\\
=

o

Leaf temperature (°C)

Fig. 2. Estimated net CO, assimilation rates (4) by leaf gas-exchange model for onion leaves (Photosynthetic
photon flux density = 1,500 pmol m? s, air temperature = 25°C, RH = 60%, wind speed = 0.5 m s™).
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acclimation of carboxylation capacity (Ainsworth and
Rogers, 2007). Also, sufficient concentration of CO,
(up to 1,000 pmol mol™" CO,) may enhance total
leaf area, root dry weight, root volume, and specific
leaf weight (Urban and Restrepo-Diaz, 2017).
Meanwhile, the CO, compensation points generally
increase with increasing temperature as shown in
Figure 2B, and most C; plants such as lettuce, tomato,
and wheat have CO, compensation points of 40~100
pmol mol ' (Nobel, 2009).

The increases in A, as well as light saturation
point, with increasing temperature were observed in
this study (Fig. 2C). The increases in A with CO,
concentration (Fig. 2D) were considered as a result
of the disappearance of the limiting factors in
carboxylation. Meanwhile, the better photosynthetic
performance at high temperature (35~40C in sweet
orange) was supported by higher photochemical
efficiency in both light and temperature response
curves (Ribeiro et al., 2006).

The temperature response curves estimated by
gas-exchange model at each CO, concentration were
shown in Figure 2E. Since onion is known as a
cool-weather crop, grown in USDA zones 3 to 9, high
temperatures or other stressful conditions can cause
bolting (Rhoades, 2013). The estimated rates of
phothsynthesis at ambient CO; concentration (400
umol mol™) showed a decline with increasing
temperature above 30°C. Similar result was reported
in garlic, another cool-season crop that is commonly
planted in late fall or early winter in temperate
regions (Kamenetsky, 2007), indicating an adaption
to cooler temperatures in ambient CO, concentration.
The gas-exchange model explains that primary
limitation in CO, assimilation under low temperatures
(less than 13C) in saturating light is related with
triose phosphate utilization (4,) in both ambient and
high CO, concentrations (Kim et al., 2013).
Meanwhile, optimum temperature in photosynthesis
showed a clear shift to high temperature with
increasing CO, concentration. The competitive
inhibition of CO, assimilation by photorespiration at

high temperatures is often alleviated by high CO,

concentration in many C; plants (Kim and Lieth,
2003; Sage and Kubien, 2007). In addition, there
were optimal temperature shifts associated with
increased irradiance (Fig. 2F). Similarly, large
upward shifts in the temperature optimum of canopy
gross photosynthesis were reported at high
irradiances, following the response of Ay, in
non-rectangular hyperbola model for simulating the
effect of temperature and CO, responses of leaf and
canopy photosynthesis (Cannell and Thornley, 1998).

IV. Conclusion

Vemax> Jmax, TPU, and Ry, main parameters of leaf
gas-exchange model, were estimated using FvCB
model based on biochemical photosynthetic
mechanisms and the measured value of net
photosynthesis in onion grown in a temperature
gradient plastic film house. After parameterization,
model calibration was carried out to minimize the
differences between estimated and measured values.
The accuracy of the model completed through
modification showed a confidence of 95.2%.
Therefore, this model is expected to be successfully
incorporated into comprehensive process-based
model by enabling accurate prediction of leaf

photosynthesis in the future.

AN
WollA F3d 2ol ofsll 2S¢l Fa3t TS
git) & ¢ 1980 Farquhar Sof ol&] A¢ke
Cs AlE Ao Fod =l FvCB 23 9] o] tf
3 A 7heA B 3 AR B S BRE
T AL o5 I8l S=rulish-2aoll A AfulE =
AE S FER AT HHE o] FRA 54
AE P2 Vs, Iy TPU D Ry & 5731
o} 2 Aol A A duhe] Z|A|net Ry thef
qF 2bg 7oA o] Ftd whks- oS 2 Aol



238 Korean Journal of Agricultural and Forest Meteorology, Vol. 22, No. 4

83 Z8E o= 7dHch
Acknowledgement

This work was funded and supported by RDA,
Project PJ01203302.

REFERENCES

Ainsworth, E. A., and A. Rogers, 2007: The response
of photosynthesis and stomatal conductance to rising
[CO;]: Mechanisms and environmental interactions.
Plant, Cell and Environment 30, 258-270. DOI:
10.1111/5.1365-3040.2007.01641.x

Bernacchi, C. J., C. Pimentel, and S. P. Long, 2003:
In vivo temperature response functions of parameters
required to model RuBP-limited photosynthesis.
Plant, Cell and Environment 26, 1419-1430. DOI:
10.1046/.0016-8025.2003.01050.x

Bernacchi, C. J., E. L. Singsaas, C. Pimentel, A. R.
Portis Jr., and S. P. Long, 2001: Improved
temperature response functions for models of
Rubisco-limited photosynthesis. Plant, Cell and
Environment 24, 253-259. DOI: 10.1046/j.1365-
3040.2001.00668.x

Buck-Sorlin, G., 2013: Process-based Model. In:
Dubitzky, W., O. Wolkenhauer, K. H. Cho, and
H. Yokota, (eds) Encyclopedia of Systems Biology.
Springer, New York, NY.

Cannell, M. G. R.,, and J. H. M. Thornley, 1998:
Temperature and CO, responses of leaf and canopy
photosynthesis: A clarification using the non-
rectangular hyperbola model of photosynthesis.
Annals of Botany 82, 883-892. DOI: 10.1006/anbo.
1998.0777

De Pury, D. G. G, and G. D. Farquhar, 1997:
Simple scaling of photosynthesis from leaves to
canopies without the errors of big-leaf models.
Plant, Cell and Environment 20, 537-557. DOI:
10.1111/.1365-3040.1997.00094.x

de Visser, C. L. M., 1994. ALCEPAS, an onion
growth model based on SUCROS87. I. Development
of the model. Journal of Horticultural Science 69,
501-518. DOI: 10.1080/14620316.1994.11516482

Farquhar, G. D., S. von Caemmerer, and J. A. Berry,
1980: A biochemical model of photosynthetic CO,
assimilation in leaves of C; species. Planta 149,
78-90. DOI: 10.1007/ BF00386231

Jones, H. G., 2014: Plants and Microclimate: a

Quantitative Approach to Environmental Plant
Physiology (Third ed.). Cambridge: Cambridge
University Press. ISBN 978-0-521-27959-8.

Kamenetsky, R., 2007: Garlic: Botany and horticulture.
Horticultural Reviews 33, 123-172. DOI: 10.1002/
9780470168011.ch2

Kim, S. H., J. H. Jeong, and L. L. Nackley, 2013:
Photosynthetic and transpiration responses to light,
CO,, temperature, and leaf senescence in garlic:
Analysis and modeling. Journal of the American
Society for Horticultural Science 138, 149-156.
DOI: 10.21273/jashs.138.2.149

Kim, S. H., and J. H. Lieth, 2003: A coupled model
of photosynthesis, stomatal conductance and
transpiration for a rose leaf (Rosa hybrida L.).
Annals of Botany 91, 771-781. DOI: 10.1093/aob/
mcg080

Nobel, P. S., 2009: Physicochemical and Environmental
Plant Physiology (Fourth Edition). Academic Press.
Page iv. ISBN 9780123741431.

Rhoades, J., 2013: “What is Onion Bolting and how
to Keep an Onion from Bolting”. Gardening
Know How. Retrieved 27 March 2013.

Ribeiro, R. V., E. C. Machado, and R. F. D. Oliveira,
2006: Temperature response of photosynthesis and
its interaction with light intensity in sweet orange
leaf discs under non-photorespiratory condition.
Ciéncia e Agrotecnologia 30, 670-678. DOI: 10.
1590/S1413-70542006000400012

Sage, R. F., and D. S. Kubien, 2007: The temperature
response of C; and C4 photosynthesis. Plant, Cell
and Environment 30, 1086-1106. DOI: 10.1111/j.
1365-3040.2007.01682.x

Sharkey, T. D., C. J. Bernacchi, G. D. Farquhar, and
E. L. Singsaas, 2007: Fitting photosynthetic carbon
dioxide response curves for C; leaves. Plant, Cell
and Environment 30, 1035-1040. DOI: 10.1111/.
1365-3040.2007.01710.x

Simane, B., H. van Keulen, W. Stol, and P. C.
Struik, 1994: Application of a crop growth model
(SUCROS-87) to assess the effect of moisture
stress on yield potential of durum wheat in
Ethiopia. Agricultural Systems 44, 337-353. DOI:
10.1016/0308-521X(94)90226-6

Urban, L., and H. Restrepo-Diaz, 2017: Influences of
Abiotic Factors in Growth and Development.
Reference Module in Life Sciences. Elsevier.




<<
  /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


