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Abstract
Two experiments were conducted to understand the effect of light emitting diodes on postharvest abscission in balsam fi r (Abies 
balsamea L.) branches. In one experiment, branches were pre-exposed to the fl uorescent light, LEDs, or darkness for 1, 4, 8, 12, 24, 
or 48 h. In a second experiment, branches were constantly exposed to fl uorescent lights, LEDs, or darkness. The response variable 
was needle retention duration (NRD). A 48-hour exposure time to red, white, or blue LEDs signifi cantly (P < 0.001) increased NRD 
by approximately 75, 118, or 127%, respectively, compared to a cool white fl uorescent lighting or darkness. Constant exposure to 
any LED signifi cantly (P < 0.001) improved NRD compared to fl uorescent lights or darkness, though white and red LEDs were most 
effective. It is speculated that LED-promoted needle retention could possibly be due to changes in carbohydrate synthesis similar to 
those observed during cold acclimation. 
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Introduction
Balsam fi r is the principal Christmas tree species and specialty 
horticultural product grown in Nova Scotia. Balsam fir are 
grown on over 10,000 ha (25,000 ac) and approximately 1.5 to 
2.0 million trees are harvested each year. Overall, the industry 
generates 72 million dollars annually in the Atlantic region and 
employs several hundred people (CTCNS, 2010). Postharvest 
needle drop is a signifi cant challenge faced by the Christmas 
tree industry of Atlantic Canada. In recent years, the severity of 
needle loss has escalated to an extent that threatens the survival 
of Christmas tree and greenery industry, where the number of 
annual sales is starting to decrease (Chastagner and Benson, 
2000). While needle losses occur during harvesting, handling, 
transportation, and at display stands to a certain extent, extensive 
needle loss after consumers’ purchase has become a matter of 
great concern for the industry (Mitcham-Butler et al., 1988). 
The industry suffers huge economic losses due to the reduced 
marketability, as consumers no longer tolerate needle loss and 
there is an increasing trend towards purchasing artifi cial trees. 
While the exact reason for needle drop is yet to be determined, 
it is commonly believed that increased demand from foreign 
markets requires earlier harvesting. Harvesting balsam fi r often 
begins in early October in Nova Scotia, which results in poor 
needle retention (MacDonald et al., 2010a; MacDonald and 
Lada, 2008). In addition, warmer fall temperatures in late October 
have reduced the needle retention capabilities of Christmas trees 
worldwide (Chastagner and Riley, 2003). 

The use of LEDs in horticulture was originally presented as a 
potential technology for space-based plant research chambers or 
bioregenerative life support systems (Bula et al., 1991; Barta et 
al., 1992). Certain advantages that LEDs provide, such as small 
size, durability, long operational life, wavelength specifi city, 
and relatively cool emitting surface, could be useful during 

transport and storage of Christmas trees (Li et al., 2010). In 
addition, LEDs are considered eco-friendly due to their low 
electricity requirements and long operational lifespan. Light 
spectra quality, intensity and duration at different wavelengths, 
particularly those at red or blue, infl uence plants by triggering 
physiological reactions including dormancy, photoperiodism, 
fl owering, senescence, and abscission (Li et al., 2010, Okamoto 
et al., 1996; Tennessen et al., 1993; Yanagi et al., 1996). For 
example, red light is important in the development of the 
photosynthetic apparatus and starch accumulation (Saebo et al., 
1995) while blue light is important in development of chlorophyll, 
chloroplast development, and enzyme synthesis (Senger, 1982). 
Light controls hypocotyls growth and activity of enzymes 
associated with nitrogen metabolism in Scots pine trees using a 
combination of phytochrome and blue/ultra-violet light. Other 
studies done on Scots pine trees showed that far red and red light 
invoke phytochrome system and induce cold hardening (Beck 
et al., 2004). 

Leaf senescence and abscission are affected by light. Leaves 
kept in the dark senesce faster compared to those exposed to 
light (van Lieburg et al., 1990). In contrast, certain spectra of 
light can delay abscission. For example, abscission resistance 
in mung bean leaves is enhanced with red light (Curtis, 1978) 
while red LEDs delayed postharvest senescence and abscission in 
ornamental fl owers such as hibiscus and lillies (van Lieburg et al., 
1990; van Meeteren and van Gelder, 2000). However, there is no 
information relating the role of LED’s to postharvest abscission 
in balsam fi r. The objective of this study was to understand the 
effect of certain spectrums (blue, red and white) of LED’s on 
needle abscission in postharvest balsam fi r.

Materials and methods
Sample collection: Balsam fir branches containing the two 
most recent years of growth were collected from mature grafted 
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trees (approximately 17 years old) at the Tree Breeding Center, 
Department of Natural Resources, Debert, Nova Scotia, Canada 
(45○ 25’ N, 63○ 28’ W). A total of 112 trees were randomly 
selected for experiment 1 on August 11, 2009; another 28 trees 
were randomly selected for experiment 2 on September 24, 2009. 
In each experiment, one branch was cut from each tree from the 
south facing side at between 1.0 to 1.5 m above ground to serve 
as a sample. Cut branches were placed in distilled water and 
transported to a growth chamber with a day/night temperature 
regime of 18/10°C and 60% relative humidity. Light was provided 
using fl uorescent lights at an intensity of 254 μmol m-2 s-1 for 16 
hours each day. All branches were given a fresh cut 3 cm from 
the stem and weighed before they were placed in 250 mL fl ask 
of distilled water. 

Short-term exposure to LEDs: Separate, but similar, experiments 
were conducted to determine the effect of short-term exposure 
to blue LEDs, red LEDs, white LEDs (LED wholesalers.com 
Burlingame, California, USA), fl uorescent light, or darkness 
on postharvest needle abscission. Each experiment followed a 
completely randomized design using exposure duration (0, 1, 
4, 8, 12, 24, or 48 hours) as a treatment. In each treatment, a 
branch was placed in a custom-built chamber and exposed to 
certain lighting or darkness for a specifi ed length of time and 
then placed in growth chamber conditions (described above). 
This procedure was repeated 4 times for each exposure time, 
each with a separate branch. Fluorescent light and dark treatments 
each served as control, as they each simulate environments in 
storage and shipping. LED treatments involved exposure to a 
30 x 30 cm LED panel. Light intensity in each chamber was 
measured using the LI-188B Integrating Quantum Photometer 
(LI-COR, Lincoln, NE, USA) and reported as the average of six 
measurements from random locations in each chamber (Table 
1). Air fl ow was supplied to each chamber by forcing air into the 
bottoms of the chambers at a rate of 3 L min-1 using an Elite 802 
air pump (Hagen, Truro, NS, Canada). The internal temperature 
of all LED chambers was monitored throughout the experiment 
and was consistent with growth chamber temperatures.

The response variable used was needle retention duration (NRD) 
defi ned by MacDonald et al. (2010a; 2010b), as the length of 
time to lose 50% initial fresh mass through needle abscission. To 
determine needle loss, all dropped needles were collected each 
day and weighed. Data were subjected to non-linear regression 
analysis (Sigma Plot 11, Systat Software Inc., Chicago, IL, USA), 
using the following general logistic equation:

In the above equation, y represents NRD while x represents light 
exposure time. The remaining variables a, b, and x0 are constants 
determined by regression for each relationship. The numerator of 
the equation, a, is of particular interest because it represents the 
approximate limit of NRD as exposure time increases. A t-test 
at 5% signifi cance was used to test for signifi cant differences in 
a between treatments.

Constant exposure to LEDs: The second experiment investigated 
the effect of constant exposure to different sources of light on 
needle abscission in balsam fi r branches. The experiment followed 
a complete randomized design with four replicates, where a single 

branch served as a replicate and each branch was placed in a 
separate chamber. Each light source (growth chamber fl uorescent, 
blue, red, white, or dark) was a treatment. Flasks, with branches, 
were placed into trays at the bottom of the chamber to collect the 
needles that had fallen off. Needles were collected with growth 
chamber lights turned off; the only light was provided by the 
chamber LED panel to ensure that they were not exposed to any 
other light during the experiment. For the dark treatment, a lamp 
with a single 40-watt green incandescent bulb was turned on in 
the far side of the growth chamber to allow needle collection. 
After needle collection, branches were returned to their respective 
treatment.

The response variable was NRD (as described above). Data were 
subjected to an analysis of variance and means separation was 
performed using the least signifi cant difference at 5% signifi cance 
(SAS v9, SAS Institute Inc, Cary, NC).

Results
Exposure to cool white fluorescent lights or darkness had 
no signifi cant effect on NRD in balsam fi r, with an average 
NRD of 31.5 days and 35 days, respectively. However, there 
were significant relationships between NRD and exposure 
duration to each of red, white, and blue LEDs (Fig. 1). A 48-
hour exposure to red, white, or blue LEDs increased NRD by 
approximately 36, 42, and 25 days compared to their respective 
non-LED exposed treatments. The horizontal asymptote of 
each relationship represents the limit of effectiveness of each 
light exposure. A comparison of the horizontal asymptote of 
each relationship suggests that exposure to red, white, and blue 
LEDs have a signifi cantly higher asymptote than fl uorescent or 
dark treatments, but there is no signifi cant difference among the 
three LED treatments (Fig. 2). A comparison of branch needle 
loss after 12-, 24-, or 48-hour exposure to each light source is 
shown in Fig. 3.

Continuous exposure to LEDs also had a signifi cant effect on 
NRD. The fl uorescent light and dark treatment each had an NRD 
of 62 days. However, exposure to red, white, and blue LEDs 
resulted in a signifi cantly (P < 0.01) higher NRD of 68, 73, and 
76 days, respectively (Fig. 4).

Discussion
Exposure to any LED spectra tested delayed needle abscission, 
while branches in the dark lost needles on an average 10 to 30 
days earlier. The results are consistent with the literature as plants 

Table 1. Summary of light sources used in this experiment. Light intensity 
is reported as the mean from six measurements ± standard deviation

Treatment Peak wavelength
(nm)

Light intensity
(μmol s-1 m-2)

Fluorescent* 400 - 800 253.7 ± 4.5
Blue 465 17.0 ± 0.6
Red 650 17.0 ± 0.6
White** 465, 575, 650 20.0 ± 0.7
Dark N/A N/A

* Fluorescent lights have many peak wavelengths in the range of 400 
-800 nm.
** White LEDs are considered ‘multicolored’ which uses a combination 
of red, green, and blue wavelengths to create white light.
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in the dark will induce senescence faster than those exposed to 
light (van Lieburg et al., 1990). However, the branches in the dark 
treatment lost their needles at nearly the same time as the ones in 
the growth chamber exposed to fl uorescent lighting. This suggests 
that there was no preconditioning effect due to short term dark 
exposure. The general response in NRD due to LED treatments 
was similar for all spectra tested. The improvement in NRD was 
minimal after short exposures of 1 to 8 hours, increased sharply 
after 12 to 24 hours of exposure, and then leveled off. Exposure 
to fl uorescent lights or darkness had a similar trend, though the 
benefi t to NRD was much lower or nonexistent. 

Overall, after 48 hour exposure, the white and red LEDs had 
the greatest effect, delaying abscission for 75 days and 67 days, 
respectively. Although carbohydrate status was not analyzed in 
this study, it is possible that carbohydrate synthesis was altered 

Fig. 1. Needle retention duration of different exposure times to 
fl uorescent lights, darkness, white LEDs, red LEDs, or blue LEDs. A 
logistic curve is fi tted to each set of data using exposure duration as the 
explanatory variable and needle retention duration as the response based 
on 28 observations.

Fig. 2. Comparison of needle retention duration curve after exposure 
to fl uorescent lights, darkness, blue LEDs, red LEDs, or white LEDs 
(as calculated from each regression in Fig. 1). Numbers in parentheses 
are the limit of needle retention (in days) for each relationship, based 
on regression analysis. Letter groupings were calculated from logistic 
regression coefficient and standard error and indicate a significant 
difference at α = 0.05.

when branches were exposed to LEDs compared to the fl uorescent 
light or dark treatment and this may influence abscission. 
Changes in carbohydrate metabolism are associated with cold 
acclimation, which similarly alter abscission in balsam fi r (Beck 
et al., 2004; MacDonald and Lada, 2008). More specifi cally, in 
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several conifers sucrose and raffi nose increased in the winter, 
strongly correlated with minimum temperatures (Hinesley et 
al., 1992). Although photosynthesis (Tennessen et al., 1993) 
and plant growth (Okamoto et al., 1996; Yanagi et al., 1996) are 
shown to occur under red LED light and may be enhanced with 
blue LED light, it is not clear that photosynthesis or its resulting 
carbohydrates played a major role in this study. It should be noted 
that the cool white light treatment resulted in a NRD similar to 
dark treatment, even though it provided a much higher quantity of 
light that could contribute to photosynthesis than any of the LED 
treatments. Thus any consideration of carbohydrate synthesis 
should focus on changes in individual sugars instead of overall 
carbohydrate status.

Constant exposure to red, white, or blue LEDs signifi cantly 
delayed needle abscission compared to the fluorescent light 
or dark treatments, but the relative benefi t was not as high as 
that observed with short-term exposure. This is largely due to a 
much higher NRD observed in this experiment. In experiment 1, 
the typical NRD of branches exposed to fl uorescent lights was 
approximately 32 days, but in experiment 2 the same treatment 
had a NRD of 62 days. It is possible that the difference in NRD is 
due to differences in harvest time and dormancy status; branches 

Fig. 4. Comparison of needle retention in balsam fi r branches after 
constant exposure to different light sources. Different letters indicate 
signifi cance at 5% signifi cance as determined using LSD multiple means 
comparison. Means are calculated from four replicates.

Fig. 3. Comparison of balsam fi r branches after exposure to fl uorescent lights, darkness, blue LEDs, red LEDs, or white 
LEDs for 12, 24, or 48 hours. Photos were taken 60 days after the start of the experiment. The effectiveness of white LEDs is 
particularly evident from this photo.
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in the experiment 2 were harvested 6 weeks later (at the end of 
September). Later harvests benefi t balsam fi r needle retention and 
diminish the effect of some abscission mitigating technologies 
(MacDonald and Lada, 2008; MacDonald et al., 2010a).

LEDs have several unique advantage over conventional lighting 
systems used today in growth chambers and greenhouses. The 
potential use of LEDs as an eco-friendly postharvest treatment 
during storage and transport for the Christmas tree industry in 
Atlantic Canada is promising. The ability to control spectra, their 
small size, durability, and relatively long lifespan are all traits 
that growers could easily adapt into their current production 
practice. However, the biggest advantage is their relatively cool 
emitting surface and ability to match wavelengths to specifi c 
tree photoreceptors to provide optimal balance between plant 
morphology and metabolism (Bourget, 2008; Massa et al., 
2008; Morrow, 2008). LEDs are currently being used in several 
plant production systems, but are becoming more popular with 
micropropagation studies because they are more suitable than 
fl uorescent lamps (Li et al., 2010). The initial cost of installing 
custom lights may be high, but could be recovered in a relatively 
short time as LEDs are very energy effi cient. For example, the 
12 x 12 inch LED panels used for this experiment used only 
13.8 watts of electricity and covered an area of two square feet 
(LED wholesalers, 2010). However, further study of the LED 
technology on full size balsam fi r trees is needed before this 
technology can actually be implemented on large scale.

In conclusion, needle retention was signifi cantly improved with 
the red, white, or blue LEDs. Needle abscission was delayed 
by 118, 127, and 75% after a 48-hour exposure to red, white, 
or blue LEDs, respectively, compared to fl uorescent lights. In 
addition, constant exposures to red and white LEDs delayed 
abscission by 23 and 18%, respectively compared to fl uorescent 
lights. The improvement in needle retention after LED exposure 
makes LEDs an interesting technology to explore for postharvest 
Christmas trees.

Acknowledgements
We thank the Christmas Tree Council of Nova Scotia for the 
funding of this project and Aru Thiagarajan for his initial help in 
the set up of this experiment. We also thank internal reviewers Dr. 
Peter Havard and Dr. Sanu Jacob for their contributions.

References
Barta, D.J., T.W. Tibbitts, R.J. Bula and R.C. Morrow, 1992. Evaluation of 

light emitting diode characteristics for a space-based plant irradiation 
source. Advances Space Res., 12: 141-149.

Beck, E.H., R. Heim and J. Hansen, 2004. Plant resistance to cold stress: 
mechanisms and environmental signals triggering frost hardening 
and dehardening. J. Biosci., 29: 449-59.

Bourget, C.M. 2008. An introduction to light-emitting diodes. 
HortScience, 43: 1944-1946.

Bula, R.J., R.C. Morrow, T.W. Tibbitts, D.J. Barta, R.W. Ignatius and 
T.S. Martin, 1991. Light emitting diodes as a radiation source for 
plants. HortScience, 26: 203-205.

Chanishvili, S.H. and M.D. Dolidze, 1974. The effect of light intensity on 
carbohydrate assimilation and distribution in the organic compounds 
of grapevine leaves. Trudy Inst. Bot., 27: 315-326.

Chastagner, G.A. and D.M. Benson, 2000. The Christmas tree: tradition, 
production, and diseases. Plant Health Progress, DOI:10.1094/PHP-
2000-1013-01-RV.

Chastagner, G.A. and K.L. Riley, 2003. Postharvest quality of noble and 
Nordmann fi r Christmas trees. HortScience, 38: 419-421.

Christmas Tree Council of Nova Scotia, 2010, <http://www.ctcns.com/
ab_industry.htm. Accessed 05 May 2010>.

Curtis, R.W. 1978. Phytochrome involvement in the induction of 
resistance to dark abscission by malformin. Planta, 141: 311-314.

Hinesley, L.E., D.M. Pharr, L.K. Snelling and S.K. Funderburk, 1992. 
Foliar raffi nose and sucrose in four conifer species: relation to 
seasonal temperature. J. Amer. Soc. Hort. Sci., 117: 852-855.

LED wholesalers, 2010. LED wholesalers.com. LED grow light [Online]: 
http://www.ledwholesalers.com/store/index.php?act=viewProd&pr
oductId=370 Accessed 07/11/2010.

Li, H., X. Zhigang and C. Tang, 2010. Effect of light-emitting diodes on 
growth and morphogenesis of upland cotton (Gossypium hirsutum 
L.) plantlets in vitro. Plant Cell Tiss. Organ Cult., 103: 155-163.

MacDonald, M.T. and R.R. Lada, 2008. Cold acclimation can benefi t 
only the clones with poor needle retention duration (NRD) in balsam 
fi r (Abstr.). HortScience, 43: 1273.

MacDonald, M.T., R.R. Lada, M. Dorais, S. Pepin, Y. Desjardins and A.I. 
Martynenko, 2010a. Ethylene exposure duration affects postharvest 
needle abscission in balsam fi r (Abies balsamea L.). HortScience, 
46: 260-264.

MacDonald, M.T., R.R. Lada, A.I. Martynenko, M. Dorais, S. Pepin 
and Y. Desjardins, 2010b. Ethylene triggers needle abscission in 
root-detached balsam fi r. Trees, 24: 879-886.

Massa, G.D., H.H. Kim, R.M. Wheeler and C.A. Mitchell, 2008. Plant 
productivity in response to LED lighting. HortScience, 43: 1951-
1956.

Mitcham-Butler, E.J., L.E. Hinesley and D.M. Pharr, 1988. Effects 
of harvest date and storage temperature on the postharvest needle 
retention of Fraser fi r branches. J. Environ. Hort., 6: 1-4.

Morrow, R.C. 2008. LED lighting in horticulture. HortScience, 43: 
1947-1950.

Okamoto, K., T. Yanagi, S. Takita, M. Tanaka, T. Higuchi, Y. Ushida 
and H. Watanabe, 1996. Development of plant growth apparatus 
using blue and red LED as artifi cial light source. Acta Hort., 440: 
111-116.

Saebo, A., T. Krekling and M. Appelgren, 1995. Light quality affects 
photosynthesis and leaf anatomy of birch plantlets in vitro. Plant 
Cell Tissue Organ Culture, 41: 177-185.

Senger, H. 1982. The effect of blue light on plants and microorganisms. 
Phytochem. Photobiol., 35: 911-920.

Tennessen, D.J., E.L. Singsaas and T.D. Sharkey, 1993. Light emitting 
diodes as a light source for photosynthesis research. Photosynthesis 
Res., 39: 85-92.

van Lieburg, M.J., W.G. van Doorn and H. van Gelder, 1990. Prevention 
of phytochrome-related postharvest loss of quality in ornamentals 
through red light emitted by diodes. Acta Hort., 272: 347-351.

van Meeteren, U. and A. van Gelder, 2000. The role of leaves in 
photocontrol of fl ower bud abscission in Hibiscus rosa-senesis L. 
‘Nairobi’. J. Amer. Soc. Hort. Sci., 125: 31-35.

Yanagi, T., K. Okamoto and S. Takita, 1996. Effects of blue, red, and blue/
red lights of two different PPF levels on growth and morphogenesis 
of lettuce plants. Acta Hort., 440: 117-122.

Received: March, 2011; Revised: October, 2011; Accepted: December, 2011

 Effect of LEDs on postharvest balsam fi r needle retention  17 



<<
  /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
  /CreateJDFFile false
  /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

  /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


