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Effect of plant spacing on herb, essential oil and artemisinin yields in the antima-
larial herb (Artemisia annua)

K. ABIRAMI', VIRENDRA S. RANAZ, V. BASKARAN:? AND SATYABRATA MAITI*

Directorate of Medicinal and Aromatic Plants Research, Boriavi, Anand, Gujarat 387 310

Received : September 2013; Revised accepted : January 2014

ABSTRACT

An experiment was conducted to work out the optimum spacing for obtaining maximum biomass, essential oil
and artemisinin yields in antimalarial herb (Artemisia annua L.) in the semi-arid region of Gujarat. It was laid out in
a randomized block design with 5 spacing treatments, viz. 30 cm x 45 cm, 30 cm x 60 cm, 45 cm x 45 cm, 45 cm X
60 cm and 60 cm x 60 cm. There were no significant differences in growth parameters like plant height and num-
ber of branches among different spacings. However, significant differences were observed in yield characteristics
and was found that the mean fresh (30.79 t/ha) and dry (18.35 t/ha) herb yield and fresh (7.7 t/ha) and dry (3.91 t/
ha) leaf yields, were maximum under spacing of 45cm x 45 cm. The leaf harvest index and leaf: stem ratio were
also significantly higher under optimum spacing of 45 cm x 45 cm. No significant differences were observed in es-
sential oil content, their composition and artemisinin contents among the different spacing but the yields of essen-
tial oil (54.95 kg/ha) and artemisinin (8.88 kg/ha) were found maximum in the spacing of 45 cm x 45 cm.
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Artemisia annua (L.) (Family: Asteraceae), is an aro-
matic annual herb, traditionally grown in China as a me-
dicinal plant. Artemisinin is the magjor compound present
in A. annua and is used in the treatment of malaria. In
Europe and India, Artemisia annua is used as a source of
aroma chemicals for the fragrance industry (Sangwan et
al., 1998; Bakuni et al., 2001) in additional to its medici-
nal value of artemisinin. The herb is also known to have
antipyretic, antiparasitic, antiulcerogenic and anti-inflam-
matory properties (Sanjaet al., 2012). Since artemisininis
used for the treatment therapy against malaria worldwide,
this compound is expensive and thereis paucity of it inthe
world market (Enserink, 2005). The overall market size
for artemisinin based treatments has been progressively
expanded and by 2007 it has reached an estimated 150
million treatment courses, 20% of which isin the private
sector. To meet the new artemisinin supply challenge A.
annua crop cultivation has to be expanded to different
geographical locations. In India A. annua cultivation has
been introduced and is being grown in the Indo Gangetic
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plains (Kumar and Srivastava, 2005). The cultivation prac-
tices also play a major role in the production of better
herb, essential oil and artemisinin in Artemisia annua L.
Plant density has been observed to have a huge influence
on growth, development and yield of any crop. Different
genotypes may respond variedly to different spacing. Es-
sential oil content of Artemisia annua L decreases with
increase in plant density (Tiwari, 2011). The higher plant
population may compensate for reduction in seed yield
(Kumari et al., 2012). Since the plant spacing has a ma-
jor role in production of acrop, we investigated to study
the influence of planting density on herb, essential oil and
artemisinin yieldsin A. annua.

MATERIALS AND METHODS

A field experiment was conducted at the Directorate of
Medicinal and Aromatic Plants Research, Anand,
(07°15'N and 78°14'E) Gujarat in two consecutive years
(2008-09 and 2009-10. The sail of the experimental field
was sandy loam with pH 7.8, electrical conductivity (EC)
(dS/m) 0.24, available N 69.30 kg/ha, available P 41.51
kg/ha, available K 249.60 kg/ha and 0.31% of organic
carbon.

The seeds were sown in the second week of December
in both the experimental yearsin raised nursery beds and
the cultural practices like mulching, irrigation and regular
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weeding were carried out. Germination was noticed 6 days
after sowing and the seedlings were transplanted in the
main field during the second week of February, 60 days
after seed sowing, in both the years, at different spacing
like 30 cm x 45 cm, 30 cm x 60 cm, 45 cm x 45 cm, 45
cm x 60 cm and 60 cm x 60 cm, with 4 replications under
each treatment. The experiment was laid out in random-
ized block design, and the plot size for each replication in
atreatment was 16 m?. The beds were irrigated immedi-
ately after transplanting and further irrigations were given
as required. No chemical fertilizers were applied. Only
farmyard manure (FYM) @ 10 t/ha was applied as basal
dressing in the experimental field. The growth and yield
observations were recorded from the different replications
of each treatment. The crop was harvested during full
bloom stage in October in both the years (2009 and 2010)
and the data on biomassyield, essential oil and artemisinin
yields were recorded. The leaf : stem ratio was cal cul ated
as the sum of the dry weight of primary and secondary
leaves originating from the stem sampled for each plot
divided by the dry weight of the stem without leaves
(Guan and Nutter, 2002). The leaf harvest index was cal-
culated based on the formula leaf yield x 100/shoot mass
(Kumar et al., 2004). The data analysis was carried out
using SPSS software.

For essential oil estimation the fresh sample (1 kg) in
each replication was subjected to hydrodistillation using a
Clevenger type apparatus for 4 hr. The distillate was ex-
tracted with diethyl ether, the ethereal layer was dried over
anhydrous sodium sulphate and ether was removed on
gently heated water bath and stored at 4-8°C until analy-
sis. Analysis of the volatile oils was performed on a GC/
MS (Focus-PolariQ) Benchtop lon Trap Mass spectrom-
eter equipped with a ZB-5 capillary column (30 m x 0.25
mm i.d., film thickness 0.25 um). Chromatographic con-
ditions were as follows: injector temperature was 240°C,
helium as carrier gas at a flow rate of 1 ml/min; injection
volumewas 1.0 pl (20 mg/ml in hexane). The column tem-
perature was held at 60°C for 5 min., and programmed at
3°C/min. to 220°C and held for 5 min. with split mode in-
jection (1:20) the M Stransfer line and source temperatures
were 240°C and 200°C. The GC column was coupled di-
rectly to PolarisQ quadrupole ion trap mass spectrometer
in EI mode at 70eV with the mass range of 30-450 a.m.u
at 1 scan/s. Kovat's retention indices were calculated us-
ing standard hydrocarbons (C,-C,, n-alkanes, Sigma-
Aldrich). The individual compounds (Table 3) were iden-
tified by mass spectra and their identities were confirmed
by comparing their mass spectra with Mass Spectral Li-
brary (Ver. 2, 2005) and literature (Adams, 2007).

Artemisinin content in shade-dried and powdered aerial
parts collected from each treatment were determined in
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duplicate. Aerial parts (1.0 g) was extracted with acetoni-
trile, filtered, evaporated using rotary evaporator and re-
dissolved in 10 ml of acetonitrile. HPL C analysis was car-
ried out by using Waters 600 E pump (Milford, MA, USA)
attached to Waters 2996 photodiode array detector (PDA),
Lichro CART® 2504 C_, column (250" 4.6 mm, 5im,
Merck, Germany), and on-line degasser. The dataanalysis
was carried out using Empower software (Waters, USA).
Acetonitrile and water (65 : 35) was used as mobile phase.
Serial dilution of the 10ul of 1,000 ppm solution of each
sample was injected with the flow rate of 1.3 ml/min. The
amount of artemisinin was calculated by measuring the
peak areas of 3 determinations using calibration curve of
502,000 ppm standard solution of artemisinin (>98%)
purchased from Sigma Aldrich.

RESULTS AND DISCUSSION

There were no significant differences in plant height
and number of branches among the different treatments
(Table 1). The plant height ranged from 338 cm to 382 cm
and number of branches ranged from 102 to 114/plant.
However, earlier report showed that plant height in A.
annua ranged from 50 cm to 300 cm (Woerdenberg et al.,
1994; Ferrieraand Janick, 1996; Gupta et al., 2002; Singh
et al., 2009). In the semi-arid region a vigorous plant
growth was observed which may be due to the influence
of climatic factors or soil properties.

The data on herb yield parameters like fresh and dry
herb and leaf yield revealed that there were significant
differences among the different spacing treatmentsin both
the years (Table 1). The average fresh and dry herb yields
was maximum under spacing 45 cm x 45 cm followed by
45 cm x 60 cm. Similarly, the average fresh and dry |eaf
yield (7.7 t/haand 3.9 t/ha) was found to be maximum in
the same spacing 45 cm x 45 cm. Our results contradict
the findings of Ram et al. (1997) and Chauhan et al.
(2008). In our experiment, the maximum herb and leaf
yields were recorded in optimum spacing which allowed
more plant spread when compared with minimum spacing
30 cm x 45 cm.

The leaf harvest index was the maximum under 45 cm
x 45 cm spacing when compared with the other spacing
treatments (Table 1). Leaf isthe most economically im-
portant part of A. annua and the leaf massis positively
correlated with oil and artemisinin yield. In the spacing of
45 cm x 45 cm due to the optimum plant spread, the leaf
production was more compared to the minimum spacing
of 30 cm x 30 cm. Kumar et al., (2004) reported similar
result, who found that a negative correlation existed be-
tween leaf harvest index and shoot mass. The leaf: stem
ratio was maximum (Table 1) under 45 cm x 45 cm spac-
ing. In the optimum spacing of 45 cm x 45 cm, the plant
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spread was also good, so that leaf production was more
which correlated positively to the leaf stem ratio. In the
lesser spacing 30 cm x 45 cm the plant height was good
but the spread of the plant is affected due to minimum
spacing which in turn resulted in minimum value for leaf
stem ratio. Similarly, in higher spacing like 45 cm x 60 cm
and 60 cm x 60 cm, though the plant spread was good but
the number of plants per unit area resulted in lesser value
for leaf: stem ratio. Kumar et al. (2004) also reported that
leaves are the economic characters of A. annua and the
proliferated plant growth did not favour economic yield in
A. annua .

Similarly, no significant differences among the different
spacing treatments on the essential oil content were ob-
served and the yield of essentia oil ranged from 0.65% to
0.7% (Table 3). In the present study, maximum essential
oil content was found when compared to some of the pre-
vious reports (Ozguven et al., 2008; Bagchi et al., 2003).
Besides the plant ecotypes differences, the influence of
environmental, soil and climatic conditions may have af-
fected the content and composition of secondary metabo-
lites. From our study we found that the semi-arid region of
Gujarat was highly suitable for growing A. annua for oil
extraction, since the oil content and yield was more under
these conditions. Though there were no significant differ-
ences in the oil content, significant differences were ob-
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served for the essentid oil yield/hain different treatments.
Maximum oil yield (54.95 kg/ha) were recorded under 45
cm x 45 cm spacing (Table 2). Since the leaf yield and leaf
harvest index were more in 45 cm x 45 cm spacing, it has
resulted in higher essential oil yield compared to other
spacing treatments. Mert et al. (2002) also reported that
the ecotype Samakaya of Artemisia annua gave highest oil
yield at spacing of 15 plants/ m?2.

Likewise, artemisinin content was a so found non-sig-
nificant in the different treatments and ranged between
0.39 and 0.42% (Table 2). The artemisinin content re-
ported by us was comparatively lower than reported by
Kumar et al., (2004). This may be due to influence of soil,
climate, ecotype and environmental factors. However, sig-
nificant variations in the artemisinin yield among the dif-
ferent spacing treatments were recorded. Highest
artemisinin yield was recorded under 45 cm x 45 cm spac-
ing, whereas minimum under 30 x 45 cm spacing (Table
2). The reason for higher artemisinin yield under 45 cm x
45 cm spacing is that when crops produce higher number
of leaves with |east stem growth, the leaf yield is high and
ultimately resultsin higher artemisinin content (Kumar et
al., 2004). The leaf harvest index and leaf to stem ratio
was maximum under 45 cm x 45 cm spacing, which re-
sulted in higher oil and artemisinin yieldsin A. Annua, as
they are concentrated in structures called trichomes, which

Table 1. Growth and yield parameters of Artemisia annua (pooled data of 2 years)

Treatment Plant Number Fresh herb Dry Fresh Dry leaf L eaf Leaf:
(Spacing) height of branches yield herb yield leaf yield yield harvest stem
(cm) (t/ha) (t/ha) (t/ha) (t/ha) index ratio
30cmx45cm 360.4 105.5 23.8 134 53 21 18.8 0.20
30 cm x 60 cm 360.3 106.0 26.3 151 59 2.6 21.2 0.22
45 cm x 45 cm 354.5 106.8 30.8 184 7.7 39 25.8 031
45 cm x 60 cm 368.2 108.2 285 16.3 6.8 33 225 0.29
60 cm x 60 cm 356.1 108.4 26.2 15.0 6.2 29 20.5 0.25
SEmz+ 7.02 3.18 1.29 0.40 0.25 0.11 0.38 0.01
CD (P=0.05) NS NS 4.01 1.25 0.78 0.35 1.19 0.04
Table 2. Yield of essential oil and artemisinin content in A. annua (pooled data of 2 years)
Treatment Essential Essential Artemisinin ~ Artemisinin Cost of Gross Net Benefit:
(Spacing) oil (%) oil yield (%) yield cultivation returns returns cost
(kg/ha) (kg/ ha) (F/ha) (F/ha) (z/ha) ratio
30cmx45cm 0.65 36.37 0.42 8.88 43,334 1,03,500 51,841 2.19
30 cm x 60 cm 0.67 42.48 0.39 10.21 40,650 1,21,500 77,251 2.90
45 cm x 45 cm 0.68 54.95 0.41 15.83 39,546 1,79,550 1,36,179 4.45
45 cm x 60 cm 0.67 48.17 0.39 12.80 38,285 1,48,950 1,08,641 3.84
60 cm x 60 cm 0.70 45.49 0.39 11.33 36,866 1,32,750 94,984 3.58
SEmz+ 0.02 197 0.01 0.58
CD (P=0.05) NS 6.15 N.S 1.80

Dry leaf cost: F45/kg; Artemisinin: Z40,000/kg; Essential oil: 900/kg)
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Table 3. Percentage composition of the essential oil of Artimesia annua at different spacing treatments

Compound RI Area (%)
30cmx45cm  30cmx60cm  45cmx45cm 45cmx60cm 60 cm x 60 cm

&Pinene 939 0.6 0.5 0.6 0.5 0.5
Camphene 954 0.8 0.9 0.8 0.8 0.8
Sabinene 977 13 12 13 13 13
b-Pinene 980 0.3 0.3 0.2 0.3 0.3
Myrcene 992 2.2 2.2 2.2 2.2 2.2
& Terpinene 1,017 0.5 0.6 0.6 0.6 0.5
p-Cymene 1,026 11 11 1.0 11 11
Limonene 1,029 4.5 4.5 4.5 4.5 4.4
g-Terpinene 1,063 0.9 0.9 0.9 0.9 0.9
Terpinolene 1,082 0.2 0.2 0.1 0.2 0.2
1,8-Cineole 1,032 12.9 12.9 12.8 12.8 12.8
Camphor 1,149 28.6 28.7 289 28.6 28.6
Terpinen-4-ol 1,177 2.0 2.0 2.0 20 2.0
Myrtenol 1,197 0.2 0.2 0.2 0.2 0.2
trans-Carveol 1,218 0.3 0.2 0.2 0.3 0.2
Cumin adehyde 1,238 0.2 0.2 0.2 0.2 0.2
Carvone 1,243 0.1 0.1 0.1 0.1 0.1
Thymol 1,291 0.1 0.1 0.1 0.1 0.1
p-Cymen-7-ol 1,292 0.1 0.1 0.1 0.1 0.1
Carvacrol 1,300 0.1 0.1 0.1 0.1 0.1
& Copaene 1,377 0.3 0.3 0.3 0.3 0.3
b-Elemene 1,394 0.2 0.2 0.1 0.2 0.2
b-Caryophyllene 1,419 2.8 25 2.7 2.8 2.8
&Humulene 1,455 0.1 0.1 0.1 0.1 0.1
trans-b-Farnesene 1,460 35 35 3.6 35 35
Germacrene-D 1,484 38 39 38 35 35
b-Selinene 1,490 04 04 0.3 04 0.5
Bicyclogermacrene 1,500 0.5 04 04 04 0.5
d-Cadinene 1,523 0.2 0.2 0.2 0.2 0.2
Spathulenol 1,580 0.2 0.2 0.2 0.2 0.2
Phytol 1,945 0.1 0.1 0.1 0.1 0.1
Eugenol 1,361 04 0.3 04 0.3 04
3-Hexen-1-ol 853 0.1 0.1 0.1 0.1 0.1
2-Methyl-butyl-2-methylbutanoate 1,103 11 11 1.0 1.0 1.0
Hexenyl-2-methylbutanoate 1,233 0.2 0.2 0.2 0.2 0.2
Phenylmethyl-3-methylbutanoate 1,390 0.2 0.2 0.2 0.2 0.2

RI, Retention index relatives to C -C,, n-alkanes on HP-1 capillary column;

iswidely distributed in the leaves, inflorescence and shoot
Ferreira et al., (2005). The major compounds identified in
GC-MS analysis under different spacing treatments is
tabulated in Table 3. There were no differences observed
in the distribution of the compoundsin essential oil among
the different spacing treatment combinations. Among the
compounds identified, camphor (28.6-28.9%) and 1, 8—
cineole (12.8-12.9%) using GC/M S were the major com-
pounds present in the essential oil of A. annua (Table 3).

Economics

The highest net returns were recorded under 45 cm x
45 cm spacing, which again registered the significance of
this plant spacing (Table 2). The net return and higher
benefit: cost ratio were also observed under this spacing.

The optimum spacing gives plants less competitive envi-
ronment both above and below the soil that promotes bet-
ter root growth and higher canopy development which fi-
nally resultsin ore leaf production and in turn more essen-
tial oil and artemisinin yield in A. annua. Similar kind of
results were observed by Avasthe er al., (2012) in rice,
who observed higher net returns in optimum spacing of 20
cm x 20 cmin SRI cultivation system of rice.

The present study revealed that the optimum spacing of
45 cm x 45 cm is best suited for Gujarat condition for
higher yield of herb, essential ail, artemisinin and in turn
high net returns.

REFERENCES
Adams, R.P. 2007. Identification of Essential Oil Components by



100 ABIRAMI ET AL.

Gas Chromatography/ Mass Spectroscopy. Allured Publice-
tion Corporation, Carol Stream IL, USA.

Avasthe, R.K., Verma, S., Kumar, A. and Rahman, H. 2012. Perfor-
mance of rice (Oryza sativa) varieties at different spacing
under system of rice intensification (SRI) in mid hill acid
soils of Sikkim Himalayas. Indian Journal of Agronomy
57(1): 32-37.

Bagchi, G.D., Jain, D.C. and Kumar, S. 1997. Arteether, a potent
plant growth inhibitor from Artemisia annua. Phytochemis-
try 45: 1,131-33.

Bakuni, R.S., Jain, D.C., Sharma, R.P. and Kumar, S. 2001. Second-
ary metabolites and biological activities of Artemisia annua.
Current Science 80: 35-48.

Chauhan, N.K., Gupta, S, Singh, S., Narayan, O. and Lohani, H.
2008. Effect of different plant spacings on biomass and oil
yield of Artemisia annua L. Journal of Medicinal and Aro-
matic Plant Sciences 30: 270-72.

Enserink, M. 2005. Source of new hope against malariais in short
supply. Science 307: 33.

Ferreira, J.F.S. and Janick, J. 1996. Roots as an enhancing factor for
the production of artemisinin in shoot cultures of Artemisia
annua L. Plant Cell, Tissue and Organ Culture 44: 211-17.

Ferreira, JF.S., Laughlin, J.C., Delabays, N. and De Magal haes,
P.M. 2005. Cultivation and genetics of Artemisia annua L.
for increased production of the antimalarial artemisinin.
Plant Genetic Resources 3(2): 206-29.

Gupta, SK., Singh, P, Bajpal, P, Ram, G, Singh, D., Gupta, M.M.,
Jain, D.C., Khanuja, S.P.S. and Kumar, S. 2002. Morphoge-
netic variation for artemisinin and volatile oil in Artemisia
annua, Industrial Crops and Products 16: 217-24.

Guan, J. and Nutter, EW. 2002. Relationships between Percentage
Defoliation, Dry Weight, Percentage Reflectance, L eaf-to-
Stem Ratio, and Green Leaf Arealndex in the Alfalfa Leaf
Spot Pathosystem. Crop Science 42: 1,264-73.

Kumar, S. and Srivastava, S. 2005. Establishment of artemisinin
combination therapy asthefirst line treatment for combating
malaria: Artemisia annua cultivation in Indianeeded for pro-
viding sustainable supply chain of artemisinin. Current Sci-
ence 89: 1,097-02.

Kumar, S., Gupta, SK., Singh, P, Bajpai, P, Gupta, M.M., Singh,

[Val. 59, No. 1

D., Gupta, A.K., Ram, G, Shasany, A.K. and Sharma, S.
2004. High yields of artemisinin by multi harvest of Artemi-
sia annua crops. Industrial Crops and Products 19: 77-90.

Kumari, A., Singh, R.P. and Yeshpal. 2012. Productivity, nutrient
uptake and economics of mustard hybrid (Brassica juncea)
under different planting time and row spacing. Indian Jour-
nal of Agronomy 57(1): 61-67.

Mert, A., K1rlcl, S. and Ayanodlu, F. 2002. The effects of different
plant densities on yield, yield components and quality of
Artemisia annua L. ecotypes. Journal of Herbs, Spices and
Medicinal Plants 9(4): 413-18.

Ozguven, M.U., Ener, B.S., Orhan, I., Lu, N.M.S.E, Kirpik, M.,
Katal, M., PesIn, I. and Kaya, Z. 2008. Effects of varying
nitrogen doses on yield, yield components and artemisinin
content of Artemisia annua L. Industrial Crops and Prod-
ucts 27(1): 60-64.

Ram, M., Gupta, M., Dwivedi, S. and Kumar, S. 1997. Effect of
plant density on the yields of artemisinin and essential oil in
Artemisia annua cropped under low input cost management
in North Central India. Planta Medica 63(4): 372—74.

Sangwan, N.S., Sangwan, R.S. and Kumar, S. 1998. Isolation of
genomic DNA from the antimalarial plant Artemisia annua.
Plant Molecular Biology Reporter 16: 1-8.

Sanja, C., Milka, M., Danijiela, V. and Adisa, P. 2012. Chemical
composition, antioxidant and antimicrobia activity of essen-
tial oil of Artemisia annual L. from Bosnia. Industrial Crops
and Products 37: 479-85.

Singh, R., Puttanna, K., Prakasa Rao, E.V.S., Gupta, A K., Gupta,
M.M. and Khanuja, S.P.S. 2009. Evaluation of influence of
planting date on growth, artemisinin yield and seed yield of
Artemisia annua under Bangalore agro-climatic conditions.
Archives of Agronomy and Soil Science 55(5): 569-77.

Tiwari, S. 2011. Effect of developmenta stage and plant spacing on
artemisinin and essentia oil yield in Artemisia annua plants.
Trends in Biosciences 4(2): 222-23.

Woerdenbag, H.J., Pras, N., Chan, N.G, Bang, B.T., Bos, R., Uden,
W., Van, Y.P, Boi, N.V., Batterman, S. and Lugt, C.B. 1994.
Artemisinin related sesquiterpenes and essential oil in Arte-
misia annua during a vegetation period in Vietham. Planta
Medica 60: 272—-T75.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


