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Coleus is a minor tuber crop valued for its tubers
with specific aroma that fetch attractive price in the
market. Hence, commercial cultivation of this short
duration crop for itsvegetative purpose is common.
As in the case of other tuber crops, balanced
nutrition is the key to attain higher productivity and
profitability in coleus production. A short crop
growth period of 120 -150 days makes timely supply
of nutrients especially potassium as it has a crucial
role in starch synthesis as well as translocation.
Deficiency of secondary nutrients especially
magnesium is reported from soils of Kerala.
Moreover, many research findings indicate that
magnesium deficiency in plants may be not only
due to low magnesium status of soil, but due to
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Abstract
An experiment entitled ‘Potassium-magnesium interaction in coleus (Solenostemon rotundifolius)
productivity’ was conducted during the period of July to November 2020 at Agronomy Farm, College of
Agriculture, Vellanikkara, Thrissur, with an objective to assess the effect of potassium and magnesium
sulphate application on tuber yield of coleus. The treatments consisted of twelve combinations of potassium
chloride and magnesium sulphate doses laid out in RBD. Potassium (K2O) was applied at rate of 60 kg/ha
(soil test based), 100kg/ha (PoP recommendation) and a check (no potassium). Magnesium sulphate was
applied at four doses 0 kg/ha, 10 kg/ha, 20 kg/h and 40 kg/ha. Growth parameters such as plant height,
drymatter production of shoot, dry matter production of tubers as well as total dry matter production were
significantly influenced by potassium nutrition. However, root to shoot ratio as well as LAI at peak vegetative
stage did not vary significantly with potassium application. Dry matter production of both shoot and tuber
increased with increasing levels of potassium. Tuber yield was the highest when potassium was applied @
100 kg/ha followed by potassium application @ 60 kg/ha which differed statistically. Effect of magnesium
sulphate application on yield was non significant. However K-Mg interaction effect was significant and the
highest tuber yield was registered when K2O was applied @ 100 kg/ha along with foliar application of
MgSO4 @ 10 kg/ha as well as K2O @ 100 kg/ha with soil application of MgSO4 @ 40 kg/ha which were at
par.
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interaction of magnesium with potassium, both of
which are antagonistic in reaction. This emphasizes
the importance of  balanced supply of potassium
and magnesium especially in ashort duration tuber
crop like coleus where tuber initiation and bulking
starts at early stage of crop growth and development.
Hence the present study was undertaken to know
the effect of varied dose of K2O and MgSO4 on tuber
yield of coleus. A blanket recommendation for
magnesium deficient soils of Kerala is application
of 80 kg of MgSO4/ha irrespective of crop (KAU,
2016).

The field experiment was conducted from July 2020
to November 2020 at Agronomy Farm, College of
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Agriculture, Vellanikkara, Thrissur, located at 100

31’N latitude and 760 13’E longitude at an altitude
of 40.3 m above the mean sea level. The area
experiences a tropical humid climate with maximum
and minimum temperature ranging between 30.2-
33.00 C and 21.9-23.10 C respectively. The total
rainfall received during the entire crop period was
2124.7mm. The soil of the experiment site was well-
drained, sandy clay loam texture, acidic in reaction
(pH 5.2). The organic carbon content of soil was
0.88% (medium), nitrogen– 113kg/ha (low) and
phosphorus -78 kg/ha (high). Soil test before
planting coleus indicated medium potassium status
of 256 kg/ha and low in magnesium (63 mg/kg).The
treatments consisted of twelve different
combinations potassium (K2O) and magnesium
sulphate (MgSO4) which was replicated thrice in
RBD design. Potassium (K2O) was applied @ 60
kg/ha [initial potassium status of soil was medium
(256 kg/ha) so 60% of the recommended dose of
potassium as per PoP was given], @ 100 kg/ha (PoP
recommendation) and a check (no potassium).
Magnesium sulphate was applied at the rate of 10
kg/ha, 20 kg/ha, 40 kg/ha and a control (no MgSO4).
Lower dose of magnesium sulphate (10 kg/ha), was
applied as foliar spray (2 per cent spray) at 30 DAP
as the quantity was too small for soil application.
The other two doses of MgSO4 (20 and 40 kg/ha)
was applied in soil as single split application. N and
P2O5 were applied as per PoP recommendation @
60:60 kg/ha. Half quantity of K and full P was
applied basally and the remaining half of K2O at 45
DAP along with N. A high yielding coleus variety
Nidhi (4–5month duration) was used for the study.

Coleus vine cuttings of 15-20 cm length were
collected from nursery and two rows of vine cuttings
were planted in beds of width 60cm at a spacing of
30 cm x 15cm. Observations on biometric
parameters, chlorophyll content, yield and dry
matter production of coleus were recorded and the
mean values were worked out. The plant height was
measured from collar region near the ground to the
tip of growing apical bud of vine. Dry matter
accumulation per vine was recorded at 60, 90 DAP

by destructive sampling of random plants. After
uprooting plants they were washed and dried under
shade and then oven dried at 70±5p C to contant
weight. Dry weight at harvest stage was found out
by adding weights of aerial and underground tubers
and was expressed in grams per plant. This was
multiplied with plant population to get dry matter
production and expressed as kg/ha. Leaf area index
(LAI) was estimated by uprooting sample plants
from each plots at active vegetative stage. Total
number of leaves was counted. The length and
breadth of few leaves from each plant were
measured and leaf area was calculated by using
factor method. The average leaf area per leaf was
multiplied with total number of leaves to get total
leaf per vine (cm2). Total leaf area was calculated
and divided by spacing to get leaf area index. Root
to shoot ratio was recorded by collecting fresh
weight of shoot and root was separately recorded at
30 and 60 DAP and the ratio was worked out.
Atharvest root and shoot ratio was worked out on
dry weight basis. Leaf chlorophyll content at peak
growth stage was estimated using DMSO method
and expressed as mg/g fresh weight of leaf. Tuber
weight was recorded from each treatment plot and
expressed as tuber yield (t/ha).

Plant height was significantly influenced by
potassium application. Taller plants were observed
with potassium application @ 60 and 100 kg/ha at
60 DAP. But at 90 DAP lower value of plant height
was registered at higher level of 100 kg/ha K2O.
Islam et al. (2014) reported that plant height of
potato decreased at later stages of growth with
increasing levels of potassium application.
However, Geetha and Nair (1993) reported that
application of potassium at 120 kg/ha did not show
much effect on plant height of coleus. Magnesium
sulphate application also influenced plant height.
At 90 DAP, taller plants were observed in plots
which received MgSO4 @ 40 kg/ha. Deficiency of
magnesium resulted in stunted growth in sugarbeet
(Hermans et al., 2004). Interaction of potassium and
magnesium sulphate was significant only at 60 DAP.
At 60 DAP maximum height was observed in
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treatment combination of K2O @ 60kg/ha with no
MgSO4 application and K2O at 100 kg/ha with
MgSO4@10 kg/ha and they were comparable
statistically.

Plant growth and yield depend on leaf area as well
as the total vegetative growth putforth by plants to
a greater extent. Observation on leaf area index
(LAI) suggests that both potassium and magnesium
sulphate application did not bring about much
variation in LAI of coleus. LAI of coleus was
recorded at active growth stage (60 DAP) and data
is presented in Table 1. Different levels of potassium
and magnesium sulphate application didn’t
significantly influence LAI of coleus. Interaction
effect of potassium and magnesium sulphate was
also nonsignificant with respect to LAI of coleus.
Similar results were obtained in study conducted
by Geetha and Nair (1993) were application of
potassium didn’t influence plant spread and leaf area
index of coleus. Contradicting to the results Th.
Nengparmoi (2020) found that upon increasing
levels of potassium LAI showed a positive response
in sweetpotato.

Dry matter production of shoot, dry matter
production of tubers as well as total dry matter
production were significantly influenced by
potassium application. Dry matter production
(DMP) of coleus shoots increased with increasing
levels of K2O. At 60 DAP and at harvest, plants

which received 60 or 100 kg/ha potassium recorded
higher and comparable shoot DMP compared to no
K2O application. At 60 DAP, higher DMP of 2115
kg/ha was obtained with the foliar application of
MgSO4 (10 kg/ha) and this was on par with soil
application of 40kg/ha of MgSO4. Magnesium
sulphate application did not show any significant
influence on DMP at 90 DAP. However at harvest,
aerial DMP with the application of 40 kg MgSO4
was superior compared to other rates.

Application of K2O @ 100 kg/ha recorded higher
DMP of tuber and total DMP over other K levels
(Fig. 1). Effect of magnesium sulphate application
on dry matter production of tuber and total dry
matter production was not significant. However
interaction effect of potassium and magnesium
sulphate was significant with respect to tuber DMP.
Higher values were registered when 100 kg/ha of
K2O was applied along with foliar application of
10 kg MgSO4 and soil application of 40 kg/ha
MgSO4. This might be due to the role of potassium
in nutrient uptake and translocation. Higher doses
of K, increased the availability of K to plants which
in turn increased the drymatter production and
further translocation of assimilates to the tuber bulk.
Enyi (1972) in a study conducted in Dioscorea
esculenta found a positive influence of potassium
on tuber yield and attributed this to the greater leaf
area and leaf duration that enhanced transfer of
assimilates for tuber bulking.

Tuber yield increased significantly with increase in
rate of potassium applied and showed an increase

Figure 1. Effect of K
2
O and MgSO

4 on dry matter
production of coleus at harvest

Table 1. Plant height and dry matter production of coleus
as influenced by potassium and magnesium sulphate
application
Treatment Plant height Root to Leaf

(cm) shoot ratio area index
60 DAP 90 DAP 60 DAP 60 DAP

K2O 0kg/ha 42.50b 75.91a 0.13 8.46
60kg/ha 49.80a 70.75a 0.14 11.52
100kg/ha 47.75a 61.33b 0.11 9.59

C.D(0.05) 2.94 3.74 NS NS
MgSO4 0kg/ha 51.11a 68.11b 0.12 10.21

10kg/ha 49.56a 67.33b 0.10 9.75
20kg/ha 42.16b 68.11b 0.16 10.31
40kg/ha 43.88b 73.77a 0.13 9.17

C.D (0.05) 3.40 4.32 NS NS
In a column, means followed by common letters donot differ
significantly at 5% level in DMRT. DAP-Days after planting
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of 19 per cent when 100 kg of K2O was applied
compared to control (13.80, 14.94 and 16.46 t/ha,
at 0, 60 & 100 kg/ha K2O, respectively). Application
of K2O at the rate of 120 kg/ha had yielded highest
tuber yield in coleus (Geetha and Nair, 1993).

Various levels of magnesium sulphate applied did
not show any influence on tuber yield. Putz et al.
(1976) reported that application of magnesium in
potato had increased tuber yield by 10 per cent. They
also stated that magnesium is required in adequate
amounts for tuber bulking and if soil is deficient in
magnesium foliar application will be beneficial.
Talukder et al., (2009) also found that foliar
application of 10 kg/ha of MgSO4 increased yield
in potato and this was on par with 15 and 20 kg/ha
of MgSO4. Further increasing dosage tend to

decrease tuber yield. Similar results were obtained
by John et al. (2015) in a long term fertilizer
experiment conducted in cassava and reported that
MgSO4 application at 20 kg/ha positively influenced
tuber yield. Generally application of magnesium
fertilizers increased yield of most of the tuber crops
but it can vary depending on crop species (Wang et
al., 2019). However, interaction effect of K2O–
MgSO4 was significant and best combination was
100 kg of K2O along with foliar application of
MgSO4 @ 10 kg/ha or 40 kg/ha which was on par
with K2O @60 kg along with MgSO4@40 kg/ha
of.

Net returns as well as B-C ratio were higher for
K2O application@ 100 kg/ha along with soil
application of MgSO4@ 40kg/ha or foliar

Table 2. Interaction effect of K and MgSO4 on dry matter production of tuber
Treatment MgSO4(kg/ha) Mean K2O

0 10 20 40
K2O (kg/ha) 0 3,301 3,356 3,160 2,573 3,097

60 3,791 3,307 3,779 3,843 3,680
100 3,783 4,469 3,891 4,463 4,152

Mean MgSO4 3,625 3,711 3,610 3,626

Table 3. Interaction effect of K and MgSO4 on yield of tuber
Treatment MgSO4(kg/ha) Mean K2O

0 10 20 40
K2O (kg/ha) 0 10.71 12.64 13.16 13.75 12.91

60 13.60 13.78 15.75 16.64 15.33
100 12.79 19.01 16.21 19.36 17.30

Mean MgSO4 15.10 15.46 15.04 15.11

Table 4. Plant height, Dry matter production, Leaf chlorophyll content,Yield, Netreturns, B:Cratio as influenced by potassium-
magnesium interaction in
Treatment (K2O x MgSO4) Dry matter production tuber (kg/ha) Tuberyield (t/ha) Net returns (A/ha) B:C ratio
0kg/ha 0kg/ha 3,301f 10.71f 1,84,520 2.3

10kg/ha 3,356e 12.64ef 2,53,370 2.6
20kg/ha 3,160g 13.16def 2,49,872 2.7
40kg/ha 2,573h 13.75cdef 2,65,379 2.8

60kg/ha 0kg/ha 3,791d 13.60cdef 2,61,484 2.7
10kg/ha 3,307f 13.78cde 2,65,786 2.8
20kg/ha 3,779d 15.75cde 3,23,592 3.1
40kg/ha 3,843c 16.64abc 3,48,292 3.3

100kg/ha 0kg/ha 3,783d 12.79ef 1,93,918 2.3
10kg/ha 4,469a 19.01ab 4,21,420 3.8
20kg/ha 3,891b 16.21bcd 3,36,322 3.2
40kg/ha 4,463a 19.36a 4,28,626 3.8

CD(0.05) 691 2.89
*In a column, means followed by common letters donot differ significantly at 5%level in DMRT. DAP- Days After Planting
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application@10 kg/ha. The results of the study
indicated that potassium applied at the rate of @100
kg/ha, even in soils with medium status of available
K wa s better to increase the productivity of coleus.
Also, K-Mg balance is important in coleus
productivity in soils deficient in magnesium. It can
be concluded that potassium at the rate of @100
kg/ha with MgSO4 @10 kg/ha (foliars pray at 30
DAP) or 40 kg/ha (soil application at 30 DAP) can
be recommended for higher yield, productivity and
profitability of coleus cultivation in soils deficient
in magnesium and medium in available K.

Acknowledgement

The work forms a part of MSc(Ag) thesis of the
first author submitted to the Kerala Agricultural
University and financial support from Kerala
Agricultural University is greatfully acknowledged.

References

Enyi, B.A. C. 1972. Effect of staking, nitrogen and
potassium on growth and development in lesseryams:
Dioscorea esculenta. Ann. Appl. Biol.,72(2):211-
219.

Geetha, K. and Nair, M. K. P.1993. Effect of N and K
incoleus. J. Trop. Agric.31(2):198-203.

Hermans, C., Johnson, G. N., Strasser, R. J. and
Verbruggen, N. 2004. Physiological characterisation

of magnesium deficiency in sugar beet: acclimation
to low magnesium differentially affects photosystems
I and II.Planta, 220(2):344-355.

KAU [KeralaAgricutluralUniversity]. 2016. Package of
Practices Recommendation: Crops(15thEd.). Kerala
Agricultural University, Thrissur, 392p.

Nair, G.M. 2000. Cultural and manurial requirements of
sweet potato. In: Production Technology of Tuber
Crops, (eds). Mohankumar C. R, Nair G. M, George
J, Raveendran C.S.S . Ravi. VCentral Tuber Crops
Research Institute, Thiruvananthapuram, Kerala,
India,44-72 pp.

Putz, B., Roebers, F. and Wetzold, P. 1976. New
beginning. Agricultural Series Soil and Plant booklet.
Paul Parey Hamburg and Berlin. New York 97p.

John, K. S., George, J., Beegum, S. S. and Shivay, Y. S.,
2015. Soil fertility and nutrient management in
tropical tuber crops––An overview. J. Agron. 61(3):
263-273.

Talukder, M., Islam, M. B., Kamal, S., Mannaf, M., and
Uddin, M. 2009. Effects of magnesium on the
performance of potato in the Tista Meander Flood
plain soil. Bangladesh. J. Agric. Res. 34(2):255-261.

Th. Nengparmoi, 2020. Response of sweet potato
[Ipomoea batatas (L.) Lam.] to secondary nutrients.

MSc. thesis, Kerala Agricultural University, Thrissur,
India.85p.

Wang, S., Li, H., Liu, Q., and Shuwen, H. 2019. Nitrogen
uptake, growth and yield response of orangefleshed
sweet potato (Ipomoea batatas L.) to potassium
supply. Commun. Soil Sci. Plant Anal.51(4):1-11.

S. Aswani, P. Prameela, P. S. Bhindhu and Syama S. Menon



<<
  /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


