
Indian Journal of Agronomy 63 (1): 95__99 (March 2018)

Effect of planting method on productivity and economics of sugarcane
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ABSTRACT

A field experiment was conducted during 2013–14, 2014–15 and 2015–16 at Pusa, Bihar, to evaluate planting
options (conventional and trench method) and sugarcane (Saccharum spp. hybrid complex) varieties (‘BO 91’,
‘BO 137’, ‘BO 141’, ‘BO 154’ and ‘CoP 2061’) for higher growth, yield and quality of sugarcane under waterlogged
conditions. Significantly higher germination (33.2%), plant population   (179,600/ha), plant height (294 cm), total
dry-matter accumulation (28.9 t/ha) and leaf-area index (4.38) were observed with trench method of planting than
conventional method of planting. However, significantly higher number of nodes having aerial roots (8.1) and cane
lodging (48.5%) were observed with conventional method of planting. The maximum cane diameter (2.07 cm),
millabe canes (107,600/ha), cane yield (78.1 t/ha), gross returns ( 199,100/ha), net returns ( 114,000/ha) and
benefit: cost ratio (1.34) were obtained with trench method of planting, being higher by 13.7, 18.9, 19.2, 19.2, 22.8
and 7.2%, respectively, over that of furrow planting respectively. Similarly, trench planted canes exhibited signifi-
cantly higher brix (19.1%), pol (16.93%), commercial cane sugar (11.72%) and sugar yield (9.2 t/ha) than that of
conventional method. Among the varieties, ‘CoP 2061’ showed better performance under waterlogged conditions
with higher germination (37.8%), plant population (1,87,500/ha), plant height (296 cm), total dry matter accumula-
tion (30.2 t/ha), LAI (4.60), cane diameter (2.06 cm) and millable canes (1,09,700/ha). Significantly higher cane
yield (80.9 t/ha) and gross returns ( 2,06,300/ha) was obtained with the variety ‘CoP 2061’ which was statistically
comparable to ‘BO 137’ (77.9 t/ha) and ‘BO 154’ (74.1 t/ha). Similarly, higher net returns ( 126,700/ha) and ben-
efit: cost ratio (1.59) were obtained with ‘CoP 2061’. However, higher brix content (19.1%) was noticed with ‘BO
154’. There were no significant varietal differences for pol and purity per cent juice. Thus, sugarcane should be
planted with trench method and varieties ‘CoP 2061’ and ‘BO 137’ may be adopted to enhance productivity of sug-
arcane under waterlogged conditions.
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Sugarcane (Saccharum spp. hybrid complex) is one of
the most important commercial crops of India and known
to be cultivated since pre-historic periods. In India, it is
cultivated in an area of 5.3 million ha, of which Bihar
shares only 0.28 million ha concentrated in north Bihar.
The sugarcane productivity of the state is 50.0 t/ha, which
is also low as compared to national average yield of 63.7
t/ha (ISMA, 2017). Low productivity of sugarcane in state
is linked to the biotic and abiotic stresses. Waterlogging
among other abiotic stresses is a major concern, as 30–
35% sugarcane area in Bihar is under waterlogged condi-
tions. The reduction in yield and quality due to waterlog-
ging happens primarily due to creation of anaerobic con-
dition in the soil which results in poor root respiration, root

growth and nutrient uptake. If waterlogging occurs during
July–September which is the grand growth period of crop,
adverse effect is reported on growth, yield and quality of
sugarcane (Kumar, 2009; Kumar et al., 2013). Crop yield
losses due to waterlogging mainly depend on depth and
duration of waterlogging and stage of crop growth. Apart
from this, the lodging of cane and formation of aerial roots
impair movement of nutrients leading to emergence of
new shoots which drain out the food reserves. Kumar et al.
(2015) reported that, higher water stagnation during grand
growth phase (July– September) reduced plant height by
9.4%, cane diameter by 13.4%, millable canes by 13.8%
and single cane weight by 15.7% compared with normal
condition. Loss of yield and quality in waterlogged condi-
tion mainly starts with lodging of canes. Lodging of canes
largely depends upon the method of planting, which could
be minimized mainly through appropriate planting method

1Corresponding author’s Email: navnitsripusa@gmail.com
Junior Scientist-cum-Assistant Professor, Department of Agronomy

Research Paper



96 NAVNIT KUMAR [Vol. 63, No. 1

and cultivation of suitable varieties.  Conventional method
of sugarcane planting at 15 cm depth restricts the cane
yield and quality to a considerable extent owing to exces-
sive lodging of canes under waterlogged conditions.
Trench method of sugarcane planting is becoming popu-
lar due to availability of tractor-drawn trencher; higher
germination and plant population that might help in mini-
mizing the lodging to some extent since the depth of plant-
ing in trench method is greater (30 cm) to that of conven-
tional method (15 cm). Choice of suitable variety is an-
other factor of prime importance to increase productivity.
Growing of sugarcane varieties with no waterlogging tol-
erance pulls down the average productivity of state. The
present investigation was therefore conducted to study the
response of sugarcane varieties to planting methods under
waterlogged conditions.

MATERIALS AND METHODS

A field experiment was conducted during 2013–14,
2014–15 and 2015–16 at Sugarcane Research Institute, Dr
Rajendra Prasad Central Agricultural University, Pusa
(Samastipur), Bihar under waterlogged conditions. The
soil was sandy loam and alkaline (pH 8.2). It contained
0.44% organic carbon, 29.8% free CaCO3 and was low in
nitrogen (203 kg/ha), medium in phosphorus (19.4 kg/ha)
and poor in potassium (102 kg/ha). The experiment com-
prised 2 planting methods, viz. conventional and trench
method with furrow and trench depth of 15 and 30 cm,
respectively, and 5 sugarcane varieties (‘BO 91’, ‘BO
137’, ‘BO 141’, ‘BO 154’ and ‘CoP 2061’). The experi-
ment was conducted in randomized block design with 3
replications during the spring season. Crop was planted in
the second week of February at 90 cm row spacing and
harvested in the last week of January during all the years.
Recommended doses of N, P and K (150, 37.1 and 49.8
kg/ha) were applied. Urea, diammonium phosphate and
muriate of potash were taken as sources of nitrogen, phos-
phorus and potassium respectively. Full dose of P and K
and half the dose of N were applied basal at the time of
planting and the rest of N in 2 equal splits–after first irri-
gation and at the time of earthing up–in each year. The
total rainfall received was 980.8, 1,112.5 and 932.6 mm
during 2013–14, 2014–15 and 2015–16 respectively. The
experiment was conducted under irrigated condition as per
recommended packages of practice. The average depth of
water in the crop field during the month of July, August,
September and October was 60, 105, 115 and 35 cm, re-
spectively, during 2013–14, 2014–15 and 2015–16. The
data were recorded on growth, yield attributes, yield and
quality of sugarcane following the standard procedures.
Whole cane samples were taken at the time of harvesting
and cane juice was extracted with power crusher and juice

quality was estimated as per method given by Spencer and
Meade (1955). Sugar yield was calculated as: sugar yield
(t/ha) = [S – 0.4 (B - S) × 0.73] × cane yield (t/ha)/100;
where S and B are sucrose and brix in cane juice respec-
tively. Fibre per cent cane was estimated by rapi-pol ex-
tractor. Economic analysis was done based on pooled yield
data and considering price of input and output of the last
year of study. The net realization was calculated by de-
ducting the total cost of cultivation from the gross realiza-
tion. The benefit: cost ratio was calculated as ratio of net
realization to cost of cultivation. Finally the data were
analysed as per the standard statistical methods.

RESULTS AND DISCUSSION

Growth
The data revealed that the method of planting produced

marked variation in growth of sugarcane (Table 1). Trench
method of planting recorded the highest germination per-
centage (33.2%) at 45 days after planting (DAP), plant
population (179,600/ha) at 125 DAP, leaf-area index
(4.38) at 240 DAP and plant height (294 cm) and dry-
matter accumulation (28.9 t/ha) at harvesting. However,
this was statistically at par with conventional method of
planting in respect of tillers mortality. The better growth
and development characters of plants in case of trench
method over conventional method of planting could be
attributed to availability of optimum moisture at greater
depth. Singh et al. (2012) and Kumar et al. (2014) also
reported such results. Trench method of planting de-
creased the number of nodes having aerial roots by 14.8%
compared with conventional planting. Cane lodging per-
centage was also low by 33.8 with trench method. The
reduction in number of nodes having aerial roots and cane
lodging percentage with trench planted canes might be
ascribed to extra strength to roots due to deep placement
of setts which leads to emergence of shoots from deeper
layers which resists lodging as lodging is the main cause
of aerial root formation. All the growth characters were
significantly influenced by sugarcane varieties (Table 1).
It was observed that ‘CoP 2061’ being at par with ‘BO
154’ recorded significantly higher germination (37.8%)
and plant population (187,500/ha) than ‘BO 91’, ‘BO 137’
and ‘BO 141’. Higher germination and plant population
might be owing to the chemical composition of soluble
solids in juice as well as enzymes and hormones present in
cell-sap, which differ from variety to variety. Variety ‘CoP
2061’ recorded taller plants (296 cm), higher dry-matter
accumulation (30.2 t/ha) and leaf area index (4.60).
Though it was at par with ‘BO 154’ and ‘BO 91’ in respect
of plant height and ‘BO 154’ and ‘BO 137’ in case of dry-
matter accumulation. It was mainly due to its fast growth
over other varieties. Kumar et al. (2013) also observed
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marked variation in dry-matter accumulation, plant height
and leaf-area index due to different varieties under water-
logged conditions. The highest tillers mortality of 43.6%
was recorded with ‘BO 141’ which was statistically com-
parable with ‘CoP 2061’ (41.5%) and ‘BO 154’ (40.7%),
while the lowest tillers mortality of 34.1% was recorded
under ‘BO 91’. This indicated that, ‘BO 141’ is more sus-
ceptible to waterlogging. Similar results were also re-
ported by Kumar (2009). Significant variation was ob-
served among the varieties in terms of number of nodes
having aerial roots and cane lodging percentage, and the
variety ‘BO 137’ recorded the minimum number of nodes
having aerial roots (6.1) and cane lodging (26.7%). The

minimum number of nodes having aerial roots and lower
lodging percentage was mainly due to erect growth habit
of ‘BO 137’.

Yield attributes and cane yield
Cane diameter, millable canes and cane yield varied

significantly due to planting method, but failed to exert
significant influence on single cane weight (Table 2). The
trench method of planting registered a 13.7, 18.9 and
19.2% higher cane diameter, millable canes and cane yield
over conventional method. Higher cane diameter, millable
canes and cane yield under trench method of planting
could be attributed to better soil environment and growth

Table 1. Effect of planting methods and variety on growth of sugarcane under waterlogged condition (pooled data of 3 years)

Treatment Germination Plant Plant height Total LAI at Tillers Number Cane
(%) at 45 population at harvest DMA* 240 DAP mortality of nodes lodging

DAP at 125 DAP (cm) at harvest (%) having aerial (%)
(×103/ha) (t/ha) roots

Planting method
Conventional 30.2 147.9 254 24.7 3.68 38.8 8.1 48.5
Trench 33.2 179.6 294 28.9 4.38 40.1 6.9 32.1

SEm± 0.67 4.43 6.2 0.51 0.079 0.88 0.15 0.88
CD (P=0.05) 2.0 12.5 18 1.5 0.23 NS 0.4 2.6

Variety
‘BO 91’ 31.3 158.0 282 26.3 4.06 34.1 8.0 45.2
‘BO 137’ 28.7 156.6 265 28.9 3.91 37.5 6.1 26.7
‘BO 141’ 25.2 145.0 247 20.7 3.56 43.6 8.3 58.5
‘BO 154’ 35.5 171.8 280 27.8 4.01 40.7 7.5 32.7
‘CoP 2061’ 37.8 187.5 296 30.2 4.60 41.5 7.6 38.8

SEm± 1.05 7.01 9.8 0.81 0.124 1.40 0.24 1.39
CD (P=0.05) 3.1 19.8 29 2.4 0.37 4.2 0.7 4.1

DAP, Days after planting; DMA*, dry-matter accumulation; LAI, leaf-area index

Table 2. Effect of planting methods and variety on yield attributes, cane yield and economics of sugarcane under waterlogged condition
(pooled data of 3 years)

Treatment Cane Millable Single cane Cane Gross Cost of Net Benefit:
diameter canes weight yield returns cultivation returns cost ratio

(cm) (×103/ha) (g)  (t/ha)  (×103 /ha)   (×103 /ha) (×103 /ha)

Planting method
Conventional 1.82 90.5 726 65.5 167.0 74.2 92.8 1.25
Trench 2.07 107.6 735 78.1 199.1 85.1 114.0 1.34

SEm± 0.047 2.44 14.3 1.82 4.49 - 3.09 0.029
CD (P=0.05) 0.14 6.9 NS 5.2 13.4 - 9.2 0.08

Variety
‘BO 91’ 1.78 104.2 685 70.7 180.3 79.7 100.7 1.26
‘BO 137’ 2.09 97.8 802 77.9 198.6 79.7 118.9 1.49
‘BO 141’ 1.77 81.8 684 55.4 141.2 79.7 61.5 0.77
‘BO 154’ 2.02 101.9 736 74.1 189.0 79.7 109.3 1.37
‘CoP 2061’ 2.06 109.7 745 80.9 206.3 79.7 126.7 1.59

SEm± 0.074 3.86 22.6 2.88 7.10 - 4.89 0.045
CD (P=0.05) 0.22 10.9 67 8.2 21.1 - 14.5 0.13
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attributes. Prem Guru et al. (2017) and Katiyar et al.
(2013) also reported similar results.

Among the varieties, ‘BO 137’ recorded higher cane
diameter (2.09 cm) and was significantly superior to ‘BO
91’ and ‘BO 141’. Significantly more millable canes
(109,700/ha) were recorded with ‘CoP 2061’, at par with
‘BO 91’ and ‘BO 154’. It was mainly owing to pre-mon-
soon period higher plant population of these varieties than
the others which led to higher number of millable canes at
harvesting. These results confirm the findings of Shukla
(2007) and Chakrawal and Kumar (2014). ‘BO 137’ pro-
duced thicker canes (802 g/plant) which were significantly
superior to ‘BO 91’ and ‘BO 141’ and at par with ‘CoP
2061’ and ‘BO 154’. Kumar (2009) also noticed signifi-
cant variation in aforesaid attributes among different sug-
arcane varieties in waterlogged conditions. Significantly
higher cane yield was recorded with the variety ‘CoP
2061’ (80.9 t/ha) than ‘BO 91’ (70.7 t/ha) and ‘BO 141’
(55.4 t/ha), being statistically similar with ‘BO 137’ and
‘BO 154’, owing to higher number of millable canes with
moderate cane thickness and weight. Kumar (2009),
Kumar et al. (2015), and Gulati et al. (2015) also reported
similar yield variation under waterlogged conditions.

Economics
Trench method of planting recorded significantly

higher gross returns ( 199,100/ha), net returns
( 114,000/ha) and benefit: cost ratio (1.34) (Table 2). The
magnitude of increase in gross returns, net returns and
benefit: cost ratio by trench method of planting over con-
ventional method was 9.2, 22.8 and 7.2% respectively.
This was primarily owing to higher cane yield under
trench method of planting. The cost of cultivation for all

Table 3. Effect of planting methods and variety on quality parameters of sugarcane under waterlogged condition (pooled data of 3 years)

Treatment Brix (%) Pol (%) Purity (%) CCS (%) Cane fibre Sugar yield
(%) (t/ha)

Planting method
Conventional 18.7 16.45 88.0 11.36 14.3 7.4
Trench 19.1 16.93 88.6 11.72 13.5 9.2

SEm± 0.10 0.120 0.32 0.056 0.08 0.15
CD (P=0.05) 0.3 0.35 NS 0.17 0.2 0.5

Variety
‘BO 91’ 18.9 16.74 88.6 11.59 13.7 8.3
‘BO 137’ 19.0 16.92 89.1 11.75 14.0 9.2
‘BO 141’ 18.5 16.20 87.6 11.16 13.3 6.2
‘BO 154’ 19.1 16.85 88.2 11.65 14.1 8.6
‘CoP 2061’ 19.0 16.76 88.2 11.58 14.5 9.4

SEm± 0.15 0.197 0.50 0.089 0.12 0.24
CD (P=0.05) 0.4 NS NS 0.26 0.4 0.7

CCS, Commercial cane sugar

the varieties was similar. It was because of similar seed
cost of all the varieties. Varieties differed significantly for
gross returns, net returns and benefit: cost ratio (Table 2).
‘CoP 2061’ recorded the highest gross returns ( 206,300/
ha) though it was at par with ‘BO 137’ ( 198,600/ha) and
‘BO 154’ ( 189,000/ha). Based on cost analysis variety
‘CoP 2061’ gave the maximum net returns ( 126,700/ha)
which was statistically comparable to ‘BO 137’
( 118,900/ha) and significantly superior to rest of the va-
rieties. Similar was the trend in respect of benefit: cost
ratio.

Quality
The results indicated that except for purity per cent

planting methods had significant impact on quality param-
eters of sugarcane (Table 3). Significantly higher brix
(19.1%), pol (16.93%) and CCS (11.72%) were recorded
with trench method of planting. The magnitude of increase
in brix, pol and CCS percentage over conventional method
was 2.1, 2.9 and 3.2% respectively. Purity per cent juice
was not significantly influenced by planting methods;
however, it improved in trench method. Significantly
lower cane fibre content (13.5%) was noticed with trench
method of planting which reduced by 5.6% against that of
conventional method. This might be due to lower lodging
percentage in trench-planted canes. Trench method of
planting gave significantly higher sugar yield (9.2%)
which was 24.3% higher than conventional method. The
increase in sugar yield was owing to increase in CCS%
and cane yield under trench method of planting.

Among the varieties, significant variation in brix,
CCS%, cane fibre and sugar yield was noticed, while the
effect on pol and purity was non-significant (Table 3). Sig-
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nificantly higher brix (19.1%) was recorded with the vari-
ety ‘BO 154’ which was significantly superior to ‘BO 141’
(18.5%) and statistically comparable to rest of the variet-
ies. Variety ‘BO 137’ exhibited significantly higher CCS%
juice (11.75%) when compared to ‘BO 141’ (11.16%).
Significantly higher cane fibre (14.5%) was recorded for
‘CoP 2061’ being statistically similar to ‘BO 154’ (14.1%).
Higher sugar yield (9.4 t/ha) was obtained with ‘CoP
2061’ which was statistically comparable to ‘BO 137’ and
significantly superior to rest of the varieties. The higher
cane yield contributed greater extent in enhancing sugar
yield than other quality parameters (Table 3).

Based on the study, it may be concluded that trench
method of sugarcane planting under waterlogged condi-
tions is more productive, profitable and lodging resistant
compared to conventional planting method. Among the
varieties tested, ‘CoP 2061’ and ‘BO 137’ have a great
promise for increased productivity, profitability and sugar
yield of sugarcane under waterlogged conditions.

REFERENCES

Chakrawal, D. and Kumar, Navnit. 2014. Response of sugarcane
(Saccharum spp. hybrid complex) varieties to various plant-
ing geometry. Indian Journal of Agronomy 59(2): 341–343.

Gulati, J.M.L., Sunmarg, C., Behra, K.J., Jena, S.N. and Lenka, S.
2015. Effect of planting methods on growth pattern and pro-
ductivity of sugarcane varieties. Indian Journal of  Agricul-
tural Research 49(3): 222–228.

ISMA. 2017. Indian Sugar Mills Association. Indian Sugar 68(3):
49–51.

Katiyar, A.K., Singh, B.B. and Dixit, R. 2013. Increase productiv-
ity of sugarcane by trench method of planting along with
SSNM techniques. Journal of Rural and Agricultural Re-

search 13(2): 60–62.
Kumar, L., Singh, G., Chandra, S., Bhatnagar, A. and Raverkar, K.P.

2014. Yield, quality and irrigation water-use efficiency in
sugarcane (Saccharum officinarum) as influenced by pre-
planting tillage and crop-establishment method in tarai belt
of Uttarakhand. Indian Journal of Agronomy 59(1): 175–
178.

Kumar, Navnit. 2009. Growth, yield and quality assessment of sug-
arcane (Saccharum officinarum L.) varieties under water-
logged condition. Journal of Research, Rajendra Agricul-
tural University 19(1 & 2): 19–22.

Kumar, Navnit., Singh, H., Kumari, R. and Singh, V.P. 2013.
Growth and phasic development of sugarcane genotypes
under waterlogged and normal condition in subtropical In-
dia.  Indian Journal of Sugarcane Technology 28(2): 41–46.

Kumar, Navnit., Singh, H., Kumari, R. and Singh, V.P. 2015. Com-
parative analysis of yield and quality in sugarcane genotypes
under waterlogged and normal condition. The Bioscan
10(1): 323–327.

Prem, Guru., Kumar, R., Singh, V.D., Kumar, A., Choudhary, R. and
Ahmad, A. 2017. Effect of planting methods on cane yield,
water productivity and economics of spring planted sugar-
cane (Saccharum officinarum L.) in Ambala (Haryana). In-
ternational Journal of Agricultural Engineering 10(1): 186–
190.

Shukla, S.K. 2007. Productivity and economics of high-sugar geno-
types of sugarcane (Saccharum spp. hybrid complex) in
plant-ratoon system under various planting seasons and fer-
tility levels. Indian Journal of Agronomy 52(2): 164–167.

Singh, A.K., Singh, S.N., Rao, A.K. and Sharma, M.K. 2012. En-
hancing sugarcane (Saccharum hybrid complex) productiv-
ity through modified trench method of planting in sub-tropi-
cal India.  Indian Journal of Agricultural Sciences 82(8):
692–696.

Spencer, G.L. and Meade, G.P. 1955. Sugarcane Hand Book. John
Wiley & Sons, London.



<<
  /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


