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ABSTRACT

A field experiment was conducted at research farm of Mahatma Phule Krishi Vidyapeeth, Rahuri, Maharashtra
during rabi season of 2006 to 2008, to develop water production functions for potato (Solanum tuberosum) under different
irrigation systems, viz. sprinkler, microsprinkler, drip and surface irrigation system. Each irrigation method except drip
was combined with 5 irrigation regimes, i.e. IW/CPE ratio of 1.40, 1.20, 1.00, 0.80 and 0.60. In drip, variable wetted area
factors, viz. 1.30, 1.10, 0.90, 0.70 and 0.50 were applied as irrigation regimes. The sprinkler method was found superior
to all other methods in terms of tuber and haulm yield, water use and fertilizer use efficiency. Potato tuber yield increased
with increasing irrigation level from 0.60 to 1.20 IW/CPE (in drip 0.5 to 1.10 wetted area) and then decreased at 1.4 IW/
CPE ratio (in drip 1.30 wetted area) in all the irrigation methods. However, haulm yield of potato was found highest in 1.4
IW/CPE ratio. The highest water-use efficiency (7.72 g/ha-cm) was recorded with 0.50 wetted area treatment in drip
irrigated plots. The second order quadratic water production functions developed to estimate potato yield were used to
find optimum depth of irrigation under different methods of irrigation. For sprinkler and microsprinkler methods 3.50 cm
depth of irrigation at 25 mm CPE and for surface 6.00 cm depth of irrigation at 50 mm CPE was found optimum. For drip
method of irrigation wetted area factor of 0.90 was found optimum.
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Presently, only 17% net sown area is irrigated in the
state of Maharashtra as against 40% of the total cultivable
area under irrigation in the country. The ever increasing
population, urbanization and industrialization have reduced
the share of water for agriculture. The western part of state
has relatively well developed surface and ground water
resources ensuring availability of irrigation water throughout
the year. However, due to large scale cultivation of high
water consuming annual crops like sugarcane and banana,
the water availability is proving to be inadequate. It is also
observed that, in many areas excess irrigation is practiced
which ultimately affects the yield as well as the productivity
of soil (Pawar et al. 2002). It is therefore imperative that the
available quantum of irrigation water is used judiciously
employing efficient irrigation methods and adopting optimum
irrigation regimes.

In this context, the state is promoting adoption of micro-
irrigation methods through subsidizing its cost to the farmers.
Economic growth of the country has resulted in demand for
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vegetables and farmers have responded by shifting from
crops like sugarcane to remunerative vegetable crops like
potato. Currently the state relies on other states to meet its
demand for this tuber crop. In fact the country also depends
on imports from Bhutan. Therefore it could become a
rewarding crop. Shekhawat (2001) has opined that potato
(Solanum tuberosum L.) cultivation would be a possible
alternative to increase the farm income, if efficient and
reliable irrigation management strategies are adopted. Potato
is an important crop that requires higher and nearly constant
water supply for proper growth. Water deficit results in tuber
yield reduction, decreased number of leaves, decline in
processing grade and post harvest attributes, leaf area, plant
height, ground coverage and tuber number (Kaur et al. 2005,
Sharma et al. 2011). However, the extent to which the crop
productivity is affected depends largely on the stage of
development at which the plant encounters the water deficit
(Singh et al. 2005, Kumar er al. 2007). Therefore, many
times for potato crop water-yield relationship is quite complex
and it not only depends upon total water supplied during
growing season but also on its allocation throughout the
period (Kumar Satyendra et al. 2009).

Thus, information is needed to guide farmers when and
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how much to irrigate with the use of modern irrigation
systems coupled with suitable irrigation schedule Thus, water
production functions need to be derived for the crop so that,
the available water resources can be used more effectively
producing more yields. In view of this, the study on the
response of potato to different irrigation methods; irrigation
regimes and to develop the water production functions for
potato under different irrigation methods was undertaken.

MATERIALS AND METHODS

The field experiment was carried out at research farm of
Inter faculty Department of Irrigation Water Management,
Mahatma Phule Krishi Vidyapeeth, Rahuri, Maharashtra (19°
47°N latitude and 74°39’ E longitude; altitude 500 meters
above mean sea level) during three consecutive seasons from
2006 to 2008. The site lies in semiarid area with mean
rainfall of 520 mm which is mostly concentrated during the
monsoon months from June to September. The distribution
of rainfall is erratic and uncertain. The soil is clay loam with
pH 8.37 and electrical conductivity of 0.79 dS/m. The textural
composition of the soil has 29.8% clay, 37.0% loam and
33.0% sand and the bulk density of soil (045 cm) is 1.28 g/
cc. The basic rate of infiltration of the soil is 1.3 cm/hour.
The soil moisture content in 0—45 cm soil layer at field
capacity, permanent wilting point and available soil moisture
was 28.36, 14.17 and 14.19%, respectively.

The experiment comprised twenty treatments, viz. four
irrigation methods (overhead sprinkler, microsprinkler, drip
and surface methods) and five irrigation regimes (irrigation
water to cumulative pan evaporation ratio, IW/CPE 0.6, 0.8,
1.0, 1.2, 1.4) arranged in split plot design. In drip method of
irrigation, irrigation regimes were considered as variable
wetted area factors, viz. 1.30, 1.10, 0.90, 0.70 and 0.50. All
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the treatments were replicated four times and repeated for
three years.

The potato cv. ‘Kufri Jyoti” was planted on ridges and
furrows with 60 cm row to row and 20 cm plant to plant
spacing under overhead sprinkler, microsprinkler, drip and
furrow irrigation systems. The area of each experimental
plot was 144 m* (12 m x 12 m). A buffer zone spacing as per
requirement was provided between the plots. The planting
was done in October — November during all the three years
and recommended dose of fertilizer (120:60:120 kg N, P,O,
and K,O per ha) was applied as per schedule during crop
period. After planting a common irrigation was applied to all
the treatments and then the irrigation systems were laid as
per the details given in Table 1. The overhead sprinklers with
1200 Iph discharge were installed at a spacing of 12 m x 12
m whereas; the microsprinklers of discharge of 65 Iph and 45
cm stake height were installed at 2 m x 2 m. In drip method
of irrigation, 16 mm linear low density polyethylene (LLDPE)
drip laterals were laid at a spacing of 1.2 m with 4 Iph
emitters fixed at a distance of 0.60 m.

Class-A open pan evaporimeter was located at a site
adjacent to the experimental area with moderate grass cover
to estimate the pan evaporation. The irrigations were
scheduled using IW/CPE ratio criteria with fixed CPE of 25
mm in overhead sprinkler and microsprinkler and 50 mm in
case of surface irrigation system (Table 1). In drip method of
irrigation, the quantity of irrigation water calculated using
pan evaporation, pan factor (0.8), crop coefficients (FAO 56)
and variable wetted area factors applied on every second day
(Allen et al. 1998). Crop was harvested after 12 weeks of
planting to estimate fresh tuber yield. The analysis of variance
(ANOVA) was performed to differentiate the treatment
effects. Least significant difference (LSD) test was used to

Table 1 The details of irrigation systems used for potato
Aspect Sprinkler Micro- sprinkler Drip Surface
Lateral spacing, m 12 2 1.2
Emitter/nozzle spacing, m 12 2 0.6
Emitter/nozzle discharge 0.6 to 1.41 cm/h 1.62 cm/hr 4 Iph
Irrigation scheduling 25 mm CPE 25 mm CPE Alternate day 50 mm CPE
Depth of irrigation during each irrigation, (cm)
T, 3.50 3.50 0.50 Wa* 7.0
T, 3.00 3.00 0.70 Wa 6.0
T, 2.50 2.50 0.90 Wa 5.0
T, 2.00 2.00 1.10 Wa 4.0
Ts 1.50 1.50 1.30 Wa 3.0
Total depth of irrigation, cm (average of three years)
T, 40.07 40.07 28.74 40.07
T, 33.44 33.44 22.95 33.44
T, 27.04 27.04 20.12 27.04
T, 23.93 23.93 17.38 23.93
Ts 17.50 17.50 13.82 17.50

* W, Wetted area factor
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determine whether differences exist between certain
comparisons. The probability level for determination of
significance was 0.05.

The water production functions were established between
tuber yield of potato with actual water applied for each
irrigation methods and their scheduling. Mathematically the
function may be expressed as:

Y = F(X)

Where, Y is the potential tuber yield of potato and X is
represented by actual depth of irrigation water applied (IW).

RESULTS AND DISCUSSION

Potato tuber yield

The potato tuber yield data pooled over three years
(2006-2008) presented in Table 2 indicated that, the advanced
methods of irrigation such as sprinkler, microsprinkler and
drip produced higher tuber yield (21.87, 19.57 and 15.90
tonnes/ha respectively) as compared to conventional method
of irrigation (14.11 tonnes/ha). However, difference in tuber
yield obtained under drip and surface irrigation system was
statistically non-significant. It was observed that, the potato
yields were 54.86, 38.63 and 12.59 per cent more in sprinkler,
microsprinkler and drip method respectively than that of
conventional method. The reduction in tuber yield was
recorded due to reduction in mean tuber weight under water
stress condition. Satyendra Kumar et al. (2007) also reported
decrease in tuber weight with decreased irrigation water.

Comparison of irrigation regimes showed a consistent
increase in potato tuber yield with increasing irrigation from
regime no. 5 to regime no. 2 in all irrigation methods (Table
2). Yield increased from 13.03 tonnes/ha under 0.60 IW/CPE
irrigation schedule (0.50 wetted area in drip) to a maximum
of 20.90 tonnes/ha with irrigation scheduling of 1.20 TW/
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CPE (1.10 wetted area in drip). Significant reduction in yield
was observed under all lower regimes with water saving to
some extent. The lowest tuber yield recorded at 0.60 TW/
CPE under furrow irrigation might be due to water stress
experienced by the crop. Patel and Patel (2000) also observed
significantly higher potato yield under sprinkler irrigation
applied at 1.6 IW/CPE ratio. However, irrigation systems
and irrigation scheduling interaction effect on potato yield
was found non-significant.

It was observed that frequent irrigation with sprinkler
and microsprinkler systems washed the leaf canopy and
minimized the whitefly infestation (visual observation) as
compared to drip and surface irrigated crop. These findings
are in accordance with Name Singh ez al. (2005) who reported
better performance of sprinkler irrigation in potato crop as
compared to drip irrigation system, and recorded higher
yield. Further, sprinkler irrigation system might have helped
the crop by lowering the temperature (Tuberization stage in
December) by sprinkling water droplets on the leaves of the
plant, helped in better growth and higher potato yield as
compared to conventional method. Sharma et al. (2012) also
reported that sprinkler irrigation manipulated the
hydrothermal regimes of soil which help in better growth
and development of plant.

Haulm yield

Sprinkler irrigation system had significant effect on
haulm yield of potato (Table 2). Haulm yield was significantly
higher in sprinkler than surface irrigated plots however,
under micro sprinkler, drip and surface irrigation the haulm
yields were at par with each other. The study also revealed
increase in haulm yield with increasing irrigation levels
which is supported by the work of Kumar et al. (2007). The
interactions between irrigation system and scheduling were
found non-significant.

Table 2 Potato tuber and haulm yields as affected by various irrigation systems and regimes.

Treatment Potato tubers, yield (tonnes/ha) Haulm yield (tonnes/ha)
2006 2007 2008 Pooled Mean 2006 2007 2008  Pooled Mean
Irrigation systems
Sprinkler 23.13 19.07 23.38 21.87 1.30 1.16 1.68 1.51
Micro- sprinkler 22.55 17.48 18.70 19.57 1.23 0.94 1.24 1.13
Drip 16.61 14.90 16.09 15.90 1.12 0.86 1.07 1.02
Surface 15.29 12.88 14.11 14.12 1.08 0.73 1.15 0.99
LSD (P=0.05) 2.57 2.67 2.29 2.17 0.21 0.17 0.15 0.20
Irrigation regimes
I, 23.41 17.61 20.85 20.59 1.56 1.01 1.42 1.33
I, 23.13 18.90 20.84 20.90 1.50 1.08 1.39 1.32
I; 20.83 16.88 18.35 18.44 1.29 0.96 1.40 1.20
I 17.42 14.81 16.76 16.37 0.98 0.82 1.13 0.98
I 12.26 12.77 14.05 13.03 0.73 0.76 1.11 0.87
LSD (P=0.05) 1.19 1.26 1.05 2.71 0.07 0.07 0.12 0.22
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Water use efficiency

Considering the average depth of water applied under
each irrigation method irrespective of moisture regime, it
was found that sprinkler and microsprinkler resulted into 55
and 38 per cent increase in yield, respectively, without saving
any water as compared to surface method of irrigation (Table
3). Whereas, drip method produced 12 per cent more yield
with 27 per cent water saving as compared to surface method.
Among different irrigation systems, sprinkler system recorded
higher water-use efficiency (WUE) than microsprinkler, drip
and furrow irrigation due to higher crop yield with less
expense of water. Different irrigation regimes influenced
irrigation WUE of potato. Table 3 shows an increase in WUE
with decline in irrigation regimes. The maximum WUE at
0.60 IW/CPE reveals less water expense under this irrigation
regime but tuber yield was decreased up to 37% as compared
to 1.2 IW/CPE ratio. Satyendra Kumar er al. (2009) also
observed variation in water-use efficiency with variable
irrigation for potato. Interactions between irrigation system
and scheduling were found non-significant.

Water production functions

To establish yield response of potato to irrigation water
applied, the water production functions under different
methods of irrigation were developed for three years pooled
data. The linear, second order polynomial, power, exponential,
and logarithmic relationships were tried, out of which second
order polynomial relationship (Fig 1) fitted well for all the
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irrigation methods. The following functions were fitted for
different irrigation systems.
Sprinkler method
Y =-0.010 X* + 1.077 X
R*=0.97
Microsprinkler method
Y = - 0.010X* + 1.001 X

R% =0.99

Drip method
Y =-0.022 X* + 1.259 X
R?>=0.79

Surface method

Y =-0.010 X* + 0.808 X

R? = 0.92
where, Y, tuber yield (tonnes/ha); X, depth of water applied
(cm).

On comparing observed and calculated potato yields
(Table 4), it was revealed that, the yield values obtained from
water production functions varied O to 8 per cent from the
observed values. It indicates that, the water production
functions developed for potato can be used to predict the
response of tuber yield to quantity of water applied under
different irrigation systems. The water production functions
revealed that for sprinkler and micro-sprinkler method of
irrigation the yield of potato as 28.48 and 24.58 tonnes/ha,
respectively can be obtained at total irrigation depth(s) of 53
and 49 cm respectively and further application of water will
result in reduction in the yield. However, potential yield

Micro Sprinkler y =-0.0102x? + 1.0014x

i =-0.01x2 + 1.0775
Sprinkler 3;{2 N 0.97);8 X R2 =0.9946
30 25 />
_—
25 — 20 o
@® ®
£ = £ /
> 20 -
ko) P <5 15 rs
245 P o)
= A =
C 5 10
g10 5
E P 5
5
0 0
0 10 20 30 40 50 0 10 20 30 40 50
Water applied, cm Water applied, cm
Drip y =—0.0222x2 + 1.2598x Surface Y =—0.0102x* +0.8082x
R2 = 0.7994 R?=0.9216
20 * 20
17.5 + 17.5 '3
[] ©
£ 15 * £ 15 /
5 12.5 - 5 125 o
2 10 2 10
3 75 8 75
E 5 2 5
2.5 2.5
0 0
0 5 10 15 20 25 30 35 0 10 20 30 40 50
Water applied, cm Water applied, cm
Fig 1 Water production functions for potato under different irrigation methods.
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Table 3 Potato yield, water applied and WUE under different irrigation systems for the years 2006 to 2008 (Average of three years) .

Treatment Potato tuber Total water WUE Water saving Increase/decrease
yield, tonnes/ha applied, cm g/ha-cm (%) in yield (%)
Irrigation systems
Sprinkler 21.87 28.40 7.70 54.86*
Micro- sprinkler 19.57 28.40 6.89 38.63*
Drip 15.90 20.60 7.72 27.46 12.59%
Surface 14.12 28.40 5.01
LSD (P=0.05) 2.17
Irrigation regimes
I, 20.59 37.24 7.17 0.67**
I, 20.90 30.82 9.05 17.25%*%*
I 18.44 25.31 9.29 32.04%** 9.97%*
I, 16.37 22.29 9.40 40.14 %% 21.34%*
I5 13.03 16.58 9.42 55.48%** 37.28%*
LSD (P=0.05) 2.71
* Increase in yield over surface, ** Decrease in yield over I,, **** Water saving over I,
Table 4 Observed and calculated potato yields by using water production functions.
Irri. method Function Water applied Yield (tonnes/ha) Deviation
(cm) Cal. Actual tonnes/ha )
Sprinkler Y =-0.010X2+1.077 X 40.07 27.13 26.38 0.75 2.84
R2=0.97 33.44 24.86 25.86 -1.00 -3.88
27.04 21.83 22.16 -0.33 -1.49
23.93 20.06 19.97 0.09 0.47
17.50 15.80 14.96 0.84 5.60
Microsprinkler Y =-0.010X2 + 1.001 X 40.07 23.75 23.50 0.25 1.06
R2=0.99 33.44 22.08 22.40 -0.32 -1.42
27.04 19.62 19.80 -0.18 -0.91
23.93 18.12 18.09 0.03 0.18
17.50 14.40 14.08 0.32 2.28
Drip Y =-0.022 X2+ 1.259 X 28.74 17.87 16.99 0.88 5.18
R2=0.79 22.95 17.22 18.63 -1.41 -7.57
20.12 16.36 17.29 -0.93 -5.38
17.38 15.19 14.24 0.95 6.67
13.82 13.17 12.34 0.83 6.73
Surface Y =-0.010 X2 + 0.808 X 40.07 16.01 15.50 0.51 3.27
R2 =092 33.44 15.62 16.72 -1.10 —6.58
27.04 14.40 14.51 -0.11 -0.79
23.93 13.50 13.17 0.33 2.50
17.50 11.02 10.72 0.30 2.80

levels (Table 4) and yield levels at regime 1 were statistically
on par and hence, regime-1 (application of 3.5 cm of water
at 25 mm CPE) can be considered as optimum for potato
under sprinkler and micro-sprinklers. Under drip and surface
method of irrigation, maximum potato yield (18.63 and 16.72
tonnes/ha) was obtained at irrigation regimes no. 2 (1.10
wetted area factor and 6.0 cm depth at 50 mm CPE) but in
drip method, as the yields under regime no. 2 and 3 were on
par, the irrigation regime no. 3 (0.90 as wetted area factor)

can be considered as optimum. In surface irrigation method
regime no. 2 was found optimum.

The sprinkler irrigation method was found superior to
other methods for potato in terms of increased productivity
(21.87 tonnes/ha) and higher WUE (7.70 g/ha-cm). The
water production functions developed for potato are useful
in finding optimum depth of irrigation to obtain potential
yield under different methods of irrigation. The study indicated
highest yield of potato can be obtained with irrigation at 1.20
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IW/CPE under sprinkler and microsprinkler scheduled at 25
mm CPE and surface irrigation method scheduled at 50 mm
CPE. For drip method of irrigation wetted area factor of 0.90
was found optimum.

REFERENCES

Allen R G, Pareira L S, Dirk R and Smith M. 1998. Crop-
evaoptranspiration-Guidelines for computing crop water
requirements. FAO - 56, Rome, Italy, pp 102-6.

Kumar P, Pandey S K, Singh S V and Kumar D. 2007. Irrigation
requirements of chipping potato cultivars under west-central
Indian plains. Potato Journal 34 (3 and 4): 193-8.

Kaur M, Narda N K and Chawla J K. 2005. Irrigation and potassium
management in trickle fertigated potato (Solanum tuberosum).
Indian Journal of Agricultural Sciences 75 (5): 290-1.

Sharma N, Kumar P, Kadian M S, Pandey S K, Singh S V and
Luthra S K. 2011. Performance of potato (Solanum tuberosum)
clones under water stress. Indian Journal of Agricultural Sciences
81 (9): 825-9.

Patel J C and Patel B K. 2000. Response of potato to microsprinkler
and furrow method of irrigation. Journal of Indian Potato

PAWAR AND DINGRE

[Indian Journal of Agricultural Sciences 84 (2)

Association 27 (3 and 4): 145-6.

Pawar D D, Bhoi P G and Shinde S H. 2002. Effect of irrigation
methods and fertilizer levels on yield of potato. Indian Journal
of Agricultural Sciences 72 (2): 80-3.

Satyendra Kumar, Ram Asrey, Mandal G and Singh R. 2009.
Microsprinkler, drip and furrow irrigation for potato (Solanum
tuberosum) cultivation in a semi-arid environment. Indian Journal
of Agricultural Sciences 79 (3): 165-9.

Satyendra Kumar, Ram Asrey and Mandal G. 2007. Effect of
differential irrigation regimes on potato (Solanum tuberosum)
yield and post-harvest attributes. Indian Journal of Agricultural
Sciences 77 (6): 366-8.

Sharma V, Sharma I P, Spehia R S and Kumar P. 2012. Influence of
irrigation methods and fertilizer levels on productivity of potato
(Solanum tuberosum). Indian Journal of Agricultural Sciences
82 (2): 117-21.

Shekhawat G S. 2001. Potato production, utilization and marketing
in India. Indian Journal of Agronomy. 28(2-4): 185-93.

Singh Name, Sood M C and Lal S S. 2005. Evaluation of potato
based cropping sequences under drip, sprinkler and furrow
methods of irrigation. Potato Journal 32(3 and 4): 175-6.




<<
  /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


