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Potato (Solanum tuberosum L.) needs about 15% of its
area to produce sufficient seed tubers (Lommen 1995, Struik
and Wiersema 1999) while for cereals only one thirtieth of
their area is necessary for seed production. In conventional
systems of seed potato production, seed potato tubers are
utilized for seed multiplication and production (Struik and
Wiersema 1999). This method has a number of disadvantages
like slow multiplication, inefficiency, high risk of diseases
and pests, and it involves a large number of field
multiplications (Beukema and Van der Zaag 1990, Struik
and Wiersema 1999). Ease of planting, uniformity of tubers
and vigorous plant growth are advantages of utilizing seed
tubers for potato multiplication (Gopal 2004).

Recently, some new rapid multiplication techniques
(micropropagation or tissue culture) have been developed
and they are used all over the world for the production of
seed potatoes (Knutson 1988, Lommen and Struik 1994).
Rapid multiplication of seed tubers can solve some of the
problems associated with the conventional multiplication
system (Lommen 1995, Struik and Wiersema 1999). A
large number of virus-free potato micro-plants can be
obtained from a single healthy plant by the micro-
propagation technique (Khurana et al. 2003).

Among the various techniques available under micro-
propagation, direct in vivo planting of micro-plants in a soil
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ABSTRACT

Two plant growth promoting bio-agents, viz. (Solanum tuberosum L.), Bacillus cereus (B4) and Bacillus subtilis
(B5) were evaluated for production of potato mini-tubers from micro-plants two potato cultivars, viz. Kufri Giriraj
and Kufri Kanchan (red skin tubers) under polyhouse conditions during the autumn (off) seasons of 2008 and 2009.
Treatment of micro-plants with both the bio-agents (B4 and B5) proved significantly effective in improving the per
cent ground cover, height of plants as well as haulms weight/plant in both the potato cultivars over control. However,
no significant effect of these bio-agents was observed on establishment of micro-plants as well as on the number of
shoots and compound leaves per plant. B4 bio-agent was found significantly superior in improving the ground cover
and haulms weight/plant over B5. Number and yield of mini-tubers/m2 varied significantly between the cultivars and
were significantly better with both the bio-agents over control.
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medium under aphid proof net/polyhouses is a well
established method for the production of potato mini-tubers.
Mini-tubers are small tubers of 5 – 25 mm in diameter and
weight between 0.1 – 10 g and sometime higher. The number
of mini-tubers can be 2 – 10 per plantlet and sometimes it
can be more, depending on the mother plant management.
Mini-tubers can be planted directly in the field.

The state and central seed production agencies of India
are able to meet only 20–25% requirement of quality seed
potato (Kumar et al. 2007). For bridging this wide gap,
large-scale integration of conventional and innovative
methods like micro-propagation at commercial level is
needed for producing enough quantity of healthy seed tubers
in minimum period of time (Pandey 2006). On these lines,
production of potato mini-tubers in the high hills of Shimla
(Kufri/Fagu, 2700 m above mean sea level) under the
polyhouse conditions is carried out in the main (Kharif)
season as well as in autumn (off) season. During the autumn
season, the vegetative growth/vigour of plants raised from
micro-plants is significantly low as compared to main
(Kharif) season and it results in early tuberization with
higher proportions of small sized mini-tubers.

Seed treatment with plant growth promoting bio-agents
of Bacillus, viz. B4 (B. cereus) and B5 (B. subtilis) have
been reported to improve productivity in conventionally
grown potato crop in subtropical plains (Sunaina 2001,
Bharti et al. 2006); Gujarat (Nandekar et al. 2006); eastern
plains (Singh 2006) and in main (Kharif) season of high
hills (Sood and Sharma 2001). But, no information is
available on the use of these bio-agents on micro-plants for
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the production of potato mini-tubers. Keeping in view this,
an attempt was made for improving the plant vigour, number
and yield of potato mini-tubers with optimum size by using
above said bio-agents on the cut-ends of micro-plants before
planting in polyhouses during the off (autumn) season in
the high hills.

MATERIALS AND METHODS

The experiment was conducted at Central Potato
Research Station – Kufri (Fagu Unit) Shimla, HP, India,
2700 m above mean sea level during the autumn (off)
seasons of 2008 and 2009 under polyhouse conditions in
completely randomized block design (RBD 2 factorial)
with three replications. Disease-free micro-plants of two
potato varieties suited for hills, viz. Kufri Giriraj and Kufri
Kanchan (red skin tubers) maintained and multiplied through
shoot cuttings under micro-propagation (16/8 hr
photoperiod) were used. Micro-plants with an age of 21
days in culture room followed by 10 days hardening under
polyhouse conditions were used for planting. After cutting
just above the media level, the cut ends of micro-plants
were dipped for 10 minutes in 0.25% solution of B4 (B.
cereus) and B5 (B. subtilis) preparations containing a potency
of 108 colony farming units per gram. After surface drying
under shade, two plantlets were planted per hill in 2.0 m
long beds at 20 × 10cm spacing during the last week of
September. The temperature range inside the polyhouse
during the crop season varied from 1°C to 27°C.

Data on establishment of micro-plants at 30 days after
planting (DAP), per cent ground cover at 50 DAP, plant
height, number of shoots and compound leaves per plant at
75 DAP and haulms weight at 90 DAP, were recorded.
Ground cover (%) was estimated with the help of a 50 × 50
cm grid with 100 equal compartments at two locations in
each plot as described by Burstall and Harris (1983). Haulms
weight per plant was also recorded. Mini-tubers obtained
were graded in four grades, viz. >20g, 10-20g, 3-10g and
<3g.

The average of two years data was analyzed statistically
by applying the technique of analysis of variance (ANOVA)
as described by Gomez and Gomez (1984). Mean values
were calculated and separated using F-test at 5% level of
significance.

RESULTS AND DISCUSSION

Per cent establishment of micro-plants
Per cent establishment of micro-plants was significantly

different among the potato cultivars (Table 1). Among the
cultivars, average per cent establishment was significantly
higher in Kufri Giriraj (96.8) than Kufri Kanchan (88.8). In
Kufri Giriraj, per cent establishment of micro-plants was
statistically on par with both the bio-agents but in Kufri
Kanchan, B4 supported higher establishment of micro-
plants (91.7%) than B5 (88.4%). The interaction between
the cultivars and bio-agents for per cent establishment was
positive indicating that the response of bio-agent varied
with the cultivar. The varying response of bio-agents on the

different potato cultivars can be attributed to the differences
in their genetic make up. Poor response of bio-agent
treatment in Kufri Giriraj over control can be attributed to
the fact that this cultivar had better establishment even
without the treatment of growth promoting bio-agents
(96.7%) and thus the scope for further improvement in
establishment becomes limited. Nandekar et al. (2006) have
also reported no improvement in potato emergence with
same bio-agents used on potato tubers in Satpura plateau of
India.

Plant height
Both the bio-agents proved effective in improving the

plant height significantly over control (Table 1). In potato
cultivar, Kufri Giriraj both the bio-agents (B4 and B5)
resulted in a significant increase in the plant height but in
Kufri Kanchan only B4 bio-agent was found to be slightly
superior over control. Plant height also varied significantly
between the two cultivars and was more in Kufri Giriraj
(16.2 cm) than Kufri Kanchan (13.8 cm). The interaction
between the cultivars and bio-agents for plant height was
also found to be significant.

Increase in plant height with the bio-agent treatment of
micro-plants can be attributed to the colonization of
developing roots of potato plants by the respective bacterial
strains and resulted into higher root volume and root mass
as observed by Sunaina et al. (2001) and increased root
length by Bharti et al. (2006) in the potato crop raised with
B4 and B5 treated seed tubers in sub-tropical plains.

In the present study, improvement in plant height with
bio-agent treated micro-plants seems due to the same reasons
for enhanced growth in roots leading to more absorption of
nutrients from the rhizosphere.

Number of shoots and compound leaves per plant
The number of shoots per plant varied significantly

between the cultivars with more shoots in Kufri Giriraj
(2.14) than Kufri Kanchan (1.88), whereas, both the bio-
agents could not improve the number of shoots/plant
significantly (Table 2).

Number of compound leaves/plant followed a trend
almost similar to the number of shoots. Compound leaves
/plant were not influenced significantly neither with the
genotype nor the bio-agents. Interactions between the
cultivars and bio-agents for number of shoots and compound
leaves/plant were positive (Table 2).

Similar, non-significant influences on the number of
stems and compound leaves/plant with the application of
same bio-agents on seed potato tubers of Kufri Badshah in
conventionally grown potato crop have also been reported
by Nandekar et al. (2006).

Per cent ground cover
Per cent ground cover was affected significantly by

both the factors, viz. the bio-agents as well as the genotype.
Perusal of data in Table 3 reveals that treatment with B4
bio-agent resulted in maximum ground cover in both the
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cultivars which was closely followed and statistically at par
with B5 bio-agent. Per cent ground cover was significantly
higher in Kufri Giriraj (89.2%) than Kufri Kanchan (64.1%).
Interactions between the cultivars and bio-agents for per
cent ground cover were significant.

Improvement in ground cover with plant growth
promoting bio-agents can be attributed to the same reasons
as for plant height. It seems due to the better expansion of
leaf lamina in the bio-agent treated crop than control as the
number of leaves and compound leaves did not increase
with the treatment of bio-agents in the present study.
Differences between the cultivars for per cent ground cover
with the bio-agent treatment again indicate the differential
response of different genotypes to such bio-agents. Bharti
et al. (2006) have also reported better development of crop
canopy (leaves) in the potato cultivar Kufri Ashoka raised
from B4 and B5 treated tubers during the winter season of
sub-tropical plains. The exact mode of action of these bio-
agents used in the study is not known but it is likely that

they produce growth promoting hormones as well as
mobilize nutrients from the rhizosphere for better crop
canopy.

Haulms weight/plant
Weight of haulms/plant was significantly influenced

by the bio-agents but was at par between the cultivars
(Table 3). Similar to ground cover, haulms weight per plant
was significantly higher with B4 bio-agent in both the
cultivars. B5 bio-agent was found to be superior for the
haulms weight over control in Kufri Giriraj only. Interactions
between the cultivars and bio-agents for haulms weight per
plant were positive.

More haulms weight per plant with the bio-agents
indicate better plant vigour in the form of size and thickness
of leaf laminas over control as the number of stems and
compound leaves were not affected significantly in same
treatments. Similar to our findings, Bharti et al. (2006)
have also reported that dry matter content in stems and

Table 1 Effect of bio-agents (B4 and B5) on establishment of potato micro-plants and plant height

Variety % Establishment Height / plant (cm)
            

B4 B5 Control Mean B4 B5 Control Mean

K. Giriraj 96.6 97.0 96.7 96.8 16.4 21.2 11.1 16.2
K. Kanchan 91.7 88.4 86.4 88.8 15.1 13.4 13.0 13.8
Mean 94.2 92.7 91.5 15.7 17.3 12.1

CD (P=0.05)
Cultivar ©  4.7  1.9
Bio-agent (B)  N.S.  2.3
C × B  8.2  3.3

Table 2 Effect of B4 and B5 treatment of potato micro-plants on number of shoots and compound leaves per plant

Variety No. of shoots/ plant No. of compound leaves/plant
              

B4 B5 Control Mean B4 B5 Control Mean

K. Giriraj 2.00 2.23 2.20 2.14 12.4 14.9 14.5 13.9
K. Kanchan 1.97 1.90 1.77 1.88 16.8 15.8 13.9 15.5
Mean 1.98 2.07 1.98 14.6 15.4 14.2

CD(P=0.05)
Cultivar ©  0.25 N.S.
Bio-agent (B) N.S.  N.S.
C × B 0.44  3.9

Table 3 Effect of B4 and B5 treatment of micro-plants on per cent ground cover and haulms weight per plant.

Variety % Ground cover (50 DAP) Haulms weight/plant (g)
               

B4 B5 Control Mean B4 B5 Control Mean

K. Giriraj 100.0 95.8 71.9 89.2 16.6 12.6 6.5 11.9
K. Kanchan 66.9 64.6 60.8 64.1 16.2 10.1 12.1 12.8
Mean 83.5 80.2 66.3 16.4 11.3 9.3

CD(P=0.05)
Cultivar © 6.2 N.S.
Bio-agent (B) 7.6 2.7
C × B 10.8 3.8
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leaves is significantly higher in the potato plants raised
from B4 and B5 treated seed tubers. They also found that
pattern of dry matter allocation was influenced by the bio-
agent treatments as a result of which the leaf/stem dry
weight ratio was remarkably lower in B4 and B5 treated
plants compared with untreated control.

Number of mini-tubers/m2

Number of mini-tubers /m2 was significantly influenced
by the bio-agents as well as the genotype. Treating micro-
plants with both the bio-agents resulted in a significant
increase in the number of mini-tubers per unit area over
control (Table 4). Improvements in number of mini-tubers
were almost same with both the bio-agents. Irrespective of
bio-agent, number of mini-tubers was more (269.8 /m2) in
potato cultivar Kufri Kanchan than 207.5/m2 in Kufri Giriraj
(Table 4). Interactions between the cultivars and bio-agents
for number of mini-tubers per m2 were significant.

Increase in number of mini-tubers with the application
of bio-agents can be attributed to the better foliage growth
(ground cover/ haulms weight). It must have resulted in
increased photosynthetic rates coupled with higher nutrient
uptake compared to control. Similar improvements in the
number of potato tubers in conventional grown crop with
the bio-agents treated seed tubers have also been reported
(Kumar et al. 2001). Saikia and Deka (2006) have also
reported non-significant differences between both the bio-
agents (B4 and B5) for the number of potato tubers when
bio-agent (B4 and B5) treated seed tubers were planted.

Yield of mini-tubers/m2

Yield of mini-tubers was significantly higher with both
the bio-agents over control (Table 4). Within bio-agents,
significantly more yield was recorded with B4 (2.60 kg /
m2), than B5 (2.18 kg /m2) which was also superior to
control (1.59 kg /m2). B4 bio-agent resulted in significantly
higher yield of mini-tubers/m2 in both the cultivars. Within
cultivars, yield of mini-tubers was more in Kufri Giriraj
(2.61 kg /m2) than Kufri Kanchan (1.63 kg /m2). Interactions
between the cultivars and bio-agents for yield of mini-
tubers were significant.

Higher potato yields with bio-agent treated micro-plants
can be attributed to the corresponding higher number of
mini-tubers obtained with the same treatments over control.

Superiority of B4 (B. cereus) for the better potato
productivity in the present study can be attributed to the
corresponding higher ground cover and haulms weight
produced by this bio-agent, which must have resulted in
higher production of food material per unit area. Earlier
workers, viz. Singh (2006) for Kufri Jyoti; Bharti et al.
(2006) for Kufri Ashoka and Sunaina et al. (2001) for Kufri
Bahar have also demonstrated the better efficacy of B4 over
B5 for the potato productivity when grown from treated
seed tubers during winters in sub-tropical plains, whereas,
Saikia and Deka (2006) reported significantly higher potato
productivity with B. subtilis (B5) over B. cereus (B4) in
potato cultivar Kufri Anand grown from treated seed tubers
during winter. Our results for potato yields are in
confirmation to maximum number of earlier studies.

Number and yield of large size (>20g) mini-tubers
Both the bio-agents resulted in a significant increase in

the number and yield of large size (>20g) mini-tubers.
Between bio-agents, B4 (B. cereus) was found to be
significantly superior than B5 (B. subtilis) in improving the
number as well yield of large size mini-tubers in both the
potato cultivars (Fig 1). Between the cultivars, number and
yield of >20g mini-tubers /m2 was significantly more in
Kufri Giriraj (46.2 and 1.53 kg /m2 respectively) than Kufri
Kanchan ( 20.8 and 0.67 kg /m2 respectively).

Superiority of B. cereus (B4) in improvement of size of
mini-tubers can be attributed to the higher potato yields
produced by this bio-agent over B5. Better ground cover
with B4 might have resulted in higher photosynthetic activity
and ultimately in higher proportions of large sized mini-
tubers in the produce.

Number and yield of under size (<3 g) mini-tubers
Number and yield of under size (<3 g) mini-tubers

followed a trend just opposite to the large sized (>20g)
mini-tubers (Fig 2). Both the bio-agents though resulted in
an increase in the number and yield of small sized (<3g)
mini-tubers/m2 over control but the differences were
significant with B5 (B. subtilis) only.

Between the cultivars, number and yield of <3g mini-
tubers were significantly more in Kufri Kanchan (148.7
and 0.131 kg /m2 respectively) than Kufri Giriraj (48.1 and
0.036 kg /m2 respectively).

Table 4 Effect of treating the micro-plants with B4 and B5 on the number and yield of potato mini-tubers

Variety Total number of mini-tubers/m2 Total yield of mini-tubers/m2 (Kg)
             

B4 B5 Control Mean B4 B5 Control Mean

K. Giriraj 227.3 235.6 159.6 207.5 3.17 2.88 1.77 2.61
K. Kanchan 294.6 272.5 242.2 269.8 2.03 1.47 1.40 1.63
Mean 261.0 254.0 200.9 2.60 2.18 1.59

CD(P=0.05)
Cultivar © 19.8  0.20
Bio-agent (B)  24.3  0.25
C × B 34.3  0.35
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Average number of mini-tubers /plant
Number of mini-tubers per plant followed a trend just

similar to total number of mini-tubers /m2. Average number
of mini-tubers per plant was significantly more with both
the bio-agents, i.e. B4 and B5 over control and the differences
between the bio-agents were not significant (Table 5).
Between the cultivars, average number of mini-tubers/plant

Fig 1. Effect of treating the potato micro-plants with B4 and B5 bio-agents on the number and yield of large sized (>20g) mini-tubers.

Fig. 2. Effect of B4 and B5 treatment of potato micro-plants on the number and yield of under sized (<3g) mini-tubers.

was significantly higher in Kufri Kanchan (9.30) than Kufri
Giriraj (4.29). Interactions between the cultivars and bio-
agents for the average number of mini-tubers/plant were
significant (Table 5).

Average yield of mini-tubers/plant
Both the bio-agents resulted in a significant increase in
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the yield of mini-tubers per plant over control, i.e. a trend
similar to total yield /m2. Between the bio-agents, average
yield of mini-tubers was significantly better with B4 bio-
agent than B5 (Table 5). In potato cultivar Kufri Giriraj,
average yield of mini-tubers was significantly higher with
both the bio-agents, viz. B4 and B5 over control, but in
Kufri Kanchan, only B4 bio-agent resulted in a significant
increase in the average yield of mini-tubers. Yield of mini-
tubers per plant was at par between both the potato cultivars.
The interactions between cultivars and bio-agents were
significant for yield of mini-tubers per plant.

CONCLUSION

The results reveal that a dip application of the cut-ends
of potato micro-plants with plant growth promoting bio-
agents of Bacillus sp., viz. B4 (B. cereus) and B5 (B.
subtilis) at a concentration of 0.25% for 10 minutes prior to
planting in poly-houses is quite effective in improving the
number and yield of potato mini-tubers/m2 as well as in
improving the proportions of large sized (>20g) mini-tubers
during the off (autumn) season in high hills of north-western
Himalaya. The technique will be an aid in successful raising
of potato mini-tubers during the second (off) season in high
hills and thus in rapid multiplication of elite planting
material.
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B4 B5 Control Mean B4 B5 Control Mean

K. Giriraj 4.67 4.87 3.33 4.29 65.6 59.3 36.6 53.8
K. Kanchan 9.87 9.43 8.60 9.30 68.0 50.9 49.4 56.1
Mean 7.27 7.15 5.97 66.8 55.1 43.0
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Cultivar ©  0.95  N.S.
Bio-agent (B)  1.16  7.9
C × B  1.64  11.2



<<
  /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


