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Production potential of wheat (Triticum aestivum) as affected by varying popula-
tion densities of wild oat (Avena ludoviciana)
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ABSTRACT

A field experiment was conducted during 2007–08 and 2008–09 at Ludhiana, Punjab, to study the effect of
varying population densities of wild oat (Avena ludoviciana) (0–250 plants/m2) on the production potential of wheat
[Triticum aestivum (L.) emend. Fiori & Paol.] crop and to find out the critical population level of Avena ludoviciana
in wheat crop for guiding the farmers to take proper control measures to keep the population level of this weed be-
low economic threshold level. As the plant population density of Avena ludoviciana increased, the dry matter pro-
duction, effective tillers (reduced by more than 50% in presence of 250 plants/m2) and ultimately yield of wheat de-
creased exponentially. Even presence of 15 plants/m2 of Avena ludoviciana resulted in significant decrease (10–
14%) in grain yield. Reduction in yield was mainly caused by the reduction in effective tillers, number of grains per
spike and 1,000-grain weight.
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Wheat occupies the number one position in the world.
India is one of the principal wheat-producing and consum-
ing countries in the World. Its importance in Indian agri-
culture is second to only rice. Punjab has the highest pro-
ductivity of wheat among all the states which is favoured
by better irrigation facilities as about 97.4% of the area is
irrigated and the state on an average account for 23% of
wheat of the whole country. Major impediments to higher
productivity of wheat are stiff competition from weeds,
multiple nutrient deficiencies, insect-pests and incidence
of diseases. Weeds alone reduce the wheat yield to the tune
of 20–57%. Severe weed competition has resulted from
the change in morphological characteristics of wheat va-
rieties and shift in sowing paradigm over a period of four
decades. In Punjab about 80–85% of area under wheat is
treated with herbicides, as chemical method of weed con-
trol is very effective, economical and quick. The continu-
ous and indiscriminate use of same herbicide year after
year has led to the development of resistant biotypes of
some weeds and their flow down to the soil surface re-
sulted in soil and ground water pollution.

Wild oats is one of the most competitive grass weeds

and are near equal competitors with wheat. Competition
with the crop begins soon after emergence with most of
the yield loss occurring in the first 6 weeks.  An infestation
as small as 20 plants/m2 can cause a yield loss of 10% in
a wheat crop yielding 2 t/ha Anderson (2003). Yield losses
are strongly influenced by the density of the infestation
and the vigour of the crop, and are greatest when the wild
oats emerge at the same time as the crop. Wheat yield,
tiller number and dry matter reduce in a linear pattern pro-
portional to the length of time in which wild oats compete
with the wheat crop. Therefore maximum yield benefits
will be obtained when controlled early as early as possible
even though small yield increases can occur after removal
later in the season.

Phalaris minor Retz. and Avena ludoviciana have been
reported as the frequently occurring and densely populated
weeds of wheat in the country. Avena ludoviciana is very
troublesome particularly in non-rice rotations. The present
study was, therefore, undertaken to investigate the effect
of infestation of different densities of Avena ludoviciana
on growth and yield of wheat crop.

MATERIALS AND METHODS

A field experiment was conducted at the Punjab Agri-
cultural University, Ludhiana, during winter (rabi) seasons
of 2007–08 and 2008–09. Soil of the experimental field
was sandy loam, with normal soil reaction (pH 7.63), elec-
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trical conductivity (0.14 dS/m), low in organic C (0.35%)
and available N (238.7 kg/ha), and medium in available P
(19.2 kg/ha) and K (207.2 kg/ha). Treatments consisted of
12 population densities of Avena ludoviciana, viz. 0, 10,
15, 25, 50, 75, 100, 125, 150, 200, 250 plants/m2 and a
sole (solid stand) Avena ludoviciana treatment laid out in
randomized block design with 4 replications. Wheat vari-
ety ‘PBW 343’ was sown in mid-November with kera
method using 100 kg seed/ha. All other management prac-
tices, like fertilizers, irrigation, insect-pest etc were done
according to the recommendations of package of practices
for raising wheat crop. Except in sole wheat, the rest of
plots were charged with Avena ludoviciana seed at the
time of sowing of wheat and different densities of Avena
ludoviciana were deliberately maintained 25 days after
sowing. Other species of weeds, if any, were removed
manually or chemically. Biometric observations on growth
parameters and yield characters were recorded on Avena
ludoviciana as well as wheat. Data were analysed statisti-
cally as per the procedure prescribed by Cochran and Cox
(1967) and adapted by Cheema and Singh (1991) in statis-
tical package CPCS-1 and treatment comparisons were
made at 5% level of significance. Plant height (cm) of
wheat crop and wild oat plants was recorded at harvesting
from 10 random plants from each plot and it was recorded
from plant base (soil surface) to the base of the last fully
opened leaf. The samples for dry matter production were
taken from 25 cm row length, oven-dried at 65o C till a
constant weight has attained and weighed for dry matter.
The dry matter so recorded was converted into g/m2. Leaf
area was recorded with the help of calibrated Plant
Canopy Analyzer (LICOR-make, Model LAI 2000). The
leaf-area index (LAI) was measured by placing the sensor
once above the canopy followed by placing it at four dif-
ferent points below the crop canopy diagonally across the
rows.

The number of effective tillers were recorded at the
time of harvest from 25 cm row length in each plot and
then converted into per square meter basis.

For recording dry matter accumulation by weeds, weed
plants were removed from ground level using quardrat of
50 cm × 50 cm. These samples were first sun-dried and
then dried in oven at 65oC, when samples reached a con-
stant weight, the dry matter was recorded and expressed as
g/m2. The weed samples taken from 50 cm × 50 cm quad-
rat were also used for recording leaf area through leaf area
meter (Model GA-5).

Five random plants were from each plot and tillers were
counted, averaged and recorded as tillers/plant. Yield at-
tributes of wheat (number of grains/spike, 1,000-grain
weight etc), grain yield and straw yield were recorded at
the time of harvesting.

Grains/spike were counted from 10 random ears from
each plot and mean values calculated. Thousand grain
weight was recorded by taking 2 random samples of grains
from produce of each plot during threshing and 1,000-
grains were counted and weighed. After threshing, the net
plot grain yield (kg/plot) was recorded. Straw yield was
calculated by subtracting the grain yield from the biologi-
cal yield of each plot.

RESULTS AND DISCUSSION

Weed growth
Plant height of Avena ludoviciana increased with its

increasing population from 10 plants/m2 to 250 plants/m2

(Table 1). The maximum plant height was recorded under
sole Avena which was statistically at par with treatments
having 100, 125 and 150 plants/m2. The lowest height of
Avena plants varied from 100.05 to 105.80cm in its popu-
lation density of 10-75 plants/m2. The increase in plant
height at higher population densities might be due to
competition for light and space.

Dry matter accumulation increased with increase in its
population from 10 to 250 plants/m2 (Table 1). The dry
matter accumulation was slow at initial stages but became
rapid later on and again rate of increase declined till har-
vest. Maximum dry matter was recorded with 250 plants
of Avena/m2. At harvest, the increase in dry matter was
94.0 and 90.0 % higher under sole Avena stand and 250
plants/m2, respectively, over 10 plants of Avena/m2. Mini-
mum dry matter was produced with 10 plants/m2 which
was statistically at par with 15, 25 and 50 Avena plants/m2.
Walia et al. (1989) reported that dry matter by wild oats

Table 1. Plant height, dry-matter accumulation, leaf-area index and
number of tillers of Avena ludoviciana under its variable
population densities in wheat (mean data of 2 years)

Treatment Plant Dry-matter Leaf-area Tillers/
(Wild oat plants/m2) height accumulation index plant

(cm) (g/m2) (100 (100
DAS) DAS)

10 102.5 31.5 2.48 8.1
15 101.8 31.5 2.83 8.1
25 100.0 49.0 2.85 8.0
50 105.8 87.5 2.64 8.0
75 104.9 162.3 2.73 7.9
100 105.9 165.0 2.98 7.6
125 107.7 179.0 3.12 7.5
150 107.8 222.0 3.12 7.4
200 101.4 292.0 3.26 7.2
250 100.5 327.5 3.14 6.0
Solid wild oat stand 112.9 526.0 3.37 5.7

SEm+ 2.75 19.4 0.15 0.07
CD (P=0.05) 7.84 58.5 0.39 0.18

DAS, Days after sowing
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increased progressively with increase in its intensity.
Leaf area index (LAI) of Avena is a good index to de-

scribe the competitiveness of weeds with crop. The LAI of
Avena ludoviciana  was significantly influenced by differ-
ent population levels of Avena ludoviciana. Minimum LAI
was obtained under the lowest Avena population of 10
plants/m2, whereas highest LAI was under sole Avena,
which was statistically at par with 100–250 plants/m2.

In general, tiller number per plant declined with in-
crease in Avena density from 100 to 250 plants/m2. At 100
days, tiller number decreased with increasing Avena den-
sity beyond 100 plants/m2. Significantly higher number of
tillers/plant was recorded with 25 and 50 plants/m2 which
were at par with 10–100 plants/m2. The lowest number of
tillers were produced with sole Avena, which was statisti-
cally at par with 250 plants/m2. The decline in tillers/plant
with increasing plant density beyond 100 plants/m2 can be
attributed to the increased competition for different growth
factors and availability of space.

Growth parameters of wheat
Plant height of wheat increased with increase in popu-

lation of Avena ludoviciana from 10
 
to 75

 
plants/m2, and

then decreased with further increase in weed densities
(Table 2). At harvest, maximum plant height (87.3 cm)
was recorded with 75 plants/m2, which was significantly
more than all higher levels of weed density except 0, 10,
25, 50 and 100 plants/m2. The minimum plant height (66.7
cm) was obtained with Avena density of 250 plants/m2-.
The treatments having Avena ludoviciana density ranging
from 125 to 250 plants/m2

 
being at par with each other,

were statistically inferior to the remaining weed densities.

Similar findings have been reported by Walia et al (1989).
Dry matter accumulation of wheat was significantly

affected by weed competition and decreases with increase
in weed density. At harvest, the maximum dry matter was
accumulated by the crop infested with 15 plants/m2 of
Avena, which were at par with sole wheat (T0) and 10
plants/m2 of Avena. The lowest dry matter accumulation
was recorded with 250 Avena plants/m2. The reduction in
dry matter with 25, 50, 100, 150, 200 and 250 plants of
Avena/m2 was to the tune of 5.2, 9.4, 10.8, 19.0, 20.34 and
21.3%, respectively, as compared to the sole crop. The
difference in dry mater accumulation under various treat-
ments is due to severe competition posed by Avena to the
wheat crop. Our findings support those of Graf and Hill
(1992). They reported that even at a density of 100 rice
plants/m2, 10 plants of E. crus-galli/ m2 cause a yield loss
of about 50%.

The LAI increased slowly in the early stages of crop
growth followed by a rapid increase during the grand
growth phase, decreased thereafter due to senescence of
leaves. An increase in leaf-area index was observed with
increasing Avena density from 10 to 250 plants/m2. At 100
days, maximum LAI (4.72) was recorded with Avena den-
sity of 250 plants/m2 which was significantly higher than
all other treatments. These findings are in agreement with
the findings of Chang et al. (2005). The plots having
higher densities of plants, recorded higher leaf-area index.
This is because the leaf area for wheat crop was recorded
with canopy analyzer and it gives the representative LAI
of the plot as a whole which includes the crop as well as
weeds present and not for wheat crop alone. These results
are in agreement with the findings reported by Graf et al.
(1990).

The effective tillers decreased with increasing popula-
tion pressure of Avena due to competition for space, mois-
ture and nutrients between wheat and Avena. At harvest,
the number of effective tillers was found to be highest
under sole wheat (T0) and the lowest number of effective
tillers (146.5) was recorded with Avena density of 250
plants/m2, which resulted in reduction of number of effec-
tive tillers by more than 50% compared to sole wheat (T

0
).

Walia et al. (1989) reported that variable densities of wild
oats significantly influenced the number of effective tillers
and grain yield of wheat. The higher leaf-area index in
high weed density plots caused an increasing light extinc-
tion which reduced tillering of wheat (Table 2) and in-
creased tiller mortality rate.

Wheat yield
Grains/spike were significantly influenced and a linear

decrease was noticed in grains/spike with increasing popu-
lation levels of Avena ludoviciana (Table 3).  Maximum

Table 2. Plant height, dry-matter accumulation, leaf-area index and
number of tillers of wheat under different population den-
sities of Avena ludoviciana (mean data of 2 years)

Treatment Plant Dry- Leaf-area Effective
(Wild oat height matter index tillers/m2

plants/m2) (cm)  accumulation
(g/m2)

Solid wheat stand 81.5 1,034.5 3.90 439.6
10 81.6 1,052.5 4.09 427.2
15 79.7 1,056.0 4.33 394.9
25 80.5 981.0 4.08 373.8
50 82.9 937.0 4.06 346.7
75 87.3 938.0 4.22 326.5
100 84.9 923.1 4.23 277.2
125 76.3 867.0 4.13 236.2
150 72.3 837.5 4.20 186.9
200 69.2 824.0 4.32 169.8
250 66.7 816.0 4.72 146.5
SEm+ 2.7 19.5 0.13 19.8
CD (P=0.05) 7.5 61.0 0.33 53.3
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grains/spike were produced under sole wheat (T
0
), being

at par with 10 plants/m2, was significantly superior to rest
of the treatments. Significantly lesser grains/spike were
obtained with 250 plants of Avena/m2

. Lesser grains/spike
in high weed density treatments as compared to the sole
crop could be due to severe competition faced by wheat
crop for light, nutrients and space with high weed density
treatments. Walia et al (2001) reported significant yield
reductions with increasing Avena intensity compared to
the weed-free treatment in wheat.

Sole wheat crop produced bolder grains and was statis-
tically at par with 10, 15 and 25 plants of Avena/m2, but
significantly superior to rest density levels of Avena. The
lowest 1,000-grain weight (32.3 g) was recorded with 250
plants of Avena/m2, which was significantly inferior to all
other population levels of Avena. Weed populations of
125,150, 200 and 250 plants/m2 recorded 21.0, 22.2, 23.7
and 32.8% reduction in the 1,000-grain weight compared
to sole wheat (T

0
). This reduction in grain weight of wheat

in higher weed population treatments was caused by se-
vere competition posed by weeds to wheat crop.

Straw yield (t/ha) of wheat decreased with increasing
Avena intensity from 10 to 250 plants/m2. The lowest

straw yield was recorded with 250 plants of Avena/m2

which was statistically at par with 200 plants of Avena /m2.
The highest straw yield (5.80 t/ha) was recorded in sole
wheat stand, was statistically at par with 10, 15 and 25
plants of Avena/m2.

Grain yield of wheat decreased with increasing density
of Avena from 10 to 250 plants/m2 (Table 3). The highest
grain yield was recorded under sole wheat stand, which
was statistically superior to all other treatments with differ-
ent population levels except 10 plants of Avena/m2. Even
25 plants of Avena/m2 reduced the grain yield of wheat to
the tune of 22.5%. There was a significant reduction in
grain yield ranging from 22.5 to 62.7% with 25 and 250
plants of Avena/m2 compared to sole wheat (weed free)
crop.  The reduction in grain yield in presence of 125, 150,
200 and 250 plants of Avena/m2 was 46.6, 51.9, 58.3 and
62.7%, respectively, compared to the sole crop. The low-
est grain yield (2.29 t/ha) was recorded with 250 plants/m2

being at par with 200 plants of Avena/m2.
At higher population density of Avena, there was a

gradual increase in dry matter and plant height of Avena
(Table 1) which caused suppression of wheat growth and
ultimately resulted in lower grain yield.

Walia and Brar (2001) reported decline in yield of
wheat to an extent of 30–40% due to 10 plants/m2 of Avena
(wild oats). Wilson et al. (1990) reported that low infesta-
tion of Avena fatua was likely to result in yield losses in
the region of 1% for every wild oats plant/m2. Singh et al.
(1993) reported that infestation of Phalaris minor through-
out the crop span caused 29–40% loss as compared to
weed-free treatment.

With increasing weed density from 10 to 250 plants/m2,
the harvest index decreased. The lowest value (0.42) was
recorded where there was a maximum competition be-
tween the crop and weeds, i.e. 250 plants of Avena
ludoviciana/m2. The highest harvest index was recorded
with 15 and 25 plants of Avena/m2.

CORRELATION

There was a positive correlation between various
growth parameters of Avena ludoviciana and negative cor-
relation of these parameters with wheat yield (Table 4).
Growth of Avena ludoviciana adversely affected yield of

Table 4. Correlation between plant height, dry-matter accumulation, leaf-area index, tillers/plant of Avena ludoviciana and wheat yield

Treatment Plant Dry-matter Leaf-area Tillers/plant Wheat yield
height accumulation index

Plant height - 0.943 0.965 0.971 -0.835
Dry-matter accumulation - - 0.935 0.925 -0.748
Leaf-area index - - - 0.949 -0.731
Tillers/plant - - - - -0.769
Wheat yield -

Table 3. Yield attributes, grain yield, straw yield and harvest index
of wheat under different Avena ludoviciana  population
densities (mean data of 2 years)

Treatment Grains/ 1,000- Grain Straw Harvest
(Wild oat ear grains yield yield index
plants/m2) weight (t/ha) (t/ha)

(g)

Solid wheat  stand 48.0 48.1 6.14 5.80 0.51
10 47.7 46.5 5.71 5.10 0.52
15 45.4 45.7 5.50 5.06 0.52
25 45.0 42.1 4.76 5.05 0.48
50 44.4 40.95 4.33 4.80 0.47
75 43.2 41.4 4.16 4.90 0.45
100 41.9 38.8 3.69 4.95 0.42
125 41.6 37.9 3.28 4.50 0.42
150 39.75 37.4 2.95 4.00 0.42
200 38.8 36.7 2.56 3.25 0.44
250 37.0 32.3 2.29 3.01 0.42

SEm+ 0.83 1.15 0.17 0.28 0.026
CD (P=0.05) 2.35 4.37 0.501 0.842 0.08
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wheat, as the correlation coefficient (r) was higher than
0.5. Plant height of Avena ludoviciana recorded the high-
est correlation coefficient (r = –0.835), followed by tillers/
plant (r = –0.769), dry matter accumulation (r = –0.748)
and leaf-area index of (r = –0.731) Avena ludoviciana.
Wheat yield, tiller number and dry matter reduce in a lin-
ear pattern proportional to the length of time in which wild
oats compete with the wheat crop (Anderson, 2003).

It was concluded that presence of even 15 plants of
Avena ludoviciana/m2 significantly reduced the grain yield
of wheat and also resulted in significant reduction in other
growth parameters which ultimately results in poor grain
yield of wheat crop and this population level of weed
plants in crop is considered to be critical level of popula-
tion.

REFERENCES

Anderson, C. 2003. Operation Wild Oats, Bayer Crop Science.
Available at http://www.bayercropscience.com.au/xml/data/
brochure/attachments/Operation%20 Wildoats%20Strategy
% 20Guide.pdf.

Chang, Kuo-Wei., Shen, Y. and Lo, Jeng. Chung. 2005. Predicting
rice yield using conopy reflectance measured at booting
stage. Agronomy Journal 97: 872–78.

Cheema, H.S. and Singh, B. 1991. Software Statistical Package
CPCS1. Department of Statistics, Punjab Agricultural Uni-
versity, Ludhiana, India.

Cochran, W.G. and Cox, G.M. 1967. Experimental Designs. Asia
Publishing House, New Delhi.

Graf, B., Gutierrez, A.P., Rakotobe, O., Zahner, P. and Delucchi, V.

1990. A simulation model for the dynamics of rice growth
and development.II. The Competition with weeds for nitro-
gen and light. Agricultural Systems 32: 376–92.

Graf, B. and Hill, J.E. 1992. Modeling the competition for light and
nitrogen between rice and Echinochloa crus-galli. Agricul-
tural Systems 40: 345–59.

Milberga, P. and Hallgrenb, E. 2004. Yield loss due to weeds in ce-
reals and its large-scale variability in Sweden. Field Crops
Research 86:199–09.

Oerke, E.C. 2006. Crop losses to pests. The Journal of Agricultural
Science 144(01): 31–43.

Singh, S., Malik, R.K., Singh, V. and Banga, R.S. 1993. Evaluation
of tank mixture of isoproturon and diclofop methyl in wheat.
(In) Proceedings of the International Symposium of Indian
Society of Weed Science 2: 139–41.

Wagner, N.C., Rew, L.J., Taper, M.L. and Maxwell, B.D. 2007.
Wild Oat (Avena fatua) density, nitrogen and herbicide rate,
and growing-season precipitation. Weed Science 55(6): 578–
83.

Walia, U.S. and Brar, L.S. 2001. Competitive ability of wild oats
(Avena ludoviciana Dur) and broad leaf weeds with wheat in
relation to crop density and N-levels. Indian Journal of
Weed Science  33(3 and 4): 120–23.

Walia, U.S., Gill, H.S. and Brar, L.S. 1989. Effects of varying wild
oat densities on the uptake of nitrogen and grain yield of
wheat. Indian Journal of Ecology 16(1): 34–37.

Walia, U.S., Seema, Brar, L.S. and Singh, M. 2001. Competitive
ability of wheat with variable population of wild oats (Avena
ludoviciana Dur). Indian Journal of Weed Science 33 (3 and
4): 171–73.

Wilson, B.J., Cousens, R. and Wright, K.J. 1990. The response of
spring barley and winter wheat to Avena fatua population
density. Annals of Applied Biology 116: 601–09.



<<
  /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


