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Combining ability estimation of gynoecious and monoecious hybrids for yield
and earliness in cucumber (Cucumis sativus)
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ABSTRACT

Twenty one F1 hybrids developed from seven diverse inbred of cucumber through a half-diallel mating system.
Among parents, gynoecious parent GPC-1 showed maximum GCA effects in desirable direction for node number of
first female flower, days to first fruit harvest, number of fruits/plant and vine length. Whereas the another gynoecious
parent PPC-2 showed maximum GCA effects in desirable direction for traits like, days to first female flower anthesis,
days to fruit set from opening of first female flower, and yield/plant. The monoecious parent Pusa Uday exhibited
highest positive GCA effect for fruit length, fruit diameter and average fruit weight. These two gynoecious (GPC-1
and PPC-2) and one monoecious (Pusa Uday) parents were good general combiners for earliness, yield and other
yield related traits and could be used in cucumber breeding programmes to improve these traits for the accumulation
of favourable genes present in them. In order of merit the gynoecious hybrids P1 × P2 (GPC-1 × PPC-2), P1 × P7 (PPC-
2 × Pusa Uday), P1 × P6 (GPC-1 × Punjab Naveen) followed by monoecious hybrid P3 × P7 (DC-1 × Pusa Uday)
which exhibited highest SCA effects for number of characters including total fruit yield/plant. Thus, gynoecious lines
in combination with gynoecious and monoecious have enormous potential to breed ‘‘suitable gynoecious genotypes
for earliness, yield and yield contributing traits”
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Cucumber (Cucumis sativus L.) (2n=14), belongs to
family cucurbitaceae, is grown in both spring as well as
summer season in tropical and subtropical countries. It is
mostly grown for its edible tender fruits, preferred as salad,
pickles, dessert fruit and rayata preparation. It is considered
an ideal vegetable for people suffering from jaundice and
allied diseases and also very much useful in preventing
constipation because of high water content and also good
source of nutrients and minerals.

Monoecious is the primitive sex form in cucumber,
although gynoecious varieties are gaining popularity among
cucumber growers because of its high yield, earliness and
best suited to protected cultivation. When gynoecious
line used as one parent the successive generations shows
very high percentage of pistillate flowers and it results in
high yield potential. The most potential use of gynoecious
sex form in increasing cucumber yield was studied by
several workers. It was found that the number of pistillate
flowers was positively correlated with yield in some
population season combinations (Cramer and Wehner
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1998). Moderate to highly significant positive correlations
between percent pistillate nodes and yield were also
found in cucumber and suggested that sex expression has
play an important role in increasing cucumber yield
through indirect selection (Cramer and Wehner  2000). A
positive correlation was observed with the number of
pistillate nodes on lateral branches and number of fruit/
plant (Fazio 2001, Fan et al. 2006). In India very less
number of hybrids developed in cucumber, therefore the
development of hybrids using gynoecious lines or
predominantly gynoecious lines would be highly useful
for increasing yield potential.

Realizing the importance of cucumber as an important
vegetable crop for protected cultivation, it is imperative to
study the GCA and SCA effects for earliness, yield and yield
contributing characters. For the development of superior
hybrids, estimates of general combining ability (GCA) of
parents and specific combining ability (SCA) of the crosses
help in proper selection of parents for hybridization
programme. Therefore, the present investigation was
undertaken to determine combining abilities, i.e. GCA and
SCA effect of the Indian gynoecious lines with other potent
diverse inbred and also to identify the best combiners among
the existing germplasm for yield and its contributing
characters of different quantitative characters in 7 × 7 half
diallel mating system to facilitate the formulation of a sound
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Table 1 Mean performance of parents for earliness traits in
cucumber

Parents NNFFF DFFFA DFSFFF DFFH

GPC-1 (P1) 3.44 40.22 3.50 46.07
PPC-2 (P2) 3.44 41.00 3.49 47.89
DC-1 (P3) 5.23 47.64 3.61 56.85
KG (P4) 4.98 45.49 3.81 55.70
SP (P5) 5.12 48.55 3.89 57.13
PN (P6) 5.38 49.61 4.22 60.19
PU (P7) 5.43 50.52 4.16 58.66
Mean 4.72 46.15 3.81 54.64
Range 3.44-5.43 40.22-50.52 3.49-4.22 46.07-60.19
CD (P=0.05) 0.67 4.60 0.68 4.88

GPC-1-Gynoecious Pickling Cucumber-1, PPC-2-Pant
Parthenocarpic Cucumber-2, KG-Kalyanpur Green, SP-Swarna
Poorna, PN-Punjab Naveen, PU-Pusa Uday
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breeding programme utilizing Indian gynoecious cucumber
lines.

MATERIALS AND METHODS
The present investigation was carried out at experimental

farm of the Division of Vegetable Science, Indian Agricultural
Research Institute, New Delhi during 2012 (Kharif season)
and 2013 (summer  season). Seven genetically diverse
inbreds of cucumber developed in different parts of the
country showing considerable amount of morphological
variation, viz. P1 (Gynoecious Pickling Cucumber-1), P2
(Pant Parthenocarpic Cucumber-2), P3 (DC-1), P4
(Kalyanpur Green), P5 (Swarna Poorna), P6 (Punjab Naveen),
and P7 (Pusa Uday) were crossed. Twenty one F1 hybrids
developed from 7 diverse inbred including 2 gynoecious
were used for present study. Flowers were hand pollinated
to produce F1 hybrids without the reciprocals. Twenty eight
genotypes (21 F1 and 7 parental lines) were grown under
open field condition in a randomized block design, and
were replicated three times. The crop was sown in rows of
1.5 m apart with spacing of 60 cm between the plants. Each
treatment comprised twenty hills. Two plants were allowed
to grow in each hill and finally one plant was retaining for
final observations. Standard and uniform agronomic practices
recommended under irrigated conditions were followed
throughout the growing seasons to raise a healthy and
successful crop for better phenotypic and morphological
expression. Ten plants were randomly selected for taking
observations after discarding the border plants at both the
ends. The fruits were harvested at marketable stage.
Observations on individual plant were recorded on ten
economically important quantitative characters (Table 3).
Griffing (1956b) method II, model I was used for deriving
general (GCA) and specific combining ability (SCA)
estimates, where parents and F1s were included but not the
reciprocals.

RESULTS AND DISCUSSION
Mean performance of parents and their crosses for
earliness

Earliness in cucumber is judged through appearance of
female flower at lower node and number of days required to
first harvest of fruits at marketable stage. Based on node
number of first female flowers appearance, the gynoecious
inbred P1 and P2 (GPC-1 and PPC-2) was found to be
earliest (i.e. 3.44th node; Table 1). The gynoecious parents
GPC-1 and PPC-2 were also earliest parents (40.22 and
41.00 days respectively (Table 1) for days to first female
flower anthesis. Both parents also took less number of days
for fruit setting from opening of first female flower. Among
the parental lines the gynoecious lines, GPC-1 and PPC-2
took only 46.07 and 47.89 days respectively (Table 1) for
first picking and were considered as the best parents. The
gynoecious hybrids P1 × P2 (gynoecious × gynoecious), P1
× P7 (gynoecious × monoecious), P2 × P7 (gynoecious ×
monoecious) had female flower at lower node (2.54th, 3.37th,
3.41st node respectively (Table 2). The top three hybrid

combinations produced early fruits (<47 days after sowing)
compared to other hybrids are P2 × P7 (PPC-2 × Pusa
Uday), P2 × P6 (PPC-2 × Punjab Naveen) and P1 × P6
(GPC-1 × Punjab Naveen) (Table 2). The top three hybrid
combinations for days to first female flower anthesis (<40
days after sowing) compared to other hybrids are P1 × P7
(GPC-1 × Pusa Uday), P2 × P7 (PPC-2 × Pusa Uday) and P1
× P6 (GPC-1 × Punjab Naveen) (Table 2). The cultivation of
gynoecious based hybrids in cucumber at high plant densities

Table 2 Mean performance of hybrids for earliness traits in
cucumber

Crosses NNFFF DFFFA DFSFFF DFFH

P1 × P2 2.54 40.19 3.37 47.54
P1 × P3 3.87 43.35 3.38 52.67
P1 × P4 3.78 42.16 3.57 51.45
P1 × P5 3.95 43.15 3.56 54.17
P1 × P6 3.41 39.24 3.11 46.72
P1 × P7 3.37 38.27 3.06 46.82
P2 × P3 3.90 41.57 3.25 52.35
P2 × P4 3.97 41.76 3.45 53.07
P2 × P5 3.92 42.22 3.56 53.38
P2 × P6 3.46 39.77 3.14 46.52
P2 × P7 3.41 38.47 3.05 46.49
P3 × P4 4.63 42.21 3.52 55.36
P3 × P5 4.68 42.37 3.56 56.09
P3 × P6 4.80 44.49 3.77 53.18
P3 × P7 4.72 42.14 3.67 52.67
P4 × P5 4.24 45.38 3.83 56.13
P4 × P6 4.44 43.35 3.31 53.44
P4 × P7 4.40 45.57 3.34 52.93
P5 × P6 4.24 47.45 3.83 55.04
P5 × P7 4.21 44.77 3.43 54.12
P6 × P7 4.19 43.47 4.52 54.37
Mean 4.01 42.45 3.49 52.12
Range 2.54-4.80 38.27-47.45 3.05-4.52 46.49-56.13
CD (P=0.05) 0.71 3.43 0.56 4.24
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has an opportunity to provide high yield potential in once
over mechanical harvesting operations (Cantliffe 1977).

GCA effects of cucumber parental genotypes
The estimated effect for the GCA of the parents revealed

that among seven parental lines, the line GPC-1 exhibited
highest negative GCA effects in desirable direction for node
number of first female flower (-0.63). The parental line PPC-
2 exhibited highest negative GCA effects in desirable
direction for days to first female flower anthesis (-2.33) and
days to fruit set from opening of first female flower (-0.19).
In order of merit the parental line GPC-1 exhibited highest
negative GCA effects in desirable direction for days to first
fruit harvest (-3.39) and was considered as one of the best
parent followed by parental line PPC-2
(-2.98). The parent GPC-1 exhibited highest GCA effects
for number of fruits/plant (2.73) followed by parent PPC-2
(2.69). The gynoecious parents GPC-1 and PPC-2 produced
early fruits compared to monoecious parents. The parental
line Pusa Uday exhibited highest GCA effects (1.69, 0.53
and 21.04) for traits like fruit length, fruit diameter and
average fruit weight respectively, followed by Punjab
Naveen. The parental line GPC-1 exhibited significant
negative GCA effects in desirable direction for vine length
(-24.58) followed by the parental line PPC-2. The parental
line PPC-2 exhibited significant positive GCA effects in

desirable direction for yield/plant (162.95) followed by Pusa
Uday. It is observed that either one or two parental lines
involved in crosses with high GCA effects for yield and its
attributing characters, the F1 hybrids showed promising
results in terms of yield traits. In the present experiment, the
gynoecious parent GPC-1 exhibited highest significant GCA
effects in desirable direction for characters like node number
of first female flower, days to first fruit harvest, number of
fruits/plant and vine length followed by PPC-2 for traits like
days to first female flower anthesis, days to fruit set from
opening of first female flower and yield/plant. The
monoecious parent Pusa Uday exhibited significant GCA
effects in desirable direction for characters like fruit length,
fruit diameter and average fruit weight. It was found that
SCA components of variance were higher than GCA
components of variance for all the traits studied indicating
the preponderance of non-additive variance of gene action.
Hence, heterosis breeding is rewarded for the improvement
of these traits. Since the parents P1, P2 and P7 had high GCA
effects and yield components attributes as well; they could
be used to breed high yielding gynoecious cucumber hybrids
and may be tested for multi-location trials.

Estimation of SCA effects of F1 hybrids for different
quantitative traits in cucumber

The hybrid P1 × P2 (-0.41) exhibited highest negative

Table 3 Analysis of variance for general and specific combining ability using half-diallel cross in cucumber

Character Source of variation of gca Source of variation of sca Error  2g  2s
DF MSS F DF MSS F DF MSS

NNFFF 6 1.63** 22.93 21 0.18* 2.49 54 0.07 0.05 0.06
DFFFA 6 23.58** 14.31 21 6.91** 4.20 54 1.65 0.16 1.33
DFSFFF 6 0.179** 4.05 21 0.11** 2.46 54 0.04 0.05 0.08
DFFH 6 46.32** 18.50 21 6.96** 2.78 54 2.50 0.24 2.20
NF/P 6 36.39** 53.95 21 3.68** 5.45 54 0.67 0.07 0.55
FL (cm) 6 25.18** 23.31 21 1.69** 1.56 54 1.08 0.11 0.88
FD (cm) 6 2.00** 29.36 21 0.08 1.23 54 0.07 0.07 0.08
AFW (g) 6 3550.9** 85.49 21 66.38 1.60 54 41.54 3.96 33.47
VL (cm) 6 1125.18** 77.76 21 22.36 1.55 54 14.47 1.38 11.66
Y/P (g) 6 219542.9** 30.73 21 66203.2** 9.27 54 7144.7 680.46 5755.46

Table 4 Estimates of general combining ability (GCA) effects of parental lines for ten important quantitative traits of cuumber using
half-diallel cross

Character NNFFF DFFFA DFSFFF DFFH NF/P FL FD AFW(g) VL (cm) Y/P (g)

P1 -0.63** -2.24** -0.17* -3.39** 2.73** -3.44** -0.74** -30.80** -24.58** 102.85**
P2 -0.60** -2.33** -0.19* -2.98** 2.69** -0.64 -0.46** -24.60** -1.24 162.95**
P3 0.40** 0.50 -0.02 1.56* -1.57** 0.85 0.32** 8.84** 2.85* -91.83**
P4 0.22* 0.50 0.01 1.31* -1.85** 0.36 0.03 6.28* 6.63** -174.41**
P5 0.22* 1.72** 0.11 2.35** -1.88** 0.34 -0.10 3.78 4.03** -209.63**
P6 0.20* 1.11* 0.17* 0.85 -0.32 0.84* 0.42** 15.45** 5.99** 58.30*
P7 0.19* 0.75 0.09 0.30 0.19 1.69** 0.53** 21.04** 6.33** 151.77**
SE (gi) 0.082 0.393 0.064 0.488 0.253 0.321 0.080 1.987 1.170 26.085
SE (gi-gj) 0.126 0.605 0.098 0.746 0.387 0.490 0.123 3.038 1.793 39.846
CD (P=0.05) 0.183 0.876 0.143 1.087 0.565 0.714 0.179 4.428 2.608 58.118

**  Significant at 1%, * Significant at 5%
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SCA effects in desirable direction for node number of first
female flower followed by P1 × P7 (-0.40).The hybrid P2 ×
P7 (-3.66) was estimated maximum negative SCA effects
value in desirable direction for days to first female flower
anthesis followed by P1 × P7 (-3.61). The hybrid P1 × P6
(-0.67) showed maximum SCA effects for days to fruit set
from opening of first female flower followed by P2 × P7
(-0.62). The hybrid P2 × P6 (-4.10) showed significant SCA
effects in desirable direction for days to first fruit harvest
followed by P2 × P7 (-3.57).The hybrid combinations P1 ×
P2, P1 × P7, P2 × P7, P1 × P6, and P2 × P6 are observed
potential for earliness. Gynoecious based cucumber hybrids
are early in flowering and produced concentrated fruit set
(Dijkhuizen and Staub 2002). The crosses showed high
specific combining ability (SCA) can be best utilized in
heterosis breeding (Singh and Chaudhary 1979). The hybrid
P2 × P7 (3.22) showed highly significant SCA effects for
number of fruits/plant followed by P1 × P7 (3.15). The
hybrid P2 × P6 (1.57) revealed maximum SCA effect for
fruit length followed by P2 × P5 (1.03). The hybrid P3 × P7
(0.48) exhibited significant SCA effects for fruit diameter
followed by P3 × P6 (0.47). The hybrid P3 × P7 (12.29)
revealed maximum SCA effect for average fruit weight
followed by P1 × P2 (11.86). The hybrid P1 × P7 (-9.11) was
estimated maximum negative SCA effects value but in
desirable direction for days to first fruit harvest, followed

by P1 × P5 (-8.79). The hybrid P2 × P7 (407.83) was found
significant SCA effects for yield/plant followed by P2 × P6
(365.18) and P1 × P7 (345.99). In all crosses, the gynoecious
lines, GPC-1 and PPC-2 were found to be good combiner.
The most outstanding parental lines involved in all F1 crosses
which showed best SCA effects are GPC-1, PPC-2 and Pusa
Uday. The crosses P1 × P2, P2 × P7, P1 × P6, P2 × P6, P3 ×
P7, P1 × P7 with high SCA effects for most of the characters
including yield/plant and may be utilized in exploitation of
hybrid vigour. From the above cross combination it is clear
that gynoecious as one of parent in cucumber hybrid
development holds immense potentiality for exploitation of
hybrid vigour with respect to earliness, yield and other yield
related traits. These results were very much similar to the
findings of Shushir et al. (2005), and Sreevani (2005). Fan
et al. (2006) in cucumber found a positive correlation
between gynoecy and number of fruits which suggested the
association between total yield and sex expression in
cucumber. The significance of GCA and SCA variances in
the present study indicated the role of both additive (for
selection) as well as non-additive gene action (for heterosis
breeding) for the control of yield and earliness in cucumber
by utilizing the gynoecious line as one of the parents.

Therefore Gynoecious × Gynoecious and Gynoecious
× Monoecious hybrids were found to have maximum
significant SCA effects for earliness and total yield and may

Table 5 Estimation of specific combining ability (SCA) effects of F1 hybrids for ten important quantitative traits in cucumber using half-
diallel cross

Crosses NNFFF DFFFA DFSFFF DFFH NF/P FL FD AFW(g) VL (cm) Y/P (g)

P1 × P2 -0.41** 2.39* 0.16 1.17 1.11 -0.74 -0.17 11.86* 0.38 -197.71*
P1 × P3 -0.08 1.73 0.00 1.75 -1.40 0.43 -0.22 3.16 -0.69 27.08
P1 × P4 0.01 0.53 0.16 0.78 -1.42 0.29 0.23 3.99 -8.36* 39.33
P1 × P5 0.17 0.30 0.05 2.46* -1.29 0.25 0.18 7.15 -8.79* 60.46
P1× P6 -0.35** -3.00* -0.67** -3.49* 2.37** 0.62 -0.02 -1.39 -4.37 324.11**
P1 × P7 -0.40** -3.61** -0.43* -2.85 3.15** 0.81 0.03 -3.51 -9.11* 345.99**
P2 × P3 -0.08 0.03 -0.11 1.02 -0.94 0.70 -0.17 -0.91 -2.11 11.62
P2 × P4 0.16 0.23 0.06 2.00 -0.49 0.67 -0.07 -3.20 2.78 9.67
P2 × P5 0.11 -0.54 0.07 1.26 -0.15 1.03 -0.19 -1.03 8.12* 19.79
P2 × P6 -0.33** -2.38* -0.60** -4.10* 2.66** 1.57 0.02 -1.85 7.86* 365.18**
P2 × P7 -0.36** -3.66** -0.62** -3.57* 3.22** 0.95 0.00 -2.05 3.24 407.83**
P3 × P4 -0.17* -2.15* -0.04 -0.25 1.48 0.85 0.46* -1.20 -0.65 51.19
P3 × P5 -0.13* -3.21* -0.10 -0.57 1.36 0.59 0.44* 0.22 0.84 80.65
P3 × P6 0.01 -0.49 0.05 -1.98 0.23 -0.03 0.47* 2.08 1.01 130.27
P3 × P7 -0.05 -2.48* 0.03 -1.94 0.78 0.94 0.48* 12.29* 2.49 225.05*
P4 × P5 -0.38 -0.21 0.14 -0.29 0.96 0.05 0.28 -2.10 -3.19 139.99
P4 × P6 -0.16 -1.62 -0.44* -1.47 0.39 0.86 -0.12 10.77 1.15 66.60
P4 ×P7 -0.18 0.95 -0.53* -1.43 0.04 0.66 -0.21 11.80* 7.25* 83.41
P5 × P6 -0.37** 1.25 -0.02 -0.92 0.44 0.05 0.16 6.69 -1.34 38.60
P5×P7 -0.39** -1.07 -0.34 -1.29 -0.11 0.73 0.20 6.11 -0.52 4.32
P6×P7 -0.38** -1.77 0.68** 0.47 -0.28 1.01 0.46 3.97 -0.78 -137.87
CD (P=0.05) 0.485 2.337 0.378 2.881 1.496 1.892 0.475 11.733 6.923 153.883

*Significant at 1%, **Significant at 5%. NNFFF- Node number of first female flower, DFFFA- Days to first female flower anthesis,
DFSFFF- Days to fruit set from opening of first female flower, DFFH- Days to first fruit harvest, N/F- Number of fruits/plant, FL- Fruit
length, FD- Fruit diameter, AFW- Average fruit weight, VL-Vine length, Y/P-Yield/plant
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be exploited for commercial F1 hybrid production because
most of Indian cucumber cultivars are monoecious in nature
and these are not suitable for growing under protected
conditions as they require pollination for fruit set, whereas
gynoecious varieties produce only pistillate flowers and has
immense potential which facilitate easy and economic
method of hybrid seed production also as compared to
monoecious cultivars. Hence, these aforesaid gynoecious
hybrids of cucumber have high potential for commercial
cultivation with respect to yield, earliness and other important
traits under north Indian plains.

 ACKNOWLEDGEMENT
The work was supported by Division of Vegetable

Science, IARI, New Delhi on combining ability estimation
of gynoecious and monoecious hybrids for yield and earliness
in cucumber.

REFERENCES

Cantliffe D J. 1977.  Nitrogen fertilization requirements of pickling
cucumbers grown for once-over mechanical harvest. I. Effect
of yield and quality. Journal of American Society of
Horticultural Science 102: 112–4.

Cramer C S and Wehner T C. 1998. Fruit yield and yield component
means and correlations of four slicing cucumber populations
improved through six to ten cycles of recurrent selection.

Journal of American Society of Horticultural Science 123:
388–95.

Cramer C S and Wehner T C. 2000. Path analysis of the correlation
between fruit number and plant traits of cucumber populations.
Horticulture Science 35: 708–11.

Dijkhuizen A and Staub J E. 2002. QTL conditioning yield and
fruit quality traits in cucumber (Cucumis sativus L.): effects of
environment and genetic background. Journal of New Seeds 4:
1–30.

Fan Z, Robbins M D and Staub J E. 2006. Population development
by phenotypic selection with subsequent marker-assisted
selection for line extraction in cucumber (Cucumis sativus L.)
Theoretical and Applied Genetics 112: 843–55.

Fazio G. 2001. 'Comparative study of marker-assisted and
phenotypic selection and genetic analysis of yield components
in cucumber.' Ph D dissertation, University of Wisconsin,
Madison, USA.

Griffing B. 1956b. Concept of general and specific combining
ability in relation diallel crossing system. Australian Journal
of Biological Science  9: 463–93.

Shushir K V, Dimbre A D, Patil H E, Kamdi S R, Saitwal V M.
2005. Combining ability studies in cucumber. Journal of Soil
and Crops 15: 72–5.

Singh R K, Chaudhary B D. 1979. Biometrical Methods in
Quantitative Genetic Analysis. Kalyani Publishing, New Delhi.

Sreevani P G. 2005.Combining ability analysis for yield and yield
and its components in bottle gourd [Lagenaria siceraria (Mol.)
Standl.]. Vegetable Science 32: 140–2.

COMBINING ABILITY ESTIMATION IN CUCUMBER

123



<<
  /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


