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Laboratory bioassays were conducted using an elec-
troantennogram (EAG) and Y-tube olfactometer to 
study the electrophysiological and olfactory responses 
of banana pseudostem weevil (BSW), Odoiporus longi-
collis to its aggregation pheromone, 2-methyl-4-
heptanol (2M4H) and host plant extract (HPE). The 
aggregation pheromone and HPE from highly suscept-
ible cultivar Nendran were tested individually and in 
combination to ascertain the synergistic effect of HPE 
on 2M4H to the BSW. The peripheral response of  
antennae to the 2M4H + HPE combination elicited 
significantly strong amplitude of 4.089 ± 0.043 mV in 
males in comparison to females over the aggregation 
pheromone and HPE individually. Dose-dependent 
responses indicated difference between sexes and con-
centrations. Behavioural assay using Y-tube demon-
strated that both sexes responded to host volatiles, and 
that males were more sensitive than females. Similarly, 
both the sexes responded most strongly (64.21% ± 
3.91% of males and 55.47% ± 3.06% of females) to the 
odour sources comprising pheromone with host plant 
volatiles. Addition of HPE to 2M4H significantly  
increased EAG activity and also the attraction as indi-
cated in the Y-tube behavioural bioassay; thus, the 
blend forms a good attractant. The present study pro-
vides information useful in developing pheromone-
based lure in conjunction with HPE for monitoring 
and mass-trapping of O. longicollis. 
 
Keywords: Aggregation pheromone, banana pseudo-
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THE banana pseudostem weevil (BSW) is a monophagous 
pest that causes 10%–90% yield loss with severe infesta-
tion occurring at the early vegetative stage of the crop1. 
Widespread occurrence of this pest has been recorded in 
all banana-growing states of India2,3 and Southeast Asia4. 
Infested planting materials (suckers), inter alia, are the 
contributing factor for rapid spread of BSW. Female 
weevil lays eggs inside the air chambers of the leaf sheath 
through a hole made by its rostrum. The newly hatched 

larvae feed on tender tissue and make tunnels that prevent 
the flow of nutrients, often causing death of the plant2. 
Banana pseudostem traps have been used to check and 
control the pest in banana orchards, but it is labour-
intensive and trapping materials may not be available in 
newly established gardens5. The biology and ecology of 
the weevil have been studied in detail6,7. Chemical  
methods are available but not effective owing to hidden 
mode of life cycle of the pest8,9. The extensive and per-
haps indiscriminate application of cyclodiene insecticides 
(dieldrin, lead heptachlor) has caused resistance in the co-
leopteran pests and adverse effect on the environment10. 
Organophosphate insecticide substitutes are available but 
are costly and potentially poisonous to the farmers, and 
therefore not suitable for small farm-holder production 
system11. Therefore, an effective control method with a 
view to safeguard the farmers as well as the environment 
is essentially required. The use of semiochemicals in  
integrated pest management programmes is increasing, 
and this intervention has substantial practical usefulness 
for controlling some coleopteran pests12,13. Traps baited 
with semiochemicals have successfully been used for the 
management of the boll weevil, Anthonomus grandis14 
and the American palm weevil12. Therefore, mass trap-
ping of BSWs may be a feasible technique for their man-
agement. 
 2-Methyl-4-heptanol (2M4H) was reported as the 
male-secreted aggregation pheromone of Odoiporus lon-
gicollis15. Many aggregation pheromones were found 
working only in combination with host plant tissue. For 
example, rhynchophorol, the aggregation pheromone of 
West Indian sugarcane weevil, works only with the host 
plant sugarcane pieces16. Similarly, sordidin, the male-
produced aggregation pheromone of Cosmopolites sordi-
dus is active with banana stem tissue17. The use of plant 
tissue per se in combination with aggregation pheromone 
in traps under field conditions is cumbersome and im-
practical. In the present study, electrophysiological and 
olfactory responses of BSW to 2M4H and host plant ex-
tract (HPE) using electroantennogram (EAG) (model 
IDAC 232, Syntech, Hilversum, The Netherlands) and  
Y-tube olfactometer bioassays are reported to develop 
semiochemical-based attractant trap for BSW. 
 The BSW colony was raised from field-collected wee-
vils and grubs. The adults were reared in plastic contain-
ers (10 l) perforated on the lid for ventilation and at the 
bottom for drainage of water emanating from banana 
pseudostem, and fed with a piece of banana pseudostem 
of cultivar Nendran. The feed was changed when it par-
tially dried up. In the case of grubs, each grub was sepa-
rately kept in small perforated plastic containers (height 
14 cm and diameter 10 cm; Tarsons, Kolkata) with a 
small piece of banana leaf sheath and it was changed at 
regular intervals until pupation. Both adults and grubs 
were nurtured at 25° ± 1°C with 12 h L : 12 h D; and 
65%–70% relative humidity conditions. Adult weevils 
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were segregated into males and females on the basis of 
rostrum characteristics18.  
 The pheromone 2M4H (obtained from M/s Chempure 
(P) Ltd, Mumbai) was diluted in hexane (HPLC-grade). 
Using solvent extraction method, host plant extract (cv. 
Nendran) was made from 100 g of banana leaf sheaths in 
hexane. The supernatant was carefully decanted into a 
round bottom flask and concentrated to 10 μl/g equivalent 
using a rotary evaporator. In order to choose a suitable 
dose of 2M4H in relation to maximum response in BSW, 
the pheromone compound was diluted in five different 
concentrations from log 1 to 5 in hexane, and HPE was 
diluted from 1 to 200 μl in hexane and tested.  
 The methodology described by Prasuna et al.19 was fol-
lowed in the present study. The antenna was mounted on 
the probe composed of two steel electrodes using an elec-
trically conductive ‘spectral gel’. The stimuli used in the 
experiment were (i) 2M4H + HPE, (ii) 2M4H, (iii) HPE 
and (iv) control. Filter paper (0.5 × 30 cm) strips were 
loaded with 10 μl of each stimulus extract; the solvent 
was allowed to evaporate and the strips were inserted into 
the stimulus cartridges. The mounting of antennae was 
completed within 10 min. The antenna was continuously 
flushed by humidified and filtered air, except for the sti-
mulus applied with 3 min interval between simulations 
for enough antennal receptor recovery. The treatments 
were randomly presented to the antenna six times along 
with the control. Every treatment was tested on both male 
and female antennae. All test and the control stimulus 
responses formed a set of data. The absolute EAG res-
ponses were recorded.  
 A glass Y-tube olfactometer was employed to examine 
the behavioural responses of both sexes of BSW to 2M4H 
and HPE (Figure 1). The Y-tube olfactometer, with stem 
45 cm, arms 7.5 cm at 60° angle and internal diameter 
2.0 cm, comprised of two chambers meant for test and 
control samples. Purified air was drawn into the arms of 
the Y-tube through an air delivery unit. The air flow of 
the Y-tube arms was kept at 250 ml/min using a flow  
meter (Syntech). The stimuli used in the experiment 
were: (i) 2M4H + HPE versus control, (ii) 2M4H versus  
control and (iii) HPE versus control. Ten microlitre of 
volatile stimuli and HPLC-grade hexane were separately 
loaded onto pieces of Whatman no. 1 filter paper (2 × 
 
 

 
 
Figure 1. Y-tube olfactometer used in the bioassay: 1, Air pump; 2, 
Charcoal filter; 3, Humidifier; 4, Sample/control arm; 5, Y-tube; 6, 
Weevil release point. 

0.4 cm) and placed in the sample and control chambers 
against the air stream. Five BPWs as a group were intro-
duced at 5 min interval into the Y-tube at the entrance of 
the stem, enabling them to make a choice between sample 
and control. Twenty groups of weevils were used in each 
experiment. Freshly prepared 2M4H/HPE and hexane fil-
ter papers were used for each group of weevils. 
 Activity and preference percentage of the weevils were 
calculated in each experiment. Activity is the number of 
weevils that moved either to the left or right arm com-
pared to those that did not respond. Preference is the 
number of active weevils that made the choice of either 
sample or control. The results were obtained as percen-
tage of activity and of preference using the formula origi-
nally described by Hori20 and modified by Prasuna et al.19 
 
 Per cent activity = [(No. of weevils released – no. of  
  weevils not-responding)/(Total no. of weevils  
  released)] × 100. 
 
 Per cent preference = [(No. of weevils attracted towards  
  the test chamber – no. of weevils attracted to  
   control)/(Total no. of weevils released – no. of  
   weevils not-responding)] × 100. 
 
After testing 20 weevils, the olfactometer was turned 
around by 180° to minimize positional bias. After each 
experiment, all the weevils were removed and the olfac-
tometer was washed with water thoroughly and rinsed 
with acetone and oven-dried. Data from EAG experi-
ments and Y-tube bioassay studies, viz. per cent activity 
and per cent preference were analysed using analysis of 
variance ANOVA, and least significant difference (LSD) 
was used to compare the mean values between treatments 
and sexes. 
 Dose-response experimental results of 2M4H revealed 
that at log dilutions 1 and 2 exhibited over-stimulation, 
while at log dilutions 4 and 5, the EAG response was  
indistinguishable and overlapping between sexes. Only at 
log dilution 3, distinguishable EAG response was ob-
tained and chosen for further studies (Figure 2). In case 
of HPE, 10 μl was found to be the optimum dose in per-
ceiving odour stimulus by the weevils. At 1 μl dose, the 
perceptivity was very low, particularly for females and at 
50 μl and above, sensitivity of the antennae of the wee-
vils was desensitized (Figure 3).  
 Table 1 provides a summary of EAG responses of male 
and female O. longicollis using 2M4H + HPE, 2M4H, 
HPE and control. All the test stimuli evoked significantly 
higher responses in male and female O. longicollis in 
comparison with control, implying presence of antennal 
receptor components. Male weevils elicited significantly 
higher response than females in all the test stimuli, except 
control, and within test stimuli, the 2M4H + HPE combi-
nation produced higher EAG response in comparison to 
2M4H and HPE tested individually in both sexes.  
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Comparison between responses of males and females, 
though all the three test stimuli produced significant 
EAG, showed that the 2M4H + HPE combination pro-
duced highest absolute EAG response in males (4.089 ± 
0.043 mV) than females (3.249 ± 0.072 mV).  
 Table 2 gives the olfactometer bioassay results. Since 
significant differences in the migration of males and  
females in the olfactometer were detected, the activity 
and preference percentages were estimated separately for 
males and females. The per cent activity of males was 
68.49 ± 3.04, which is not significantly different from 
females (69.77 ± 3.06) to 2M4H + HPE combination 
against control. Similarly, the per cent activity of males 
(64.63 ± 4.32) and females (66.23 ± 3.06) was also not 
significantly different towards HPE. However, the per 
cent activity of males (67.73 ± 3.94) and females 
(66.13 ± 2.78) towards 2M4H was significantly different.  
 The results also demonstrate that 2M4H alone shows 
significant preference between males (29.47 ± 3.94) and 
females (24.83 ± 2.78), whereas the 2M4H + HPE com- 
 
 

 
 
Figure 2. Responses of male and female, Odoiporus longicollis to 
different doses of 2-methyl-4-heptanol. 
 
 

 
 
Figure 3. Responses of male and female, O. longicollis to different 
doses of host plant extract. 

bination and HPE alone do not show significant prefe-
rence between the sexes against control. Generally, the 
2M4H + HPE combination shows higher preference in 
both the sexes than the 2M4H and HPE individually 
against control. Overall, males responded well to the phe-
romone and kairomone combination in EAG test and to 
the pheromone in the behavioural assays. Furthermore, 
between males and females only the pheromone alone 
showed significant difference in olfactory orientation in 
terms of per cent activity and per cent preference. 
 The response of insects to the semiochemicals includ-
ing pheromones and host plant kairomones are dose-
dependent, i.e. insects perceive the odours of pheromones 
and kairomones in particular concentrations and genders 
respond differently to different concentrations of semio-
chemicals15,21,22. Therefore, dose-dependent stimulation 
of weevils to the aggregation pheromone and host plant 
kairomones was performed and the doses of 2M4H and 
HPE, which exhibited distinguishable antennal response 
and perceptivity between genders of insects, were used 
for EAG and behavioural bioassays. 
 In Y-tube olfactometer studies, the mixture of banana 
extract and male weevil body wash volatiles was found 
highly attractive to male O. longicollis19. In a laboratory 
bioassay, host plant volatiles and the synthetic phero-
mone tested individually and in the mixture strongly  
attracted the banana rhizome borer, Cosmopolites sordi-
dus23. HPE enhanced the level of response of C. sordidus 
to the synthetic aggregation pheromone Cosmolure+(R) 
(ref. 24). Additive effect of host plant on pheromone  
attraction has been reported; however, increasing host 
plant tissue to pheromone beyond a particular size did not 
significantly increase weevil response25. In our study  
also, HPE from the highly susceptible cultivar Nendran 
with 2M4H was found effective in weevil olfactory re-
sponse, as it induced strong EAGs in males and females. 
Since male weevils responded more to HPE, they might 
be involved in the host plant selection. After reaching the 
host, they release aggregation pheromone and lure both 
male and female weevils. Banana pseudostem traps are  
 
 
Table 1. Electroantennogram (EAG) response of male and female 
Odoiporus longicollis to 2-methyl-4-heptanol (2M4H) and host plant  
  extract (HPE) 

 EAG responses (mV ± SE)*† 
 

Treatment Male Female 
 

Control (hexane) 0.221 ± 0.036f 0.328 ± 0.035f 
2M4H + HPE 4.089 ± 0.043a 3.249 ± 0.072b 
2M4H 2.473 ± 0.079c 1.994 ± 0.090e 
HPE 3.255 ± 0.125b  2.270 ± 0.043d 

*EAG values between the columns except in control are significantly 
different. †Values within columns followed by different letters in the 
superscript are significantly different. Least significant difference 
(LSD) was performed for comparison of multiple means.  
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Table 2. Per cent activity and per cent preference of O. longicollis towards different odour stimuli 

 Per cent activity Per cent preference*,† 
 

Treatment Male Female Male Female 
 

2M4H + HPE versus control 68.49a ± 3.04 69.77a ± 3.06 64.21a ± 3.91 55.47a ± 3.06 
2M4H versus control 67.73a ± 3.94 66.13b ± 2.78 29.47b ± 3.94 24.83c ± 2.78 
HPE versus control 64.63b ± 4.32 66.23b ± 3.06 40.23b ± 4.32  32.24b ± 3.06 

*Values of per cent preference between the columns are significantly different. Two-way ANOVA was performed with six replica-
tions. †Values within columns followed by different letters are significantly different. LSD was performed for comparison of mul-
tiple means.  

 
 
being used to check the pest in banana plantations. The 
volatile chemicals (kairomones) emanating from the cut 
surface of banana stem may attract the weevils. Identifi-
cation of kairomones from the pseudostem therefore will 
help in developing pheromone-based lures for the man-
agement of the weevils. 
 The EAG and behavioural studies revealed that male-
produced aggregation pheromone (2M4H), plays a pre-
dominant role in the host-finding behaviour of male  
weevils, and the host plant-associated kairomones are  
also essential for increasing the attraction of the aggrega-
tion pheromone. Female weevils responding to the aggre-
gation pheromone might release the sex pheromone and  
attract males for mating. In support, the present study  
results show that the EAG response of females is low  
towards all stimuli in comparison to males. Also, the 
possible presence of female-produced sex pheromone in 
O. longicollis has been suggested26. Many volatiles were 
identified from pseudostem of cv. Gitumo, a highly sus-
ceptible banana to C. sordidus. The major components, 
viz. α-pinene, β-pinene, β-myrcene, limonene, α-
cubebene, α-copaene, α-cedrene, β-caryophyllene and α-
humulene were not attractive, but the minor component 
1,8-cineole was found attractive to C. sordidus27,28. This 
result showed that one or few minor component(s) 
present in the volatiles from banana pseudostem may be 
attractive to BSW. Development of suitable trapping 
techniques will improve the detection, monitoring and 
management programme which at present depends on 
visual symptoms like gummy exudation and pinhead hole 
on the pseudostem, which are evident only at the terminal 
stage of infestation. Isolation of pure kairomones from 
the host plants and/or identification of pheromones may 
be useful for monitoring and management purposes29. 
This ultimately will reduce the use of harmful pesticides 
in the field, which will be advantageous to the farming 
community, environment and beneficial insects. 
 
 

1. Padmanaban, B. and Sathiamoorthy, S., The banana stem weevil, 
Odoiporus longicollis. Musa Pest Fact Sheet, 2001, 5, 8–11. 

2. Vishalakshi, A., Nair, M. S., Beevi, N. and Karthiani Amma, A. 
M., Occurrence of Odoiporus longicollis Olivier (Coleoptera: 
Curculionidae) as a pest of banana in Kerala. ENTOMON, 1989, 
14, 367–368.  

3. Ram, S. and Pathak, K. A., Occurrence and distribution of pest 
complex of some tropical and temperate fruits in Manipur. Bull. 
Entomol., 1987, 28, 12–18. 

4. Mitchell, G. A., The estimation of banana borer population and re-
sistance levels. Windward Island Banana Research and Develop-
ment Bulletin No. 2. Castris, St Lucia, West Indies, 1978. 

5. Gold, C. S., Okech, S. H. and Nokoe, S., Evaluation of pseudo-
stem trapping as a control of banana weevil, Cosmopolites sordi-
dus (Germar) populations and damage in Ntungamo district, 
Uganda. Bull. Entomol. Res., 2002, 92, 35–44. 

6. Dutt, N. and Maiti, B. B., Bionomics of banana pseudostem wee-
vil, Odoiporus longicollis (Coleoptera: Curculionidae). Indian J. 
Entomol., 1972, 34, 20–30. 

7. Azam, M., Tara, J. S., Ayri, S., Ferfoz, M. and Ramamurthy, V. 
V., Bionomics of Odoiporus longicollis Oliver (Coleoptera: Cur-
culionidae) on banana plant (Musa paradisiaca). Munis Entomol. 
Zool., 2010, 5, 627–635. 

8. Mathew, M. P., Nair, S. K. and Sivaraman, S., Management of 
pseudostem borer of banana (Odoiporus longicollis). Indian J. En-
tomol., 1997, 59, 269–273.  

9. Abraham, C. C. and Thomas, J., Mud-slurry as a base and carrier 
of insecticides for swabbing of banana pseudostem against the 
weevil Odoiporus longicollis Olivier. Insect Environ., 1995, 1, 14. 

10. Gold, C. S., Bagabe, M. I. and Sendege, R., Banana weevil, Cos-
mopolites sordidus (Germar) (Coleoptera: Curculionidae): tests for 
suspected resistance to carbofuran and dieldrin in the Masaka  
district, Uganda. Afr. Entomol., 1999, 7, 189–196. 

11. Carde, R. T. and Bell, W. J., Chemical Ecology of Insects 2, 
Chapman & Hall, New York, USA, 1995, p. 433. 

12. Oehlschlager, A. C., Chinchilla, C. M., Gonzalez, L. M., Jiron, L. 
F., Mexzon, R. G. and Morgan, B., Development of a pheromone-
based trapping system for the American palm weevil Rhynchopho-
rus palmarum. J. Econ. Entomol., 1993, 86, 1381–1392. 

13. Alpizar, D., Fallas, M., Oehlschlager, A. C., Gonzalez, L. M., 
Chinchilla, C. M. and Bulgarelli, J., Pheromone mass trapping of 
the West Indian sugarcane weevil and the American palm weevil 
(Coleoptera: Curculionidae) in palmito palm. Fla. Entomol., 2002, 
85, 426–430. 

14. Dickens, J. C., Green leaf volatiles enhance aggregation phero-
mone of boll weevil, Anthonomus grandis. Entomol. Exp. Appl., 
1989, 52, 191–203. 

15. Gunawardena, N. E. and Dissanayake, S., Host attractants for the 
banana stem borer, Odoiporus longicollis (Coleoptera: Curculio-
nidae): identification, electrophysiological activity and behavioral 
bioassay. J. Natl. Sci. Found. Sri Lanka, 2000, 28, 231–242. 

16. Giblin-Davis, R. M., Weissling, T. J., Oehlschlager, A. C. and 
Gonzalez, L. M., Field response of Rhynchophorus cruntatus  
(Coleoptera: Curculionidae) to its aggregation pheromone and 
fermenting plant volatiles. Fla. Entomol., 1994, 77, 164–177. 

17. Jeyaraman, S. et al., Synthesis and analysis and field activity of 
sordidin, a male-produced male aggregation pheromone of the  
banana weevil, Cosmopolites sordidus. J. Chem. Ecol., 1997, 23, 
1145–1161. 



RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 116, NO. 10, 25 MAY 2019 1757

18. Dutt, N. and Maiti, B. B., Occurrence of non-sex-limited variation 
in conspecific sympatric phena of banana pseudostem weevil, 
Odoiporus longicollis Oliv. (Col: Cur). Science Cult., 1971, 37, 
572–573.  

19. Prasuna, A. L., Jyothi, K. N., Prasad, A. R., Yadav, J. S. and Pad-
manaban, B., Olfactory responses of banana pseudostem weevil, 
Odoiporus longicollis Olivier (Coleoptera: Curculionidae) to  
semiochemicals from conspecifics and host plant. Curr. Sci., 
2008, 94, 896–900. 

20. Hori, M., Onion aphid (Neotoxoptera formosana) attractants in the 
headspace of Allium fistulosum and A. tuberosum leaves. J. Appl. 
Entomol., 2007, 131, 8–12. 

21. Verheggen, F. J., Arnaud, L., Bartram, S., Gohy, M. and Hau-
bruge, E., Aphid and plant volatiles induce oviposition in an aphi-
dophgous housefly. J. Chem. Ecol., 2008, 34, 301–307. 

22. Sun, X., Liu, Z., Zhang, A., Dang, F.-F., Pan, X.-Y., Wang, Y. and 
Wang, M.-Q., Electrophysiological responses of the rice leaf  
folder, Cnaphalocrocis medinalis, to rice plant volatiles. J. Insect 
Sci., 2014, 14, 1–14. 

23. Budenberg, W. J., Ndiege, I. O., Karago, F. W. and Hansson, B. 
S., Behavioural and electrophysiological responses of the banana 
weevil, Cosmopolites sordidus to host plant volatiles. J. Chem. 
Ecol., 1993, 19, 267–277. 

24. Tinzaara, W., Gold, C. S., Dicke, M., Huis, A. V. and Ragama, P. 
E., Host plant odours enhance the responses of adult banana wee-

vil to the synthetic aggregation pheromone Cosmolure+®. Int. J. 
Pest Manage., 2007, 53, 127–137.  

25. Tinzaara, W., Dicke, M., Huis, A. V. and Gold, C. S., Use of info-
chemicals in the pest management with special reference to the 
banana weevil, Cosmopolites sordidus (Ger.) Coleoptera: Curcu-
lionidae). Insect Sci. Appl., 2002, 22, 241–261. 

26. Ravi, G. and Palaniswami, M. S., Evidence for a female produced 
sex pheromone in the banana pseudostem weevil, Odoiporus lon-
gicollis Olivier. Curr. Sci., 2002, 83, 893–898. 

27. Ndiege, I. O., Budenberg, W. I., Wande, W. I. and Hassanali, A., 
Volatile components of banana pseudostem of a cultivar suscepti-
ble to the banana weevil. Phytochemistry, 1991, 30, 3929–3930. 

28. Ndiege, I. O., Budenberg, W. J., Otieno, D. O. and Hassanali, A., 
1,8-Cineole: an attractant for the banana weevil, Cosmopolites 
sordidus. Phytochemistry, 1996, 42, 369–371. 

29. Cerda, H., Fernandez, G., Lopez, A. and Varga, J., Olfactory  
attraction of the sugarcane weevil (Coleoptera: Curculionidae) to 
host plant odours and its aggregation pheromone. Fla. Entomol., 
1999, 82, 103–112. 

 
 
Received 12 March 2019; revised accepted 12 March 2019 
 
 
doi: 10.18520/cs/v116/i10/1753-1757 

 
 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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 true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


