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ABSTRACT

In Indo-Gangetic plains of India, the returns from crop cultivation are shrinking gradually owing to escalation of
input costs. Under such situation, conservation agriculture systems have gained importance to make farming prof-
itable by cutting down the variable cost and enhancing resource-use efficiency. The studies were conducted dur-
ing 2009-10 to 2010-11on energy relations and irrigation water use efficiency (IWUE) involving sequential tillage
(i.e to skip the tillage either in kharif to soybean or in rabi to wheat) in soybean (Glycine max (L.) Merr.)-wheat
(Triticum aestivum L. emend. Fiori and Paol) system in order to evaluate the performance under sequential tillage.
The energy relations viz. input energy, output energy, net energy and energy use efficiency were statistically simi-
lar in most of the cases except energy-use efficiency for both soybean and wheat due to different sequential tillage
and crop establishment techniques. Residue management treatments significantly influenced the energy relations
in both the crops. Wheat + soybean residue recorded highest gross energy (235.9 and 269.9 x 10% MJ/ha), while
the reverse with net energy and energy use efficiency where the no residue (control) obtained 189.0 and 206.4 x
103 MJ/ha; 8.69 and 10.4 x10° MJ/ha respectively during the year 2009-10 and 2010-11 in the soybean-wheat sys-
tem. IWUE in wheat recorded significantly higher with bed system of crop establishment either adopting conven-
tional tillage-bed (CT-Bed) (209.1 kg/ha-cm) or skipping CT-Bed with zero tillage-bed (ZT-Bed) (312.6 kg/ha-cm)
in rabi season during the year 2009-10 and 2010-11, respectively.
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Efficient use of energy is one of the most important in-
dicators of crop performance. Yield of different crop can
be increased up to 30 % by using optimal level of energy
input (Chaudhary et al., 2006). Thus, it becomes impera-
tive to sustain the productivity of agricultural systems con-
comitant with friendly environment and efficient utiliza-
tion of production resources. Continuous rice — wheat
cropping sequence in the Indo-Gangetic Plains has re-
sulted in a number of ecological and other disorders like
development of hardpan, low input use efficiency, lower-
ing of water table, more pests etc. besides environmental
pollution through emission of gases. There is need for di-
versification of rice wheat sequence for higher
sustainability of agriculture. Soybean is a potentia kharif
crop to replace rice. However, in soybean based rainfed
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cropping system, hardly 10-15 days timeis available be-
tween harvesting of soybean and timely sowing of winter
crops. Moreover, delayed sowing adversely affects germi-
nation owing to moisture depletion, which resultsin lower
yield. In recent years, conservation agriculture systems
have gained importance due to reduced cultivation cost.
Zero tillage (ZT) and furrow irrigated raised bed (FIRB)
planting are found to be the potential resource conserva-
tion technologies (RCTs) which can play abig rolein sav-
ing the scarce natural resource like water. ZT techniqueis
an ecological approach for soil surface management and
seed bed preparation resulting in less energy requirement,
less weed problem, better crop residue management and
higher or equal yield (Jain et al., 2007). It is energy effi-
cient and beneficial to environment as compared to con-
ventional practices of sowing (Filipovic et al., 2006).
FIRB planting is a method of planting a crop on raised
beds. The FIRB planting systems have number of advan-
tages like better irrigation management, better crop estab-
lishment, better weed management and less soil compac-
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tion (Dhillon et al., 2004). Further, the permanent bed
(PB) planting allows the bed to be re-used for succeeding
crop and thus has the potential to minimize the cost of
cultivation similar to ZT. The present study was therefore
conducted to study the energy relations and irrigation wa-
ter use efficiency (IWUE) in conventional tillage in soy-
bean / wheat followed by zero tillage / conventiona tillage
in wheat in flat or raised bed planting in soybean-wheat
system.

MATERIALS AND METHODS

The field experiments were conducted during kharif
and rabi 2009-10 and 2010-11 at the research farm of Di-
vision of Agronomy, Indian Agricultural Research Insti-
tute, New Delhi, situated at 28.4'N latitude and 77.1°E lon-
gitude and at an atitude of 228.6 meters above mean sea
level. The soil of the experimental field was a sandy clay
loam in texture, neutral in reaction (pH 7.6), low in or-
ganic carbon (0.38 %), low in available N (150 kg/ha),
medium in available P (11.2 kg/ha) and available K (245
kg/ha). The experiment was conducted in split plot design
with three replications in a fixed lay out. The main plot
treatments consisted of four sequential tillage and crop
establishment techniques to soybean and wheat viz. con-
ventiona tillage-flat—zero tillage-flat (CT-FZT - F); zero
tillage-flat—conventional tillage-flat (ZT-FCT - F); con-
ventional tillage-bed—zero tillage-bed (CT- B—ZT- B) and
zero tillage-bed—conventional tillage-bed (ZT - B— CT-B)
while the sub plot treatments were four residue manage-
ment practices viz. control, wheat residue (3 t/ha), soybean
residue (3 t/ha) and soybean + wheat residue (3 t/ha each).
The gross plot size of the sub plot was 15 m?, while the
gross size of the main plot was 60 m?. The soybean vari-
ety DS 9814 during kharif (June to October) and wheat
variety PBW 550 during rabi (November to April) were
grown at row to row spacing of 35 cm and 20 cm, respec-
tively. Well dried crop residues of wheat and soybean of
previous season were applied @ 3 t/ha to soybean and
wheat crop, respectively, by spreading the material uni-
formly a week before preparation of the field for sowing.
In conventional tillage—flat: After the harvest of previous
crop the plots were ploughed with a disc harrow twice.
Further cultivator was run twice followed by planking
before sowing of soybean. In conventional tillage—bed:
Soybean was sown with the help of bed planter after the
land preparation. The beds were formed at a distance of
67.5 cm from bed to bed. In zero tillage—flat: No tillage
operation was carried out after harvest of previous crop,
soybean was sown with the help of zero-till seed drill. In
zero tillage-bed: Soybean was sown with the help of bed
planter without any tillage operation. The recommended
practice of fertilizers application was followed to both the
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crops. The N, P and K were given in the form of urea,
single super phosphate and muriate of potash, respectively
in soybean @ 20:60:40 N, P,O, and K,O kg/haand in
wheat @ 120:60:40 N, P,O, and K O kg /ha. In soybean
Pendimethalin @ 0.75 kg a.i/lha was applied as pre-emer-
gence followed by two hand weeding at 20 DAS and 40
DAS and in wheat one blanket spray of Paraquat was
made before sowing of the crop only in zero tillage plots
followed by application of Isoproturon and 2,4-D at 30-35
DASto ZT and CT plots. The depth of each irrigation was
7 and 5 cm in flat and bed system of planting in both
crops. Irrigation water was measured with the help of a
Parshall flume. Energy efficiency was calculated using the
formula suggested by Mittal and Dhawan (1988). Irriga-
tion water use efficiency (kg/ha-cm) was calculated as the
grainyield (kg) divided by theirrigation water applied (ha
cm) (Ibragimov et al., 2011).

RESULTS AND DISCUSSION

Energy relations

Energy consumption (both renewable and non-renew-
able) for production of soybean as influenced by sequen-
tial tillage and crop establishment and residue manage-
ment practices in both soybean and wheat is presented in
Table 1. The input energy requirement for soybean was
maximum 27.61 x 10°® MJhafor CT-Flat (S) — ZT-Flat
(W) and 26.03 x 10°* MJhafor CT-Bed (S) — ZT-Bed (W)
during the years 2009 and 2010, respectively. The input
energy requirement for wheat was maximum with ZT-Flat
(S) — CT-Hat (W) (34.19 and 33.61 x 10° MJha) during
both the years of study while the minimum was recorded
in the CT-Bed (S) — ZT-Bed (W) treatment for wheat dur-
ing both the years. The input energy requirement of soy-
bean for different residue management practices varied
from 7.60 x 10 ®* MJhain no residue treatment to 45.12 x
10® MJhain wheat residue receiving treatments in 2009.
Similarly in 2010 the input energy requirement varied
from 6.10 x 10° MJhafor 43.63 x 10° M Jha between no
residue and wheat + soybean receiving treatment. The in-
crease in energy requirement with residue was 493.7 and
615.2% than control during the year 2009 and 2010, re-
spectively. Input energy requirement for wheat varied
with residue management treatments from 14.16 to 51.68
x 10° MJha and 13.66 to 51.18 x 10° MJ/ha during the
year 2009-10 and 2010-11, respectively. The maximum
input energy in wheat was recorded with soybean residue
involving treatments while the minimum was recorded
with no residue and wheat residue treatments during both
the years of study and the difference was 37.52 x 10° MJ/
ha between them. During both the years the maximum en-
ergy input was recorded with flat system of crop establish-
ment techniques in soybean-wheat cropping system (Table
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2). Whereas, the bed system of crop establishment tech-
niques registered less energy input to the system. In the
soybean-wheat system considerably higher energy input
was required with wheat + soybean residue treatment to
the tune of 96.80 and 94.80 x 10° MJha during the year
2009-10 and 2010-11, respectively which was 345 and
380 % higher than control (no residue) treatment.

Sequential tillage and crop establishment techniques
did not influence significantly the gross energy output of
soybean crop during the year 2009 (Table 1) Contrary to
thisin the year 2010, the gross energy output was influ-
enced significantly by the sequential tillage and crop es-
tablishment treatments. The maximum energy output was
recorded in CT-Flat (S) — ZT-Flat (W) (70.28 x 10°* MJha)
and ZT-Flat (S) — CT-Flat (W) (88.03 x 10° MJha) in soy-
bean during 2009 and 2010 respectively. The minimum
output energy was recorded in the ZT-Bed (S) — CT-Bed
(W) treatment in soybean during both the years. The en-
ergy output was residue found to have influenced signifi-
cantly by management treatments. The higher energy in
soybean output was recorded in wheat + soybean residue
receiving treatments (71.84 and 93.89 x 10° MJha) which
was 7.54 and 22.9 % higher than no residue treatment
during 2009 and 2010, respectively and the minimum out-
put energy was reported in the no residue treatment during
both the years. Sequential tillage and crop establishment
techniques were non-significant for gross energy output of
wheat crop during both the year 2009-10 and 2010-11
(Table 1). However, the maximum energy output was ob-
tained with ZT-Flat (S) — CT-Flat (W) (157.1 and 164.4 x
10° MJha) while the minimum was obtained with ZT-Bed
(S) — CT-Bed (W) (140.4 and 153.6 x 10°* MJha) during
both the year. The residue management practices signifi-
cantly influenced the energy output of wheat crop during
both the years. The combined application of wheat + soy-
bean residue has yielded significantly higher energy out-
put than rest of the treatments (no residue, wheat residue
and soybean residue) during the year 2009-10 whereas,
thiswas at par with the soybean residue treatment and sig-
nificantly higher than other two treatments (no residue and
wheat residue) during the year 2010-11. In soybean-wheat
cropping system the energy output among the sequential
tillage and crop establishment techniques was non-signifi-
cant during both the years of study (Table 2). However, the
maximum gross energy output was obtained with ZT-Flat
(S) — CT-Flat (W) (232.1 and 257.8 x 10° MJha) while
the minimum was obtained with ZT-Bed (S) — CT-Bed
(W) (213.4 and 239.3 x 10° MJ/ha) during both the year.
The no residue treatment recorded the lower gross energy
output while the maximum was obtained with the com-
bined application of wheat + soybean residue respectively
during both the years.

Table 1. Effect of sequential tillage and crop establishment techniques, and residue management on energy relations in soybean and wheat

Wheat
Gross output energy

Soybean
Gross output energy

Treatment

EUE (output/
input ratio)

2009-10

Input energy
(x 10° MJ¥ha)

2009-10

EUE(output/
input ratio)

2009

Input energy
(x 10° MJ/ha)

2009

(x 10° MJ¥ha)

2009-10

(x 10° MJha)

2009

2010 2010 2010-11 2010-11 2010-11

2010
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4.60
5.83
4.73
6.13

86.58
88.03
82.21
80.45

70.28
70.13
69.19
67.81
0.659

25.86
23.86
26.03
23.69

27.61

2561
27.28
24.93

CT-Flat (S) — ZT-Flat (W)
ZT—Flat (S) — CT-Flat (W)
CT-Bed (S) — ZT-Bed (W)
ZT-Bed (S) — CT-Bed (W)

Tillage and crop establishment

4.750 4.525 4.750

4.525

0.13

0.05
0.44

0.18

1.324
4581

SEm+

NS

NS

NS

NS

NS

CD (P=0.05)

Residue management
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144.9
158.8
163.4
170.2
4.050

139.4
147.3
149.8
158.8
3.330
9.720

144.9
158.8
163.4
170.2
4.050

139.4
147.3
149.8
158.8
3.330
9.720

13.66
13.66
51.18

51.68
51.68

8.99 129 14.16
157 1.87 14.16
9.13 145

76.38
81.59
85.43
93.89
0.939

66.80
70.79
67.98
71.84
0.642

1.875

6.10
43.63
6.10
43.62

7.60
45.12
7.60
45.12

Wheat residue
Soybean residue

No residue

11.82

11.82

51.18

215
0.12

0.34

1.59
0.05
0.15

2.741

CD (P=0.05)

SEmz+
In kharif soybean residue @ 3 t/haand in rabi wheat residue @ 3 t/ha were applied

Wheat + soybean residue*
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The energy use efficiency was significantly influenced
by the sequential tillage and crop establishment treatments
during both the years (Table 1). The highest energy use
efficiency (output/input energy) was recorded in ZT-Bed
(S) — CT-Bed (W) (6.13) and ZT-Flat (S) — CT-Flat (W)
(9.22) during 2009 and 2010, respectively in soybean and
this was 29.6 and 35.0% higher than their corresponding
tillage treatments. Apparently the energy use efficiency
was higher with control/soybean residue while the mini-
mum was obtained with the wheat residue and wheat +
soybean residue treatments in soybean during both the
years. The sequential tillage and crop establishment tech-
niques significantly influenced the energy use efficiency
of wheat crop during both the years of study (Table 1). The
maximum energy use efficiency in wheat was recorded
with the zero tillage treatments CT-Bed (S) — ZT-Bed (W)
(7.03 and 8.00) during both the years. The energy use ef-
ficiency of wheat crop was significantly influenced by the
residue management practices which followed the order:
wheat residue (10.45 and 11.17) > no residue (9.92 and
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10.7) > wheat + soybean residue (3.07 and 3.33) > soy-
bean residue (3.07 and 3.33) during both the years of
study. Energy-use efficiency of the soybean-wheat crop-
ping system was non-significant with sequential tillage
and crop establishment treatments (Table 2). However, the
maximum energy-use efficiency was recorded with ZT-
Flat (S)—CT-Flat (W) (3.99 and 4.90) while the low effi-
ciency was recorded with ZT-Bed (S)—-CT-Bed (W) (3.81
and 4.60) during both the years of study.

Irrigation water use efficiency

In wheat the IWUE was significantly influenced due to
sequential tillage and crop establishment practices during
both the years (Table 3). Depth of irrigation water of 7 and
5 cm was applied for flat and bed system of crop establish-
ment, respectively. The highest IWUE was obtained with
bed system of crop establishment ZT-bed and CT-bed in
rabi season during both the years. An average of 38.24
and 36.70 % improvement in IWUE by ZT-bed over ZT-
flat and CT-bed over CT-flat and saving of irrigation wa

Table 2. Effect of sequential tillage and crop establishment techniques, and residue management on energy relations in soybean — wheat

cropping system

Treatment Input energy Gross output energy Energy use efficiency
(x 10* MJha) (x 10° MJ/ha) (output/ input ratio)
2009-10 2010-11 2009-10 2010-11 2009-10 2010-11
Tillage and crop establishment
CT-Flat (S) — ZT-Flat (W) 59.76 57.43 227.2 250.8 3.92 4.65
ZT-Hat (S) — CT-Flat (W) 59.80 57.47 232.1 257.8 3.99 4.90
CT-Bed (S) — ZT-Bed (W) 58.76 57.10 220.0 247.8 3.92 4.87
ZT-Bed (S) — CT-Bed (W) 58.79 57.13 2134 239.3 381 4.60
SEm + 4.089 5.427 0.09 0.15
CD (P=0.05) NS NS NS NS
Residue management
No residue 21.75 19.76 210.8 226.2 8.69 104
Whest residue 59.28 57.28 223.6 2455 2.77 3.29
Soybean residue 59.28 57.28 222.4 254.2 2.75 3.44
Whest + soybean residue* 96.80 94.80 235.9 269.9 1.44 1.85
SEmz+ 3.339 4.210 0.07 0.14
CD (P=0.05) 9.746 12.29 0.20 0.40
In kharif soybean residue @ 3 t/haand in rabi wheat residue @ 3 t/ha were applied
Table 3. Effect of sequential tillage and crop establishment techniques on IWUE of whesat
Tillage and crop establishment 2009-10 2010-11
Grain yield Irrigation IWUE Grain yield Irrigation IWUE
(t/ha) water (cm) (kg/ha-cm) (t/ha) water (cm) (kg/ha-cm)
CT-H(S) — ZT-HW) 422 28 150.8 4.76 21 226.5
ZT-H(S) — CT-F(W) 431 28 154.0 4.75 21 226.4
CT-B(S) — ZT-B(W) 4.18 20 208.8 4.69 15 312.6
ZT-B(S) - CT-B(W) 4.18 20 209.1 4.68 15 311.6
SEmz+ 0.11 - 4.28 0.207 - 13.89
CD (P=0.05) NS 14.8 NS - 48.09
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Table 4. Economics and average yield of soybean and wheat in soybean-wheat cropping system as influenced by sequential tillage and crop

establishment practices

Treatment Cost of cultivation Net returns B:C Soybean Wheat
(x 10°* ¥/ha) (x 10° ¥/ha) ratio yield yield
2009-10 2010-11 2009-10 201011 (t/ha) (t/ha)
Tillage and crop establishment
CT-Flat (S) — ZT-Flat (W) 35.61 32.12 44.24 64.56 1.62 1.85 4.49
ZT-Hat (S) — CT-Flat (W) 35.39 31.90 45.39 65.58 1.67 1.86 4.53
CT-Bed (S) — ZT-Bed (W) 35.17 32.00 4321 62.23 1.59 1.78 4.44
ZT-Bed (S) — CT-Bed (W) 34.95 31.78 4341 61.65 1.59 1.78 4.43
SEmz+ - - 1.28 2.72
CD (P=0.05) NS NS
Residue management
No residue 33.33 30.00 42.84 57.49 1.61 1.68 4.23
Whest residue 35.43 32.10 44.33 61.38 1.58 1.82 441
Soybean residue 35.13 31.80 43.48 65.82 1.66 1.80 4.55
Whest + soybean residue* 37.23 33.90 45.58 69.33 1.64 1.96 4.71
SEmz+ - - 0.85 1.28
CD (P=0.05) NS 3.73

In kharif soybean residue @ 3 t/ha and in rabi wheat residue @ 3 t/ha was applied

ter was 28.57 %. In wheat the highest IWUE was with the
bed system of crop establishment during both the year ir-
respective of CT and ZT. Depth of irrigation water was
maintained at 7 and 5 cm for respective flat and bed sys-
tem of crop establishment, this 2 cm differencein irriga-
tion water is the reason for higher IWUE in bed system of
planting. An average of 38.24 and 36.70 % improvement
in IWUE by ZT-bed over ZT-flat and CT-bed over CT-flat
and saving of irrigation water was 28.57 % which connote
the importance of bed planting over flat planting irrespec-
tive of CT and ZT. Similarly, higher WUE was also re-
ported in bed planting (Ram et al., 2010). Contrary to our
findings Ibragimov et al. (2011) reported that IWUE was
statistically similar with conventional tillage and perma-
nent bed in winter wheat.

Economics

The cost of cultivation varied for sequential tillage and
residue management treatments in soybean-wheat crop-
ping system from 34.95 x #10° and 31.78 x 10° F/hato
35.61 x F10® and 32.12 x F10® /ha during the year 2009-
10 and 2010-11 respectively (Table 4). Similarly the cost
of production for residue management treatments was var-
ied from 33.33 x #10° and 30.00 x 10° F/hato 37.23 x
F10°% and 33.90 x F10%ha during the year 2009-10 and
2010-11, respectively. The sequentid tillage and crop es-
tablishment treatment did not influence significantly the
net returns of soybean-wheat cropping system. The high-
est net return of 45.39 x F 10° and 65.58 x F10%hawas
obtained in the ZT-Fat (S) — CT-Flat (W) treatment during

both the years while the lowest net returns was obtained
with CT-Bed (S) — ZT-Bed (W) (43.41 x #10%ha) and ZT-
Bed (S) — CT-Bed (W) (61.65 x F10° /ha) during the year
2009-10 and 2010-11. The net returns were non-signifi-
cant in the year 2009-10 while the same was significantly
influenced in the year 2010-11 due to different residue
management treatments. The highest net returns was ob-
tained from the combined application wheat + soybean
residue (45.58 and 69.33 x 10° ¥/ha) while the lowest was
obtained with no residue (42.48 and 57.49 x 10° #/ha)
during the year 2009-10 and 2010-11, respectively. Simi-
lar trend was also obtained in case of gross returns. The
B:C ratio of soybean-wheat cropping system did not influ-
enced significantly by the sequential tillage and residue
management practices during both the years of study. The
highest B:C ratio was recorded with ZT-Flat (S) — CT-Flat
(W) (1.67) while the lowest B:C ratio was recorded with
bed system of planting during the year 2009-10 and 2010-
11, respectively. The use of ZT significantly reduces en-
ergy costs, mainly by reducing tractor costs associated
with conventional methods.

It was concluded that the based on the data relating to
productivity, water use efficiency, economics and energet-
ics, ZT either flat or bed in sequential tillage either in
kharif for soybean or in rabi for wheat having the possibil-
ity of successful adoption in the soybean-wheat in se-
guence in the Indo-Gangetic plains of India. Bed planting
is the important resource conserving technique (RCT’s)
which saves 28.57 % of irrigation water over flat planting
irrespective of CT and ZT.



March 2013]

REFERENCES

Chaudhary, V.P, Gangwar, B. and D.K. Pandey. 2006. Auditing of
energy use and output of different cropping systemsin India.
Agricultural Engineering International: The CIGR Journal
of Scientific Research and Development VIII (June) (Manu-
script EE 05-001).

Dhillon, S.S., Prashar, A. and Thaman, S. 2004. Studies on bed
planted wheat (Triticum aestivum L.) under different nitro-
gen levels and tillage methods. Journal of Current Science
5(5): 253-56.

Filipovic, D., Silvio, K., Zlatko, G.O., Robert, Z. and Djuro, B.
2006. The possibility of fuel saving and reduction of CO,
emission in the sail tillagein Croatia. Agriculture, Ecosystem
& Environment 115 (1-4): 290-94.

TILLAGE AND RESIDUE MANAGEMENT IN SOYBEAN-WHEAT 47

Ibragimov, N., Evett, S., Esenbekov, Y., Khasanova, F., Karabaev, I.,
Mirzaev, L. and Lamers, J. 2011. Permanent Beds vs. Con-
ventional Tillage in Irrigated Arid Central Asia. Agronomy
Journal 103(4): 1002-11.

Jain, N., Mishra, J.S., Kewat, M.L. and Jain, V. 2007. Effect of till-
age and herbicides on grain yield and nutrient uptake by
wheat (Triticum aestivum) and weeds. Indian Journal of
Agronomy 52(2): 131-34.

Mittal, J.P. and Dhawan, K.C. 1988. Research Manual on Energy
Requirements in Agricultural sector. ICAR, New Delhi. pp.
20-23.

Ram, H., Kler, D.S., Singh, Y. and Kumar, K. 2010. Productivity of
mai ze (Zea mays) —wheat (Triticum aestivum) system under
different tillage and crop establishment practice. Indian
Journal of Agronomy 55(3): 185-90.




<<
  /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


