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Abstract The effects of drought during preplanting
(three treatments: soil relative water content (RWC)
75%—80%, 55%—60%, 35%—40%; B1, 2, and 3, respec-
tively) and postplanting (four treatments: RWC 75%—80%,
55%—60%, 35%—40%, 15%—20%; Al, 2, 3, and 4,
respectively) on electrical impedance spectroscopy (EIS)
parameters in the stems of Pinus bungeana Zucc. seedlings
were investigated by using 4-year-old container seedlings.
Stem impedance spectra were modeled by a distributed
circuit element model (2-DCE), which showed the
extracellular and intracellular resistance (r. and ),
relaxation time (z; and 7,), and distribution coefficient
(y1 and w,) of relaxation time. After preplanting B3
drought treatment, », and r; increased significantly with the
increase of soluble sugar of the stem, measured by
enthronlsulphuric acid method. After four weeks post-
planting A4 drought treatment, relative conductivity, and
soluble sugar of stem increased significantly, and r, of stem
decreased significantly and continually, indicating that the
cell membrane of stem cells was disrupted by severe
drought. After five weeks drought treatment, 7; of stem
under A4 treatment decreased significantly, and y, of stem
under A2, A3, and A4 treatments was higher than that of
Al treatment. Briefly, drought made r., 7, 7;, and y, of
stem change regularly, but 7, was found to be the most
informative and useful parameter measured if used as a
single index to assess the drought resistance of P.
bungeana Zucc. seedlings.
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1 Introduction

Water scarcity will be the first restrictive factor for the
world’s development in the future. Effects of drought on
worldwide agriculture and forestry are more severe than
any other kind of natural disaster (Yu and Tang, 1996).
Almost 50% of China’s landmass is located in drought
areas, where the growth of trees is restrained by drought. In
recent years, the development of drought research, study of
the mechanism of drought resistance, index of drought
resistance, and techniques of how to identify drought
resistance have become popular. Although many morpho-
logical and physiologic indexes have been developed, so
far, we do not have complete knowledge on any drought
resistance mechanism (Luo and Guo, 2008).

Electrical impedance spectroscopy (EIS) is a quick and
practicable physical method, which has been used to study
cell membrane injury caused by stress factors, such as heat
and frost (Zhang and Willison, 1992; Zhang et al., 1993;
Repo et al., 1994, 2000). In China, at present, the EIS
method has been mainly applied to cold hardiness (Li et al.,
2008; Zhang et al., 2009) studies. Other kinds of
environment stresses like soil salinity (Liu et al., 2009a),
heavy metals (Liu et al., 2009b), and drought (Liu et al.,
2007) have also been studied. However, EIS studies in
woody plant species under drought stress have not been
reported. In the present experiment, we measured EIS
parameters in stems of Pinus bungeana Zucc. seedlings
under different preplanting and postplanting drought
treatments. We sought to find some parameters that change
regularly with the drought level and find one or several
useful parameters that can be used as an index to assess
drought resistance of P. bungeana Zucc. seedlings.

2 Materials and methods
2.1 Experiment design

One thousand four-year-old P. bungeana Zucc. seedlings
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(diameter, 0.48+0.1 cm; height, 20.9843.2 cm) were taken
from Beijing Ming Tombs Nursery (40°13'N, 116°13'E)
and transplanted in the specimen garden of the Agricultural
University of Hebei (38°50'N, 115°26'E) on March 25, 2008.
Eight hundred seedlings were replanted in 18 cmx 18 cm
pots and managed in a plastic greenhouse for a month.

Preplanting and postplanting drought treatments were
included in this experiment. Pot seedlings were divided
into three parts for preplanting drought treatments on May
5. They were Bl: 75%—80% soil relative water content
(RWC), B2: 55%—60%, and B3: 35%—40%. The first
sampling was on May 14 for measuring EIS and other
physiologic indexes.

On the same day of May 14, 720 seedlings that were in
18 cmx 18 cm pots were replanted into 25 cm <25 cm barrels
separately. Split plot design was applied in this experiment.
There were four plots; in each plot, one treatment was used.
They are listed as follows: Al: 75%—80% soil RWC, A2:
55%—60%, A3: 35%—40%, and A4: 15%—20%. There were
three subplots (B1, B2, and B3) in each plot.

Surface soil (20 cm) of the specimen garden of the
Agricultural University of Hebei and sand (2:1) was used
as container soil. Field moisture capacity was 22.61%, and
bulk density was 1.24. Soil water content (volume) was
measured at 18:00 every day by a soil moisture meter
(TDR100, U.S.A.). Relative water content was obtained by
formula transformation. Water was added according to the
amount of the soil water content to make each treatment
retain the given amount of water. Postplanting control
water treatments continued for five weeks. A total of five
sampling times were used on May 31, June 8, June 15,
June 22, and June 29 with one week intervals during the
control water period.

2.2 Electrical impedance spectroscopy of stem

Eight seedlings were taken from each treatment at each
sampling time. Every two seedlings came from one
replicate. Two 15 mm sections were cut from the middle
of the stems. Impedance spectra were measured with
HP4284A meter (Agilent, U.S.A.). Ag/AgCl electrodes
(RC 1, WPI, Ltd., Sarasota, FL, U.S.A.) were set in
horizontal tubes in contact with HP4284A meter and
electrode gel. A 15 mm stem section was placed between
electrode gels. Before measurement, open and short
calibrations were needed. The real and imaginary values
of impedance were measured at 42 frequencies between
80 Hz and 1 MHz. According to the shape of the spectra,
the two distributed circuit element model (2-DCE) was
suitable for these woody plant stems (Hurme et al., 1997).
The total complex impedance of the model is

R, n R,
1+ (it 0)" 14 (ir1 )"

Z=R+ (1)

where Z is total impedance, w is angular velocity (o =
2mnf), and i is imaginary unit. There are seven parameters

that can be obtained in the 2-DCE model: three resistances
(R, Ry and R,, QO), two relaxation times (z; and 7,, us), and
two distribution coefficients (y, and y») of the relaxation
times. The mathematical interpretation of the 2-DCE
model parameters is shown in Repo et al. (2000). The
resistors (R; and R,) of the model are obtained from the
interceptions of the circles with the X-axis. The relaxation
times (r; and 7,) are obtained from the apex of the arcs. At
the apex, (2nf) X t = 1, where f refers to a characteristic
frequency. The centers of two circles located under the X
axis are defined as y; and y». The parameters of the 2-DCE
model are estimated by means of a complex nonlinear least
squares (CNLS) program LEVMyv 8.06 (Macdonald, 1987).
Extracellular resistance (R,.) is obtained as

Re=R+R +Ry 2)

Intracellular resistance (R;) is obtained as

R
< R1+R2) ©)

The resistance parameters were normalized with respect
to the cross-sectional area (As =r x d*/4) and the length of
the sample (/ = 15mm) in order to obtain the specific
resistances. Lower case letters will be used to indicate the
normalized values.

ry =
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2.3 Physiologic indicators measurements

Water content of stems was measured according to Zhang
et al. (2005). Electrolyte leakage of stems was measured by
relative conductivity method (Ryyppd et al., 1998).
Soluble sugar of stems was measured by enthronlsulphuric
acid method (Zhang et al., 2003).

2.4 Statistical analysis

EIS parameters were fitted by LEVMyv 8.06 software. One-
way ANOVA (SPSS 11.0) was used to analyze the
differences of parameters in different preplanting drought
treatments. General Linear Model (SPSS 11.0) was used to
analyze the differences between A treatments, B treat-
ments, and A x B interaction effects in postplanting
drought period. In this article, the effects of postplanting
drought treatments on EIS parameters and other physio-
logic indexes are only shown by using seedlings (B1) of
preplanting normal irrigation.

3 Results

3.1 EIS parameters of stem after preplanting drought
treatments

Extracellular resistance (r.) increased significantly when
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soil RWC decreased to 35%—40% (P < 0.05). Intracellular
resistance (7;) of B2 and B3 treatments was higher than that
of B1 treatment, but no significant difference was found
between B2 and B3 treatment. Relaxation time (z; and 7,)
had no significant differences among three treatments.
Distributed coefficient (1) of B2 treatment was lower than
that of B1 and B3, while distributed coefficient (y,) of B2
treatment was higher than that of B1 and B3 (Fig. 1).

3.2 Physiologic indicators of stem after preplanting drought
treatments

Water content of stems with the temporary soil RWC
reduction had no difference among Bl, B2, and B3
treatments (Fig. 2). Soluble sugar concentration of stems
increased significantly when soil RWC decreased to 35%—
40% (P <0.05) as r, did (Fig. 3). Relative electrolyte
leakage of stems increased with the drought; however, no
difference between three treatments existed (Fig. 4).

3.3 EIS parameters of stems after postplanting drought
treatments

At the beginning of the postplanting drought treatment, 7,

of stems under Al and A4 treatments was lower than that
of A2 and A3 treatments. Afterward, r, of all treatments
was raised with higher r, values at the second and third
weeks. After four weeks drought phase, r, of A2, A3, and
A4 treatments reduced greatly, but ». of Al increased
continually. At this time, the tendency of r. was
A4 < A2 <Al (P<0.05), whereas A3 did not have a
difference with that of A4 and A2 treatments. After five
weeks drought phase, r. of A4 treatment reduced
continually, and 7, of A4 treatment was lower than that
of Al, A2, and A3 (P < 0.05) (Fig. 5).

Intracellular resistance r; of stems in all postplanting
drought treatments had no significant differences at the first
two and the fourth sampling times. The 7; of A4 treatment
was lower than that of A2 (P < 0.05), and r; of Al and A3
did not differ significantly from that of A2 and A4 at the
third week. At the last week, r; of A4, A3, and A2 was
lower than that of A1 (P < 0.05) (Fig. 6).

The decrease in 7, reflects the change of cell membrane
composition, ionic mobility in apoplast and symplast of
cell and their response to frequency change. There were no
differences in relaxation time (r; and 7,) in stems between
postplanting drought treatments at the first and fourth
weeks. At the second week, 7; of A4 was higher than that
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Fig. 1
Zucc. seedlings
Note: B1: 75%—-80% soil RWC, B2: 55%—60%, and B3: 35%—40%.
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Fig. 2 Effects of preplanting drought treatments on water content
of stems in Pinus bungeana Zucc. seedlings
Note: B1: 75%—80%, B2: 55%—60%, and B3: 35%—40%.
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Fig. 3 Effects of preplanting drought treatments on soluble sugar
concentration of stems in Pinus bungeana Zucc. seedlings
Note: B1: 75%—80%, B2: 55%—60%, and B3: 35%—40%.
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Fig. 4 Effects of preplanting drought treatments on relative
conductivity of stems in Pinus bungeana Zucc. seedlings
Note: B1: 75%—80%, B2: 55%—60%, and B3: 35%—40%.

of Al and A2, whereas 7; of A3 had no difference with that
of A2 and A4; 7, of A3 and A4 was higher than that of A1l
and A2 (P < 0.05). At the third week, 7; and 7, of the stem
of the A2 treatment were higher than those of A1, A3, and
A4. At the last week, 7; of A1, A2, and A3 treatments were
higher than that of A4 treatment (P < 0.05); 7, of A2, A3,
and A4 treatments were higher than that of Al treatment
(P <0.05) (Fig. 7).

In the second sampling time, the distribution coefficient
w1 of stem of Al treatment was higher than that of A2, A3,
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Fig. 5 Effects of postplanting drought treatments on extracellular
resistance of stems in Pinus bungeana Zucc. seedlings with the
phase of drought treatments

Note: A1-A4 are postplanting drought treatments, Al: 75%—-80% soil
RWC, A2: 55%—60%, A3: 35%—40%, and A4: 15%—20%.
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Fig. 6 Effects of postplanting drought treatments on intracellular
resistance of stems in Pinus bungeana Zucc. seedlings with the
phase of drought treatments

Note: A1-A4 are postplanting drought treatments, Al: 75%—80%, A2:
55%—60%, A3: 35%—40%, and A4: 15%-20%.

and A4 treatments (P < 0.05). No significant differences
between postplanting drought treatments existed in other
times. There were no differences in distribution coefficient
w, at the third and fourth weeks. At the first week, y, of A2
treatment was lower than that of Al, A3, and A4
treatments. At the second and fifth weeks, y, of Al was
lower than A2, A3, and A4 treatments (Fig. 8).

3.4 Physiologic indicators of stems after postplanting
drought treatments

In the beginning, the water content of A3 treatment was
lower than that of the Al treatment (P < 0.05); however,
the water content of A2 and A4 treatments had no
difference with that of Al and A3. There were no
significant differences between treatments at the second
and third sampling times. From the fourth week, water
content of stems in A4 was lower significantly than that of
Al and A2 treatments (P < 0.05), while water content of
A3 treatment had no difference with A4, Al, and A2.
Afterward, the water content of A4 decreased significantly,
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Fig. 7 Effects of postplanting drought treatments on relaxation
time (r; and 17,) of stems in Pinus bungeana Zucc. seedlings with
the phase of drought treatments

Note: A1-A4 are postplanting drought treatments, Al: 75%—-80%, A2:
55%—60%, A3: 35%—40%, and A4: 15%—20%.
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Fig. 8 Effects of postplanting drought treatments on the
distribution coefficient (y; and y,) of relaxation time (7; and 7, )
of stems in Pinus bungeana Zucc. seedlings with the phase of
drought treatments

Note: A1-A4 are postplanting drought treatments, Al: 75%—80%, A2:
55%—60%, A3: 35%—-40%, and A4: 15%-20%.
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and the water content of A4 was lower than that of A1, A2,
and A3 at the end of the experiment (Fig. 9).
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Fig. 9 Effects of postplanting drought treatments on the water
content of stems in Pinus bungeana Zucc. seedlings with the phase
of drought treatments

Note: A1-A4 are postplanting drought treatments, Al: 75%—-80%, A2:
55%—60%, A3: 35%—40%, and A4: 15%—20%.

The soluble sugar concentration between treatments did
not differ after the first two weeks treatments. From the
third week, soluble sugar concentration of A4 and A3
treatments rose significantly and that of Al and A2
decreased with the trend of A3 and A4 > A1l and A2 at that
time (P < 0.001). Afterward, soluble sugar concentration
in all treatments increased and that of A3 and A4
treatments was still higher than that of Al and A2 after
four weeks. In the end of the experiment, soluble sugar
concentration in A1 and A4 treatments was lower than that
of A2 and A3 treatments (Fig. 10).
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Fig. 10 Effects of postplanting drought treatments on soluble
sugar concentration of stems in Pinus bungeana Zucc. seedlings
with the phase of drought treatments

Note: A1-A4 are postplanting drought treatments, Al: 75%—80%, A2:
55%—60%, A3: 35%—-40%, and A4: 15%-20%.

No difference in the relative conductivity of stems
between treatments was found at the first three drought
weeks. After four weeks drought treatment, the relative
conductivity of A4 treatment was higher than the other
treatments (Fig. 11).
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Fig. 11  Effects of postplanting drought treatments on the relative
conductivity of stems in Pinus bungeana Zucc. seedlings with the
phase of drought treatments

Note: A1-A4 are postplanting drought treatments, Al: 75%—-80%, A2:
55%—60%, A3: 35%—-40%, and A4: 15%-20%.

4 Discussion

In present experiment, extracellular resistance (7.)
increased significantly under 35%—40% soil RWC pre-
planting drought treatments. This result was in accordance
with the result of Liu et al. (2007) that . of wheat leaves
increased in drought research. In addition, during frost
hardening of Scots pine (Pinus sylvestris L.), r, of stem
increased (Repo et al., 1994). All of the above suggested
that during the early stress phase, 7. increased. In contrast,
after four weeks, postplanting drought treatments in this
experiment, 7. of A2, A3, and A4 treatments were lower
significantly than that of A1 treatment. The decrease of 7,
of stem under postplanting drought treatments was similar
to the decrease of that under cellular injuries caused by
frost and heat (Repo et al., 1994).

The increase in soluble sugar concentration measured in
the stems during preplant drought treatment is likely
responsible for the increase in .. Plant stem sugar, mainly
sucrose, is a nonelectrolyte fluid, and an increase in such
solutes will lead to an increase in resistance, as was found
in this research. A probable reason for the decrease in stem
e, in A2, A3, and A4 during postplanting drought was the
increase of relative electrolyte leakage, possibly from
damaged cells, after four weeks of drought.

Intracellular resistance (7;) increased significantly under
55%—60% and 35%—40% soil RWC preplanting drought
treatments. Similarly, »; of wheat leaves was higher in
severe drought treatment than normal irrigation (Liu et al.,
2007). Repo et al. (2004) found that when cytoplasmic
matrix is diluted or symplastic ionic mobility decrease as a
result of stress, r; increases. However, in postplanting
drought period in this experiment, there was no difference
in r; between treatments at most sampling times. At the last
sampling time, the change of r; under severe drought
treatments did not accord with preplanting drought period
and previous research.

Relaxation time (z; and 7,) had no significant difference
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between preplanting drought treatments. However, after
two weeks postplanting drought treatments, 7; of A3 and
A4 treatments was higher than that of A1l treatment. The 7,
of drought-resistant varieties in wheat leaves in severe
drought treatment was higher than the normal irrigation
(Liu et al., 2007). According to the report of Liu, the
increase of 7; after two weeks in severe drought might be
one kind of adaption to drought condition as drought-
resistant species. At the last week, 7; of A4 treatment was
lower than the others; correspondingly, relative electrolyte
leakage of A4 treatment increased, . of A4 decreased.
Therefore, we think that the decrease of 7, is related to the
cell membrane injury. In addition, the 7, of the stem of
Scots pine decreased in cellular injuries caused by frost and
heat (Repo et al., 1994).

The distribution coefficient of the relaxation time (y
and y,) differed between preplanting drought treatments.
Postplanting drought treatments already had effects on y;
at the second sampling time, but the effects on y, was
observed at the third time. In the present research, y, of
stem under A2, A3, and A4 treatments was higher
compared with A1 at the last week. This is also according
to the study of Repo et al. (1994) who report that y, of the
stems of Scots pine increased clearly with frost damage.

In conclusion, EIS parameters r., r;, 7;, and y, changed
regularly under drought treatments. Therefore, they could
be used as index for evaluating drought resistance of P.
bungeana Zucc. seedlings. Among them, whether during
the preplanting or postplanting drought phase, 7., changed
regularly and can be explained clearly. Therefore, 7. is
supposed to be the best one. In addition, those useful
parameters in other species need to be verified further.

Acknowledgements This study was funded by the Hebei Natural Science
Foundation (No. C2008000256) and the Scientific Research Foundation for
the Returned Overseas Scholars, Agricultural University of Hebei.

References

Hurme P, Repo T, Savolainen O, Péaakkonen T (1997). Climatic
adaptation of bud set and frost hardiness in Scots pine (Pinus
sylvestris). Can J For Res, 27(5): 716723

Li Y Q, Zhang G, Que S P, Zhu L, Di B, Jin X M (2008). Relation
between electrical impedance spectroscopy parameters and frost
hardiness in stems and needles of Pinus bungeana. Scientia Silvae
Sinicae, 44(4): 28-34 (in Chinese)

Liu X H, Wang G D, Zhang G (2007). The effect of impedance
parameters of wheat leaves of different varieties in water stress.
Journal of Northwest A&F University (Nat. Sci. Ed.), 35(2): 210—
214 (in Chinese)

Liu X H, Huang T L, Wang G D, Zhang G (2009a). Effect of salt stress
on electrical impedance spectroscopy parameters of wheat (Triticum
aestivum L.) leaves. Journal of Zhejiang University (Agricl & Life
Scil), 35(5): 564568 (in Chinese)

Liu X H, Huang T L, Wang G D, Zhang G (2009b). Response of



474 Front. Agric. China 2010, 4(4): 468—474

electrical impedance spectroscopy parameters of wheat (Zriticum
aestivum L.) leaves to the stress of heavy meatals. Acta Scientiarum
Naturalium Universitatis Sunyatseni, 48(5): 114—119 (in Chinese)

Luo Y, Guo W (2008). Development and problems of crop models.
Transactions of the CSAE, 24(5): 307-312 (in Chinese)

Macdonald J R (1987). Impedance Spectroscopy. New York: John Wiley
& Sons, 346

Repo T, Zhang M I N, Ryyppd A, Vapaavuori E, Sutinen S (1994).
Effects of freeze-thaw injury on parameters of distributed electrical
circuits of stems and needles of Scots pine seedlings at different
stages of acclimation. J Exp Bot, 45(6): 823—833

Repo T, Zhang G, Ryyppd A, Rikala R (2000). The electrical impedance
spectroscopy of Scots pine (Pinus sylvestris L.) shoots in relation to
cold acclimation. J Exp Bot, 51(353): 2095-2107

Repo T, Oksanen E, Vapaavuori E (2004). Effects of elevated
concentrations of ozone and carbon dioxide on the electrical
impedance of leaves of silver birch (Betula pendula) clones. Tree
Physiol, 24(7): 833-843

Ryypp6 A, Repo T, Vapaavuori E (1998). Development of freezing
tolerance in roots and shoots of Scots pine seedlings at nonfreezing

temperatures. Can J For Res, 28(4): 557-565

Yu S W, Tang Z C (1996). Phant Physiology and Molecular Biology. 2nd
ed. Beijing: Science Press (in Chinese)

Zhang M I N, Willison J] H M (1992). Electrical impedance analysis in
plant tissues: in vivo detection of freezing injury. Can J Bot, 70(11):
2254-2258

Zhang M I N, Willison J HM, Cox M A, Hall S A (1993). Measurement
of heat injury in plant tissue by using electrical impedance analysis.
Can J Bot, 71(12): 1605-1611

Zhang G, Ryyppd A, Vapaavuori E, Repo T (2003). Quantification
of additive response and stationarity of frost hardiness by
photoperiod and temperature in Scots pine. Can J For Res, 33(9):
1772-1784

Zhang G, Liu M, Ren Y X (2005). Dehardening and rehardening of
Pinus bungeana Zucc. seedlings in spring. Plant Physiology
Communications, 41(6): 761-763 (in Chinese)

Zhang J, Zhao H J, Zhang G, Yang M S (2009). Cold hardiness
assessment of germplasm resources in Robinia pseudoacacia using
electrical impedance spectroscopy. Journal of Plant Genetic
Resources, 10(3): 419—425 (in Chinese)



	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8
	bmkcit9
	bmkcit10
	bmkcit11
	bmkcit12
	bmkcit13
	bmkcit14
	bmkcit15
	bmkcit16
	bmkcit17



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


