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Chickpea (Cicer arietinum L) is the world’s most widely
cultivated pulse crop with an area of 10 million hectares.
India is the largest producer of chickpea contributing to
around 70% of the world’s total production.

Chickpea is mostly grown in arid and semi arid regions.
The average chickpea yield is about 842 kg/ha in 2010
(FAOSTAT 2010). Despite the high yield potential of
chickpea of over 4 000 kg/ha, actual yields are quite low.
These low yields are considered to be due to a combination
of biotic and abiotic stresses.

Chickpea production is significantly affected by abiotic
factors like temperature and drought. Changes in seasonal
temperature affect the grain yield of chickpea, mainly
through physiological and developmental processes.These
processes in turn combine to cause altered phenology,
reproductive failure and accelerated senescence.At the
physiological level, this damage translates into reduced
efficiency of photosynthesis, impaired translocation of
assimilates and loss of carbon gain. Heat stress causes
reduction in Chl content and Chl/carotenoid ratio. Chl
content has been related with photosynthesis (Nagarajan
and Nagarajan 2010, Priyanka et al. 2010).

The extreme temperature stress causes a rapid and
excessive accumulation of reactive oxygen species. These
ROS under stress conditions react directly with lipids,
proteins and nucleic acids and cause lipid peroxidation

Indian Journal of Agricultural Sciences 84 (3): 401–6, March 2014/Article

Effect of heat stress on physio-biochemical  characteristics of chickpea
(Cicer arietinum) genotypes

NAND LAL MEENA1, KISHWAR ALI2, P S DEHMUKH3 and ARUNA TYAGI4

Indian Agricultural Research Institute, New Delhi 110 012

Received: 19 October 2012; Revised accepted: 16 January 2014

ABSTRACT

A study was conducted with three chickpea genotypes Pusa 256, RSG 888 and  JG 11 to study the effect of high
temperature stress on various  physiological  and biochemical parameters. In all the chickpea genotypes high temperature
stress decreased RWC, MSI, Chl  content, dry matter, leaf area and increased activity of antioxidant enzymes such as
POX, GR, and SOD.  RSG 888 possessed better seedling growth parameters under high temperature as compared to
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mediated membrane injury, protein degradation, enzyme
inactivation, pigment bleaching and disruption of DNA
strands (Foyer et al. 1993, Noctor et al. 2007). The
equilibrium between the production and scavenging of ROS
may be perturbed under adverse abiotic stresses thereby
reducing crop yield.

 Heat stress injury involves water deficit and cell turgor
loss, so plants have developed several strategies, which
allow them to survive the adverse conditions to avoid stress
(Wang et al. 2006).The main objective of this study is to
understand the physio-biochemical basis of high temperature
stress tolerance in chickpea and to identify a suitable
genotype for high temperature stress on the basis of these
parameters.

MATERIALS AND METHODS

The experiment was conducted with three chickpea
genotypes Pusa 256 (National Check-North Zone,
recommended for late planting), RSG 888 (West Zone,
drought tolerant), JG 11(South Zone, recommended for
early planting and rainfed cultivation).Sowing was done in
the 6 inch pots under glass house condition in the National
Phytotron Facility for 15 days at normal temperature of
25°C (NT). After 15 days chickpea genotypes were
transferred from glasshouse to phytotron chamber and
exposed to normal (25°C) and high temperature 35° (HT)
stress. The temperature treatment was given up to 30 days.
Collection of shoot and root samples was done at various
stages of growth, i e 5, 10 and 15 days after treatment for
various biochemical and physiological observations.

Leaf relative water content was estimated according to
the method described by Barrs and Weatherley (1962).

Membrane stability index (MSI) was determined
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according to the method of Premchandra et al. (1990) as
modified by Sairam and Dube (1997).

Chlorophyll content was determined according to
Hiscox and lsraelstam (1979).

Dry weight was estimated after drying to constant
weight in a hot air oven at 70°C for 48 hours and expressed
as dry weight (g)/plant.

Leaf area/plant was recorded by automatic leaf area
meter (LICOR-3000).

Enzyme extract for peroxidase, glutathione reductase
and superoxide dismutase was prepared by first freezing
the weighed amount of leaf samples (1 g) in liquid nitrogen
to prevent proteolytic activity followed by grinding with 10
ml extraction buffer (0.1 M phosphate buffer, pH 7.5,
containing 0.5 mM EDTA). After grinding solution was
passed through 4 layers of cheese cloth and filtrate was
centrifuged for 20 min at 15 000 g and the supernatant was
used as enzyme (Dhindsa et al. 1981).

Peroxidase [EC 1.11.1.7] activity was assayed by
recording the increase in absorbance due to oxidation of
guaiacol to tetraguaiacol (Castillo et al. 1984)

Glutathione reductase [EC 1.11.1.7] activity was
assayed by recording the increase in absorbance in the
presence of oxidized glutathione and DTNB (5, 5-dithiobis-
2-nitrobenzoic acid (Smith et al. 1988).

Superoxide dismutase [EC 1.15.1.1] activity was
estimated by recording the enzyme induced decrease in
absorbance of formazone made by nitro-blue tetrazolium
with superoxide radicals (Dhindsa et al. 1981).

RESULTS AND DISCUSSION

Plants experience high temperature in different ways
and adaptation or acclimation to high temperature occurs
over different levels of plant organization.

Relative water content
Data on relative water content is reported in Fig 1.

RWC in leaves of chickpea genotypes showed a significant
decrease under high temperature stress as compared to

control and showed a continuous decline with the duration
of heat stress.In this study the RSG 888 maintained higher
RWC, under both normal and high temperature at different
stages of treatment followed by Pusa 256 and JG 11. Percent
reduction in RWC was also less in RSG 888 followed by
JG 11 and Pusa 256.

Relative water content (RWC) represents a useful
indicator of the state of water balance of a plant, essentially
because it expresses the absolute amount of water, which
the plant requires to reach artificial full saturation (Gonzalez
and Gonzalez 2001). RWC has been considered as a better
indicator of water status as it reflects the balance between
water supplied to leaves and transpiration rate through its
relation to cell volume. Due to high temperature induced
higher transpiration, situation similar to water stress is
created and RWC becomes important under heat stress.
Various studies have reported that maintenance of favorable
water status is essential for plant tolerance to heat stress as
it involves water deficit and cell turgor loss (Uprety et al.
2007). Heat tolerance may be related to the maintenance of
plant water relations by reducing water loss and or increasing
water uptake capacity. Decrease in relative water content
was a main factor resulting in reduced growth in response
to osmotic stress in chickpea. Under drought stress, sensitive
chickpea genotypes were more affected by the decline in
RWC than tolerant ones (Turner et al. 2007).

Membrane stability index
Membrane stability is one of the important parameters

to evaluate genetic variability for heat stress (Singh et al.
2005). Adverse effect of temperature stress on the membrane
leads to disruption of cellular activity or death. Injury to
membranes from a sudden heat stress event results from
either denaturation of the membrane proteins or from melting
of membrane lipids, which leads to membrane rupture and
loss of cellular contents (Domonguez-Solis et al. 2008).

It was observed that under high temperature condition
MSI significantly decreased. There was a continuous decline
in MSI as duration of stress increased. Under normal
temperature as well as stress the MSI was higher in RSG
888 followed by JG 11and Pusa 256. Under high temperature
stress the RSG 888 showed highest membrane stability
index at all the three stages, i e 5, 10, and 15 days after
treatment.

The heat susceptibility of plasma membrane has been
shown by ion leakage studies in many crop plants and the
increased leakage of solutes is an indication of damage to
membrane (Mittler 2006). However, stable cell membrane
that remains functional during stress appears to control
adaptation to high temperature and found related to heat
and drought tolerance (Sullivan and Ross 1979).

Long term acquisition of heat tolerance in several plants
is accompanied by a decrease in fatty acid unsaturation
resulting in a decrease in the lipid fluidity and an increase
in the phase transition temperature. This leads to the stability
of membrane during heat stress. Heat stress induced decrease
in membrane stability has been reported in faba bean leafFig 1 Effect of high temperature stress on relative water content
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discs (Raison et al. 1980). Deshmukh et al. (2006) also
reported that the tolerant genotypes possess lower membrane
injury index and high RWC, which enable them to maintain
better metabolic activities.

Chl content
In the present study among three genotypes there was

no significant difference in chlorophyll content under normal
as well as high temperature at different stages of treatment
though significant decline was observed for all the genotypes
under high temperature as compared to control (Fig 2).Under
normal temperature as well under stress chlorophyll content
was slightly higher in RSG 888 followed by Pusa 256 and
JG 11.

Leaf photosynthetic pigment content (chlorophylls and
carotenoids) and pigment ratios, such as Chl a/b and
chlorophylls/carotenoids are good indicators for stress
detection and tolerance (Babani et al. 2003).Camejo et al.
(2005) showed increase in the chlorophyll a/b ratio in
stressed Nagcarlang tomato plants, suggesting that this
could be used as an indicator of tolerance and physiological
status of the plants under stress condition. High Chl a/b
ratio was found to be associated with adaptability with low
and high temperature. The role of high chlorophyll level
under stress situation is a special feature which protects
decline in assimilatory system.

Dry matter
Dry matter accumulation is one of the major

physiological parameters controlling crop productivity and
represents net photosynthesis of the crop. High temperature
results in significant decline in dry weight and has adverse
effect on all the vigour parameters.

Data on dry matter per plant is reported in Fig 3. Dry
matter content per plant increased with the growth of the
seedling under normal temperature as well high temperature
conditions.However a slight decline as compared to control
was observed at different stages of heat stress treatments,
decline showed positive correlation with duration of stress.
Percentage decrease in dry matter content was minimum in

RSG 888 (9.31) followed by Pusa 256 (9.70) and JG
11(12.31).

It is well known that high temperature induces increase
in rate of respiration, resulting in loss of stored food material,
which results in decline in shoot length and dry weight
(Tripathi et al. 2009). A given level of stress at vegetative
stage can cause a moderate reduction in yield but can
eliminate yield entirely if it coincides with reproductive
stage. Since the genotypes experienced high temperature
stress during vegetative stage for a short period, no
significant reduction was observed in leaf area and biomass.

Leaf area
Leaf area increased under normal as well high

temperature with the growth of seedlings. However all the
genotypes showed a slight decrease as compared to control
at all the three stages of treatment.Among the genotypes
there was no significant difference under normal and high
temperature. However, under both the conditions RSG 888
showed slightly higher leaf area per plant followed by Pusa
256 and JG 11.

Reduction in dry matter of cowpea and greengram due
to moisture stress is caused due to reduction in leaf area,
absorption of radiation and rate of photosynthesis. Growth
and yield are functions of a large number of metabolic
processes, which are affected by environmental and genetic
factors. Chickpea genotypes under drought condition had
lesser leaf area and lesser interception of light. Also leaf
area index (LAI) in chickpea genotypes was less than 1
under late sown condition (Collins et al. 2008).

Antioxidant enzymes
Glutathione reductase (GR) activity (Table 1) increased

under normal as well as under high temperature and showed
positive correlation with the growth of the seedlings. GR
activity increased significantly under high temperature
condition. A similar trend was observed in the root though
GR activity par se in root was lower as compared to shoot.
GR activity was maximum in RSG 888 genotype under
both normal as well high temperature at all the stages, i e 5,

Fig 2 Effect of high temperature stress on chlorophyll content Fig 3 Effect of high temperature stress on dry matter
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10, and 15 days after treatment followed by Pusa 256 and
JG 11.

Superoxide dismutase activity (SOD) (Table 2)
increased under normal as well under high temperature and
showed positive correlation with the growth of the
seedlings.SOD activity showed significant increase under
high temperature compared to normal temperature. A similar
trend was observed in the root though SOD activity par se
in root was lower as compared to shoot. Among the
genotypes, RSG 888 showed significantly higher SOD
activity under both normal as well as high temperature
conditions followed by JG 11 and Pusa 256. It was also
observed that SOD activity is maximum in RSG 888
genotype during high temperature at all the stages, i e 5, 10,
and 15 days after treatment.

Data on peroxidase (POX) activity is reported in Table
3. POX activity increased under normal as well under high
temperature and showed positive correlation with the growth
of the seedlings.Similar trend in POX activity was also

observed in root tissue however, POX activity at all the
stages of treatment in all the genotypes was higher in root
tissue as compared to shoot. Under both high as well as
normal temperature, RSG 888 maintained a higher POX
activity followed by Pusa 256 and JG 11 in both shoot and
root tissue.

Tolerance to high temperature stress in crop plants has
been reported to be associated with an increase in antioxidant
enzymes activity. In the present study all the antioxidant
enzymes, i e POX, GR and SOD showed increased activity
under high temperature as compared to control at all the
three stages, i e 5, 10 and 15 days after treatment in shoot
and root in all the three genotypes. Increase in enzyme
activity may be induced by the present reactive oxygen
species, thus providing indirect evidence for the extent of
generation of reactive species. Sairamet al (2006) reported
significant increase in SOD activity under temperature stress
in wheat genotypes, and a greater increase in tolerant
genotype C 306, while the susceptible genotypes showed

Table 2 Effect of high temperature stress on superoxide dismutase activity (nM/min/mg of protein) in shoot of chickpea genotypes

Genotype 5 days 10 days 15 days Genotypic mean % Increase

NT HT NT HT NT HT NT HT

Pusa 256 274.36 328.76 440.29 676.46 544.77 722.32 419.80 575.84 27.10
RSG 888 407.52 614.55 643.55 842.66 715.35 911.09 588.80 789.43 25.41
JG 11 338.22 383.12 692.15 763.12 736.10 829.65 588.82 658.63 10.60

CD (P=0.05)
Treatment (T) × Genotype (G) = 58.12
Genotype (G) × Days (D) =85.34
Treatment (T) × Genotype (G) × Days(D)=65.92

Table 3 Effect of high temperature stress on peroxidase activity (nM/min/mg of protein) in shoot of chickpea genotypes

Genotype 5 days 10 days 15 days Genotypic mean % Increase

NT HT NT HT NT HT NT HT

Pusa 256 279.21 448.97 325.29 771.43 594.63 1080.48 399.71 766.96 47.88
RSG 888 301.68 510.74 454.87 929.59 504.63 1521.20 420.39 987.18 57.41
JG 11 186.74 422.93 392.33 522.00 615.52 1208.97 398.20 717.97 44.54

CD (P=0.05)
Treatment (T) × Genotype (G) = 45.46
Genotype (G) × Days (D) = 55.68
Treatment (T) × Genotype (G) × Days (D) =78.74

Table 1 Effect of high temperature stress on glutathione reductase activity (nM/min/mg of protein) in shoot of chickpea genotypes

Genotype 5 days 10 days 15 days Genotypic mean % Increase

NT HT NT HT NT HT NT HT

Pusa 256 0.55 0.56 8.75 11.43 17.27 29.07 8.86 16.02 44.70
RSG 888 0.32 1.40 9.30 14.13 18.33 29.68 9.32 15.07 38.18
JG 11 1.03 1.31 5.57 7.74 16.38 26.13 7.66 11.73 34.67

CD (P = 0.05)
Treatment (T) × Genotype (G) = 6.20
Genotype (G) × Days (D) = 9.30
Treatment (T) × Genotype (G) × Days (D) = NS
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lower activity. This shows that the tolerant genotypes
combated the ROS by maintaining efficient antioxidant
mechanism.

Almeselmani et al. (2006) also reported similar results
in late sown heat tolerant wheat varieties.Higher activity of
various antioxidant enzymes in temperature tolerant
genotypes of various crop species has also been reported by
various workers (Larkhindale et al. 2005, Almeselmani et
al. 2006, Moller et al. 2007). Increase in CAT and POX
activity under heat stress was also observed by Kaur et al.
(2009) in B.juncea species. The basal activity of APX was
also found higher in thermo tolerant genotypes, i e BPR-
542-6 when compared to thermo susceptible genotypes, i e
NPJ-119.Gulen et al. 2008 reported effects of high
temperature on the activity of peroxidase (POX) isozymes
and leaf proteins. Conversely, total protein content was
decreased by heat stress. Although antioxidant enzymes
generally do play a role in the antioxidant capabilities of the
plant, there is obviously some variability in enzymes among
species and genotypes.

Results on Pearson-product-moment correlation
coefficient (r) revealed that under high temperature condition
there is a significant correlation between antioxidant
enzymes and various physiological parameters. POX, GR,
SOD showed significant negative correlation with RWC
and MSI in shoot and root tissue. Significant positive
correlation was also observed with dry matter and leaf area.
GR and SOD also showed significant correlation with chl
content under high temp.

Almeselmani et al. (2006) also reported a significant
negative correlation between relative water content and
antioxidant enzymes and negative correlation between
membrane stability index and antioxidant enzymes.
Coefficient of determination was also found lower for RWC
and MSI, suggesting that this is very important parameter
for maintaining the plant under high temperature stress
condition.

CONCLUSIONS

From the foregoing discussion it is clear that exposure
of chickpea genotypes to high temperature stress at seedling
stage for three different durations resulted in decrease in
RWC, MSI, Chl , dry weight, leaf area and also an increase
in POX, GR, and SOD. On the basis of present investigation,
it is emphasized that tolerant chickpea genotypes to moisture
and high temperature stress should possess high relative
water content, less injury to leaf tissue (high MSI),high
chlorophyll content, high biomass, leaf area and high level
of antioxidant enzymes. Such a model genotype possessing
these traits will be superior in productivity. The RSG 888
possessed better seedling growth parameters compared to
Pusa 256 and JG 11 and can be useful for combating short
period of heat stress during initial stage of plant growth.

REFERENCES

Almeselmani M, Deshmukh P S, SiramR K, Kushwaha S R and
Singh T P. 2006. Protective role of antioxidant enzymes under

high temperature stress.Plant Science 171: 382–8.
Babani F, Ylli A and Lichtenthaler H K. 2003. Optical properties

of leaves on some wheat genotypes. (In) Fifth General
Conference of the Balkan Physical Union, 25–29 August, 2003.
VrnjackaBanja, Serbia and Montenegro, SP15–037.

Barrs H D and Weatherley. 1962. A re-examination of the relative
turgidity technique for estimating water deficit in
leaves.Australian Journal ofBiological Sciences 15: 413–28.

Camejo D, Rodrýguez P, Morales M A, Dellamico J M, Torrecillas
A, Alarcon J . 2005. High temperature effects on photosynthetic
activity of two tomato cultivars with different heat susceptibility.
Journal Plant Physiology 162: 281–9.

Castillo F I, Panel I and Greppin H. 1984. Peroxidase release
induced by ozone in Sodium album leaves. Plant physiology
74: 846–51.

Collins N C, Tardieu F and Tuberosa R. 2008. Quantitative trait
loci and crop performance under abiotic stress:Where do we
stand. Plant Physiology 147: 469–86.

Deshmukh P S, Sairam R K, Kushwaha S R, Singh T P, Moaed A
and Choadhary H B. 2006. Physio-genetic approaches for
increasing wheat productivity under rice-wheat cropping
system. Indian Journal of Agriultural Sciences 76 (11): 667–
9.

Dhindsa R A, Plumb-Dhindsa P and Thorpe T A. 1981. Leaf
senescence: Correlated with increased permeability and lipid
peroxidation and decreased levels of superoxide dismutase
and catalase. Journal of Experimental Botany 126: 93–101.

Dominguez-Solis J R, He Z, Lima A, Ting J, Buchanan B B and
Luan S. 2008. A cyclophilin links redox and light signals to
cysteine bioasynthesis and stress responses in chloroplasts.
Proceedings in National Academy of Sciences (USA) 105:
16 386–91.

FAOSTAT. 2005. FAOSTAT data. http://faostat.fao.org/faostat/
collections? Subset=agriculture. Last updated July 2010.

Foyer C H, Lelandais M, Edwards E A and Mullineaux P M. 1993.
Active Oxygen, Oxidative Stress and Plant Metabolism:Current
Topics in Plant Physiology, pp 131–44. Pell E and Steffen K
(Eds). American Socirty of Plant Physiologists, Rockville,
MD.

Gonzalez L and Gonzalez-Vila M. 2001. Determination of Relative
Water Content. (In) Handbook of Plant Ecophysiology
Techniques, pp 207–12. Roger M J R (Ed). Springer,
Netherlands.

Gulen H, Cetinkaya C, Kadýoglu M, Kesici M, Cansev A and Eris
A. 2008. Peroxidase activity and lipid peroxidation in strawberry
(Fragaria × ananassa) plants under low temperature. Journal of
Biological Environmental Science 2(6): 95–100.

Hiscox J D and lsraelstam G E. 1979. A method for the extraction
of chlorophyll from leaf tissue without maceration. Canadian
Journal of Botany 57: 1332–4.

Kaur H, Gupta A K and Kaur N. 2009. Differential response of the
antioxidant system in wild and cultivated genotypes of
chickpea.Plant Growth Regulation 57: 109–14.

Larkindale J and Huang B. 2005. Effects of abscisic acid, salicylic
acid, ethylene and hydrogen peroxide in thermotolerance and
recovery for creeping bentgrass.Plant Growth Regulation 47:
17–28.

Mittler R. 2006. Abiotic stress, the field environment and stress
combination. Trends in Plant Sciences 11: 15–9.

Moller I M, Jensen P E and Hansson A. 2007. Oxidative
modifications to cellular components in plants. Annual Review
of Plant Biology 58: 459–81.

97

EFFECT OF HEAT STRESS ON CHICKPEA



406 [Indian Journal of Agricultural Sciences 84 (3)

Nagarajan S and Nagarajan S. 2010. Abiotic tolerance and crop
improvement. (In) Abiotic Stress Adaptation in Plants, pp 1–
11. Pareek A, Sopory S K, Bohnert H J and Govindjee (Eds).
A Springer publication, The Netherlands.

Noctor G, De P R and Foyer C H. 2007. Mitochondrial redox
biology and homeostasis in plants. Trends in Plant Sciences
12: 125–34.

Premchandra G S, Sanoeba H and Ogata S.1990. Cell membrane
stability an indicator of drought tolerance is affected by applied
nitrogen in 10 g bean. Journal of Agricultural Science 15: 63–
6.

Priyanka B, Sekhar K, Sunita T, Reddy V D and Rao V K. 2010.
Characterizarion of ESTs of pigeonpea and functional validation
of selected genes for abiotic stress tolerance in Arabidopsis
thaliana. Molecular Genetics and Genomics 283: 273–67.

Raison J K, Berry J A, Armond R A and Pike C S. 1980. Membrane
properties in relation to the adaptation of plants to temperature
stress. (In) Adaptation of Plants to Water and High Temperature
Stress, pp 261–73. Turner N C and Kramer P J (Eds). John
Wiley and Sons, New York.

Sairam R K and Dube S D. 1997. Effect of moisture stress on
nitrate reductase activity in rice in relation to drought-
tolerance.Indian Journal of Plant Physiology 27: 264–70.

Sairam R K, Tyagi A and Chinnusamy. 2006. Salinity tolerance:
cellular mechanisms and gene regulation. (In) Plant
Environment Interactions, pp 121–75. Huang B (Ed.). A CRC
publication, Boca Raton, New York.

Singh T P, Deshmukh P S, Mishra S K and Kushwaha S R. 2005.
Effect of temperature regimes on physiological parameters in
chickpea (Cicer arietinum L.). New Botanist 32: 225–35.

Smith I K, Vierheller T L and Thorne C A.1988. Assay of
glutathione reductase in crude tissue homogenates using 5, 5'-
dithiobis (2-nitrobenzoic acid). Analytical Biochemistry 175:
408–13.

Sullivan C Y and Ross W M. 1979. Selecting for drought and heat
resistance in grain sorghum. (In) Stress Physiology in Crop
Plants, pp 262–81. Mussell H and Staples R C (Eds.). Wiley
Inter science, New York.

Tripathi N, Verma R S and Verma O. 2009. Effect of heat and
moisture stress treatments on seedling growth of wheat (Triticum
aestivum L.) varieties. Indian Journal of Agriultural Research
43(4): 257–262.

Turner N C, Abbo S, Berger J d, Chaturvedi S K, French R J,
Ludwig C, Manner D M, Singh S J and Yadav H S. 2007.
Osmotic adjustment in chickpea (Cicer arietinum L.) results in
no yield benefit under terminal drought. Journal of Experimental
Botany 58: 187–94.

Upreti D C, Abrol Y P and Reddy V R. 2007. Crop responses to
Elevated CO2 Biodiversity and its Significance, pp 289–33.
Tandon P, Khatri S and Abrol YP (Eds). I K International ,New
Delhi.

Wang J, Gan Y T and MacDonald C L. 2006. Response of chickpea
yield to high temperature stress during reproductive
development.Crop Science 46: 2 171–8.

98

MEENA ET AL.



<<
  /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


