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Field studies on chlorophyll a fluorescence for low temperature tolerance testing of
cassava (Manihot esculenta Crantz)
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Abstract

Fifteen cassava (Manihot esculenta Crantz) genotypes were grown at two field sites of Nigeria from 1994 to 1996 (Ibadan: 28+5°C, altitude 210
masl and Jos: 18+5°C, altitude of 1260 masl) to evaluate the use of chlorophyll fluorescence in screening for cold tolerance in cassava. At 12
months after planting, the total dry tuberous root weight produced at Ibadan was significantly (P<0.05) greater than at the Jos Plateau location.
Genotypic differences were observed among the genotypes both across locations and within locations for dry tuberous root weight. Genotypes
TMS 91934, TMS 30572, TME1 and Danwaru performed better than the other genotypes in Jos. In Jos, variable fluorescence (Fv), maximal
fluorescence (Fm) and chlorophyll fluorescence ratio (Fv/Fm) of cassava leaves were significantly (P<0.05) reduced when compared to cassava
leaves grown in Ibadan. The predictive capability of fluorescence parameters was assessed by comparison with a yield-based cold susceptibility
index (CSI). There was a significant correlation between Fv/Fm and CSI (r = 0.64, n=15). Genotypic differences were observed both across
locations and within locations for chlorophyll fluorescence parameters. The cold tolerant genotypes TME1, TMS 30572 and Danwaru had
higher Fv/Fm ratios under low temperatures whereas cold sensitive genotypes, such as Isunikankiyan and TMS 4(2) 1425 had lower Fv/Fm

ratios. This work suggests that chlorophyll fluorescence might be used as a screening test for chilling tolerance in cassava.
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Introduction
Cassava is a staple food for over 800 million people around the
world'2. Cassava is a chilling intolerant plant**. Exposing
chilling intolerant plants to low temperature results in the
inhibition of cellular activities®. The regulation of photosynthesis
may be a necessary adaptation for enabling stress resistant plants
to avoid photo-damage during exposure to low temperatures®.
It is well known that various partial processes of photosynthesis
are affected differently by changes in leaf or chloroplast
temperature’. Chlorophyll a fluorescence provides an indicator
of the primary photochemistry of photosynthesis®. It has been
shown that photoinhibition occurs during low temperature
stress®. Fluorescence may also provide information on the
carbon reduction cycle. Via consumption ATP and NADPH,
carbon metabolism affects the proton gradient and the Redox
State of the primary electron acceptor of PSII, and thereby the
fluorescence yields®. In vivo chlorophyll a fluorescence may
be used as a direct indicator of photosynthetic activity. Recent
improvements in measurement techniques have made the
fluorescence method an important tool in stress physiology and
environmental research'®, In durum wheat (Triticum durum
Desf.) chlorophyll fluorescence has been used as a tool for
testing drought tolerance''. These authors reported an
association between the drought susceptibility of different
genotypes and the decrease of chlorophyll fluorescence ratio
(Fv/Fm). During chilling injury, inhibition first develops on
the water splitting side of PSII'?, which results in a decrease in
chlorophyll fluorescence. This quenching of chlorophyll
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fluorescence in chilling injured leaves has been demonstrated*.
Plant chilling tolerance at 0°C appeared to be negatively

correlated with both the loss of PSII activity in chloroplasts'>!?
and the loss of induced chlorophyll fluorescence in intact leaf
tissue'. Chlorophyll fluorescence as an indicator of chilling
tolerance has been applied to a wide range of crops including
cereals like rice'’, legumes and tropical fruit species such as
mango (Mangifera indica) and guava (Psidium guajava)'.

However, for cassava little information is available on screening
for low temperature tolerance using chlorophyll fluorescence.
The aim of this study was therefore to determine if chlorophyll
fluorescence could be used for screening tolerance of this crop
to low temperature.

Materials and Methods
These experiments were conducted at a location in the Jos
Plateau (mid-altitude) and at Ibadan (lowland-savanna zone).
Two experiments were conducted during the 1994/95 and 1995/
96 crop seasons at the International Institute of Tropical
Agriculture (IITA), Ibadan and at the National Root Crop
Research Institute field station (Vom and Heipang) in the Jos
Plateau. In the 1994/1995 crop season, cassava stem cuttings
were planted on 5 May 1994 and 13 May 1994 at Ibadan and
Jos Plateau respectively while in 1995/1996 crop season,
cassava stem cuttings were planted on 10 May 1995 and 20
May 1995 respectively, at Ibadan and Jos Plateau. These two
locations represent contrasting agroecological zones (Table 1).
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Table 1. Weather record of Ibadan and Jos Plateau, Nigeria. Data are means of 1994 to 1996.

Parameter Ibadan (Non-stressed) Jos Plateau (Cold-stressed)
Vom Heipang

Longitude o, ' 0 0

2 34E 9E 8 9E
Latitude 4°46N 9%55'N 938N
Altitude, masl 210 1280 1290
Relative humidity, annual 65-90 55-85 60-85
mean, %
Rainfall, annual total, mm 1545 1099 1153
Temperature, annual mean ~ 28+6 18+5 18+6

°C

The soil at Ibadan is classified as Oxic Paleuestalf, Alagba soil
series'® while in Jos Plateau the soil belongs to ferruginous
tropical soils".

Experimental design: Fifteen cassava genotypes were

compared. They comprised eight improved IITA genotypes:

TMS 4488, TMS 30337, TMS 30001, TMS 91934, TMS 4(2)
1425, TMS 30572, TMS 50395, TMS 30555; four landraces

(local genotypes) commonly grown in south western Nigeria:
TME1, TMEI1, Isunikankiyan and Oko-lyawo; and three

landraces (local genotypes) adapted to mid-altitudes: Danduala,
Danrahoss and Danwaru. Stem cuttings of 0.20 m length were
obtained from 12 month old mother plants at the middle part of
the stem and were immersed in 0.05% of the fungicide benlate
(a.i.=methyl 1-(butyl carbatomyl)-2-benzimidazole carbamate)
solution. The experiments were set up in each location in

randomized blocks with three replications. Each plot had six
rows, 10 m long. Spacing was 1 m between rows and 0.8 m

within a row. Each plot contained 72 plants. The experiments
were kept free of weeds by regular hand weeding.

Data collection and analyses: Harvesting was done at 12
months after planting. Twenty-four plants were carefully
removed from the center row in each plot. One border plant
was left on either side of the harvested plants. The fresh weight
of the tubers was noted and the samples were oven-dried for 48
hours at 80°C prior for dry weight determination. The Statistical
Analytical System!'® PROC GLM program was used for data
analyses. For both field seasons and at both sites combined
analysis of variance was used to evaluate significant differences
in dry tuberous root yield and other parameters. Fluorescence
statistics were analyzed for combined locations in the second
growing season. Mean comparisons were done as necessary.
Correlation coefficients between pairs of data for parameters
of interest were also compared.

Fluorescence measurements:Plant fluorescence measurements
taken at maturity (12 MAP) are reported here. The measurement
of fluorescence characteristics was carried out on two young
fully expanded intact, attached leaves per genotype with a Plant
Efficiency Analyzer (PEA MK2, Hansatech Instruments Ltd.,
Kings Lynn, England) in the morning (between 09.00 and 10.00
h). A plastic grid with hole 33 mm in diameter was clipped on
the leaf. It was left for 30 min, in order for dark acclimation of
that part of leaf. The measurement probe was later fitted into
the hole and the readings taken.

In fluorescence measurement, the Plant Efficiency Analyzer
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displays a maximal fluorescence signal (Fm) upon excitation
of the chloroplasts by an array of high intensity light emitting
diodes and a low level signal (Fo) giving a difference (Fv)
known as the variable component of fluorescence. The
chlorophyll fluorescence ratio (Fv/Fm) has been shown to be
proportional to the quantum yield of photochemistry'®.

Cold susceptibility index (CSI) of genotypes:The cold
susceptibility index (CSI) of the 15 genotypes was calculated
by analogy with the drought susceptibility index®® as
CSI=(1-Ys/Yns)/D

where: D = cold intensity = 1-Ys/Ons; Ys = tuberous root
yield in stressed environments; Yns = tuberous root yield in
non-stressed environments; Ys = mean tuberous root yield in
stressed environments; Yns = mean tuberous root yield in non-
stressed environments. Data from cassava tuberous root yield
at Jos Plateau were mainly limited by low temperature; hence
they were classified as low temperature stressed. The favorable
environments at IITA, Ibadan were classified as non-stressed.

Results and Discussion

Significant differences (P<0.05) were observed between the
two locations in dry tuberous root weight (DTUB) at 12 months
after planting (Table 2). Ibadan had the highest overall values
for DTUB while the lowest were recorded in Jos Plateau (Table
2). Genotypic differences were observed both across locations
and within locations in cassava tuberous root yield (Tables 2
and 3). TMS 30572, TME1 and TMS 91934 had better dry
tuberous root weight (DTUB) than other genotypes across
locations. InIbadan, TMS 30572, TMS 50395 and TMS 30555
had the highest values for DTUB whereas on the Jos Plateau
TMEL, TMS 30572 and TMS 91934 and Danwaru performed
better than the other genotypes. This result indicates that there
is some cassava genotypes with better adaptation to mid-
altitudes. This finding is consistent with earlier findings on
cassava genotypes>.

On the Jos Plateau, variable fluorescence (Fv), maximal
fluorescence (Fm) and chlorophyll fluorescence ratio (Fv/Fm)
of cassava leaves were significantly (P<0.05) lower than those
grown at Ibadan (Table 3). This implies that the lower
temperature induced photoinhibition and reduced the quantum
yield of photosynthesis. However there were no significant
differences (P<0.05) in the time at which maximal fluorescence
occurred (Tm) or in the dark fluorescence (Fo) between the
two locations. The lack of variation in Fo between locations,
indicates that the energy distribution within the light harvesting
complex and PS11 chloroplast is fully intact and the light
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Table 2. Tuberous root yield (Mg ha!), percentage yield reduction and cold susceptibility index (CSI) of 15 cassava

genotypes in two cropping seasons, 1994 to 1996.

Total dry tuberous root yield (Mg ha-"

Ibadan Jos plateau Yield reduction (%)  Cold susceptibility
Genotypes (Non-stressed) (Cold-stressed) index (CSI)
TMS 4(2)1425 (A) 9.2 1.1 11.9 1.29
TMS 30555 (A) 7.4 1.5 20.2 1.16
TMS 30337 (A) 52 1.2 23 1.13
TMS 91934 (A) 9.3 2.6 27.9 1.06
TMS 30001 (A) 7.1 2.0 28.2 1.06
TMS 50395 (A) 8.9 1.2 13.5 1.01
TMS 4488 (A) 6.2 1.9 30.0 1.01
TMS 30572 (A) 10.4 3.7 35.6 0.95
Mean (Improved 7.9 1.9 76 1.08
genotypes)
Danduala (B) 2.2 1.0 455 0.80
Danrahoss (B) 1.8 1.0 55 0.65
Danwaru (B) 1.9 23 121.1 0.31
Mean (Landraces 1.9 1.1 26 0.59
from Jos Plateau)
Isunikankiyan (C) 33 0.4 12.1 1.29
Oko-lyawo (C) 7.4 2.2 29.7 1.03
TMEI11 (C) 59 2.8 47.5 0.77
TMET1 (C) 7.1 5.1 71.8 0.42
Mean (Selected 5.9 2.6 56 0.88
landraces from
lowland)
Overall Mean 6.22 0.73 - -
S.E.(15D.F.) 2.00 0.31 - -
C.V. (%) 45 60 - -

A = Improved genotypes bred at IITA Landraces, B = Landraces from Jos Plateau, and C = Improved landraces from South western Nigeria selected at [ITA.

absorption capacity of all chlorophyll including the reaction
centers, remain constant during low temperature stress as applied
here!'. Similar results have been observed for durum wheat
cultivars (Triticum durum) under water stress . The technique
of measuring plant chilling tolerance from the rate of decrease
of chlorophyll fluorescence ratio (Fv/Fm) in chilled leaves
should have applications in both physiological studies and in
breeding program for the selection of chilling-tolerant
plants'213.15,

Genotypic differences were observed in both locations in Fo,
Fm, Fv and Fv/Fm in the second year (Table 3). TMS 4488,
TME1, TMS 91934, TMS 30572 and Danwaru were the
genotypes with higher photosynthetic fluorescence values than
the other genotypes. In the high temperature agroecological zone
of Ibadan, TMS 50395, TMS 4488, TMS 30555, TME1 and
TMS 30572 had higher Fo, Fm, Fv and Fv/Fm respectively
(Table 3). At the low temperature of the Jos Plateau, Danwaru,
TMEL, TMS 91934 and TMS 30572 had the highest values for
Fo, Fm and Fv (Table 3). Also, genotypic differences were
observed for Fv/Fm at Jos Plateau, TMS 91934, TMS 30572,
TMEI and Danwaru had higher Fv/Fm under low temperature
when compared to other genotypes tested (Table 3).

The differences in fluorescence attributes (especially in FV/
Fm) among the genotypes suggest that this technique may be a
suitable test for low temperature tolerance in cassava. Thus,
the ranking for low temperature tolerance would be based on
Fv/Fm recorded after cold stress in cassava genotypes. Similar
ranking for low temperature tolerance, using Fv/Fm values has
been reported with rice genotypes'®.

168

The genotypes with the lowest CSI values were TMS 30572,
TME1, TMEI11, Danduala, Danrahoss and Danwaru while the
most susceptible ones were TMS 4(2) 1425, TMS 30555 and
Isunikankiyan (Table 2). In order to assess the predictive value
for cold tolerance of the fluorescence parameters examined,
we correlated Fv/Fm measure with the CSI of the genotypes. A
significant correlation (r = 0.65, n=15) between Fv/Fm and CS1
was found.

In conclusion, in the high temperature environment of Ibadan,
the dry tuberous root yield was greater than in the low
temperature environment of the Jos Plateau. Low temperature
induced photoinhibition and a concurrent reduction in leaf
photosynthesis. Genotypic differences were observed for Fv/
Fm and Fv/Fm was positively correlated with the CSI of the
genotypes, evaluated on the basis of tuberous root yield. Thus,
chlorophyll fluorescence could be a useful tool in screening
for cold tolerance in cassava. Further studies are planned to
select appropriate growth stage at which fluorescence
parameters are the most sensitive to low temperature. This would
help in identifying cold tolerant and high photosynthetic
genotypes at an earlier stage than at harvest at 12 months after
planting.
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Table 3. Mean values of initial fluorescence (Fo), variable fluorescence (Fv), maximal fluorescence (Fm), and chlorophyll

fluorescence (Fv/Fm) at Ibadan and Jos Plateau.

Clones Fo Fm Fv Fv/Fm
Ibadan (Non-stressed)
TMS 50395 (A) 519 2598 2251 0.84
TMS 30555 (A) 474 2688 2260 0.82
TMS 4488 (A) 403 2729 2460 0.82
TMS 30572 (A) 446 2609 2160 0.82
TMS 30001 (A) 474 2528 1999 0.81
TMS 4(2)1425 (A) 686 2362 1347 0.80
TMS 30337 (A) 566 2577 2011 0.78
TMS 91934 (A) 440 2533 2010 0.78
Mean 502 2578 2063 0.71
Danduala (B) 449 2511 2054 0.82
Danwaru (B) 437 2161 2121 0.82
Danrahoss (B) 474 2520 2104 0.81
Mean 453 2397 2093 0.82
Isunikankiyan (C) 415 2727 2089 0.83
Oko-lyawo (C) 447 2660 2096 0.82
TMEI (C) 449 2644 2060 0.82
TMEI11 (C) 448 2433 1921 0.81
Mean 439 2616 2042 0.82
Overall Mean Ibadan 484 2546 2049 0.82
S.E.(I5D.F.) 83 195 240 0.02
C.V. (%) 18 8 11 3
Jos plateau (Cold-stressed)
TMS 30001 (A) 578 2183 1605 0.73
TMS 30555 (A) 568 2114 1599 0.73
TMS 50395 (A) 291 2064 1467 0.72
TMS 30572 (A) 616 2121 1505 0.70
TMS 4(2)1425 (A) 636 2075 1439 0.69
TMS 4488 (A) 647 2145 1498 0.69
TMS 91934 (A) 624 1649 908 0.59
TMS 30337 (A) 635 1954 1227 0.55
Mean 574 2038 1406 0.68
Danwaru (B) 662 1919 1482 0.77
Danrahoss (B) 567 2032 1580 0.73
Danduala (B) 565 2256 1474 0.65
Mean 598 2069 1512 0.72
Isunikankiyan (C) 492 1956 1686 0.78
Oko-Iyawo (C) 599 2214 1803 0.76
TME]1 (C) 506 2110 1604 0.76
TMEL11 (C) 609 2415 1806 0.74
Mean 552 2174 1725 0.76
Overall Mean (Jos 564 2037 1473 0.70
Plateau)
S.E.(15D.F.) 118 251 299 0.07
C.V. (%) 20 12 18 8

A = Improved genotypes bred at IITA Landraces, B = Landraces from Jos Plateau, and C = Improved landraces from South western Nigeria selected at IITA.

constructive comments on the manuscript.

References

'Food and Agriculture Organization 1999. FAO Food Outlook, March-
April, 1999. Rome: FAO

*Ekanayake, I. J., Osiru, D. S.O. and Porto, M. C. M. 1997. Physiol-
ogy of cassava. IITA Research Guide 55. Third Ed. Ibadan, Nigeria:
HTA.

3Cock, J. H. 1985. Cassava: New potential for a neglected Crop. Boul-
der, Colorado: Westview Press.

“Manrique, L. A., 1990. Plant morphology of cassava during summer
and winter. Agronomy Journal 82:881-886.

SLevitt, J. 1980. Responses of Plants to Environmental Stresses, Vol.
1. New York: Academic Press.

“Van Kooten, O. and Snel, J.E.H. 1990. The use of chlorophyll fluo-
rescence nomenclature in plant stress physiology. Photosynthesis

Food, Agriculture & Environment, Vol.2 (1), January 2004

Research 25:147-150.

"Davison, 1. R. and Falkowski, P. G. 1994. Chlorophyll fluorescence
in Laminaria saccharia. Supplement to Plant Physiology 105(1):35.

SPowles, S. B. and Bjorkman, T. 1982. Photoinhibition of photosyn-
thesis: effect on chlorophyll fluorescence at 77K in intact leaves
and in chloroplast membranes of Nerium oleander. Planta 156:97-
107.

°Ogren, E. 1990. Evaluation of chlorophyll fluorescence as a probe
for drought stress in willow leaves. Plant Physiology 93:1280-1285.

"Krause, G. H. and Weis, F. 1991. Chlorophyll fluorescence and pho-
tosynthesis the basic. Annual Review of Plant Physiology and Plant
Molecular Biology 42:313-349.

"Flagella, Z., Pastore, D., Campanrile, A. and Di-Fonso, N. 1994.
The quantum yield of photosynthetic electron transport evaluated
by chlorophyll fluorescence as an indicator of drought tolerance in
durum wheat. Journal of Agricultural Science, Cambridge 125:325-

169



329.

2Smillie, R. M. and Nott, R. 1979. Assay of chilling injury in wild
and domestic tomatoes based on photosystem activity of chilled
leaves. Plant Physiology 63:796-801.

B3Smillie, R. M 1979. The useful chloroplast: a new approach for in-
vestigating chilling stress in plants. In Low Temperature Stress in
Crop Plants (Eds. J.M. Lyons, D. Graham and R. Raison), pp. 187-
202. Academic Press, New York:.

“Hetherington, S. E., Smillie, R. M., Hardacre, A. K. and Eagles, H.A.
1983. Using chlorophyll fluorescence in vivo to measure the chill-
ing tolerance of different populations of maize. Australian Journal
of Plant Physiology 10:247-256.

3Sthapit, B. R. 1993. Chlorophyll fluorescence analysis for assessing
cold tolerance at anthesis in Nepalese indigenous rice genotypes.
The International Rice Research Newsletter 18(1):32-33.

*Greenland, D. J. 1981. Characteristics of soils in relation to their
classification and management for crop production from areas of
humid tropics. Oxford University Press, New York.

"Kowal, T. M. and Knabe, D. T. (Eds) 1972. An agroclimatological
atlas of the Northern States of Nigeria with explanatory notes.
Ahmadu Bello University Press, Zaria, Nigeria.

'8Statistical Analysis System (SAS). 1996. SAS User’s Guide. SAS
Institute Inc., Cary, NC, USA.

PButler, W. L. and Kitajima, M. 1975. Fluorescence quenching in
photosystem 11 of photosynthesis. Biochimica et Biophysica Acta
376:116-125.

PFischer, R. A. and Maurer, R. 1978. Drought resistance in spring
wheat cultivars. 1. Grain yield responses. Australian Journal Agri-
cultural Research 29:897-912.

170

Food, Agriculture & Environment, Vol.2 (1), January 2004




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


