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Abstract

The cowpea represents one of the most important agricultural species of the brazilian Northeast, and proper
management of mineral fertilizer that culture becomes essential to their production. The present work aimed to
study the effect of the interaction between potassium and phosphorus in the presence of the inoculant INPA
03-11B in the culture of cowpea for Production Pole of Bom Jesus, Piaui, Brazil. The experiment was conducted
in the experimental area of the Federal University of Piaui, Campus of Bom Jesus, PI, about a Quartzarenic
Neosol. The experimental design was a randomized block with four replications. The treatments consisted of
four levels of potassium (0, 35, 70 and 105 kg K,O ha™) and four levels of phosphorus (0, 40, 80 and 120 kg
P,0;s ha™"). Nodule number, nodule dry and fresh biomass, shoot dry biomass and grain yields were evaluated.
The potassium and phosphorus levels and their interaction affected nodulation and parameters indicators of
production of cowpea. The interaction between the phosphorus and potassium levels favored the nodulation,
shoot dry biomass and grain yield. The highest grain yield of cowpea was obtained with the fertilization of 67.73
kg of P,Os ha™ and 35 kg of K,O ha™.

Keywords: biological N, fixation, mineral fertilizers, Vigna unguiculata (L.) Walp
1. Introduction

In the North and Northeast region of Brazil the cultivation of cowpea [Vigna unguiculata (L.) Walp.] gives
major importance for food production and contributes effectively to generate employment and income in
countryside areas. However, despite the socioeconomic relevance of culture, the average yield levels recorded
are significantly low, which might be related, among other factors, the natural nutrient deficiencies that occur in
soils of the producing regions (Leite et al., 2009), as well as low levels of technology employed by farmers in the
cultivation of the crop.

The cowpea is produced in all regions of the state of Piaui in system upland or irrigated form (Amaral et al.,
2011) and consists one of the most cultivated crop species, occupying an area of approximately 210,000 hectares
(IBGE, 2010). The Production Pole of Bom Jesus, located in the Southwest region of the state, is remarkable
both in acreage as production, producing approximately 4,100 tons (IBGE, 2010). However, the soils of this
region have low natural fertility and correction and fertilization practices are nonexistent or performed with low
frequency.

The application of fertilizers in the soil is a essential practice to increase the availability of nutrients in the soil
and promote the growth of agricultural crops. In Vigna unguiculata and Phaseolus vulgaris, the use of phosphate
fertilizers (Miranda et al., 2002; Valderrama et al., 2009; Silva et al., 2010; Oliveira et al., 2011) and potassium
(Melo et al., 2005; Gualter et al., 2008; Oliveira et al., 2009) promote significant responses in growth and yield
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of these crops. In sandy soils, the addition of phosphorus at levels ranging between 60 and 80 kg P,Os ha™
favored the growth and levels between 60 and 90 kg P,Os resulted in major yield grain (Silva et al., 2010). The
K is the nutrient extracted and exported in larger quantities by cowpea (Oliveira et al., 2009) and the best
response to cowpea yield can be obtained with the application of K,O levels ranging between 20 and 40 kg ha™
(Melo et al., 2005).

The availability of nutrients consists one of the main factors influencing crop production and biological nitrogen
fixation (BNF), with emphasis mainly for P and K (Gualter et al., 2008). The P is considered the nutrient that
most limits the yield of cowpea (Freire Filho et al., 2005), due to its importance to the establishment of
nodulation and BNF (Silva et al., 2010). The K has direct participation in activation of various enzymatic
systems, which have acting in the processes of photosynthesis, respiration (Oliveira et al., 2009) and BNF (Duke
& Collins, 1985).

The present work aimed to study the effect of the interaction between potassium and phosphorus levels in the
presence of the inoculant INPA 03-11B in the culture of cowpea for Production Pole of Bom Jesus, Piaui, Brazil.

2. Material and Methods

The present work was conducted between March and May of 2010, the experimental area of the Federal
University of Piaui, Campus of Bom Jesus, city of Bom Jesus, Piaui (09°04'28" S and 44°21'31"'W and altitude
of 277 meters), in a Quartzarenic Neosol.

According to the Koppen (1931) climate is Aw, which is characterized by being hot and humid with summer
rains. In this region the average annual rainfall varies between 900 and 1200 mm and the average temperature of
26.5°C (Viana et al., 2002).

The precipitation and temperature averages between January and June 2010 in Bom Jesus, Piaui are shown in
Figure 1.
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Figure 1. Maximum (T. max.) and Minimum (T. min.) temperatures and precipitation between the months
January to June 2010, in Bom Jesus, Piaui (INMET, 2010)

Before installation of the experiment samples were collected of the soil layer from 0 to 0.20 m for the physical and
chemical characterization (Table 1).

87



www.ccsenet.org/jas Journal of Agricultural Science Vol. 5, No. 11; 2013

Table 1. Chemical and physical attributes of the soil before the experiment implantation in the layer from 0 to 0.20
m depth

Chemical attributes

pH p K"  H+Al AP Ca®* Mg® SB CEC V m oM

Depth

H0 -—-mgdm®-- e 010 PTG 1o e — %

0-0,20 6,3 50 50,8 0,8 0,1 0,7 0,2 0,7 2,3 12,5 6,7 0,6

Physical attributes

Sand Silt Clay Sd Pd Pt
Depth N 3 )
gkg - g cm”---—-—- -—-m’ m~---
0- 0,20 929 35 36 1,45 2,66 0,45

P = phosphorus; K= potassium; H+Al = potential acidity; AI’" = exchangeable aluminum; Ca>" = calcium;
Mg?*" = magnesium; SB = sum of bases; CEC = cation exchange capacity; V = base saturation; m = aluminium
saturation; O.M. = organic matter; Sd = soil density; Pd = Particle density; Pt = porosidade total.

The experimental design was a randomized block with four replications. The treatments consisted of four levels of
K,0 (0, 35, 70 and 105 kg ha'l) and four levels of P,Os (0, 40, 80 and 120 kg P,Os ha'l). Simple superphosphate
(18% of P,Os) the P source and potassium chloride (58% of K,0O) the K source was used.

Before planting, the soil was prepared with light disk harrow. Nitrogen fertilization was via inoculation with the
strain INPA 03-11B (Bradyhrizobium sp.), recommended by the Ministry of Agriculture, Livestock and Supply
(Brasil, 2011) for the cultivation of cowpea. The inoculant was prepared with autoclaved peat and log phase
culture (after six days of growth with a concentration of 10 cells g inoculant) in semi-solid 79 medium (Fred &
Waksman, 1928) in the proportion 3:1. The dose of 500 g of inoculant per 50 kg of seed was used.

The sowing was carried immediately after inoculation, distributing three cowpea (BR 17 Gurguéia variety) seeds
per pit at a spacing of 0.80 x 0.20 m, to obtain, after cutting out 15 days after sowing, a density of 10 plants per
linear meter and a density of 125,000 plants ha™. The useful area of each plot corresponded the two central lines,
ignoring 0.5 m from each end. During the driving test was conducted weed control, to keep the culture free of
weeds during their cycle.

In the first evaluation performed during flowering stage at 45 days after planting, ten plants of experimental useful
area were collected randomly. Nodule number (NN), nodule dry (DBNod) and fresh (FBNod) biomass, dry
biomass of shoot (DBS).

In the second evaluation performed at harvest, 10 plants of each experimental useful area were collected. Number
of pods per plant (NPPL), the biomass of pods per plant (BPPL), pod length (PL) and grain yield per hectare (GY)
were evaluated. For the calculation of the GY the moisture was adjusted to 13%.

To test the normality was applied Shapiro-Wilks, verifying that all P values obtained from this test were higher
than 0.05. After verification of normality, the results were submitted to analysis of variance and regression, using
the statistical program SISVAR 4.2 version (Ferreira, 2011).

3. Results and Discussion

In the first and second evaluation there was significant effect of P,Os and K,O levels for all variables evaluated
(Table 2). Significant interactions between the levels of P,Os and K,O were checked to FBNod, DBNod, DBS,
NPPL, PL and GY, and individual effects of P,O5 levels for variables NN and BPPL.

NN (Figure 2) adjusted to a quadratic equation, with the estimated maximum value of 23.84 nodules plant”
obtained in the estimated dose of P,Os (84.08 kg ha™'). The greater availability of P, as reported by Okeleye and
Okelana (1997), stimulates nodulation due to the transfer of energy in form of ATP, contributing to increase root
hair formation and providing more sites of infection to N,-fixing bacteria.

FBNod and DBNod (Figures 2 B and C, respectively), the best fit adjusted was quadratic regression model, with
the maximum values of 399.68 and 262.33 mg plant'1 in the estimated levels of 93,19 and 62,94 P,Os,
respectively, in the presence of 105 kg ha™ K,O. Higher levels of K,O influence on the biomass of nodules, as in
conditions of greater availability of this nutrient, there is increased photosynthetic efficiency of cowpea (Oliveira
et al., 2009) and higher encouragement of BNF (Duke & Collins, 1985). Mean NN, the FBNod and DBNod
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show that the symbiosis between plant and microorganism was satisfactory, since the values found are similar to
those reported in several studies on nodulation in cowpea inoculated in the presence of phosphorus and
potassium fertilization planting (Gualter et al., 2008; Xavier et al., 2008; Costa et al., 2011).

Table 2. Summary of analysis of variance of the number of nodes (NN), fresh biomass of nodules (FBNod), dry
biomass of nodules (DBNod), dry biomass of shoot (DBS), number of pods (NPPL), pod biomass (BPPL), length
of pods (PL) and grain yield (GY)

Square Mean

SV DF

NN FBNod DBNof DBS NPPL BPPL PL RG
Blocks 3 309,87  3758,93™  5950,58" 0,17" 028  0,03® 003" 0,16"
K 3 62,68™  4796,27"  2249.68™ 9,107 2,227 0,00 0,237 239"
P 3 447,157 112686,02 62646,68° 6,897 6,137 0,187 1,097 74,90
K*P 9 33,51™  19484,17° 11893,60" 1,127 0,557 0,03™ 045" 3437
Error 45 37,29 1921,89 190364 0,09 0,07 0,04 004 841,35

K — Potassium, P — Phosphorus, FV, ™, * ** — Sources of variation, not significant at the 5% probability, not
significant at the 1% probability by Tukey test, respectively.
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Figure 2. Number of nodules (A), fresh biomass of nodules (B) and dry biomass of nodules (C) of cowpea due to
the application of potassium and phosphorus in the presence of the inoculant INPA 03-11B in the southern state of
Piaui, Brazil. *, ** - Significant at 5%, significant at 1% by Tukey's test, respectively
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DBS adjusted to the quadratic model, with the maximum estimated average of 16.06 g plant”, obtained from the
estimated dose of 50.84 kg P,Os ha™ in the presence of 70 kg K,O ha™ (Figure 3A).
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Figure 3. Dry biomass of shoot (A), number of pods per plant (B), pod length (C) and pod dry biomass of pods (D)
of cowpea due to the application of potassium and phosphorus in the presence of the inoculant INPA 03-11B in
Southern the state of Piaui, Brazil. ns, ** - not significant, significant at 1% by Tukey's test, respectivel

It indicates that the soil fertility through the application of P,Os and K,O favored the increase of DBS cowpea,
including averages of DBS above those obtained by Almeida et al. (2010) and Costa et al. (2011) in studies using
inoculation with rhizobia (strain INPA 03-11B) in the presence of P,Os and K,O do levels reported for culture
(Freire Filho et al., 2005) and similar to those obtained by Oliveira et al. (2011) in levels of P,Os similar study of
the response of cowpea to water levels and phosphorus levels in the Cerrado of Roraima, Brazil. This result also
indicates that when the cultivation of the crop is done in order to produce biomass to be used as green manure or
cover crops, higher content of K,O associated with P,Os, contribute positively to production DBS cowpea.

Among yield components of cowpea, variables NPPL and PL (Figure 3 B, C), were best fitted to quadratic
regression model showed maximum values of 7.45 units plant” and 18.16 c¢m plant™, in the estimated levels of
55.88 and 59.35 kg ha of P,Os in the presence of 35 and 70 kg ha™ K,O, respectively. For the variable BPPL
significant responses were observed only for levels of P,Os, expressing average estimated maximum of 3.01 g
plant™ at a dose estimated 64.33 kg ha™ P,Os (Figure 3D).

For GY (Figure 4) was observed quadratic regression for the levels of P,Os. The estimated maximum yield was
obtained with the application of 67.73 kg ha™ of P,Os in the presence of 35 kg ha™ of K,O. This result is similar
to the maximum grain yield of cowpea obtained by Cardoso & Ribeiro, (2006) who used 45 kg of P,O5 and 30
K,0 in medium textured soil in the city of Teresina, Piaui, Brazil. In this sense, it can be inferred that the
estimates of increase in crop yield with application of the respective levels of P and K were approximately 40%,
compared to control treatments. It indicates the efficiency of this management in terms of increased grain yield
of cowpea.
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Figure 4. Grain yield of cowpea due to the application of potassium and phosphorus in the presence of the
inoculant INPA 03-11B in the southern state of Piaui, Brazil. ** - Significant at 1% by the Tukey test

The application of K at the dose of 35 kg ha™ K,O associated with levels of favored the yield of cowpea, confirmed
an increase of about 30% in productivity over the treatment without K,O. This result confirms the statement made
by Melo et al. (2005) which reported that the highest yield of cowpea can be obtained with applications of K,O
levels ranging between 20 and 40 kg ha™'. In another situation, this higher GY obtained with application of 35 kg
ha™ K,0, can be attributed, among other factors, the increased number of pods, checked for the same treatment.

Obtaining a RG cowpea 1007.3 kg ha™, can be considered favorable to the cultivation of the crop when it compares
the average national income, the Northeast and Piaui, Brazil, since they found increased production of
approximately 288,337 and 275% respectively. However, this yield for cowpea represents only 40.4% of the
maximum crop yield potential, reported by Freire Filho et al. (2007). Accordingly, there is need for further studies
addressing other factors of production to be able to reach the maximum yield reported for culture in the state of
Piaui, Brazil.

4. Conclusions

Phosphorus and potassium fertilization and the interaction of both affected nodule parameters and indicators of
production of cowpea.

Grain yield of cowpea higher than a ton per hectare in these same environmental conditions and technological can
be obtained by applying of approximately 70 kg ha™ of P,Os and 35 kg ha™ of K.

References

Almeida, A. L. G., Alcantara, R. M. C. M., Nobrega, R. S. A., Leite, L. F. C., Silva, J. A. L., & Nobrega, J. C. A.

(2010). Produtividade do feijao-caupi cv BR 17 Gurguéia inoculado com bactérias diazotroficas simbidticas
no Piaui. Revista Brasileira de Ciéncias Agrarias, 5, 364-369. http://dx.doi.org/10.5039/agraria.v5i3a795

Amaral, F. H. C., Silva Junior, G. B., Nobrega, J. C. A., Costa, E. M., Silva, A. F. T., & Nébrega, R. S. A. (2011).
Atributos quimicos e fisicos de um Latossolo Amarelo cultivado com feijdo-caupi sob diferentes sistemas de
irrigacdo. Revista Brasileira de Ciéncias Agrarias, 6,467-473. http://dx.doi.org/10.5039/agraria.v6i3

Brasil. Ministério da Agricultura, Pecuaria e Abastecimento. Instrugdo normativa n°® 13, de 24 de margo de. (2011).
Retrieved from http://www.agricultura. gov.br

Cardoso, M. J., & Ribeiro, V. Q. (2006). Desempenho agronémico do feijao-caupi, cv. Rouxinol, em fungdo de
espagamentos entre linhas e densidades de plantas sob regime de sequeiro. Revista Ciéncia Agronomica, 37,
102-105.

Costa, E. M., Nobrega, R. S. A., Martins, L. V., Amaral, F. H. C., & Moreira, F. M. S. (2011). Nodulagio e
produtividade de Vigna unguiculata (L.) Walp. por cepas de rizobio em Bom Jesus, PI. Revista Ciéncia
Agronomica, 42, 1-7. http://dx.doi.org/10.1590/S1806-66902011000100001

Duke, S. H., & Collins, M. (1985). Role of potassium in legume dinitrogen fixation. In Potassium in agriculture.
In R. D. Munson (Ed.), Madison: American Society of Agronomy (pp. 443-465).

91



www.ccsenet.org/jas Journal of Agricultural Science Vol. 5, No. 11; 2013

Ferreira, D. F. (2011). Sisvar: a computer statistical analysis system. Ciéncia e Agrotecnologia, 35, 1039-1042.
http://dx.doi.org/10.1590/S1413-70542011000600001

Fred, E. B., & Waksman, S. A. (1928). Laboratory manual of general microbiology (p. 143). New York:
McGraw-Hill Book.

Freire Filho, F. R., Benvindo, R. N., Almeida, A. L. G., Oliveira, J. T. S., & Portela, G. L. F. (2007).
Caracterizag¢do de polos de produgdo da cultura de feijdo-caupi no estado o Piaui (p. 28). Piaui: Embrapa
Meio Norte.

Freire Filho, F. R., Lima, J. A. A., & Ribeiro, V. Q. (2005). Feijdo-caupi: avangos tecnologicos (p. 519).
Brasilia-DF: Embrapa Informagao Tecnologica.

Gualter, R. M. R,, Leite, L. F. C., Aratijo, A. S. F., Alcantara, R. M. C. M., & Costa, D. B. (2008). Inoculagio e
adubacg@o mineral em feijdo-caupi: efeitos na nodulacdo, crescimento e produtividade de grios. Scientia
Agraria, 9, 469-474.

Instituto Nacional de Meteorologia (INMET). (2010). Sistema de monitoramento agrometeoroldgico. Retrieved

from http://www.agritempo.gov.br/agroclima/sumario?uf=PI

Instituto Brasileiro de Geografia e Estatistica (IBGE). (2010). Levantamento sistematico da produgao agricola:
relatorio geral Culturas temporarias da regido Nordeste. Retrieved from:
http://www.ibge.gov.br/home/estatistica/indicadores/agropecuaria/Ispa/defalt.shtm

Koppen, W. (1931). Grundriss der klimakunde (p. 390). Berlin: W. Guyter.

Leite, L. F. C., Aragjo, A. S. F., Costa, C. N., & Ribeiro, A. M. B. (2009). Nodulagdo ¢ produtividade de graos do
feijdo-caupi em resposta ao molibdénio. Revista Ciéncia Agronomica, 40, 492-497.

Melo, F. B., Cardoso, M. J., & Salviano, A. A. C. (2005). Fertilidade do solo e aduba¢do. Feijao-Caupi: avangos
tecnologicos (pp. 228-242). Brasilia, DF: Embrapa Meio-norte.

Miranda, L. N., Azevedo, J. A., Miranda, J. C. C., & Gomes, A. C. (2002). Calibragdo de métodos de analise de
fosforo e resposta do feijao ao fosforo no sulco. Pesquisa Agropecuaria Brasileira, 37, 1621-1627.

Okeleye, K. A., & Okelana, M. A. (1997). Effect of phosphorus fertilizer on nodulation, growth and yield of
cowpea (Vigna unguiculata) varieties. Indian Journal of Agricultural Science, 67, 10-12.

Oliveira, A. P., Silva, J. A., Lopes, E. B., Silva, E. E., Aratjo, L. E. A., & Ribeiro, V. V. (2009). Rendimento
produtivo e econdomico do feijao-caupi em fungdo de doses de potassio. Ciéncia Agrotecnologia, 33, 629-634.
http://dx.doi.org/10.1590/S1413-70542009000200042

Oliveira, G. A., Araujo, W. F., Cruz, P. L. S, Silva, W. L. M., & Ferreira, G. B. (2011). Resposta do feijdo-caupi as
laminas de irrigacdo e as doses de fosforo no cerrado de Roraima. Revista Ciéncia Agronémica, 42, 872-882.
http://dx.doi.org/10.1590/S1806-66902011000400008

Silva, A.J.,, Uchéa, S. C. P., Alves, J. M. A,, Lima, A. C. S., Santos, C. S. V., Oliveira, J. M. F., & Valdinar, V. F.
(2010). Resposta do feijao-caupi a doses e formas de aplicagdo de fosforo em Latossolo Amarelo do Estado
de Roraima. Acta Amazénia, 40, 31-36. http://dx.doi.org/10.1590/S0044-59672010000100004

Silva, E. F. L., Aratjo, A. S. F., Santos, V. B., Nunes, L. A. P. N., & Carneiro, R. F. V. (2010). Fixagdo Biologica
do N, em feijao-caupi sob diferentes doses e fontes de fosforo soluvel. Bioscience Journal, 26, 394-402.

Valderrama, M., Buzetti, S., Benett, C. G. S., Andreotti, M., & Teixeira Filho, M. C. M. (2009). Fontes e doses
de nitrogénio e fosforo em feijoeiro no sistema plantio direto. Pesquisa Agropecudria Tropical, 39, 191-196.
http://dx.doi.org/10.5216/pat.v41i2.8390

Viana, T. V. A., Vasconcelos, D. V., Azevedo, B. M., & Souza, V. F. (2002). Estudo da aptidao agroclimatica do
Estado do Piaui para o cultivo da aceroleira. Revista Ciéncia Agronémica, 33, 5-12.

Xavier, T. F., Aragjo, A. S. F., Santos, V. B., & Leonel, F. (2008). Campos Inoculagdo ¢ adubacdo nitrogenada
sobre a nodulagdo e produtividade de graos de feijdo-caupi. Ciéncia Rural, 38, 2037-2041.

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/3.0/).

92




<<
  /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


