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Abstract

Application of amino acids to soils is reportedly associated with controversial responses in soil 
enzyme activities. The effects of L-arginine application on the fl uorescein diacetate (FDA) hydroly-
sis and protease activity in an oak forest soil was investigated. The FDA hydrolysis and protease 
activity were regularly measured over a standard incubation period. The addition of L-arginine in-
creased both FDA hydrolysis and protease activity after a lag time of 10 days. After 30 days, the ratio 
of FDA hydrolysis and protease activity in L-arginine-amended soil samples to those in the control 
reached 2.0 and 3.7, respectively. Moreover, FDA hydrolysis was found signifi cantly (r = 0.67, P < 
0.05) correlated with protease activity. It was concluded that L-arginine was able to stimulate FDA 
hydrolysis and protease activity, thereby making the soil hydrolytic system capable of facing more 
complicated substrates. 
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1. Introduction

An interminable variety of hydrolases is involved in energy 
transfer as well as C and N cycling in soil (Criquet et al., 2002; An-
dersson et al., 2004). However, the vast variety of these enzymes 
are difficult to determined directly (Schloter et al., 2003). A criti-
cal understanding of soil biological processes may, therefore, be 
acquired by measuring total microbial activity (Schnürer and 
Rosswall, 1982; Adam and Duncan, 2001).

The fluorescein diacetate (FDA) hydrolysis is a common 
method that has been used to estimate total microbial activity 
in soil (Schnürer and Rosswall, 1982; Adam and Duncan, 2001; 
Green et al., 2006). Fluorescein diacetate (FDA) is non-specifi-
cally hydrolyzed by a wide range of hydrolytic enzymes such as 
protease, lipase, and esterase (Adam and Duncan, 2001; Green et 
al., 2006). The soil bacterial and fungal biomass was demonstrat-
ed to be significantly associated with the FDA hydrolysis assay. 
(Schnürer and Rosswall, 1982; Adam and Duncan, 2001; Gaspar 
et al., 2001). Moreover, FDA hydrolysis has a positive relation-
ship with soil organic carbon and nitrogen content (Gaspar et 
al., 2001) and is sensitive to organic matter amendment quality 
(Sánchez-Monedero et al., 2008) and land management (Perucci, 
1992; Haynes, 1999). The FDA hydrolysis rate responds positive-
ly to both organic (Perucci, 1992; Sánchez-Monedero et al., 2008) 
and mineral nitrogen additions to soil (Graham and Haynes, 
2005). Thus, the FDA hydrolysis rate might have a relationship 

with additional simple organic N sources like amino acids. How-
ever, there is much less information about FDA hydrolysis re-
sponses to available C and N sources with low molecular weight 
(e.g., NH4

+, amino acids) in soil.
Amino acids are generally considered a small portion of 

the dissolved organic nitrogen content in soil with a very fast 
turn-over, thereby playing a major role in N acquisition from 
soil (Jones et al., 2005). Microbial communities rapidly consume 
amino acids (Jones et al., 2008) due to either energy or C or N 
limitation in soil (McMahon and Schimel, 2017). Soil microbes 
preferentially used amino acids as C sources in a catabolic way 
(respiration) for increasing their biomass proliferation (Jones 
et al., 2008; Halsey et al., 2017), so that new generations of mi-
crobes would face nutrient deficits after consuming easy-to-de-
grade N and C sources. To compensate for low C concentrations, 
they presumably produce extracellular enzymes (e.g., protease) 
to use more complex organic substrates, such as proteins (Geis-
seler and Horwath, 2008). Many hydrolytic enzymes like pro-
tease (Allison and Vitousek, 2005), phosphatase (Renella et al., 
2007) have positively responded to the addition of simple car-
bon and nitrogen sources to the soil. Fluoresceine diacetate 
(FDA) can be hydrolyzed by both intracellular and extracellu-
lar microbial enzymes and represents metabolically active soil 
microbial biomass (Lundgren, 1981). Moreover, FDA hydrolysis 
had a positive relationship with glucose-induced respiration in 
the litters (Stubberfield and Shaw, 1990). Therefore, the FDA 
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 hydrolysis rate may have a relationship with new microbial en-
zymatic products that increase in response to additional C and 
N sources. It was hypothesized that addition of L-arginine to soil 
could stimulate FDA hydrolysis to enhance overall soil hydro-
lytic capabilities and, thereby, realize its potential for protein 
hydrolysis. This motivated the present study to investigate both 
general soil hydrolytic activity as indexed by FDA hydrolysis and 
protease activity. 

2. Materials and Methods

For the purposes of this study, soil samples were collected 
from a depth of 0–15 cm at Delvara forest, west-central Iran 
(31°18´N, 51°18´E). The mean annual temperature and precip-
itation were 15.6°C and 303 mm, respectively. The forest area 
is naturally covered by oak (Quercus brantii Lindl). The pres-
ence of jungle is crucial in arid and semi-arid ecological region 
and finding a jungle with a considerable amount of plant de-
bris and high-quality soil organic carbon is beneficial for hav-
ing a diverse and dynamic soil microbial community structure. 
For soil sampling, three points with equal distance from each 
other (50 m) were selected. At each point, 10 soil cores within 
2 m radius were collected and mixed as a composite sample. The 
samples were collected at June that nearly air-dried. Thus, the 
soil sample air-dried for 24 h at 25°C, passed through a 2-mm 
sieve and kept in polyethylene containers at room temperature 
before analysis. The soil was generally characterized as contain-
ing 405 g kg–1 sand, 280 g kg–1 clay, 13.8 g kg–1 organic C, 1.7 g kg–1 
total N, and 520 g kg–1 calcium carbonate equivalent with a pH 
of 7.4. Soil pH were determined in the 1:2 soil: water ratio. Soil 
organic carbon was measured by wet digestion. Soil texture 
was determined by the pipette method. The calcium carbonate 
equivalent was measured by the titration method (Burt, 2004). 
Total N was determined with the Kjeldahl digestion procedure 
(Bremner, 1996).

For analysis, the samples were moistened with distilled wa-
ter to 55% of their water holding capacity before pre-incubation 
at 25°C for seven days to stabilize biological activities (Renella 
et al., 2007). The pre-incubated soil samples were then treated 
with L-arginine at 0 and 50 μmol g–1 soil and incubated for an-
other 40 days. During the incubation period, FDA hydrolysis and 
protease activity were measured periodically at 0, 1, 2, 3, 5, 10, 
15, 20, 25, 30, 35, and 40 days. The FDA hydrolysis was measured 
by the technique described in Green et al. (2006). Briefly, 0.5 g 
of soil (dry weight) with 50 ml of Tris buffer (0.1 M, pH 7.6) and 
0.5 ml of fluorescein diacetate solution (4.9 mM) were mixed 
then incubated for 2 h at 37°C. After incubation, 2 ml of acetone 
was added to the mixture and the soil suspension was then fil-
tered using a Whatman No. 2 filter paper. The fluorescein color 
intensity was determined by using a spectrophotometer (PD-
303; APEL CO., LTD. Japan) at 490 nm (Green et al., 2006). The 
protease activity was determined by method described in Alef 
and Nannipieri (1995). Briefly, a mixture of 1 g of soil with 5 ml 
of Tris buffer (50 mM, pH 8.1) and 5 ml of sodium caseinate (2%) 
incubated in a shaker water bath at 50°C for 2 h. 5 ml of 15% 
Trichloroacetic acid (TCA) was used to precipitate remaining ca-

sein. The 0.5 ml of clear supernatant (centrifuged at 13000 rpm 
for 2 min) was mixed with 0.75 ml of an alkaline reagent and 
0.5 ml of Folin-Ciocalteu reagent (33%) in cuvette. After 1 hour, 
the Tyrosine concentration was determined by using a spectro-
photometer (PD-303; APEL CO., LTD. Japan) at 700 nm Alef and 
Nannipieri (1995). 

 The statistical analysis was performed by SAS (Version 9.4), 
using general linear model (GLM) and Corr procedure for analy-
sis of variance and correlation analysis respectively. The amino 
acid concentration and incubation time effects on fluorescein 
diacetate (FDA) hydrolysis rate and protease activity were ana-
lyzed by using two-way ANOVA in completely random design. 
The mean comparison was performed using the Least Signifi-
cant Difference test (LSD, P < 0.01).

3. Results and Discussion

Fluorescein diacetate (FDA) hydrolysis decreased during 
the first five days of incubation. However, L-arginine amend-
ment had no effect on it because significant differences were 
not observed between control and 50 μmol g–1 L-arginine treated 
samples. Therefore, it is assumed that FDA hydrolysis failed to 
respond to L-arginine application during the first 10 days of 
incubation. Beyond this time, however, significantly high FDA 
hydrolysis rates were observed in L-arginine-treated samples, 
which remained high up to the end of the incubation period 
(P < 0.01). At day 30, the FDA hydrolysis reached the maximum 
level and its ratio in the L-arginine-amended soil samples to that 
in the non-amended ones gradually reached 2.0 to decline there-
after up to the end of the period (Fig. 1a).

Protease activity remained unaffected during the first 
10 days of L-arginine application. Since day 10, protease activ-
ity gradually increased, picked at day 30 and remained at great-
est activity for 5 days, and decreased to the end of incubation 
(Fig. 1b). From day 10 up to the end of the incubation period, 
however, significant (P < 0.01) differences were observed in pro-
tease activity between the L-arginine-amended samples and the 
control ones (Fig. 1b). The ratio of protease activity in the L-ar-
ginine-amended samples to that in the control reached 3.7 at day 
30. Interestingly, not only did both FDA hydrolysis and protease 
activity experience a 10-day lag time but both indices picked up 
at day 30 of the incubation period. This was also reflected in the 
significant correlation (r = 0.67, P < 0.5) established between FDA 
hydrolysis and protease activity (Fig. 2).

The observed increase in FDA hydrolysis in response to 
L-arginine corroborates the results reported elsewhere indicat-
ing enhanced FDA hydrolysis due to inorganic N application 
(Graham and Haynes, 2005), increased soil N content (Gaspar 
et al., 2001), and increased soil organic carbon (Haynes, 1999). 
Increases in soil organic C and N contents have been suggested 
to stimulate microbial growth and activity, thereby, leading to 
enhancements in FDA hydrolysis (Perucci, 1992; Haynes, 1999). 
Sánchez-Monedero et al. (2008) demonstrated that either stabi-
lized or raw waste material amendments increased FDA hydrol-
ysis during 60 days of incubation, lending further support to the 
gradual increase in FDA rate observed in the present study after 
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10 days of incubation (Fig. 1a). Moreover, enhancements in pro-
tease activity have been reported in response to application of 
rye grass residues (Nannipieri et al., 1983) as well as glucose and 
N application (Renella et al., 2007). Studies in pure cultures dem-
onstrated that simple C and N sources including glucose, NH4

+, 
and amino acids can inhibit the activity of proteases (Sharma 
and Singh, 2016). But there have been some controversial find-
ings in soil and protease activity is dependent on the availability 
of C and N sources, (Geisseler and Horwath, 2008). 

The products of enzymatic reactions expectedly serve as 
inhibitors with negative effects on reaction rate. L-arginine as 
an amino acid might be considered as a potential inhibitor of 
soil protease activity (Sharma and Singh, 2016). The present re-
sults, however, demonstrated that L-arginine acted as a stimula-
tor, rather than an inhibitor, of general hydrolytic and protease 
activities. This was verified by positive responses of both indi-
cators after the first 10 days of the incubation period (Figs. 1a 
and b).

Fig. 1. The fluorescein diacetate (FDA) hydrolysis rate (a), and protease activity (b) in Delvara forest soil treated by 0 and 50 μmol g–1 
concentrations of L-arginine during 40 days of incubation. Different letters represent significant difference (LSD, P < 0.01).
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The correlation coefficient (r = 0.67, P < 0.05) revealed a sig-
nificant relationship between the hydrolysis of fluorescein dia-
cetate (FDA) and protease activity (Fig. 2). Similar results have 
been reported by Haynes (1999) and Perucci (1992). Soil organic 
C content has a positive influence on hydrolytic enzymes (Nour-
bakhsh, 2007). According to Haynes (1999), the organic and 
microbial composition of the soil was the main reason for the 
positive correlation between FDA hydrolysis and protease activ-
ity. Substrate induction is a key regulator of soil extracellular 
enzyme production. In spite of additional substrate, soil C and 
N availability can have a highly significant effect on hydrolytic 
enzyme regulation mechanisms (Geisseler and Horwath, 2009). 
The amino acids utilized as a simple and high-quality C source 
by the soil microbial community can be respired or appear in 
microbial biomass (McMahon and Schimel, 2017). The applied 
amino acids rapidly utilized by soil microorganisms less than 
24 hours (Eilers et al., 2010). Then, hydrolytic enzymes produced 
by the new proliferating microbes increase as compensation 
mechanisms to prepare C sources from the complex substrate of 
soil (Sims and Wander, 2002; Allison and Vitousek, 2005). There-
fore, FDA hydrolysis rate response to L-arginine confirmed that 
the amino acid may trigger all hydrolytic enzyme activities in 
soils indirectly.

4. Conclusion

Overall, the results clearly demonstrate that addition of 
L-arginine stimulated not only general hydrolytic activity but 
also protein hydrolysis in the forest soil tested. Thus, L-arginine 
seems to play a critical role in the rapid enhancement of soil 
protein hydrolysis capacity and it is anticipated that amino acids 
released in forest soils early during organic matter decomposi-
tion should boost soil protease activity.

Acknowledgement

The authors appreciate Isfahan University of Technol-
ogy and the Soil Science Centre of Excellence for funding the 
project.

References

Adam, G., Duncan, H., 2001. Development of a sensitive and rapid method 
for the measurement of total microbial activity using fluorescein dia-
cetate (FDA) in a range of soils. Soil Biology and Biochemistry 33(7), 
943–951. https://doi.org/10.1016/S0038-0717(00)00244-3

Alef, K., Nannipieri, P., 1995. Enzyme activities, [In] K. Alef, P. Nannip-
ieri (Eds.), Methods in Applied Soil Microbiology and Biochemistry. 
Academic Press, London, pp. 311–373. https://doi.org/10.1016/B978-
012513840-6/50022-7

Allison, S.D., Vitousek, P.M., 2005. Responses of extracellular enzymes to 
simple and complex nutrient inputs. Soil Biology and Biochemistry 
37(5), 937–944. https://doi.org/10.1016/j.soilbio.2004.09.014

Andersson, M., Kjøller, A., Struwe, S., 2004. Microbial enzyme activities 
in leaf litter, humus and mineral soil layers of European forests. Soil 
Biology and Biochemistry 36(10), 1527–1537. https://doi.org/10.1016/
j.soilbio.2004.07.018

Bremner, J.M., 1996. Nitrogen-Total, [In] D.L. Sparks, A.L. Page, P.A. 
Helmke, R.H. Loeppert (Eds.), Methods of soil analysis. Part 3. Chemi-
cal method-SSSA Book series no.5. Soil Science Society of America : 
American Society of Agronomy, Madison, USA, pp. 1085–1121. 

Burt, R., 2004. Soil survey laboratory methods manual: soil survey in-
vestigation (Report No. 42, version 4.0), Department of Agriculture, 
Washangton, D.C; U.S. https://www.nrcs.usda.gov/wps/portal/nrcs/de-
tail/soils/research/guide/?cid=nrcs142p2_054247

Criquet, S., Tagger, S., Vogt, G., Le Petit, J., 2002. Endoglucanase and β-gly-
cosidase activities in an evergreen oak litter: annual variation and 
regulating factors. Soil Biology and Biochemistry 34(8), 1111–1120. 
https://doi.org/10.1016/S0038-0717(02)00045-7

Eilers, K.G., Lauber, C.L., Knight, R., Fierer, N., 2010. Shifts in bacterial 
community structure associated with inputs of low molecular weight 

Fig. 2. Relationship between fluorescein diacetate (FDA) hydrolysis rate 
and protease activity during 40 days of incubation (r = 0.67, P < 0.05).



5

SOIL SCIENCE ANNUAL Triggering soil hydrolytic activity by L-arginine

161147

carbon compounds to soil. Soil Biology and Biochemistry 42(6), 896–
903. https://doi.org/10.1016/j.soilbio.2010.02.003

Gaspar, M.L., Cabello, M.N., Pollero, R., Aon, M.A., 2001. Fluorescein Dia-
cetate Hydrolysis as a Measure of Fungal Biomass in Soil. Current 
Microbiology 42(5), 339–344. https://doi.org/10.1007/s002840010226

Geisseler, D., Horwath, W.R., 2008. Regulation of extracellular protease 
activity in soil in response to different sources and concentrations 
of nitrogen and carbon. Soil Biology and Biochemistry 40(12), 3040–
3048. https://doi.org/10.1016/j.soilbio.2008.09.001

Geisseler, D., Horwath, W.R., 2009. Relationship between carbon and ni-
trogen availability and extracellular enzyme activities in soil. Pedo-
biologia 53(1), 87–98. https://doi.org/10.1016/j.pedobi.2009.06.002

Graham, M.H., Haynes, R.J., 2005. Organic matter accumulation and fer-
tilizer-induced acidification interact to affect soil microbial and en-
zyme activity on a long-term sugarcane management experiment. 
Biology and Fertility of Soils 41(4), 249–256. https://doi.org/10.1007/
s00374-005-0830-2

Green, V.S., Stott, D.E., Diack, M., 2006. Assay for fluorescein diacetate hy-
drolytic activity: Optimization for soil samples. Soil Biology and Bio-
chemistry 38(4), 693–701. https://doi.org/10.1016/j.soilbio.2005.06.020

Halsey, C.R., Lei, S., Wax, J.K., Lehman, M.K., Nuxoll, A.S., Steinke, L., 
Sadykov, M., Powers, R., Fey, P.D., 2017. Amino Acid Catabolism in Sta-
phylococcus aureus and the Function of Carbon Catabolite Repres-
sion. mBio 8(1), e01434-01416. https://doi.org/10.1128/mBio.01434-16

Haynes, R.J., 1999. Size and activity of the soil microbial biomass under 
grass and arable management. Biology and Fertility of Soils 30(3), 
210–216. https://doi.org/10.1007/s003740050610

Jones, D.L., Healey, J.R., Willett, V.B., Farrar, J.F., Hodge, A., 2005. Dissolved 
organic nitrogen uptake by plants–an important N uptake pathway? 
Soil Biology and Biochemistry 37(3), 413–423. https://doi.org/10.1016/
j.soilbio.2004.08.008

Jones, D.L., Hughes, L.T., Murphy, D.V., Healey, J.R., 2008. Dissolved or-
ganic carbon and nitrogen dynamics in temperate coniferous forest 
plantations. European Journal of Soil Science 59(6), 1038–1048. ht-
tps://doi.org/10.1111/j.1365-2389.2008.01077.x

Lundgren, B., 1981. Fluorescein Diacetate as a Stain of Metabolically Ac-
tive Bacteria in Soil. Oikos 36(1), 17–22. 10.2307/3544373

McMahon, S., Schimel, J.P., 2017. Shifting patterns of microbial N-
metabolism across seasons in upland Alaskan tundra soils. Soil 

Biology and Biochemistry 105, 96–107. http://dx.doi.org/10.1016/
j.soilbio.2016.11.012

Nannipieri, P., Muccini, L., Ciardi, C., 1983. Microbial biomass and enzyme 
activities: Production and persistence. Soil Biology and Biochemistry 
15(6), 679–685. https://doi.org/10.1016/0038-0717(83)90032-9

Nourbakhsh, F., 2007. Decoupling of soil biological properties by defor-
estation. Agriculture, Ecosystems & Environment 121(4), 435–438. ht-
tps://doi.org/10.1016/j.agee.2006.11.010

Perucci, P., 1992. Enzyme activity and microbial biomass in a field soil 
amended with municipal refuse. Biology and Fertility of Soils 14(1), 
54–60. https://doi.org/10.1007/BF00336303

Renella, G., Szukics, U., Landi, L., Nannipieri, P., 2007. Quantitative assess-
ment of hydrolase production and persistence in soil. Biology and 
Fertility of Soils 44(2), 321–329. https://doi.org/10.1007/s00374-007-
0208-8

Sánchez-Monedero, M.A., Mondini, C., Cayuela, M.L., Roig, A., Contin, M., 
De Nobili, M., 2008. Fluorescein diacetate hydrolysis, respiration and 
microbial biomass in freshly amended soils. Biology and Fertility of 
Soils 44(6), 885–890. https://doi.org/10.1007/s00374-007-0263-1

SAS Institute, 2013. SAS Procedures Guide, Version 9.4. SAS Institute Inc., 
Cary, NC. 

Schloter, M., Dilly, O., Munch, J.C., 2003. Indicators for evaluating soil 
quality. Agriculture, Ecosystems & Environment 98(1), 255–262. ht-
tps://doi.org/10.1016/S0167-8809(03)00085-9

Schnürer, J., Rosswall, T., 1982. Fluorescein Diacetate Hydrolysis as a 
Measure of Total Microbial Activity in Soil and Litter. Applied and En-
vironmental Microbiology 43(6), 1256–1261. https://doi.org/10.1128/
aem.43.6.1256-1261.1982

Sharma, A.K., Singh, S.P., 2016. Effect of amino acids on the repression 
of alkaline protease synthesis in haloalkaliphilic Nocardiopsis das-
sonvillei. Biotechnology Reports 12, 40–51. https://doi.org/10.1016/
j.btre.2016.10.004

Sims, G.K., Wander, M.M., 2002. Proteolytic activity under nitrogen or 
sulfur limitation. Applied Soil Ecology 19(3), 217–221. https://doi.
org/10.1016/S0929-1393(01)00192-5

Stubberfield, L.C.F., Shaw, P.J.A., 1990. A comparison of tetrazolium re-
duction and FDA hydrolysis with other measures of microbial activ-
ity. Journal of Microbiological Methods 12(3), 151–162. https://doi.
org/10.1016/0167-7012(90)90026-3



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


