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Agroforestry is one of the most promising options for 
climate change mitigation through carbon sequestra-
tion. However, carbon sequestered in agroforestry sys-
tem depends on various factors like type of tree 
species, tree density, system age, soil and climate. One 
of the most important factors for enhancing carbon 
sequestration per unit land is tree density. Hardwickia 
binata Roxb. has been reported as suitable agrofore-
stry tree species with multiple benefits in arid and 
semi-arid region, however, the role and impact of tree 
density in carbon sequestration is poorly reported. 
This study estimated impact of tree density (D1 = 
333 tree ha–1 and D2 = 666 tree ha–1) on carbon seques-
tration potential of 30-year-old H. binata Roxb. + 
Cenchrus setigerus silvipasture system in hot semiarid 
region of Rajasthan. The carbon sequestered in tree 
biomass was estimated by reported allometric equa-
tions, whereas in soil it was determined by Walkley 
and Black method. Results showed significant impact 
of tree density on carbon sequestration per unit tree 
and per hectare land. The average biomass carbon  
sequestered by a tree was significantly more (44.5%) 
in low density (D1) compared to high density (D2) sys-
tem. However, total biomass carbon sequestered per  
hectare land was significantly more (40.8%) in high 
density system (31.6 ± 12.6 Mg C ha–1). Carbon  
sequestered in soil organic matter was higher in both 
D1 and D2 systems compared to control (sole Cenchrus  
setigerus field). It ranged from 19.93 ± 0.31 Mg C ha–1 

in control to 22.94 ± 0.65 Mg C ha–1 and 23.25 ± 
0.78 Mg C ha–1 in D1 and D2 respectively. The total 
carbon sequestered (below and above ground tree 
biomass and soil organic carbon) was in the order 
D2 > D1 > control. 
 
Keywords: Agroforestry, allometric equation, arid and 
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GLOBAL warming and associated climate change is nega-
tively impacting humans and almost all ecosystems on 
the earth. The main cause of this change is rapid increase 

in greenhouse gases (GHG) especially CO2, CH4 and N2O 
and their atmospheric concentration which has increased 
by 40%, 150% and 20% respectively, since 1750 (ref. 1). 
Out of these GHG, CO2 concentrations are increasing at 
the fastest observed decadal rate of change (2.0 ± 
0.1 ppm y–1 for 2002–2011) and is the largest single con-
tributor to global warming (>70%) over 1750–2011 (ref. 
1). Reducing atmospheric concentration of CO2 is the 
need of the hour for slowing down global warming and 
climate change. Agroforestry system has been reported as 
the most suitable option for achieving sustainable livelih-
ood, climate change mitigation and adaptation. This land 
use system helps in mitigating climate change by seques-
tering large amount of CO2 in the form of tree biomass 
and soil organic carbon (SOC) while also providing bene-
fits like soil erosion control, modification of micro cli-
mate and production of resources like fodder, fuel, fruit, 
fibre and wood, etc.2–4. 
 In India, carbon sequestration potential of agroforestry 
systems is estimated as 0.25–76.55 Mg C ha–1 yr–1 for tree 
and 3.98 Mg C ha–1 yr–1 for SOC4. However, this poten-
tial varies with region, types of species, age of agrofore-
stry system, environmental condition, and previous land 
use history4,5. Livelihood of most of the farmers of arid 
and semi-arid region of India mainly depends on rain-fed 
agriculture and animal husbandry. Scarcity of fodder due 
to harsh climatic conditions in these regions is a major 
problem for farmers depending on animal husbandry. Sil-
vipasture system becomes the most important interven-
tion for sustainable animal husbandry in this region. 
Hardwickia binata Roxb. is a leguminous tree and is re-
ported to enhance land use efficiency and fulfil multiple 
demands (timber, fodder and fuel) in arid and semiarid 
regions6,7. H. binata Roxb. based silvipasture system has 
also reported to sequester carbon at the rate of 2.24–
3.44 Mg C ha–1 yr–1 (refs 4, 8, 9). However, tree density is 
one of the major factors that directly affects yield of in-
ter-cropped species and tree biomass production/ 
carbon sequestration under agroforestry system10–12. Fur-
ther, optimum tree density for getting maximum yield of 
intercropped species differs with age of the agroforestry 
system. Under Prosopis cineraria based agroforestry sys-
tem, 278 and 208 trees ha–1 have been reported as the  
optimum tree density at the age of 6–7 years and 10–11 
years respectively, for obtaining maximum intercrop 
yield10.  
 Under H. binata Roxb. based agroforestry system, pre-
vious studies mainly focused on quantifying impact on 
intercrop, biomass production and soil quality. However, 
impact of tree density of H. binata Roxb. based agrofore-
stry on carbon sequestration in tree biomass and soil has 
not been reported especially in arid regions. Furthermore, 
quantifying carbon sequestration potential of a tree spe-
cies requires conduction of a long duration experiment. 
Comparing carbon sequestered in already existing  
old-age/matured agroforestry systems may provide good 
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Table 1. Allometric equations used in estimating tree biomass and biomass carbon stock 

Components  Equation R2 M.S.E. P value Reference Symbol 
 

Total biomass (TB) 0.158 (DBH)2.349 0.99 – – 8 E1 
Root biomass (RB) 0.036 (DBH)2.3237 0.99 – –   
Total biomass (TB) 0.0938 (DBH)2.5247 0.95 48.8 <0.0001 14 E2 
Root biomass  0.0157 (DBH)2.5726 0.85 6.02 <0.0001   
Above ground biomass-C (%) 46% of AGB    8 
Below ground biomass-C (%) 45% of RB  

 
 
opportunity for identifying agroforestry systems with 
high carbon sequestration potential in a short duration of 
time. More time can be saved by switching from direct 
destructive estimation to an indirect method like the use 
of allometric equations13. With this background, the ob-
jectives of the study were: (i) to determine the amount of 
carbon sequestered in biomass and soil in 30-year-old H. 
binata Roxb. based silvipasture systems under hot semi-
arid environment of India and (ii) to quantify the impact 
of different tree densities on carbon sequestration and 
yield of intercrop species. This work aims to utilize old 
planted agroforestry system for better understanding of 
impact of tree density on carbon sequestration in matured 
stage of the agroforestry system.  
 The study was conducted in hot semi-arid environment 
of India, at ICAR-Central Arid Zone Research Institute, 
Regional Research Station (Pali-Marwar, Rajasthan) for 
estimating carbon sequestration in 30-year-old H. binata 
Roxb. based silvipasture system. The research station is 
located between 25°47′–25°49′N and 73°17′–73°18′E at 
217–220 m amsl and receives 460 mm annual average 
rainfall with annual maximum mean temperature of 42°C 
and minimum 7°C. The soils were shallow in depth (30–
45 cm) with sandy clay loam to sandy loam texture, 1.35–
1.5 Mg m–3 bulk density, 7.7–8.4 pH, 0.15–0.55 dSm–1 
electrical conductivity and a dense underlying layer of 
murrum (highly calcareous weathered granite fragment 
coated with lime). 
 H. binata Roxb. intercropped with C. setigerus  
silvipasture systems with two tree densities, i.e. D1 
(333 tree ha–1 with 10 × 3 m spacing) and D2 
(666 tree ha–1 with 5 × 3 m spacing) were established in 
two replications at the station in July 1986. Each replica-
tion contained five rows of trees in D1 and seven rows in 
D2 with 21 trees in each row. Carbon sequestered in these 
30-year-old systems were estimated by two reported  
allometric equations for estimating biomass of H. binata 
Roxb. grown in arid and semi-arid environment (Table 
1)8,14. In January 2017, total number, diameter at breast 
height (DBH) and height of the H. binata Roxb. trees 
were recorded manually with measuring tape and height 
pole respectively from all rows except boundary rows and 
two trees on both the ends of each row to avoid boundary 
effect. Observations were avoided for trees with gap (due 
of loss of tree) to simulate similar effect of tree density. 

The total biomass carbon sequestered per hectare area 
was calculated on the basis of survival percentage of trees 
in the experiment. After flowering, above ground biomass 
of C. setigerus was harvested in 2016 and 2017 from 
three randomly selected plots (3 m × 10 m in D1 and 
3 m × 5 m in D2) within each inter-row space (except 
boundary inter-row space) for comparing dry matter 
yield. 
 Composite soil samples of three randomly sampled 
soils from 0 to 30 cm depth in each inter row space were 
collected for determining SOC. Each soil sample was col-
lected near the base and 2.5 m and 5 m away from tree 
base in D1 and D2 systems. Boundary rows were avoided 
for the collection of soil samples. Additional soil samples 
from 0–30 cm depth were also randomly collected from 
adjoining C. setigerus field (control) for comparing 
amount of SOC sequestered under D1 and D2 systems. 
SOC was determined by estimating easily oxidizable or-
ganic carbon in composite soil samples by wet oxidation 
method as outlined by Walkley and Black15. Three soil 
cores (10 cm depth) were randomly collected at 0–10, 
10–20 and 20–30 cm depth from each inter-row space in 
H1 and H2 systems as well as in control for determining 
soil bulk density by the method outlined by Black16. Fur-
ther, the organic carbon sequestered in soil in 0–30 cm 
depth was calculated as follows 
 
 SOC stock (mg C ha–1) = SOC (%) 
   × Bulk density (g cm–3) × Sampling depth (cm). 
 
Mean of tree growth parameters, tree biomass and tree 
biomass carbon of both the systems (D1 and D2) were 
compared by independent t-test while SOC stock and 
grass yield among D1, D2 and control were compared by 
Duncan multiple range test (DMRT). All the statistical 
analysis was performed at 95% confidence level.  
 Total tree biomass (stem + root) as well as below 
ground tree biomass (root) estimated from both the allo-
metric equations were slightly different, but this differ-
ence was insignificant (Table 2). Difference in below 
ground biomass (BGB) was almost consistent for all 
DBH ranges while for total biomass (TB) minimum dif-
ference was obtained for 19–20 cm DBH; beyond this, 
the difference increased towards both ends (Table 2). 
Considering a slight difference in the estimated result of 
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Table 2. Independent sample t-test of biomass obtained from allometric equations 

  Allometric Mean   Mean Std error 
Agroforestry system     Biomass equation (kg tree–1) SD P value difference difference 
 

D1 (10 × 3 m) Total biomass (TB) E1 253.83 103.67 0.7 –9.55 24.58 
  E2 263.38 115.83    
 Below ground biomass (BGB) E1 53.37 21.56 0.69 2.03 4.99 
  E2 51.34 23.02    
D2 (5 × 3 m) Total biomass (TB) E1 178.06 68.35 0.9 –1.77 14.25 
  E2 179.83 74.05    
 Below ground biomass (BGB) E1 37.58 14.28 0.34 2.79 2.89 
  E2 34.8 14.59    

SD, Standard deviation. 
 
 

Table 3. Tree biomass production and carbon stock in biomass and soil of the silvipasture systems 

    CO2 sequestration potential  
  Total biomass Total tree biomass carbon in tree biomass  
  Pasture stock per tree stock (AGB + BGB)  Soil organic 
 AGB yield (AGB + BGB)   Mg CO2 Mg CO2 ha–1  carbon stock 
Silvipasture system (Mg ha–1) (kg tree–1) kg C tree–1 Mg C ha–1 ha–1 y–1 in 30 years (Mg C ha–1) 
 

D1 (10 × 3 m) (333 tree ha–1) 1.67 ± 0.14b 258.6 ± 109.75 118.44 ± 50.26 22.48 ± 9.5 2.75 ± 1.16 82.4 ± 34.8 22.94 ± 0.65a 
D2 (5 × 3 m) (666 tree ha–1) 1.57 ± 0.08b 178.95 ± 71.2 81.96 ± 32.61 31.66 ± 12.6 3.87 ± 1.5 116.1 ± 46.2 23.25 ± 0.78a 
Control 2.33 ± 0.30a – – – – – 19.93 ± 0.31b 
P value 0.007 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 

Below ground biomass (BGB), above ground biomass (AGB). 
*P value: of independent t-test for equality of means (tree biomass carbon) between trees of spacing 5 × 3 m and 10 × 3 m at α = 0.05. 
**Mean value followed by same alphabet in soil organic carbon group are insignificantly different according to DMRT at P = 0.05. 
 
 
both equations, mean of biomass obtained from these two 
equations was used to estimate biomass C-stock. 
 Both systems showed similar survival percentage and 
about 57% of trees survived in D1 while 58% survived in 
D2 system. The average number of trees that survived in 
each row was 12 ± 1.87 and 12.14 ± 2.41 in D1 and D2 
system respectively. The DBH (19.57 ± 0.46 cm) and 
height (8.42 ± 0.12 m) were significantly higher (16% 
and 7.5% respectively) in low tree density (D1) as com-
pared to high tree density (D2) system. This led to signifi-
cantly higher (44.5%) tree biomass carbon in low tree 
density system (118.44 ± 50.26 kg C tree–1) compared to 
high tree density system (81.96 ± 32.61 kg C tree–1) (Ta-
ble 3). In spite of higher biomass carbon stock per tree in 
low density agroforestry system, tree biomass carbon 
stock per hectare was significantly higher (40.8%) in high 
tree density system (31.66 ± 12.6 Mg C ha–1) compared  
to low tree density system (22.48 ± 9.5 Mg C ha–1)  
(Table 3). D1 and D2 system sequestered about 
82.4 ± 34.8 Mg CO2 ha–1 and 116.1 ± 46.2 Mg CO2 ha–1 
respectively, in 30 years with annual sequestration poten-
tial of 2.75 ± 1.16 Mg CO2 ha–1 yr–1 and 3.87 ± 
1.54 Mg CO2 ha–1 yr–1 respectively (Table 3). The dry 
biomass yield of C. setigerus was about 30% less in both 
D1 and D2 compared to sole C. setigerus field (2.33 
Mg ha–1) (Table 3). However, there was insignificant dif-
ference in dry biomass yield between both systems [D1 
(1.67 Mg ha–1) and D2 (1.57 Mg ha–1)] indicating D2 sys-

tem has significantly higher tree biomass carbon seques-
tration potential per hectare land without significant  
reduction in C. setigerus dry biomass yield.  
 Both silvipasture systems showed insignificant differ-
ence in SOC stock (D1 22.94 ± 0.65 Mg C ha–1 and D2 
23.25 ± 0.78 Mg C ha–1); however, both had significantly 
higher SOC-stock (15.8%) compared to control (19.93 ± 
0.31 Mg C ha–1) (Table 3 and Figure 1) in 0–30 cm soil 
depth. There was significant difference in total carbon 
sequestration (biomass + soil) among D1, D2 and control. 
The total carbon sequestered per hectare land was highest 
in D2 (54.8 ± 5.6 Mg C ha–1) followed by D1 (45.5 ± 
4.3 Mg C ha–1) and sole C. setigerus field (19.93 ± 
0.31 Mg C ha–1) (Figure 1). In D1, carbon sequestered in 
biomass and soil was almost similar, while in D2, carbon 
sequestered in biomass was more compared to soil (Fig-
ure 1). The contribution of AGB, BGB and soil in total 
carbon sequestration was 40%, 10% and 50% in D1 and 
46%, 12% and 42% in D2 respectively (Figure 1). 
 Higher growth and biomass carbon of individual tree in 
low density system (D1), compared to high density (D2) 
may be due to less competition for resources like water, 
nutrients and/or low shading effect of adjoining tree row. 
Agroforestry system with high tree density has reported 
lower tree growth, tree biomass and inter crop yield com-
pared to low density system mainly due to competition 
for resources6,10–12. However, high tree density system 
produced more tree biomass per hectare area compared to 
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low density system due to more number of trees per unit 
area. This indicates that an individual tree may sequester 
more biomass carbon in low density plantation; however, 
total biomass carbon stored per hectare area depends on 
tree density. Therefore, optimum tree density is required 
for highest gain for both, tree biomass as well as yield of 
intercrop. In the present study, total tree biomass yield 
was 258.60 ± 109.75 kg tree–1 in low density system 
(333 tree ha–1) while 178.95 ± 71.20 kg tree–1 in high 
density system (666 tree ha–1). However, Singh and 
Singh14 reported relatively lower, i.e., 42 ± 31 kg tree–1  

total (below and above) biomass in 17-year-old H. binata 
based agroforestry system with density of 400 tree ha–1 in 
arid zone; while, Newaj et al.8 reported relatively higher, 
i.e. 505 ± 15 kg tree–1 in 20-year-old system with density 
of 200 tree ha–1 in semi-arid zone. Similar kinds of dif-
ferences were also observed for total biomass carbon 
stock. Under D1 and D2 system, total biomass carbon 
stock was 22.5 ± 9.5 Mg C ha–1 and 31.6 ± 12.6 Mg C ha–1 
in D1 and D2 system respectively, after 30 years of estab-
lishment; whereas, Newaj et al.8 reported relatively high-
er biomass carbon sequestration (46.13 ± 1.42 Mg C ha–1) 
in only 20-year-old system with density of 200 tree ha–1 
in semi-arid zone. This difference might be due to differ-
ences in climatic condition, as Singh and Singh14 reported 
a study from an arid region with relatively low mean an-
nual rainfall (350 mm) and Newaj et al.8 reported a study 
from a semi-arid region with relatively higher mean an-
nual rain fall (958 mm).  
 The SOC stock in this study ranged from 
19.93 Mg C ha–1 in control, to 22.94 Mg C ha–1 and 
23.25 Mg C ha–1 in D1 and D2 system respectively. Dhya-
ni et al.17 also reported 4.28 to 24.13 Mg C ha–1 SOC 
stock under existing agroforestry systems (tree density 
1.81 to 204 tree ha–1) in different parts of India. In this 
study, under both density systems (D1 and D2), organic 
carbon stock (0–30 cm soil profile) was significantly 
higher (15.8%) than sole pasture (C. setigerus) field (con-
trol). Positive impact of agroforestry on soil carbon  
 
 

 
 
Figure 1. Distribution of carbon stock in different components of 
agroforestry system. Note: Column with different alphabets on top is 
significantly different according to DMRT at P = 0.05. 

sequestration has also been reported in many studies in 
India and other parts of the world18–21. In the arid region 
of Gujarat (India), SOC stock under 15-year-old silvipas-
toral system (Acacia tortilis/Azadirachta + Cenchrus  
ciliaris/C. setigerus) was reported to be 27.1–70.8% more 
compared to the sole pasture system (C. ciliaris and C. 
setigerus) in 0–100 cm soil profile18. In Kerala (India), 
home gardens with higher number of plant species and 
tree density have reported higher soil carbon, especially 
in the top 50 cm of soil (61.5 to 73 Mg C ha–1)19. The 
higher level of SOC stock under agroforestry system may 
be due to addition of leaf litter from tree, low soil erosion 
and modification in microclimatic condition22–25. In addi-
tion to climatic effects, modification in soil microclimate 
due to shading effect of trees may also influence decom-
position and sequestration of SOC. Surface soils are gen-
erally cooler and drier under plantations than under 
pasture due to shading and high transpiration25. This fac-
tor might contribute to slower decomposition rates fol-
lowing tree plantation. Further, accumulation of soil 
carbon was reported to be the greatest, when deciduous 
hard woods or N2-fixing species were established on ex-
cropped land in tropical or subtropical regions25. Further, 
in more than 30-year-old plantations, SOC stock has been 
reported to be similar to that under the previous land use 
system (agriculture) within top 10 cm of soil, however at 
other sampling depths, it has been reported to increase 
from 0.50% to 0.86% per year.  
 The study found significant effect of tree density on 
carbon sequestration in agroforestry system. A system 
with high tree density had less C-accumulation in an  
individual tree compared to a low density system; how-
ever, total carbon sequestered per hectare area was signi-
ficantly more in a high density tree system. Tree spacing 
has also been reported to affect the yield of intercrop as 
well as tree due to competition and shade effect, which 
increases with the age of system. Therefore, determina-
tion of optimum tree density is necessary for getting max-
imum benefits in terms of carbon sequestration, intercrop 
and tree yield. In this study, established old agroforestry 
systems with different tree densities provide a good plat-
form for determining carbon sequestration potential along 
with identification of better tree density for climate 
change mitigation and adaptation. In this, study H. binna-
ta Roxb. based agroforestry system with high density 
(666 tree ha–1) was found suitable for enhancing carbon 
sequestration per hactare land over low density system 
and sole crop land. This system can sequester about 
116.1 ± 46.2 Mg CO2 ha–1 in biomass with 58% survival 
rate in 30 years.  
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S. Dasgupta1 
1Bhagwan Mahavir College of M Sc Biotechnology,  
Surat 395 017, India 
2Department of Agricultural Microbiology, Anand Agricultural  
University, Anand 388 110, India 
 
This study was carried out to evaluate the efficacy of 
agriculturally beneficial fungi for potash solubiliza-
tion and to develop myco-potash cultures for use in 
crop growth. In all six fungal cultures were utilized in 
the study, viz. Paecilomyces lilacinus, Tricoderma har-
zianum, Aspergillus wentii, Emericella nidulans, Verti-
cillium lecanii and Tricoderma viride. Among them, A. 
wentii and T. viride were found to produce 3.3 and 
3.65 mm solubilization index around the colony after 7 
days of incubation (DAI) on Aleksandrov medium 
supplemented with mica as potash source. Whereas 
for agar medium supplemented with feldspar, maxi-
mum solubilization index was 2.5 mm (A. wentii), 
2.55 mm (T. viride), 2.48 mm (V. lecanii) and 2.58 mm 
(P. lilacinus) 7 DAI. To reveal the mechanism of po-
tash solubilization, A. wentii, T. viride, T. harzianum 
and V. lecanii were chosen for organic acid profiling 
using HPCL. A. wentii produced the highest amount of 
total organic acid (1847.775 μg/ml). 
 
Keywords: Fungal cultures, myco-potash, organic ac-
ids, solubilization index. 



<<
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


