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The importance of soil organic matter (SOM), or to use the 
colloquial term, humus, has been known for centuries – 
certainly long before the Organic Movement got in on the act.  
Most text books will list the benefi ts of SOM (relative to soil 
with little or no SOM) as a) improved soil structure b) improved 
water holding capacity c) improved storage of nutrients and d) 
better heat absorption. SOM is also home and the food for the 
myriad of soil micro and macro organisms from earthworms and 
insects down to bacteria and fungi, to the tiniest protozoa. 

We are blessed in New Zealand because our well developed 
pastoral soils, taken in the international context, contain 
large amounts of organic matter (see table below). This is a 
consequence of our temperate climate, and our clover-based, 
grazed pastoral system. Typically pastoral soils in Australia and 
South Africa and soils used largely for cropping in the Northern 
Hemisphere have carbon contents often lower than our poorest 
soils, the Brown Grey soils found in Central Otago.  

Table 1: The organic carbon and organic matter (humus) 
contents of the topsoil (0-18 cm) of well developed 
pastoral soils from the important soil groups 
in New Zealand (adapted from Perrott and
Sarathchandra 1984)

Soil group Carbon (%) Organic matter 
(%)

Organic matter 
(tonnes/ha/)

Brown grey 
soils (eg Central 
Otago)

1 - 2 2 - 3 30 - 60

Yellow grey and 
yellow brown 
soils (eg East 
Coast)

3 - 5 5 - 9 90 - 150

Volcanic and 
pumice soils (eg 
Waikato/Central 
plateau

6 - 10 10 - 17 175 - 300

Peat soils (eg 
Waikato) 25 - 50 40 - 80 370 - 750

What is SOM. 
SOM  - humus - comprises the breakdown-products of plant 
and animal (dung) material returned to the soil. The fresh plant 
material and dung returned to the soil is food (energy) for soil 
bugs who get to work in a sort of chain gang and break this 
material into increasingly smaller and more stable units, which 
are then often joined together (polymerised) into stable large 
complex organic substances. Humus is dark coloured and as 
a general rule the darker the colour and the deeper it extends 
into the topsoil, the better the soil. It is this colour which 
enhances heat absorption. 

Soil chemists differentiate 3 types of humus. There is what 
is called humin (very stable), humic acids or humates (less 
stable) and fulvic acids or fulvate (least stable). 

Indeed, if you take any source rich in organic matter (eg soils 
and particularly peats, compost or low grade coal (lignite) you 
can extract the humates. These extracts are often promoted 
as soil conditioners. But be wary. As discussed the amounts of 
organic matter already in normal soils are very large (30-700 
tonnes per ha). Assuming that about half of this organic matter 
is humate (i.e. 15-350 tonne of humate/ha) the amount of 
humate you add when you apply your ‘magic brew’, for which 
you have paid large dollars, is likely to be pitifully small in 
contrast. 

The same logic applies to the use of composts and other 
sources of organic matter. Prior to the development of chemical 
fertiliser in the mid 19th century, soil fertility was enhanced 
and maintained by applying large quantities of organic materials 
such as compost, seaweed, farm yard manure, blood and 
bone or human waste.  The amounts required were large – 10-
20 tonnes/ha. Squirting on a few litres per hectare of some 
magic brew or extract of these materials is most unlikely to be 
effective in terms of improving soil quality. 

Where does it come from?      
The diagram below (Figure 1) shows a simplifi ed carbon 
cycle for a grazed, clover-based pasture. Carbon comes into 
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the system from the atmosphere (as carbon dioxide) via the 
plant (photosynthesis), some of which goes into the soil as 
plant residues (from tops and roots) and some via the dung. 
The amount of carbon added from these sources is of the 
order of 1-3 tonnes/ha/yr annually. Losses occur from the 
animal because it breaths out carbon dioxide (respiration) 
and belches methane, and from the soil via the oxidation of 
organic matter.

Figure 1: The simplifi ed carbon cycle for grazed clover- 
 based pastures

The key point is this: if the sum of the inputs is greater than 
the sum of the outputs then carbon and hence organic matter 
is accumulating in the soil. So how should we manage our 
soils to ensue that this happens or at least ensure we are not 
depleting SOM levels and hence jeopardizing soil quality and 
contributing to green-house gas emissions.   

Managing SOM   
Our Initial Understanding
Several studies in the 1950s and ‘60s showed that SOM 
accumulated (inputs > outputs) following pasture improvement 
(i.e. clover + fertiliser + animal). This accumulation continues 
for about 20-50 years and then reaches a steady state (inputs 
= outputs). The time required to reach this steady state, and 
the amount of SOM present at steady state, depended on the 
climate and the soil group, as implied in Table 1. Generally, 
the wetter the environment the more SOM. This was and still 
is good news for pastoral farming system. The management 
recipe was simple; clover, fertiliser and the animal, plus time, 
equals more SOM. 

The situation under cropping is very different.  Cropping 
exploits SOM (outputs > inputs) and this is especially so when 

the crop residues are removed, as shown for soils used for 
intensive horticultural in Pukekohe (Figure 2).   So lesson 
Number One in terms of SOM management is: do not crop 
if you can help it! Or if you need to crop make sure there 
is a good rotation from clover-based grazed pasture to crop 
and then back again. Green manuring or heaps of compost 
are also helpful. Civilisations have failed by not following this 
simple rule.   

Figure 2: The effect of time under cropping on soil organic  
 mater levels in intensive horticultural soils (from  
 Haynes and Tregurtha 1999).

New Research 
A number of more recent studies suggest we need to modify 
slightly our understanding of SOM accumulation. 

Tate (1997) compared the SOM contents of 43 topsoils sampled 
fi rst in the 1960s and again in 1992. He concluded that there 
was no change over this period. This is consistent with the 
idea that the soils were at a steady state with respect to SOM 
accumulation, as discussed above. In contrast, Schipper et al 
(2007) reported an average decline (about 1% or 1 tonne OM/
ha) in 37 sites over a period of about 20 years. How do we 
reconcile these studies – one suggesting no change the other 
indicating a small decline? 

Other researchers have dug deeper into this apparent paradox 
and have reported results which indicate that SOM can be 
reduced by:

1. Land-use intensifi cation – management practices which 
increase pasture utilisation (e.g. better grazing management, 
increasing stocking rate, introducing irrigation) and hence 
reduce the proportion of plant material (litter) being returned 
to the soil and thus result in the steady state SOM being 
reduced. 

2. Changes in the quality of the litter returned to the soil – it is 
suggested that some of our newer management practices 
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low soil K (most frequent), soil S (often) or soil Mo (sometimes). 
The consequence is poor clover growth which is being masked 
on many farms by high fertiliser N inputs - a crazy scenario 
given that clover N is about 5 times cheaper that fertiliser N. 

I believe that as fertiliser prices increase dairy farmers will be 
forced to adopt a more rational and objective approach when 
developing their fertiliser policies. By that I mean; farming 
at and not above the economic optimal nutrient soil levels, 
making sure the nutrient inputs are balanced so that there 
are no nutrients limiting clover growth and hence clover N 
inputs. And making proper use of all the valuable nutrients in 
the effl uent - for the average dairy farm this alone represents 
about $5,000 annually from the fertiliser bill.    

Not sure how to do it? - give us a ring. You will get no sympathy, 
but you will get a more profi table dairy farm. In our experience 
adopting these principles typically pulls out about $5,000 
to $10,000 worth of fertiliser expenditure while maintaining 
and in many cases increasing production. (check out www.
agknowledge.co.nz ‘testimonials’ for examples)

Sheep & Beef Farmers
This is where I start to bleed. This sector does not currently 
enjoy the ‘luxury’ of strong commodity prices. In some cases 
these increases in fertiliser prices could be disastrous. But let 
us try to be positive. 

There is a quote: “Those who do not learn from history are 
bound to repeat it”. This wisdom applies directly. Remember 
1985 when fertiliser subsidies were removed? Many farmers 
stopped applying fertiliser. Meat and Wool did a survey in the 
late 1990’s comparing farms who continued fertiliser inputs 
with those who put the cheque book away (see Fertiliser 
Review 16). The message was clear; you will be better off 
fi nancially in the longer-term if you can continue with fertiliser 
inputs - at least some. 

Now here is some good news. The graph below (Figure 3) 
shows the relationship between the economic optimal Olsen P 
level (i.e. the Olsen P level which maximises farm profi t) and 
the cost of P on the ground (In this example it is assumed that 
transport and spreading are collectively $80/tonne and that 
the soil is sedimentary). This has been done for three levels 
of farm productivity (i.e. gross margins of $500, $750 and 
$1000 per hectare). 

[Note that Gross Margin (GM) in this context means gross 
income minus the variable costs which include animal health, 
supplements, shearing and electricity.  If the income from one 
sheep (i.e. 1 su) is $60 and the sum of the variable costs is 
$10/su then the GM/su is $50. This is what Meat and Wool 
are predicting for the next 12 months. If you are running 10 
su/ha then the GM/ha is $500. This is a typical average for 
New Zealand sheep and beef farmers]. 

(and this includes all those listed above plus the introduction 
of new pasture cultivars and the introduction of fertiliser N) 
result in a change in the chemical composition of the litter 
returning to the soil allowing it to be more readily broken 
down in the soil and hence less is conserved in the SOM 
pool. 

Two points must be emphasised: First, even if the fi gures 
reported by Schipper are true, (i.e. a decrease in SOM at the 
rate of 1% per annum) there is no need for panic or alarm. 
As stated earlier, our developed pastoral soils already contain 
large amounts of SOM.  Pastoral agriculture in New Zealand 
is not on the verge of collapse. I stress this point because 
of our propensity in this PC and environmentally sensitive 
age, to seize on and highlight the negatives, especially on 
environmental issues. Second, in the scientifi c sense, the 
possibility that modern management practices are depleting 
SOM levels is somewhat speculative. It is an emerging issue 
and more science is most defi nitely required. 

My advice: If you want to conserve SOM, and I think you 
should, then put away the plough (zero tillage – bring it on), go 
100% pastoral, feed the clover, avoid over grazing and think of 
ways of optimising the return of plant litter to the soil but at the 
same time optimising animal production.

FERTILISER PRICES: LIVING 
WITH INCREASING COSTS.

You are all aware that fertiliser prices are on the rise (see 
Price Watch). Using super as the example, its price increased 
in February 2008 from $194 per tonne to $267, an increase 
of 38% in 12 months. Sulphur (Durasul) has also increased by 
66% and potash by about 37% over the same time period. We 
are warned to expect further changes in the months ahead. 
These are serious increases – what to do? 

Dairy Farmers
Adopting a positive attitude, I think in the longer-term these 
increases will turn out to be good for the dairy sector – they 
could be a blessing in disguise. Why?

We know that many dairy farms are operating at soil nutrient 
levels above the economic and biological optimal. This is 
especially so for P – the most expensive nutrient (see Price 
Watch). This of course is senseless – it costs extra money 
to maintain high soil P levels and there is no production 
advantage. Worse still it results in avoidable P runoff into 
waterways. 

We also know, at least this is my experience working with dairy 
farmers, that many dairy farms do not have the soil nutrient 
balance correct. The soil P levels may be right but pasture 
production and in particular clover growth is being limited by 
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and K and Mo. These are cheaper inputs and they can become 
depleted quickly (quicker than P). So if you are planning to 
reduce or withhold P do not do the same for these other 
nutrients - make sure that they are not limiting production. 

The real problem is for those farmers starting out who 
have just purchased a rundown property, with currently low 
soil fertility. My advice is this: In the long-term (5-10 years) 
fertiliser is always a good investment on infertile soils (see 
Fertiliser Review 15), assuming other things being equal. Also 
we now have the tools to offer fertiliser advice based on the 
long-term economic outcome. We can calculate for various 
scenarios what the return on the fertiliser investment will be, 
given certain assumptions. With this sort of information your 
bank manger will look favourably at your situation. Need help 
– this is what we do.

STOP PRESS: SOIL CARBON 
TRADING.

As this edition of the Fertiliser Review was in preparation there 
have been some very speculative and silly things being said in 
the farming press about trading soil carbon (see my blogg at www.
ruralnetwork.co.nz/carbon-farming-take-off-or-rip-off/ for details).

For the sake of clarifi cation:

1) It is not possible in my view to assess soil carbon levels by
visual inspection.

2) There are many laboratory techniques available for measuring 
soil carbon concentrations (see your soil testing laboratory). 

3) Changing from soluble phosphate and nitrogen fertiliser to lime 
and RPR, as has been suggested as a mechanism to enhance 
soil carbon levels, is plain nonsense. 

Referring to the article ‘Managing Soil Organic Matter’ in this 
issue it must be obvious that undeveloped pastoral soils can 
sequester (accumulate) carbon for a number of years. Farmers 
on such land I guess could claim fi nancial credit for this by 
trading on a Carbon Exchange. But the bulk of New Zealand 
farmers are on developed soils where carbon inputs are equal 
to carbon outputs (ie at steady-state) - on a Carbon Market they 
have nothing to buy or sell. And then there are those in cropping 
or horticulture and possibly intensively managed pastoral soils 
who may need to buy carbon credits to offset the carbon losses 
from their soils. So as I see it the possibilities for farmers to 
“get rich quick” by solely manipulating soil carbon stocks are
rather slender 

In any case, soils are but one of many sources/sinks of carbon on 
the farm. Consider trees, belching cows, running the machinery 
and so forth. I would have thought that all these would need 
to be considered – it is the net loss or gain that is important - 
before running off to the Carbon Exchange or indeed changing the 
fertiliser policy.  To focus on soil carbon alone is well …. silly.                

Figure 3: The relationship between the economic optimal  
 Olsen P and the costs of P on the ground for three
 levels of gross margin (GM).

What does this data tell us? In February 2007 super cost about 
$195/tonne or $2.50 kg P on-the-ground, adding $80/tonne 
for transport and spreading. That meant that the economic 
optimal Olsen P level was about 16, 19 and 22 for GM/ha of 
500, 750 and 1000. 

[Note that because of the natural variability in Olsen P levels, we 
talk about target ranges in Olsen P and not specifi c numbers. 
In this case the ranges would be 14-19, 17-22 and 20-25. 
Similar ranges would apply to volcanic soils but for pumice 
soils they would be all about 5 Olsen P units higher]

Super is now $266/tonne (i.e. $3.12/kg P on the ground). 
The respective economic optimal P levels are 14, 17 and 20. 
Projecting ahead it is anticipated that super will go to about 
$300/tonne ($3.60/kg P on the ground) and the associated 
Olsen P level are 13, 17 and 20. 

Thus as a rule of thumb the economic optimal Olsen P level 
declines by 1 unit for every $25/tonne increase in super. 
Therefore for our Mr Average (GM $500.ha) I would, in 1997, 
have been advising him to farm at an Olsen P of about 20 
(range 18-23). By the end of this year my advice will be about 
15 (13-17). Surprisingly the economic optimal is not very 
sensitive to changes in the cost of fertiliser – the big driver is 
the gross margin.  

The other good news is that P does not run away quickly - it 
stays where it is put. So if you have already built up soil P 
levels (say currently at 20) then 1 to 2 years without fertiliser 
P will have no measurable effect on Olsen P levels (at least 
at the level of accuracy with which it can be measured) You 
can afford to ‘mine’ the existing reserves without any loss in 
production, in the short-term. When things improve though, 
you will need to apply above maintenance P to top-up the
soil P pool. 

The emphasis above is on P because it is the most expensive 
nutrient (see Price Watch). But our hill country soils also need S 
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PRICE WATCH

Fertiliser prices were increased signifi cantly in the last 12 
months (see below) and we are told to expect adjustments 
of a similar magnitude within 6 months. As is our practice the 
costs of the important fertiliser nutrients N, P, K and S are 
given below, comparing the prices on a per kg of nutrient basis 
for February 2007 and 2008.  

Table 2: Indicative prices for the major fertiliser nutrients
($/kg nutrient)

Cost ($/kg nutrient) ex works1,2

February 
2007

February 
2008

Change
(%)

Phosphorous

Superphosphate 1.65 2.16 +31

RPR 1.75 2.50 +43

DAP3 1.79 3.33 +86

Triple super 2.36 4.31 +83

Nitrogen

Urea 1.13 1.51 +34

Coated urea 
(Ballance only)4 1.71

Ammonium 
sulphate 

standard3
1.50 1.65 +10

Potassium

Potassium chloride 0.89 1.22 +37

Potassium 
sulphate3 1.32 1.77 +34

Sulphur

Durasul (Ballance 
only) 

0.35 0.58 +66

Ammonium 
sulphate standard3 0.67 0.70 +4

Magnesium
Serpentine super3 0.75 0.57 -24

Magnesium oxide 0.73 1.09 +49

Notes: 1)  The fi gures are the average of the prices quoted  
 by Ballance AgriNutrients Ltd and Ravensdown  
 Fertiliser Co-operative Ltd on their websites. 
2)  Ex-works excluding GST and any rebates
3)  After deducting the value of the companion  
 nutrient (s).
4)  Price available on request

Key points:

• P is still the most expensive nutrient and the cheapest 
source is superphosphate

• The cheapest source of N is urea but it is noted that 
Ravensdown have a product called ammonium sulphate 
standard. It is not granulated and hence should not be 
mixed with other fertiliser. It is cheaper than urea as a 
source of N (i.e. $1.15/kg N) after deducting the value of 
the S.    

• Potassium chloride (potash) is cheaper than potassium 
sulphate as a source of K.

• Durasul is the cheapest form of S

• Serpentine super is cheaper than causmag as a source
of Mg.  

My Advice: As before, stick with the basic products, super, 
potash and urea. If Mg is required, along with P and S, then 
serpentine super is the best option.

MAINLAND MINERALS 
AGAIN!

The Fertiliser Review has commented previously about the 
products and services from Mainland Minerals (Fertiliser 
Review 5 and 17). The information below was prepared by a 
Farm Consultant for one of his clients. He compared the costs 
of purchasing and applying a fertiliser mix recommended by 
Mainland Minerals with the cost of purchasing all the same 
ingredients from Ballance AgriNutrients Ltd. 

It is published in the Fertiliser Review because it has been 
suggested that we have a vendetta against Mainland Minerals 
– we do not – we simple publish information for the benefi t 
of our readers. In this case someone independent of us has 
reached the same conclusion – purchasing nutrients from 
Mainland Minerals can be an expensive option. 

The fertiliser mix recommended by Mainland Minerals 
contained the following ingredients: Lime fl our (83%), sulphate 
of ammonia (10%), salt (5%) and the following trace elements, 
Zn, Cu, B, Co and Se comprising 2% of the mix. Fifty tonne of 
this mix was recommended to be applied to a 250 ha block 
at 200 kg/ha. 

Company Cost ($/ha on ground)

Mainland Minerals 112

Ballance AgriNutrients Ltd 36

The difference in prices is enormous. For the whole block 
of 250 ha this represents $27,930 (for Mainland Minerals) 
or $9,000 (from Ballance). Remember this difference is not 
because Mainland Minerals put more goodies in their mix 
– the comparison above is for the same amounts of all the 
ingredients! 

How can this be justifi ed? Frankly I do not think it can be. I 
assume that Mainland Minerals applied the brew as a slurry – 
what is called Fine Particle Application (FPA). But the available 
trial evidence (see Fertiliser Review 3) shows that this is of no 
benefi t – the plant does not care whether it is fed solid, liquid 
or slurried food. That is what the science tells us. 

The major component of the mix is lime fl our (83%) – very fi ne 
lime. But consider this: At an application rate of 200 kg of mix/
ha this represents an application of 166 kg lime per ha. We 
know that lime increases the soil pH by about 0.1 pH units per 
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1000 kg/ha. In other words the likely increase in the soil pH 
will be about 0.001 pH units! No doubt Mainland Mineral will 
claim that, because it is fi ne, only a small amount is required. 
This defi es chemistry (see Fertiliser Review 15). 

It seems to me that this company survives by confusing 
farmers as to the real costs and benefi ts of its products and 
services. But then – I guess that’s why I am in business – the 
more confusion the more work I get. It is hardly fair on the 
farmer though.

A NEW SOIL TEST FOR 
SULPHUR?

AgResearch recently announced what they called a ‘break 
through’ in soil testing - a new test for soil sulphur. What was 
that all about? 

We are all familiar with the sulphate S soil test – it was 
introduced for routine advisory work into New Zealand 
agriculture in the 1970’s. However scientists have known for 
many years that it has limitations. It can be extremely variable 
because the amount of sulphate S in a soil at a given time 
decreases rapidly when leaching occurs and increases rapidly 
when fertiliser sulphate S or urine is applied. More importantly 
scientists realised that sulphate S was only a small part of the 
total soil S available for plant growth. There was a larger and 
more important pool of S – the organic S pool. The problem 
was – how could it be measured? 

This was solved by Dr John Watkinson of Ruakura in the 
1990’s. He did some brilliant work and showed conclusively: 

• There are two pools of plant available S in soils. The 
sulphate pool which is very small (< 5%) and the much 
more important organic S pool making up > 95% of the
available S. 

• The source of the organic S in pastoral soils is from dung 
and from plant litter returned to the soil. 

• These two pools are in equilibrium (see Figure 4): If the soil 
sulphate pool is depleted (as occurs during leaching events 
or via plant uptake), the soil bugs get to work and convert 
some of the unavailable organic S into plant available 
sulphate S. The reverse applies; when sulphate S is added 
to the soil (as in fertiliser) some of this is used by the bugs 
and converted to organic S. 

• The pool of plant available organic S was not only much 
larger than the pool of sulphate S but more importantly 
was not subject to leaching, fertiliser additions and urine 
deposition. It is stable. 

• Dr Watkinson also developed a quick method to measure 
this important pool of plant available S. He called it the 
extractable organic S test (EOS). It was introduced into 
commercial laboratories in the late 1990s. 

• The EOS test extracts a small portion (about 1-2%) of the 
total organic S (TOS) pool and very importantly he showed 
that EOS was directly related TOS – they are one in the 
same thing as far as measuring available organic S.   

• And he calibrated the EOS test in fi eld trials showing the 
relationship between relative pasture production and the 
amount of plant available organic soil S. 

Figure 4: The important pools of available soil S – sulphate S,
 extractable organic S and total S are
 in equilibrium.

Figure 5: The important pools of available soil S – sulphate S,
 extractable organic S and total S are
 in equilibrium.

At last we (and it was a world fi rst) had a reliable test for the 
pool of available soil S. I use it as a matter of routine in all my 
advisory work and I would encourage other professional to do 
likewise. In fact these days I virtually ignore the sulphate test 
results as unreliable. 

To my great surprise the test has not been adopted by the 
industry as it should have been. This I understand was because 
some laboratories did not have the technical equipment to 
measure EOS. Why this is so I could never fathom out. They 
could however readily measure TOS. 

The upshot of all this is that laboratories are now measuring 
and reporting results for sulphate S and TOS, rather than 
sulphate S and EOS. Now, because EOS and TOS represent 
the same thing the so-called “new” test adds nothing to what 
we already knew.  So why the hype – you work it out - I don’t 
give a TOS!

?

Leached S

Plant and 
Animal SFertiliser S

Extractable 
Organic S 

(EOS)
Sulphate S Organic S 

(TOS)

R
el

at
iv

e 
pa

st
ur

e 
pr

od
uc

ti
on

 (
%

)

Extractable organic sulphur (EOS)

100

80

60

40

20

0
0 10 20 30



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Generic Gray Profile)
  /CalRGBProfile (Generic RGB Profile)
  /CalCMYKProfile (Generic CMYK Profile)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails true
  /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 true
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (UD ColorSync)
  /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 false
  /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 false
  /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 false
  /MonoImageFilter /None
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile 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 [612.284 858.898]
>> setpagedevice


