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A. Summary

The agricultural application of suitable quality aganteed composts, which is

economically desirable for the recycling of res@sr¢organic matter, nutrients), has yet
to reach the potential objectives. Possible reasmasnsufficient knowledge about the

longer-term effects of compost on the soil festjlithe influence on the quality of the

harvest products as well as possible ecologicls iground water). Furthermore, little is

known about the economic benefits of compost apfiios as well as suitable marketing
strategies.

This situation was the starting point for the reskaproject of the Deutschen
Bundesstiftung Umwelt (DBU) research group. Witle tmain focus on "Biowaste
recycling”, it was conducted between 2000 —2002 Tain aim was to reach more
utilisation security for farmers and also to cleadespread reservations. The main aims
were as follows:

* To clear unanswered questions of the sustainaliisatibn of quality guaranteed
composts and to compile or to specify guidelinegsliie practical application and the
concrete conditions for the use in agriculture.

 To work out the economic advantages of compostiegmns and its ecological
assessment.

* To generate marketing strategies, which corresgorttie practical requirements of
the agriculture and

* To propagate broadly in public the compiled projeesults by suitable forms to
improve, in the medium term, the acceptance forgmsnutilisation in agriculture.

Al. Sustainable compost utilisation — agronomic adintageous effects and possible
risks

The purpose of this part of the project (the follogvprojects are based on those results)
was, to estimate as practically relevant and dsstieally as possible the positive effects
and possible risks of the agricultural compostisdtion, to define in a more
comprehensive way the conditions for a sustainahk in the long term environment
friendly compost utilisation. Six long term compesidurance tests were carried out and
used to represent the nationwide soil and climaireditions for agricultural plant
cultivation. Additional comprehensive overview igtigations were evaluated, to
estimate the current situation for more considemdpost ingredients.

The methodical concept of the long term compodgstgsarantees suitability of good
practice suitability and practice transferabilitf tbe project results found, due to the
following reasons:

* Arrangement mainly on medium and heavy soils, orclvla compost effect is to be
more likely.

* Examination of graded compost supplies (yearly®pf 20 t / ha DM (tonnes per
hectare dry matter) in combination with graded $mipent N-fertilisation (50 or
100% of the optimum fertilisation), to check thdaioum amount of compost supply
and to work out the amount of the necessary suppitamny N-fertilisation.

» Choice of a typical crop rotation with medium tainutrient uptake (“corn” or.
“silo corn”/ winter wheat/ winter barley), which erepresentative for numerous



farmers nationwide. The uniform crop rotation ohteakt locations allows a good
comparability of the locations.

» Complete demonstration on agricultural fields df fume farmers, exclusive supply
of quality guaranteed composts, set up of so-cdltaddem teams" (farmer and
compost facility) and their active inclusion in tdemonstration test— these are all
conditions for a very practically oriented projéetatment.

» Relatively long test duration of 5 (two locatiors) 8 (four locations) years: good
conditions to reach a sustainable, i.e. long-tesmmost application.

Building up on this wide and academically basedigmto all important advantageous
impacts and possible risks of agricultural compagplications were evaluated and
valued according to a comprehensive long term ptaet up.

A 1.1. Agronomic advantageous effects

The results of the agronomic evaluation document, that the advantages of the
agricultural compost applications (advantage effeate always the sum of single effects,
which are reflected in the yield as well as in edisoil fertility in the end. Compost
effects develop - as opposed to effects of the rairfertilisers — in general more slowly
and are measurable mostly only after several y@aexefore, for sustainable fertilisation
and soil improvement regular compost supplies dmeger time periods (3 - 10 years)
are imperative.

Significant additions of resources and nutrients are added with agronomic

maintainable compost applications of 6 - 7 t / h2@t / ha every three years (Table 1).
First, there is a supply in organic matter, whids la clearly positive influence on the
humus balance. This is beside the significanceHterfertilisation (nitrogen) - also the

requirement for different "soil-improving" effectBy the supply of lime in the scale of

preservation fertilisation, the pH value of thel s@n be stabilised or in the favourable
case step by step raised in a step by step wayefbne for the fertilisation, there are

considerable saving potentialsupplies of both substance suppliers.

Of all the nutrients phosphorus and potassiumtaartost important for the fertilisation

effect. Both nutrients have a very rapid fertilisat effect. The experiments clearly
increased "plant-available" concentrations in tbié shereby an improved maintenance
situation in the resulted soil. Due to their hightifiser efficiency and in the interest of a
well-balanced nutrient balance, they have to besrtaito account for the fertiliser

balance, i.e. they can completely substitute thee Hartilisation (a potential for cost

reduction). Due to this, at the same time thogplses become the limiting factor for the
compost application rates.



Table 1. The project summary results for advantageus effects of agricultural
compost utilisation for fertilisation and soil fertility.

Valid for horticultural optimum compost supplies@®# 7 t / ha of DM yearly or 20t/ ha
DM every three years.

Supplies with resources and nutrients
Resource median range Conclusion

Nutrients kg / ha Nutrient balance on average

Soil effects: humus, lime and nutrient supply
Parameter changes in 5 - 8 years time Conclusion
Humus content |Increase around 0.2 - 0.5%, average increagBalance of the organic
rate of 0.1% per 8 t of additional organic maimatter unambiguously
ensured
N; content Increase around 0.01 — 0.02%, average incriLow rise of N pool
rate 0.01% per 500 kg;/dddition
pH pH preservation or in the most favourable cgMaintenance lime
increase around 0.2 - 0.4 units addition
Fertilisation efficient nutrient Chargeable Efficiency of fertilisation and
contents proportion [%] of |chargeable for fertilisation
total supply balance
Nitrogen
short term (1 - 3 years) 0-3 Low fertilisation efficiency
medium term (4 - 8 y.) 5-8 short-term increase max. 5%
medium term + raised 10-15 medium-term increase max. 10%)
Nmin content without Nmin content
Phosphorus high fertiliser efficiency
medium uptake crop types 35-45 full charging, thereby normally the
uptake-strong crops 50 - 60 limiting factor of compost additior
Potassium
medium uptake crop types 30 -40
high uptake-strong crops 50 - 60
Magnesium 5-10 low fertiliser efficiency
medium crop types long-term supply




The high Mg supply with compost that lead to a aerable positive balance and with
only low fertiliser efficiency, is of no disadvagg Thisreducesthe permanent Mg
leaching of the soil and involves no dangers fangd phytotoxicity) as well as for the
ground water due to only moderate solubility.

Table 1 Summarised project results for agricultural adsagas of compost utilisation for
fertilisation and soil fertility (continuation).

Effects on the soil: "soil improvement"

Parameter | Trend | Consequences for application
Soil structure

aggregate stability clear |ground more elastic and mechanically more
loadable, protection against soil compactions,
decrease of erosion

Lower compaction available [Increased aeration and drainage

Water balance

Pore volumes and distribution | available |increase of middle pores and coarse pores, better
aeration

Available field capacity clear |improved gas exchange, raised water storage

\Water content clear |capacity, raised water storage during dryness,

Water capacity clear |increased protection of the plants against moisture
stress

Water infiltration uncertain [better water transmissibility with strong
precipitation, prevention of water logging
(Staunasse)

Soil microbiology

Microbial biomass clear |Activation of the soil biota, increase of the
robustness against harmful organisms and also

Dehydrogenates activity clear |against physical ground loading, improved

N mineralisation available |mineralisation of organic substance, improved soil
fertility in general

Beside the supply iphosphorusand potassium the;Nupply can become the limiting
factor for the compost supply. To avoid a high logkable N pool in the soil, the N
supply with compost has to be limited to 170 kga/yearly. Special care requires the
proper supply of the mineralized N fraction for @dditional mineral N-fertilisation, to
avoid high soluble N-fraction levels in the soil:

After short-term compost application (1 - 3 yeats}¥ fraction (mineralised fraction) is

still negligibly low with max. 5 %. Neverthelessrfprecautionary purposes the mineral
N fertilisation has to be reduced medium-term oarage of 10 %, including for raised

Nmin fraction in the soil, the reduction has to be abd5 %. Modifications depending

on the kind of compost are possible between 0 f(greeste composts) to 25%

(biocomposts rich in N).

The test results show (Table 1 Continuation), thatmassive supply of organic matter
with compost leads to perceptibly positive influenon all the essentialsoil
improvements" as soil-physical and biological parameterslike the soil structure,
water balance and especially the soil microbiologlgose effects considerably cause



gradual soil fertility advancement. They mainly noge the essential qualities as traffic
ability of the ground, erosion, water storage awd biological activity to use as
growing.

The sum of all advantageous effects of agricultaosthpost applications is reflected best
of all in theyield of the crop. On average, after several ygasts there are indications,
that intensive crop production conditions (remowélall harvest products including
straw), is more and more usual in regions with hagriculture production (e.g.,
southwest Baden Wurttemberg, Kéln-Aachen Bucht) prayide an additional profit of
5 - 8%. For lower production intensity such cleeofip effects of the compost application
are rarer.

In the medium and long term those "soil-improvingffects of regular compost
applications have at least the same, if not evehigger significance as regards
fertilisation effects. In their sum - this pointetlexperiences from 5 or 8 years compost
long term tests - both groups of advantage effgetalify composts, under suitable
location terms and terms of utilisation, as valeas#condary raw materials (organic NPK
fertiliser) for sustainable application in planbguction.

A 1.2. Possible risks

The results of the comprehensagsessment of possible riskmint, that the agricultural
compost utilisation in total only shows low riskisat are controllable and tolerable if the
rules of “good technical practice” are kept. Teforsthis fact are that:

« If possible quality guaranteed composts should beduwith low heavy metal
contents and that satisfy further requirements and

« Horticultural tolerable add-ons of yearly 6 - 7 hd DM (20 t / ha DM every three
years) are not exceeded.

For all the possible risks, in so far they are ewaevant,the heavy metal situation
ranks first. The current heavy metal concentratimnscomposts are on average clearly
below the limiting values of the “Bioabfall-VO” (Bée 2). Only for Cu and Zn higher
rates are recorded, but still below the limitingues. Although the heavy metal supplies
with regular compost applications are very low. Bitheless, a perceptible positive
balance always remains in the soil, because the platake are only less than 10% (Pb,
Cd, Cr, Ni) or in the more favourable case (Hg, 2, up to 30% of the supply amount.

So for regular compost application, a gradual iaseeof the heavy metal contents in the
soil, with priority for Cu and Zn can’'t be excludelNevertheless, an objective risk
analysis has shown that this risk is controllabild ealculable. The accumulation in soil
runs very slowly. Only after 10 to 20 years (for &id Hg 30 to 40 years) a minimal
increase is analytically even noticeable. Dangess ifreversible, damaging soll
contaminations don’t exist in the medium term.



Table 2. Summary of project results for possible 8ks of agricultural compost
application.

Valid for horticultural optimal compost supply 6f- 7 t / ha DMyearly or 20 t / ha DM
every three years.

Parameter/ Results Evaluation
criteria
Heavy metals
Composts Median range Evaluation
Content$ in % of limit value®
Hg 10-20 Low exhaustion of the limit values
Pb, Cd, Cr, Ni 25-35
Cu, Zn 45 - 55 higher exhaustions of the limit values
Denial in % of the supply
Pb, Cr, Ni, Cd 1-10 Balance always clearly positive, however supplies
Hg, Cu, Zn 10 — 30 in total very low
Soil contents Changein5to 8 Evaluation
years
Total content  Unchanged low increases measurable only in the long term (10
- 50 years)

in the medium term no danger of soilntaminatior
Mobile contents

Pb, Cr Consistently  |no danger of doubtful mobilisations
Cd, Ni, Zn Downward
Cu Slightly upward
Plant contents Change in5to 8 Evaluation
years
Total content  Unchanged minimum increases with Cu possible
Reduction in quality of the harvest products not
proven
Organic pollutants
Composts and Median range Evaluation
soll
Compost contentsn % of orientation value’
PCB 20-30 very low, close to background load
PCDD/FA 35-50
Soil content | Without influence | in the area of the background load
Legend:

1. Overview investigation Germany of 2000 and 2@)300 samples

2. Limiting values contents BioAbfV for compost dipptions of 20 t / ha DM all three years

3. Random compost checks of the compost long tests t

4. Orientation values according to composting de¢k®mpostierungserlass) Baden-Wurttemberg
1994



Table 2 Summary project results for possible risk®f agricultural compost
application (continuation).

Parameter/ criteria | Results | Evaluation
Further possible risks

N-excess of the compos| Median Evaluation
supply range
Increase of N, content ir5 — 10 « no quick, ecologically doubtful rise of the
kg/ ha dissolvable N pool in the soil
N leaching out of the soi[Minimal + Nleaching controllable
Foreign matters and Median Evaluation
stones range
Foreign matters > 2 mmj0.02 - 0.0§ « clearly lower than limit values
content in % of DM + quality guaranteed composts practically
Stones > 5 mm: content|1.0 - 1.5 free from foreign matters, stone content
% of DM low
Phyto hygiene Evaluation
Plant pathogen with high temperature composting not present
Epidemic hygiene Evaluation
Human pathogens with high temperature composting not present,isksfor the
(Salmonella) hygienic quality of the harvest products
Weed seeds and weed |Evaluation
trimming
Weed seeds composts |with high temperature composting practically nagent
Weed trimming field in tests (42 Boniturjahre!) completely no raisecedi¢rimming
surface compared to control (without compost)
Legend:

5. Limiting values BioAbfV

The Cu and Zn supplies are, as both heavy metalsssential trace nutrients for plants
and urgently needed for their nutrition, not onlgisadvantage. These - absolutely low —
supplies are, on the contrary, on soils with lomaantrations of those trace nutrients
even desired, because they are important for acmuft nutrition of the plants (regular
fertiliser supply of these trace nutrients are B)-times higher). As long as geological
background values as well as the limiting soil ealin accordance with the Bioabfalll-
VO (Biowaste Ordiance) are clearly below the linthe Cu and Zn supplies of the
compost applications are tolerable anyway.

Nevertheless, permanent attention and efforts egaired, to guarantee a precautionary
and sustainable soil protection, to make suretti@theavy metal status in the soil does
not change negatively by compost applications.tkisr purpose the heavy metal supply
with compost applications has to be lowered as$apossible ("minimisation order"). In
addition, compost should be only used for soilgt flall clearly below the background
values of “Bundes-Bodenschutz-VO” (Federal Soiltéecton Ordinance). Further the
heavy metal situation is getting additionally reedxby the fact, that no raised heavy
metal mobility was ascertained in the tests - tlubile contents of Cd, Ni and Zn even



decrease using compost - and also the heavy nw@taéntration in the harvest products
remained unaffected.

The persistentorganic contaminants are proved to be no risk for the compost
application. The contents of polychlorinated bipfler(PCB) as well as polychlorinated
dioxins/ furans (PCDD/F) for random check invedimas range completely in very low
concentration areas near the background contarmmédt the soils of the test locations
also no change of the ubiquitous contents wererdeco

Numerous investigations attest, that Mwenineralisation of the organic matter added to
the soil with compost takes place relatively sloahd so controllably. The ]\, (Nmin =
mineral nitrogen) contents rose in comparison &dbntrol without compost on average
by 5 — 10 kg / ha. Against frequent suppositiomidden, ecologically doubtful rise of the
dissolvable N pool in the soil is not to be fear@tso the possible N leaching to the
ground water is controllable by using suitable roeas (consideration of the nN
contents for the N-fertilisation balance, catchpcrultivation and decreased compost

supply).

Numerous investigations within the compost quadiarantee for RAL-GZ 251 showed,
that theepidemic and phyto hygieneof the used composts is always guaranteed. A
proper high temperature rotting (“Heissrotte”) lgdst 65 °C for a period of 7 days) has
occurred. The same is the casederminal seeds and plant parts capable of growth
Extensive overview investigations (Table 2) proveat composts are practically free of
them. Compost long term tests for 42 (!) “Bonithrg’ proved that also the pest plant
populations in agricultural crop land did not rais#ng compost. By this fact the often
proposed fear of increased pest plant populatiftes @@mpost applications is disproved
and this issue can be evaluated as not true.

The foreign matters > 2 mm and stones > 5 mrnaf the composts fell clearly below the
limit values of the Bioabfall-VO. Today, high-quglicomposts contain only low foreign
matter contents of less than 0.05% DM, i.e. theypmactically free of it. Nevertheless,
for the farmers compost acceptance it is indisgaasashat composts are free of foreign
matters, above all, free of plastic foils, as tlwan greatly interfere with the visual
appearance after the compost application, althooghdanger for soil and harvest
products exist. Nowadays, the stone contents reacdwverage 1.0-1.5% DM and are for
this reason, no problem for the utilisation.

A 1.3. Sustainable compost utilisation - principleand application
recommendations

Sustainable compost application means, that composhe agricultural crop production
may be used not in general, but only under cedairditions and considering agronomic
rules for the application. Only like this, the ngsary soil conservation and environment
protection requirements may be connected wisely whie advantages and beneficial
effects, i.e. the criteria for a sustainable aftian are guaranteed.



Table 3 showghe summary of the agricultural compost applicatiom in a summary
packed form as well as the essential steps, tfetacessary for technical arguable
decision-making (detailed executions in additiomiain report chapter C 1.3.3.1).

Table 3. Sustainable agricultural compost applicatin - principles and steps for the
decision-making.

Principles

Conditions Application Evaluation
Law kept Possible “proper application

+ Bioabfall-vVO

« Dungemittel-VO
Requirements for profitableness|Useful "good manufacturing practice”
and harmlessness achieved
Integration in crop rotation and |Practically feasibly/include in the production system
production procedure guarantee

Decision-making soll
guestion to be cleared |If yes...

a) Application in + The heavy metal contents fall below the soil limit
accordance with Bioabfa values

VO possible? (Risk

assessment) Better: Heavy metal content in the soil clearly below

regional background values

b) Demand available? |- Demand for organic matter exists

(Advantages assessmen(- Humus balance negative

- Humus content suboptimal

- The soil conditions are suboptimal

- Solil structure

- Water balance

- Soil biology

- Erosion

- Demand for nutrients (P, K, Mg) and lime exists
- Nutrient contents suboptimal to optimal (contgratde A to
C)

- pH factor too low

Decision-making compost
guestion to be cleared |If yes...

a) Requirement Bioabfall « The heavy metal concentrations fall below the coshpo

VO achieved? (Risk limit values
assessment) Better: Heavy metal concentrations clearly below the
limit values

« The compost is practically free from weed seeds and
free from Salmonella
Better: absolutely free from weed seed




« The concentrations of foreign matters/ stonesbiaibw
the limit values
Better: practically free from foreign matters and very
low stone contents

b) Compost use? The requirements of the Dingemittel-VO (Fertilizer
(Advantage assessment) are achieved:
Compost = of organic NPK fertilizerswith
« Essential content in organic matter (30 - 50% of)DM
« Nutrient contents higher than 0.5% of N, 0.3% P20
and 0.5% KO of the DM
+ Fertilizer effective lime content (4 — 8% of DM CpO

[$2]

In general compost may only be used in agricultdithe “proper application” according
to Bioabfall (biowaste)-VO and Dungemittel (fed#ir)-VO is guaranteed. The
application makes sense, if the rules of good teahpractice are kept, the utilisation is
practicable and there are benefits to the farmoptimum integration in the crop rotation
as well as into the production system is favourable

The professional decision-making has to consider fillowing steps to make sense
(Table 3):

The first step is always to ascertain if the sail generally suited for a compost
application (risk assessment). Therefore the heaetal concentration limit values have
to fall short in accordance with the Bioabfall-ViD.the second step it has to be proven,
that the soil needs "soil improvement", nutrieotgianic matter and/or lime that could be
covered by compost application (advantage asses$smEme suitability has to be
examined next for the available compost for theliegipon. The compost must fulfill all
risk criteria and all authoritative benefit effectaist be proven. If all test criteria are
answered positively, good conditions for a sustamapplication exist.

The most optimal compost effects depend substhnt@h the observance of the
according application recommendations Additionally, essential criteria and basic
conditions have to be checked and compared witlerexpces of practical farmers as
well as scientific literature (Table 4, as wellrasre details in main report chapter point
C 1.3.3.2).

To decide the amount of compost supply, the obseeveof well-balanced nutrient
balances in phosphorus and potassium are impofthatN supply (maximum 170 kg /
ha) can also be a limiting factor. For these reagha optimum compost supply vary on
average around yearly 6 - 7 t / ha DM. For soilthwnsufficient supply of nutrients
and/or unfavorable soil conditions (e.g. bad stiegt higher compost supplies up to 10 t
/ of DM may be applied for several years, to previast improvements.

The experiments have shown the accumulative eftexte off) of compost application at
20-30 t/ha DM, do not result in agronomic advansadéney cause considerable nutrient
excesses in the application year, i.e. increasadhiag risks. Besides, the first crop
receives an unnecessary "luxury supply” in nutdemthile the adequate supply of the



subsequent crops are not guaranteed. Neverthéhesgywer application costs and the
lower travel on the field surfaces lead to a onf€ajoplication.

The application of compost before sowing and plapare suited for varieties of grain
and “Hackfriichte” ‘root crops’ (for example as poes, sugar beets etc). Fresh composts
are especially favourable for the application irtuaun as they temporarily dissolve
nitrogen in the winter period and leaching can tev@nted. The application during frost
with sufficient loading capacity on the soil is atitageous because soil compaction is
avoided.

Compost should be mixed in shallow (maximum 5 €d0), to ensure a quick breakdown
of biodegradation. Deep mixing (plough furrow) shibbbe avoided, because it may
become anaerobic and roots may be damaged undaoaiaconditions.

Table 4. Rules for sustainable agricultural compost timn.

Criteria | Key number/ areas/ guidelines | Note
Calculation of the compost supply
upper limits by law e 20t/ ha DM all 3 years (upper limit for
heavy metal limit values for composts)
in accordance with e 30t/ ha DM all 3 years (more stringent
Bioabfall (biowaste)-V( heavy metal limit values for composts)

"Good manufacturing Optimal annually 6 - 7 t / ha DNRO t / helmportant: well -balanced nutrient

practice “in accordanc§ DM all 3 years) balance!
with. « Maximal annually 10t/ ha DM (30t/ h

DM all 3 years) Limiting factor is the P and K
Diinge (fertiliser)-VO fertiliser demand, as well

as(limited?) N supply

Enrichment of the nutrient supplies in the fertilizer balance

Phosphorus, Fully available? with magnesium always high

potassium, positive balance

Magnesium

Nitrogen compost application Huge variation in isolated cases
— at short term (1 - 3 years): max. 5% Green composts: lower values
— in the medium term (4 - 8 years): 10-15% |Biocomposts: higher values

Suitable application appointments

before sowing or +  Winter crop / catch crop: From August tqFresh composts suitable for
planting September autumn application:
« Silage and ‘punch’ maize: From March t¢immobilisation of residual
April nitrogen during winter period
« Potatoes / sugar beets: From February t
March
Application during froste  January to February Winter crop: Application on
period cropped field without problems

Advantages: no soil compaction
quicker ground warming

Application tips
Application intervals

Cumulative all 3 years Disadvantages of accumulated
Advantage: lower application costs application:
. annually Discontinuous supply in nutrient

12




Advantage: more continuous supply of |and resources, for the first crop

nutrients and resources, more balanced [nutrient excesses and leaching

nutrient contents, more sustainable impgdanger, insufficient supply of the
subsequent crops

Shallow mixing level (5 - 10 cm) Don't plough the compost into

»  Erosion danger: mulch application witho{the soil!
mixing into the soil

Technical application

Problem: anaerobic can cause rpot
damage

A 2. Economic-ecological assessment

The assessment of the economic and ecological goasees of compost applications on
agricultural land in the project report leads tocanprehensive overview about positive
and negative effects that may be connected wittmapost fertilisation.

Compost evaluation model (KompostevaluierungsmoddM) has been created, that
takes into account the total results from the ldolegm experiments of LUFA

Augustenberg and many other known results of thmEct The model allows getting
results beyond the present level of knowledge.

It is an economic, multidimensional model, wheremewus marginal returns for

different locations, business type, time periodd aompost amounts are economically
optimized to determine the internal effects. Aniddal ecological model is attached to
charge external effects that consider all the emwirental effects that are linked with the
compost fertilisation.

A 2.1. Economic benefits for the agricultural operéon

The results of the KEM (compost evaluation modibve, for nearly all the modulated
cases that compost applications develop in theseooirthe application time positively in
the economic regard. An assessment of the compmdications hence must occur
always in the medium term, better even in the |degn. The marginal returns
increasesare shown in the following tables, which may ocfaurcompost applications
on agricultural lands referring the results of tkEM. These values are based on a
compost price of zero and a delivery of the compest to the fields and the farmer is
paying the application costs.

For all thebusiness typesthe crop farm is notably predestined for compggtiaations
as table 5 points out. In the model after sevemsyeficompost applications the annual
marginal return increases of 78 €/ha are calculatéle this value for mixed farms is
only 18 €/ha. Hence, from the economic view theilalsle compost is proposed,
primarily to be added on surfaces, where none by less organic matter produced on
the farm itself is added.

Table 6 shows, that for all tHecations, the heavy soils profit the most of compost
applications. Here are with long-term compost fisgtion annual marginal return



increases of 117 €/ha on average for crop farmsilples while on light soils with the
same farming only marginal return increases irsttae of 53 €/ha are achieved.

Table 5Marginal return increases supplying yearly 16& /DM compost in dependence

on different operating types — Average about aatmns (all information in € / ha).

Operating type Year 1 |Year 2 Year 3 Year 4| Year 5 Year 6| Year 7
Crop farm 40 57 65 69 73 75 78
Mixed farm 7 11 13 14 16 17 18

Table 6 Marginal return increases by the application afri}e10 t / ha DM compost in
dependence on different soils for crop farms —eutHocation Weierbach (all
information in € / ha).

Soil Type | Yearl|Year 2 Year 3| Year 4| Year 5| Year 6| Year 7
Heavy Soil 59 80 92 100 106 112 117
Light Sail 24 36 42 46 49 51 53

Table 7 shows possible marginal return increasea asiction of the amount of the
annual compost supply in crop farmi&he optimum application amounts (See main
report point A 1.1) depend on the nutrient demahthe crops and the compost price,
between 5 and 10 t DM per hectare and year. D&tysior the definition of the exact
application amounts is the price, which is deteedity the compost producers. If the
price rises, it is worthwhile for the farmer reawalia certain price level, to reduce the
compost application amount. Smaller amounts aDMtper hectare and year are not
worthwhile on account of the high application co$thile higher supplies than 10 t DM
per hectare and year are not allowed in accordentiee Bioabfall-VO as well as to the
Dunge-VO.

Table 7Marginal return increases as a function of thegiebf the annual compost
supply in crops farms — without the location Weagath (all information in € / ha).
Compost Supply Year 1 |Year 2 Year 3| Year 4| Year 5| Year 6| Year 7
5t/ha DM 38 48 52 53 54 55 55
10 t/ha DM 53 78 90 97 102 106 108

The economic consequences of compost fertilisaisnsummarised in Table 8. It
becomes clear, that long-term annual compost seppkve substantial bigger economic
advantages, than one application of compost sufdgides, the economic benefits for
heavy soils and in crop farms are shown in thidd 8b



Table 8 Assessment of the economic consequences for aieiraqd a long-term (7
years) annual compost supply of 10 t / ha DM asnatfon of the operating type and soil

type.)

Compost Application |Operation Type Soil Type

Slightly | Medium |  Hard
One time Compost Crop farm 0 + +
Supply Mixed farm 0 0 0

Long Term Annual Crop farm + ++
Compost Supply Mixed farm 0 0 +
Legend: +++ Rise of the gross margin by more than 90 € / (ha*a)

++ Rise of the gross margin by more than 60 € / (ha*a)
+ Rise of the gross margin by more than 30 € / (ha*a)

0 low positive consequences on the gross margin

A 2.2. Consequences of compost applications on televironment

To take the ecological consequences of composicapiphs on agricultural land into
consideration, it becomes clear, that negativeyelsas positive external effects appear.
Possible negative external effects may be a graeluathment in the soil and the crop
products with heavy metals and organic pollutaiiisis supports the importance of
regular soil and compost analyses towards pollstimtthe long-term production of safe
food (sustainable compost application).

Table 9 summarises the modulated results from tbéeinfor the possibleeaching of
heavy metal limit values in the soil The table documents clearly, that for an expert
assessment it is essential for this risk to diffeete between the single heavy metals. For
the toxic heavy metals Cd, Cr, Hg, Ni and Pb thecement in the soil is very low and
therefore tolerable. But higher enrichment rates thierefore shorter periods to reach the
limit values for Zn and mainly for Cu are under th@nt of view that both heavy metals
are also essential trace nutrients and obligateeglad from plants (See main report point
A 1.2) and not only valued exclusively as a risk.

It has to be considered that the introduced risMuation is valid for the model on six
test locations and their heavy metal contentsensthil before the first compost supply. A
generalisation on all agriculturally used soil lyopossible with restriction. Thus the
enrichment periods to reach the limit values arbstantial longer for lower initial
contents of Cu and Zn, than shown in Table 9, the. risk becomes increasingly
tolerable. With a deficit of these trace elememtsohment is even welcome in the soil
and is valuated positively.

Unconditionally valid and able to be generalisethis difference between the operation
types, that result clearly from the model resuliop farms without compost application
come of the best. Farms with their own organidlfeation are advised in general not to
use compost supplies, as the heavy metal enriclsnoébibth organic fertilizers add up.



Table 9 Possible reaching of heavy metal limit valueshia dverview — average about all
modelled locations by consideration, the respectieavy metal contents in the soil
before the first compost application.

Compost Supply |Operating Heavy Metals
Type Cd|[Cr[cCu|Hg|Ni|[Pb]zn
Without Compost | CropFarm| 0 | O | O | O | O | O | O
MixedFarm| 0 | O | -- | O 0 0| --
10t/ ha DM CropFarm| 0 | O - O| 0] O -
Mixed Farm| O - 0 0 0| -

Legend: o tolerable, no limit value reaching dgrihe next 200 years
- at the short term tolerable, no limit valueat@ag during the next 100 years
-- critical, no limit value reaching during thext 30 years
-- very critical, limit value reaching within thext 30 years possible

To take in account therosion,the long-term humus fertilisation with compost&ued
very positively, as it has to clearly decreasellicases. However, in certain cases, as for
very steep inclinations, other erosion preventiveasures are necessary. Table 10 puts
the erosion problems for crop farms into accourdifiérent slope angles.

The formation of climate relevant gasesnay be somewhat reduced in most cases with
compost application. With the new developed modeis, are able to determine the
monetary value of the reduction of harmful gasesld 11 gives an impression about the
value per ton of compost in the single applicatfears. As with the production of other
fertilisers, gases relevant to the climate are pced and these can be saved up only after
some years and in larger amounts. This is causatiébgelayed nutrient availability of
the compost and the monetary value of the emisi@orease rises continuously.

Pollutions of ground and surface waterare caused by an improper fertilisation with the
basic nutrients. To judge the effect of compospbupn those problems a balance of the
nutrients at farm level was implemented in the KEIMble 12 shows a value display of

the nutrient excesses. On the basis of the reshéissompost fertilisation should only be

applied in crop farms that do not hold their owgasric substances.



Table 10Display of the erosion problems in crop farms tbe variations KO (no
compost) and K2 (10 t / ha DM compost) with differslope inclinations.

Compost Supply Slope Inclination in %
0] 2]4]6] 8 | 10

without Compost [ o] - [ - | - [ —
Iotrracron RN [T

Legend: + positive, profit potential in the longrtesecure
o tolerable, profit potential for at least 400 yesecure
- At short notice tolerable, profit potential farleast 200 years secure
- Critical, profit potential for at least 100 ysaecure

--- Very critical, reduction of the profit potenitiaithin the next 100 years probably

Table 11Monetary value of the decrease of climate releymst emissions with a once
annual compost application of 10 t / ha DM formpcfarms — converted on one ton of
compost (all information in €).

Compost Supply Year 1| Year2| Year 3| Year4 | Year5| Year6| Year 7
10t/ ha DM 0.1 0.59 0.82 0.95 1.03 1.09 1.14

Table 12Assessment of the long-term nutrient excessesr atefarm organic
fertilisation and compost supply — average abdubehtions.

Compost Supply | Operating Type Nutrients
Nitrogen | Phosphate Potassium

Without Compost Crop Farm
Mixed Farm
10t/ ha DM Crop Farm
Mixed Farm - ==

Legend: + positive, in the long term no dangerdeer-fertilization
0 tolerable, dangers for over-fertilization cleaulyder the average
- At short notice tolerable to increase the fzdilion of the soil when required
-- Critical, only tolerable for very short term neasing of the fertilization of the soil

In Table 13 all ecological consequences of the ashpapplications are shown
summarised. For the compost application in crom$athe positive effects predominate
the risks by far, while for farm types with catbeseding the positive effects are a little
lower and negative ecological consequences increase



Table 13Summary assessment of the ecological consequehedsng-term annual
compost supply of 10 t / ha DM in crop farms andedifarms.

Parameter Crop Farm Mixed Farm
Heavy metal content in the soll

Heavy metal content in the grain (0] (0]
Organic pollutants in the soill (0] -
Organic pollutants in the grain (0] (0]

Erosion ++ ++
Gases relevant for the climate
Water pollution

+
@)

O

Legend: ++ very positive ecological consequences
+ Small positive ecological consequences
O to classify neutral, neither positive nor negati
- Tolerable, long-term negative consequences lplassi

- Critical, only very at short notice tolerable
A 2.3. Total appraisal

Finally it can be ascertained, according to thedensive investigations, that compost
utilisation on agricultural farms is recommendednir the economic and ecological
points of view. If the compost is used in the rigidy, the negative external effects are
minimised and the positive environmental effects mraximised. To reach this and to
develop and to extend the circulatory farming atsthe future, these project results give
a comprehensive guide to the compost manufactasemsell as to the relevant farmer,
thus leading to economic and ecological sensibhepost utilisation.

A 3. Marketing strategies

The results of the segments Al and A2 prove thgh lgualitative, quality guaranteed
composts may be used profitably and environmenfatiyorticultural agriculture by the
observance of certain basic conditions. The maumeta of the partial project "marketing
strategies”, on the background of the ascertaimedrdage effects, have been to make
enquiries and to compile suggestions, to improwe blasic conditions for compost
applications in the agriculture.

In an analysis of the compost sales area the mattialdes, wishes, reservations and
fears of the target group agriculture were acquifdterefore farmers were questioned
verbally as well as in written form nationwide fitve compost utilisation in agriculture.
Relevant data about the structure of the agricalltdarms, the advantages and
disadvantages of compost applications, the relatimetween user and producer and the
acceptance of agricultural compost utilisation warquired. Farmers with experiences in
compost applications have been included as welthase without experiences with
compost till now. The questionnaires were addresset¥d00 farmers and of those 224
forms were used for the evaluation.

In addition, 23 selected compost producers (memimetee Bundes-Gitegemeinschaft
Kompost - BGK) were questioned about their marlkgtntivities until now, in particular
to underline the practice relation of the recomneeheheasures.



Based on these market analyses and the economiecatmhical results, afterwards the
possibilities of different marketing instrumentsrevéndicated and involved in an integral
marketing concept.

A 3.1. Results of the market analyses

While questioning the farmers,mainly their mental attitudes, wishes, reservaiand
fears, but also last but not least their expeatatiwere addressed, concerning compost
utilization on their fields. Although more than 5086 the questioned farmers use
compost, numerous reservations were mentionedatbdiriefly summarised below:

- Doubts concerning quality (pollutants, hygienegefgn matters)

« Unsafe legal circumstances (depreciation for leasales, marketing problems of the
products)

- Insufficient acceptance of the general public

« Deficits of information

« Financial reimbursement (only 20% of the farmer diduthe compost at the price,
47% of thought the price was unacceptable and itodtke compost for free and 14%
had to pay the farmers to take the compost)

+ Insufficient services

The positive expectations named by the farmersespond to the possible effects that
may be expected using compost fertilisation aftergresent project results. First, the soil
improving effects were called here, but also theiligation effects and the possible
decrease in erosion.

The people surveyed wemmpost producerswho were members of the BGK, that
produce compost predominantly in windrows and peedmainly (three quarters) bio-
waste composts with “RAL-Gitesicherung” (RAL qualiassurance scheme). About
43% of those produced composts are delivered tagheulture. The questioning of the
actual situation in the compost producing compadé@ivers the following results:

« Transport and/or application are offered by alnadigproducers, mostly for free.

- All producers use external reports (FUZ) as qualétificates. In addition, a further
consultation (agricultural consultant) is offerddhost enterprises.

« 64% of the producers already request a price, V8@ deliver the compost for free
and 14% pay extra for the delivery.

« In the area of communication it was ascertainedt, tlo market researches have been
done on agricultural utilisation. But a very distive information exchange with their
own federation as well as with the sciences, poloyl agricultural professional
helpdesk takes place. Often used communicative cdsviare booklets of the
federation, scientific articles, “open days”, adlas authoritative farmers.

- These are the current targets are as follows: Autdit payments should be reduced
in future and the current prices should remaineaist at the same level. These
moderate price increases should be accompanied dn@nuous optimisation of
quality.



A 3.2. Marketing strategies

A 3.2.1 Marketing instruments

Based on the economic and ecological results a$ agelon the market analyses,
recommendations for possible marketing measures dereloped.

Recommendations for the product and assortment paly

Based on the analysis of the marketing area aguieutlepending on the operating
type, location and application amount, a conceioinain the target groups has to be
derived, where the positive economic consequeneesekatively largely and the
negative ecological impacts are small or do nohepgpear. Hence, as the main
marketing group initially follow crop farms on medi to heavy soil.

The supply should be aimed on the regional demtindtare and the specific
circumstances of the compost plant.

In general only high-quality composts should bedtl, that is due to have high
beneficial effectiveness for sustainable applicatiad thus also reflect the monetary
value of compost.

Clear application recommendations and product d&intens are necessary as well as
strict high-quality obligations and quality inspecis within a closed controlling
chain.

Excluding the sector of special cultures, the ngitesf a product diversification in
the agricultural compost utilisation is classifiather low.

The gradation of fresh compost (Frischkompost) rmatlired composts
(Fertigkompost), regardless of the kind of compsisguld be replaced by a
systematic evaluation of compost for nutrient aradenal contents.

A tight interlocking of the product and assortmpalicy with the communication
policy is essential.

Recommendations for the price policy

An essential argument in the price policy is thenmenic advantage of compost supply.

In conclusion, the higher the difference between phice and the calculated marginal
return increase, the more the argumentation needdees (Table 14).

An additional payment should be avoided in gendfaht the present, delivery is free it
is recommended, to increase the price only thdt, tigat the farmer may expect already
in the first year an increased profit by the cadtedl marginal return increase per hectare,
with the knowledge of the positive effects for thabsequent years. Attempts of price
differentiation as well as the application of prpelicy are possible (e.g. special offers
for the special crop area, loyalty discounts, amhgost application on test).



Recommendations for the service and distribution plcy

Offer of transport and application

In conclusion, the willingness to use compost oftepends on the acceptance of the
transport and the application by the compost preducrhe farmer often expects a free
delivery to the field.

Ability to deliver

As the agricultural application of compost oftenpeeds strongly on the weather
conditions, sufficient amounts have to be availaiiea very short term. Above all the
adaptation on demand peaks that exist in the spéfigre sowing or during harvesting
has to be taken into consideration.

Consultation
The consultation is an essential tool to developfidence between producer and user.

Possibilities of compost applications have to baught close to the farmer and his state
of knowledge and his basic attitude to the agrizaltutilisation have to be considered.

Table 14 Argument to provide achieve a price for the taggeups.

Target group Argument for Demand
Low High Very High Due to Economi
Reasons
Impossible
if the price is up to| if the price is up taif the price is between If the price is
the value in the first the average valug the average value onhigher than the
application year | on more than 7 | more than 7 years| highest single
years application| application duration| year value
duration
and above the highest
single year value
MF —s price < 5.90 €/t <9.50 €/t >9.50 €/t >11.70 €/t
> 5.90 €/t <11.70 €/t
MF - s/m price < 5.80 €/t <7.80 €/t > 7.80 €/t >8.10 €/t
> 5.80 €/t <8.10 €/t
MF - s/m/l Price < 2.40 €/t <4.20 €/t > 4.20 €/t >5.30 €/t
VFG —s > 2.40 €/t <5.30 €/t

Hint: The prices are based on the results of tha@mic assessment per 10 t application amountg(poignd on 10
cents).

Legend: MF — s “crop - heavy soils"
MF - s/m ,, “crop - heavy / medium soils*
MF - s/m/I“crop - all soils “
VFG - s “upgrading/ feedstock production/ mixed (@telung/Futterbau/Gemischt) < 80 kg N / ha - heavy
soils “



Recommendations for the communication policy

The communication policy has an outstanding impm#afor compost marketing. It
contains the following major tasks and their impdetation (Figure 1).

The differentiation is important between generalrification, for farmers, but also for
authorities and in the end for the public in geharad more specific user information.
Accordingly the communication instruments are daddin "group marketing" and
“‘individual marketing (Table 14).

To reach a maximised efficiency of the used mamkeinstruments, several instruments
should be used in combination with synergy efféetarketing mix).

A 3.2.2 Marketing concept

For a sustainable success the marketing actigtiesld be integrated in a compact

concept (See Figure 2).

Figure 1 major task of the communication policy and theinwersion.

1L

Conversion of the major tasks
» Specific factual information’s
« Explicit declaration of the nutrient and pollutaantents
- Indicate of qualities / application recommendations
« Transparency of economic and ecological impacts
« Feature a complete controlling chain
» Clarification of the consumer / of the public
« Support of the environmental and consumer protectiomd (protection of
resources)



Table 15Classification of the communication instrumentgjioup marketing and
individual marketing.

Group marketing

Individual marketing

Editorial reports

Factual information (e.qg., in
pamphlets, internet) in
informative, summary and
demonstrative form with
clear display of the researc
results

Mediation of information to
authorities and opinion
leaders

Uniform market appearanc
of the enterprise group
Development of a slogan

[{2)

Editorial reports, announcements

Web site, pamphlets etc., transfer of contents
from the enterprise group

Direct Mailings

Use of multipliers to the mediation of
information’s to farmers (e.g., Maschinenringe
reference farmers)

“Consulting tables” to exchange information’s
between farmers, consultant engineers and
compost producers

Presenting of information during "open days*,
field inspection, events, exhibitions, conferenc
presentations

€s,



Figure 2 Construction of a marketing concept.
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Main Measures:

Analysis of customer and Analysis of customer and Individual action
structure of competition structure of competition

1L 1L 1L

Individual Actions:

 Forexample, measures for introducing of a priget@nowfree)
L

Action Plan



A 3.3. Concluding whole appraisal

The group-research project shows unambiguously é¢kenomic and ecological
consequences of a compost application on agrieulind quantifies them. It is clearly
worked out, that

« Compost is a valuable humus and nutrient fertilideat justifies a price,

« Compost application are predestined for crop fasmsedium to heavy soil

« Quality guaranteed composts implement the requinésnen soils in general better
than other composts due to comprehensive highiguatintrols. Essential for the
agricultural compost application are strict cordrobf all necessary quality
requirements.

The positive effects of agricultural compost apgticns have been determined
persuasive, but there are also disadvantageous shtacles. Uncertainties and fears
within the agriculture often prevent a compost aygpion. If the aim of all (marketing)
efforts, the "increase of compost applications @eTing prices based on the compost
value” should be reached, a marketing concept Hirggjaon the analysis of the target
group and the basic conditions - all suitable miamgeinstruments have to be taken into
consideration and have been adjusted to the assignmihe communication policy is
essential for an objective representation of theaathges and to clear reservations and
fears of possible. This clarification work is farmers (individual marketing), as well as
for authorities, agricultural lobbyists, politiceand, in the end to the public in general
(group marketing). Task of the individual marketiag well as the group marketing it is
to spread the explicit results of this group-researoject:

Agricultural compost utilisation - economical and sistainable!

A 4. Operation recommendations

The DBU group research projgatesentsthe first time comprehensive results based on
representative compost essays for several yeamssyesing a wide range of open
guestions of the agricultural compost applicatiagronomic evaluation, validation of
economic advantages and the ecological consequamckeslso suitable strategies for
compost marketing.

The examination of the agronomic advantageousctsffef the agricultural compost
utilisation in consideration with the possible gdkas shown, that implementing of "good
manufacturing practice” for compost applicationpnsiderable saving potentials may be
used for farms, mainly for the fertilisation andil sonprovement. Assumed adverse
effects on the soil and the quality of the harygetlucts are avoidable.

The compost producers (communal and commercial comparsg are challenged to
implement adequate tasks, to improve the qualitiegshe produced composts and
therefore to ensure a sustainable agricultural astspapplication in the future. Specific



publicity and suitable marketing strategies may riomp the compost utilisation
acceptance of farmers.

The following recommendations can be given:

Continuous decrease of heavy metal contents of ostafy specific use of basic
materials with low heavy metal contents (e.g. maplant waste) with the aim to go
below the limit values the Bioabfall-VO even furtliban up to now.

Continuous improvement of the phyto-hygienic anddemic-hygienic qualities of
the composts. Therefore beside the regularisednabsaf Salmonella also compost
completely free of weed seed may be guaranteed.

Further decrease of the foreign matter contenisbtain a good optical appearance
for compost applications. This means a clear salbrf the limit values, in fact a
total absence of foreign matters.

An even improved guarantee for the declared nuiand resources contents with
the purpose, to apply composts optimal for fedtisn and resource balances of a
field or the farm.

Strict observance of the quality guidelines of costp and a quality control within a
cohesive controlling chain.

Differentiated address of the target group agnoeltaccording to the operating type,
location and application amount.

Increased consultations and specific publicity wikie purpose, to point out as
objectively as possible, advantages and possiHe of the compost utilization.

To bring out compost as a valuable product, wheseetits become apparent mainly
for long-term application

Offering of services concerning the compost appboa

The users, the farmers(and also the landscaper) require a high spec@himpetence
for a sustainable compost application. With a sgiestichallenging application, they are
not only able to influence their operating resyssitively, but also to contribute
decisively to the better acceptance of compostiegipns in the public.

For the compost consumer the following recommendatmay be considered:

The agricultural application occurs only if theged requirement of nutrients, lime
and/or organic matter in the soil and in case @i metal contents in the soil fall

clearly below the limit values.

Composts initially used on farms with negative hsrbalance, as crop farms, where
clearly positive economic consequences, as wethiagmised ecological risks may

be expected. Applications on locations with heangl enedium soil have especially

high economic advantages.

Quality guaranteed composts guarantee higher guadguirements than those only
bound by law. This warrants a profitable and envimental application and therefore
should be preferred.

The "good manufacturing practice” has to be consilein particular concerning the

calculation of the fertilization amount of the pigwell-balanced nutrient balance) as
well as the application at a suitable time and eting to proven rules.



Opinion forming and the exchange of experiencettier compost application in the
agriculture should be advanced. Improved utilisatmf all offered information
possibilities, in particular via current scientifesearch results.

Extended and professional desired compost apmitatin the agriculture depend
exceedingly on adequate influenciofgegislator and administrative execution.For
both areas the following recommendations ariseobtlte project results:

A further intended decrease of the heavy metaltligd@lues in the Bioabfall
(biowaste)-VO for composts has to consider thelalwks production and application
possibilities. Drastic reductions, towards the @pfe ‘similar to similar’, that are in
discussion of the environment national departmam,not comprehensible from the
professional point of view. A possible consequenwoeld be an extensive pullout of
the agricultural compost utilisation, with all disentageous effects on resource
protection (particularly phosphorus), without exigt a necessity from the
professional point of view. The soil conservatiard aconsumer protection is also
guaranteed in the long term without these effaats,pointed out in these project
results.

For special cases, as renovation of soils with rugantents and nutrient contents
that are too low, higher compost supplies thanlelgal maximal supply of 30 t / ha
TM may be permittedUsing well-chosen composts with high valuable sulastces
(particularly organic matter) and low heavy metal ontents, no risk exists for soil
conservation and water pollution protection, even sing a single compost supply
of up to 60 t/ ha DM.

Determined definitions of limit values for undesil®@ substances and application
restrictions by law it have to be balanced intealsiwvith the ecological benefit
effects. Ecological advantages and the ecologigsksr must be deliberated
objectively.

A clear and uniform regulation by law for compogpkcations in the agriculture,
based on scientific knowledge, contribute to thendintling of the widespread
uncertainties in the agriculture and promotesheend, a holistic approach by law.

In spite the comprehensive project handling withglderm compost tests over several
years' anotheresearch effort is neededmainly the long term effects of composts, that
may be cleared in particular doing further compasg term tests:

So for example, the long-term N-mineralization é@ya(> 10 years) has to be
determined. This knowledge, as a function of treation an operating type would
contribute to consider more precisely the mineealisl content of composts in the N-
fertiliser balance. This is conductive to soil cenation (avoidance of too high
nitrate concentrations) as well as to the proftirosation (optimum N fertilisation).
All "soil-improving" compost effects on the soilrstture and the soil-biological
conversions as well as the water balance requingelo observation periods, than
were available in the present project. The spettifid of the presented research
results would considerably contribute to a morel-go@ntated use of compost for
soil improvement.

A time period of seven years may be modelled rgliahth this project results. The
agricultural practice already wished an even longedelling duration, for a better



evaluation of the economic benefit effects in tlomg term. This requires a

consequent continuation of the long term compogtisteand the necessary
investigations.

Under marketing points of view it is necessary tordgular market observations.

That is the only possibility to determine, whetlamd how the suggested marketing
tasks are used and the aimed purposes are reached.
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Sustainable use of compost in agriculture

Research results of a long term study in the Federal Republic of Germany (1)

1. Savings potential of fertilization

Armount of biowaste compost or garden compost of

- annually 7t OhWha or 12t GWha
-every 3ysars 20 t DMha or 30 t GMha
O - dry rmatter GM - green mather

results in the following annual savings potential:

- Application of 2.5 - 3.5 t DMW/ha of organic matter:
conservation and promation of humus content of soil

= Supply of nutrients and lime:
Nitrogen M a0 — 130  kglha
Phosphorus PO, 30— 70 ko'ha
Potassium KO 70 —110  ko/ha
Lime Cal 30-40 dtha

= Average balance of nutrient intake/remowval (cf. Fig. 1):

Usually balanced with nitrogen and ghosghorus, but =ignifi-
cantly positive with potazsium and especially magnesium

Intake=manal in kg

0O Intaks by comgost
B Removai by Farsest

N Pully K0 Mgo

Fig. 1: Example of balance of nutrient intake/removal:
Compost amount- 20 t DEVha every three vears
Crog rotation comigrain: average removal

= Amount controf of nutrients and lime in the fertilizer
balance:

= Phosphorus and potassium fully accountable,
i.e. saving of basic fertilizing
Note: both nutrients conatitute the limsting factor for
the amount of compost applicationd

= MNitrogen at the beginning annually cnly up o <5 %,
in medium-term 5 — 15 % accountabie, i.2.
supplementary ferilization with nitrogen absoiutely
essential despite high M supply with compost,
reduce M-amount accordinghy

= Application of lime stabilizes the soil pH valus,
i.e. additional preservation liming unnecessary

2. Advantages for crop production

= Significant improvement of soil structure, hydro-
logical balance and soil biclogy:

# Increase of soil crumils stalbility:
Compaction protection, increase of soil restlience,
improved traffic folerance and erosion protection
* Bulk density of soil is reduced:
Irpraved aeration and drainage
# Increase of fisld capacity:
Higher moizture reserves during drought
= Muoisture infittration of soil rises:
Improved water absorking capacity and
permeabitity during heavy precipitation
= Improved soil biclogy:
Onerall activation of earth life

= Gradual optimization of all important soil
properties:
Ezpecially of soils with poor structurs {clay) are
activated and become more ufilizabie, erosion of
endangerad areals is reducead (erosion protection),
increased drought resistance of plants

= Increazed stabilization of yield and gradual in-
crease of crop yield level typical for the location:

"
a8 I i ea O

Lo

wichzxd M fetlimior faf K larfanion Al K ferizaiion

[ wtest compans B 5onn Doz @ 1080 O capo]

Fig. 2: Significant results after compost application:
Average annual yields at 4 locations over a
pericd of B, resp. & vears

Result; Significant increase of yields with 5to 10 tha

DM compost application including supplementary

nitrogen fertilization (cf. Fig. 2}

= Economic advantage resulting from reduction of
min. fertilizers, costs and through increasing yields:

Additional contributing margins of annually 30 - 30 €'ha,

at heavy soilz up to 120 €ha achievalie for cash crog

enterprizes, soil quality improvement reduces culfivation
machinery fuel costs

Final report of the GEF project: November 2003
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3. Possible problems (risk evaluation)

# Heavy metals
# Heavy metal content of guaranteed quality compost
fall significantly below the mits of the biowaste direcive
{cf. Fig. 3)
MNote: Alzo control the heavy metals level of the compost

103 Perceriage of Imit (blowasie direclee = 100 %]

O 50 perentle
21 O Asemge

Ed

4

2

a

Fb cd [=4 L Ha Cu &n

Fig. 3: Heavy metal content of composts in % fall below
the mits of the bicwaste directive

« Amount of heavy metals in soil
¥ Total concentration does not increass after application
of compost in the medium-term {10 - 20 years)
Note: Control the level of heavy metals at infervalz
of 10 - 20 years
¥ "Mobile" {= soluble) content remaing unchanged
(P, Cr, Cu) or show reduced levels of concentration
(Cd, Mi, Zn) after apglication of compost
Therefore: sudden increase in the mobility of heavy
meetals in the =soil need not be feared

* Heavy metal concentration in plants
remain unchanged following uze of compost

= Concentration of organic pollutants,
such as polychlorinated biphenylene (PCEB) and dicxins
(PCDDIF), are as & rule within the harmlsas range
Mote: Control the concentration within intervalls

= Mitrogen mineralization of the compost bicmass
always takes place very slowly (cf. Point 1, nitrogen amount
conirol), no rapid increase of nifrate concentration in the soil
was observed, .. groundwater protection is guarantsed
Mote: Control the M-min concentration of the soil regularly
= Abszence of impurities and stones
iz guarantzed with the application of controlled guality

compost, very low levels cbeerved
Mote: request control results of your supplier

# Annihilation of pathogenic agents and germinable

weed seeds iz guaranteed with correct compesting
{hat rotting at min. 55 - 65 "'C)

Mote: Control the temperature log of het retting, and
request results of weed seed testin the compost
material

4. Rules for sustainable use of compost

= Apply compost only when indicated by soil

requirsments, i.e.
* too low level of nuirients (fertilization required)
# too low level of humus content, negative humus
kalance (organic substances reguired)
* unfavorable soil condition (poor structure, foo
high compresszion, foo low field capacity, low
evel of microbiological activity)

* erosion protection

# Use only high-quality compaosts which guarantes

high concentration of valuable substances, low
amount of poliutants, optimized sanitation

» Mo usage of compost on soils with increased

heavy metal load!

» Observe the concentration of phosphorus and

potassium as the limiting factor for usage

* Smaller annual amounts of 6 — 8 t DM/ha are

more beneficial than large amounts for several
years

= Suitable crops for the crop rotation:

Cam, root crops, vegetables and grain

= Observe suitable period of time for application:

Early spring prior to cultivation, preferably on frozen
ground fo avoid soil compaction

= Motes on application

* Fertilization as a priority
Incorporate nutribous composts with grain size up
o 20 mim superficially only

* Optimization of soil quality as a pricrity
Mulch with comgostz with grain size up to 40 mm,
do not incorporate!

Detailed information:  Dr. R. Kluge, LUFA Augustenberg,
Nesslerstr. 23, D-76227 Karlsruhe, Tel. +49-(0)721-9468-170
e-mail: rainer.kluge@lufa.bwl.de Fax +49-(0)721-9468-112



