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Summary 
Neighbouring countries Estonia and Latvia have favourable conditions for animal husbandry and 

farmers on both countries are interested about using best possible ways to handle manure. 

These benefit also both for farm economy and fulfils legislative require ment. Also, this ensures 

least ecological load too.  

First chapter compares differences and similarities on both countries legislation about manure 

handling. This knowledge is important for analysing manure handling costs and for planning of 

activities or i nvestments. Especially, when these activities are performed on both countries by 

some enterprise. These aspects are also important to consider on legislation analysis or 

improvement planning, whether by scientists or public authorities. Estonia and Latvia have 

similarly favourable conditions for animal husbandry and this gives opportunity to compare 

ecological effect of different requirements. Biggest difference is on P amounts: in Estonia P is 

limited to 25 kg  ha
-1

, in Latvia such limitation is not present . Therefore is possible to study 

agriculture -based P cycle in environment.  

The choice of manure handling technology is highly dependent on manure properties. On 

second chapter different manure types are considered. Element prices are calculated to 

allogeneic manure types. Both economically and ecologically efficient manure handling means 

delivery of nutrients to plants precisely when needed on amounts necessary. Highly valuable 

nitrogen is easily volatile as ammonia. This phenomenon is depending heavily on spreading 

technology, weather conditions etc. Known results about nutrient losses are presented.  

Third chapter explains different solid, liquid and semi -liquid spreading technologies more 

detailed. Machinery prices, pros and cons are considered. Compared a re spreading costs on 

different size farms on various technology choices. Results show clearly, that bigger spread 

amounts result smaller costs per manure unit. Special transport trailers also reduce transport 

costs. Service contract is often useful for sm aller farms and own work may be more expensive. 

Bigger farms offer workload big enough for reasonable payback time and therefore equipment 

resource will be better exploited. Ammonia emission impact on spreading costs is also 

presented. Trailed hose may lea d to high emissions, when weather conditions are favourable to 

emission and incorporation is done hours after spreading. Emissions from injection or 

incorporation spreading are less weather -dependant and therefore results better economic and 

ecological out put. Less emission also means less smell. 

Fourth chapter overviews present situation on farms now. 60% of manure spread by inquired 

farms is handled either with injection or incorporation technology. Trailing hose portion was 

35% and only 5% broadcasted. 55% of manure was contracted spread and 45% spread by own 

machinery.  

New technologies on manure handling are explained in chapter 5. Acidification is already used 

on 15% of Danish liquid manure and on some Estonian farms is this technology in use. Interest 

against this solution is high and on 2016 new three -year project started on this topic, involving 

countries around Baltic Sea. There are available devices to assess nutrient content of manure 

during spreading. This makes available precise farming activiti es, which make possible better 

nutrient usage efficiency: plants can be fertilized exact amount in precise time according to 

needs. This helps to reduce leaching too. Separation of semi -liquid manure improves logistics, 

allowing easier transport for solid and liquid fractions. Proper composting improves solid 

manure quality and extinguishes pathogens. Promising is technology to use the heat from 

manure to warm houses or heat water, since both Estonia and Latvia have cold winters.  



Chapter 6 is presented recommendations for handling different manure types both 

economically and ecologically reasonable. There are also some suggestions about changes in 

legislation and support schemes. 



 

Introduction  
 

Livestock manure is the main source of ammonia  nitrogen emissions in the Baltic Sea Region 

(BSR), which through atmospheric deposition results in airborne eutrophication and accounts 

for a major portion of the nitrogen entering the Baltic Sea. Ammonia emissions not only 

threaten the status of the Baltic Sea, but also directly threaten human health through the 

formation of secondary particulate matter, which is among the pollutants with the highest 

estimated impact on human health. Including the fact that ammonia emissions from livestock 

manure also represents the direc t economic loss of a valuable agricultural resource. The 

revised HELCOM Baltic Sea Action Plan (HELCOM Report, 2013) set targets for reducing 118,000 

tonnes of nitrogen entering the Baltic Sea, divided among all BSR countries.  

Ammonia loss from livestock manure occurs in livestock housing, manure storages and from the 

field during manure application. Livestock managing apply various Best Available Techniques 

(BATs) to reduce emissions, such as air purification systems, covers on slurry storages, and 

injecti on of liquid manure when spreading etcé. 

The overall aim of this project is to identify innovative and economically viable technologies 
for handling and processing of manure in an environmentally friendly and user -friendly way on 
livestock farms in the Est onia and Latvia. Bottlenecks and barriers to implementing appropriate 
available technologies are also examined.  
This report presents an overview of manure handling techniques currently being used in 
practice on animal production farms in Estonia and Latvia . 
 
By using analyses of market and national legislation, the project experts  will formulate policy 

recommendations for integration of the technology in existing legislation and agricultural 

support schemes. 

Expected impacts to the BSR include reduced airbo rne and runoff caused eutrophication and a 

more competitive and sustainable farming sector.  

 

 



 

1 Estonian and Latvian legislation on manure   
 

Estonia 

According to Estonian Water Act (Water Act, 2016) every arable hectare may be fertilised 

yearly with:  

1. up to 170 kg nitrogen, including manure left by pastured animals;  
2. up to 25 kg phosphorus, including manure left by pastured animals. Yearly amount can 

be adjusted so, that on 5 -year period average does not exceed 25 kg per ha. 
 

Time for manure spreading  

Liquid manure cannot be spread from 1
st
 of December until 20

th
 of March or any 

other time, when the soil is frozen, covered with snow, periodically flooded or 

saturated with water  

Today in act  

Liquid manure cannot be spread from 15 th  of November until 20 th  of March 

or any other time, when the soil is frozen, covered with snow, periodically 

flooded or saturated with water.  

Environmental Board can vary spreading brake time start date according 

to weather and growing conditions from 1 st  of November.  

From 

1.1 .2018 

onwards  

Liquid manure cannot be spread from 1 st  of November until 20 th  of March 

or any other time, when the soil is frozen, covered with snow, periodically 

flooded or saturated with water.  

Environmental Board can vary spreading brake time start date according 

to weather and growing conditions from 15 th   of October.  

From 

1.12.2018 

onwards  

Solid and deep litter manure or any other organic fertilizers cannot spread 

from 1
st
 of December until 2 0

th
 of March or any other time, when soil is frozen, 

covered with snow, periodically flooded or saturated with water.  

Today in act  

 

Manure should not be spread on areas, where slope exceeds 10 degrees. Areas, where slope is 

5ð10 degrees, spreading is forbidden between 1
st
 of October until 20

th
 of March. 

There is exception possible to fertilize slopes over 10%, when next requirements apply (Ministry 

of the Environment Ordinance nr 11 òMaapinna kalde mªªramise alused ning erandid kaldega 

alade vªetamiseló): 

1. >10 % slopes constitute less, than 1/3 of field area;  

2. >10 % slopes are narrower, than 100 m; 

3. Slope area nearest margin must be at least 50 m from doline edge, located downslope;  

4. Slope area nearest margin is not bordering water body protecting boundary;  

5. Slope area nearest margin is at least 50 m away from open ditch, located downslope;  

6. Water collection area upslope located sloped area not bordering protection zone;  

7. Slope margin is not bordering service zone of downslope well;  

8. Slope area nearest margin must be at least 100 m away from yard, marked on Main Map 

Layout. 

 

Manure incorportaion on bare soil  

The manure spread on bare soil must be incorporated to soil as soon as Today in act 



possible, but not later than in 48 hours.  

The manure spread on bare soil must be incorporated to soil as soon as 

possible, but not later than in 24 hours after the finishing of manure spreading.  

From 

1.1.2021 

onwards 

Liquid manuere broadcast spreading is forbidden from 20
th 

 of September until 

20
th

 of March or any other time, when the soil is frozen, covered with snow, 

periodically flooded or saturated with water  

Today in act 

 

 

Manure spreading on fields with plant coverage  

Fields with plant coverage can receive manure during November only, if the 

manure is incorporated to the soil within 48  h. 

Today in act 

Solid and deep litter manure can be spread to the fields with overwintering 

plant coverage until 15.October.  
From 

1.1.2021 

onwards 

 

Manure storage depending  on  number of animal  

Animal housing for more than 10 ani mal units (AU) must have suitable manure 

storage facilities according to manure properties  

Today in act 

Animal housing for more than 5 animal units (AU) must have suitable manure 

storage facilities according to manure properties  

From 

1.1.2023 

onwards 

 

 

Manure storage facilities must accommodate > 8 months manure and, if applicable, also waste 

water. Pasturing time manure left directly to fields can be deflated from cubage. When 

manure storage is subcontracted to other enterprise, animal housing must have  leak-proof 

storage facility for one month quantity.  

 

All holding facilities and housing using deep litter technology must be leak -proof and durable to 

withstand manure handling machinery.  

 

 

Temporary storing of solid manure depending on number of animals  

>10 AU animal sheds must have leak-proof area for solid or deep litter manure 

temporary storage before spreading or heaping, protected from rainwater  

Today in act 

>5 AU animal sheds must have leak-proof area for solid or deep litter manure 

temporary stor age before spreading or heaping, protected from rainwater  
From 

1.1.2023 

onwards 

 

Heaping conditions or requirements:  

¶ heaping on arable land is forbidden from 1
st
 of December until 31

h
 of January;  

¶ heap must be on flat area;  

¶ distance to water body, well or karst hole must exceed 50 m; 

¶ heap cannot be made above drainage pipes, uncovered groundwater, over -moist or 

flooding area.  

 



On arable land is allowed to heap solid manure for two months before application (>=20% dry 

matter (DM) by amount) in amount used on  one growing season. Deep litter manure (DM >=25% 

by amount) intended for use for one growing season can be heaped for period up to 8 months, 

if Environmental Board is informed 14 days before heaping.  

 

The manure piles have to be covered with waterproof ma terial or at least 20  cm thick layer of 

straw, soil, sawdust or wooden chips. If the manure is stored for longer than two weeks, then 

the storage base should be covered with waterproof material or at least 20  cm thick layer of 

absorbing material like peat or straw. These requirements do not apply for deep litter manure.  

It is not allowed to locate the manure pile on same place for two following years.  

 

A farm, what keeps over 300 animal units and has slurry system, or enterprise, what spreads 

slurry by contract in amount corresponding to 300 animal units, have to compose a slurry 

spreading plan before slurry spreading. The plan should contain information on the amount of 

spread slurry, area for distribution, the spreading method, and the protection level  of 

groundwater, the open surface water bodies and water catchments. Protection level 

characterizes how fast water infiltrates to groundwater layer from surface. Open surface water 

bodies are ditches, riv ers, lakes etc. These are open.  Water catchments are  drainage systems 

and also doline. These lay beneath ground.  

The slurry application plan should be approved before application by Environmental Board. The 

plan is approved for three years. If the slurry amount increases, then the animal owner asks for 

improvement of existing plan or declares the new application plan. The animal owner has to 

preserve the slurry application plan for one year after slurry application.  

 

 

Latvia 

According to the Cabinet Regulations No.834 (23.12.2014) ăNoteikumi par ɏdens un augsnes 

aizsardzȯbu no lauksaimnieciskȗs darbȯbas izraisȯta piesȗrȾojuma ar nitrȗtiemó (Regulations for 

water resources protection from nitrate pollution of agricultural production) every hectare of 

arable area may be fertilised with manure or digestate yearl y with up to 170 kg of nitrogen, 

including organic manure.  

Any fertilizers are not allowed to be spread, when soil is frozen, covered with snow, 

periodically flooded or saturated with water. In the nitrate vulnerable zones (NVZ) manure is 

not allowed to be  spread from October 20 to March 15, but on grassland from November 5 to 

March 15. 

Nitrogen mineral fertilizer for winter crops are not allowed to be spread from October 5 to 

March 15, but for others and grassland from September 15 to March 15. The maximum  dosage 

of mineral fertilisers is limited according to yield and crop variety to be spread (for example 

winter wheat 7 t  ha
-1

 ð 220 kg N ha
-1

).  

Solid manure spread on bare soil has to be incorporated into soil as soon as possible, within 24 

hours, liquid m anure within 12 hours. Liquid manure, digestate and slurry can be left on the 

field without incorporation if used as additional manure in growing crop.  

Liquid manure, slurry and digestate should in autumn be spread and incorporated on ground 

covered with p lant residues.  

Limitations of spreading manure on slopes:  

¶ it is allowed to spread manure with immediate incorporation in NVZ if inclination is 

between 5 and 7
0
 and the length of slope directed to water source is more than 100 m;  



¶ soil should be cultivated a thwart slope and it is allowed to spread manure with 

immediate incorporation in NVZ or when soil is crop covered if inclination is between 7 

and 10
0
 and the length of slope directed to water source is more than 100 m;  

¶ it is restricted to spread manure on b are fallow if inclination is more than 7
0
;  

¶ it is restricted to spread manure on any field if inclination is more than 10
0
;  

¶ if the length of slope is more than 20 m and inclination more than 10
0
 it is 

recommended to keep a vegetation or stubble on.  

According to the Cabinet Regulations No.829 (23.12.2014) "Ȯpaģȗs prasȯbas piesȗrȾojoģo darbȯbu 

veikģanai dzȯvnieku novietnȝsò (Special requirements for polluting activities in animal houses) 

requires:  

Animal houses with more than 10 animal units (AU) are r equired to have suitable manure 

storage facilities according to animal type, production level and housing type. The same 

applies to the animal houses with more than 5 AU in NVZ.  

Manure storage facilities are required to have capacity for storing manure (ra in and snow 

water) for at least 8 months. Pasturing time manure left directly on fields (if applicable) is 

allowed to be deflated from total capacity. It is allowed to subcontract the exceeding amount 

to another enterprise.  

Liquid manure and slurry storage s should either have constructed cover or floating cover for all 

the storage period.  

All storage facilities and deep litter technology housings are required to be leak -proof and 

durable to withstand manure handling machinery.  

It is exceptionally allowed to  store solid manure (with DM not lower than 30%) outside the 

storage no longer than 5 months in a period between May 1 and September 30 or when new 

storage is built or existing one reconstructed. This storage exception is required to be approved 

by State Environmental Service. There are some general requirements for this type of storage:  

¶ it has to be made on a field which area is not smaller than to be fertilised the amount 

of storage in one year;  

¶ it has to be made on flat area (slope not more than 5 degrees); 

¶ the distance to open water body or drinking water well is required to exceed 50 m;  

¶ the distance to drainage dich or drainage well is required to exceed 30 m;  

¶ it has to be protected against leaching.  

More details about more specific requirements a re available through www.likumi.lv.  

 

 



 

Table 1.1. Comparison of manure handling requirements in Estonia and Latvia.  

Keyword Estonia Latvia 

N amount 
limitations  

Up to 170 kg ha
-1

 including pasturing manure N per 
year. 

The amount of N produced in farm (from manure or digestate) should 
not exceed 170 kg ha

-1
 of arable land per year.  

 

P amount 
limitations  

Up to 25 kg ha
-1

 including pasturing manure P.  
Amount can be adjusted as 5 year average on tilled 
area. 

No limitations.  

Spreading time Forbidden between 1.12 -20.03 and when: 

¶ soil is frozen;  

¶ snow on fields;  

¶ fields are flooded;  

¶ soil is saturated with water.  
From 1.1.2023 onward: forbidden between 1.11 -
20.03. 

Forbidden on arable land in Nitrate Vulnerable Zone (NVZ) between 
20.10 and 15.03, on pastures between 5.11 and 15.03.  
Forbidden on frozen, water saturated or snow covered soil.  
Allowed on flood plains after floods.  
Forbidden when: 

¶ soil is frozen;  

¶ snow on fields;  

¶ fields are flooded;  

¶ soil is saturated with water.  
 
No spreading time limitations outside NVZ.  

Water 
protection zones  

1) Baltic Sea, Peipus, Lªmmi and Pihkva lake4s ð 20 
m; 
2) Other lakes, water reservoirs, springs, flumes, 
main ditches and ditches in water collection areas 
>10 km-2 ð 10 m 
3) ditch es in water collection areas <10 km -2 ð 1 m 

Forbidden in water protection zones (10  m from shore line) and specially 
protected zones according to legislation.  
 

Usage of plant 
nutrients  

Amount added mineral fertilizer cannot be more, 
than necessary to maintain nutrient balance 
according to soil type, planned yield, crop rotation 
etc. Over 100 kg ha

-1 
amounts must be divided.  

Allowed in NVZ at specific doses for each particular crop according to 
yield level (for example winter wheat 7  t  ha

-1
 ð 220 kg N ha

-1
). See also 

tables 1.2 and 1.3.  
 

Incorporation on 
bare soil 

As soon as possible (ASAP), within 48 h 
From 1.1.2021 oward: ASAP, within 24 h. 

Solid manure and compost within 24 h, slurry ð 12 h.  

Inclinations  Forbidden on slopes with inclination >10 degree. 
Forbidden between 1.10 -20.03 on inclinations 
between 5-10 degrees. 

It is allowed to spread manure with immediate incorporation in NVZ if 
inclination is between 5 and 7 degrees and the length of slope directed 
to water source is more than 100  m. 



Fertilizer spreading is allowed on slopes >10 % as 
exception only on areas, where are fulfilled 
requirements of Ordinance nr 11 from Ministry of the 
Environment.  

Soil should be cultivated athwart slope and it is allowed to spread 
manure with immediate incor poration or when soil is covered by crops 
in NVZ if inclination is between 7 and 10 degrees and the length of slope 
directed to water source is more than 100  m. 
It is not permitted to spread manure on bare fallow if inclination is more 
than 7 degrees. 
It i s not permitted to spread manure on any field if inclination is more 
than 10 degrees

 
and the length of slope directed to water source is more 

than 100 m. 
If the length of slope is more than 20  m and inclination is more than 10 
degrees it is recommended to keep a vegetation or stubble on.  

Fields covered 
with plants  

Between 1.11-30.11 only, when manure will be 
incorporated to soil within 48  h. 

It is allowed to spread slurry and digestate without incorporation if it is 
intended as additional fertilisation of growing plants.  

Wintering plants  Solid manure can be spread only until 15.10.  
From 1.1.2021 onward: Liquid manure must be after 
20.09 injectspread.  

It is allowed to spread manure (solid and liquid) and digestate  up to 
20.10 only if there are plant residues (straw, grassland roots, stubble) 
on field. This fertiliser has to be incorporated as follows: solid manure 
and compost within 24 hours, slurry ð 12 hours. 

Storage 
availability  

Animal housing >10 AU houses must have proper 
storage according to manure type.  
From 1.1.2023 onward: >5 AU houses must have 
proper storage according to manure type.  

Animal housing with >10 AU or > 5 AU in NVZ ð should store manure in 
proper storages made of concrete, plastic or metal, securing there is no 
runoff possibilities. For solid manure slurry should be kept in separate 
closed tanks. Use of deep litter technology as manure storage is 
permitted.  

Storage capacity Must hold 8 month manure (and waste water if 
applicable). Pasturi ng manure amounts may be 
subtracted from the storage amounts.  

Animal housing with >10 AU or > 5 AU in NVZ should have manure 
storages with capacity to store manure produced during 8 months.  
Slurry from solid manure storages should be stored in separate closed  
containers ensuring storage capacity of 8 months.  

Subcontracted 
cubage 

If manure is stored in rented storage, housing must 
be equipped with a leakage -proof buffer storage, 
holding at least 1 month amount.  

No limitations, but there should be the agreement  which should include 
the amount of contracted manure.  

Leaks and safety Storage facilities must be leak -proof and safe to use.  Animal houses with >10 AU or > 5 AU in NVZ should have storages with 
base and walls that are leak -proof and can handle machinery . 

Solid manure 
short storage 
exception 

<10 AU house solid manure can be stored temporary 
(before transport to long -term storage area or 
spreading) on leak-proof base, protected from rain.  
From 1.1.2023 onward: <5 AU house solid manure can 
be stored temporary (before transport to long -term 

Deep litter manure with dry matter (DM) of 45  % is allowed to be stored 
outside not longer than 24 months.  
All other solid manure may exceptionally be stored on field not longer 
than 5 months and in the case of reconstruction or repair of storage.  



storage area or spreading) on leak-proof base, 
protected from rain.  

Solid manure 
field storage  

Solid manure >20 % dry matter content can be stored 
on field in pile up to 2 months. It m ust be used 
within the growing season.  
Solid manure >25 % dry matter content can be stored 
on field in piles up to 8 months. It must be used 
within growing season. Environmental Board must be 
informed 14 days before piling.  
 
The manure pile have to be cove red with waterproof 
material or at least 20  cm thick layer of straw, soil, 

sawdust or wooden chps. If the manure is stored 
longer than two weeks, then the storage base should 
be covered with waterproof material or at least 
20 cm thick layer of absorbing ma terial like peat or 
straw. This is not required by for deep litter manure.  

Field storage is allowed only if there is permission of State 
Environmental Service (SES). 
DM of manure should be over 30 % and manure should be pileable, 
ensuring there is no slurr y runoff.  
The amount of manure stored on field should not exceed the amount 
which is required to fertilise the field for one year.  
To protect the storage from runoff the base of storage should be made 
of waterproof material or 30  cm layer of absorbents like sawdust, 
chopped straw or peat. The absorbent base should be 2  m wider than 
storage itself. In order to protect the storage from rain and snow also 
eliminating runoff and evaporation, storage should be covered with 
20 cm of absorbent or waterproof mat erial.  

Field storage 
close time 

Solid  manure field storage is forbidden between 
1.12-31.01 

No restrictions if there is permit issued by SES. If there is no permission, 
on-field storage is forbidden between 30.09 and 1.5.  

Pile location  Solid manure field  storage must be located on flat 
area. Distance to water body or well must be >50  m. 
Pile cannot lay above drainage, flooded or uncovered 
ground water area.  
It is not allowed to locate the manure pile on same 
place for two following years.  

Field storage of  solid manure should be made on flat surface (not more 
than 5 degree of inclination) at least 50  m from open water sources or 
drinking water wells and at least 30  m from open drainage dich or any 
element of drainage systems.  
Storage on the same place is allowed not earlier than after 3 years.  

Solid manure 
storage 
exception 

 Animal houses where animals are kept on deep litter and animal houses 
for beef cattle, sheep or wild animals, where animals are kept for 
production purposes outside buildings in fenced area throughout the 
year are not required to have any additional manure storages.  

Solid manure 
operation 
documentation  

A farm, what keeps over 300 animal units and has 

slurry system, or enterprise, what spreads slurry by 

contract in amount corresponding to 300 animal 

units, have to compose a slurry spreading plan before 

slurry spreading. The plan should contain information  

on the amount of spread slurry, area for distribution, 

the spreading method, and the protection level of 

There should be documentation of manure management on farm, 
registering the amounts produced and used as well as dates of 
spreading. 



groundwater, the open surface water bodies and 

water catchments.  

The slurry application plan should be approved 

before application by Environmental ag ency. This is 

approved for three years. If the slurry amount 

increases, then the animal owner asks for 

improvement of existing plan or declares the new 

application plan. The animal owner have to preserve 

the slurry application plan one year after slurry 

application.  

 

 

Max allowed amount of N annually depending on crop type and yield level in Latvia  

 

Table 1.2. Crop types/yiel ds and kg ha
-1

 N in Latvia. Balance calculation is based on total nitrogen content  

Crop 
Crop yield, t  ha

-1
 

< 3 3 ð 5 5 ð 7 > 7 

Winter wheat  80 120 150 220 

Rye 65 95 130 160 

Winter barley  75 105 140 185 

Winter triticale  75 105 140 200 

Spring wheat 80 125 160 200 

Spring barley 65 100 135 170 

Oats 60 90 120 - 

 

 

Table 1.3. Other crops/ yield and kg ha
-1

 N 

Crop, type of production  Yield, t ha
-1

 Max allowed amount of N, kg ha
-1

 

Winter rape (seeds) 

< 2.0 90 

2.0 ð 4.0 150 

4.0 ð 5.0 190 

>5.0 230 



Spring rape (seeds) 

< 2.0 90 

2.0 ð 3.0 120 

3.0 ð 4.0 160 

> 4.0 200 

Maize (ensiling crop) 

< 40 110 

40 ð 60 160 

> 60 200 

Potatoes 

< 30 90 

30 ð 40 140 

> 40 180 

Fodder beets, sugar beets 

< 40 90 

40 ð 60 150 

> 60 190 

Cultivated grassland, pastures (hay) 

< 4.0 80 

4.0 ð 8.0 120 

> 8.0 170 

Pasture (green crop) 

< 20 100 

20 ð 30 155 

> 30 240 

Cabbage <45 135 

45 ð 70  210 

>70 240 

Carrots <30 80 

30 ð 50 130 

>50 130 

Onions <25 95 

25 ð 45 170 

>45 200 

Beets <40 110 

40 ð 60 170 



>60 200 

Cauliflowers <20 110 

20 ð 40 200 

>40 240 

Cucumbers <25 100 

25 ð 40 160 

>40 200 

Summer squashes, pumpkins <30 90 

30 ð 60 185 

>60 215 

Oil flax   80 

Fibre flax   40 

Peas, beans, other legumes  40 

Fruit trees, berry bushes   130 

Strawberries  120 

Grassland with more than 50% of clover/legumes   50 

 

NB: 

If there is organic matter exceeds 30  % in topsoil of 30 cm, coefficient of 0.7 should be used!  

 

 



 

2 Manure Types and their Content of Nutrients  
 

The Regulation no 71 from Estonian Minister of Agriculture ( P»llumajandusministri mªªrus nr 

71, 2014) establishes manure classification by content of dry matter (DM):  

1. liquid manure or slurry:  DM  < 8%; 

2. semi-liquid manure:   DM  8.0ð19.9%; 

3. solid manure:    DM 20.0ð24.9%; 

4. deep litter manure:   DM >=25%. 

 

In Latvia is manure classified by DM: 

1. slurry:     DM <3%; 

2. liquid manure:    DM 3ð8%; 

3. semi-liquid manure:   DM 8ð15%; 

4. solid manure:    DM >15%. 

 

Organic fertilisers can be divided as result after pre -storage and storage processes: 

1) liquid manure;  

2) digestate ð it may be separated to liquid and solid fractions;  

3) semi-liquid manure;  

4) solid manure;  

5) seepage, draining from solid manure;  

6) deep litter manure;  

7) composted manure. 

 

Manure properties are depend on the animal type produ cing the manure: cattle, pig, poultry 

etc. manure ð e.g. pig slurry sediments faster than cattle slurry and therefore it has to be 

mixed during transportation. Post -storage handling of the manure depends on DM content ð can 

it be pumped (DM until 12%) or shovelled (DM over 12%), and that defines the suitable handling 

technology.  

 

The overview about nutrient contents of manure produced in Estonia is given in table 2.2. To 

compare the monetary values of different types of the manure are calculated values by the 

nutrient content and price Table 2.1. The nutrient prices are calculated by mineral fertiliser 

prices (Silva-Agro O¦ (http://www.silvaagro.ee/vaetised) [15.02.2016]). WIGOR S price has 

taken from Baltic Agro pricelist [14.04.2016]. The prices are without VAT.  

 

Table 2.1. The mineral fertilisers used to calculate nutrient elemen t prices.  

Element Fertiliser  Fertiliser 

price,  

û t
-1 

Element 

content, % 

Element price 

calculation  

Element 

price, û kg
-1

 

N 
Ammonium 

nitrate  
268 34.5 268 : 34.5 : 10 =  0.78 

K 
Potassium 

Chloride 
340 61x0.83=50.6 340 : 50.6 : 10 =  0.67 

S WIGOR S 90 355 90 301 : 90 : 10 =  0.39 

P 
NPK15-15-

15+11S 
338 15x0.44=6.6 

(338-(0.78x10x15)- 

(0.67x10x15x0.83)- 

(0.39x10x11)) : (6.6x10)= 

1.43 



 

The sum of products of element content and prices are been calculated to find manure price. 

For example cattle slurry price by NPK is (2.8ķ0.78)+(0.5ķ1.43)+(2.2ķ0.67)=4.37 û t
-1

.  

 

Table 2.2. Manure dry matter, NPK, ammonium nitrogen (NH 4
+
) contents and monetary value 

for manure samples analysed by Estonian Agricultural Research Centre. Manure samples are 

collected from Estonian fa rms in 2009ð2015. Calculations are made according to total nutrient 

content  

Manure type 
Number of 

samples 
DM 
% 

N 
kg t

-1
 

NH4
+
 

kg t
-1

 
P 

kg t
-1

 
K 

kg t
-1

 
Monetary 
value, û t

-1
 

Cattle liquid manure  252 5.9 2.8 1.3 0.5 2.2 4.37 

Cattle semi -liquid manure  482 14.8 4.2 1.0 0.9 3.1 6.63 

Cattle solid manure  140 21.9 5.4 0.7 1.2 4.1 8.67 

Cattle deep litter manure  76 30.2 5.9 0.5 1.4 4.8 9.81 

Pig liquid manure 146 4.0 3.8 2.6 0.8 1.6 5.17 

Pig semi-liquid manure  37 13.4 6.8 3.2 2.3 2.5 10.25 

Pig solid manure 8 22.5 7.6 1.8 3.4 4.6 13.86 

Pig deep litter manure  13 28.9 7.7 2.0 2.8 4.8 13.21 

Hen liquid manure  2 5.4 4.5 2.3 1.5 1.8 6.85 

Hen semi-liquid manure  4 13.0 9.0 4.1 3.3 4.6 14.80 

Hen solid manure 2 23.5 10.2 4.9 1.9 2.6 12.39 

Hen deep litter manure  36 44.3 21.4 5.5 7.4 9.8 33.80 

Sheep solid manure 6 21.6 6.8 0.3 1.5 6.3 11.66 

Sheep deep litter manure  11 38.4 8.2 0.7 1.8 8.7 14.79 

 

The overview about the dry matter and plant nutrient content in manure produced in Latvia is 

given in table 2.3. (Lauku kultɏraugu mȝsloģanas normatȯvi / Sast. A. KȗrkliȾģ un A. Ruĥa. 

Jelgava: LLU, 2013. ð 55 lpp.)  

 

Table 2.3. Manure dry matter, NPK contents and monetary value in Latvia  

Manure type 
DM 
% 

N 
kg t

-1
 

P 
kg t

-1
 

K 
kg t

-1
 

Monetary 
value, û t

-1
 

Cattle liquid manure  10 4.1 0.6 2.3 5.59 

Cattle solid manure  20 5.4 1.1 3.3 7.99 

Pig liquid manure 8 3.4 1.0 1.3 4.95 

Sheep deep litter manure  25 5.4 1.6 5.8 10.38 

Chicken manure (broilers)  55 27.6 5.3 11.5 36.75 

 

The comparisons of annual average nutrients content in slurry samples analysed by Estonian 

Agricultural Research Centre have shown on figures 2.1 and 2.2. Manure samples were 

collected from Estonian farms in 2009 ð2015. We can see on most charts that average nutrient 

content in manure in 2010 was relatively low and 2012 or 2013 high. It can be assumed that it 

can relate to economic situation in Estonian farm. In 2009 Estonian farms were in financially 

poor situation. 2011 was good year for farmers because of  high cereal yields and high cereal 

prices on world market. Thus, if farmers have enough resources to buy additional nutrients for 

animals and for fodder plants production, then it is reflects also nutrients content in manure. Is 

this hypothesis true or no t, it needs further study.  
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Figure 2.1. The average nutrients content in pig slurry (DM < 8%) samples analysed by Estonian 

Agricultural Research Centre 
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Figure 2.2. The average nutrients content in cattle slurry (DM < 8%) samples analysed by  

Estonian Agricultural Research Centre 



 

Ammonia emissions from manure  

 

On certain conditions ammonium from manure evaporates as ammonia. This leads to air -

inducted euthrophication  and reduces manure fertilizing value. Ammonia emissions depending 

on application technology are shown on Figures 2.3, 2.4 and 2.5. Main factors affecting 

ammonia evaporation during spreading is shown table 2.4.  

 
Figure 2.3. Summary of ammonia loss (the percentage of total ammonia nitrogen applied) from 

field applied manure, using range of application methods. [Bandspread=trailing hose ja trailing 

shoe] (ALFAM report, 2001). 

 



0

5

10

15

20

25

30

35

40

45

50

55

Surface Chisel Disk Moldbd

Tillage method

A
m

m
o
n
ia

 e
m

is
s
io

n
s
, 
%

 o
f 
a
p
p
lie

d

8-12

2-8

0.3-3

30-52

 
Figure 2.4. Ammonia emission (% of applied amount) by different tillage method s. The slurry 

was incorporated immediately after spreading. The measurements were done during 5 days. 

(Thompson & Meisinger, 2002). 

 

 

Figure 2.5. Ammonia loss form slurry indicated in % of applied ammonium N. The column 

represent an average of two experiments with four measurements per treatment. The figures 

represent the loss of ammonia compared to the loss from the reference drag hose spreading) . 

(http://www.samson -agro.com/media/1814/sd_uk_20151102_hoej.pdf , 2015).  

 



Table 2.4. Factors influencing  the emission levels of ammonia into air from spreading (Best 

Available Techniques, 2015) 

Factor Characteristic  
 

Influence 

Soil pH Low pH gives lower emissions 

Cation exchange capacity of 

soil (CEC) 

High CEC leads to lower 

emissions 

Moisture level of soil and 

porosity 

Ambiguous 

Climate factor  Temperature Higher temperature gives 

higher emissions 

Precipitation  Causes dilution and better 

infiltration and therefore 

lower emissions to air, but 

increased emissions to soil 

Wind speed Higher speed means higher 

emissions 

Management Application method  Low emission techniques 

 Slurry DM content The ammonia emission tend 

to be higher by slurry with 

higher DM content. Because 

slurry with more liquid 

infiltrates faster into the soil.  

 Slurry pH If the slurry  pH is under 5 

then the ammonia emission is 

near zero. The higher the pH 

the more non-emitting 

ammonium (NH4
+
) is turned to 

emitting ammonia (NH 3).  

 Slurry NH4-N content  The higher is the ammonium 

continent in the slurry the 

higher is the danger for 

ammonia emissions.  

 Time of application  Warm, dry, sunny and windy 

weather should be avoided  

 Dose of application Excessively high doses 

increase infiltration periods  

Crop conditions Crop height Limited ammonia losses when 

slurry is spread on crops 

compared to bare land.  

 

The average nitrogen loss due to ammonia emission depending on spreading technology is given 

in table 2.5 (ALFAM raport, 2001 ja Huijsmans 2003). The influence of temperature and 

moisture on the ammonium -N loss from manure is given in table 2.6 (AGRI-FACTS, 2008). 

 

 

 

 

 

 

 



Table 2.5. Average ammonium-N loss by different spreading technologies  

Spreading technologies Ammonium-N loss, 
% 

Liquid manure  

Broadcast spreading (no incorporation)  70 

Broadcast spreading, incorporation during 12 h 55 

Trailing hose spreading (no incorporation)  24 

Trailing hose spreading, incorporation during 12 h  10 

Trailing hose spreading (height of plants 10 ð30 cm) 20 

Trailing shoe spreading (height of plants >8 cm)  18 

Open-slot injection (grassland)  10 

Incorporation spreading 5 

Closed-slot injection (grassland)  1 

Closed-slot injection (arable land)  1 

Solid manure  

Broadcast spreading, incorporation immediately  15 

Broadcast spreading, incorporation after 4 hours  30 

Broadcast spreading, incorporation  after 24 hours  50 

Broadcast spreading, no incorporation  60 

 

Table 2.6. Estimated loss (%) of the ammonium-N due to weather and soil condition  

Time between spreading 

and incorporation  
Average Cool (< 10 ÁC) Warm (>25 ÁC) 

  Wet Dry Wet Dry 

1 day 25 10 15 25 50 

2 days 30 13 19 31 57 

3 days 35 15 22 38 65 

4 days 40 17 26 44 73 

5 days 45 20 30 50 80 

Not incorporated  65 40 50 75 95 

 



Researcher Peter Viil from Estonian Crop Research Institute has made trial to identify the 

impact of time between slurry spreading and incorporation on the yields of cereals. In the table 

2.7. is presented results of four replications.  

 

Table 2.7. The impact of time between ca ttle slurry trailed hose spreading and incorporation 

to spring wheat Hewilla yield in 2009.  

Time between spreading and incorporation, h  Yeld t ha
-1

, average of four replications  

0 6.13 

2 5.17 

4 5.04 

6 4.29 

10 3.71 

20 3.49 

30 3.33 

40 3.31 

48 3.31 

 



 

3 Manure Application Technologies, Machines and 
Economy 

 

3.1 Application technologies and equipment for solid manure  
 

 

Solid manure can be handled mainly by two different technological variants: with direct or pre -

haulage. Direct haulage is used if distance between storage is short. It is estimated that it 

usually does not exceed 3 km. However, it depends on local conditions and may be different. 

The technological order by of direct haulage is:  

1) storage; 

2) loading from storage to the spreader;  

3) transport from sto rage to the field with spreader;  

4) spreading to the field.  

 

If the field is located farther from the field and the farmer hasnõt enough manure spreaders, 

then itõs rational to use pre-haulage technology. Itõs troublesome to load the solid manure from 

transporter to the spreader and therefore the manure is disposed to the heap on the field. 

Often the manure is piled to the fields when there is best time for haulage and the application 

is made on another, more suitable moment. Technological order by pre -haulage is: 

1) storage; 

2) loading from storage to the transporter;  

3) transport from storage to the field with transporter;  

4) piling to the field;  

5) storage in the field heap;  

6) loading form heap to the spreader;  

7) spreading to the field.  

 

When the choosing of the technology it should be kept in mind that buffering on the field helps 

to minimize transportation time in the urgent field application period. However on the other 

side the on-field loading (from heap to the loader) costs are saved if direct haulage is used. 

Also the legislative limitation and significant loss of nutrients should be considered if the on -

field piling is used.  

 

Spreaders for solid manure are divided by several characteristics:  

1) coupling - trailed, mounted or semi -trailed spreaders;  

2) spreading direction - rear or side spreading;  

3) feeding system ð conveyor or pushing plate;  

4) spreading systems ð beaters, discs, flails, or rotors;  

5) beaters positions ð vertical, horizontal or longitudinal;  

6) beaters construction ð teeth, auger, paddle or flail;  

7) number of beaters - 1, 2, 3, 4é; 

8) container - box or bin;  

9) trailed spreaders are divided by number of axes 2 - or 3-axes; 

10) semi-trailed spreaders are divided to axes 1 - or tandem-axes. 

 

Generally, the solid manure spreaders are semi -trailed and consist following devices: chassis, 

container, feeding system, spreading system, drive, hydraulic - and electrical devices.  



 

Mostly rear spreading beater spreaders with box are used (Figure 3.1, 3.2, 3.3, 3.4, and 3.5).  

 

Beaters are driven by chain transmission which is equipped with safety c oupling to avoid 

excessive load. The chain transmission is driven by hydraulic engine or PTO.  

 

 
Figure 3.1. Rear spreader with horizontal beaters (Pronar, 2016)  

 

The prices of spreaders with horizontal beaters are between 10  600ς38 000 û (Table 3.1). The 

machine prices used in this report are taken from Estonian machinery catalogue. All prices are 

without VAT.  

 

Table 3.1. The prices of spreaders with horizontal beaters  

Box volume, l  
Number of spreaders 

in catalogue 

Price, û 

average min max 

4 100ð6 000 3 13 500 10 600 12 300 
8 000ð10 500 4 20 600 14 000 27 000 

12 000 2 36 500 35 000 38 000 

 

The prices of spreaders with vertical beaters are between 8  800ς68 000 û (Table 3.2). 

 

Table 3.2. The prices of spreaders with vertical beaters  

Box volume, l  
Number of spreaders 

in catalogue 

Price, û 

average min max 

5 600ð7 900 9 15 100 8 800 27 200 
8 000ð10 300 15 22 000 10 000 38 000 

10 500ð13 000 15 26 800 13 500 41 000 

13 200ð15 900 11 35 800 13 700 54 000 

16 000ð19 000 6 40 300 29 300 58 000 

23 000ð26 000 3 55 800 34 100 68 000 



 

 
Figure 3.2. Rear spreader with 4 vertical beaters (Photo: R. Vettik)  

 

 
Figure 3.3. Rear spreader with 2 vertical beaters and discs (Photo: R. Vettik)  

 



The prices of spreaders with vertical beaters and discs are between 14 500ς75 300 û (table 

3.3).  

 

Table 3.3. The prices of spreaders with vertical beaters and discs  

Box volume, l  
Number of spreaders 

in catalogue 

Price, û 

average min max 

7 500ð9 500 3 21 300 14 500 26 500 
10 000ð12 800 9 28 100 23 700 31 600 

13 000ð15 900 10 33 700 15 700 59 000 

16 500ð19 000 9 34 100 23 100 41 000 

20 000ð22 000 6 40 500 28 000 47 000 

23 000ð24 000 5 53 800 37 600 68 900 

26 000ð35 000 4 54 900 31 600 75 300 

 

 
Figure 3.4. Rear spreader with horizontal beaters and discs (LMR, 2016) 

 

The prices of spreaders with horizontal beaters and discs are between 25  950ς115 000 û (Table 

3.4).  

 

Table 3.4. The prices of spreaders with horizontal beaters and discs  

Box volume, l  
Number of spreaders 

in catalogue 

Price, û 

average min max 

7 000ð10 500 6 28 300 26 000 36 000 
11 000ð13 500 7 33 600 18 000 44 000 

14 000ð17 500 9 51 200 24 600 80 000 

19 000ð22 000 8 62 100 29 100 87 000 

22 500ð28 000 6 73 300 38 700 115 000 

 



 
Figure 3.5. Rear spreader with flail beaters and discs ( HiSpec, 2016a) 

 

Side spreader has a rotator with paddles (Figure 3.6), spearing disc (Figure 3.7) or longitudinal 

beater with flails (Figure 3.8).   

 

 
Figure 3.6. Side spreader with rotator (Kirchner, 2016)  

 



 
Figure 3.7. Side spreader with spreading disc  on side (Photo: R. Vettik)  

 

 
Figure 3.8. Side spreader with longitudinal beater and flails (HiSpec, 2016b)  

 

 



Solid manure dosage calculation 

Manure dosage per hectare depends on distribution speed, unloading capacity of the spreader 

and spreading width.  

The driving speed what is needed for certain dosage rate, is calculated with formula  

pb

Q
v

36
= ,  

where Q is unloading performance of spreading device(kg s
-1

), p is manure rate per hectare (t 

ha
-1

) and b is working width of spreader (m).  

The unloading performance can be measured by time used to unload some amount of manure 

from the spreader box. The easiest way to do it is to weight spreader with some amount of 

manure, unload the box during measured number of seconds (e.g 60 s) and weight spread er 

again. The difference of weights (kg) is divided by the number of seconds and the result is 

unloading performance.  

 

For example if the distribution rate is 25 t ha
-1

 , working width 4 m and unloading capacity is 27 

kg s
-1

, then the required driving spee d is  

(36x27):(4x25)=9.7 km h
-1

.  

 

 

The summary about solid manure spreaders 

 

¶ Horizontal beater spreader is appropriate for spreading of solid manure and can also 

spread compost. Overflow or flail beater spreaders can tolerate stones in the ground 

surface etc. well. The spreading width is about same as the width of the spreading 

device. There is a risk that too big manure pieces (from deep litter manure) are thrown 

on the field and therefore the distribution of nutrients is uneven and the big pieces can 

jam following tillage tool.  

¶ Vertical beater spreader is suitable for solid manure spreading and can also spread 

compost. Vertical beaters are more suitable for spreading of deep litter manure 

because the manure layers are crushed by beaters before spreading and nutrient 

distribution is improved compered to horizontal beater spreader. The distribution width 

is wider than for the horizontal spreader.  

¶ Tight box and rear gate makes possible to spread semi-liquid manure or solid material 

consisting mainly small piec es like compost or wood ash. 

¶ The spreading discs under beaters help to achieve wider spreading width and improve 

the evenness of the nutrient distribution on the field.  

¶ Sidespreaders can spread nearly anything, but working quality depends on uniformity of 

manure and percentage of straw/hay stems. Materials with high stem content can be 

spread evenly only with sidespreaders equipped with a shredding apparatus.  

 

Weather conditions (see Table 2.6) and the time span between manure spreading and 

incorporation have high impact to the ammonia emission from manure. The data about 

ammonia emission during solid manure spreading are given in table 2.5. Therefore is 

suggestable to spread manure in suitable weather conditions and incorporate the manure 

immediately afte r spreading. 

 

Humid, windless, cloudy and cool weather is favourable for manure spreading. However, the 

soil must not be frozen, covered with snow nor over -flooded. Also spreading during heavy rain 

must be avoided, because of the manure run -off risk.  

 



 

 

3.2 Slurry Application Equipment  
 

3.2.1 Overview about technologies  
The transportation, application and incorporation of slurry can be made with direct technology 

(same machine is transporting and spreading) or with pre -haulage technology (different 

machines are used for slurry transportation and spreading).  

 

The trailed,  semi-trailed or self -propelling spreaders are used to transport and apply slurry to 

the fields near to the storage. For longer distances the trucks with tank volume up to 30  m
3
 are 

used to transport the slurry faster to the fields (Figure 3.9). The weight  of vehicles is limited 

with legislation and bearing capacity of roads.  By Estonian legislation the maximum weight of 

vehicles is limited with 40  t and the weight per axle depending on construction of chassis is up 

to 11.5  t. Plus, the local municipalities  are allowed to establish additional limits to the weight 

per axle. Often this is used in spring when the total weight is limited to 8  tons because of risk 

of decomposing of roads. 

 

In Latvia are limits for maximum weights following:  

Type of vehicle  Parameter name and value 

 Maximum weight, t  

2 axle trailer  18 
3 axle trailer  24 
2 axle truck plus 2 axle trailer  36 
2 axle truck plus 3 axle trailer  40 
tractor plus 2 trailers  40 

  

 Maximum axle load, t  

2 axle trailer  20 
3 axle trailer  24 

  

 Maximum length, m 

Trailer  12 
Truck plus semitrailer  16.5 
Truck plus trailer  18.75 
Tractor plus 2 trailers  18.75 

  

 Max width. m  

All vehicles 2.55 

 

 

To avoid idle times of transporters and spreaders , the mobile buffer tanks are used on the 

fields (Figures 3.10 and 3.11). The breaks are result of differences between volumes of 

transporter and spreader tanks and different durations for loading of transporter tank and 

unloading of spreader tank. The volu me of the buffer tank should be at least same as 

transporter tank volume and spreader tank volume, because then the transporter and spreader 

can work independent from each other. To load the slurry from buffer tank or transporter tank 

to the spreader tank , the spreader pump is used (Figure 3.12), though another solution is to use 

a pump driven by separate tractor (Figure 3.13).  

 



 
Figure 3.9. The tank truck for slurry transportation is loaded by storage (Photo: K. Tamm)  

 

 
Figure 3.10. The buffer tank fabri cated from freight container (Photo: R. Vettik)  

 






























































































































































