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Introduction 

Farm-N is a web-based, whole-farm internet-based advisory tool for nitrogen flow. The aim of 

which is to assist farmers and environmental regulators to agree on the production and losses of N 

to the environment under current and future conditions on a particular farm. The focus in the tool is 

on the interaction between plant and livestock production, since this largely determines the size of 

the N surplus and how it is partitioned between the different losses. The tool is interactive based on 

a static, deterministic model, meaning that the results should represent a medium-term average of 

the farm, rather than reflecting the specific conditions applying in a single year. The tool is 

implemented on the Internet and can be accessed via: http://www.Farm-n.dk/FarmNTool. The 

Internet was chosen because if offers the future possibilities of linking to databases with 

information in relation to area use, stocking number, climate and soil type in order to ease initiating 

the model with information from a specific farm. 

 

Input 

The user input is system-oriented input like number of livestock, production level, soil type, type of 

crops, housing system and manure handling facilities. 

 

Calculations 

The amount of N excreted by the animals is calculated, based on the amount and type of feed 

consumed and the production of milk/meat. If the cattle are grazed, the proportion of the annual 

manure production that is deposited directly onto the field is assumed to correspond to the fraction 

of the total energy intake that is consumed by grazing. A proportion of the N in this manure is 

calculated to be lost via ammonia volatilisation. The remaining manure is then partitioned into 

slurry and deep litter according to the stable type in which the animals are kept. N in straw is added 

into the manure-type that is relevant for the stable type. The housing-specific loss of N as ammonia 

is then calculated and subtracted from the N excreted in housing, enabling the calculation of the N 

in each manure type ex housing. The storage losses are then calculated according to stall type 

emissions. The manure types used in the model are manure deposited on grass from grazing, slurry 

and deep litter from cattle and slurry and deep litter from pigs. If manure of a given type is bought, 

it is added to the manure produced on farm. It is assumed that the housing and storage losses occur 

on the farm producing the manure and only field losses occur on the recipient farm. Likewise, if 

manure is sold, it is assumed that this occurs after storage, so housing and storage losses are 

deducted and included in the farm balance. 

The model uses the Danish rules to control how much fertilizer the farmer is allowed to buy, based 

on the crops grown and the manure produced. To do so, the mineral N permitted on each of the 

fields in the crop rotation is first determined. The fertilizer equivalent of the manure is then 

calculated, using a standard value that varies with manure type. If the mineral N from the manure is 

insufficient to fill the mineral N quota, the farmer is allowed to buy the difference as fertilizer N. 

Manure that remains on the farm after any sale has to be applied to the fields that are allowed to 

receive manure. Using utilization rates that are specific for each crop, manure and application 

technique, the manure and mineral fertilizer are distributed in such a way that the utilization of the 

manure is maximized. After the manure and mineral fertilizer has been distributed to the fields the 

spreading loss is calculated, using standard values for the volatilisation of ammonia from the 

fertiliser N applied. 
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The model calculates the crop rotation based on input of annual areas of different crop types. The 

crop rotation has to be reasonable in the sense that it is not an applicable production plan but more a 

reliable average crop rotation over some years. Based on these crop rotations and the utilisation of 

grazing fields, the model uses Danish standard values to calculate the yield (dry matter) and N. The 

standard yield can be changed relatively per crop rotation. 

Based on the inputs of annual milk yield and animal growth, the dry matter, energy and N demand 

of the herd is calculated. The energy to be supplied by roughage is calculated using Danish standard 

values for energy concentration balancing herd demand and crop production. The standards can be 

changed by altering the protein requirement/feed. If the roughage production on the farm is 

insufficient, roughage is bought that has the same concentration of N as in the roughage produced 

and if there is a surplus of roughage, it is sold. The remaining energy and N demand of the herd has 

to be supplied by supplementary feeding. The model first seeks to satisfy the demand for 

supplementary feed with cereal produced on the farm. If this is insufficient, then supplementary 

feed is bought that has an N concentration necessary to fulfil the herd requirement. Barley and soya 

is representing the extreme protein variation in supplementary feed available.  

Based on the number of animals and the animal housing type, the need for straw in livestock 

husbandry is calculated. If there is insufficient straw produced, the deficit will be bought and if 

there is a surplus, it will be sold. Fixation of N from the atmosphere is set constant per crop. 

Denitrification in the soil is calculated by means of the SimDen model, and changes in the N stored 

in soil organic matter are calculated by C-tool. Nitrate leaching is determined as the difference 

between the farm N surplus and the sum of the losses from animal housing, storage, manure and 

fertilizer applications and denitrification and the change in the N stored in the soil. 

 

Output 

The internal flow of nitrogen on farm is shown, plus some key figures regarding the production, like 

energy- and N efficiency and regarding manure mean utilization degree and total losses in housing 

and storages. The idea is that the user should agree with the results shown, otherwise the 

appropriate inputs should be adjusted on the previous tab pages. The external flow of N is shown as 

input of fertilizer, manure, fodder, livestock, seeds, atmospheric deposition and fixation. The N 

outputs from the farm as crop products, livestock, meat, milk, manure and fodder. The N surplus of 

the farm is the difference between the two figures. Finally, the N surplus is partitioned into 

ammonia volatilisation, dinitrogen and denitrification, changes in the N stored in the soil and as a 

difference, nitrate leaching. The gaseous emissions are presented separately for the animal housing, 

manure storage and fields. 

 

Discussion 

One of the strengths of the system is its ability to simulate the cascade of N through the manure 

handling system and finally to field application or export from the farm. However, this also means 

that errors in predictions will tend to be propagated forwards, such that the absolute error in the 

prediction of losses from the field (especially via nitrate leaching) will tend to be higher than losses 

from animal housing or manure storage. The tool described here is build upon the Danish 

regulations and the underlying assumption is that a nutrient quota is used to regulate management. 

Since different countries use different units to measure crop and livestock production and the 

production in different countries has to fulfil different rules, this is a limitation for exporting the 

system. 
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Table 1. N balances (farm-gate, field and herd level) for representative dairy, arable and pig farms in Denmark. Data sources: Kristensen et al . (2005). 

Soil C/N 16 12 16 12 16 12 16 12 16 12

Stocking rate [LSU ha-1] 1,9 1,9 1,9 0,5 1,4

Milk/Meat production [kg FPCM/meat ha-1] 9161 + 500 9161 +500 9161 + 500 0 + 1200 0 + 3400

Idealized farm area use  [% of farm area]

Grass/clover 30% 70% 30%

Maize + Whole crop 20% 20% 23% 35% + 0%

Grain + rape seed 30% + 0% 7% + 10% + 0% 90% + 10% 90% + 10%

N import (farm gate) [kg N ha-1] 

Mineral fertilizer 72 100 80 119 54

Biological N2 fixation 30 71 29 0 0

Atmospheric N deposition 18 18 18 18 18

Concentrates 109 91 79 86 244

Other (livestock, manure, roughage, seeds, etc .) 0 0 0 0 0

N export (farm gate) [kg N ha-1]

Milk 48 48 48 0 0

Livestock 13 13 13 31 89

Cash crops 0 0 0 91 91

Field N surplus† [kg N ha-1] (field efficiency) 143 ( 52% ) 196 ( 51% ) 123 ( 57% ) 92 ( 50% ) 110 ( 45% )

Herd N surplus$ [kg N LSU-1] (herd efficiency) 204 ( 23% ) 236 ( 21% ) 183 ( 26% ) 55 ( 36% ) 155 ( 36% )

Farm-gate N surplus [kg N ha-1] 168 ( 27% ) 220 ( 22% ) 145 ( 29% ) 101 ( 55% ) 136 ( 57% )

N losses [kg N ha-1]:

Ammonia volatilization 31 34 28 13 33

Denitrification 17 23 18 7 12

Changes in soil-N 49 ( 38 ) 84 73 ) 53 ( 42 ) 39 ( 29 ) 48 ( 36 )

NO3 leaching (difference) 71 ( 81 ) 79 ( 89 ) 47 ( 57 ) 42 ( 52 ) 43 ( 55 )

DK dairy, sandy soil DK pigs irrigatedAlt. 1,       90%          

N-effHerd

Alt.2 110%      

N-effHerd

Arable, irrigated
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 Table 2. N balances (farm-gate, field and herd) for representative dairy, arable and pig farms on sandy soil

 in Denmark (data source: Kristensen et al., 2005) 

Simplyfied, Farm-N

DK dairy, 

sandy soil

DK dairy, 

sandy soil

Alt.1 max 

grass

Alt. 1,       

90%          

N-effHerd

Alt. 1,       

90%          

N-effHerd

Alt.2      

max 

maize

Alt.2 

110%      

N-effHerd

Alt.2 

110%      

N-effHerd

Arable, 

irrigated

Arable, 

irrigated

Arable, 

unirrigated

DK pigs 

irrigated

DK pigs 

irrigated

DK pigs 

unirrigated

Soil C/N 16 12 16 16 12 16 16 12 16 12 12 16 12 12

Stocking rate [LSU
a)

 ha
-1

] 1,9 1,9 1,9 1,9 1,9 1,9 1,9 1,9 0,5 0,5 0,5 1,4 1,4 1,4

Milk production [kg FPCM
a)

 ha
-1

] 9161 9161 9161 9161 9161 9161 9161 9161 0 0 0 0 0 0

Meat production [kg living animal ha
-1

] 500 500 500 500 500 500 500 500 1200 1200 1200 3400 3400 3400

Idealized farm area use:

Grass/clover [%] 30% 30% 70% 70% 70% 30% 30% 30%

Silage maize [%] 20% 20% 35% 35% 35%

Whole-crop silage of barley [%] 20% 20% 23% 23% 23%

Cash crops [%] 30% 30% 7% 7% 7% 10% 10% 10% 100% 100% 100% 100% 100% 100%

Cash crops [%]

Crop production and yields:

Mineral N fertilizer to grass [kg N ha
-1

] 185 185 135 123 123 235 236 236

Manure + excreta-N to grass [kg N ha
-1

] 98 98 170 187 187 26 26 26

Mineral N fertilizer (total) [kg N ha
-1

] 72 72 100 100 100 80 80 80 119 119 102 54 54 36

Grassland/ley yield [kg DM ha
-1

] 8319 8319 8319 8319 8319 8319 8319 8319

Maize/whole-crop silage yield [kg DM ha
-1

] 10060 10060 9859 9859 9859 9990 9990 9990

Field balance [kg N ha
-1

]

Inputs Mineral fertilizer 72 72 100 100 100 80 80 80 119 119 102 54 54 36

N2 fixation
c) 30 30 71 71 71 29 29 29 0 0 0 0 0 0

Atmospheric deposition 18 18 18 18 18 18 18 18 18 18 18 18 18 18

Manure + excreta 179 179 186 212 212 182 161 161 46 46 46 130 130 130

Purchased manure, seeds

Outputs Roughage/grain for own use 155 155 205 205 205 165 165 166 0 0 0 0 0 0

Cash crops 0 0 0 0 0 0 0 0 91 91 69 91 91 69

N efficiency field [%] 52% 52% 55% 51% 51% 53% 57% 57% 50% 50% 41% 45% 45% 37%

Field balance 143 143 169 196 196 144 123 123 92 92 97 110 110 115

Herd balance [kg N ha
-1

]

Inputs Concentrates 109 109 62 91 91 103 79 79 86 86 86 244 244 244

Own roughage/grain 129 129 200 200 200 157 157 158 0 0 0 0 0 0

Purchased grain 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Livestock 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Outputs Milk 48 48 48 48 48 48 48 48 0 0 0 0 0 0

Livestock 13 13 13 13 13 13 13 13 31 31 31 89 89 89

Herd balance (= manure produced) 204 204 207 236 236 207 183 184 55 55 55 155 155 155

N efficiency herd [%] 23% 23% 23% 21% 21% 23% 26% 26% 36% 36% 36% 36% 36% 36%

Farm-gate balance [kg N ha-1] 168 168 191 220 220 169 145 145 101 101 106 136 136 140

N efficiency farm [%] 27% 27% 24% 22% 22% 26% 29% 29% 55% 55% 48% 57% 57% 53%

N efficiency farm Animal products [%] 27% 27% 24% 22% 22% 26% 29% 29% 23% 23% 23% 40% 40% 39%

N losses [kg N ha
-1

]:

Ammonia volatilization 31 31 30 34 34 32 28 28 13 13 13 33 33 32

Denitrification 17 17 21 23 23 20 18 18 7 7 7 12 12 11

Changes in soil-N 49 38 76 84 73 51 53 42 39 29 8 48 36 11

NO3 leaching (difference) 71 81 63 79 89 67 47 57 42 52 78 43 55 86

a)  LSU = Livestock unit, 1 heave dairy cow = 0.85 LSU, 1 sow = 0.23 LSU.

b)  Fat protein corrected milk
.

c)  Fixation assumed constant = 103 kg N per ha grass/clover

d)
 
 Field N surplus = (mineral N fertilizer + N2 fixation + atmospheric deposition + seeds + manure + excreta) 

        – (cash crops + fodder crops), yield of straw is not included in yield or efficiency.

e)  Herd N surplus (amount of manure produced) = (Fodder crops + concentrates + imported livestock) – (milk + exported livestock).


