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The calculation of whole-farm nutrient balance is an effective and simple method for estimating the poten-
tial nutrient loading from dairy farming into the environment. In Finland, however, the published results 
based on larger number of farms are still lacking. In this study whole-farm nitrogen (N) and phosphorus (P) 
balances on Finnish dairy farms were studied based on short-cut data for the year 2002. The survey was 
targeted to 1260 dairy farms, located all over Finland. Of the 386 replies received, 319 were used for sub-
sequent statistical analyses. The association between selected farm variables and nutrient balance was stud-
ied using regression analysis and a sensitivity coefficient was calculated for each regression slope. The 
average (± standard deviation) whole-farm nutrient balance for N and P was 109 (±41.3) and 12 (±7.2) kg 
ha-1, respectively. The most responsive factors affecting the nutrient balances were total nutrient and ferti-
lizer import per ha, followed by animal density, milk export per ha and concentrate import per ha. The re-
sults suggested that nutrient surpluses could be controlled more easily in combined crop and milk than in 
specialised milk production. It is concluded that nutrient surplus on Finnish dairy farms is markedly lower 
than that on areas with intensive production in central European countries. However, when nutrient bal-
ances were extrapolated to comparable production intensity as in central Europe, the level of the surpluses 
was equal.
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Introduction

In Finland, as elsewhere within the European Un-
ion (EU), there is increasing public concern about 
the environmental impact of animal agriculture, 

especially in areas with intensive dairy farming. 
Studies examining the environmental impacts of 
milk products throughout their whole life cycle 
have shown that a major part of the effects arises 
from raw milk production on dairy farms (Høgaas 
Eide 2002, Voutilainen et al. 2003). Moreover, 
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these studies clearly indicate that the most impor-
tant environmental impacts caused by dairy farm-
ing are eutrophication and groundwater pollution, 
following non-point phosphorus (P) and nitrogen 
(N) leaching and runoff from farming systems. Es-
timates based on data of Voutilainen et al. (2003) 
suggest that up to 8–10% of the total eutrophica-
tion potential (N and P) in Finland may result from 
milk production, which is much higher than its 
contribution to global warming (4%, CO2 and CH4 
losses) or acidification potential (3%, NOx and SO2 
losses).

Most of the Finnish dairy farms have been in-
volved in the Agri-Environmental Programme 
(AEP) of the European Union since 1995, in which 
voluntary environmental measures (restricted fer-
tilizer use, buffer zones, constructed wetlands, 
etc.) are subsidised. However, follow-up studies 
suggest that positive effects on the quality of natu-
ral waters are lacking until now (Räike et al. 2003, 
2004). This may be due to long-term accumulation 
of P and N in soil and sediments of lakes and riv-
ers, inefficiency of the measures adopted within 
AEP or increased nutrient import to arable land 
caused by the gradual shift towards more intensive 
animal agriculture.

Experiences from Europe (e.g. Van Bruchem et 
al. 1999, Van Keulen et al. 2000, Oenema et al. 
2003) and the United States (e.g. Van Horn et al. 
1996, Spears et al. 2003a, b) demonstrate that a 
systematic analysis of whole-farm balances of nu-
trients (WFB; the difference between nutrient 
flows into and out of a dairy farm) as a first step is 
essential in improving the efficiency of nutrient 
use in milk production. The whole-farm balance 
method is simple and provides a practical way in 
diagnosing non-point leaching potential connected 
to animal agriculture. However, while WFB along 
with soil surface balances are often considered as a 
direct measure of nutrient leaching potential, the 
absolute magnitude of nutrient leakage varies due 
to variability in precipitation, soil type and cultiva-
tion practises (Schröder et al. 2003, Ekholm et al. 
2005, Salo and Turtola, unpublished results).

Published research on WFB for N and P (N-
WFB and P-WFB) on dairy farms in Finland is 
still limited and the datasets are based on results 

from a few farms or from a specific area (e.g. 
Väisänen 1996, Poikela 2000). Increasing amount 
of data is available from elsewhere in Europe (e.g. 
Van Keulen et al. 2000, Swensson 2003) and the 
United States (Spears et al. 2003a, b). The number 
of dairy farms in Finland is decreasing with simul-
taneous increase in production intensity, whether 
expressed as milk yield per cow, farm or land area. 
Concurrently, the dairy sector is faced with stricter 
environmental legislation and public demands to 
conserve the agricultural landscape and clean nat-
ural waters. Therefore, finding effective and sim-
ple methods to control the potential leakage of 
nutrients from dairy farming systems is essential 
in improving the performance of the milk produc-
tion chain.

The objective of this study was to calculate 
WFB for N and P on dairy farms in Finland and to 
study the relations between WFB and selected 
farm variables (nutrient import/export, production 
intensity and farm type).

Material and methods

Farm survey
The data for this study were collected in June and 
July 2003 through a questionnaire addressed to 
1260 farms (6.5% of all dairy farms in Finland on 
1.5.2002) located across Finland. The question-
naire was formulated as short and simple as pos-
sible to encourage the farmers to respond. In the 
introductory letter the WFB method and single 
queries in the questionnaire were described care-
fully. Queries on quantities and types of purchased 
fertilisers, manure, feeds, bedding, seeds and ani-
mals were included in the questionnaire. In addi-
tion, quantities of crops and numbers and types of 
animals sold and amounts of manure exported 
from the farm were monitored. Monthly quantities 
of milk delivered to dairies and milk crude protein 
concentration (CP) were collected from the respec-
tive dairy records. Finally, information on some 
farm characteristics was requested, i.e. main pro-
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duction branch (milk vs. meat), type of production 
(conventional vs. organic) and land use. All infor-
mation referred to the year 2002.

Calculation of nutrient balances
A total of 386 replies (equivalent to 31% of the 
questionnaires distributed) were obtained, of 
which 8 were excluded because of inadequate in-
formation. Additionally, organic farms (n = 16) 
and farms that had used apatite for fertilization (n 
= 24) were excluded from the data. Quantities of 
nutrients in imported and exported materials were 
converted to kilograms of N and P according to 
data received from the feed industry, feed tables 
(concentrates, Tuori et al. 2002) and feed analyses 
(Valio Ltd., forages, grain), Kemira Grow-How 
Ltd. (fertilizers) or manure analyses (Viljavuuspal-
velu Ltd.). Total N content in purchased seeds and 
feeds was calculated as N (kg) = crude protein CP 
(kg) × 0.16 (Tuori et al. 2002). P was invariably 
reported as total P. Total N and P in exported/im-
ported cattle were calculated from empty body 
weight of animals between 3–24 months of age 
(ARC 1980). The concentration of CP and P in gut 
contents was estimated at 150–200 and 8 g [kg dry 
matter (DM)]-1, respectively, and DM content at 
100 g kg-1 (ARC 1980). Total N and P in milk were 
calculated as:

N (kg) = CP (kg) × 0.157 (Tuori et al. 2002) 
and 
P (g kg-1) = 0.45 + 0.133 × N (g kg-1) (ARC 
1980).

Atmospheric deposition (N, P), biological fixa-
tion (N) and volatile losses (N) were not consid-
ered. Finally, the imports and exports of N and P 
were summed in a nutrient balance sheet con-
structed for this study.

Statistical methods
The distribution of variables in the data was ana-
lysed and unusual observations were removed 

from the data [n = 19, observations that deviated 
from the mean more than 2.5 × standard deviation 
(SD)], because the validity of these field observa-
tions could not be verified. A total of 319 records 
were used for subsequent statistical analyses. The 
final data included 81, 117, 80 and 41 dairy farms 
from southern, western, eastern and northern part 
of Finland, respectively. The relationships between 
WFB for N and P and selected farm variables were 
studied by regression analysis using a model:

Y = A0 + B1X1 + B2X2 + … + BnXn + e

Where, Y is the response variable, A0 is the 
overall intercept, B1…n are the overall regression 
coefficients for continuous variables X1…n and e is 
unexplained error. The models were evaluated 
with coefficient of variation that was adjusted for 
the degrees of freedom (Adj. R2) and the standard 
error of estimate (SEE). All statistical computa-
tions were conducted with STATISTICA 6.0 soft-
ware (StatSoft Inc., Tulsa, USA).

The relative responsiveness of the farm varia-
bles was further evaluated by calculating a sensi-
tivity coefficient, i.e. ratio of unit change in re-
sponse variable Y to unit change in regression 
variable X. The data (n = 319) were also classified 
according to nutrient export (EX) and import (IM) 
ratio and milk production intensity (I, kg milk 
ha-1). EX was calculated as a proportion of nutrient 
export in crops of the total export. Farms with EX 
< 0.25 and ≥ 0.25 were classified as “mainly live-
stock” (M: n = 253 and 247) and “combined live-
stock & crop” (C: n = 66 and 72) for N and P, re-
spectively. IM was calculated as the ratio of im-
ported feed nutrients to estimated amount of feed 
nutrients used by livestock. Feed nutrient use was 
calculated from herd DM intake (DMI) using aver-
age dietary N and P concentrations of 25.6 (Huh-
tanen et al., unpublished results) and 4.74 (Yrjänen 
et al. 2003) g (kg DM)-1, respectively. DMI (kg d-1) 
was estimated as DMI = 8.6 + 0.4 × Milk yield (kg 
d-1). For non-lactating cattle, DMI was assumed to 
be 8.6 kg DM d-1 per animal unit. Production in-
tensity of farms with I less than or equal to 4000 kg 
ha-1 was classified as “low” (L: n = 154); above 
that as “high” (H: n = 165).
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Results

Description of the dataset

All farm variables showed wide variation and were 
normally distributed (Table 1). Mean herd size was 
38.8 animal units (range 4.5–104.4), consisting 
mainly of dairy cows and replacement heifers 
(87.7% of total). Total cropping area averaged 48.2 
ha (range 4.3–160.0), of which 40.0 and 54.8% 
were used for cereal and forage production, re-
spectively. Consequently, animal density varied 
between 0.25 and 2.03 units ha-1 with an average 
value of 0.88. Mean annual milk export per farm 
and cow was 188 897 and 7 616 kg, giving a mean 
production intensity of 4 349 (range 1 199–9 537) 
kg ha-1.

Whole-farm nutrient balances
Imports, exports and resultant WFB for N and P 
are presented in Tables 2 and 3, respectively. The 

average (±SD) N-WFB was 109 (±41.3) kg ha-1, 
resulting from a difference between total N import 
of 144 (±46.5) and export of 36 (±20.1) kg ha-1. On 
average, a fraction of 0.70 and 0.26 of total N im-
port consisted of fertilizers and feeds (mainly con-
centrates), respectively and the fractions of milk 
and crops in total N export were 0.64 and 0.16, 
respectively. Total mean P import, export and bal-
ance were 18.5 (±7.9), 6.8 (±3.8) and 11.7 (±7.2); 
imports comprised fractions of 0.49 and 0.49 for 
fertilizers and feeds, respectively, and export 0.65 
and 0.12 for milk and crops, respectively. Nutrient 
import in feeds was significantly higher than ex-
port in milk for both N (41.0 vs. 23.1 kg ha-1, P < 
0.001) and P (9.2 vs. 3.9 kg ha-1, P < 0.001).

Relationships between selected farm 
variables and whole-farm  

nutrient balances
Table 4 shows the univariate regression relation-
ships between selected farm variables and N-WFB. 

Table 1. Description of the dairy farm data (n = 319).

Mean Median SD Min Max
Mean in 
Finlandd

Number of animals
  Dairy cows 24.7 22.0 10.85 3.0 62.0 16.9
  Replacement dairy heifers 13.9 12.0 8.10 0.0 55.0
  Replacement dairy heifersa 23.8 24.2 7.66 0.0 49.8
  Growing cattle (> 6 months of age) 4.3 0.0 9.06 0.0 80.0
  Calves (< 6 months of age) 9.5 8.0 6.46 0.0 38.0
Animal unitsb 38.8 33.1 18.87 4.5 104.4 26.5
Animal density, animal units ha-1 0.88 0.84 0.322 0.25 2.03 0.74
Cropping area, ha
  Cereals 19.3 14.4 16.69 0.0 89.8
  Forage grass 25.2 24.0 11.98 0.0 93.0
  Forage legume 1.2 0.0 4.55 0.0 32.0
  Fallow 2.4 0.0 4.82 0.0 47.0
  Total 48.2 40.8 25.82 4.3 160.0 35.6
Milk yield, kg yr-1 c

  Total 188 897 172 773 88 071.1 25 250 520 102 122 474
  Per cow 7 617 7 688 1 103.5 2 756 10 957 6 880
  Per cropping area 4 349 4 054 1 730.9 1 199 9 537 3 437

a % of total animal units
b Calculated as 1.0 × cows + 0.67 × heifers + 0.67 × growing cattle + 0.2 × calves
c Milk delivered to dairies
d Farm Register 2002, Information Centre of the Ministry of Agriculture and Forestry, Helsinki 2003
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Table 2. Average nitrogen (N) import and export and whole-farm N balance on Finnish dairy farms (n = 319).

Mean Median SD Min Max

N import
  Fertilizers, kg 4 707.8 3 960.0 2 579.85 396.0 14 592.5
  Fertilizers, kg ha-1 100.9 101.5 29.76 24.0 224.3
  Seeds, kg 36.0 25.7 41.10 0.0 295.0
  Animals, kg 13.4 0.0 38.90 0.0 458.1
  Forages, kg 101.3 0.0 500.87 0.0 5 026.9
  Mineral feeds, kg 10.2 4.7 16.31 0.0 136.6
  Concentrates, kga 1 673.8 1 405.1 1 199.17 9.2 7 321.8
  Concentrates, kg ha-1 38.6 34.1 25.20 0.2 145.1
  Bedding, kg 27.0 7.9 61.82 0.0 530.1
  Total N import, kg 6 642.3 5 651.5 3 578.81 723.3 19 021.6
  Total N import, kg ha-1 144.4 140.9 46.52 38.9 294.7
N export
  Manure, kg 165.7 0.0 402.59 0.0 2 465.0
  Crops, kg 362.8 0.0 1 007.38 0.0 9 664.8
  Animals, kg 132.7 116.4 96.72 0.0 633.8
  Milk, kg 1 003.7 923.8 472.16 132.7 2 793.1
  Total N export, kg 1 664.9 1 261.2 1 304.54 219.7 11 513.5
  Total N export, kg ha-1 35.8 30.9 20.09 10.5 143.9

N balance, kg 4 977.4 4 346.3 2 897.21 –1 531.1 16 318.8
N balance, kg ha-1 108.6 104.5 41.30 –19.1 231.1

aIncludes imported grain, by-products, commercial concentrates and protein supplements

Table 3. Average phosphorus (P) import and export and whole-farm P balance on Finnish dairy farms (n = 319).

Mean Median SD Min Max

P import
  Fertilizers, kg 426.9 360.0 303.96 0.0 1 560.0
  Fertilizers, kg ha-1 9.1 8.6 4.99 0.0 31.1
  Seeds, kg 6.1 4.4 6.96 0.0 50.8
  Animals, kg 4.1 0.0 11.99 0.0 141.3
  Forages, kg 12.6 0.0 62.74 0.0 636.8
  Mineral feeds, kg 80.3 55.2 87.77 0.0 640.0
  Concentrates, kga 310.1 258.3 223.66 1.8 1 413.6
  Concentrates, kg ha-1 7.3 6.2 4.96 0.0 26.5
  Bedding, kg 1.9 0.5 5.43 0.0 74.2
  Total P import, kg 842.0 777.9 472.78 62.0 2 646.9
  Total P import, kg ha-1 18.5 17.0 7.87 1.7 51.1
P export
  Manure, kg 34.1 0.0 84.15 0.0 600.0
  Crops, kg 71.7 0.0 184.75 0.0 1 471.2
  Animals, kg 40.7 35.7 29.85 0.0 195.8
  Milk, kg 170.2 156.4 79.67 22.6 471.1
  Total P export, kg 316.7 238.4 244.18 44.3 1 633.3
  Total P export, kg ha-1 6.8 5.8 3.84 1.8 29.4

P balance, kg 525.3 462.2 376.31 –200.5 2 254.7
P balance, kg ha-1 11.7 11.1 7.20 –4.1 39.5

aIncludes imported grain, by-products, commercial concentrates and protein supplements
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In general, total imported N (kg ha-1) was strongly 
correlated to N-WFB (R2 = 0.813). The slope of 
the regression was 0.80 (±0.022) [±standard error 
(SE)], indicating that the efficiency of utilization 
of purchased N was only 0.20. The regression 
slopes for imported fertilizer and concentrate N 
were 1.10 (±0.047) and 0.94 (±0.075). Exported N 
in milk and crops explained markedly less (R2 = 
0.246 and 0.331, respectively) of the variation in 
N-WFB than imported N. On average, every kg of 
milk N exported from the farms increased N-WFB 
by 2.24 kg ha-1.

Milk yield (kg per cow yr-1) was weakly but 
significantly (P = 0.053) correlated with N-WFB 
(R2 = 0.009). A 1000 kg increment in milk yield 
increased N-WFB by 4 kg ha-1. Animal density 
was notably better correlated with N-WFB than 
milk yield, explaining 22.5% of the variation. The 
regression slope implied that N-WFB increased by 
62.1 kg ha-1 per unit increase in animal density.

Total imported P (kg ha-1) explained propor-
tionally 0.763 of the variation in P-WFB (Table 5). 
The whole-farm utilization efficiency was similar 
to that of N, as indicated by the regression slope 
0.80 (±0.025). Each kg of imported P in fertilizers 
or concentrates increased P-WFB by 1.01 and 0.76 
kg ha-1, respectively. Exported P in crops (kg ha-1) 
decreased P-WFB by 0.99 kg ha-1 and one kg ex-
ported P in milk increased P-WFB by 1.84 kg ha-1. 
Increases in milk yield (kg per cow or kg ha-1) or 
animal density all increased P-WFB, the effect of 
animal density being clearly the strongest.

A rather close relationship existed between 
WFB for N and P (R2 = 0.342, Fig. 1). This rela-
tionship tended to be curvilinear, i.e. at an N-WFB 
of 100 kg ha-1 a 10 kg marginal increase in N-WFB 
increased P-WFB by about 1 kg ha-1, but at sur-
pluses of 200 kg N ha-1 the respective marginal 
change in P-WFB was 1.35 kg ha-1.

Effect of production intensity and farm 
type on nutrient surplus

Farm type and production intensity significantly 
affected nutrient balances (Fig. 2). On L vs. H 

farms the surplus for N was 91 vs. 117 (P < 0.001) 
and for P 9.4 vs. 12.3 (P < 0.001) kg ha-1. Special-
ised M farms had higher nutrient surpluses than C 
farms exporting both crops and milk (N: 109 vs. 
85; P: 12 vs. 7 kg ha-1, P < 0.001).

The schematic presentations in Figures 3 and 4 
summarise the surpluses of N and P in response to 
the nutrient IM ratio, using regression equations 
estimated from the present data. Both N and P sur-
pluses increased significantly (P < 0.001) with in-
creasing IM ratio on M farms (Fig. 3a). On C farms 
(Fig. 3b), the effect of IM ratio on nutrient sur-
pluses was less pronounced and non-significant (P 
> 0.1). The estimated surpluses with no feed im-
port were about 70 and 5 kg ha-1 for N and P, re-
spectively.

The surplus of nutrients in response to IM ratio 
increased more on H farms (I ≥ 4000 kg ha-1) than 
on L farms (I < 4000 kg ha-1, Figs 4a and b). How-
ever, on farms with high I, a lower nutrient surplus 
was estimated, provided that no feed nutrients 
were imported. Consequently, P surplus was esti-
mated to be close to zero (P > 0.1 for intercept) on 
H farms with no feed P import.
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Fig. 1. The relationship between whole-farm N and P bal-
ance on Finnish dairy farms (n = 319).
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Fig. 2. The effect of nutrient ex-
port ratio (EX < 0.25 = mainly 
livestock “M”; EX ≥ 0.25 = com-
bined milk & crop “C”) and milk 
production intensity (export < 
4000 kg ha-1 = low “L”; export ≥ 
4000 kg ha-1 = high “H”) on aver-
age nitrogen (N; n = 103, 150, 51 
and 15 for ML, MH, CL and CH, 
respectively) and phosphorus (P; 
n = 101, 146, 53 and 19 for ML, 
MH, CL and CH, respectively) 
exports, imports and whole-farm 
balances.
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Discussion

Validity of the dataset
It is generally accepted that whole-farm nutrient 
balances are satisfactory descriptors of potential 
nutrient load from milk production to the environ-
ment (Van Keulen et al. 2000, Schröder et al. 
2003). In addition, the uncertainties for WFB are 
obviously less than for soil and soil system nutri-
ent balances (Oenema et al. 2003). WFB for N and 
P on Finnish dairy farms for the year 2002, report-
ed here are evidently not very accurate if the re-
sults are interpreted for one single farm, due to dif-
ferences in e.g. crop management, environmental 
conditions and crop yields between seasons, as 
well as changes in nutrient stores and herd size. 

Moreover, no information was available on sub-
systems within farms. However, this dataset is ad-
equate to study average nutrient balances on dairy 
farms in Finland, since it included a large number 
of farm-scale observations (n = 319, equivalent to 
1.6% of the Finnish dairy farms in 2002), covering 
the whole of Finland. The farms included in this 
dataset were somewhat larger than the average in 
2002 (see Table 1), judging from total cropping 
area and herd size. Moreover, in the sample there 
was a slight bias towards larger farms, i.e. the me-
dian values were slightly lower than the mean val-
ues for herd size and total cropping area. However, 
the median and mean values for the most impor-
tant variables in relation to nutrient balances, i.e. 
animal density and milk yield (kg per cow or kg 
ha-1) were close (Table 1).
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Whole-farm N-balance

Average N-WFB in this study was 108.6 kg ha-1, 
resulting from the difference between total mean 
import of 144 and export of 36 kg ha-1. Actual soil 
N surplus may be somewhat higher, since biologi-
cal fixation and atmospheric deposition were not 
considered herein. According to Räike et al. (2004) 
the average N deposition in Finland may vary be-
tween 4–6 kg ha-1. In this study N surplus was 
higher than reported by Väisänen (1996, 67 kg 
ha-1) for a limited dataset (n = 4), but a larger data-
set (Poikela 2000, n = 456) of conventional dairy 
farms in North-Eastern Finland between 1995–
1999 showed similar N-WFB (110 kg ha-1). The 
Finnish results for dairy farms are markedly lower 

than those calculated for Sweden (Swensson 2002, 
161–187 kg ha-1) and the Netherlands (Fraters et 
al. 2003, > 200 kg ha-1). This is most probably due 
to the higher production intensities in these coun-
tries, associated with higher animal densities and 
the necessary higher feed N imports. This is sup-
ported by the present results, showing that N sur-
plus significantly (P < 0.001) increased with in-
creasing animal density and milk yield per cropped 
farm area (Table 4). In the Netherlands, for exam-
ple, milk output per cropped farm area may be 
10000–12000 kg ha-1 on typical dairy operations, 
resulting in at least 200 kg ha-1 N surplus even 
though special measures to improve whole-farm 
nutrient utilization are adopted (Van Keulen et al. 
2000). When extrapolating the present data to 
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comparable intensity, average N-WFP increased to 
about 200 kg ha-1. Compared to the soil surface N 
balance estimated for arable land in Finland 
(OECD 2001, Antikainen et al. 2005, figures vary-
ing from 29 to 64 kg ha-1), the present and previ-
ously published N-WFB values for dairy farms are 
substantially higher, which highlights the prob-
lems in N utilization efficiency within animal agri-
culture. Comparison between mainly livestock 
farms and those exporting crop products implies 
that N surplus is easier to control within mixed 
crop and livestock systems than in livestock sys-
tems (N-WFP 115 vs. 86 kg ha-1, see Figs 2–4). 
This is in agreement with the results of Swensson 
(2003), while Bos and van de Ven (1999) found 
only a small difference in nutrient utilisation be-
tween specialised vs. mixed farming systems.

Of the selected farm variables studied (Table 
4), total N imports explained best the variation in 
N-WFB (R2 = 0.813), followed by fertilizer and 
concentrate N imports (R2 = 0.628 and 0.326, re-
spectively). This implies that improving fertilizer 
N utilization by increasing crop yields and/or 
avoiding excess use and/or better timing of appli-
cation, in combination with lower feed N imports 
is the most efficient means for decreasing N sur-
plus. This is consistent with the sensitivity coeffi-
cients (i.e. ratio of unit change in surplus to unit 
change in the measure adopted) reported by Van 
Bruchem et al. (1999). They reported that the most 
effective intervention in decreasing N surplus is 
reducing fertilizer N import (0.65), followed by 
more efficient soil N utilization (0.25) and reduc-
ing feed N import (0.24). The respective sensitivity 
coefficients for fertilizer and feed N import in the 
present study were 1.02 and 0.33 (Table 4). In ad-
dition to N import variables, both variables de-
scribing production intensity (animal density and 
milk export in kg ha-1) explained the variation in 
N-WFB relatively well (R2 = 0.225 and 0.247, re-
spectively) and were also rather sensitive factors 
(coefficients 0.50 and 0.48, respectively). When 
fertilizer N import was used together with animal 
density or concentrate N import in a bi-variate re-
gression model (results not shown), the sensitivity 
of the latter (both 0.22) decreased and that of ferti-
lizer N import remained rather similar (0.89–0.92). 

This further highlights the importance of fertilizer 
N utilization efficiency in avoiding high N sur-
plus.

It has often been postulated that increasing 
milk yield per cow would improve nutrient utiliza-
tion efficiency both at animal and farm level. How-
ever, the present results showed that N surplus 
tended to increase (4 kg ha-1, P = 0.053) in response 
to 1000 kg higher milk yield per cow and year. 
However, this was due to the positive correlation 
between milk yield per cow and concentrate and/
or fertilizer import per ha. A meta-analysis based 
on a large dataset of published milk production 
studies on dairy cows showed that N utilization ef-
ficiency per cow is negatively correlated with die-
tary N concentration (Huhtanen et al., unpublished 
results). Consequently, improvements in N feeding 
efficiency can be achieved only if dietary N con-
centration is not increased. This was evidently not 
the case in this study, since concentrate N import 
per animal unit increased simultaneously with 
milk yield per cow. When milk yield (1 kg per cow 
yr-1), animal density and concentrate N import per 
animal unit were used in a tri-variate regression 
analysis, the effect of milk yield on N surplus was 
slightly negative but non-significant (–0.0003 kg 
ha-1, P > 0.5) and rather insensitive (sensitivity co-
efficient < 0.05). This result is in good agreement 
with Van Bruchem et al. (1999) who reported that 
N surplus at farm scale was not very sensitive to 
improved herd N utilization efficiency. Martin and 
Seeland (1999) estimated by simulation study that 
increasing milk yield per cow by genetic improve-
ment of dairy cattle would lead to higher N emis-
sions per cow or kg milk. They concluded that 
theoretical improvements in dairy herd N utiliza-
tion associated with improved genetic merit of 
cows may be hampered by the limited intake ca-
pacity leading to higher requirement of dietary N 
concentration.

The most important environmental risk follow-
ing inefficient N use in dairy farming is that of ni-
trate-N leaching to groundwater, lakes and rivers. 
The key component in the risk for long-term ni-
trate leaching is a positive soil N balance, which is 
further mediated by type of soil, crop and farm 
management, as well as climatic factors (Salo and 
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Turtola, unpublished results). According to Schrö-
der et al. (2003) N-WFB provides a relatively re-
sponsive and moderately goal-oriented indicator 
for nitrate leaching, but to identify the exact scope 
for improvement at farm scale, a careful analysis 
of sub-balances within the farm is needed (i.e. N 
utilization efficiencies from soil-N to crop-N, from 
feed-N to milk-N and from manure-N to soil-N). 
These sub-systems need urgently to be studied also 
for Finnish dairy farms, and subsequently, models 
to control them may be constructed as demonstrat-
ed by Dou et al. (1996). Kohn et al. (1997) studied 
the impacts of sub-processes within intensive dairy 
farms and found that improving herd or soil N-ef-
ficiencies by 50% would decrease N-WFB by 48 
or 59%, respectively. However, these improve-
ments in efficiency estimates may not represent 
the true sensitivity of different measures, since re-
sponses in whole-farm N efficiency were not re-
lated to realistic changes in sub-processes. In Fin-
land, for example, a typical dairy herd N utiliza-
tion efficiency is 0.25–0.30. Achieving a 50% im-
provement would be unrealistic even though no 
additional protein concentrates were fed (Huh-
tanen et al., unpublished results).

While total N utilization of a fixed farming sys-
tem is the integrated effect of the efficiencies in the 
various sub-systems within a farm, many strategic 
choices have an overwhelming effect. Schröder et 
al. (2003) pointed out that animal density, produc-
tion intensity and specialisation of the production 
system are the most important strategic factors, 
which also significantly affected N surplus in this 
study (Table 4, Figs 2–4). However, these factors 
explained less than half of the variation in N-WFP, 
which may indicate that a considerable variation 
exists in N conversion efficiencies within farm 
sub-systems for a given farm type and production 
intensity. Based on a model study, Kuipers and 
Mandersloot (1999) concluded that N leaching 
could be best controlled with a combination of 
several measures, including more efficient ferti-
lizer N use, restricted grazing and better balanced 
diets for dairy cows. Nevertheless, the present data 
and other published studies (e.g. Van Bruchem et 
al. 1999, Schröder et al. 2003, Spears et al. 2003a, 
Swensson 2003) indicate that specialised modern 

dairy farms with very high production intensity 
combined with high feed IM ratio are often less 
efficient in N utilization at a whole-farm scale than 
mixed livestock and crop production at moderate 
production intensity.

Whole-farm P-balance
Average P surplus (11.7 kg ha-1) in the present 
study was similar to data reported before for dairy 
farms in Finland (Väisänen 1996, 5–32 kg ha-1; 
Poikela 2000, 13.2 kg ha-1). The estimated average 
soil P balance for arable land (Antikainen et al. 
2005) corresponds to the value observed in this 
study (13 kg ha-1), although long-term statistics 
(Ministry of Agriculture and Forestry 2004) sug-
gest that soil P balances are reduced by 60–70% 
from 1990 until 2002. The most important reason 
is evidently reduced fertilizer use, since P fertiliza-
tion has decreased from 31 to 10 kg ha-1 within that 
time period (Niemi and Ahlstedt 2003). Neverthe-
less, in contrast to N-WFB, P-WFP should be close 
to the actual soil P balance because volatile losses 
and biological fixation do not play a role. The 
background atmospheric P deposition due to rain-
fall in Finland is estimated to be quite small (1.4 
kg ha-1; Järvinen and Vänni 1998).

Total P import per ha explained most of the 
variation in P-WFB (R2 = 0.763, Table 5), followed 
by P import in fertilizers (R2 = 0.491) and concen-
trates (R2 = 0.269). Moreover, P surplus was very 
sensitive to total P (coefficient 1.26) and fertilizer 
P imports (0.79) compared to concentrate P import 
(0.47). In contrast to the results of Van Keulen et 
al. (2000) and Spears et al. (2003), in the Finnish 
data fertilizer P import was proportionally higher 
than that in concentrates (Table 3). When both fer-
tilizer and concentrate P imports were used in a 
bivariate regression model, the slope for fertilizer 
P remained unchanged (0.97) and that of concen-
trate P was slightly lower (0.69) compared to the 
slopes in the univariate regressions (Table 5). This 
further suggests that reducing fertilizer P use by 
improving manure P utilization in crop production 
would be the most successful strategy in improv-
ing P-WFB in Finnish conditions. In agreement 
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with our data, Van Bruchem et al. (1999) estimated 
the highest sensitivity coefficient for fertilizer P 
import (0.55), but that of feed import (0.36) was 
almost the same. However, in contrast to the 
present data, their work involved also interpreta-
tion of P conversion efficiencies from soil to crop 
and from feed to milk, which also need to be stud-
ied in Finland.

Typical P surpluses for intensive dairy opera-
tions in the Netherlands (Van Bruchem et al. 1999, 
van Keulen et al. 2000) are much higher (20–30 kg 
ha-1) than the results in this study (Table 3). How-
ever, when the correlation between intensity and P 
surplus is extrapolated to an intensity level compa-
rable to that in the Netherlands (11000–13000 kg 
ha-1), a similar P surplus (25–30 kg ha-1) is expect-
ed. Recent data from Sweden (Swensson 2003) 
indicate essentially lower values (5–7 kg ha-1), al-
though milk production intensity was higher 
(6 600–6 900 kg ha-1) than the average in the 
present study. On farms with low vs. high produc-
tion intensity (mean milk export 2 950 vs. 5 660 kg 
ha-1) P surpluses were 9.9 vs. 13.4 kg ha-1 (Fig. 2), 
resulting evidently from higher animal density 
(0.67 vs. 1.08), feed P import ratio (0.59 vs. 0.73) 
and concentrate P import (4.1 vs. 10.2 kg ha-1). 
Moreover, the present data suggest an interaction 
between farm type and production intensity. In 
contrast to specialised dairy farms, P surplus did 
not increase in response to higher intensity in the 
mixed crop/livestock systems (Figures 2b, 3b), in 
spite of higher feed P IM ratio with higher inten-
sity irrespective of farm type. In agreement with 
Swensson (2003) and Spears et al. (2003b) our 
data (Fig. 2) indicate that P surpluses are easier to 
control in combined crop/livestock systems than in 
specialised milk production systems. This is evi-
dently a consequence of better utilization of ma-
nure P in crop production. Kuipers and Man-
dersloot (1999) concluded that a zero P balance 
might be possible also in intensive milk produc-
tion, provided that excess P in feed is avoided and 
manure is exported to P-deficient regions. The lat-
ter may be impractical under Finnish conditions, 
because the area with specialised crop production, 
close enough to regions with intensive milk pro-
duction is limited. However, the present results 

suggest that a significant decrease in P surplus 
even without manure export could be achieved 
(0–5 kg ha-1), provided that the feed P IM ratio can 
be kept low, combined with moderate milk export 
per arable land (see Figs 3 and 4).

The present data suggest a tendency towards 
higher P surpluses with higher milk yields per cow 
(0.6 kg ha-1 per 1000 kg per y, P = 0.103, Table 5). 
The slope of milk yield remained similar (P = 
0.064) in a tri-variate regression model where the 
effects of animal density and feed P imports per 
animal unit were taken into account (results not 
shown). This may indicate that increases in milk 
yield per cow are associated with higher dietary P 
intake, which hampers the expected improvements 
in dairy herd and total farm P utilization. In agree-
ment with this, Yrjänen et al. (2003) showed in-
creased faecal P excretion in response to higher 
milk yield per cow due to positive association with 
concentrate proportion in the diet. Grass silage 
contains typically about 3 and normal concentrate 
mixture 5–7 g (kg DM)-1 of P.

Recent studies (Wu et al. 2001) clearly suggest 
that dietary P concentration for dairy cows can be 
significantly reduced to about 3.5 g (kg DM)-1 in 
comparison to previous feeding standards and ex-
isting practise. According to Yrjänen et al. (2003) 
the present dietary P concentration for dairy cows 
in Finland is close to 5 g (kg DM)-1, suggesting an 
obvious potential for reduction. Unfortunately, 
these efforts may be seriously confounded by in-
creased milk yield per cow, which often is associ-
ated with a high proportion of concentrates and CP 
concentration in the ration leading to inevitably 
excess P concentrations in the diet, albeit no addi-
tional P from mineral feeds is used (Yrjänen et al. 
2003). Additionally, a trend towards more concen-
trate-rich diets most probably increases the pro-
portion of soluble P in manure (Wu et al. 2000).

Conclusions
Based on a one-year ad-hoc study on Finnish dairy 
farms (n = 319), average (±SD) whole-farm nutri-
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ent balances for N and P were 109 (±41.3) and 12 
(±7.2) kg ha-1. Production intensity (kg milk ha-1), 
farm type (specialised milk production vs. com-
bined crop and milk production) and feed import 
ratio significantly affected the nutrient surpluses 
per ha. The most sensitive factors affecting whole-
farm balances for N and P were total nutrient and 
fertilizer import per ha, followed by animal densi-
ty, milk export per ha and concentrate import per 
ha. It is concluded that nutrient surpluses on dairy 
farms in Finland are substantially lower than those 
in areas with intensive production in western Eu-
rope. However, when surpluses are extrapolated to 
comparable production intensities, similar nutrient 
surpluses are expected. To find sensitive and effec-
tive means for improving nutrient utilization on 
dairy farms, the conversion efficiencies from feed 
to milk, from manure to soil and especially from 
soil to crop within farms need urgently to be stud-
ied further.
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SELOSTUS
Typen ja fosforin ravinnetaseet suomalaisilla lypsykarjatiloilla

Hanna Virtanen ja Juha Nousiainen
Valio Oy ja MTT (Maa- ja elintarviketalouden tutkimuskeskus)

Intensiivisessä maidontuotannossa on tärkeää löytää 
keinoja hehtaarikohtaisten ravinneylijäämien pienentä-
miseksi. Ravinteiden tilataseet ovat ulkomaisten tutki-
musten mukaan yksinkertainen ja käytäntöön soveltuva 
menetelmä arvioida maidontuotannon aiheuttamaa ra-
vinnepäästöpotentiaalia. Tässä tutkimuksessa laskettiin 
typen ja fosforin hehtaarikohtaiset porttitaseet suomalai-
sille lypsykarjatiloille vuoden 2002 tiedoista. Tutkimus 
suoritettiin kirjekyselynä (n = 1260), jonka tuloksena 
lopulliseen aineistoon saatiin 319 tilahavaintoa. Kyse-
lyyn vastanneista 386 tilasta (vastausprosentti 31) pois-
tettiin luonnonmukaisen viljelyn tilat (n = 16), fosforipi-
toisia kivijauheita käyttäneet tilat (n = 24), epätäydelli-
sesti täytetyt kaavakkeet (n = 8) ja poikkeavat havainnot 
(n = 19). Ravinnetaseet laskettiin tilalle tuotujen ja sieltä 
vietyjen ravinnemäärien erotuksena. Ilmalaskeumaa (N 
ja P), typen haihtumista ja biologista N-sidontaa ei huo-
mioitu. Valittujen tilamuuttujien yhteyttä ravinnetasee-
seen tutkittiin regressioanalyysin avulla. Lisäksi vali-
tuille tilamuuttujille laskettiin herkkyyskerroin (regres-
siosuoran kulmakertoimen suhdeluku yhden yksikön 
muuttumiseen regressiomuuttujan arvossa).

Keskimääräinen (±SD) porttitase oli typellä 109 
(±41.3) ja fosforilla 12 (±7.2) kg/ha. Maidontuotannon 

intensiteetti (kg maitoa hehtaaria kohti), tilan tuotantota-
pa (maidontuotanto vs. maidontuotanto ja kasvinviljely 
yhdessä) ja rehuntuontisuhde vaikuttivat ravinnetasei-
siin. Herkkyyskertoimien mukaan typen ja fosforin heh-
taarikohtaisia taseita voidaan parhaiten hallita pienentä-
mällä kokonaisravinnepanoksia hehtaaria kohden, vä-
hentämällä hehtaarikohtaista lannoitteiden tuontia sekä 
alentamalla eläintiheyttä, maidontuotannon intensiteet-
tiä sekä väkirehujen tuontia pinta-alaa kohden. Tulosten 
mukaan ravinteiden ylijäämä on helpommin hallittavis-
sa harjoittamalla tilalla kasvinviljelyä pelkän maidon-
tuotannon lisäksi.

Suomalaisilla lypsykarjatiloilla ravinteiden ylijäämä 
pinta-alaa kohti on pienempi kuin Keski-Euroopassa in-
tensiivisen maidontuotannon alueilla. Mikäli ravinneyli-
jäämät kuitenkin suhteutetaan keskieurooppalaiselle 
maidontuotannon intensiteettitasolle, muodostuvat yli-
jäämät yhtä suuriksi. Jotta löydettäisiin tehokkaita kei-
noja lypsykarjatilojen ravinteiden käytön parantamisek-
si, tarvitaan lisää tutkimusta ravinteiden tehokkaasta 
hyväksikäytöstä tilatasolla myös Suomessa. Tilan ravin-
nekierrossa kriittisiksi tekijöiksi muodostuvat silloin ra-
vinteiden siirtäminen satoon, rehun muuttaminen mai-
doksi ja lannan muuttaminen kasvualustaksi.
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