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Farm-gate nitrogen balances on intensive dairy
farms in the south west of Ireland
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Nitrogen management and farm-gate N balances were evaluated on 21 intensive dairy
farms in the south west of Ireland for each of four years (2003 to 2006). The mean
annual stocking density was equivalent to 202 kg/ha (s.d. 29.6) of N excreted by live-
stock on the farm. The mean annual farm-gate N surplus (imports — exports) declined
between 2003 and 2006 (277 to 232 kg/ha, s.e. 6.8; P < 0.001) due to a decline in annual
N imports (fertilizer, feed and imported manures; 335 to 288 kg/ha, s.e. 6.9; P < 0.001).
Overall annual fertilizer N use on the farms decreased during the study period (266
to 223 kg/ha, s.e. 6.5; P < 0.001) mainly due to lower inputs for the first application
in spring and for the production of first-cut silage. These decreases were partly offset
by applying more slurry in spring for early grazing and for first-cut silage. The intro-
duction of white clover resulted in lower N imports on four farms. Export of N from
farms was unaffected by reductions in N imports. The mean efficiency of N use tended
to increase over time (0.18 in 2003 to 0.20 in 2006). The large variation in quantities
of fertilizer N applied on farms with similar stocking densities suggests potential for
further improvements in the efficiency of N use. In terms of fertilizer N use, complying
with S.1. No. 378 of 2006 did not require major changes in the N management practices
on 19 of the farms.
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Introduction

Intensive grass-based dairy farming relies
on large inputs of fertilizer N to produce
sufficient dry matter (DM) to sustain high
milk output per hectare. There is grow-
ing concern that excessive losses of N are
damaging the environment. Agriculture
in Ireland is estimated to be the origin of
82% of N in Irish inland surface waters
(Toner et al., 2005) and to be the source of
97% of ammonia and 81% of nitrous oxide
emissions to air (DAF, 2007, DEHLG,
2007). Hence, the use of N fertilizers is
regulated under S.I. No. 378 of 2006. The
cost of fertilizer N has increased substan-
tially in recent years (CSO, 2007) and its
inefficient use in agricultural production
is an unnecessary cost.

The difference between N imported
onto farms in fertilizers, feeds, manures
or in other materials and N exported from
farms in products such as milk and meat
usually shows a surplus of N generated
by the production system (Aarts et al.,
1988; Ledgard, Penno and Sprosen, 1997;
Aarts, Habekotté and Van Keulen, 1999).
Farm-scale N balances can take the form
of farm-gate balances, which account for
the N that is imported onto, and exported
off, farms via the farm-gate, such as syn-
thetic fertilizers, concentrates, milk and
livestock exported from the farm, or can
take the form of whole-farm balances that
also include other sources of N such as
atmospheric deposition of N, biological
N fixation in association with white clover
(white clover-BFN) and net mineraliza-
tion of N in the soil (Schroder et al., 2003).
The fate of N surpluses is highly variable
and difficult to predict. It is affected by
on-farm factors such as soil type and
hydrology, intensity of land use, farm
structure and management practices,
and by off-farm factors such as weather
conditions (Ledgard, Crush and Penno,
1998; Aarts, 2003). However, substantial
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proportions are lost to the environment
through processes such as denitrification,
ammonia volatilization, surface run-off
and nitrate leaching (Jarvis, 1999). Surplus
N also accumulates in grass roots and
stubble, or is immobilized in soil organic
matter. The quantity of surplus N generated
by a production system is a useful indicator
of the environmental sustainability of that
system: the lower the surplus the lower
the risks of damaging losses to the wider
environment (Aarts et al., 1999).

There have been a number of studies
describing N balances on dairy farms in
different parts of the world (Ledgard,
Penno and Sprosen, 1999; Oenema,
Koskamp and Galama, 2001; Swensson,
2003; Nevens et al., 2006; Roberts, Leach
and Goldie, 2007). Many of these studies
involved dairy production based on arable-
grassland rotations where concentrates
and maize silage comprised a large pro-
portion of the diet. There is limited know-
ledge of N balances on intensive dairy
farms in Ireland, which tend to be based
on permanent grassland and where grazed
grass is the major dietary component. The
aim of the present study was to examine
N use and farm-gate N balances on 21
intensive dairy farms located in the south
west of Ireland for the years 2003 to 2006
inclusive.

Materials and Methods

Farm selection and on-farm recording

All farms in this study were involved in the
Dairy Management Information System
(DAIRYMIS) programme run by Teagasc,
Moorepark Dairy Production Research
Centre (Crosse, 1991). This is a com-
puterised recorder-based system designed
to capture detailed information on farm
inputs, livestock production and reproduc-
tion. The selected farmers had a history of
accurate record keeping. During the study,
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all nutrient applications on each paddock
were recorded by the farmer on purpose-
built recording boards. These data along
with follow-up interviews were used to
double-check the DAIRYMIS data and
eliminate errors. Data on the recording
boards were also used to establish differ-
ences in management practices between
farms such as the mean quantity of fertiliz-
er applied in the first application in spring,
fertilizer N for first- and second-cut silage
and use of organic manures generated on
the farm or imported from pig farms.
Twenty-four farms located in coun-
ties Cork, Kilkenny, Limerick, Tipperary
and Waterford were initially selected.
Two farmers did not provide satisfactory
records and one farmer left the study due
to ill health. Data from these farms were
not used, so the data included in this
paper relate to the remaining 21 farms.
Permanent grassland-based milk produc-
tion from spring calving cows was the main
enterprise on all the selected farms.
Stocking density was expressed as the
quantity of N excreted by resident live-
stock relative to the area of the farm
used for agricultural production (utilised
agricultural area). This was calculated
using the standard values for annual N
excretion for the different categories of
livestock in S.I. No. 378 of 2006 (e.g. one
dairy cow excretes 85 kg N per year, one
bovine less than one year old excretes 24
kg N per year). The same criteria were
used to define a livestock unit (LU), with
one dairy cow equivalent to one LU and
one bovine less than one year old equiva-
lent to 0.28 LU. As the emphasis in the
study was on intensive dairy farms, the
majority of farms selected had stocking
densities of between 2 and 3 LU per hect-
are. Milk output from the area used for
milk production was estimated to facili-
tate comparison with specialised dairy
farms in other countries. This area was the
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proportion of the utilised agricultural area
that was equivalent to the proportion of
the total LU on the farm represented by
dairy cows.

Weather and grass growth

Weekly grass growth was measured at
Solohead Research Farm (latitude 52°51'
N; 08°21' W; altitude 97 m above mean sea
level) using the methodology described by
Corral and Fenlon (1978). Precipitation
and soil temperature at 100 mm soil depth
were recorded at the climatological station
located at Solohead Research Farm as
described by Fitzgerald and Fitzgerald
(2004).

Farm-gate N balance

Farm-gate N balance was calculated for each
calendar year taking account of N imported
onto and exported from a farm. All imports
and exports of N were expressed relative to
the utilised agricultural area. Imports did
not take account of atmospheric deposi-
tion, biological N fixation in grassland in
association with white clover or net min-
eralization of N in the soil as these sources
of N did not pass through the farm gate
(Aarts, 2003). Biological N fixation is dif-
ficult to determine accurately on farms.
Annual atmospheric deposition is also dif-
ficult to measure and is generally low (<10
kg/ha) in Ireland (Jordan, 1997). The use
of clover on each farm was recorded as the
proportion of agricultural area that con-
tained white clover and was being managed
to promote the white clover in swards. Net
mineralization of N was not included in the
balance because it was assumed that this
source of N would remain fairly constant
from year to year on these predominantly
permanent grassland farms (O’Connell and
Watson, 2004). The farm-gate balance was
the difference between imports of N onto
the farm and recovery of N in agricultural
products (mostly milk and live weight),
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while N use efficiency was calculated as
the proportion of imported N recovered in
agricultural products.

Nitrogen imported in concentrate feed
was calculated by multiplying the total
quantity of concentrate fed by its protein
concentration divided by 6.25 (McDonald
et al., 1995). The N concentration of
pig slurry imported onto the farms was
assumed to be 4.2 kg/m? as in S.I. 378
of 2006. Nitrogen in milk exported from
farms was calculated assuming that milk
protein concentration divided by 6.39
equals N concentration. Nitrogen export-
ed in livestock leaving the farm was calcu-
lated by estimating the total live weight of
the livestock sold (or died) from the farm
and multiplying by 0.029 for calves and
0.024 for older animals (ARC, 1994).

Statistical analysis

Data were subjected to analyses of vari-
ance to compare differences between years
in production factors. Farms were consid-
ered as replicates in the model. The rela-
tionships between stocking density and (i)
fertilizer N use, (ii) N imports, (iii) surplus
N, and (iv) N use efficiency were exam-
ined using linear regression. Likewise, the
relationships between milk output (milk
sold) per hectare of the farm area used for
milk production and (i) fertilizer N use,
(i) N imports, (iii) surplus N, and (iv) N
use efficiency were also examined using
linear regression.

Results
Weather and grass growth
Mean monthly soil temperature at
Solohead Research Farm for years 2003
to 2006 was 10.8, 10.9, 11.5 and 11.2 °C,
respectively (Figure la). Corresponding
annual precipitation was 882, 1032, 1029
and 1094 mm (Figure 1b). The summer
of 2006 was particularly dry. Grass growth
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during that summer and early autumn
was lower than in the preceding years
(Figure 1c).

Utilised agricultural area, stocking density,
concentrate use and milk production

Mean farm production data for the
4 years are shown in Table 1. The utilised
agricultural area per farm ranged from 25
to 130 ha. The utilised agricultural area
remained unchanged on twelve farms,
decreased on three farms and increased
on six farms during the study. There was
no change (P > 0.05) in the mean utilised
agricultural area between years. The mean
stocking density (N excreted by livestock)
was 202 kg/ha and did not change during
the study. Stocking density on individual
farms ranged from 162 to 246 kg/ha. The
mean number of cows per farm increased
(P < 0.001) from 85 (range 45 to 183)
in 2003 to 93 (range 44 to 190) in 2006.
Increases in the number of dairy cows
were offset by decreases in other livestock
(mainly beef cattle), which decreased
(P < 0.05) from 53 LU in 2003 to 48 LU
in 2006. Mean concentrate feed input per
LU ranged from 529 kg in 2004 to 808 kg
in 2006, and was higher (P < 0.001)
in 2006 than in other years because of
below average grass growth caused by
a prolonged period of exceptionally dry
weather. The mean volume of milk sup-
plied per hectare used for milk production
ranged from 11,667 L in 2005 to 13,087 L
in 2003. Mean protein concentration in
milk was 34.1 g/kg and did not differ
between years. In contrast, there was a
difference (P < 0.001) between years in
milk fat concentration, which ranged from
38.0 g/kg in 2003 to 39.1 g/kg in 2005.

Fertilizer N use and farm-gate N balance

Mean annual fertilizer N use declined
(P < 0.001) from 266 kg/ha in 2003 to
223 kg/ha in 2006 (Table 2). The mean
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Figure 1. (a) Monthly rainfall, (b) daily soil temperature at 100 mm depth and (c) mean
weekly grass growth rate (dry matter) measured using the methodology of Corral and Fenlon
(1978) at Solohead Research Farm between 1 January 2003 and 31 December 2006.

quantity of fertilizer N used in the first appli-
cation in spring declined (P < 0.001) from
48.9t033.3kg/ha (s.e.2.67), and the quantity
of fertilizer N applied for first-cut silage
declined (P < 0.05) from 106 to 96 kg/ha
(s.e. 2.9). The proportion of total slurry
that was applied during the spring (before
mid-April) increased (P < 0.05) from 0.50
in 2004 to 0.65 in 2006 (s.e. 0.036). White
clover was introduced on four farms during

the study and the proportion of swards con-
taining clover on these four farms in 2006
ranged from 0.15 to 0.85.

Fertilizer N was the main source of N
imported onto farms, accounting for nearly
0.80 of the total N imports. Nitrogen con-
tained in imported concentrate feed was
the second largest source of N (0.15 of total
N imports), while N imported in manure
was an important source of N on six farms



110 IRISH JOURNAL OF AGRICULTURAL AND FOOD RESEARCH, VOL. 47, NO. 2, 2008

Table 1. Mean values for utilised agricultural area, stocking density (excreted N per ha), mean number of
dairy cows, mean number of other livestock per farm, annual concentrate feed use, annual fertilizer N use,
annual milk sales from the area used for milk production, annual mean milk protein and fat concentrations

Year s.e. F-test
2003 2004 2005 2006

Utilised agricultural area (ha) 59.3 60.2 58.8 59.0 0.98

Stocking density (excreted N, kg/ha) 206 195 203 205 39

Number of dairy cows per farm 85 86 90 93 14 ok
Other livestock (LU/farm) 53 46 46 48 2.3 *
Concentrate feed (kg/LU) 675 529 544 808 31.2 ok
Volume of milk sold (L/ha) 13,087 11,859 11,667 12,657 264.0 ok
Milk protein (g/kg) 34.0 343 34.1 34.1 0.07

Milk fat (g/kg) 38.0 38.6 39.1 38.7 0.12 ok

Table 2. Mean values for imports of N in fertilizer, concentrates and organic manures, exports of N in
milk and livestock and farm-gate N balances for 21 dairy farms over 4 years

Year s.e. F-test
2003 2004 2005 2006

Farm-gate N imports (kg/ha)

Fertilizer 266 234 232 223 6.5 ok

Concentrate 48 36 37 54

Organic manures 22 20 18 12

Total 335 290 287 288 6.9 ok
Farm-gate N exports (kg/ha)

Milk 44 43 42 45

Livestock 15 12 12 11

Total 58 55 54 57 12
Farm-gate N surplus (kg/ha) 277 235 233 232 6.8 ok
N-use efficiency 0.18 0.20 0.20 0.20 0.007

(ranging from 130 to 462 kg/ha per year).
The mean imported N declined (P < 0.001)
from 335 kg/ha in 2003 to 288 kg/ha in 2006.
In 2006, the quantity of N imported had
fallen to less than 0.90 of that imported
in 2003 on 14 farms, and had increased to
more than 1.10 of that imported in 2003
on one farm. On the six remaining farms
imported N remained within 0.10 of that
recorded in 2003.

Annual N exports from farms ranged
from 41 to 85 kg/ha, with no change in
mean N exports during the study. Nitrogen
contained in milk sold accounted for 0.78
of N exports. The remaining N exports

were from sales of livestock and the dis-
posal of dead animals.

Nitrogen surplus ranged from 87 to 389
kg/ha across farms and years. There was a
decrease (P < 0.001) in the mean N sur-
plus from 277 kg/ha in 2003 to 232 kg/ha
in 2006. Nitrogen surplus declined on 17
farms during the study. Mean efficiency
of N use did not change during the study
and ranged from 0.10 to 0.34 across farms
and years.

Annual fertilizer N input was higher
on farms with a higher stocking density
(R? = 0.37, P < 0.001, Figure 2a) using
data combined over four years. There was
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Figure 2. Stocking density (excreted N per ha) and (a) fertilizer N use, (b) N imports, (c) N
surplus and (d) N use efficiency on 21 intensive spring calving dairy farms in the south west
of Ireland for 2003 (+), 2004 (o), 2005 (X) and 2006 (o).

substantial variation in the quantity of
fertilizer N applied on farms with similar
stocking densities. Likewise, imported N
was also higher on farms with a higher
stocking density (R> = 0.32, P < 0.001,
Figure 2b) and surplus N increased as
stocking density increased (R? = 0.26, P <
0.001, Figure 2c). There was no relation-
ship between stocking density and N use
efficiency (Figure 2d).

The annual milk output per hectare
of agricultural area ranged from 5,000 to
12,700 L across years and farms. Milk out-
put per hectare used for milk production
ranged from 8,500 to 17,500 L across farms
and years. Fertilizer N input (R? = 0.37,

P < 0.001, Figure 3a), total imports of
N (R? = 0.33, P < 0.001, Figure 3b) and
surplus N (R? = 0.24, P < 0.001, Figure 3c)
increased with increasing milk output per
hectare (data combined over four years).
There was no relationship between milk
output per hectare used for milk produc-
tion and N use efficiency.

Discussion
Stocking density and milk production
Relatively low milk output per hectare of
utilised agricultural area on some farms
was partly due to a high proportion of
other livestock on the farm (mostly beef
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Figure 3. Milk output per hectare used for milk production and (a) fertilizer N use, (b) N
imports, (c) N surplus and (d) N use efficiency on 21 intensive spring calving dairy farms in
the south west of Ireland during 2003 (+), 2004 (o), 2005 (X ) and 2006 (o).

cattle or replacement heifers for sale) and a
relatively low concentrate input compared
with studies in other countries. Dairy farms
in Ireland tend to be less specialised in
milk production than dairy farms in other
regions of intensive dairy production in
northwest Europe (Raison, Pflimlin and Le
Gall, 2006). In the present study, dairy cows
accounted for 0.65 of the LU on farms,
which is close to the value of 0.61 reported
by Humphreys, Casey and Carton (2004).

Fertilizer N use

In general, the quantity of fertilizer N
applied increased with stocking density.
However, there was large variation in the

quantity of fertilizer N applied on farms
with a similar stocking density, with the
greatest variation on the lower stocked
farms. While part of this variation could
be attributed to soil type (O’Connell
et al., 2004) and the use of white clover,
the results suggest that there is consider-
able potential to reduce fertilizer N input
on many of these farms.

The reduction in fertilizer N use between
2003 and 2006 can be attributed largely
to decreases in the quantities of fertil-
izer N applied in the first application in
spring and for the production of first-cut
silage. This reduction was made possible,
in part, by increasing the proportion of
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slurry applied during the spring, and by
the introduction of white clover on four
farms. It appears that the quantity of fer-
tilizer N applied in the first application has
been declining on Irish dairy farms over
the past decade in line with recommenda-
tions (Humphreys, O’Connell and Watson,
2003; Humphreys, 2007). The mean quan-
tity applied in 2006 (33.3 kg/ha) was sub-
stantially less than that applied in 2003
(48.9 kg/ha), and considerably lower than
the 60.1 kg/ha reported by Mounsey e al.
(1998) in a study of nutrient management
on 12 intensive dairy farms. The mean
quantity of fertilizer N applied for the pro-
duction of first-cut silage decreased from
106 to 96 kg/ha reflecting the substitution
of some fertilizer N with N contained in
slurry. This is in line with current recom-
mendations that where 33 m3/ha of slurry
is applied for first-cut silage the quantity
of fertilizer N should be reduced from 115
to 90 kg/ha (Humphreys, 2007).

Since 1 August 2006, farmers are legally
required to comply with maximum appli-
cation limits for fertilizer N as specified in
S.I. No. 378 of 2006. In 2006, these limits
were exceeded on two farms both stocked
at >210 kg/ha of excreted N and permit-
ted to apply 256 kg/ha of fertilizer N per
year. While farms stocked at >210 kg/ha
had the greatest difficulty in complying
with the limits on fertilizer N use in the
S.I. No. 378 of 2006, seven of the nine
farms stocked at >210 kg/ha were compli-
ant with the N fertilization limits in the
final year of the study.

Farm-gate N balance

Surpluses of N were clearly linked to N
imports as reported elsewhere (Oenema
et al., 1998; Jarvis, 1999). Humphreys et al.
(2004) found that the mean use of fertil-
izer N on 32 intensive Irish dairy farms
was 307 kg/ha for the years 1993 to 2001.
Farms involved in that study were stocked

at a mean of 229 kg/ha of excreted N
(range 172 to 304 kg/ha) and had a mean
milk output in 2001 of 8,700 L (range
4,400 to 20,200 L) per hectare of utilised
agricultural area. Total annual N imports
averaged 327 kg/ha and annual N surplus
averaged 262 kg/ha. Nitrogen use efficiency
(0.20) did not change during the study.
These results are similar to the present
findings. In a study of 12 intensive Irish
dairy farms, Mounsey et al. (1998) found a
mean N surplus of 304 kg/ha (range 198 to
408 kg/ha). In the present study, both the
N surplus and the stocking density were
lower than reported by Mounsey et al.
(1998) and the mean efficiency of N use
tended to be higher.

Comparison with N surplus and N use
efficiency in other countries

Farm-gate N balances were first calcu-
lated in the 1980s for farms in regions with
intensive dairy production, particularly in
the Netherlands. These studies reported
low N use efficiency. On farms with a
mean annual N import of 533 kg/ha, Van
der Meer and van Uum-van Lohuyzen
(1986) reported a mean N use efficiency
of 0.16. Similarly, in a study of farms with
an annual N import of 568 kg/ha, Aarts
et al. (1988) reported that N use efficien-
cy was 0.14. These efficiency values are
in general agreement with findings from
later studies on Dutch farms (Ledgard
et al., 1997; Aarts, 2003). The latter author
showed, under experimental conditions in
the Netherlands, that an N use efficiency
of approximately 0.36 is technically attain-
able on intensive dairy farms producing
around 12,000 L milk per hectare.

In Flanders, Nevens et al. (2006) found
that the mean annual N imports decreased
from 446 kg/ha in 1989 to 305 kg/ha in
2001 while N surpluses correspondingly
decreased from 378 kg/ha to 238 kg/ha.
This decrease was attributed to lower
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mineral fertilizer use and a reduction in
concentrate use. Corresponding N use
efficiencies increased from 0.15 to 0.22.
In the latter study account was taken
of the contribution of white clover and
of atmospheric N deposition, which was
48 kg/ha for the relevant period. In con-
trast, Ireland experiences alow annual depo-
sition of atmospheric N (approximately
10 kg/ha; Jordan, 1997) and therefore this
source of N has much less influence on N
balances under Irish conditions.

Surplus N values similar to those mea-
sured in Ireland have also been reported
for the UK. In a study of dairy farms in
the south west of England in the 1990s,
Ledgard et al. (1997) found that annual
N imports averaged 337 kg/ha, including
10 kg/ha due to biological N fixation and
25 kg/ha from deposition of atmospheric
N. Mean N use efficiency was 0.20. In a
study of dairy farms in Scotland in the
late 1990s Roberts et al. (2007) reported
N surpluses ranging from 259 to 785 kg/
ha and N use efficiencies from 0.10 to
0.23. Under experimental conditions in
Scotland, Leach and Bax (1999) calculated
N use efficiency for intensive and exten-
sive grass-based dairy production systems,
taking into account biological N fixation
and atmospheric deposition (12 kg/ha per
year). On the intensive systems, annual
milk output ranged from 13,600 to 16,300
kg/ha, imports of N ranged from 307 to
404 kg/ha, surplus N ranged from 242 to
304 kg/ha, and N use efficiency ranged
from 0.14 to 0.22. On the extensive sys-
tems, the corresponding values were milk
output 10,600 to 11,500 kg/ha, N imports
183 to 189 kg/ha, N surplus 131 to 140
kg/ha, and N use efficiency 0.22 to 0.26.
In a study of grassland-based dairy farms
in New Zealand, Ledgard et al. (1997) cal-
culated a mean surplus (including biologi-
cally fixed N) of 131 kg/ha, and an mean N
use efficiency of 0.30. Likewise, taking into
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account biologically fixed N, on relatively
low stocked mixed dairy farms in Sweden
with fertilizer N inputs of 88 to 101 kg/ha,
Swensson (2003) found N use efficiencies
of between 0.24 and 0.29. The systems of
production involved were quite different
from those in Ireland because of a high
proportion of arable crops. Mean annual
milk production on the Swedish farms was
6,800 kg/ha compared with 10,000 kg/ha
on the farms in Flanders mentioned earlier
(Nevens et al., 2006) and over 12,000 kg/
ha on the Dutch farms studied by Aarts
(2003). In contrast to the present findings,
the results from the UK, Swedish, Flanders
and Dutch studies suggested that lower
intensity of production, lower N imports
and lower surpluses were generally associ-
ated with higher N use efficiency.

Environmental implications

Higher N surpluses result in higher losses
of N from grassland-based systems (Jarvis,
1993; Scholefield et al., 1993; Tyson et al.,
1997; Ledgard et al., 1999; Watson et al.,
2000). It is generally accepted that there is
aneed to increase the recovery of imported
N in products exported off farms. Within
the European Union there are a number
of directives with the objective of lower-
ing N emissions to groundwater, surface
water and the atmosphere. These include
the Nitrates Directive (European Council,
1991), the Water Framework Directive
(European Parliament and Council, 2000)
and the Directive on National Emissions
Ceilings (European Parliament and
Council, 2001).

In the current study, N use efficiency
ranged from 0.10 to 0.34. Highest and
lowest efficiencies were recorded at rela-
tively low stocking densities (160 kg/ha;
Figure 2). This can be partly explained
by the use of white clover on four of the
lower stocked farms. Nitrogen fixation,
in association with white clover, was not
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included in the N balances, making these
farms appear more efficient. Losses of
N are generally closely related with the
amount of N cycling within the system.
In a review of the topic, Andrews et al.
(2007) concluded that where N fixed in
association with white clover replaces an
equivalent quantity of fertilizer N there
was no difference in N surplus generated
or in N use efficiency. However, white clo-
ver can be used to lower fertilizer N costs
on farms stocked at around 170 kg/ha of
excreted N resulting in profitability simi-
lar to higher stocked farms (Humphreys
and Lawless, 2008). This provides an
environmental benefit: lower stocked
clover-based farms generate lower N sur-
pluses (and consequently lower N losses)
compared with higher stocked farms. The
economic benefit associated with white
clover is increasingly evident taking into
account the escalating cost of fertilizer N
in recent years.

In the present study, very low N use effi-
ciencies were associated with high imports
of N in manures and synthetic fertilizers.
The availability of N in organic manures is
low compared with that in synthetic ferti-
lizers (Pain, 2000). Hence, where manure
was imported it resulted in relatively high
N imports compared to farms where no
manure was imported, particularly in the
early years, when little or no account was
taken of the N in the imported manure;
it was used primarily to replace P and K
fertilizers. Towards the end of the study,
the import of organic manure was cur-
tailed by limits imposed by S.I. No. 378 of
2006. Import of manure was not the only
reason for low N use efficiency. On some
farms there was considerable scope to
make more efficient use of farm-produced
manures as well as imported fertilizer N
or, alternatively, to increase N output in
products relative to the quantities of N
being imported.
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Conclusions

The N surpluses and N use efficiencies
recorded in the present study were gen-
erally within the ranges found in other
studies in Ireland and elsewhere. There
were large variations in the quantity of N
imported onto farms and in the surplus
of N generated at similar stocking density
and milk output per hectare, particularly
on the lower stocked farms. Fertilizer N
accounted for 0.80 of N imported onto
farms and there is considerable potential
to lower the quantity of N, particularly
fertilizer N, imported onto some farms.
This should be the focus of future research.
Compliance with the fertilization limits in
S.I. No. 378 of 2006 was readily achievable
on the majority of the farms.
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