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Abstract The effects of nitrogen (N) fertiliser on
milk production and composition, voluntary dry
matter intake (DMI), and aspects of rumen
fermentation and N and energy partitioning were
studied in early lactation. Twenty Jersey and 12
Friesian cows were individually offered freshly
cut pastures that had received either 100-150 kg
N/ha (HN) or 25 kg N/ha (LN) as urea, either ad
libitum or restricted to 70% of ad libitum.
Treatments were imposed for two consecutive 14-
day periods during September and October 1993.
The main effects of higher rates of N fertiliser (LN
versus HN) were to decrease milk protein yield
(0.58 versus 0.56 kg/cow per day; P < 0.05), milk
protein content (36.0 versus 35.1 g/1000 g; P <
0.01), and DMI for cows on ad libitum pasture
allowance (14.6 versus 14.0 kg DM/cow per day;
P < 0.01). Dry matter and organic matter
digestibilities, microbial N production, and N and
energy balance were unaffected by N fertiliser.
The proportion of ingested N retained in milk was
reduced slightly (19.8 versus 21%; P < 0.01)
whereas milk urea N and milk non-protein N as a
proportion of total N were increased by HN (0.21
versus 0.19 g/kg, P < 0.0001; and 7.0 versus 6.6%,
P < 0.05). HN tended to increase rumen ammonia
concentration and pH levels while foremilk urea
levels were unchanged. There were no clear effects
of N fertiliser on rumen volatile fatty acid
concentrations. Effects of N fertiliser on the
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chemical and botanical composition of pasture were
minor. We conclude that the application of N
fertiliser in winter/early spring had only minor
effects on pasture intake and milk composition in
early lactation.
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INTRODUCTION

Nitrogen (N) fertiliser has dramatic effects on
pasture growth (O'Connor 1982) and has become
an integral part of dairy farm management in New
Zealand. However, associated effects of N fertiliser
on aspects of pasture quality, feed intake, rumen
fermentation, and cow performance have not been
precisely defined.

High levels of N fertiliser increased total pasture
N content, especially the non-protein N and nitrate
fractions, particularly in spring (Ross et al. 1978).
Non-structural carbohydrates (NSC) were not
associated with the N fertiliser treatment, although
they were negatively correlated with total N and
protein N contents. In other studies, NSC were
negatively influenced by N fertiliser (Smith 1973;
Westhafer et al. 1982; Wilman & Wright 1983).
Overseas studies have reported that dry matter
(DM) and neutral detergent fibre (NDF) concen-
tration decreased (c. 30 and 40 g/kg DM,
respectively) and crude protein (CP) content
increased (approximately 150 g/kg DM) as fertiliser
N application rates increased from 0 to 700 kg N/
ha per year; in vitro OM digestibility was not
affected (Van Vuuren et al. 1991).

The observed changes in the nutritive com-
position of pasture as a result of N fertiliser
application may influence subsequent rumen
fermentation and cow performance. In a study using
the in sacco nylon bag technique, Van Vuuren et
al. (1991) found that as the N content of pasture
increased with increasing N fertiliser application,
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the proportion of protein instantly degraded in the
rumen (12 versus 21%), the rate at which it is
degraded (5.1 versus 8.9%/h), and the digestible
crude protein entering the small intestine also
increased (97 versus 125 g CP/kg DM, at 320 and
560 kg N/ha, respectively). Additionally, immature,
heavily fertilised pasture may contain substantial
amounts of soluble protein (Sanderson & Wedin
1989), which may not be utilised effectively for
microbial protein synthesis. Crude protein
concentrations less than 200 g/kg DM produce
high concentrations of rumen ammonia (Beever &
Siddons 1986; Van Vuuren et al. 1986) and
increased loss of N in urine (Van Vuuren & Meijs
1987). N fertilisation has also led to a decrease in
the efficiency of N utilisation by the cow for milk
production. Cows grazing on farms receiving no N
fertiliser retained 21% of the ingested N in milk,
compared to only 16% for cows grazing on farms
under intensive N fertilisation regimes (Van der
Meer 1982; cited by Van Vuuren & Meijs 1987).

The purpose of this study, therefore, was to
compare the dry matter intake (DMI), rumen
fermentation characteristics, N and energy
partitioning, and milk production and composition
from cows in early lactation, when fed measured
amounts of high or low N-fertilised pasture.

MATERIALS AND METHODS

Animals and experimental design
Twenty multiparous Jersey cows and 12 rumen-
fistulated multiparous Friesian cows (average
liveweight = 385.0 ± 33 (SD) kg and 410.3 ± 32
kg, respectively; and at 39 ± 5.1 days in milk) were
allocated to four treatment groups balanced for
milk solids yield, fat-corrected milk yield,
liveweight, and days in milk.

A change-over design with a 2 x 2 factorial
arrangement of treatments was used, comprising
two pasture N fertiliser treatments (High N, HN;
and Low N, LN) and two pasture allowance
treatments (ad libitum allowance; and restricted
allowance to 75% of voluntary DMI). Individual
animals remained on the same allowance treatment
throughout the entire experiment, so that only the
pasture N treatments were reversed (HN to LN; or
LN to HN).

The experiment comprised four periods (PI to
P4). P1 and P3 were 7-day adaptation periods during
which all cows were offered the HN or LN pasture,
according to their allocated treatment, and were

fed ad libitum to enable voluntary DMI to be
calculated. Treatments were applied for 14 days
during P2 and P4 with data recording and collection
of samples for analysis from Days 8 to 14 only.

All cows were housed in individual stalls and
were milked twice daily at 0700 and 1500 h. From
Days 4 to 14 of P2 and P4, the Friesian rumen-
fistulated cows were housed separately in
metabolism stalls, for a 3-day adaptation period
followed by a 7-day digestibility period. Oestrus
was controlled using a combination of CIDRs
(InterAg) and Buserelin (UpJohn Ltd), so that cows
were not allowed to cycle during treatment periods,
and were artificially inseminated over 2 days during
the second covariate period.

Pasture and feeding
Within the 18 ha used to grow the pasture, adjacent
paddocks were paired off to receive either HN or
LN fertiliser treatments, and were grazed at the
same time during June-September to produce
pasture of equivalent regrowth period. This strategy
ensured that N treatments were not confounded by
variation in soil type or fertility and regrowth period.
The mixed ryegrass (Lolium perenne L.) and white
clover (Trifolium repens L.) pastures had received
either 25 kg N/ha (LN) or 100-150 kg N/ha (HN)
as urea (Petrochem, N.Z.) since June 1993. LN
paddocks received 25 kg N/ha on 25 June; HN
paddocks received 50 kg N/ha on 25 June, 50 kg
N/ha on 27 July, and a further 50 kg N/ha in
September after cutting, during PI and P2 of the
experiment. Cows were offered winter-saved
pasture in PI and P2, and primary spring re-growth
during P3 and P4. During the experimental period,
paddocks were never harvested within 3 weeks of
urea application.

Pasture was harvested twice daily at 0700 and
1400 h using a drum mower and pick-up wagon.
Pasture yields averaged 3.2 and 2.61 DM/ha before
harvesting for the HN and LN pastures, respec-
tively. Post-cutting yields were c. 1.5—1.8 t DM/
ha. All cows were offered freshly cut pasture, twice
daily at 0900 and 1600 h after each milking, in
individual stalls under a zero-grazing system. A
preliminary DM % measurement was taken for
both HN and LN pastures, to calculate the weight
of fresh pasture that needed to be offered to achieve
the desired DM allowance for individual cows.
DMI was determined from the weight and DM %
of pasture offered and refused, twice daily, using
electronic scales (Tru Test N.Z.).


