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Effect of lime on yield, N fixation, and plant N uptake from the soil
by pasture on 3 contrasting trials in New Zealand
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Abstract The amount of plant nitrogen (N) uptake
from the soil and fixed N in the herbage of clover
species were measured using a 15N dilution
technique on mowing trials at 3 lime rates (0,
5000, and 10 000 kg/ha) at a low rainfall site
(Matapiro soil) near Hastings over 5 years and at a
high rainfall site (Mangatea soil) near Te Kuiti
over 4 years. At the low rainfall site, measurements
were also made over 5 years on a grazing trial at 2
lime rates (0, 7500 kg/ha). The dominant clover
species was subterranean clover on the low rainfall
site and white clover on the high rainfall site.
Overall, the average proportion of clover N that
was fixed from the atmosphere (PNfix) w a s about
0.8 of total N in clover. The average annual amount
of fixed N in clover herbage was 35 kg/ha in the
grazing trial on the Matapiro soil, 65 kg/ha on the
mowing trial and 105 kg/ha in the trial on the
Mangatea soil. Over all harvests and lime
treatments, the amount of N fixed could be
estimated as 0.04 x clover yield (kg DM/ha) on the
high rainfall site and 0.046 x clover yield on the
low rainfall site. The average annual amount of
plant N uptake from the soil by grass, clover, and
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weeds was 150 kg/ha in the grazing trial and 160
kg/ha in the mowing trial on the Matapiro soil, and
240 kg/ha in the trial on the Mangatea soil. In the
first 3 years, lime increased grass N uptake by an
average of 24 kg/ha/yr over all trials. In the mowing
trials, grass N uptake increased during the first 3
years by an average of 16 kg/ha when 5000 kg/ha
of lime was applied, and by 33 kg/ha when 10 000
kg/ha was applied. This increase was attributed to
an increase in net N mineralisation. However, the
increase in net N mineralisation due to liming was
a short term effect as lime had no significant effect
on grass N uptake after 3 years.
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INTRODUCTION

Within New Zealand, there has only been one
published study to quantify the increase in nitrogen
(N) mineralisation when lime is applied (Edmeades
et al. 1986). In this 2 year study in Taranaki on a
dairy farm on a high fertility soil, a single surface
application of 7250 kg/ha lime increased plant N
uptake from the soil by an average of 26 kg/ha/yr.
This increase was attributed to lime increasing the
net rate of N mineralisation. The increase in net
mineralisation led to a 8% increase in grass
production. However, the increase in grass
production resulted in a decrease in clover
production and in the amount of N fixed in clover.
Thus the net increase in plant available N due to
liming was only 20 kg/ha/yr.

Most sheep farms in New Zealand occur on
lower fertility soils than diary pastures. No
information was found in the literature on the effect
of lime on net N mineralisation rates in pastures on
such soils, although lime would be expected to
enhance N mineralisation as for dairy farms.
Therefore, mowing trials were conducted at two
sites on sheep farms that differed in rainfall to
quantify the increase in N mineralisation due to
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liming using the 15N dilution technique. The 15N
dilution technique also allowed the effect of lime
on the amount of N fixed to be assessed at each
site. At the low rainfall site, a trial was also
conducted under grazing. Previously reported
results from these trials include soil test results for
the grazing trial (Wheeler & Edmeades 1997), yield
results from all treatments on the mowing trial on
the Matapiro soil (Edmeades et al. 1991), and the
effect of lime on soil solution chemistry (Edmeades
et al. 1985a) and Mg availability (Edmeades et al.
1985b) for all trials.

METHODS

Site characteristics
A grazing and a mowing trial were located adjacent
to one another in Hawkes Bay, New Zealand, about
20 km east of Hastings and <1 km from the coast.
The soil type was a Matapiro silt loam, a central
yellow grey earth (Typic Durustalf clay mixed
mesic). The site had frequent summer dry periods
and cool winters, and an average annual rainfall of
800 mm. The dominant pasture species were
ryegrass (Lolium perenne L.) (50% of grasses) and
subterranean clover (Trifolium subterraneum L.).
There was a small proportion (up to 10% of clovers)
of white clover (Trifolium repens L.) in some years.

A mowing trial was also conducted 5 km south
of Te Kuiti, New Zealand. The soil type was a
Mangatea clay loam, a yellow-brown earth (Umbric
Dystrochrept fine hallositic mesic). The soil was
originally a hill soil but a large stabilised slump
allowed a mowing trial to be established on a flat
site. The site had warm moist summers and wet
winters, and an average annual rainfall of 1500
mm. The dominant pasture species were ryegrass

(50% of grasses) and white clover. The other grasses
were a mixture of species, except in late summer
and autumn, when paspalum (Paspalum dilatatum
L.) was the dominant other grass.

Some properties of the unlimed soils are given
in Table 1 for samples taken in the autumn of each
year.

Grazing trial design
The trial consisted of 4 treatments with 6 replicates
arranged in a randomised block design using a plot
size of 30 m x 10 m. The treatments of concern to
this paper were the no lime and lime (7500 kg/ha)
treatments. This rate was selected to give an
increase in soil pH of at least 1 pH unit. Lime was
applied as a split dressing (5000 kg/ha applied
initially in May 1979 and 2500 kg/ha a year later)
to limit deleterious effects from high rates.
Superphosphate (20 kg P/ha) was applied annually
in the autumn to both treatments. The trial was
grazed by sheep as part of the normal farm manage-
ment, although it was occasionally over-grazed
because of its proximity to a woolshed. The paddock
was normally rotationally grazed except between
lambing and weaning, when it was set stocked.

Pasture harvesting started in September 1979,
about 4 months after the lime was initially applied,
and was continuously harvested for 5 years (about
8 harvests per year). At the beginning of each
harvest period, a randomly selected area of pasture
within each plot was trimmed and a cage placed
around the trimmed area. Sodium nitrate (1.49 g
30% enriched in I5N) was applied as a solution
(100 ml) using a small watering can with a fine
rosette to ensure even distribution, to a 0.36 m2

strip within the cage. At harvest, a 3.35 m2 area
that excluded the 15N treated strip was mown,

Table 1 Soil properties for each trial (mean of no lime plots over time).

Test1

Sampling depth
pH control

high lime
Olsen P
Total carbon
Total nitrogen
Mineraliseable N3

Units

mm

ugAnl
mg/g
mg/g
HgN/g

Matapiro

Grazing

0-50
5.4
6.6

11.02

61
4.6
128

Mowing

0-75
5.4
6.4
16
57
5.0
115

Mangatea
Mowing

0-75
5.3
6.6
27
72
6.5
190

'Methods are described by Wheeler & Edmeades (1997).
2Varied over the sampling period (see Wheeler & Edmeades (1997)).
37 day anaerobic incubation at 40°C.


