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Abstract

This paper reports on chemical changes that have
occurred since 1978 in topsoils (O-7.5 cm depth)
of upland and high country farms at 3 sites:
Longslip and Glencaim Stations near Omarama,
north Otago, and the east Otago uplands between
Middlemarch and Alexandra. Between 1978 and
1992 on Longslip, on fertilised and oversown hilly
and seep dopes, mesn oil organic C incressed by
67%, total N value changed little, and pH declined
by 0.41 units. Associated with the soil changes
were declines in the amount of bare ground and
snow tussock cover, and increases in legume and
hieracium cover. The organic C change was
equivdent to an increese of ebout 11 t Cha between
1978 and 1992. Over the same time period no
topsoil changes on lower landscape positions were
apparent. On Glencairn, under grazing but no
topdressing, mean organic C declined by 10%,
total N declined by 25% and pH declined by 0.43

——units-between_1978_and_1993._The organic C and

Introduction

The 1970s and ealy 1980s were a time of agricultura
development. However, the withdravd of chegp loans
and subsidies in the 1980s, concurrent with periodic
explosons of rabbit populations and the invason of
weeds like hieracium and briar, hes raised the isue of
the sustainability of high country pastordism (Hughes
1990). The ability of high country soils to support
sudained pastordism has been brought into quetion
by OComnor & Haris (1991) who cdculated that 150
yeas of pastordism hes caused subdtantid losses of the
four mgor nutrients (N, P, K, S) throughout the high
country. The declining ability of soils to support
productive pastures was a major issue shaping the
recommendations of the High Country Review (Matin
et al. 1994). Although assessments of soil changes ae
cucd to aguments about sudtanability of pastora
land use, there have been few long- or medium-term
sudies of ol changes on individud farms. This paper
reports on fam-scde ol changes snce 1978 a three
upland and high country locations.

N changes were equivalent to a decline of about
1.7 t C/ha and 0.4 t N/ha between 1978 and 1993.
In contrast, within unfertilised and fertilised plots
of exclosures that had not been mown or grazed
for 9 years, organic C rose by 40-55%, total N rose
by 21-36%, and thee wes no sgnificant change of
pH. Vegetation changes outside the exclosures
included an increase of hieracium and briar cover.
On the et Otago uplands under light grazing and
little or no fertiliser application no significant
changes of pH, organic C or total N were recorded
between 1978 and 1994. The results show that soil
monitoring can give useful information about the
changes associated with pastoral use and the
options available to maintain or enhance soil
organic matter and pH levels.

Keywords: high country, monitoring, organic C,
pH, sustainability, total N

Study areas and characteristics

The Longslip Study area is a hilly and steep spur with
drong aspect contrast a 6851 190 m dtitude south of
the Ahuriri River. 25 km west of Omaama, North Otago.
Mean anud rainfdl is 700-1000 mm. Soils are Brown
Soils and Pdlic Soils previoudy mapped in the Kakoura
and Omaama s

The Glencam sudy aea is a hilly and steep spur
with drong aspect contrast a 440-810 m dltitude on the
et sde of the Benmore Range, 25 km north-west of
Omaana Mean amnud ranfdl is 500-600 mm. Soils
ae Pdlic Solls previoudy mapped in the Meyer and
Omarama s

The east Otago uplands study area is rolling land a
700-1 100 m altitude between Middlemarch and
Alexandra, and has a ranfdl of aout 7001 100 mm.
Soils are Brown Soils previoudy mapped in the Teviot
set.
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Precise locdtions and  charecterigtics of the  dudy
aess ae gven by Mcintosh e d. (1981) and Mclntosh
& Backholm (1981). NZ Soil Bureau (1968) gives the
generd <0il patten & each location and Mclntosh er al.
(1981, 1983) describe the soils in detall.

In 1980 the Longslip area wes oversown Wwith clovers
and grases and befween 1980 and 1992 a totd of 1100
kgha of Ssuperphosphate (28% totd S) was aoplied.
The Glencaim area soils have not been oversown or
topdressed. On the esst Otago uplandsthe amount of
fertiliser gpplied is not accuratdly known but the presence
of clovers a& only one dte in 1978 but & 11 of the 26
Stes revisted in 1994, indicates that a these Stes light
topdressing, probably a the rate of about 250 kgha of
sngle superphosphate (@ standard initid rate for legume
edablishment), hes occurred a least once.

No lime has been applied on Longslip or Glencairn
and is most .unlikely to have been applied on the east
Otago uplands, where it is dandard practice to Spread
lime only after cultivation.

Methods

On both Longslip and Glencaim, 0ils were grid sampled
(O-75 cm depth) on dopes with drong aspect contradt.
Stock camps were avoided. There were 38 siteson
Longslip and 24 stes on Glencam. At mogt sites soils
were sampled in 1978, but a few were sampled in 1979.
The same dtes were resampled in 1992 and 1993 on
Longslip and in 1993 on Glencam. Detals of sampling
method ae given by Mcintosh er al. (1931, 1994).

On Glencam dock- and rabhit-proof  fertiliser  trid
aes (Mclntoshet al. 1985 Boswell & Swanney 1990)
have effectively functioned as exclosure plots since
1979. Tria plots were oversown in 1979 and mown
(with clippings discarded) between the 1979 and 1984
seasns but aftewards not mown or grazed. Unfertilised
control plots and plots fertilised twice with 370 kgha
of Ssuperphosphate (27% totd §) were sampled in
1993 for the present sudy.

On the ead Otago uplands 26 stes near the Old
Dunstan and Lake Onslow Roads were sanpled in 1978
and 1994 by the mehods described by Mclntosh &
Backholm ~ (1981).

Soils were andysed by dandad methods used a
Invermay ~ Agricultur  Centre.  Longslip 1993 samples
wee andysed for pH only. Differences in soil chemigtry
vaues between 1978 and 1992/93/94 sampling dates
were andysd by pared t-fed.

Longslip and Glencam gtes were sampled for bulk
densty in 1994 s that soil changes could be estimated
on a weght per hectae (kglha) basis Bulk density was
cdculaed from the weight of oven-dried (1 10°C) O-7.5
cm soil, after removal of roots and stones(>2 mm),

bulked from 30 cores of known volume from exch of
the 62 stes. Because soil bulk density was not measured
in 1978, changes of organic C and totd N on a weight
per hectare bess were edimated by aoplying 1994 bulk
densty vaues for each ste to both 1978 and later soil
anayses.

Results

Soil chemicd changes are summarised in Figure 1.

On Longslip the pH, organic C and totd N changes
snce 1978 were dexcribed by Mclntosh e al. (1994).
Organic C incressed  sgnificantly  (P<0.001) by 6%
(from 33% C to 55% C) between 1978 and 1992, the
increase  being larger on sunny dopes than on  shady
dopes. The smdl overdl increase of totd N over this
time period was not sgnificat (P<0.05) hut there was
a ggnificant (P<0.01) 13% decline of totd N on shady
slopes and a significant (P<0.05) 26% increase of
total N on sunny slopes. pH declined significantly
(P<0.001) by 0.41 units, from 5.81 to 5.40, the pH
decline being similar on both aspects. These soil
changes were asocided with a dedine in the amount
of bare ground and snow tussock cover, and an incresse
in legume cover and Stes with hieracium (Mcintosh et
al. 1994). In contrast, at 7 sites on lower landscape
units under similar management, there was a slight
dedine of organic C and totd N and no change in pH
(Mcintosh er al. 1994).

Mean bulk densty on Longslip was 069 t/m® on
both sunny and shady dopes. The organic C changes
ae equivdent to an organic C increase of about 11 ¢/
ha (from 17 tha to 28 tha between 1978 and 1992,
the increase on sunny dopes (15 tha) being greater
than the incresse on shady dopes (6 tha). The totdl N
changes are eguivdent to a totd N increese from 14 ¢/
hato 1.7 t/ha on sunny slopes and atotal N decline
from 14 ¢ha to 12 tha on shady dopes (Al vaues
ae qoproximate because bulk densty was not measured
in1978.)

On Glencaim mean organic C was 2.3%in 1978.
Under grazing but no topdressng (+G-F in Figure 1)
organic C declined significantly (P<0.01) by 10%
between 1978 and 1993. The decline was larger on
sunny dopes (20%) than on shady dopes (4%). so tha
1993 organic C was 15% on sunny dopes and 2.6% on
shady dopes. Totd N declined significantly (P<0.001)
by 25% over this time period, from 024% N to 0.18%
N, the percentage decline being smilar on both sunny
and shedy dopes pH declined significantly (P<0.001)
by 0.43 units, from 6.30 to 5.87. In contrast, within
exclosyres tha had not been cut or grazed for 9 years
(-GtF and -G-F in Figure 1), thee was no Sgnificant
{P<0.05) change of pH on fertilised or unfertilised
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Figure 1 Mean changes of pH, organic C and totd N in
topsoils (O-7.5 cm). For clarity, points are linked
by draight lines, but changes may not have been
linear. +G = with grazing; -G = no grazing for 9
years, +F = with fertiliser (S+P plots as described
in text); (+F) light topdressing a some sites; -F =
no fertiliser. Significance levels relate to
differences between 1978 and 1992, 1993, or 19%4
vaues within trestments linked. by lines * =
P<0.05, ** = P<0.01, *#* = P<0.001; NS = not
sgnificant.

plots, organic C rose by 40-55%, and totd N rose by
21-36%, but only the N rise on -G-F plots and the C
rie on -G+F plots wes sgnificant (P<0.05).

Soil changes outside the exclosures were associated
with an increee in the proporion of hieradum and
briar cover (R.B. Allen, unpublished data). Soils under
hieracium patches were on average more acid by 05 pH
unit than soils under native vegetation sampled on the
same dae (Mcintosh & Allen 1993).

Mean bulk density on Glencaim was 0.94 ¢/m?
(104 ym® on sunny slopes, 0.84 t/m® on shady dopes).
The organic C changes are equivdent to an overdl
organic C decline from 158 tha to 141 tha between
1978 and 1993, the decline being greater on sunny
dopes (27 t/ha) than on shady dopes (0.7 tha). The
total N changes are equivalent to atotal N decline
from 18 t/ha to 14 tha on shady dopes and a decline
from 14 t/ha to 1.1 tha on sunny slopes. (As previoudy
mentioned, vaues ae  approximate)

On the et Otago uplands mean pH of soils wes
4.66 in 1978 and 4.74 in 1994, organic C increased
from 5.1% in 1978 to 5.9% in 1994. and total N rose
from 025 to 0.30%, hut no difference was Sgnificant
(P<0.05).

Discussion

Longslip
Mclntosh et d. (1994) found that the pH declines noted
on Longslip were gpproximady those to be expected
from regression equations relaing pH decline to amount
—of-dry-matter-produced-and-the-rate~of ¢lemental™S
aoplied (Mclntosh et al. 1985). Linear regression of pH
change againgt organic matter change implicated organic
C accumulation in the process of pH decline on Longdip.
pH dedline could dso be occurring through the process
of N leaching (Sinclar e a. 1994).

The increese of soil organic C is attributed largely
to the much greder dry mater production of fertilised
padiures compared to production in unimproved pastures
and reduced organic matter mingrdisation under the
improved vegetation cover. (The fetiliser rates used on
Longslip would result in dry matter production
aoproximately  five to ten times higher than production
from nonfertilised padiures) The only dterndive means
for increasng organic carbon inputs to topsoil  would
he greater dry mater production as a rexult of higher
rainfall, but the mean annual rainfall in the Ahuriri
vadley in the 7 years up to and including 1978 was 788
mm, only dightly less than the mean of 832 mm in the
sven years up to and including 1992, and both these
figures are below the 898 mm mean for this rainfall
dation. Therefore a  Sgnificat  rainfdl.  influence  on
1992 organic C vaues on Longslip is discounted.
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The organic C increese and less bare ground (then
in 1978) on Longslip will aid moisture retention and
provide gredter resstance againd eroson. The decline
of totd N on shady dopes possbly indicates transfer of
N from shady dopes to sock camps.

Glencairn
The Glencam data indicate that grazing adone (without
fertiliser additions) affects topsoil chemistry, with
aunny dopes being more prone to change than shady
dopes. That organic C on Glencam has declined to
less than 2% in topsoils on sunny sSlopes indicates that
these soils may now be more prone to degradation by
wind and sheet eroson. We note that sunny dopes
have organic C below the 2.5% minimum level for
soil ‘heslth’ suggested by Parshotam & Hewitt (1994).
Organic matter removal by grazing animals is
conddered to be a mgor influence on C and N vaues
on Glencaim. The results from exclosures (Figure 1)
show that diminating grazing by sheep and rabbits
areds organic C and totd N dedling, but that to lift
organic C and total N fertiliser application will be
necessary. Whether organic C and total N would
increase on Glencam if pedtures were to be grazed &
well asfertilised could not be ascertained from the
data collected, but the Longslip data indicates this
might be o, in which caee the redoration of organic
matter can proceed with grazing. However, economic
anayss indicates thet, given present returns from wool,
fertilisng and oversowing the hilly and stesp land on
Glencam to increase  production is  unprofitable
The pH dedline is attributed partly to a net cation
loss through grazing, ether by trander of cations off
the fam in anima products or to dock camps within
the fam. Decline of exchangesble cations sSnce 1978
has been edablished (Landcare Research,  unpublished
data). Locdly hieracium ds0 depreses pH  (Mclntosh
& Allen 1994).

East Otago uplands

The limited sampling and anayses undertsken on the
ead Otago uplands indicate that soil changes over the
last 16 years in this aea have been dight. However,
during sampling it was noted that hieracium cover
(estimated visudly) hed incressed and tussock  cover
had declined, and further vegetation and soil monitoring
is advised before the sustainability of present farm
practices s assumed.

Conclusion
The results show that soil monitoring can give useful

information for assessing the sustainability of high
country pastoralism and future options. Long-term

monitoring on other stes with contrasting  pastora
management is required to establish whether the
reported trends ae more  widepread.
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