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Impact of short-term exclosure from grazing on pasture recovery
from drought in six Queensland pasture communities

D.M. ORR, M.C. YEE anp D.J. MYLES
Department of Primary Industries and Fisheries,
Rockhampton, Queensland, Australia

Abstract

A study conducted during 2003 and 2004
examined the impact of either 0-, 3-, 6- or 12-
month exclosure from grazing on pasture
recovery following drought in 6 pasture com-
munities, selected to include a range of pasture
conditions on a range of soil types at Injune,
Theodore, Charters Towers, Rockhampton, Nebo
and Charleville, Queensland, Australia. Unrepli-
cated plots of 25 X 25 m were established at each
location in autumn 2003 and sampled at approxi-
mately 3-monthly intervals until autumn 2004.
Drought prevented sampling at 2 locations until
spring 2003.

Rainfall was generally below average to average
(deciles 2 to 5) except at the Rockhampton site,
which received twice the mean monthly rainfall in
2 consecutive months. There were no major
changes in total perennial grass basal area between
2003 and 2004 except at Rockhampton. At that
location, basal area of Heteropogon contortus
increased substantially with the 12-month exclosure
but not in the other 3 treatments. Perennial grass
basal area at 4 other locations was moderate, despite
prolonged drought and consequent heavy grazing
pressure. However, a feature of the pasture at these
4 locations was the high contribution of undesirable
species.

Total pasture yields in autumn 2004 were
generally highest in the 12-month exclosure treat-
ments. Apart from one treatment at Rockhampton,
there were few major changes in perennial grass
species composition. At 2 of the 4 locations with
relatively high basal area of undesirable grasses,
these undesirable species showed the greatest
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increase in yield. Nitrogen yield increased with
increased exclosure from grazing at all locations
reflecting dry matter yields.

We concluded that further research is required to
improve the understanding of vegetation dynamics
in relation to seasonal rainfall and that this research
be conducted over a longer period, with spelling
during the period of pasture growth.

Introduction

From a survey of pasture communities throughout
northern Australia during the early 1990s, Tothill
and Gillies (1992) concluded that there had been
widespread deterioration in most pasture com-
munities. This deterioration was evidenced by
undesirable changes in pasture composition and
was related to increased grazing pressure resulting
from rainfall deficiencies in the 1980s and a sub-
stantial increase in livestock numbers since the
beef crisis of the 1970s.

Extreme drought conditions existed throughout
much of central and southern Queensland during
2002, which substantially increased the risk of
further widespread pasture deterioration. This, in
turn, put any post-drought recovery of pasture and
animal production at extreme risk, compounding
and prolonging the impact of drought on grazing
enterprise productivity and equity. Similarly,
some areas of northern Queensland appeared to
be entering crisis mode with a delayed start to
the 2002-03 wet season, and many producers
retaining stock in the hope of a late wet season.
Again, the approach to both retention of stock and
post-drought restocking would greatly affect pas-
ture recovery, especially in areas where pastures
were still recovering from the impact of droughts
of the early-mid 1990s. These perceptions of poor
pasture condition due to drought and associated
heavy grazing were supported by district-scale
assessments by regional DPI&F pasture staff in
native pasture communities during November—
December 2002 (DPI&F, unpublished data).



Decisions on the retention of stock during
drought and the timing of restocking following
drought have important implications for land con-
dition and pasture recovery. From an examina-
tion of historical records, McKeon et al. (2004)
identified 8 ‘degradation events’ in Australia’s
grazing lands since extensive grazing commenced
in the 1870s. Among the major drivers of all
‘degradation events’ were high livestock numbers
and extended drought. These authors concluded
that ‘the challenge now is to prevent the next deg-
radation event’. Stone et al. (2003) indicated that
some of the precursors for the next degradation
event were already present in April 2002. Fur-
thermore, although stock numbers were reduced
between 2002 and 2003, with the reduced pasture
growth during this period, the reduction in stock
numbers may not have been sufficient in some
areas to reduce grazing pressure below critical
levels.

The importance of tactical management of
grazing pressure, both during and subsequent
to drought conditions, seems logical and is sup-
ported in principle by results from limited grazing
studies. For example, Orr and Paton (1997) demon-
strated the benefit of tactical rest following spring
burning, while the ECOGRAZE project (Ash
et al. 2002) demonstrated the benefit of early wet
season spelling. However, in conventional set-
stocked grazing studies, existing pasture condition
is a result of the imposed grazing treatment within
the recovery period and there is a paucity of data
to predict the impacts of various tactical manage-
ment strategies on post-drought pasture recovery.

Ash and Mclvor (1995) identified an impor-
tant link between pasture condition and the loss of
potential nitrogen uptake across a range of pasture
communities in northern Australia. This finding
has been important in the simulation of effects of
stocking rate on pasture productivity in simulation
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studies conducted by McKeon et al. (2000) and
Ash et al. (2000). The study reported in this paper
offered an opportunity to expand on this link
between pasture condition and nitrogen yield, par-
ticularly because this study was conducted across
a range of pasture communities in Queensland
with inherently different levels of soil nitrogen.
This paper reports on a study to examine the
impact of short periods of exclosure from grazing
on pasture recovery between autumn 2003 and
autumn 2004 in 6 diverse pasture communities
in Queensland. Furthermore, these field data will
be incorporated into GRASP model simulation
studies (McKeon et al. 2000) to improve model
output in relation to the impact of drought.

Methodology
Selection of locations

Six field locations were selected in a matrix of
pasture condition and soil fertility (Table 1)
across a range of pasture communities in Queens-
land. These pasture communities were selected
on the basis that some understanding of the pas-
ture community dynamics was available and the
6 locations were selected as being representative
of those pasture communities and included:

e Commercially grazed Heteropogon contortus
(black speargrass) pasture near Rockhampton.

e Commercially grazed Aristida-Bothriochloa
(wiregrass-bluegrass) pasture near Injune. (Site
of the ‘50% utilisation with trees cleared’ treat-
ment from the former Aristida-Bothriochloa
grazing study; Hall and Douglas 2005).

e Commercially grazed Dichanthium sericeum
(Queensland bluegrass) pasture near Nebo.
(Site of ‘Species composition and pasture
productivity study’ by G. Bahnisch, personal
communication).

Table 1. Pasture condition and soil fertility matrix for 6 field locations across Queensland.

Pasture condition

Good

Fair Poor

Good Cenchrus ciliaris (buffel grass) on
Acacia harpophylla (brigalow),

Dichanthium sericeum (Queensland
bluegrass), Nebo

2
= Theodore
& Fair Heteropogon contortus (black Bothriochloa pertusa (Indian couch),
= speargrass), Rockhampton Charters Towers
%51
Poor Aristida-Bothriochloa, Injune Acacia aneura (mulga) woodland,

Charleville
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e Formerly heavily grazed, commercial Acacia
aneura (mulga) pasture now managed as a
DPI&F research station near Charleville.

* Commercially grazed Bothriochloa pertusa
(Indian couch) pasture near Charters Towers.
(Site of ‘Sustainable grazing for a healthy
Burdekin’ project).

e Commercially grazed time controlled grazing
(‘cell grazing’) Cenchrus ciliaris (buffel
grass) pasture on cleared Acacia harpophylla
(brigalow) scrub near Theodore.

Treatments

At Rockhampton, Injune and Nebo, 4 unrepli-
cated treatment areas, each 25 X 25 m, were
established in March 2003. Three of these areas
were exclosed to measure the impact of 3-, 6-
or 12-month exclosure from grazing on pasture
condition, while the fourth was continuously
grazed. The 3- and 6-month exclosures were
removed in August and December, respectively,
and the 12-month exclosures removed in April
at Nebo and Injune and in May at Rockhampton.
At Theodore, treatments were located in June
2003 within an existing time controlled grazing
system, where unreplicated treatment areas of
25 x 25 m were established in 4 adjacent cells.
Each cell was grazed for a total of either 5 or 6
days between June 2003 and April 2004 to give
an overall annual stocking rate of 3.1 steers/ha.
(It is recognised that these treatments are notional
rather than precise as indicated by the fact that
the notional 3-month exclosure treatment was
actually exclosed for 4-5 months).

Severe drought at Charters Towers and Charle-
ville over the 2002-03 summer delayed the com-
mencement of pasture sampling, which requires
active plant growth to identify plants as alive and,
where possible, to species level, until rain in spring
2003. Consequently, only 2 unreplicated exclosures
(3- and 6-month exclosure), together with a grazed
area, were established at Charters Towers during
October 2003 and at Charleville during November
2003. These 3- and 6-month exclosures were
removed in March and May at Charters Towers and
February and April at Charleville.

Pasture measurements

During March and June 2003, as each location
(except Charleville and Charters Towers) was

established, each treatment was sampled for pas-
ture yield and composition using BOTANAL
(Tothill et al. 1992) with 3 or 4 trained operators
assessing 40 quadrats per treatment area. Sub-
sequently, pasture yield and composition were
recorded in each treatment at each location when
the 3-, 6- and 12-month exclosures were removed.
At Theodore, pasture yield and composition were
recorded at similar intervals to those locations
where treatments had been exclosed. With the
severe drought conditions, sampling for pasture
yield and composition was conducted when the
3- and 6-month exclosures were removed at Char-
ters Towers in March and May 2004 and at Char-
leville in February and April 2004.

Basal area of perennial grass was measured
with a point frame apparatus consisting of 5 points
spaced 15 cm apart, and 1000 to 1250 points were
recorded for each treatment site at each location
at each recording. All recordings were made by
the senior author. At Rockhampton, Injune, Nebo
and Theodore, basal area of perennial grass was
measured at the establishment of those locations
in March and June 2003 and again at the end of
the study in April-May 2004. Basal area of per-
ennial grass was measured at Charters Towers
in March and May 2004 and at Charleville in
February and April 2004.

Nitrogen yield for all treatments was deter-
mined in autumn 2004 in conjunction with
the final pasture sampling. Three bulk pasture
samples were collected from each treatment site,
dried and analysed for N concentration. Nitrogen
yield was the product of N concentration and
total pasture yield.

Results
Rainfall

Rainfall throughout this study was generally at
or below the long-term means for most locations
(Figure 1) with rainfall deciles of 2, 3, 4, 5 and 5
for Charters Towers, Nebo, Theodore, Charleville
and Injune, respectively. Most locations experi-
enced rainfall above the long-term mean for that
location for at least 1 month during summer. How-
ever, the Rockhampton location received above-
average rainfall (decile 7) due largely to above
long-term monthly means for both December
2003 and January 2004.
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Figure 1. A comparison of actual (April 2003—-March 2004) and long-term mean monthly rainfall at: (a) Rockhampton;
(b) Injune; (c) Nebo; (d) Charleville; (e) Charters Towers; and (f) Theodore. (Note differences in scales).
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Basal area of perennial grasses

Total basal area of perennial grasses in autumn
2003 was 4.7% at both Nebo and Injune, 5.1% at
Rockhampton and 6.4% at Theodore (no measure-
ments were possible at Charters Towers or Charle-
ville) (Figure 2). Changes in perennial grass basal
area at all sites between 2003 and autumn 2004
were small. Perennial grass basal area at Charters
Towers and Charleville in autumn 2004 was much
lower than at any of the other 4 locations.

At Injune, Nebo, Charleville and Charters
Towers, the contribution of desirable perennial
grasses to total basal area was low (<10%)
(Figure 2). Of particular interest was the virtual
absence of desirable perennial grasses at Charle-
ville, the dominance of undesirable Chloris spp.

7 A
6_

Basal area (%)
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and Bothriochloa decipiens at Injune and also the
undesirable Aristida leptopoda and Panicum spp.
at Nebo. B. pertusa was the dominant undesirable
perennial grass at Charters Towers. (The alloca-
tion of individual species to desirable, undesirable
and other categories at each location is presented
in Table 2).

At Rockhampton, there was a large increase
in perennial grass basal area between 2003 and
2004 for the treatment exclosed from grazing
for 12 months, but this effect was not apparent
on any of the other treatments (Figure 3). This
large increase was due to an increase in the basal
area of Heteropogon contortus, in response to the
above-average rainfall at that site in December
2003 and January 2004.
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Figure 2. Total basal area (%) of perennial grasses pooled across 4 treatments at 6 locations in 2003 and 2004, indicating
the contribution of desirable, undesirable and other perennial grasses to total basal area. (No measurements were possible
at Charleville and Charters Towers in 2003). (Species allocated to each classification are detailed in Table 2.)

Table 2. The distribution of individual species between the desirable, undesirable and other categories at each of 6 locations.
(Species are listed in order of decreasing contribution to basal area in each category at each location). (Other species are those
perennial grass species which are neither desirable nor undesirable.)

Location Desirable Undesirable Other
Rockhampton Heteropogon contortus, Bothriochloa Aristida spp., Bothriochloa decipiens, Chrysopogon fallax,
bladhii, Panicum spp. B. pertusa Cymbopogon spp.
Injune Dichanthium sericeum, Bothriochloa Chloris spp., Bothriochloa decipiens, Enneapogon spp.,
bladhii, Heteropogon contortus, Aristida spp., Eragrostis spp., Tripogon — Chrysopogon fallax
Cenchrus ciliaris loliiformis
Nebo Dichanthium sericeum, Paspalidium Aristida leptopoda, Panicum spp.,
spp., Eulalia spp., Eriochloa spp., Bothriochloa pertusa, Sporobolus spp.
Heteropogon contortus
Charleville Cenchrus ciliaris, Thyridolepis mitchelliana  Aristida spp., Eragrostis spp. Eriachne spp.

Charters Towers

Theodore

Heteropogon contortus, Panicum spp.

Cenchrus ciliaris, Dichanthium sericeum

Bothriochloa pertusa, Aristida spp. Chrysopogon fallax
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Figure 3. Contribution of desirable, undesirable and other perennial grasses to perennial grass basal area (%) following
4 durations of spelling in 2003 and 2004 at Rockhampton. (Species allocated to each classification are detailed in
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Figure 4. Changes in total pasture yields at: (a) Rockhampton; (b) Injune; (c) Nebo; (d) Charleville; (e) Charters
Towers; and (f) Theodore following 4 durations of spelling between autumn 2003 and autumn 2004. (Note differences
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Total pasture yields

By autumn 2004, the highest total pasture yields
occurred at the longest period of exclosure
(Figure 4). The effects of 6- and 12-month
exclosure treatments were most obvious at Rock-
hampton and Nebo in December when com-
pared with the yields in the grazed and 3-month
exclosure treatments. At Theodore, total pasture
yields were similar at the 4 sites. At the 4 locations
where yield was measured in December 2003,
pasture yield increased between then and April—
May 2004, reflecting the impact of summer rain-
fall on pasture growth.

Species composition

A large increase in the perennial grass basal area
and total yield at Rockhampton was reflected in
a similar large increase in the contribution of the
desirable H. contortus (Figure 5). However, yields
of the undesirable Aristida spp. were generally
higher in 2004 than in 2003. At both Nebo

and Injune, much of the increase in total yield
reflected increasing yields of undesirable species.
At Nebo, the undesirable Aristida leptopoda and
Panicum spp. (P. decompositum and P. queens-
landicum) and at Injune the undesirable Bothrio-
chloa decipiens and Chloris spp. (C. divaricata)
were the major contributors to total yields and
also to perennial grass basal area.

Nitrogen yields

Nitrogen concentrations in autumn 2004 ranged
from 0.39% at Theodore to 0.76% at Nebo
(Figure 6). Within each location, there was
little consistent variation between treatments. At
Rockhampton, nitrogen concentration was lower
for the 12-month exclosure than for the other
3 sites. Nitrogen yields (i.e., nitrogen concentra-
tion X total pasture yield) ranged from 4 kg/ha
at Charters Towers to 24 kg/ha at Theodore
(Figure 7). There was a clear trend for nitrogen
yields to be highest in the 12-month exclosure
treatments.
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Figure 5. Changes in DM yields of: (a) H. contortus and (b) Aristida spp. at Rockhampton; (c) Chloris spp. and
(d) B. decipiens at Injune; and (e) Aristida spp. and (f) Panicum spp. at Nebo between autumn 2003 and autumn 2004.

(Note differences in scales).



Discussion

Good pasture condition is represented by high
yields and basal area of desirable perennial
grasses. This study has reinforced the findings
of Tothill and Gillies (1992), that many of our
grazing lands are degraded and the measures
examined in this study will do little to reverse
this situation. This result indicates that pasture
condition will not improve following drought
simply by excluding livestock for short periods,
especially during winter, and particularly when
rainfall is only average or below.

The one notable exception to this generalisa-
tion of poor pasture recovery was the response of
H. contortus in the 12-month exclosure treatment
at Rockhampton. This response was mediated
through above average rainfall during December
2003 and January 2004, which resulted in a large
increase in basal area of H. contortus through
large increases in the size of existing tussocks
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rather than from seedling recruitment. Pastures
at Theodore were in good condition at the com-
mencement of this study — high perennial grass
basal area and high pasture yield of Cenchrus
ciliaris — and these pastures remained in good
condition despite only ‘average’ rainfall over the
2003-04 summer. Nevertheless, the presence of
isolated plants of Dichanthium sericeum in these
pastures indicated some replacement by native
species which are less nutrient-demanding than
C. ciliaris. Similar changes are a feature of these
pastures with increasing time from the initial
development of the Acacia harpophylla (brigalow)
scrub (Burrows 2000). A significant feature of
the pasture at Theodore was the similar changes
in pasture yield across the 4 treatments. This is
a feature of the time controlled grazing system,
where animals graze paddocks at high stocking
pressures for short periods and the animal rota-
tion through the paddocks maintains a relatively
uniform pasture yield amongst the paddocks.
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Figure 6. Nitrogen concentration in pasture following 4 durations of spelling at 6 locations in autumn 2004. (Vertical
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Figure 7. Nitrogen yield from pasture following 4 durations of spelling at 6 locations in autumn 2004.
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The total pasture yield and perennial grass
basal area at the Rockhampton location in
response to 2 consecutive months of above long-
term mean rainfall suggest that large increases in
yield and basal area may require above long-term
mean rainfall. While most of the other 5 locations
received above long-term mean rainfall in at least
one summer month, there was little increase in
total pasture yield or perennial grass basal area.
These data suggest that above long-term mean
rainfall in at least 2 months during summer may
be required to achieve large-scale increases in
total yield and perennial grass basal area. How-
ever, this suggestion is at variance with the con-
clusion from the ECOGRAZE project at Charters
Towers (Ash et al. 2002), that grazing manage-
ment, not climate, is the most important deter-
minant of pasture condition. Reasons for these
contrasting responses are not readily apparent.

The poor pasture responses in the current
study also contrast with the marked recovery
(grass basal area, proportion of desirable species)
reported on a fertile soil over 3 years of generally
favourable rainfall conditions at Charters Towers
(Mclvor 2001). However, in that study, some
experimental plots that were initially in poor con-
dition (low pasture yields rather than poor species
composition) had not recovered after 3 years.
Mclvor (2001) concluded that unfavourable rain-
fall conditions would probably depress subse-
quent pasture performance on less fertile soils
than the responses reported in that study. The
poor response recorded in this paper supports
Mclvor’s conclusion.

Perennial grass basal area at Injune, Nebo,
Charleville and Charters Towers was moderate
for these vegetation types, despite long periods of
drought and associated heavy grazing. However,
these locations displayed poor floristic composi-
tion as indicated by the low contribution of desir-
able grasses. Desirable grasses were virtually
absent at Charleville, while undesirable species
dominated pastures at both Injune and Nebo
and the Charters Towers location was dominated
by the undesirable Bothriochloa pertusa. Poor
pasture composition at both Charleville and
Charters Towers is consistent with the 7th and 8th
‘degradation events’, respectively, as described by
McKeon et al. (2004). A further concern from the
current study is that undesirable species, Bothrio-
chloa decipiens and Chloris spp. at Injune, Aris-
tida leptopoda and Panicum spp. at Nebo and
Bothriochloa pertusa at Charters Towers, were

the species displaying the greatest increase in
yield following spelling.

Rehabilitating pasture at sites currently
dominated by undesirable species to a situation
where composition is dominated by desirable
species requires large shifts in species occur-
rences. Limited data are available on recovering
pasture condition throughout northern Australia
(Whalley 1993; Filet 1993). Orr (1981) recorded
large increases in the abundance of Dichanthium
sericeum in Astrebla (Mitchell grass) grassland
following a series of years with above average
summer rainfall. The increases probably resulted
from the sequence of improved seed set, resulting
seedling recruitment and subsequent plant growth
during this series of ‘wet’ summers. Similarly,
Orr and Evenson (1991) recorded an increase
in basal area of Astrebla spp. from 1.5 to 3.8%
during 2 consecutive summers of above average
rainfall, despite 40-50% utilisation by sheep over
the intervening dry season. This rapid increase in
basal area occurred through extensive tillering of
existing Astrebla spp. tussocks.

Furthermore, Orr et al. (1997) and Orr and
Paton (1997) demonstrated the role of strategic
burning in reducing the dominance of the
undesirable Aristida spp. in H. contortus pastures
and how this burning interacted with manage-
ment practices. In that research, spring burning
increased the contribution of the desirable
H. contortus, while either exclosure from grazing
or substantially reduced grazing pressure over
the summer growth period enhanced this effect.
An important factor was seedling recruitment of
H. contortus, which resulted from high seed pro-
duction in the previous autumn. Clearly, further
research is necessary to identify management
practices that can be used to reduce undesirable
perennial grasses in Dichanthium sericeum grass-
land, Aristida-Bothriochloa and Acacia aneura
woodland pasture communities.

One limitation of the current study was that
the 3- and 6-month exclosure treatments occurred
during winter, when plant growth is limited by
lack of rainfall and by reduced temperature. The
improvements in vegetation composition fol-
lowing tactical summer spelling at Gayndah (Orr
and Paton 1997) and early wet season spelling
at Charters Towers (Ash et al. 2002) occurred in
response to livestock exclosure during summer.
These results suggest that excluding livestock for
the purpose of improving pasture composition will
be most effective during summer when plants are



actively growing. If so, our results from 6-month
exclosure, where the livestock exclosure occurred
during winter, might not reflect the responses if
exclusion had been in summer and rainfall had
been adequate. In southern Africa, Tainton (1999)
indicated that resting in summer can improve pas-
ture composition by increasing both the number
and size of desirable species by promoting seed
production and seedling development and by pro-
moting tillering of desirable species.

An important finding from this project has been
the reduction in nitrogen yield with increased
grazing pressure, a result which occurred across
all locations. This finding supports the suggestion
by Ash and Mclvor (1995) that nitrogen uptake
is reduced with heavy pasture utilisation, such as
occurs during drought. These results (combined
with soil moisture data not presented here) can
now be utilised in the GRASP model simulation
of the impact of high stocking rates on pasture
productivity in northern Australia, extending the
range of land types to which this model applies.
The mechanistic basis for lower nitrogen uptake
under grazing is likely to be a function of reduced
root density; however, there have been few studies
to support this hypothesis (e.g. Crider 1955).

Conclusions

This study indicates that short-term exclosure
from grazing does not lead to a rapid recovery
in pasture condition, particularly in the absence
of above average rainfall. Furthermore, this
study indicates that the pasture communities at
some of the project locations are in poor condi-
tion. Further research, conducted over a series of
years, is required to develop an understanding of
‘triggers’ for vegetation change in northern Aus-
tralian pasture communities.
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