111

Agricultural practices*

Effect of deferred grazing during late spring and summer on
pasture productivity in Waikato and Bay of Plenty hill country
Katherine N. TOZER1*, Karin MÜLLER2, Tony CRAVEN1, Ian TARBOTTON3,
Allen COSTER4, Rick BURKE5, Jon SHERLOCK6 and Catherine CAMERON1
1 AgResearch, Private Bag 3123, Hamilton 3214, New Zealand
2 Plant & Food Research, Private Bag 3230, Hamilton 3240, New Zealand
3 Ballance Agri-Nutrients Ltd, Private Bag 12-503, Tauranga 3143, New Zealand
4 Mataiwhetu Station, 29 Thorn Road, Lower Kaimai 3171, New Zealand
5 Pukekauri Farms, 181 Lund Road, Katikati 3178, New Zealand
6 Otorohaea Ltd, 369 Otorohaea Trig Road, Ngaruawahia 3794, New Zealand
*Corresponding author: Katherine.tozer@agresearch.co.nz

Abstract

Deferred grazing is a commonly used tool to manage
feed surpluses. The effect of deferred grazing on
pasture nutritive value and productivity was quantified
in a split-paddock trial on three hill country farms in
Waikato and Bay of Plenty from October 2018 until
May 2020. Livestock were excluded from the deferred
pasture between mid-October 2018 and March 2019.
Thereafter, both treatments were rotationally grazed
in common with cattle or sheep depending on the
farm. Total annual dry matter production was 15%
greater in the deferred than grazed treatment for the
12 months after deferring (8.9 vs 7.7 t DM/ha, P<0.05).
Metabolisable energy (ME) values at the end of the
deferred period were lower in the deferred than grazed
treatment (P<0.01) but similar in both treatments
thereafter. The content of legumes other than white
clover (Trifolium repens) was higher in deferred than
grazed pastures in spring 2019 on one of the farms
(treatment × farm interaction P<0.05). Ground cover
of perennial ryegrass was greater and the area of bare
ground smaller, in the deferred than grazed treatment
on three of five occasions from after the beginning of
the deferred period until up to 8 months after deferring
(P<0.05). There was no difference between treatments
in decomposition and stabilisation of organic matter
(P>0.05). The topsoil water content was higher in the
deferred than grazed treatment for 12 months after
deferring. In comparison to regular grazing between
October and March, deferred pastures provided
drought feed in autumn 2019. Pasture productivity was
increased after the deferred period without negative
impacts on ME.
Keywords: summer fallow, grazing management, hill
country, pasture management
* An Agricultural Practices article reports on applied work: e.g. practical onfarm demonstration over multiple years of previously published scientific
research that describes the situation before and after the application of a
new approach.
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Background

Hill country farmers throughout New Zealand are faced
with climatic and environmental pressures. Climatic
extremes make it difficult to provide a predictable
feed supply throughout the year, particularly given the
recent and extensive summer droughts in the upper
North Island. These pressures have led to declines in
pasture quality and persistence of desirable species
such as perennial ryegrass (Lolium perenne L.) and
shortages of feed. Concerns regarding the effect of
nutrient runoff from hill country on water quality also
need to be addressed (Gordon et al. 2010), for example,
through minimising the presence of bare ground and
improving water infiltration into the soil.
Deferred grazing is a common pasture management
practice used to control surplus spring pasture by
dropping paddocks out of the grazing round for an
extended period (e.g. Suckling 1959). This practice
increases grazing pressure on the paddocks that have
not been deferred so that feed supply better matches
livestock demand, and pasture quality is improved on
those remaining paddocks. In New Zealand hill country,
Sheath and Boom (1985) and Sheath et al. (1984)
investigated the effect of hard or lax grazing in spring
followed by combinations of spelling (deferring) or
grazing in summer and autumn on hill-country pastures
and soils. However, in this study, we have focused on a
deferred period (i.e. no grazing) from mid-spring until
the end of summer / early autumn due to the benefits
for tillering of ryegrass (Matthew et al. 1991; Kemp &
Dowling 2000). Increases in herbage production and
ground cover in deferred pastures after a spring–summer
deferred period have been documented in Australian
hill country (Nie & Zollinger 2012; Nie et al. 2015).
To the best of our knowledge, there are no published
studies that have quantified the effect of deferring from
mid-spring until the end of summer on nutritive values
or ground cover in New Zealand pastures.
Three farmers from the Beef + Lamb New Zealand
mid-northern North Island Farmer Council have used
https://doi.org/10.33584/jnzg.2020.82.448
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deferred grazing on 10–20% of their farm each year,
depending on feed availability, for the last 10–15 years.
Benefits from their perspective include rejuvenation
of the deferred pasture (i.e. increased dry matter
production, and more ryegrass and ground cover)
without negative impacts on pasture quality after the
deferred period. Therefore, a trial was established on two
farms in Bay of Plenty and one in Waikato to quantify
the effect of deferred grazing on pasture performance
over 20 months, and in particular to provide data on
the effect of deferred grazing from mid-spring to late
summer / early autumn on subsequent pasture quality
and ground cover. The project team decided that
the most critical indicators of success were herbage
accumulation (based on assessment methods typically
used by farmers), botanical composition, nutritive
value, ground cover and soil microbial activity. The
latter reflects soil microbiological processes which are
susceptible to changes in soil environmental conditions
and more responsive than physical or chemical soil
parameters (Cardoso et al. 2013). Based on the existing
scientific literature, we tested the hypotheses that:
• deferring the grazing of a pasture would result in
increased herbage production and abundance of
perennial ryegrass after the deferred period without
negative effect on nutritive values when compared to
standard rotational grazing; and
• deferred grazing changes the topsoil microclimate
(temperature, soil moisture), which directly affects
soil microbial activity and thereby nutrient cycling
and mineralisation of organic matter.
Yorkshire fog (Holcus lanatus L.) was monitored
separately as the farmers considered it to be one of the
most prevalent weedy grasses.

Approach

The aim of an Agricultural Practices paper is to report
on a practical on-farm demonstration over multiple
years of previously published scientific research
showing the situation before and after the application
of the new approach.
Site characteristics
Sites were established in two paddocks on each of three
sheep and beef hill country farms near Pukemiro (northwestern Waikato), Lower Kaimai (Bay of Plenty) and
Katikati (Bay of Plenty). Rainfall was below average
for over half of the study period and especially during
the summers of 2018–2019 and 2019–2020 and autumn
2020, particularly at the Pukemiro site (Additional
online file: Figure A1).
Baseline situation
Six replicate paddocks were selected based on
their homogeneity and road access. They varied in
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topography and soil characteristics (Table 1). Herbage
accumulation from 1 September until mid-October
when treatments were applied was similar (2250 and
2150 kg DM/ha in the grazed and deferred treatments
respectively (P>0.05)).
Grazing management changes
Each paddock was split into two sections (‘plots’) with an
electric fence to which the grazed or deferred treatments
were randomly assigned. The grazed treatment
comprised the standard rotational grazing practices on
each farm (Table 2). Livestock were excluded from
the deferred areas starting from between 23 September
and 23 October 2018 until between 18 February and 20
March 2019 depending on the paddock, after perennial
ryegrass had flowered and set seed. Thereafter, both
treatments were grazed in common by beef cattle or
sheep at rates of 8–14 SU/ha depending on the paddock,
farm and year. The Scotties paddock at the Kaimai site
was eliminated from the trial from spring 2019 due to
the farmer needing to use the paddock for lambing.
Herbage mass was assessed in each plot before and
after grazing using a capacitance probe (GrassMaster
Pro; Novel Ways Ltd, Taupo, NZ) at Pukemiro and
Kaimai and a rising plate meter (RPM, EC 10 Electronic
Platemeter; Jenquip, Feilding, NZ) at Katikati. There
were 50 randomly positioned placements of the RPM/
probe in each plot, except at Kaimai, where there were
30 placements within each plot. Herbage produced
between grazings (i.e. pre-grazing – previous postgrazing) was summed to estimate herbage production.
All other pasture assessments were completed for
both treatments within 48 hours of grazing the control
treatment. There were two assessments in 2018: midspring (October) prior to livestock being excluded from
the deferred treatment and early summer (December);
four in 2019: late summer (February), late autumn (May),
spring (October) and early summer (December); and two
in 2020: late summer (February) and late autumn (May).
Estimates of pasture nutritive values (metabolisable
energy (ME), crude protein (CP) and neutral detergent
fibre (NDF)) of the feed-on-offer, were derived by
cutting 30 snip samples to 1 cm above the soil surface
which were bulked within each plot using the method
described by Litherland et al. (2002). This method
has been used to estimate the botanical composition
of the herbage consumed by livestock (Lantinga et
al. 2004). Approximately 100 g of herbage was subsampled using the quartering method (Cayley &
Bird 1996), snap frozen in liquid nitrogen, stored at
-20°C, freeze dried, ground to a fine powder with
particle sizes of less than 1 mm (Cyclone sample mill;
UDY Corp., Fort Collins, CO, USA) and analysed by
a commercial analytical laboratory (Hill Laboratories,
Hamilton) using near-infrared spectroscopy (NIRS)
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analysis (Corson et al. 1999). The remainder of the
herbage was transported chilled and stored at 4°C for
up to one week before botanical composition analysis.
This involved dissecting the herbage into perennial
ryegrass, Yorkshire fog, other grasses, white clover
Table 1
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(Trifolium repens L.), other legumes, weedy broadleaf
species and dead vegetation. Components were oven
dried at 96°C to a constant weight and weighed to
derive an estimate of their percentage contribution to
total dry matter.

Characteristics (latitude, longitude, slope angle, soil characteristics) of the trial plots and the paddock size at three sites
- Pukemiro, Kaimai, and Katikati.

Characteristic
Latitude
Longitude
Paddock name

Pukemiro
37°38’46” S
174°59’38” E

Kaimai
37°47’42” S
176°02’13” E

Katikati
37°36’24” S
175°53’44” E

Gentle

Steep

Woolshed

Scotties

Top Hill

Crashes

1.7

3.6

5.6

3.0

1.8

2.1

7

29

23

21

13

20

SW

NW

SE

SE

SE

NW

Dunmore
silt loam

Waingaro
steepland soil

Kaharoa /
Waihi ash

Kaharoa /
Waihi ash

Waihi
ash

Waihi
ash

pH (H20) a

5.5

5.3

5.5

5.7

5.9

5.6

Olsen phosphate (µg mL-1)

38

37

15

10

8

16

Potassium (MAF QT) b

10

18

5

4

5

7

Calcium (MAF QT)

10

10

3

4

9

7

Magnesium (MAF QT)

38

74

11

9

15

18

Sodium (MAF QT)

7

10

3

4

5

5

Organic matter (%)

21

12

18

17

16

16

Total carbon (%)

12

7

10

10

9

9

Paddock size (ha)
Slope angle (°)
Aspect
Soil type

a

soil tested November 2018; b MAF QT (Quick Test) units (Cornforth 1980; Cornforth & Sinclair 1984).

Table 2

Pasture management details for the paddocks at the three trial sites - Pukemiro, Kaimai, and Katikati.

Farm name

Pukemiro

Kaimai

Katikati

Main livestock class grazing trial paddocks

Heifers		

Heifers / ewes		

Method used to assess herbage mass

Probe		

Probe		

Heifers
Plate meter

Paddock name

Gentle

Steep

Woolshed

Scotties

Top Hill

Crashes

Beginning of deferred period 2018

23 Sep

3 Oct

23 Oct

23 Oct

19 Oct

23 Oct

End of deferred period 2019

18 Feb

20 Feb

6 Mar

12 Mar

20 Mar

8 Mar

21

20

19

20

22

19

R2 heifers

R1 heifers

ewes

ewes

R2 heifers

R2 heifers

Number of grazings 2018 (Oct-Dec) a

3 (1)

3 (1)

1 (1)

1 (1)

2 (1)

2 (1)

2019 (Jan-Dec) a

8 (8)

6 (6)

6 (5)

5 (5) b

10 (8)

12 (11)

Length of deferred period (weeks)
Stock used to graze off deferred pasture

2020 (Jan-May) a

2 (2)

2 (2)

4 (4)

-

2 (2)

4 (4)

Pre-grazing herbage mass end deferred (kg DM/ha)c

3800

4600

4300

4600

3600

4000

Post-grazing herbage mass end deferred (kg DM/ha)c

900

1700

2200

2500

1200

2000

Average pre-grazing herbage mass (kg DM/ha) d

2200

1900

2600

2200

2300

2100

Average post-grazing herbage mass (kg DM/ha) d

1300

1300

1500

1200

1300

1400

Length of sampling transect (m)

100

50

40

30

60

100

Number of grazings for the grazed treatment (and deferred treatment in parenthesis);
Measurements were discontinued in Scotties from 16 August 2019 when the paddock was set-stocked for lambing;
in the deferred treatment;
d excluding data from the grazing at the end of the deferred period in the deferred treatment.
a
b
c
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Ground cover of vegetation was visually assessed in
four 2 m × 2 m quadrats randomly positioned in each
plot, except for the Pukemiro steep paddock, where
ground cover was assessed in five quadrats in each plot.
Assessments were conducted by the same operator at
all sites on all occasions using the following vegetation
categories, which included both living and senescent
tissue: perennial ryegrass, Yorkshire fog, other grasses,
total legumes, legumes other than white clover,
broadleaf weedy species and bare ground. Ground
cover data provided information on the spatial and
temporal distribution of plant types and their recovery
after drought, while herbage sampling provided an
indication of the herbage consumed by livestock.
To assess microbial decomposition capacity in
the topsoil, we employed the widely used tea bag
index (TBI; Keuskamp et al. 2013) (http://www.
teatime4science.org). One bag each of green (Camellia
sinensis (L.) Kuntze) and rooibos (Aspalathus linearis
(Burm.f.) R.Dahlgren) tea were buried side by side in
the soil at 5 cm depth at three random positions in each
plot in mid-November. Two types of tea were used with
differing rates of decomposition ability (rooibos leaves
decompose more slowly than green tea leaves). Weight
loss was determined over the burial period of 116,
117 and 120 days at Kaimai, Katikati and Pukemiro,
respectively. These data were used to derive the two
parameters of the two-phase litter decomposition curve
(Wider & Lang 1982), i.e. the decomposition rate
constant (which is characteristic of fast decomposition
of labile compounds) and the litter stabilisation factor
(which reflects the slower decomposition of more
recalcitrant material) (Keuskamp et al. 2013). These
parameters are influenced by responses of the microbial
organisms to differences in environmental conditions,
such as soil temperature and moisture (Davidson &
Janssens 2006; Keuskamp et al. 2013; Xiao et al. 2014).
Topsoil temperature beside one pair of teabags
in each plot was logged in 90-min intervals from
22 November 2018 to 18 March 2019. Fifteen
1.5-cm diameter soil cores were collected to a depth of
7.5 cm from random locations within the plot and bulked
on each sampling occasion. The initial soil samples
were sent to a commercial analytical laboratory (Hill
Laboratories, Hamilton) for analysis of the soil nutrient
status in October 2018 (Table 1). Thereafter, on each
sampling occasion, soil samples were weighed, oven
dried at 105°C for 48 h and re-weighed to estimate the
gravimetric soil moisture content.
Statistical analyses
Data were analysed using Genstat, 19th edition (VSN
International 2018) by REML with treatment (deferred
or grazed) as the fixed effect and farm and paddock
within farm as random effects. For ground-cover data,
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farm, treatment and their interaction were included as
fixed effects and paddock within farm as the random
effect.
A repeated measures analysis fitting farm, treatment,
time (before deferred, end deferred and autumn postdeferred) and their interactions as fixed effects and
paddock within farm as random effect was performed
for soil moisture data for summer to autumn 2018/19,
and another analysis with spring, early summer and late
summer as the times for the repeated measures analysis.

Results

Pasture production and quality
There was no significant difference between treatments
in any of the seasons in herbage production although
after the deferred period, there was a consistent pattern
of greater herbage production in the deferred than
grazed treatment (P>0.05; Additional online file, Figure
A2). These differences led to accumulated dry matter
production being significantly greater (approximately
15%) in the deferred than grazed treatments for 9
months (autumn – spring 2019, 7500 vs 6400 kg DM/
ha) and 12 months (autumn 2019 – summer 2019-20,
8900 vs 7700 kg DM/ha) after deferring (P<0.05).
There was no difference between grazed and
deferred treatments in nutritive values before the
deferred treatment was applied (Figure 2). Deferring
grazing negatively affected all three pasture nutritive
value parameters (ME, CP and NDF) relative to the
grazed control during the trial (Figure 2). Deferred
paddocks in December 2018 had lower ME (P<0.05)
and CP and higher NDF (P<0.05) and in February
2019 lower ME (P=0.001) (Figures 2a-c). Of the three
parameters analysed, only NDF differed significantly
after the deferred period; in May 2019, it was higher
in the deferred than grazed treatment (50 vs 45%,
P<0.05).
Pasture composition
There was no effect of treatment on the percentage in
total dry matter of ryegrass, other grass species, white
clover, total legume or broadleaf species during the
study (P>0.05, Figures 3a, b, c and d). In the autumn
after deferring, legumes (mainly red clover (Trifolium
pratense L.)) other than white clover were more
prevalent in the deferred than grazed treatment at
Katikati (6 vs 2%, interaction P<0.05) but there was no
difference between treatments at the other sites where
legumes other than white clover comprised less than 1%
of total dry matter. The percentage of dead vegetation
was greater in the deferred than grazed treatment in
December 2018 (10 vs 9%, P<0.05, Figure 3e) as was
the percentage of Yorkshire fog (17 vs 12% ±1.6%,
P<0.05; data not shown). However, after the deferred
period there was no difference between treatments in
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similar in both treatments and remained below 10% of
total ground cover (P>0.05).
Total legume ground cover was lower in the deferred
than grazed treatment in December 2018 (P<0.01, Figure
3h) but similar in both treatments thereafter (P>0.05).
There was no difference between the deferred and
grazed treatments in ground cover of weedy broadleaf
species (P>0.05), which remained below 12% of total
ground cover (Figure 3i), except in December 2019. At
that time, ground cover of broadleaf species was greater
in the grazed than deferred treatment at Katikati (21 vs
8 ± 1%) but was similar in both treatments at Kaimai
(averaging 1 ± 1%) and Pukemiro (averaging 9 ± 1%,
P<0.05). This difference at Katikati was largely driven
by a reduction in the ground cover of Californian thistle
(Cirsium arvense L.) in response to deferred grazing.
There was more bare ground in the grazed than deferred
treatment in December 2018 (P<0.05), February 2019
(P=0.001) and May 2019 (P<0.05) (Figure 3j).

Microbial activity and microclimate
There were no differences between the two treatments
in the microbial decomposition rate factor (0.0147 ±
0.0019 and 0.0151 ± 0.0015 for deferred and grazed
treatment, respectively) or stabilisation factors (0.198
2. Metabolisable energy, crude protein content (%) and NDF (neutral detergent
± 0.014 and 0.195 ± 0.014 for deferred and grazed
Figure 2
Metabolisable energy, crude protein content
ontent of deferred and grazed
pastures averaged over 6 paddocks on 3 farms in
(%) and NDF (neutral detergent fibre) content
treatments, respectively).
o / Bay of Plenty. Error bars
represent
standard
error
of difference.
The
of deferred
and the
grazed
pastures
averaged
over
Temperature data loggers were faulty or could not be
enotes the grazing exclusion
period
in
the
deferred
treatment.
Asterisks
denote
6 paddocks on 3 farms in Waikato / Bay of Plenty.
retrieved
from the Pukemiro farm and from one paddock
ifferences between treatments
arerepresent
significant:
* P <0.05,
**difference.
P<0.01, ***
Error bars
the standard
error of
on
the
Kaimai
farm. For the remaining three paddocks
The
arrow
denotes
the
grazing
exclusion
period
1.
located on two farms, the average topsoil temperature
in the deferred treatment. Asterisks denote when
differences between treatments are significant:
was significantly lower in the deferred (20.1°C ±
was no difference between
grazed and deferred treatments in nutritive values
* P <0.05, ** P<0.01.
he deferred treatment was applied (Fig. 2). Deferring grazing negatively0.04°C) than grazed (21.4°C ± 0.06°C) treatment
d all three pasture nutritive value parameters (ME, CP and NDF) relative(P<0.05).
to the The maximum topsoil temperatures observed
thethe
percentage
of 2).
Yorkshire
fog
until February
2020,2018inhad
the three grazed plots were 30, 32 and 27°C, which
control during
trial (Figure
Deferred
paddocks
in December
ME (P<0.05) when
and CP
and lower
higherinNDF
(P<0.05)than
and grazed
in February
2019 lower
it was
the deferred
treatment
wereME
consistently higher than those in their adjacent
01) (Figures (2
2a-c).
Of ±1.4,
the three
parameters
analysed,
vs 6%
P<0.05;
data not
shown).only NDF differed deferred plots (27, 26 and 24°C respectively).
antly after the deferred period; in May 2019, it was higher in the deferred than
Water content at a depth of 0–7.5 cm was similar in
treatment (50Ground
vs 45%,cover
P<0.05).
both treatments in December 2018 but soil moisture was
Greater differences between treatments were detected
24% higher in the deferred than grazed treatment at the
using ground cover than herbage sampling. There was
end of the deferred period in February 2019 (P<0.01)
no difference between treatments in perennial ryegrass
during the drought (Additional online file, Figure A1)
ground cover in October 2018 or October 2019 (P>0.05)
and 10% higher in December 2019 (P<0.01) (Figure 4).
but it was higher in the deferred than grazed treatment
Based on a repeated measures analyses, there was
by 50% in December 2018 (P<0.01), 30% in May
a higher soil water content at a depth of 0–7.5 cm in
2019 (P<0.05) and 50% in December 2019 (P=0.01,
the deferred than grazed treatment when averaged over
Figure 3f). ‘Other grass species’ were predominantly
summer 2018–2019 and autumn 2019 (28 vs. 25%,
Yorkshire fog, browntop (Agrosits capillaris L.) and
P<0.01), and spring 2019 and summer 2019–2020,
sweet vernal (Anthoxanthum odoratum L.). These
33 vs 31%, P<0.001).
dominated the sward particularly in February 2019,
when their ground cover was higher in the deferred
Discussion
than grazed treatment (P<0.05, Figure 3g). This was
Pasture performance
mainly due to the higher cover of Yorkshire fog in the
Deferred pastures produced approximately 15% more
deferred than grazed treatment in February 2019 (27 vs
dry matter than grazed pastures in the 9–12 months
11% ±6%, P<0.05). However, at all other times it was
after deferring, with negligible impact on nutritive
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Pasture composition

Figure
3.3Percentage
in dry
total
dry
of (a):(b):perennial
ryegrass,
(b): Yorkshire
fog
Figure
Percentage in total
matter
of (a):matter
perennial ryegrass,
Yorkshire fog and
other grasses combined;
(c): legume; (d):
broadleaf; and (e) dead vegetation; and percentage ground cover (GC) of (f): perennial ryegrass, (g): Yorkshire fog and
and other grasses
combined; (c): legume; (d): broadleaf; and (e) dead vegetation; and
other grasses combined; (h): legume, (i): broadleaf; and (j) bare ground of deferred and grazed pastures averaged over
6
paddocks
on 3 farms
in Waikato
Plenty. Error barsryegrass,
represent the standard
error of the difference.
percentage ground
cover
(GC)
of/ Bay
(f):ofperennial
(g): Yorkshire
fog The
andarrow
other
denotes the grazing exclusion period in the deferred treatment. Asterisks denote when differences between treatments
grasses combined;
(h):
(i):*** broadleaf;
and (j) bare ground of deferred and
are significant:
* P legume,
<0.05, ** P<0.01,
P<0.001.
grazed
pastures averaged over 6 paddocks on(L’Huillier
3 farms& in
Waikato / Bay of Plenty.
value other than during the deferred period. Impacts
Aislabie 1988) and/or an increase in
Errorlasted
barsforrepresent
the
standard
error
of
the
difference.
The
arrow
the
up to 12 months after deferring, depending
tiller densities of existing
plants denotes
(Waller et al.
2003).
on the
variable measured.
Although
used to
Legume content
remained
<10% ofwhen
total drydifferences
matter in
grazing
exclusion
period
in themethods
deferred
treatment.
Asterisks
denote
assess dry matter varied between farms (plate vs probe,
all pastures.
between
treatments
areofsignificant:
P low,
<0.05, There
** P<0.01,
P<0.001.
Table 1)
and the number
farm replicates *
was
was a large***
decline
in herbage nutritive value
the dry matter production benefits from deferring were
and the proportion of ryegrass in total dry matter during
statistically significant.
the deferred period, as expected. This was most likely
There was no effect of treatment on the
percentage in total dry matter of
Deferred pastures also had a higher ground cover of
due to shading and death of vegetative tillers. Devantier
ryegrass,
other
grass
species,
or broadleaf
during
desirable
species,
such as
ryegrass, white
after the clover,
deferred total
et al. legume
(2017) reported
an increase inspecies
the proportion
of
period. (P>0.05,
This was mostFigures
likely due 3a,
to ryegrass
reseeding
stemsafter
and seedheads
when pastures
were
the study
b, c and
d). Inreproductive
the autumn
deferring,
legumes

(mainly red clover (Trifolium pratense L.)) other than white clover were more
prevalent in the deferred than grazed treatment at Katikati (6 vs 2%, interaction
P<0.05) but there was no difference between treatments at the other sites where
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ended. Maximum soil temperatures exceeded 30°C in
the grazed pastures, the threshold temperature above
which clover stolon death can occur when soil moisture
is low (Watson et al. 1996).
On-farm application
Measurements indicated that over half of the vegetation
was not consumed in some of the plots (based on preand post-grazing herbage mass data at the end of the
deferredatperiod,
Figure 4. Gravimetric
soil water content of deferred and grazed pastures
a depthrefer
of to Table 2). If high levels of dead
Figure 4
Gravimetric soil water content of deferred and
remain
0-7.5 cm averaged over 6 paddocks on 3 farms in Waikato / Bayvegetation
of Plenty. Error
bars present in the sward over winter,
grazed pastures at a depth of 0–7.5 cm averaged
spring pasture growth may be compromised
represent the standard error of difference. The arrow denotes thesubsequent
grazing exclusion
over 6 paddocks on 3 farms in Waikato / Bay of
period in the deferred treatment. Asterisks denote when differences
between et al. 2017). The cattle at the Pukemiro and
(Thompson
Plenty. Error bars represent the standard error
treatments are
significant: ** P<0.01.
Katikati sites consumed the rank vegetation much more
of difference. The arrow denotes the grazing
Waterexclusion
content atperiod
a depthinof 0-7.5
cm was similar
in both effectively
treatments inthan the ewes at the Kaimai site, where
the deferred
treatment.
December 2018
but soildenote
moisturewhen
was 24%
higher inbetween
the deferred than grazed
Asterisks
differences
higherduring
post-grazing
residuals remained. The rate of
treatment at the
end of the
period
in February 2019 (P<0.01)
the
treatments
are deferred
significant:
** P<0.01.
in the previously deferred pastures
drought (Figure A1) and 10% higher in December 2019 (P<0.01)quality
(Figureimprovement
4).
depends
on content
the ability of stock to clean-up rank pasture,
Based on a repeated measures analyses, there was a higher
soil water
at a depth of
0-7.5Sanderson
cm in the deferred
than grazed
treatment
averaged
deferred
while
and Wedin
(1989)
foundwhenwhich
willover
vary from farm to farm; so a hard cleansummer
2018-2019
autumn
(28 vs.are
25%,
P<0.01), and up
spring
2019
an
increase
in the and
NDF,
both2019
of which
associated
graze
ofand
deferred pastures at the end of summer/
summer
2019-2020,
vs 31%,
P<0.001).there was a large
with
lower
nutritive33value.
However,
early autumn with cattle is recommended to remove
decline in feed quality and a similar proportion of
the poor-quality rank vegetation and facilitate pasture
Discussion
dead matter in both the grazed and deferred pastures.
regrowth. It may also be more difficult to remove rank
Pasture performance
This finding
most
likelyproduced
reflects approximately
the high temperatures
(by grazed
grazing or decay) from steep than easy
Deferred
pastures
15% more drypasture
matter than
and
dry
conditions
that
occurred
over
the
summer
of
slopes,
which
may compromise subsequent pasture and
pastures in the 9–12 months after deferring, with negligible impact on nutritive value
2018–2019
and the
associated
acceleration
leaf for
death
productivity (Sheath et al. 1984). Also, care
other than during
deferred period.
Impactsoflasted
up to 12livestock
months after
deferring,
on the
variabledeferred
measured.grazing
Althoughhad
methods
used to assess
(Hunt
& depending
Field 1979).
Overall,
is needed
when dry
grazing deferred (and regularly grazed)
matterimpact
varied on
between
farms (plate
vs probe,
Table 1)toand
the number
of farm
little
the relative
species
contribution
total
pastures
on steep slopes when there is a risk of runoff
replicates
the drybut
matter
production
benefitsfound
from deferring
were statistically
dry
matterwas
in low,
this study
Garden
et al. (2000)
and sediment
loss.
significant.
that grazing
exclusion
may
enable
some
weedy
species
As
a
result
of asthis study, the Kaimai and Katikati
Deferred pastures also had a higher ground cover of desirable species, such
such
as after
Yorkshire
fog to
dominate
pastures.
Using
farmersreseeding
have greater confidence in deferring 10–15%
ryegrass,
the deferred
period.
This was
most likely
due to ryegrass
deferred
to suppress
broadleaf
weeds
requires
effective
(L'Huilliergrazing
& Aislabie
1988) and/or
an increase
in tiller
densitiesof
ofthe
existing
plantsgrazing area (i.e. their feed surplus) and
(Waller et al. 2003).
content remained
of total dryinmatter
in all
investigation
givenLegume
our observations
that <10%
Californian
recommending
this practice to other farmers. They
pastures.were suppressed by deferred grazing at Katikati.
thistles
considered that this practice led to a better match of
There was a large decline in herbage nutritive value and the
of demand during spring and summer
feedproportion
supply and
ryegrass in total dry matter during the deferred period, as expected. This was most
Impacts on the soil
on the remaining area of the farm and enabled them
likely due to shading and death of vegetative tillers. Devantier et al. (2017) reported
Differences
between
treatments
in average
soil
towhen
maintain
control
an increase in the
proportion
of reproductive
stems and seedheads
pastures
were of their pasture. However, the loss
temperature
theand
deferred
periodfound
werean small
of the
deferred whileduring
Sanderson
Wedin (1989)
increase inofthegrazing
NDF, both
of deferred pasture during the deferred
(albeit
statistically
and thusvalue.
wouldHowever,
have fewthere period
as well
as the
which are
associatedsignificant)
with lower nutritive
was a large
decline
in greater regrowth after the deferred
feed qualityimplications
and a similar proportion
of dead
in both
deferred
biological
as confirmed
by matter
the results
ofthe grazed
periodand
must
also be considered when estimating impacts
pastures.
finding
most likely
reflects
high temperatures
andfarm
dry conditions
the
teabagThis
index.
Combining
a range
of the
methods
such as
on
profitability. Given the prolonged drought, the
that occurred
over theactivities
summer of(Burns
2018-2019
associated
leaf considered
death
analyses
of enzyme
et al.and
2013),
labile acceleration
farmers ofalso
that deferred pasture could
(Hunt & Field 1979). Overall, deferred grazing had little impact on the relative
chemical
soil
properties
and
microbial
community
provide
a
valuable
feed
source
at the end of summer
species contribution to total dry matter in this study but Garden et al. (2000) found
composition (Chaer et al. 2009) might enable detection
and in early autumn at a time when forage on the farm
of differences at a finer scale in future studies.
was scarce.
The soil-water content remained higher in the deferred
than grazed pasture for up to 12 months after deferring
Conclusions
likely due to shading of the soil surface by senescent
In this applied study, deferred grazing had a positive
plants and lower transpiration rates of mature plants
impact on cumulative pasture dry matter production
as found by Nie et al. (1997). Increased soil moisture
in the year after deferring and reduced the amount of
also promotes plant growth (Chen et al. 2007). Rainfall
bare ground after deferring, despite summer droughts
throughout much of 2019 was lower than average and
that likely moderated differences between treatments.
the reservoir of soil water was not replenished, which
Pasture quality was not significantly affected after the
may explain why the difference between treatments
deferred period, even on steep slopes. It is recommended
was sustained for months after the deferred period
that deferred pastures be grazed in autumn with
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cattle rather than sheep to ensure that sufficient dead
vegetation is removed to assist in maintaining pasture
quality. Further investigation is required to determine if
the positive effects of deferring on topsoil temperature,
moisture and ground cover reduce runoff, sediment and
nutrient losses. Data collected in this study supported
farmer observations of the benefits of deferred grazing
but modelling is required to quantify the impacts at a
farm scale.
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