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Abstract
A lucerne pasture requires a recovery period after a defoliation event and that recovery time is more 
important than the level of defoliation.  Repeated defoliation with inadequate recovery leads to loss of 
production and reduced stand life. Early recommendations were for lucerne to be grazed or cut in fixed 
rotations with a fixed recovery period throughout the year – typically 5-7 weeks.  Current recommendations 
favour grazing when new lucerne shoots reach 2 cm and grazing for 7-8 days leaving shoots at least 5 cm 
long. They also often recommend resting lucerne in late summer-autumn until approximately 50% flowering 
to allow root reserves to be restored prior to winter.  

Field experiments at Hamilton and Rutherglen (Victoria) are measuring the effects of 4 defoliation/recovery 
treatments on root and shoot DM, root C and N reserves and persistence of lucerne.  This paper examines 
the effect of several defoliation regimes, representing those recommended in the past or present, on the 
maintenance of root yield during the first 5 months of treatment.

To date there are no differences in basal frequency of lucerne between treatments at either site.  Root mass has 
changed between treatments at Hamilton but a consistent pattern has not yet emerged.  Root mass has increased 
at Rutherglen despite poor above ground herbage production.  This is surprising considering the generally 
dry summer-autumn period during the study to date and considering that the Short Rotation treatment has a 
recovery period considerably shorter than that generally recommended.  However, these are early results and 
this could change as the experiments progress through the changing seasons of the next 12 months.
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Introduction
It is well understood that a lucerne pasture requires a recovery period after a defoliation event, and that 
recovery time is more important than the level of defoliation (McKinney 1974, Pembleton et al. 2010, 
Teixeira et al. 2007, Teixeira et al. 2008).  Repeated defoliation with inadequate recovery leads to loss of 
production and reduced stand life. New ‘grazing tolerant’ cultivars are more tolerant of frequent defoliation 
but this general principle still holds.  While recommendations exist around recovery periods after defoliation, 
evaluation of various recovery regimes in different environments is limited. 

Early recommendations were for lucerne to be grazed, or cut, in fixed rotations with a fixed recovery period 
throughout the year. Early recommendations in New South Wales, and subsequently adopted elsewhere, were 
for a 35 day recovery period (Clinton 1968). In a large grazing demonstration near Maryborough, Victoria, 
(Ransom 1992) a 40 day recovery period was used. McKinney (1974) suggested, from his and a range of 
previously published experiments that the minimum recovery time should be about 7 weeks (49 days).

Popular extension material from Australia and New Zealand now favour grazing when new lucerne shoots 
reach 2 cm and grazing for 7-8 days leaving shoots at least 5 cm long. They also often recommend resting 
lucerne in late summer-early-autumn until approximately 50% flowering to allow root reserves to be restored 
prior to winter (See for example: Anon 1999, Naji 2006, Williams 1996, Anon 2008, Anon 2009).

Lucerne plants mobilise Carbon (C) and Nitrogen (N) reserves from their roots immediately post defoliation 
and more generally in spring.  They accumulate C and N in their roots during summer and early autumn if 
moisture is available.  The management system imposed will affect this pattern however and it is desirable to 
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understand the compromises that are made and their consequent effects on production, nutritive value of the 
herbage and persistence of the stand.

This paper examines the effect of four recommended defoliation regimes on the maintenance of root carbon re-
serves in established lucerne pastures at two contrasting sites in Victoria to test the hypothesis that short defolia-
tion intervals will reduce productivity and stand life.  Root yield, to a depth of 40 cm, is used as a relative mea-
sure of root carbon reserves.  Nie et al. 2015 provides descriptions of the sites, soil types and a climate summary. 

Methods
Paddocks of lucerne cv Sardi Seven were selected at the DEDJTR research farms near Hamilton (S37.834, 
E142.086) and Rutherglen (S36.112, E146.518) and the experimental areas fenced off.  Each experiment 
consists of four defoliation/recovery treatments replicated four times in a completely randomised design. 
Each plot is 10m x 5.5m.  The treatments are;

• LR: Long recovery cycle of 42 days recovery immediately after defoliation. This represents the historical 
recommendation of fixed recovery periods, with a long recovery period that would be expected to 
maintain maximum lucerne productivity and sustainability.

• SR: Short recovery cycle of 21 days recovery immediately after defoliation. This represents the historical 
recommendation of fixed recovery periods, with a short recovery period that is less than most historical 
recommendations.

• NS: Defoliate when new shoots are >2 cm long throughout the year.  Plots will be monitored leading 
up to a defoliation.  A defoliation will be triggered if an average of 70% of 10 randomly selected plants 
per plot have new shoots exceeding 10 cm.  This represents a contemporary recommendation for 
encouragement of new growth. 

• NSF: As for NS except in early autumn when the lucerne will be allowed to reach late flowering 
(phenology stage 6-7).  Plots will be monitored leading up to a defoliation.  A defoliation will be triggered 
if an average of 70% of 10 randomly selected plants per plot have new shoots exceeding 10 cm.  This 
represents a contemporary recommendation for encouragement of new growth and a prolonged recovery 
period for the lucerne stand post summer.

Defoliation was achieved by mowing plots to a height of 5 cm.  Phenological stage is recorded on a per plot 
basis prior to each defoliation according to the scale described in Kalu and Fick (1981).

Basal frequency was assessed prior to the first defoliation (20 Nov 2014 at Hamilton; 16 Dec 2014 at 
Rutherglen).  Two 1m x 1m quadrats were established in each plot.  Each quadrat had 100 cells and the 
number of  live lucerne plant bases in each cell is counted.  The average and between plot standard deviation 
of lucerne basal frequency were calculated for each of the 2 sites.

After each defoliation (within a couple of days) from late January onwards, in each plot three systematically 
chosen square soil plugs (0.1 m2 x 0.4 m deep) were removed and sieved for lucerne roots. The soil, minus 
the sieved lucerne roots, was then replaced into the holes...Root samples were washed, dried at 60°C and 
weighed (pre and post drying), before calculating root yield to 40 cm on a dry matter basis. 

The root yields, to 40 cm, of different defoliation regimes were compared every three weeks between all 
defoliation treatments that were sampled within a week of the short rotation regime.  At these times the root 
yield of the three cores in each sampled plot was averaged and these averages were log transformed.  The 
root yields of the defoliation treatments that were sampled were then compared using one way analysis of 
variance on these log transformed values.  In the early stages of the experiment, when there was not yet 
differentiation between some defoliation treatments, the non-differentiated treatments were considered as a 
single treatment in the analysis of variance.  The experimental unit of all analyses was an experimental plot.

Results
At the start of the experiments the basal frequency of lucerne was 58% (s.d. = 11%) for Hamilton and 44% 
(s.d. = 7%) for Rutherglen.

Results are presented in Figs 1 and 2.  Until the end of February the NS and NSF treatments were identical 
at both Hamilton and Rutherglen and are analysed together.  The NSF treatment was not defoliated during 
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March and April. At Hamilton there were 8 defoliations in the SR treatment, 7 defoliations in the NS 
treatment and 4 defoliations in the LR treatment. At Rutherglen there were 6 defoliations in the SR treatment, 
4 defoliations in the NS treatment and 3 defoliations in the LR treatment.

During the first 4 to 5 month period of the experiments, during late summer 2014/2015 and autumn 2015 
root yield to 40 cm was maintained in the 3500 to 5000 kg/ha range at Hamilton, and increased strongly over 
time from about 600 kg/ha to 1500 kg/ha at Rutherglen (Fig 1 and 2). It appears that, during this time, the 
defoliation treatments have had minimal effect on root yield to 40 cm.

Figure 1.  Root yield with short rotation (×), long rotation (+) and  new shoot rotation (*), at 
the Hamilton site on each set of sampling occasions. The root yields (y-axis) are presented on a 
logarithmic scale and each point represents the geometric mean of all the plots with a specific 
defoliation regime. The error bars represent the standard error of difference on the logarithmic scale. 

Figure 2.  Root yield with short rotation (×), long rotation (+) and  new shoot rotation (*), at the Rutherglen site 
on each set of sampling occasions. The root yields (y-axis) are presented on a logarithmic scale and each point 
represents the geometric mean of all the plots with a specific defoliation regime. The error bars represent the 
standard error of difference on the logarithmic scale. 
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Discussion
Despite both sites having similar initial lucerne basal cover of around 50%, root yield to 40 cm was 
about 7 to 8 times greater at Hamilton than Rutherglen. This may reflect management history prior to the 
commencement of this experiment, soil type and weather.

By the end of April, some 4 months into the experiment, there was little evidence of  differences between 
treatments at a site but large differences were evident between sites.   Both sites had a dry summer-autumn 
generally apart from rain in early to mid- January when 40 mm fell at Hamilton over 2 days and 78 mm fell 
at Rutherglen over 6 days.

At Hamilton there was variation of root mass between treatments but no consistent pattern has yet emerged.  
At Rutherglen all treatments have seen increasing root mass with each harvest while above ground herbage 
production has been minimal.  Mean total herbage accumulation since the first harvest is 3.4 t DM/ha at 
Hamilton and 0.7 t DM/ha at Rutherglen. At both Hamilton and Rutherglen the number of defoliations in the 
new shoot (NS) defoliation regime was intermediate to the number of defoliations in the  short rotation (SR) 
and long rotation (LR) defoliation regimes. However, in this respect, at Hamilton NS was closer to SR than 
LR whilst at Rutherglen NS was closer to LR than SR.

The different defoliation treatments have had little effect on root carbon reserves to date. This is surprising 
considering the generally dry summer-autumn period during the study to date, and  considering that the 
SR treatment has a recovery period considerably shorter than that generally recommended (Anon 2008, 
Anon 2009, Naji 2006, Teixeira et al. 2007).  However, these are early results and this could change as the 
experiments progress through the changing seasons of the next 12 months.
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