
 

 

Ecology of Microlaena stipoides in grazing 

systems 

 

 

 

Meredith Leigh Mitchell 

B Sc (Hons), University of NSW 1989 

 

 

A thesis submitted to Charles Sturt University  

for the degree of Doctor of Philosophy 

March 2013 

 

 

 

School of Agricultural & Wine Sciences 

Faculty of Science 

Charles Sturt University





 iii 

TABLE OF CONTENTS 

LIST OF FIGURES ......................................................................................................v 

LIST OF TABLES.......................................................................................................xi 

LIST OF ABBREVIATIONS AND PHRASES.........................................................xv 

CERTIFICATE OF AUTHORSHIP.........................................................................xvii 

ACKNOWLEDGEMENTS.......................................................................................xix 

PUBLICATIONS.......................................................................................................xxi 

ABSTRACT..................................................................................................................1 

CHAPTER 1. Introduction.......................................................................................3 

CHAPTER 2. Review of literature: The ecology of Microlaena stipoides var. 

stipoides in grazing systems..............................................................................7 

CHAPTER 3. Morphological description of Microlaena ......................................39 

CHAPTER 4. Effect of summer seasonal water deficit and defoliation on the 

short-term persistence of Microlaena..............................................................57 

CHAPTER 5. Survival and recovery of Microlaena under water stress in a 

controlled environment ...................................................................................73 

CHAPTER 6. Population biology of Microlaena I: phenology, seed rain, seed 

predation and seedling recruitment .................................................................89 

CHAPTER 7. Population biology of Microlaena II: germinable soil seed bank .113 

CHAPTER 8. Genetic diversity within a population of Microlaena as revealed by 

AFLP markers ...............................................................................................129 

CHAPTER 9. Conclusions...................................................................................145 

REFERENCES .........................................................................................................155 

 



 iv 



 v 

LIST OF FIGURES 

Figure 2.1. Microlaena stipoides (a) leaf sheath junction with auricle; (b) leaf blade 

with transverse veins; (c) spikelets (cm); (d) sward of tussocks. .....................8 

Figure 2.2. Distribution of Microlaena stipoides var. stipoides (����) in Australia based 

on 5,829 observations and herbarium specimens (Atlas of Living Australia 

2012). ................................................................................................................9 

Figure 2.3. Köppen-Geiger climate type map for Australia (Peel et al. 2007). 

Microlaena occurs in Csa, Csb, Cwa, Cfa and Cfb climate classification 

regions.............................................................................................................10 

Figure 2.4. Scatter plot of annual mean temperature (°°°°C) and annual average 

precipitation (mm) for Microlaena stipoides locations based on 5,752 

collection records (Atlas of Living Australia 2012). ......................................11 

Figure 2.5. Chasmogamous (fertilisation occurs in open flowers) spikelet in 

Microlaena stipoides, with large yellow anthers and feathery white style.....14 

Figure 2.6. The life cycle of Microlaena with the factors that are known to influence 

1) seedling germination, 2) seedling mortality, 3) flowering and seed 

production and 4) seed input into the seed bank.............................................22 

Figure 3.1. Structure of Microlaena, where B is bud, C is corm, T is tiller. Ruler 

increments mm................................................................................................45 

Figure 3.2. Underground structure of Microlaena from Chiltern site, where R 

indicates rhizome, C indicates corm and T indicates tiller. The horizontal line 

represents the level of the ground surface. Ruler increments mm. .................45 

Figure 3.3. Dense, interwoven Microlaena corms from the Chiltern site...................46 

Figure 3.4. Microlaena from Chiltern site, where R indicates rhizome, C indicates 

corm and T indicates tiller. The horizontal line approximately represents the 

level of the ground surface. Ruler increments mm. ........................................47 

Figure 3.5. Axillary buds along a vegetative tiller of Microlaena. Ruler increments 

mm. .................................................................................................................48 

Figure 3.6. Vegetative growth along a vegetative tiller of Microlaena. Enlarged area 

showing tiller arising. Ruler increments mm..................................................48 



 vi 

Figure 3.7. Vegetative growth, with roots, along a tiller of Microlaena. Ruler 

increments mm................................................................................................49 

Figure 3.8. Aerial tillering in Microlaena, leading to stolon formation (where S 

indicates the stolon). Ruler increments mm....................................................49 

Figure 3.9. Mean root densities m–2 from core break for three different soil types 

(Brown Kandosol ����, Grey Kurosol ���� and Red Kandosol ����) at Chiltern in 

May 2010. .......................................................................................................50 

Figure 3.10. Mean root densities m–2 from core break for the five different age stands 

(2 year old ����, 3 year old ����, 4 year old ����, 5 year old ����, 6 year old ����) at 

Tarrawingee in May 2010. ..............................................................................51 

Figure 3.11. Relationship between target DNA (pg DNA/g soil) and root count from 

core break (roots m–2), where is ���� 0.3–0.5 m, ���� 0.5–0.7m and ���� 0.9–1.1 m 

sample depths. .................................................................................................52 

Figure 4.1. Main plots covered by a permanently fixed rainout shelter (6 m x 3 m), 

constructed of polycarbonate sheeting (Laserlite 2000 ®) attached to a metal 

gable frame 1.2–1.5 m above ground level. ....................................................59 

Figure 4.2. Daily mean air (����) and soil temperature (°°°°C) at 25 mm from summer 

storm (����) and summer dry (����) treatment plots in replicate 4, logged hourly 

from 22 December 2009 to 2 August 2010. Arrow indicates date for 

application of water to the ‘summer storm’ and ‘summer dry’ treatments.....64 

Figure 4.3. Three diurnal cycles for temperature (°°°°C) data collected every 15 min 

from 5 mm below soil surface of plots within replicate 3 from 25 to 27 

February 2010 (nil --; intense --; strategic-- ), outside (--) the plots...............65 

Figure 4.4 Changes in (a) frequency and (b) basal cover of Microlaena from summer 

storm (solid bars) and summer dry (open bars) treatments in permanent 

quadrats, located in centre of each plot, 21 December 2009, 9 February 2010, 

17 March 2010 and 30 June 2010. (*P < 0.05; **P < 0.01; ***P < 0.001) ...66 

Figure 5.1. Microlaena corms were scored as dead when they were dark in colour, 

dry and brittle. Ruler increments mm. ............................................................77 

Figure 5.2. Structure of Microlaena plant, where B is bud, C is corm, T is tiller. Ruler 

increments mm................................................................................................78 



 vii 

Figure 5.3. Microlaena live buds (a) were defined as being white and firm, whereas 

dead buds (b) were mustard brown in colour and soft. Ruler increments mm.

.........................................................................................................................78 

Figure 5.4. Daily maximum (����), mean (����) and minimum (����) hourly logged air 

temperature for the glasshouse at DPI Rutherglen over the period of the 

experiment. Horizontal lines indicate the growth range for C3 grasses (10–

25 °°°°C). .............................................................................................................79 

Figure 5.5. Volumetric soil water content (cm3 cm–3 soil) for the period of the 

experiment, dashed lines indicate rewatering of treatments. Data are means ± 

s.e. ...................................................................................................................80 

Figure 5.6. (a) Leaf relative water content (RWC) with increasing periods without 

water. (b) Change in leaf RWC after 10 and 20 d rewatering for treatments 

control (����), 20 d dry (����), 30 d dry (����), 40 d dry (����), 50 d dry (����). Data are 

means ± s.e......................................................................................................81 

Figure 5.7. (a) Change in number of live tillers per pot with increasing periods 

without water. (b) Change in number of live tillers per pot after 10 and 20 d 

rewatering for treatments 20 d dry (����), 30 d dry (����), 40 d dry (����), 50 d dry 

(����). Data are means ± s.e...............................................................................82 

Figure 5.8. (a) Tiller dry weight (g) per pot with increasing periods without water. (b) 

Tiller dry weight (g) per pot after 10 and 20 d after rewatering for treatments 

20 d dry (����), 30 d dry (����), 40 d dry (����), with 10 and 20 d rewatering. Data 

are means ± s.e. ...............................................................................................82 

Figure 5.9. (a) Root biomass (g) per pot with increasing periods without water. (b) 

Root biomass (g) after 10 and 20 d rewatering for treatments 20 d dry (����), 30 

d dry (����), 40 d dry (����), 50 d dry (����), with 10 and 20 d rewatering. Data are 

means ± s.e......................................................................................................83 

Figure 5.10. (a) Live corm weight (g) per pot with increasing periods without water. 

(b) Live corm weight (g) per pot after 10 and 20 d rewatering for treatments 

20 d dry (����), 30 d dry (����), 40 d dry (����), 50 d dry (����), with 10 and 20 d 

rewatering. Data are means ± s.e. ...................................................................83 

Figure 5.11. (a) Number of live buds per pot with increasing periods without water. 

(b) Number of live buds per pot after 10 and 20 d rewatering for treatments 20 

d dry (����), 30 d dry (����), 40 d dry (����), 50 d dry (����). Data are means ± s.e. 84 



 viii 

Figure 5.12. Microlaena plant that had not had water from 23 November to 3 January 

(40 d). Then had been rewatered for 20 d. The bud was located 5.5 cm below 

the soil surface. There were two new tillers arising from this depth. Ruler 

showing mm....................................................................................................85 

Figure 6.1. Seed rain trap, consisting of PVC pipe (0.1 m diameter and 0.15 m deep) 

and 0.12 m diameter funnel and finely woven plastic bag (60 mm x 80 mm) 

attached to base of the funnel..........................................................................93 

Figure 6.2. Seed rain traps surrounding individual Microlaena plant 11 (plot 6).......94 

Figure 6.3. Recorded (solid bars) and median (line) rainfall (mm) from December 

2009 to June 2011 (data from automatic weather station located at the site). 99 

Figure 6.4. Percentage of Microlaena plants in each of 3 phenological stages: 

vegetative (solid bars); stem elongation–ear emergence (grey bars); seed 

maturity seed fall (open bars) for six weekly periods from December 2009 to 

July 2011. ........................................................................................................99 

Figure 6.5. Germination percentage (after 20 days) of Microlaena seed collected in 

seed rain traps, where small < 28 mg, medium 29–41 mg and large > 41 mg 

seed sizes. Data are means ± s.e....................................................................104 

Figure 6.6. Combined frequencies for all three sampling dates of the number of 

seedlings observed per quadrat. ....................................................................105 

Figure 7.1. Layout of glasshouse showing black plastic topped with a layer of 

capillary mat (GO fabric), then permeable weed mat, and the trays on a layer 

of vermiculite. ...............................................................................................118 

Figure 7.2. Relationship from the Yr2 seed bank study between the number of 

Microlaena seed bank seedlings (seedlings m–2) and the number of grass seed 

bank seedlings (seedlings m–2). The relationship has a negative correlation 

coefficient and is significant (r2 = 55.6%, P = 0.0254).................................121 

Figure 8.1. Location of the two sample collection sites and transects within the 

Microlaena-dominated pasture at Chiltern. At each site there were four 

transects, north (orange), south (pink), east (red) and west (blue). Each 

transect was 102.4 m in length......................................................................132 

Figure 8.2. Principal coordinates analysis (PCO) of Microlaena AFLP data using 

Dice distances. Site 1 (����) and Site 2 (�) can be separated on the first two 



 ix 

axes of the PCO and these cumulatively account for 26.73% (14.56% and 

12.17% respectively) of the variance............................................................136 

Figure 8.3. Principal coordinates analysis (PCO) of the two sites at Chiltern of 

Microlaena AFLP data using Dice distances. Site 1 south (����) and Site 2 south 

(�) can be separated on the first two axes of the PCO and these cumulatively 

account for 34.38% (17.85% and 16.53% respectively) of the variance. .....137 

Figure 8.4. Principal coordinates analysis (PCO) of the two sites at Chiltern of 

Microlaena AFLP data using Dice distances. Site 1 south (����) and Site 2 north 

(�) can be separated on the first two axes of the PCO and these cumulatively 

account for 34.57% (19.45% and 15.12% respectively) of the variance. .....138 

Figure 8.5. Principal coordinates analysis (PCO) of the two sites at Chiltern of 

Microlaena AFLP data using Dice distances. Site 1 north (����) and Site 2 south 

(�) can be separated on the first two axes of the PCO and these cumulatively 

account for 37.42% (20.62% and 16.80% respectively) of the variance. .....138 

Figure 8.6. Principal coordinates analysis (PCO) of the two sites at Chiltern of 

Microlaena AFLP data using Dice distances. Site 1 north (����) and Site 2 north 

(�) can be separated on the first two axes of the PCO and these cumulatively 

account for 35.12% (19.36% and 15.76% respectively) of the variance. .....139 

 



 x 

 



 xi 

LIST OF TABLES 

Table 2.1. Microlaena cultivars under seed increase, including characteristics for 

selection, target market and origin of base plant material ..............................16 

Table 2.2. Basal cover (%) for Microlaena, indicating conditions and treatments for 

each data source ..............................................................................................28 

Table 2.3. Crude protein concentration (%DM) of Microlaena under a variety of 

conditions, expressed on a seasonal basis when possible ...............................35 

Table 2.4. Estimated metabolisable energy levels (MJ kg–1 DM) of Microlaena under 

a variety of conditions, expressed on a seasonal basis when possible............35 

Table 3.1.Mean of DNA pg/gram of soil for three soil types at the Chiltern site in 

May 2010 ........................................................................................................51 

Table 4.1. Total PAW (plant available water), ET (evapotranspiration calculated 

using Penman Monteith equation (Allen et al. 1998)), CSAW (Cumulative 

summer autumn water deficit) for the rainout shelters in comparison to the 

outside area. ....................................................................................................61 

Table 4.2. Mean number of live tillers (tillers m–2) on 25 February 2010 and 4 June 

2010 (after water applications on 25 February and 11 May 2010).................66 

Table 4.3. Mean number of senesced tillers (tillers m–2) on 25 February 2010 and 4 

June 2010 (after water applications on 25 February and 11 May 2010) ........67 

Table 4.4. Mean number of active buds (m–2) on 25 February 2010 and 4 June 2010 

(after water applications on 25 February and 11 May 2010)..........................67 

Table 4.5. Mean dry weight (g -m2) of live tillers on 25 February 2010 and 4 June 

2010 (after water applications on 25 February and 11 May 2010).................68 

Table 4.6. Mean dry weight (g –m2) of active corm on 25 February 2010 and 

individual tillers on 25 February 2010 and 4 June 2010 (after water 

applications on 25 February and 11 May 2010) .............................................68 

Table 6.1. Soil chemical attributes (0–10 cm) from location of 16 plants utilised in 

the seed rain study, where Treatments are: T1, low fertility (10 kg ha–1 P 

every 2nd year), set stocked with 3 merino ewes ha–1; T2, higher fertility (20 

kg ha–1 P annually), set stocked with 6 merino ewes ha−1; and T3, higher 

fertility (20 kg ha–1 P annually), simple 4 paddock rotation (2 weeks on 6 



 xii 

weeks off, then in spring 1 week on 3 weeks off) stocked with 6 merino ewes 

ha–1. .................................................................................................................92 

Table 6.2. Periods into which the data were divided based on periods ......................96 

Table 6.3. Initial and final widths and breadths (m) of seed rain plants ...................100 

Table 6.4. Back-transformed mean of seeds m–2 and seed weight (mg seed–1) 

collected in seed traps for each period. lsd is least significant difference. ...101 

Table 6.5. Total number of seeds, the mean seed weight (mg) and rainfall for each of 

the 37 seed rain collection periods................................................................102 

Table 6.6. Back-transformed mean of percentage of Microlaena and phalaris seed 

removed over four months. Modelled predicted means in parenthesis (lsd (P = 

0.05) = 0.86)..................................................................................................103 

Table 6.7. Back-transformed mean of percentage of seed removed from each 

treatment (cage and open) over a period of 10 days. Modelled predicted 

means in parenthesis (lsd(P = 0.05) = 0.71) .................................................104 

Table 6.8. For each sampling date, back-transformed mean seedlings per quadrat 

(predicted mean; lsd (P = 0.05) = 0.71), back-transformed mean number of 

seed per quadrat (predicted mean; lsd (P = 0.05) = 0.70), calibrated estimate 

of DM present (kg ha–1), visual estimates of bare ground and litter. Data 

represent mean ± standard deviation.............................................................105 

Table 7.1. Botanical composition (DM (%) contribution to above-ground vegetation) 

of site from which the soil seed-pool was sampled ......................................115 

Table 7.2. Maximum, minimum, mean logged hourly air temperatures (°°°°C), start and 

finish dates for each germination cycle.........................................................117 

Table 7.3. Total seedlings m–2 emerged for each group within the seed bank over four 

germination cycles ........................................................................................120 

Table 7.4. Correlation coefficients among the traits measured for the 16 plants in the 

first soil seed bank study for each group, soils data (where Soil N is 

Ammonium N [mg kg–1], Soil P is Colwell P [mg kg–1], Soil K is Colwell K 

[mg kg–1], Soil pH is pH [CaCl2]; all these soil measurements are on 0–10 cm 

samples) and seed rain count (seed m–2) and weight (mg m–2) data (*P < 0.05; 

**P < 0.01; ***P < 0.001)............................................................................122 



 xiii

Table 7.5. Correlation coefficients among the traits measured for the 16 plants in the 

second year soil seed bank study for each group, soils data (where Soil N is 

Ammonium N [mg kg–1], Soil P is Colwell P [mg kg–1], Soil K is Colwell K 

[mg kg–1], Soil pH is pH [CaCl2]; all these soil measurements are on 0–10 cm 

samples) and seedrain count (seed m–2) and weight (mg m–2) data (*P < 0.05; 

**P < 0.01; ***P < 0.001)............................................................................123 

Table 8.1. Selected primer combinations..................................................................133 

Table 8.2. Leaf width (mm) and colour (Munsell 1968) for sampled Microlaena 

populations at Chiltern..................................................................................135 

Table 8.3. Selected primer combinations and polymorphism levels for AFLP analysis 

of Microlaena stipoides ................................................................................135 

Table 8.4: Analysis of molecular variance (AMOVA) for 85 individuals from two 

sites within the Microlaena pasture at Chiltern as implemented by GenAlEx 

software (Peakall and Smouse 2006)............................................................136 

Table 8.5. Descriptive statistics indicating within-population genetic diversity of 

populations of Microlaena stipoides at a site at Chiltern, Victoria ..............140 

Table 8.6. Descriptive statistics indicating between-population genetic diversity of 

populations of Microlaena stipoides at a site at Chiltern, Victoria ..............140 

 

 

 

 

 

 



 xiv 

 



 xv 

LIST OF ABBREVIATIONS AND PHRASES 

ACT  Australian Capital Territory 

AFLP  amplified fragment length polymorphism  

AMOVA analysis of molecular variance 

ANOVA  analysis of variance 

ASPAC Australasian Soil & Plant Analysis Council 

CP   crude protein 

CSAW  cumulative summer autumn water deficit 

cv.  cultivar 

cvv.  cultivars 

DM  dry matter 

DMD  digestible dry matter 

DNA   deoxyribonucleic acid 

DPI  Department of Primary Industries 

DSE  dry sheep equivalent 

FST  fixation index  

Hj  heterozygosity 

GLM   generalised linear model 

GLMM  generalised linear mixed model 

GPS  global positioning system 

lsd  least significant difference between any two means 

LIGULE Low Input Grasses Useful in Limiting Environments 

ME   metabolisable energy 

NDF   neutral detergent fibre 

NLIGN Native and Low Input Grasses Network 

NSC   non-structural carbohydrate 

NSW  New South Wales 

p, pp  pages 

P  probability 

PBR  Plant Breeders Rights 

PCO  principal coordinate analysis 

PCR  polymerase chain reaction 

pers. comm. in personal communication 

PVC  polyvinyl chloride 



 xvi 

RAPD   random amplification of polymorphic DNA 

RCB   randomised complete block design 

RWC   relative water content 

se  standard error 

sp.  species 

spp.  more than one species  

UV  ultraviolet 

VPD   vapour pressure deficit 

WA  Western Australia 

WSC   water-soluble carbohydrates 

 



Certificate of Authorship 

I hereby declare that this submission is my own work and that, to the best of my knowledge and 

belief, it contains no material previously published or written by another person nor material that to 

a substantial extent has been accepted for the award of any other degree or diploma at Charles Sturt 

University or any other educational institution, except where due acknowledgement is made in the 

thesis. Any contributions made to the research by colleagues with whom I have worked at Charles 

Sturt University or elsewhere during my candidature is fully acknowledged. 

I agree that the thesis be accessible for the purpose of study and research in accordance with the 

normal conditions established by the Executive Director, Division of Library Services or nominee, for 

the care, loan and reproduction of theses. 

 

Name:  Meredith Mitchell 

Date:    13 March 2013  



 xviii 



 xix

ACKNOWLEDGEMENTS 

First, I would like to thank Dr Jim Virgona for encouraging me to undertake a PhD. 

Throughout this journey, he has provided advice, support and encouragement.  

I would like to express my sincere thanks to co-supervisors Dr Joe Jacobs and 

Professor David Kemp for their input and timely suggestions during this project. 

I would like to thank Charles Sturt University, Future Farm Industries CRC, AW 

Howard Memorial Trust and the Victorian DPI for their financial assistance. 

Thank you to Dr Ben Stodart for always being so positive and reassuring me when I 

had doubts about my skills in the lab. Also thanks to Dr Cathy Waters and Dante 

Adorada for their input into the DNA component of this thesis. It was a very steep 

learning curve. 

Thank you to Ken Wilson and Wayne Dempsey for providing technical assistance 

throughout the entire project. 

I would like to acknowledge Isabel Edgar, Tim Barden, Darren Vincent and John 

Keogh for allowing me access to their land. Thanks for being supportive and 

forthcoming with information. 

Thank you to those who gave me advice during the writing of my PhD, especially 

Adjunct Associate Professor Wal Whalley, Dr Suzanne Boschma, Dr Mark Norton, 

Dr Alexei Rowles and Dr Eloise Seymour. I would like to acknowledge the statistical 

advice of Ann Cowling and Sorn Norng. 

This thesis was edited by Elite Editing, with editorial intervention restricted to 

Standards D and E of the Australian Standards for Editing Practice. 

And finally, without the love, support and devotion of my family (Brendan, Ian and 

Emma), I would not have achieved this. Thank you for your continued and never-

ending support and encouragement. 

 

In memory of my mum, Betty Mitchell  

28/4/1932 to 5/2/2011 



 xx 



 xxi

PUBLICATIONS 

Mitchell ML, Virgona JM, Jacobs J, Kemp DR (2010) A description of the plant 

structures of Microlaena stipoides, a grass species forming stolons and rhizomes. In 

15th Biennial Conference of the Australian Society of Agronomy: ‘Food Security 

from Sustainable Agriculture’. (Eds H Dove, RA Culvenor). (Australian Society of 

Agronomy: Lincoln, New Zealand). 

 

Mitchell ML, Virgona JM, Jacobs J, Kemp DR (2012) Seed rain of Microlaena 

stipoides. In 16th Biennial Conference of the Australian Society of Agronomy: 

‘Capturing Opportunities and Overcoming Obstacles in Australian Agronomy’.  14–

18 October 2012, University of New England, Armidale. (Eds I Yunusa). (Australian 

Society of Agronomy: Armidale, NSW). 

 

Mitchell ML, Virgona JM, Jacobs J, Kemp DR (2013) Seed ecology of Microlaena 

stipoides in grazing systems of south-eastern Australia. 22nd International Grasslands 

Congress: ‘Revitalising grasslands to sustain our communities’, Sydney, 15–19 

September 2013. (Eds. DL Michalk, GD Millar, WB Badgery, KM Broadfoot). 

(NSW Department of Primary Industries: Orange, NSW). 

 

 

 





 1 

ABSTRACT 

Microlaena stipoides, a C3 perennial grass, is common within grazed native pastures 

in the high rainfall zone (> 550 mm average annual rainfall) of south-eastern 

Australia. It is also native to Indonesia, New Zealand, New Guinea and the 

Philippines (Connor and Matthews 1977). Microlaena has the ability to survive and 

persist in environments within this zone that commonly experience soil water deficits 

during the summer months. Our knowledge of the summer drought survival 

mechanisms of Microlaena to sustain its populations is incomplete. Using field, 

glasshouse and laboratory studies and experiments, this thesis researched key 

components of the population biology of Microlaena. The thesis investigates the 

extent to which Microlaena populations in the summer-dry environment of south-

eastern Australia are maintained by adult plants and/or seeds and seedling 

recruitment. 

Microlaena has a unique morphology: its shoots arise from corm-like structures that 

are located approximately 20 mm below the ground surface. The location of the 

active buds and their depth of burial may provide Microlaena with the ability to 

withstand close grazing and protection from hot, dry summers.  

There was no evidence that Microlaena exhibited summer-dormancy, which is 

characteristic of Mediterranean species. When irrigation was applied, even with high 

soil temperatures, it responded by producing new buds and tillers. Microlaena was 

able to withstand short (up to 30 days) but not prolonged dry periods. The survival of 

Microlaena over protracted dry periods, typical of southern Australia, either requires 

deep roots or is related to the position in the landscape where Microlaena most 

commonly occurs, or both.  

Microlaena is not dormant, but quiescent, during summer droughts and has the ability 

to respond to summer rainfall events. Its underground structures (rhizomes and 

corms) allow it to respond rapidly to favourable soil moisture conditions. 

Management strategies for Microlaena-dominant pastures need to be based on the 

maintenance of existing plants. 

Seed yields were substantial (mean of 800 seeds m–2), with seed rain occurring over 

the December to May period. Microlaena has two distinct periods of high seed rain: 

in early summer and then again early autumn. Seed predation is high. Within a 24-

hour period during peak seed production, up to 30% of Microlaena seed was removed 
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from a pasture, primarily by ants. Microlaena seedlings recruited throughout an open 

paddock; however, seedling density was low (five seedlings m–2). Microlaena only 

represented low numbers in the seed bank (0.01–0.05% of total); hence, any 

seedlings of Microlaena that germinate from the seed bank would face immense 

competition from other species. 

To determine the relative important of vegetative propagation in terms of population 

biology, a molecular technique was used. The amplified fragment length 

polymorphism (AFLP) technique could detect differences between Microlaena 

populations, indicating that the populations are likely to be undergoing some degree 

of outcrossing. This would indicate that even though seed recruitment is an 

uncommon event, it occurs frequently enough to ensure diversity within the 

population. 

The objective of the thesis was to investigate Microlaena population dynamics in the 

summer-dry environment of south-eastern Australia. This thesis has demonstrated 

that Microlaena relies on a combination of seedling recruitment and adult plants to 

maintain its populations in southern Australia.  
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CHAPTER 1. Introduction 

Background 

Microlaena stipoides var. stipoides (Labill.) R.Br. (Microlaena) is a perennial C3 

grass native to Australia. It has a wide geographic distribution throughout the high 

rainfall zone (> 550 mm annual average rainfall) from the mountains of Cape York 

Peninsula through New South Wales (NSW) and Victoria to Tasmania, as well as the 

wetter districts of South Australia and the south west of Western Australia (WA) 

(Sharp and Simon 2002). 

Grazed pastures that are dominated by native grasses occupy around 22% of 

agricultural land in the high rainfall zone of south-eastern Australia (Hill et al. 1999). 

Microlaena is a common species in such pastures (Garden et al. 2001); it occurs on a 

wide range of soils and is naturally abundant on acid soils (Munnich et al. 1991; 

Johnston et al. 2001). The green feed that Microlaena produces in summer and 

autumn is highly valued by farmers (Simpson and Langford 1996). Pastures that 

contain a high proportion of Microlaena are stable, in terms of basal cover, under a 

range of grazing management strategies over a number of years (Garden et al. 2000b; 

Ridley et al. 2003). Microlaena occurs in the non-arable parts of the landscape, which 

are unlikely to be sown to either introduced or domesticated native perennial species 

(Virgona et al. 2003). 

Many of the southern Australian environments where Microlaena naturally occurs are 

characterised by water deficits over the summer months. Johnston et al. (2001) 

hypothesised that Microlaena may be able to survive drought by senescing back to 

subsurface corm-like organs. In these environments, the survival of existing plants 

over the summer period is critical to the persistence of perennial species (Cullen et al. 

2005c). Many graziers have commented on the ability of Microlaena to be one of the 

first grasses to resume active growth following dry periods (Whalley and Jones 

1998); however, the mechanisms and structure that allow survival are unknown.  

The mechanisms used by perennial grasses to survive drought include summer 

dormancy (Volaire and Norton 2006) and dehydration tolerance (Turner 1986). 

Summer dormancy is an important drought-resistance trait of many temperate 

perennial species that originate in areas that experience regular summer drought 

(McWilliam 1968). The summer dormancy of a range of tall fescue (Festuca 

arundinacea Schreb.), cocksfoot (Dactylis glomerata L.) and phalaris (Phalaris 
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aquatica L.) cultivars has been tested by the application of water during the summer 

months (Norton et al. 2006a; Norton et al. 2006b; Norton et al. 2012). Cultivars that 

were dormant did not respond to water applications. Flowering and associated bud 

production are a prerequisite for the induction of summer dormancy in a range of 

species (Ofir and Koller 1974; Norton et al. 2006a; Norton et al. 2006b) 

The mechanisms used by Microlaena to enable it to persist in these dry-summer 

environments of southern Australia are unknown. Even the extent to which 

Microlaena relies on seedling recruitment to maintain populations is unknown. 

Germination of seeds, emergence of seedlings and survival of plants are key life-

history stages that ensure persistence of plant populations (Clarke and Davison 2004). 

An improved knowledge of the life history and phenology of Microlaena in southern 

Australia is required before optimal grazing systems can be devised (Kemp et al. 

1996).  

Thesis aims and objectives 

Our understanding of the population biology of Microlaena is incomplete: flowering 

phenology, seed rain, seed predation, soil seed banks and seedling recruitment remain 

largely unexplored. This is particularly the case in native pastures in the summer-dry 

environments of southern Australia. 

Populations maybe sustained via long-lived plants that expand from their crowns via 

vegetative growth, in the form of rhizomes and stolons. Alternatively, populations 

may be maintained by seedling recruitment; or a combination of the two. Microlaena 

is able to survive and persist in environments where soil water deficits are common 

during the summer months.  

This thesis investigates the extent to which Microlaena populations in the summer-

dry environment of south-eastern Australia are reliant on the survival of adult plants 

and/or seeds and seedling recruitment. 

Thesis structure 

The thesis consists of eight chapters. Following this introductory chapter, the second 

reviews the relevant literature on the ecology, population biology and agronomy of 

Microlaena, with the aim of establishing the current knowledge available and 

identifying gaps. 
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Chapter 3 details the morphology of Microlaena (including rooting depth). This study 

of plant structure aims to identify the plant’s growth strategy and possible 

mechanisms for summer survival.  

Chapter 4 reports the results of a field experiment that examined the morphological 

adaptation and survival threshold of Microlaena. The data collected in this 

experiment were used to test two hypotheses: (1) Microlaena is not dormant over the 

summer and (2) the survival of Microlaena in response to summer rainfall is not 

affected by the level of defoliation. 

Chapter 5 describes a glasshouse experiment that investigated the response of 

Microlaena to various periods of water stress and rewatering. This experiment aimed 

to increase our understanding of the overall strategy of survival and regrowth 

following moisture stress in Microlaena. The objectives were to investigate the 

growth of Microlaena through a drying and wetting cycle and to test the hypothesis 

that Microlaena plants are not dormant during periods of moisture stress. 

Chapters 6 and 7 report field experiments designed to increase our understanding of 

the population biology of Microlaena. These included targeted measurements of 

flowering phenology, seed rain, seed predation, seed bank and seedling surveys of 

Microlaena. The data collected in these two chapters were used to test the hypothesis 

that populations of Microlaena are sustained by maintenance of existing plants rather 

than seedling recruitment. 

Chapter 8 reports the level of polymorphism that exists within a population of 

Microlaena. Leaf samples collected from across a grazed Microlaena pasture were 

analysed using amplified fragment length polymorphism (AFLP) markers.  

Chapter 9 provides a concluding discussion and review of the results from the 

experiments and studies, and identifies areas for further research. 
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CHAPTER 2. Review of literature: The ecology of 

Microlaena stipoides var. stipoides in grazing systems 

Introduction 

Grazed pastures that are dominated by native grasses occupy around 22% of 

agricultural land in the high rainfall zone (> 550 mm average annual rainfall) of 

south-eastern Australia (Hill et al. 1999). Microlaena (Microlaena stipoides var. 

stipoides [Labill.] R.Br.), a C3 perennial grass, is a common species in such grazed 

native pastures (Simpson and Langford 1996; Garden et al. 2001). It has a wide 

geographic distribution from the mountains of Cape York Peninsula through NSW 

and Victoria to Tasmania, as well as the wetter districts of South Australia and the 

south west of WA (Sharp and Simon 2002). Microlaena occurs on a wide range of 

soils and is naturally abundant on acid soils (Munnich et al. 1991; Johnston et al. 

2001).  

This review discusses previous research on issues related to the agro-ecology of 

Microlaena, including seed production, herbage production, nutritive characteristics, 

response to fertiliser and persistence in a range of environments.  

Species description 

Taxonomy 

The genus Microlaena R.Br. comprises 10 species that are indigenous in the 

Philippines, Java and Australasia (Sharp and Simon 2002). Microlaena is in the 

family Poaceae, the subfamily Ehrhartoideae and the tribe Ehrharteae (Weiller 2009). 

In Australia, the genus Microlaena is represented by two species, Microlaena 

stipoides (Labill.) R.Br. and Microlaena tasmanica (Hook.f.) Benth. (Sharp and 

Simon 2002). The distribution of M. tasmanica is confined to Tasmania. Two 

varieties exist within M. stipoides, var. stipoides and var. breviseta Vickery. M. 

stipoides var. breviseta has a very limited range, south-west of Sydney in NSW. This 

review is therefore confined to Microlaena stipoides var. stipoides, the most 

common. 

The genus name Microlaena is derived from the Greek mikros (small) and chlaina 

(cloak), indicating that the subtending glumes are tiny; the species name stipoides 

indicates that the spikelets resemble those of Stipa (Sharp and Simon 2002).  
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Microlaena is a tufted C3 perennial grass with a short rhizome (Sharp and Simon 

2002). The leaf blade is flat (or concave), 20–200 mm long, 1–2 mm broad, smooth 

and scabrous with readily visible transverse veins (Simon 1990; Edgar and Connor 

1998) (Figure 2.1). The leaf sheath junction bears a hairy auricle (Figure 2.1). This 

grass is characterised by a delicate drooping seedhead, which leads to its common 

name, weeping grass. The culms are slender and rooting at the nodes has been 

recorded (Jacobs et al. 2008). The seedhead is 50–250 mm long (Lamp et al. 1990; 

Sharp and Simon 2002; Jacobs et al. 2008). Spikelets are 13–40 mm long (including 

awns) (Figure 2.1), green to dark purplish brown in colour with the rachilla 

disarticulating above the glumes. Awns on the upper lemma are as long as the body; 

both awns are scabrous with five to seven nerves. The awns are straight or slightly 

curved and are not hygroscopic (Groves and Whalley 2002).  

 

Figure 2.1. Microlaena stipoides (a) leaf sheath junction with auricle; (b) leaf blade 
with transverse veins; (c) spikelets (cm); (d) sward of tussocks. 
 

Species distribution 

Microlaena is mainly found in areas that receive greater than 550 mm annual average 

rainfall, from the mountains of Cape York Peninsula through NSW and Victoria to 

Tasmania, as well as the wetter districts of South Australia and the south west of WA 

(Figure 2.2) (Sharp and Simon 2002). It is also native to Indonesia, New Zealand, 
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New Guinea and the Philippines (Connor and Matthews 1977). In New Zealand, 

Microlaena is very common around Auckland in both lawns and unfertilised pastures 

(Esler 2004). Microlaena also occurs in Hawaii, where it is considered an invasive 

weed (Denslow et al. 2006).  

 

 

Figure 2.2. Distribution of Microlaena stipoides var. stipoides (�) in Australia based 
on 5,829 observations and herbarium specimens (Atlas of Living Australia 2012). 
 

Under the Köppen-Geiger classification of climate (Peel et al. 2007), Microlaena 

occurs in temperate regions (Figure 2.3). It occurs in the Csa, Csb, Cwa, Cfa and Cfb 

climate classification regions. Dry-summer subtropical climates (Csa and Csb) 

feature dry hot summers (precipitation of the driest month in summer is less than 40 

mm and less than one-third of the wettest winter month and at least four months with 

the temperature above 10 °C). Oceanic climates (Cfb) feature warm summers and 

cool winters (10 months with temperatures greater than 4 °C), and a narrow annual 

temperature range. Humid subtropical climates (Cfa and Cwa) are characterised by 

hot, humid summers and generally mild to cool winters. These three climatic zones 
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are characterised by having some precipitation in all seasons, and irregular short-term 

droughts are common. Most summer rainfall is from thunderstorms, which may occur 

only a couple of times each year. It would appear that the common feature of all the 

zones in which Microlaena naturally occurs is either regular summer droughts or the 

potential for irregular droughts at other times, or both, although the total annual 

rainfall is moderate to high. 

 

 

Figure 2.3. Köppen-Geiger climate type map for Australia (Peel et al. 2007). 
Microlaena occurs in Csa, Csb, Cwa, Cfa and Cfb climate classification regions. 
 

To gain a greater understanding of the distribution of Microlaena within Australia, 

natural distribution data from the Atlas of Living Australia (2012) were used to create 

a scatter plot of annual mean temperature and mean precipitation (Figure 2.4). From 

this, it is evident that Microlaena is generally confined to areas that receive greater 

than 550 mm annual average precipitation and have cool temperatures: annual mean 

temperature between 7 °C and 17 °C. 
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Figure 2.4. Scatter plot of annual mean temperature (°C) and annual average 
precipitation (mm) for Microlaena stipoides locations based on 5,752 collection 
records (Atlas of Living Australia 2012).  
 

Natural habitat 

Originally, Microlaena may have been a small component of woodland communities 

in south-eastern Australia (Whalley et al. 1978). This species has persisted after 

clearance of these woodlands, and spread beyond the original sites to become a 

significant component species of grazing systems (Foster et al. 2010). The 

understorey in grassy woodlands is historically dominated by tall cool-season (e.g. 

Poa sieberiana Spreng.) or warm-season (e.g. Themeda triandra Forssk. syn. 

Themeda australis [R.Br.] Stapf) tussock-forming perennial grasses (Garden and 

Bolger 2001; Lindsay and Cunningham 2011). Botanical change in Australian 

grasslands have been closely linked to agricultural development (Garden and Bolger 

2001). Vegetation clearing and grazing by livestock may have led to the development 

of the Microlaena-dominated native pasture that exists today.  

A similar situation is evident in New Zealand, where before extensive clearing, 

Microlaena occurred along pathways or trails through fern and scrub that were used 

by Maori (Guthrie-Smith 1969). In Australia, Microlaena is known to be 

preferentially grazed by wombats in the summer and autumn (Evans et al. 2006). It 
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may have evolved under close grazing by native mammals. Across its range, the 

ecological function of Microlaena may be the provision of ground cover and 

protection of the soil surface. 

Morphology 

Understanding the morphology of a species provides insight into the growth patterns 

and the perennation strategies used by a given species. In a practical sense, this 

allows grazing management strategies to be developed to maintain, or increase, the 

population. Characterisation of the morphology of intact plants of phalaris (Phalaris 

aquatica L.) (Cullen et al. 2005b, 2005c, 2005a), perennial ryegrass (Lolium perenne 

L.) (Brock and Fletcher 1993; Hume and Brock 1997), white clover (Trifolium repens 

L.) (Brock et al. 1988), tall fescue, (Festuca arundinacea Schreb.) (Jernstedt and 

Bouton 1985; Brock et al. 1997; Hume and Brock 1997) and cocksfoot (Dactylis 

glomerata L.) (Brock et al. 1996) all revealed remarkably similar plant structures 

between apparently contrasting species. These grass and legume species all employ a 

clonal growth process of continual fragmentation of plants, and growth arises at the 

apex and death of basal stems (Hume and Brock 1997).  

Microlaena can be described as spreading vegetatively via both rhizomes and stolons 

(Jacobs et al. 2008), where rhizomes are defined as modified stems that remain 

underground and stolons are above ground with both developing roots at the nodes 

(Renvoize 2002). Stolons in Microlaena are formed when rooting occurs at the nodes 

(Jacobs et al. 2008). Growing points that develop underground as rhizomes are, to 

some extent, protected from sudden and extreme changes in temperature that can be 

experienced by growing points at or above the soil surface (Weaver 1963). 

Vegetative spread, through rhizome or stolon development, is suggested to be a 

valuable trait for the persistence of plants in swards (Cullen 2002). Allan and 

Whalley (2004) found that only 2% of the 100 Microlaena specimens studied had 

rhizomes. There is little published information about the frequency of rhizome and 

stolon formation in Microlaena or the role that these structures play in population 

dynamics.  

Breeding systems 

Three breeding systems operate in Microlaena: chasmogamy, cleistogamy and 

cleistogenes (Clifford 1962; Edgar and Connor 1998; Groves and Whalley 2002). 

The majority of Microlaena inflorescences contain cleistogamous spikelets 

(fertilisation occurs within closed flowers) with no evidence of apomixis (Clifford 
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1962; Edgar and Connor 1998; Groves and Whalley 2002). A minority of 

inflorescences produce chasmogamous spikelets (fertilisation occurs in open flowers) 

with the potential for outcrossing (Clifford 1962) (Figure 2.5). In a summer-dominant 

rainfall environment, Whalley and Jones (1997) found that chasmogamous 

inflorescences occurred for a short period in January, but the mechanism that triggers 

the production of chasmogamous inflorescences was unclear. [Summer-dominant 

rainfall can be defined as areas where the seasonal ratio is > 3.0 with median annual 

rainfall > 350 mm (BOM 2008). Summer is defined as December, January and 

February in the southern hemisphere. Winter-dominant rainfall areas can be defined 

as areas where the seasonal ratio is > 3.0 with median annual rainfall > 350 mm 

(BOM 2008). Winter is defined as the months June, July and August in the southern 

hemisphere (BOM 2008).]  Cleistogenes are produced from the axillary buds at the 

lower nodes of the flowering culm (Connor and Matthews 1977). One, sometimes 

two, spikelets are produced at one or more of the lower nodes; these inflorescences 

are similar to the cleistogamous spikelets in that they have two very small anthers 

(Groves and Whalley 2002). The ecological role of the cleistogenes is not understood 

(Groves and Whalley 2002). Microlaena has a flexible breeding system that allows it 

to adapt to changes in its environment. This flexibility has allowed it to occur in a 

wide variety of habitats within its range (Whalley and Jones 1998). The species is 

tetraploid (4n = 48), and behaves as a functional diploid with a basic chromosome 

number x = 12 (Lodge 1996; Murray et al. 2005). 
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Figure 2.5. Chasmogamous (fertilisation occurs in open flowers) spikelet in 
Microlaena stipoides, with large yellow anthers and feathery white style. 

 

Variation within the species 

Microlaena is a morphologically variable species, occurring from a single tussock, 

small colonies or natural lawn (Walsh and Entwisle 1994), and its leaf morphology 

ranges from fine to broad, coarse leaves (Whalley and Jones 1997). Variation has 

been recorded both within and between sites (Allan and Whalley 2004). Whalley and 

Huxtable (1993) found that plants from unfertilised roadsides generally had short, 

broad stiff leaves, while those from lawns had finer, softer leaves. It is unknown if 

this is a result of environmental or genetic differences. Morphological and ecological 

differences within Microlaena have arisen due to natural selection within different 

populations (Magcale-Macandog and Whalley 2000). A high degree of variability has 

also been recorded in seed weight, seed yield, spikelet number, seed set and culm 

number (Davies et al. 2005). 

This ecotypical variation has been exploited in a number of research projects aimed 

at selecting cultivars for a wide range of uses, including turf, amenity, revegetation, 

pastoral and as a grain crop (Table 2.1) (Whalley and Jones 1998; Johnston et al. 

2001; Mitchell et al. 2001; Chivers and Aldous 2005; Davies et al. 2005). No 
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breeding work has been undertaken in the development of these cultivars. Selections 

have been based on plant morphology, flowering times, seed production, persistence, 

dry matter (DM) production, palatability, DM digestibility and crude protein (CP). 

Nine lines of Microlaena are currently under seed increase, and only three (cvv. 

Griffin, Wakefield, Shannon) are registered under Plant Breeders Rights (PBR) 

(Anon. 1995). 

Patterns of genotypic diversity in Microlaena 

The genomic DNA of four populations of Microlaena on the Northern Tablelands of 

NSW were examined using random amplification of polymorphic DNA (RAPD) 

technique (Magcale-Macandog and Whalley 2000). Visual assessment of DNA bands 

revealed that the Microlaena population growing in a patch of perennial ryegrass was 

genetically distinct from Microlaena growing in a patch of Kentucky bluegrass (Poa 

pratensis L.) in the same paddock. This indicates that using the AFLP technique, 

which is more robust, reliable and reproducible, will increase the likelihood of 

detecting any polymorphism that exists within a pasture.  

An understanding of the genetic variability within a Microlaena pasture would assist 

in determining the relative importance of vegetative spread versus seedling 

recruitment in terms of population dynamics. This understanding would have 

implications for the management of Microlaena pastures. If vegetative reproduction 

is the main method of sustaining Microlaena populations in pastures, then it would no 

matter whether or not seed is produced. 
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Table 2.1. Microlaena cultivars under seed increase, including characteristics for selection, target market and origin of base plant material 

Cultivar Institution/company Selection characteristics Target industry Origin of base material 
Griffin University of New England Plant morphology, flowering times, seed 

production 
Turf Lake Burley-Griffin, ACT 

(35°17’S, 149°14’E) 
Wakefield University of New England Plant morphology, flowering times, seed 

production 
Pastoral Wollomombi, NSW  

(30° 30’S, 152° 10’E) 
Shannon University of New England Plant morphology, flowering times, seed 

production 
Amenity Glen Innes, NSW  

(29° 43’S, 151° 51’E) 
Ovens 
(Lig183) 

NSW Department of Natural 
Resources 

Persistence, green leaf production, seed 
production 

Pastoral/ 
rehabilitation 

Mangoplah, NSW  

(35°22’S, 147°16’E) 
Bremmer 
(Lig704) 

NSW Department of Natural 
Resources 

Persistence, green leaf production, seed 
production 

Pastoral/ 
rehabilitation 

Beechworth, Victoria  

(36° 24’S, 146° 39’E) 
Burra Native Seeds Colour, persistence, seed production Lawn/revegetation Eildon, Victoria  

(37° 14’S, 145° 57’E) 
Tasman Native Seeds Colour, leaf texture, seed production Turf and amenity Launching Place, Victoria  

(37° 46’S, 145° 33’E) 
Indigo Ko-Warra Native Grasses Plant morphology, seed production Lawn/revegetation Indigo Valley, Victoria  

(36° 11’S, 146° 45’E) 
Bendigo Ko-Warra Native Grasses Plant morphology, seed production Lawn/revegetation Strathfieldsaye, Victoria  

(36° 48’S, 144° 20’E) 
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Rooting pattern 

The persistence of perennial grasses during prolonged dry periods depends largely on 

plant root development (Pook and Costin 1971; Jupp and Newman 1987). Many 

researchers (e.g. McWilliam and Kramer 1968; Pook and Costin 1971) have 

considered the trait of deep rootedness important for survival. Phalaris is a perennial 

grass that is considered deep rooted; it has a root system extending beyond 0.75 m 

(Ridley and Windsor 1992; Greenwood and Hutchinson 1998; Nie et al. 2008), and 

roots have been recorded down to 2 m (McWilliam and Kramer 1968). During 

summer, the deep roots of phalaris maintain a water supply to the dormant buds and 

severing of these roots results in the death of the phalaris plant (McWilliam and 

Kramer 1968).  

Turner (1921) described Microlaena as having ‘a strong root system which enables 

the grass to withstand a long period of dry weather without its growth being checked 

to any serious extent’. The majority of Microlaena roots have been found in the top 

0.6 m of soil, but some roots have reached 1.1 m (Mitchell 2001; Boschma et al. 

2003a; Nie et al. 2008). Microlaena is considered to have a relatively shallow rooting 

depth for a perennial species, and this raises questions as to whether the summer 

survival of Microlaena is dependent on deep roots or some other feature. The root 

system of Microlaena develops slowly. In a mini-rhizotron experiment conducted at 

Rutherglen on a Yellow Dermosol (Mitchell 2001), it took 18 months for Microlaena 

roots to reach a depth of 1 m. All studies of Microlaena have evaluated the roots of 

young single-species swards; hence, results may not be applicable to an established 

mixed-pasture sward. 

There has been only one study that has inferred the effective rooting depth of 

Microlaena based on water use. In a native pasture containing Microlaena and 

Austrodanthonia spp. H.P. Linder, a soil water deficit of 88 mm less than the soil’s 

field capacity was reached in the dry summers 1998–1999 and 1999–2000 (Ridley et 

al. 2003). Soil water extraction was to a maximum of 0.85 m. However, the majority 

of the soil water extraction was in the top 0.6 m of soil. The strongly acid soil (0–10 

cm pHCaCl2 4.3) at the site may have limited the rooting depths of this pasture. Given 

the pasture was of mixed-species composition, it is difficult to determine which  

species were extracting water from which depths. Microlaena may behave like other 

native pasture species (Austrostipa S.W.L. Jacobs & J.Everett -Austrodanthonia) in 

being conservative in its water use: its slow water use ensures vegetative survival of 
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the species through prolonged dry periods (Donald 1970). However, there is little 

evidence as to whether Microlaena is conservative in its water use. 

Survival during periods of water deficit 

In the summer-dry environments of south-eastern Australia, the survival of existing 

plants over the summer period is critical to the persistence, and therefore continued 

production, of perennial grass species (Cullen et al. 2005).  Drought is a 

meteorological event, defined loosely as the absence of rainfall for a period of time 

long enough to cause soil water deficits and damage to plants (Kramer 1980). The 

mechanisms of adaptation to water deficits can be divided into three categories 

(Kramer 1980; Levitt 1980; Turner 1996): 

• drought escape: the ability of plants to complete their life cycles before 

serious soil and plant water deficits develop, eg. annuals set seed to avoid dry 

season; 

• drought tolerance with low plant water potential: the ability of a plant to 

endure periods without significant rainfall and endure low tissue water status, 

i.e. dehydration tolerance; 

• drought tolerance with high plant water potential: the ability of a plant to 

endure periods without significant rainfall whilst maintaining a high plant 

water status, i.e. dehydration postponement. This can be achieved either by 

morphological or physiological modifications that reduce transpiration or 

increase absorption . 

Plants can utilise more than one of these strategies at a time and can  exploit them 

over a range of seasons to cope with stress. 

Summer dormancy is an important drought-resistance trait of many temperate 

perennial species that originate in areas with regular summer drought (McWilliam 

1968). The summer dormancy of a range of tall fescue, cocksfoot, perennial ryegrass 

and phalaris cultivars has been tested by the application of water during the summer 

months (Norton et al. 2006a; 2006b; 2012). Cultivars that were dormant did not 

respond to water applications. Photoperiod and temperature are the key factors for the 

release of dormancy (Volaire and Norton 2006). Flowering and associated bud 

production are a prerequisite for the induction of summer dormancy in a range of 

species (Ofir and Koller 1974; Norton et al. 2006a; 2006b); that is, they need to 

complete these aspects of plant development before exhibiting any dormancy. 
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The effect of defoliation, through cutting and/or grazing, on the survival of 

temperature grasses has been investigated for a number of introduced species, 

including phalaris (Hoen 1968; Oram 1983; Hill 1989; Lodge and Orchard 2000), 

perennial ryegrass (Waller et al. 1999) and cocksfoot (Avery et al. 2000). Summer 

defoliation in these species at stem elongation can reduce the number and size of 

dormant buds and reduce the level of dormancy over summer, ultimately reducing the 

long-term survival of the plant (Kemp et al. 2000). 

Strategies of plants with dehydration tolerance include resistance to severe tissue 

dehydration (lethal relative water content, RWC, < 25%), poor to moderate avoidance 

of dehydration (leaf rolling, deep roots) and moderate to high osmotic adjustment 

(Ludlow 1989). Relative water content (RWC) is a measure of plant water status in 

terms of the physiological consequence of cellular water deficit. The RWC method 

has long been in use (Weatherley 1950) and is simple. It reflects the dynamic water 

balance between water flow into and out of the leaf tissue, estimating the current 

water content of the sampled leaf tissue relative to the maximal water content it can 

hold at full turgidity. Normal values of RWC range from between 98% in fully turgid 

transpiring leaves to about 30–40% in severely desiccated and dying leaves, 

depending on plant species. Lethal RWC of 23.7% has been observed in Microlaena 

(Rivelli et al. 2001; Bolger et al. 2005), agreeing with the general result found by 

Ludlow (1989). This measure has the potential to be used to track recovery of leaf 

tissue after water stress. 

In many of the environments where Microlaena occurs, water deficit over the 

summer months is a regular occurrence. On the Northern Tablelands of NSW, many 

graziers have commented on the ability of Microlaena to be one of the first grasses to 

resume active growth following a drought (Whalley and Jones 1998). Microlaena has 

been described as having a subsurface corm-like structure (Johnston et al. 2001), and 

many of its tiller buds are close to ground level (Kemp et al. 2000). These 

observations may not have been based on careful examination of the subsurface 

structures. Detailed morphological descriptions of individual Microlaena plants have 

not been conducted.  

In a glasshouse pot experiment in which pots were exposed to continuous water 

deficits, Microlaena had relatively short leaf survival compared with a range of other 

grass species (Rivelli et al. 2001; Bolger et al. 2005) and did not possess any 

morphological traits (e.g. leaf shedding, rolling, folding, cuticular wax) that are 
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associated with protection from dehydration. The shedding of leaves in Microlaena 

may act to decrease the transpiration load on the plants and may act to conserve 

water. 

Microlaena cv. Shannon was one of six perennial grasses included in an experiment 

at Armidale, NSW, to evaluate persistence and production under defoliation and 

drought (Boschma and Scott 2000; Boschma et al. 2003a; Boschma et al. 2003b). 

The two drought treatments in this experiment were severe (10-percentile seasonal 

rainfall) and moderate (40-percentile seasonal rainfall). In small plots (1 m x 1 m), 

plant numbers of Microlaena were retained without loss under defoliation and 

drought conditions. In comparison, plant mortality of over 40% was observed in 

cocksfoot and perennial ryegrass under moderate drought conditions. No signs of 

summer dormancy were evident in Microlaena, and it was still green in late summer 

under both drought treatments. The authors provide no suggestions on how 

Microlaena maintained its greenness or plant numbers. This site had a high water 

table, which may have contributed to the maintenance of plant numbers and 

greenness.  

The dehydration tolerance or summer survival of Microlaena in environments that 

experience water deficit during the summer months needs to be elucidated, because it 

is unclear from the previous research if Microlaena has summer dormancy. In 

northern NSW the annual rainfall is summer dominant, whereas the rainfall pattern in 

southern Australia is winter dominant and hence there are longer dry periods in 

summer. If there is dormancy present, is it related to phenology? Information on the 

morphological adaptation and survival threshold of Microlaena in southern 

environments may provide valuable information upon which management strategies 

could be developed to ensure persistence. 

Endophytes are known to provide drought tolerance in some species of grasses (e.g. 

tall fescue, perennial ryegrass) by affecting plant water relations, nutrient acquisition, 

as well as allocation and photosynthetic assimilation (Reed 1996; Schardl et al. 

2004). Seed from 11 lines of Microlaena were tested for the presence of endophytic 

Neotyphodium spp. (Aldous et al. 1999), and no evidence of the fungi was found.  

Carbohydrate composition 

Plants rely on carbohydrates generated from photosynthesis for growth and metabolic 

functions. In addition, non-structural carbohydrate (NSC) comprising water-soluble 

carbohydrates (WSC) and starch (Weinmann 1948) are stored for use as energy 
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reserves in grasses. The major storage areas for NSC carbohydrates are usually the 

stem bases, stolons, corms and rhizomes (White 1973; Steen and Larsson 1986). 

They accumulate during different seasons and in various tissues depending on the 

species. The main WSC in temperate grasses are glucose, fructose, sucrose, fructans 

and starch. These reserves can be utilised for regrowth and replenished when 

carbohydrate gain from photosynthesis is greater than carbohydrate utilisation for 

growth. 

Native grasses tend to be lower in NSC than introduced grasses (Boschma et al. 

2003b). In the tillers of Microlaena, WSC concentrations ranged from 49 to 185 mg 

g–1 DM, and fructan concentrations ranged from 0 to 13 mg g–1 DM (Boschma et al. 

2003b), and highest levels of WSC recorded in the severely drought-affected plants. 

Smouter and Simpson (1989) found that the NSC in Microlaena reproductive tillers 

were fructan (1.1%), sucrose (3.7%) and starch (2.0%). 

Population biology 

Harper (1977) identified a model for plant populations that included elements of 

population dynamics such as seed production and dispersal, the seed bank, 

recruitment and growth of seedlings, and their eventual seed production. This model 

can be applied to Microlaena and is shown is Figure 2.6. The life cycle can be 

considered a continuous process; however, significant losses can occur both within 

and between stages. For example, not all the seeds produced will germinate and not 

all the seedlings that germinate will emerge, establish, survive and become adult 

plants. A better knowledge of the life history and phenology of Microlaena in 

southern Australia is required before optimal grazing systems can be devised (Kemp 

et al. 1996).  
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Figure 2.6. The life cycle of Microlaena with the factors that are known to influence 
1) seedling germination, 2) seedling mortality, 3) flowering and seed production and 
4) seed input into the seed bank. 
 

Microlaena employs several strategies that would contribute to survival and spread in 

grasslands and pastures. Initial establishment in a new site is probably via seed, but 

the extent to which this species spreads through seed production is unclear. Rhizomes 

may be the mechanism for short-distance spread of plants because they are 

underground and relatively robust. Whereas stolons may be able to grow to greater 

distances and, in theory, could enable a more rapid spread of plants, but this may be 

limited by adverse environmental conditions and grazing.  

Phenology 

Phenology is the development and timing of plant functions and is strongly 

influenced by both temperature and the length of the day (photoperiod) (Bannister 

1976). Rising temperatures and lengthening days result in dominance of stimulatory 

substances (e.g. gibberellins) with bud dormancy broken and shoot extension 

proceeding (Bannister 1976). Temperate grasses require vernalisation to flower 

(Evans 1971; Colasanti and Coneva 2009). This vernalisation delays flowering in 

plants that germinate in late summer or early autumn until the next spring, rather than 

just before winter (Colasanti and Coneva 2009).  

Microlaena has been described as having an indeterminate growth pattern, having 

rapid growth and flowering whenever soil moisture is available during the spring, 

summer and autumn (Magcale-Macandog and Whalley 1991). In northern NSW, 
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Microlaena starts flowering in mid-October and continued until May (Boschma et al. 

2003a). Photoperiod and temperature are the primary controls of flower initiation.  

Seed production 

The seed-production phase in a plant’s life cycle has a number of roles (Harper 

1977). The seed represents the stage of the life cycle through which dispersal and 

colonisation are made possible. The seed also allows the plant to persist through 

unfavourable conditions or seasons.  

Seed dispersal is a component of plant life history that is important for many species 

but not well understood (Schott 1995). The awns that enclose the seed of Microlaena 

have an aerodynamic function that ensures the seed lands with the callus end down 

(Peart 1984). The backward-facing hairs on the callus anchor the seed in the soil, and 

ensure that the dispersal unit remains in an upright position in the soil (Peart 1984). 

Seed rain is defined as the release of seed from the parent plant once the seed has 

matured (Jensen 1998) and can be used as an indicator of the reproductive potential 

of a plant community or species (Page et al. 2002). If the seeds of a particular species 

are absent from the seed rain, it indicates that the reproductive capacity of the 

existing vegetation is limited, although this may be dependent on the time frame, 

seasonal conditions and conditions of the plant community (Page et al. 2002). It may 

also indicate that predation of the seeds has occurred prior to seed rain. 

Seed yields of Microlaena from areas under crop-like irrigated conditions in 

breeders’ plots range from 287 to 2,200 kg ha–1 (Whalley and Jones 1997; Cole and 

Johnston 2006). The application of nitrogen (N) fertiliser generally increases the seed 

yield of Microlaena, regardless of application time (Chivers and Aldous 2005; Cole 

and Johnston 2006). Microlaena has large seeds that can approach the size of 

commercial rice varieties (Davies et al. 2005). A range of caryopsis weights have 

been recorded, ranging from 1.29 to 6.66 mg (Davies et al. 2005). Davies et al. 

(2005) also found that plant material collected in WA had larger seed than material 

collected in NSW.  

A wide range has been observed of both spikelet number (14–66 per culm) and culm 

number (2–59 per plant) (Anon. 1995; Chivers and Aldous 2005; Davies et al. 2005). 

All reported observations have been on nursery- or glasshouse-grown plants that are 

under two years old, fertilised and irrigated. It would be expected that in a mixed-

sward pasture seed yield per ha would be lower due to resource competition. 
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Seed predation 

In many habitats around the world, species of insects, birds and small mammals rely 

on seeds as their main source of energy intake (eg. Davison 1982). Post-dispersal 

seed predators can cause considerable seed losses in a wide variety of plant 

communities (Andersen 1986; Edwards and Crawley 1999; Clark and Wilson 2003; 

Jacob et al. 2006). In perennial plant communities, there are poor relationships 

between the amount of seed in seed rain and recruitment of new seedlings (Peart 

1989), partially due to seed predators. In pasture situations, ants are known to remove 

large quantities of seed (Campbell 1966; Johns and Greenup 1976a, 1976b). 

Microlaena seed is known to be removed from bare ground by ants (Clarke and 

Davison 2004). Understanding the predation of seed between seed formation and 

seedling recruitment will assist in understanding population dynamics and 

regeneration of Microlaena.  

Seed germination 

By definition, all mature seeds are capable of germinating when water, light and 

temperature conditions are favourable (Moore et al. 1997). Germination can only 

occur if various requirements are satisfied. Seed germination tests are mostly 

undertaken in controlled environments and, therefore, provide limited understanding 

of germination requirements under natural conditions within existing pasture swards. 

Under laboratory conditions, germination percentages are expected to be higher than 

emergence rates in the field. In the field, other factors play a role, for example, 

competition for resources (light, moisture or space), pathogens and predators.  

Whalley (1987) found that freshly harvested seed of Microlaena will not germinate 

immediately and has some form of dormancy mechanism. Enclosing structures, such 

as the lemma of Microlaena, are known to inhibit germination (Lodge and Whalley 

1981); therefore, naked caryopses have been used in a number of germination studies 

(e.g. Clarke et al. 2000; Clarke and French 2005). One of the roles of dormancy is to 

prevent the entire seed cohort from germinating on the first rain and thus ensuring 

prolonged availability of viable seed rather than the prevention of early germination 

(Lodge and Whalley 1981). The time from actual seed formation to when the 

germination test is conducted is critical in understanding the dormancy in 

Microlaena. To ensure that any dormancy in Microlaena seed was broken, Clarke et 

al. (2000) stored the seed for three to six months prior to undertaking laboratory 

germination tests.  
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Low seed dormancy and high germination percentages (> 80%) have been observed 

in a number of other studies (Johnston et al. 1998; Clarke and Davison 2004; Clarke 

and French 2005; Clarke et al. 2007). Differences in seed germination responses 

between tests and studies result from differences in maternal conditions, seed 

collection and storage techniques, cleaning and storage techniques, germination 

environments and observation periods (Gibson-Roy et al. 2010). The greater 

germinations of Microlaena seeds occurs between 15 °C and 35 °C, and limited 

germination occurs below 10 °C (Whalley and Jones 1997; Johnston et al. 1998). 

Clarke and Davison (2004) reported laboratory germination for Microlaena of 100%, 

whereas field germinations were between 37% and 59%.  

Microlaena seedlings emerged from as deep as 50 mm in a glasshouse experiment 

(Whalley and Jones 1997). However, in the field, factors such as soil characteristics 

and soil moisture may affect this response.  

Seedling recruitment 

Recruitment from seed, a natural event that occurs within ecosystems, is determined 

by the availability of seed, suitable microsites, nutrients and climatic conditions. 

There is no published data on the time of the year that seedling recruitment occurs in 

Microlaena. Huxtable and Whalley (1999) suggest that on the Northern Tablelands of 

NSW, Microlaena seed will remain viable in soil for several months (up to 120 days) 

after sowing until conditions suitable for germination occur. In the LIGULE (Low 

Input Grasses Useful in Limiting Environments) project (Johnston et al. 1998), 

seedling recruitment was only assessed in one year (summer 1997–1998). It is 

assumed that the seedlings recruited in the spring and were recorded in the summer. 

Microlaena seedling recruitment was recorded for one accession at all five sites, 

whereas recruitment was not as consistent across sites for the other accession 

(Johnston et al. 1998). In the NLIGN (Native and Low Input Grasses Network) 

project, in the eastern Australian permanent pasture zone, three of the Microlaena 

lines evaluated (cvv. Shannon, Wakefield and LIG183) ranked in the top 10 (out of 

63 lines evaluated) in terms of both survival and recruitment (Sanford et al. 2005; 

Waters et al. 2005). In both of these projects, LIGULE and NLIGN, plants were 

evaluated in spaced plant plots and the plot areas were kept weed free, which enabled 

Microlaena to recruit into areas of bare ground and presumably not be subject to high 

levels of competition. 
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Across a range of species, surveys have shown that native grass seedling survival is 

less than 10% (Williams 1968; Lodge 1981, 2004b; Lenz and Facelli 2005; Jones et 

al. 2009; Virgona and Mitchell 2011). None of these studies have tracked the 

seedling survival of Microlaena in native pastures. In experiments in which 

Microlaena has been established from seed that had a laboratory-tested germination 

of 45%, establishment was slow and recruitment rates of only 15% were recorded 

(Reed et al. 2008).  

Soil seed banks 

Soil seed banks play an important role in plant population dynamics and community 

structure (Fenner 1985; Teo-Sherrell et al. 1996). They serve as pools of genetic 

material that act as a population buffer against adverse climatic conditions. Seed 

banks can be composed of seed that is produced in situ (arguably the larger source) or 

seed that originates from elsewhere transported, for example, via wind, water or 

animals (Harper 1977). Seed in the seed bank is continually added to by seed rain and 

thus represents past and present vegetation of the area and surrounding areas (Harper 

1977). The total number of seeds in the seed bank may be classed as being either 

dormant or germinable (Lodge 2001). Dormant seeds form the long-term store and 

contribute to the germinable seed bank as dormancy breaks down.  

There is a paucity of published information on either the size or composition of 

germinable seed banks in native pasture communities in the high rainfall zone of 

southern Australia. Seed banks from perennial grass swards are usually at low levels 

in the soil (Virgona and Bowcher 1998; Lodge 2001, 2004b) even though high seed 

numbers are produced (Lodge 2004; Kelman and Culvenor 2007). 

Seed banks have been investigated in pastures that contain Microlaena in three 

published studies (Gilfedder and Kirkpatrick 1993; Friend et al. 1997; King et al. 

2006). Although Microlaena represented a frequency of 18% in the soil cores, King 

et al. (2006) found no perennial grass seedlings of any species germinated over an 

eight-month period. The seed bank was dominated by annual grasses (72%) and 

legumes (20%). These authors estimated the seed bank using intact cores that were 

regularly watered and placed in the open. These results from only eight months are 

not a true reflection of the germinable seed bank because they did not measure the 

total number of dormant seeds, and conditions may not have been ideal for the 

germination of seedlings, both Microlaena and other species. King et al. (2006) were 

surprised by the complete lack of perennial seedlings and suggest that the results may 
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be a reflection of prior dry seasonal conditions that led to reduced seed production, as 

well as rapid seed losses to pathogens or other predators. Friend et al. (1997) used the 

same method as King et al. (2006) and found that although Microlaena represented 

6% and 8% of the total pasture herbage mass in a two-year study, only 24 and 8 

seedlings m–2 of Microlaena germinated from a seed bank dominated by annual 

grasses, annual broadleaf species, sedges and rushes. Friend et al. (1997) concluded 

that Microlaena does not persist in seed banks. However, it cannot be automatically 

presumed that Microlaena did not persist in the seed bank because sampling and 

germination procedures may not have been appropriate. Gilfedder and Kirkpatrick 

(1993) also found no germinants of Microlaena when they evaluated the germinable 

soil seed bank of a native pasture in Tasmania. The methodology used gave an 

estimate of the germinable seed bank. Like Friend et al. (1997), they found the seed 

bank contained a low proportion of perennial species and was dominated by annual 

grass and broadleaf species.  

The authors of each of these studies suggest that the seed bank plays a limited role in 

sustaining Microlaena populations. However, these low seed numbers may play a 

crucial role, especially after periods of prolonged drought, in replacing existing 

plants. To gain a greater understanding of the seed bank of Microlaena, there is the 

need for seed bank samples to undergo several wetting and drying cycles to ensure 

that if there is some level of dormancy in the fresh Microlaena seed, this dormancy is 

broken (McIvor and Gardener 1994; Ter Heerdt et al. 1996; Lunt 1997). Seasonal 

conditions may have an effect on the quantity of seed in the seed bank; therefore, 

different seasonal conditions should be sampled.  

Persistence and mortality 

Jones (1996) states that Microlaena maintains healthy populations in which plants of 

a range of age groups are represented, but how plant age was determined or what 

constitutes a ‘healthy’ population are not defined. It was suggested that the range of 

age groups was achieved through regeneration by resprouting and by re-establishing 

from seed under grazing (Jones 1996).  

Basal cover is used to monitor the persistence and understand population dynamics of 

perennial grasses. It is the percentage of ground area covered by the species of 

interest and accounts for both the number and the size of individual plants but does 

not allow the two to be separated (Virgona and Bowcher 2000). This measure has 

proved quite robust for tussock-type native grasses (e.g. Austrodanthonia spp. H.P. 
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Linder, Themeda triandra, Austrostipa spp.) but can present challenges in 

determining the bases of plants with stoloniferous growth habits (e.g. Microlaena, 

Bothriochloa macra [Steud.] S.T.Blake) (Garden et al. 2001). The values recorded 

for Microlaena are higher than those that are generally recorded for tussocky species, 

however they are typical of species with rhizomes and stolons. In purely a population 

sense, this measure has no role because individual plants cannot be monitored. 

However, it does provide an indicator of plant persistence. 

In native pastures on the Central and Southern Tablelands of NSW, Garden et al. 

(2001) found the basal cover of Microlaena increased with increasing latitude. Basal 

cover ranged from 0% to 21%, with an average of 8% and a maximum of 61%. Hill 

et al. (2004) reported on an unreplicated paired-paddock comparison, a mixed 

Microlaena Austrodanthonia native pasture that was regularly fertilised with 

superphosphate. There was a significant increase in the basal cover of Microlaena on 

the unfertilised plots over the three years of the experiment. The stocking rate on the 

fertilised plots was consistently higher (12–15 merino wethers ha–1) compared with 

the control (six merino wethers/ha). Garden et al. (2000b) reported basal covers for 

Microlaena ranging from 1% to 14%. Even when a wide range of grazing 

management strategies was imposed, there were only minor changes in the basal 

cover of Microlaena. This may be due to the short duration of the experiment (three 

years) or the drought conditions that were experienced (Garden et al. 2000b). The 

basal covers from three studies are presented in Table 2.2. 

 

Table 2.2. Basal cover (%) for Microlaena, indicating conditions and treatments for 
each data source 

Basal cover (%) Pasture type Source 
Survey data—Monaro, Central and Southern Tablelands, NSW 

0 to 21% Native pastures Garden et al. (2001)  
2% < 2.5 DSE ha–1  

10% > 7.5 DSE ha–1  
2% Nil fertiliser  

11% More than 2 t ha–1 total superphosphate 
applied 

 

   
Unreplicated pair paddock comparison—Southern Tablelands, NSW 

10–15% Fertilised, high set stocking rate (12–15 
merino wethers ha–1) 

10–25% Control (unfertilised, set low stocking rate 6 
merino wethers ha–1) 

Hill et al. (2004)  
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Replicated grazing management experiments 

1 to 14% Microlaena-dominant pasture (34% DM)—
Central Tablelands, NSW (AAR 900 mm) 

Garden et al. 
(2000b) 

5% Mixed native pasture, Microlaena (15% 
DM)—Southern Tablelands, NSW (AAR 
700 mm) 

 

 

Mortality or persistence has been measured on Microlaena in a number of spaced 

plant trials (e.g. Boschma and Scott 2000; Mitchell et al. 2001; Waters et al. 2005; 

Nie et al. 2008). These artificial conditions do not give a true indication of survival or 

persistence in a mixed-sward situation, where there is competition for resources 

(light, moisture, space). However, these trials indicate that when established as a 

seedling, as opposed to from seed, Microlaena is highly persistent; between 83% and 

100% survival has been recorded three years after establishment (Johnston et al. 

1998; Norton and Garden 2001).  

There are several reports that Microlaena is slow to establish from seed (Simpson and 

Langford 1995; Jones 1996; Huxtable and Whalley 1999; Nie et al. 2008; Reed et al. 

2008). Population maintenance in long-lived plants is a trade-off between 

regeneration (the replacement of individuals by seeding) and persistence (in situ 

maintenance of established individual plants) (García and Zamora 2003). To 

determine life histories of plants, ecological studies need to be conducted over many 

years; they cannot be adequately described over the short term (e.g. three years). 

However, some elements within species population dynamics, such as phenology, 

seed rain, seed bank and germination, can be studied to assist in understanding a 

species’ life history. 

Agronomy 

Pasture surveys 

Microlaena is a major component of many native grass pastures in south-eastern 

Australia. A survey (Dellow et al. 2002) of the temperate perennial pasture zone of 

NSW found Microlaena was widespread but not abundant. On the Northern 

Tableland of NSW, Microlaena is associated with paddock trees or margins of sheep 

camps (Whalley et al. 1978; Taylor and Hedges 1984), and is more common in 

higher rainfall areas (> 750 mm) (Lodge and Whalley 1989; Magcale-Macandog and 

Whalley 1994).  
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Survey work on the Central and Southern Tablelands of NSW found that Microlaena 

was more common in paddocks that had previously been sown to an introduced 

species and had a history of superphosphate application (Garden et al. 2001). Garden 

et al. (2001) suggest that Microlaena can recolonise previously sown pastures some 

years after sowing, especially with declining fertiliser applications, and most likely 

with intervening droughts reducing competition from sown species. Previous studies 

have found that the primary dispersal method for Microlaena seed is by gravity 

(Groves and Whalley 2002). However, the attachment of Microlaena seeds to the skin 

or wool of livestock may lead to dispersal for recolonisation. 

A more localised survey conducted in the Goulburn area, in southern NSW, found 

Microlaena was one of the most abundant native grasses, was associated with low pH 

soil (0–10 cm pHCaCl2 3.9 to 5.8) and persisted in highly disturbed pastures (Munnich 

et al. 1991; Robinson et al. 1993). The distribution of Microlaena was negatively 

correlated with legumes and sown grasses. In the Upper Murray region of Victoria, 

this species is present in more open situations than on the Northern Tablelands of 

NSW (Allan 1997).  

Most studies have focused on the abundance of Microlaena at a regional scale. On a 

finer paddock sub-catchment scale, information is scarce. Garden et al. (2001) found 

Microlaena was more abundant on soil that were low in pH and derived from 

sedimentary parent material. King et al. (2006) found Microlaena occurred within a 

60 ha paddock in areas where soil moisture and fertility conditions were better. 

Andrew (2008) hypothesised that Microlaena was more common where soil moisture 

was higher, for example, in southern aspects or protected gullies; however, she could 

find no relationship between Microlaena, aspect or rainfall. The reason for this may 

be that the range of environments sampled was not large enough to detect differences 

or there may have been many other interacting factors. Beyond this, there is little 

information relating native grass to position in the landscape (e.g. sheltered gully 

lines, southerly aspect). The methodology of most previous surveys has been to 

produce regional overviews. Hence, there is limited information on the relationship 

between native species present and microsites, even though microsite and aspect are 

key determinants of pasture composition (Radcliffe 1982; Belesky et al. 2002). 

Response to fertiliser 

Microlaena is able to respond to both N and phosphorus (P) as data from pot and field 

trial studies have shown. Basal cover of Microlaena increased from 2% to 11% where 
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soil fertility was improved (more than 2 t ha–1 superphosphate, and N fixation from 

legumes) on the Southern Tablelands of NSW (Garden and Bolger 2001). Hill et al. 

(2004) reported similar increases in Microlaena basal cover with the regular 

application of fertiliser (20 mg P kg–1 Colwell). However, from survey results, 

Robinson et al. (1993) found no such association between the abundance of 

Microlaena and applied P fertiliser in a similar environment. 

In a pot experiment, Microlaena cv. Wakefield was observed to require high P 

application rate (25 mg/pot) to achieve maximum DM yields, whereas its requirement 

for N was comparatively low (102 mg/pot) (Hill et al. 2005). This study found no 

relationship between the critical P requirement and basal cover of the species. The 

authors linked the abundance of Microlaena in unfertilised grazed pastures to its 

ability to tolerate high aluminium (Al) in the soil. In contrast, Chivers and Aldous 

(2005) found that DM production and seed yield of Microlaena increased in response 

to nitrogen (N). These results were from an irrigated trial from December to January 

(midsummer) in Melbourne. 

Management of Microlaena-dominant pastures 

Pasture composition is commonly manipulated by varying fertiliser inputs or grazing 

management. Grazing management encompasses the number of stock (per ha), the 

type of stock and the grazing method. Examples of grazing methods include 

continuous grazing (in which grazing occurs without rest), tactical grazing (in which 

pastures are rested for a reason) and rotational grazing (periodic rests occur and 

grazing periods are based on time and/or pasture conditions) (Lodge and Garden 

2000).  

Pastures that contain a high proportion (40–60% DM) of Microlaena are stable under 

a range of grazing management strategies, from continuous grazing to increased 

grazing pressure in spring, over a number of years (Garden et al. 2000b). During the 

period of their experiment, drought and then above-average spring rainfall were 

experienced. On the Central Tablelands of NSW, deferment of grazing over the 

summer months, has been used as an effective method to increase the proportion of 

Microlaena in a pasture, particularly if there is summer rainfall (Kemp et al. 1996; 

Garden et al. 2000b). A maximum pasture accumulation rate of 35 kg ha–1 per day was 

recorded for a Microlaena-dominant pasture in December 1993 at Cargo, NSW 

(Garden et al. 2000b). 
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Changes in pasture composition in a particular direction (eg. increasing perennial 

grass content) could be long term and depend on favourable seasons, the influence of 

rainfall and the condition of the pasture (Lodge and Whalley 1989). It would appear 

that detection of change could be outside the scope of typical three-year grazing 

experiments. To induce changes in the plant populations within three years, the 

treatments would have to have been much more severe than or of a different nature 

from those that had previously given rise to the existing plant community (Lodge and 

Whalley 1989).  

Pasture productivity and carrying capacity 

On the Northern Tablelands of NSW, annual DM accumulation of Microlaena have 

been recorded at 5,560 kg ha–1 (Robinson and Archer 1988). This production was 

from a plot that was sown with ramets of a local line at 20 plants m–2. These plots had 

P (9 P kg ha–1) and N (34 N kg ha–1) applied annually for three years. Microlaena is 

reputed to thrive under high stocking rates and increased fertility (Lodge and Whalley 

1989); it can tolerate defoliation and is commonly found in lawns or heavily grazed 

sheep camp margins (Magcale-Macandog and Whalley 1994). Kemp et al. (1996) 

indicate that there are some instances in which Microlaena can become too dominant 

in a pasture, and there is the requirement to reduce its incidence to improve the 

legume content. There is no definition as to how this dominance is measured and at 

what level it would be considered too dominant. 

Microlaena was one of the species evaluated at 20 field nurseries in a project that 

aimed to determine the potential range of adaptation of new perennial pasture plants 

in southern Australia (Dear et al. 2008; Reed et al. 2008). Microlaena was the highest 

yielding of the four native grasses evaluated. In plots that were established from seed, 

the total herbage DM yield of Microlaena cv. Wakefield ranged from 100 kg ha–1 to 

10,180 kg ha–1 (Reed et al. 2008). This range in herbage yield was due to seasonal 

conditions and plant densities. 

From survey data, Garden et al. (2000a) estimated the carrying capacity of native 

pastures at between 4.3 and 7.7 DSE per ha. In an unreplicated experiment, Ridley et 

al. (2003) found that a native pasture composed of Microlaena and Austrodanthonia 

sp. at Ruffy in north-east Victoria maintained set stocking at the rate of 10 DSE per 

ha over a three-year study. The proportion of native grass was often > 20% of the 

pasture herbage mass, and that mass was usually > 440 kg DM ha–1. 
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Acid tolerance 

Microlaena is considered an acid-tolerant native grass species (Munnich et al. 1991; 

Mitchell et al. 1992; Robinson et al. 1993; Magcale-Macandog and Whalley 1994; 

Garden et al. 2001). In a survey of pastures on the Southern and Central Tablelands 

of NSW, Microlaena was found on soils with pHCaCl2 ranging from 3.8 to 4.9 (Garden 

et al. 2001). Johnston et al. (2001) reported a larger pHCaCl2 range, from 3.8 to 9.0, 

with Microlaena accessions collected from the most acidic as well as the most 

alkaline sites. In low pH soils, available Al and manganese (Mn) limit the growth of 

most plant species. However, Microlaena can be considered highly tolerant to both Al 

and Mn (Helyar 1991).  

Nutritive characteristics and palatability 

Nutritive characteristics are based on the presence and availability of nutrients in 

forage and the predictive output from livestock to which it is fed (Coleman and 

Henry 2002). The major nutritive characteristics are CP and DM digestibility 

(Coleman and Henry 2002). CP is an estimate of the protein content in forage and is 

related to the concentration of N (N% x 6.25 = CP%). Ruminants require forage with 

a minimum of 7% CP (Coleman and Henry 2002). Forage DM production, nutritive 

characteristics and palatability are all influenced by the time of year (season), plant 

part (stem or leaf or a mixed sample), age of the plant, prior grazing management and 

soil nutrients of the growing environment. Hence, it is often difficult to compare the 

published data in this area. 

There seem to be interactions between age of plants samples, part of plant sampled, 

season, locations and accessions in terms of forage nutritive attributes. Green leaf and 

stem CP varies with sites and season; a low of 7.7% DM (Johnston et al. 1998) to a 

high of 33.9% DM in summer (Allan and Whalley 2004). Table 2.3 summaries the 

CP concentrations of Microlaena measured in a range of studies. Estimated 

metabolisable energy (ME) of green stem and leaf ranged from 9.4 MJ kg–1 DM 

(Vogel 1997) to 12 MJ kg–1 DM (Nie et al. 2009), depending on the collection site. 

Published data on estimated ME are summarised in Table 2.4. 

In the LIGULE native grass project (Johnston et al. 1998), two accessions of 

Microlaena were evaluated at four sites. The range in DMD was from 34.6% to 

74.3%. DMD digestibility for Microlaena cv. Shannon ranged from 65.6% to 72.4% 

with no significant difference between spring and summer under severe defoliation 

(Boschma and Scott 2000). Simpson and Langford (1995) recorded DMD at 66%. 
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Two forage samples that were field collected in February and May 2009 in the 

Adelaide Hills, SA, recorded NDF of 54.9% and 44.6% DM (Foster et al. 2010). 

Forage nutritive characteristic measures are highly variable.  

Palatability can be defined as the order in which forages are grazed when herbage 

availability is non-limiting. Visual methods have been used to judge the palatability 

of Microlaena to sheep (Johnston 1988). In field experiments, the overall palatability 

of Microlaena is regarded as good (Mitchell et al. 2001; Garden et al. 2005). 

However, farmers seem to have very polarised opinions about the palatability and 

value of this grass; opinions range from very high to very low (Allan and Whalley 

2004). These varying opinions maybe be the result of past grazing practices, in that 

more palatable accessions have been overgrazed. Soil nutrients may also have an 

influence on palatability.  

Growing conditions (especially soil N), age of the plants and phenological stage of 

the plants all affect the forage characteristics of a plant (Jones 1996). It would appear 

that the majority of the studies that report forage characteristics of Microlaena are 

based on spaced plant studies. In these experiments, the plots have been regularly cut 

for the assessment of DM production; therefore, the measurements are carried out on 

short, green material. In addition, the majority of these studies are based on single-

species swards with limited competition.  
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Table 2.3. Crude protein concentration (%DM) of Microlaena under a variety of conditions, expressed on a seasonal basis when possible 

Spring Summer Autumn Winter Unspecified Comments Source 

Up to 18.7 Up to 18.7 Up to 18.7   Green leaf only 
Simpson and Langford 
(1995) 

    26.9 Fertilised, 10 months old Jones (1996) 
14.3, 15.7 10.2, 10.3 10.3, 13.6 14.9  cv. Wakefield Jones (1996) 

    16  Vieira (1980) 
 9–11.5 9.6–10.6 12.8  Results from fertiliser trial Vogel (1997) 

Up to 20 Up to 20 Up to 20   Green and leafy plants 
Simpson and Langford 
(1995) 

 20–34 15–20 20–27  Green leaf and stem Allan (1997) 
    21.4–22.3 Glasshouse study; cvv. Bremer and Coleraine  Nie et al. (2009) 
 15.5 25.3    Foster et al. (2010) 

13–24 7.7  11–24  Spaced plants trial Johnston et al. (1998) 

 

Table 2.4. Estimated metabolisable energy levels (MJ kg–1 DM) of Microlaena under a variety of conditions, expressed on a seasonal basis when 
possible 

Spring Summer Autumn Winter Comments Source 
   9.5 Results from fertiliser trial Vogel (1997) 

10.1 10.1 10.1  Green leaf only Simpson and Langford (1995) 
 9.7–12 10–11.5 10–11 Green leaf and stem Allan (1997) 
   12.1 Glasshouse study; cvv. Bremer and Coleraine Nie et al. (2009) 
 9.8 11.4   Foster et al. (2010) 
   7.0–10.7 Spaced plant trial Johnston et al. (1998) 
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Conclusions 

Microlaena is an important species in many grazed native pastures (Simpson and 

Langford 1996) with a wide geographic distribution throughout the high rainfall zone 

(> 550 mm AAR) from the mountains of Cape York Peninsula through NSW and 

Victoria to Tasmania, as well as the wetter districts of South Australia and the south 

west of WA (Sharp and Simon 2002). The majority of the published research on this 

species has focused on the Northern Tablelands of NSW (e.g. Archer and Robinson 

1988; Robinson and Archer 1988; Whalley and Jones 1997; Boschma 1998). There 

are significant gaps in our knowledge of the ecology and population dynamics of 

Microlaena, especially in south-eastern Australia. In particular, in pastures there are 

gaps in phenology or the timing of life-history events. Flowering is a crucial event in 

plant life history; because flowering phenology affects seed size, seed dispersal and 

abundance of pollinators (Sun and Frelich 2011). To understand the mechanism 

controlling the abundance of adult plants within a pasture, we need to understand the 

availability of propagules (seed rain, seed bank) and the conditions affecting seedling 

establishment. Microlaena has the ability to spread vegetatively via both rhizomes 

and stolons (Jacobs et al. 2008), where rhizomes can be defined as modified stems 

that remain underground and stolons are above ground, both developing roots at the 

nodes (Renvoize 2002). There is the potential that DNA techniques, such as AFLP, 

may reveal some clues about how populations of Microlaena are maintained within a 

pasture sward. 

Microlaena-dominated pastures have been studied in several grazing and fertiliser 

experiments, both replicated (Garden et al. 2000b) and unreplicated (Ridley et al. 

2003; Hill et al. 2004). Hence, Microlaena can persist under stocking rates around 10 

DSE per ha and responds to fertiliser. However, little is known about the growth and 

morphology of individual plants.  

The ability of Microlaena to resume active growth quickly following a drought 

(Whalley and Jones 1998) and provide green feed in summer and autumn is highly 

valued by farmers (Simpson and Langford 1996). It is unclear if Microlaena survives 

dry-summer conditions by becoming dormant or is able to do so by some other 

mechanism(s). There is a need to understand how this species copes and responds to 

water deficits during the summer months.  
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Another major focus of research that has been conducted on Microlaena is the 

selection and evaluation of cultivars and lines (e.g. Johnston et al. 1998; Davies et al. 

2005; Norton et al. 2005; Cole and Johnston 2006). These selection and evaluation 

studies have evaluated Microlaena in single-species spaced plant swards and have 

provided some information on the persistence and recruitment of Microlaena. 

However, our knowledge of persistence and recruitment into mixed-pasture swards is 

incomplete.  

This thesis addresses the underlying ecology of this species and examines those 

attributes that enable Microlaena to persist under grazing in native pasture swards.  

Aims and objectives 

An understanding of how Microlaena populations are sustained and maintained in 

pasture in southern Australia is important to ensure that management can be applied 

to pastures for long-term population stability and pasture DM production. There is 

relatively little known about the population biology of Microlaena; therefore, an 

understanding of how the population is sustained and can expand is important.  

The central questions being addressed are: How can populations of Microlaena 

persist in the summer-dry environment of south-eastern Australia? To what extent are 

populations reliant on seeds and/or vegetative survival? 
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CHAPTER 3. Morphological description of Microlaena  

Introduction 

Microlaena stipoides var. stipoides (Labill.) R.Br. (Microlaena) is a tufted C3 

perennial grass that is widely distributed throughout south-eastern and south-western 

Australia, particularly in the temperate, high rainfall tableland areas (> 550 mm 

AAR) (Sharp and Simon 2002). This species occurs on a wide range of soils and is 

naturally abundant on acid soils (Munnich et al. 1991; Johnston et al. 2001). 

Microlaena is an important species in many grazed native pastures because it 

compares favourably with the major introduced grasses in terms of herbage CP levels 

and DM digestibility (Archer and Robinson 1988; Simpson and Langford 1996). 

Previous research has focused on issues related to the agro-ecology of Microlaena, 

including seed production (Whalley and Jones 1997; Davies et al. 2005; Cole and 

Johnston 2006), herbage production (Robinson and Archer 1988; Garden et al. 2005), 

nutritive characteristics (Archer and Robinson 1988), response to P fertiliser (Garden 

et al. 2003), persistence in a range of environments (Waters et al. 2005) and rooting 

depth in spaced plant trials (Boschma et al. 2003a; Nie et al. 2008). However, little is 

known about the rooting characteristics, development and morphology of this 

species, especially in pastures. 

Detailed morphological descriptions of pasture grasses have provided insights into 

tiller development and crown structures. This in turn allows grazing management 

strategies to be developed to maintain, or increase, the population (Brock et al. 1988). 

Characterisation of the morphology of intact plants of phalaris (Phalaris aquatica L.) 

(Cullen et al. 2005b, 2005c, 2005a), perennial ryegrass (Lolium perenne L.) (Brock 

and Fletcher 1993; Hume and Brock 1997), white clover (Trifolium repens L.) (Brock 

et al. 1988), tall fescue, (Festuca arundinacea Schreb.) (Jernstedt and Bouton 1985; 

Brock et al. 1997; Hume and Brock 1997) and cocksfoot, Dactylis glomerata L. 

(Brock et al. 1996) have all revealed remarkably similar plant structures between 

apparently contrasting species. These grass and legume species all have clonal 

growth with regular development of tillers or branches at the apices and intermittent 

death of the older basal stems (Hume and Brock 1997).  

Plants with the capacity for vegetative growth can invade spaces effectively 

(Humphrey and Pyke 1998) and are often tolerant natural environmental extremes 

and heavy grazing (McCusker 1982). The rhizomatous growth habit of Microlaena 
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may underpin its reputation for tolerance of heavy grazing under favourable 

environmental conditions, that is, good rainfall and soil fertility (Jones 1996). The 

ability of Microlaena to survive drought by senescing back to subsurface corm-like 

structures was noted by Johnston et al. (2001). These corms may also play a role in 

the storage of carbohydrates (Jacobs et al. 2008) and other reserves. 

The persistence of perennial grasses during prolonged dry periods depends largely on 

plant root development (Pook and Costin 1971; Jupp and Newman 1987). Deep roots, 

by increasing the supply of water to the plant, are considered an important trait for 

survival (e.g. McWilliam and Kramer 1968; Pook and Costin 1971). During summer, 

the deep (down to 2 m) roots of phalaris maintain a water supply to the dormant buds, 

and severing of these roots results in the death of the phalaris plant (McWilliam and 

Kramer 1968).  

The majority of Microlaena roots have been found in the top 0.6 m of soil, although 

some roots have reached 1.1 m (Mitchell 2001; Boschma et al. 2003a; Ridley et al. 

2003; Nie et al. 2008). The root system of Microlaena may be quite slow to develop 

compared with those of introduced perennial species such as phalaris. In a mini-

rhizotron experiment conducted at Rutherglen, it took 18 months for Microlaena 

roots to reach a depth of 1 m (Mitchell 2001). Microlaena is considered to have a 

relatively shallow rooting depth for a perennial species (Mitchell 2001; Nie et al. 

2008), and this raises questions as to whether the summer survival of Microlaena is 

dependent on deep roots or some other characteristic.  

There has been only one study that has determined the effective rooting depth based 

on water use. In a native pasture containing Microlaena and Austrodanthonia spp. 

H.P. Linder, a soil water deficit of 88 mm was recorded in the dry summers 1998–

1999 and 1999–2000 (Ridley et al. 2003). Soil water extraction occurred to a depth of 

0.85 m, and the majority of soil water was extracted from the top 0.6 m. Given that 

the pasture was of mixed-species composition, it is difficult to determine the depths 

from which the different species were extracting water. Microlaena may behave like 

other native species (e.g. Austrostipa S.W.L.Jacobs & J.Everett -Austrodanthonia) in 

being conservative in its water use; this slow water use ensures vegetative survival of 

the species through drought periods (Donald 1970). 

This chapter describes the structures of individual Microlaena plants, to help identify 

whether rhizomes, stolons or both play a role in sustaining this species, and then 
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examines the rooting pattern of Microlaena and the role that roots may play in 

summer survival of the species.  

Methods 

Site descriptions 

The morphological and root distribution studies were undertaken on either naturally 

occurring Microlaena communities (Chiltern) or commercially managed seed-

production paddocks (Tarrawingee, Echuca). 

Chiltern 

The Chiltern (S36°12’, E146°35’) experimental site was located in north-east 

Victoria, on an existing native grass pasture, the dominant component of which was 

Microlaena (19% basal cover and 40% of DM). The other main components of the 

pasture were sweet vernal grass (Anthoxanthum odoratum L.) (26% DM), silver grass 

(Vulpia sp. K.C. Gmel.) (8% DM), pigeon grass (Setaria sp. P.Beauv.) (8% DM), 

wallaby grass (Austrodanthonia sp. H.P. Linder) (5% DM), fog grass (Holcus lanatus 

L.) (4% DM), spear grass (Austrostipa scabra [Lindley] SWL Jacobs & Everett) (4% 

DM), sorrel (Acetosella vulgaris Fourr.) (4% DM) and subterranean clover (Trifolium 

subterraneum L.) (1% DM). 

A range of soil types exists across the site including Red Kurosol (Isbell 1996) on the 

upper slopes, Brown Kandosol on the mid-slope and Grey Kurosol on the lower 

slopes, and soils across the site are strongly acidic (pHCaCl2 4.2) and moderate in 

phosphorus fertility (Colwell P 22.4 mg/kg). The profile has a moderate soil depth 

(weathered rock at approximately 0.8 m depth). 

Tarrawingee 

The Tarrawingee (36°25’S, 146°28’E) commercial seed-production site was located 

in north-east Victoria. The stands were pure Microlaena cv. Griffin that was irrigated 

and well fertilised. This site is located on river flats on a Red Dermosol (Isbell 1996). 

There were five separate blocks sown in 2004, 2005, 2006, 2007 and 2008 

respectively. Griffin is a fine-leafed, prostrate turf grass variety, and the original 

material was collected from the shores of Lake Burley-Griffin, ACT (35°17’S, 

149°14’E) (Whalley and Jones 1997).  
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Echuca 

The Echuca (36°07’S, 146°27’E) commercial seed-production site was located in 

north-central Victoria. The stands were pure Microlaena that was irrigated and well 

fertilised. There were three separate blocks of cvv. Indigo, Bendigo and Ovens, 

which were all sown in 2006. The site had subsurface irrigation and was on a Red 

Sodosol (Isbell 1996). Ovens (LIG183) is a variety that was selected for pastoral use, 

from the Mangoplah, NSW (35°22’S, 147°16’E) (Mitchell et al. 2001). Indigo and 

Bendigo are amenity varieties that were selected from Indigo Valley (36° 11’S, 146° 

45’E) and Strathfieldsaye (36° 48’S, 144° 20’E), Victoria (T Barden, pers. comm.), 

respectively. 

Morphology 

A total of 54 turves were examined. Six randomly selected turves 100 mm x 100 mm 

square, to a depth of 100 mm, were collected during vegetative growth (winter 2009) 

from nine different Microlaena stands at Chiltern (one), Tarrawingee (five ages) and 

Echuca (three cultivars). Soil was washed from the plant material to reveal structural 

relationships between tillers, corms, roots, rhizomes and stolons. Rhizomes were 

defined as modified stems that remain underground and developed roots at the nodes 

whereas stolons were defined as modified stems occurring above the ground 

(Renvoize 2002). Stolons can be distinguished from rhizomes because they bear 

complete, green leaves, whereas rhizomes develop only scale-like leaves (Hubbard 

1968). Corms were defined as enlarged underground basal internodes (Jacobs et al. 

2008). 

The bud category was divided into dormant (buds that had not commenced growth), 

active (buds that had recently commenced growth and the outgrowing bud had not 

yet produced its own leaf material). 

Root depth and density: 

Rooting depth and density were measured at Tarrawingee on 27 May 2010 and 

Chiltern on 31 May 2010. Samples were collected from two sites with differing 

management and soil conditions. At the Tarrawingee site, six cores were taken from 

each of five different age stands. These stands were sown in autumn 2004, 2005, 

2006, 2007 and 2008. At the Chiltern site, 12 cores were taken on each of the three 

soil types.  
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A hydraulic soil corer was used to take cores, 47 mm in diameter, up to 1.1 m in 

depth, over randomly selected live plant bases. The cores were separated into six 

segments of 0–0.1, 0.1–0.3, 0.3–0.5, 0.5–0.7, 0.7–0.9 and 0.9–1.1 m. Each segment 

was broken by hand approximately halfway along the sample and the number of live 

root sections on each respective face recorded (Smit et al. 2000). Rooting density was 

calculated as the number of root counts m–2. Rooting depth was determined as the 

deepest segment at which roots were present.  

DNA root analysis Chiltern 

Selected depths (0.3–0.5, 0.5–0.7 and 0.9–1.1 m) from cores detailed above were 

oven dried at 40 °C for 24 h, then sent to the Molecular Diagnostics Group at South 

Australian Research and Development Institute (Urrbrae, South Australia) to be 

analysed for the quantity of Microlaena DNA (McKay et al. 2008; Haling 2011). The 

assay quantifies DNA concentrations (pg/g soil) from live cells only, and many of 

these cells are in fine roots, which are prone to loss during soil washing using 

conventional root assessment procedures.  

Statistical analysis 

All statistical analyses were undertaken using Genstat v13 (Payne et al. 2010) and are 

described below.  

Tarrawingee root depth 

A Poisson generalised linear mixed model (GLMM) was fitted to Tarrawingee root 

number data with fixed effects of age*depth and random effect of plot/core/depth. 

Since all the data points for the 0.9–1.1 m samples were zero, they were removed 

from the analysis. 

Chiltern root depth 

A Poisson GLMM was fitted to the Chiltern root number data with fixed effects of 

depth*soil type and random effects of plot/core/depth/break. Since soil type was 

found to be non-significant, the model was reduced to fixed effects of depth. 

Chiltern root DNA analysis 

The quantity of DNA per gram of soil data was log (base 10) transformed to achieve 

normality of the residuals and ensure that the homogeneity of variance assumption 

was met. A linear mixed model was fitted to the quantity of DNA per g of soil with 
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fixed effects of depth*soil type and random effects of plot/core/depth/break. As soil 

type was found to be non-significant, the model was reduced to fixed effects of depth. 

Results 

Morphology 

At the time of sampling (winter), all plants were actively growing, having numerous 

fresh, white buds and recently formed tillers. Morphological structures were 

consistent between plants, irrespective of plant age or collection location (Figure 3.1). 

It was evident that new shoots originated from the corm structures. These corms were 

located approximately 20 mm below the ground surface and had an average diameter 

of 2.5 mm. Active buds and roots also arose from the corms (Figure 3.2). Irrespective 

of plant age or collection location, the size of corms was relatively similar between 

plants. In older plants from all sites, corms had formed dense interwoven mats 

(Figure 3.3).  

In grasses, the phytomer concept has been useful for describing plant development 

and architecture (Gray 1897). The phytomer is viewed as a vegetative unit consisting 

of a leaf, node, internode and axillary bud, and this unit is repeated within and among 

shoots. In Microlaena, new growth only occurs from one end of the corm, with the 

sequential development of new buds. Up to two new buds at the end of the corm were 

found, each producing one tiller. Further tillers developed, and each corm had 

approximately three tillers, with a range of one to five.  
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Figure 3.1. Structure of Microlaena, where B is bud, C is corm, T is tiller. Ruler 
increments mm. 
 

 

Figure 3.2. Underground structure of Microlaena from Chiltern site, where R 
indicates rhizome, C indicates corm and T indicates tiller. The horizontal line 
represents the level of the ground surface. Ruler increments mm. 
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Figure 3.3. Dense, interwoven Microlaena corms from the Chiltern site. 
 

At all three sites there were some plants that had tiller growth arising from several 

depths (Figure 3.4). Figure 3.4 illustrates a tiller arising from corm material at 

approximately 20 mm and in addition to this, tillers are visible arising 5 mm below 

the ground surface. The average length of the rhizomes was 20 mm and they were 

present in all plants assessed (Figure 3.2).  
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Figure 3.4. Microlaena from Chiltern site, where R indicates rhizome, C indicates 
corm and T indicates tiller. The horizontal line approximately represents the level of 
the ground surface. Ruler increments mm. 
 

Stolons were found on most of the plants examined. Stolons were longer, but 

narrower and had a more ‘wiry’ appearance than rhizomes. Sequence of stolon 

formation is shown in Figure 3.5–3.7; formation appears to result from aerial 

tillering, as indicated in Figure 3.8. The resultant plantlet appeared to produce an 

initial tiller before the formation of roots.  
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Figure 3.5. Axillary buds along a vegetative tiller of Microlaena. Ruler increments 
mm. 
 

 

Figure 3.6. Vegetative growth along a vegetative tiller of Microlaena. Enlarged area 
showing tiller arising. Ruler increments mm. 



 49 

 

Figure 3.7. Vegetative growth, with roots, along a tiller of Microlaena. Ruler 
increments mm. 
 

 

Figure 3.8. Aerial tillering in Microlaena, leading to stolon formation (where S 
indicates the stolon). Ruler increments mm. 
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Root depth and density 

At the Chiltern site there was a decline (P < 0.001) in root density with depth (Figure 

3.9). The majority (85%) of roots were found in the top 0.5 m. At 0.9–1.1 m depth, 

only 11% of samples contained roots. The highest density at this depth (0.9 – 1.1 m) 

was 432 roots m–2 and was recorded on both the Red and Grey Kurosol soils. These 

root density suggests that the maximum rooting depth is below 1.1 m, although the 

absolute root numbers below this depth would be small. 
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Figure 3.9. Mean root densities m–2 from core break for three different soil types 
(Brown Kandosol �, Grey Kurosol � and Red Kandosol �) at Chiltern in May 
2010. 
 

There was no consistent relationship between age of the stand and root distribution at 

Tarrawingee (Figure 3.10). No roots were found below 0.9 m. The four-year-old 

stand had the most roots. Overall, the majority (92%) of the root density was found in 

the top 0.5 m.  
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Figure 3.10. Mean root densities m–2 from core break for the five different age stands 
(2 year old �, 3 year old �, 4 year old �, 5 year old �, 6 year old �) at 
Tarrawingee in May 2010. 
 

DNA root analysis 

At the Chiltern site, there was a decline (P < 0.001) in the quantity of Microlaena 

DNA with depth (Table 3.1). Microlaena DNA was detected in 70% of 0.9–1.1 m 

samples. No relationship was found between core-break count data and DNA 

quantity (Figure 3.11). Microlaena DNA was found in 90% of samples. There were 

10 samples in which no Microlaena DNA was detected and zero was recorded for the 

core break. All of these samples were collected at 0.9–1.1 m. However, there was one 

sample for which the core-break method recorded roots but no DNA was detected.  

Table 3.1.Mean of DNA pg/gram of soil for three soil types at the Chiltern site in 
May 2010 

Depth (m) Mean DNA pg/gram 

0.3–0.5 3.7 
0.5–0.7 3.3 
0.9–1.1 1.8 

  
lsd (P = 0.05) 0.30 
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Figure 3.11. Relationship between target DNA (pg DNA/g soil) and root count from 
core break (roots m–2), where is � 0.3–0.5 m, � 0.5–0.7m and � 0.9–1.1 m sample 
depths.  
 

Discussion 

Morphology 

All Microlaena individuals examined had a corm structure. The corm and its growth 

points were located ~20 mm below the soil surface. Rhizomes arise from the base of 

tillers that originate from the corm. In contrast, stolons are formed via aerial tillering. 

Tiller formation is the precursor of root development. This structure was consistent 

whether the plant material was collected from the native pasture or from the managed 

stands, indicating that current growing conditions do not alter the development of 

these structures. These observations do not support those made by Kemp et al. (2000) 

that Microlaena has many tiller buds close to ground level. Their observation may be 

a response to the grazing pressure that resulted in growth points closer to the soil 

surface but was not based on careful examination of the subsurface structures. The 

depth of corm burial may provide protection from adverse seasonal conditions, 

particularly hot, dry summers and hard grazing.  

Considerable genetic diversity exists within Microlaena in terms of plant stature, leaf 

width and colour (Lodge 1996; Allan 1997; Magcale-Macandog and Whalley 2000). 
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However, these results reported that the morphological structures were consistent 

irrespective of origin of plant material, plant age or growing conditions. The material 

examined ranged from ecotypes that had been selected for turf to naturally occurring 

stands of Microlaena. Therefore, it is likely that the morphological descriptions 

provided here would apply in other circumstances, even though the absolute size 

could vary. 

In Microlaena, the vegetative propagation of new plantlets can occur through either 

stolons or rhizomes. This study has shown that these different structures exist and are 

common, but additional studies are needed to resolve the question of which structure 

is the more important in terms of population dynamics.  

As the rhizomes of Microlaena are only short, their role in vegetative expansion is 

probably limited. It is possible that the corm functions as a storage organ that allows 

survival during adverse seasonal conditions (Brock et al. 1997). The long slender 

nature of stolons means that for the same energy expenditure, the stolons enable the 

plant to spread further. In many instances, these stolons develop into rhizomes, after 

colonising a new site. 

Stolon formation was more common in the seed increase blocks than in the grazed 

pasture areas. Dong and Pierdominici (1995) suggest that the primary purpose of 

stolons is to forage for light and colonise space. In a pasture, Microlaena plants may 

be grazed hard, allowing light penetration down to the crown. In contrast, in 

glasshouse and seed increase areas, there is greater biomass and less light is able to 

reach the crown. Under grazing, stolons are likely to be damaged or eaten, which 

would limit the rate of spread of a plant colony. 

Rooting characteristics 

The majority of Microlaena roots are in the top 0.5 m of the soil profile. Overall, we 

found average root density of 14,234 roots m–2 for the top soil (0–0.1 m) and 3,962 

roots m–2 for the subsoil (0.1–1.1 m). These results are consistent with those of Nie et 

al. (2008), who, using the same method, found top soil root (0–0.1 m) densities of 

14,494 roots m–2 and subsoil (0.1–1.1 m) densities of 3,027 roots m–2. The DNA 

assay detected a limited number of Microlaena roots below 0.9 m. 

In one sample collected from below 0.9 m, root counts were recorded with the core-

break method; however, no Microlaena DNA was detected. The only perennial plant 

present in the pasture was Microlaena, so it is unclear what roots were recorded. They 
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may have belonged to an annual species. This data anomaly may be due to problems 

with the collection, preparation and sample storage leading to DNA degradation. 

Mommer et al. (2011) and Haling et al. (2011) both highlight that prior to DNA 

extraction careful preservation of samples is required.  

Our results indicated no relationship between the DNA and core-break methods; the 

core-break method has the limitation of only being useful in detecting roots that are 

visible to the naked eye. Smaller roots, which are not visible to the naked eye, could 

have been detected by the DNA method. These smaller roots, < 0.2 mm in diameter, 

may represent up to > 50% of the root length density (Costa et al. 2001; Pierret et al. 

2005). However, the core-break method has the advantages of being fast, relatively 

cheap and repeatable (Smit et al. 2000). 

The DNA assay method has the potential to allow for the identification of the species 

to which the roots belong within a mixed-pasture situation (Mommer et al. 2008; 

Riley et al. 2010; Haling et al. 2011). However, the method has not been tested on 

mixed swards in the field. DNA concentrations decline with age, indicating that 

younger, finer roots contain more DNA per unit weight (Riley et al. 2010). Greater 

quantities of DNA are present in active new roots; therefore, the greater quantities of 

DNA may be detected at increasing soil depths where there are more active root tips. 

Haling (2011) found a positive linear correlation between the DNA assay method and 

both length and root mass for Microlaena. However, the DNA concentration was 

found to vary significantly with harvest date and between soil depths, and further 

work is required to resolve the calibration issue (Haling 2011).  

A limited number of Microlaena roots were found below 0.9 m. The depth of 

sampling proved to be a limitation in this study. Deeper sampling was not possible 

due to the equipment limitations, soil moisture conditions and the relatively shallow 

soil profile at the field sites. However, it was evident that within the depths sampled, 

the roots of Microlaena were not just confined to the surface soil layers, but could be 

found down to 1.1 m. 

The core-break method used has the advantages of being a fast, spatially flexible and 

repeatable method (Smit et al. 2000). Many cores can be collected from a range of 

positions within each soil type, which then enables a good description of a larger area 

where plants grow. Disadvantages are that it is a point-in-time measure, it is 

destructive, it is laborious and it can only occur at certain times of the year when soil 

moisture conditions allow (Bohm 1979; Smit et al. 2000). In this study, cores were 
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taken in late autumn, after a summer when rainfall was low, because at this time of 

year soil moisture conditions allowed access to the field sites. The root densities 

found at that time are likely to be closer to the minimum that applies throughout the 

year. 

It was expected that the rooting pattern of Microlaena at Tarrawingee would be 

related to the age of the stand; however, this was not the case. It was assumed that the 

older stands of Microlaena would have greater root length density and deeper rooting 

systems than the younger stands, but this did not occur (Figure 3.10). Care needs to 

be taken with the interpretation of these results because the sampling was not done on 

a replicated trial and differences between paddocks could have had an effect on 

rooting pattern.  

The differences in rooting depth and root density between the Chiltern and 

Tarrawingee locations were most likely associated with difference in nutrient and 

moisture availability between the sites; the Tarrawingee site was irrigated and well 

fertilised. The different soil types at the different sites also would have had an effect 

on the root distribution. The greater concentration of roots in the top 0.5 m of soil at 

the Tarrawingee site may be accounted for by considering that this site was irrigated. 

In contrast, at the unirrigated Chiltern site, there was a more even distribution of roots 

throughout the profile. 

Conclusions 

The morphological structures of Microlaena were consistent, irrespective of the age 

of plants or the collection location. Shoots arose from corm-like structures that were 

located approximately 20 mm below the ground surface. The location of the active 

buds and their depth of burial may provide Microlaena with the ability to withstand 

close grazing and protection from hot, dry summers. Across sites, the majority of 

Microlaena roots are in the top 0.5 m of the soil profile.  
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CHAPTER 4. Effect of summer seasonal water deficit and 

defoliation on the short-term persistence of Microlaena 

Introduction 

Microlaena (Microlaena stipoides var. stipoides [Labill.] R.Br.) is a native C3 

perennial grass that is common in the grazed pastures of the summer-dry 

environments of south-eastern Australia (Munnich et al. 1991; Garden et al. 2001). It 

has been classified as a ‘year-long’ green perennial (Lodge 1996) that has the ability 

to survive extended dry periods by senescing back to subsurface corm-like structures 

(Johnston et al. 2001).  

In the summer-dry environments of south-eastern Australia, the survival of existing 

plants over the summer period is critical to the persistence of perennial species 

(Cullen et al. 2005c). The mechanisms used by perennial grasses to survive 

prolonged dry periods include dehydration tolerance, dehydration avoidance (Turner 

1986) and summer dormancy (Volaire and Norton 2006). Summer dormancy is an 

important trait of many temperate perennial species that originate in areas that 

experience regular summer water deficit (McWilliam 1968). The summer dormancy 

of a range of tall fescue (Festuca arundinacea Schreb.), cocksfoot (Dactylis 

glomerata L.) and phalaris (Phalaris aquatica L.) cultivars has been tested by the 

application of water during the summer months (Norton et al. 2006a, 2006b, 2012). 

Cultivars that were summer dormant may either not grow at all in response to 

summer watering events or may grow much slower than summer active grasses. 

Photoperiod and temperature are considered the key factors for the release of 

dormancy (Oram 1983; Volaire and Norton 2006). Flowering and associated bud 

production are a prerequisite for the induction of summer dormancy in a range of 

species (Ofir and Koller 1974; Norton et al. 2006a, 2006b). 

It is unknown if Microlaena has any degree of summer dormancy. Rivelli et al. 

(2001) described Microlaena as dehydration tolerant, but conservative in reducing 

water losses, resulting in limited leaf survival. Species that are dehydration tolerant 

may use several strategies or mechanisms to withstand severe dehydration (lethal 

RWC < 25% RWC); poor to moderate avoidance of dehydration (leaf rolling, deep 

roots); and moderate to high osmotic adjustment (Ludlow 1989). During continuous 

water deficits in pots, Microlaena had relatively short leaf survival compared with a 

range of other grass species and does not have any morphological traits, such as leaf 
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shedding, rolling, folding, cuticular wax, to protect the plant from dehydration 

(Bolger et al. 2005). The short life span of Microlaena leaves may act to conserve 

water or may reflect that Microlaena’s natural range is within moderate rainfall areas 

where some summer rainfall normally falls. 

Microlaena is an important species in many grazed native pastures (Lodge and 

Whalley 1989; Garden et al. 1996, 2000a); but, the interaction between defoliation 

and dormancy is unknown. The effect of defoliation, through cutting and/or grazing, 

on dormancy has been investigated for a number of introduced species (phalaris 

[Hoen 1968; Hill 1989; Lodge and Orchard 2000]; perennial ryegrass [Lolium 

perenne L.] [Waller et al. 1999]; and cocksfoot [Avery et al. 2000]). In all of these 

species, intense defoliation has reduced dormancy of the grass and subsequently 

reduced persistence. Summer defoliation in phalaris at stem elongation can reduce the 

number and size of dormant buds, reduce the level of dormancy over summer and 

ultimately reduce the long-term survival of the plant (Kemp et al. 2000). 

The structural morphology characteristics of Microlaena (Chapter 3) indicate that 

tillers can arise from at least 2 cm below the soil surface and the species has the 

potential to spread vegetatively. However, little is known about how this species 

responds to dry summers and grazing (alone or in combination), which plays a major 

role in explaining persistence of perennial species. This chapter reports the results of 

a field experiment that examined the morphological adaptation and survival threshold 

of Microlaena. The data collected in this experiment was used to test the hypothesis 

that Microlaena is not dormant over the summer. 

Methods 

Experimental design and treatments 

The experiment was located at Chiltern (S36°12’, E146°35’) in north-east Victoria, 

and was conducted on an existing native grass pasture, the main component of which 

was Microlaena (19% basal cover and 40% of DM). The soil is a bleached-acidic, 

magnesic, Brown Kandosol (Isbell 1996) sandy loam that is strongly acidic (0–10 cm 

pHCaCl2 4.0) and low in fertility (Colwell P 22.4 mg/kg). The profile has a moderate 

soil depth (weathered rock at approximately 0.8 m depth).  

The experiment was a split plot design with two watering treatments (designed to 

simulate local conditions of a ‘summer storm’ or ‘summer dry’) as main plots and 

defoliation (nil, intense defoliation, strategic defoliation) as subplots. The ‘summer 
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storm’ treatment had the aim of simulating a summer thunderstorm event that was 

used as a test of dormancy (Norton et al. 2006a, 2006b, 2012). The ‘summer dry’ 

treatment remained dry throughout the summer months. A control of continuously 

dry was not used because the two treatments represented the range in local ‘control’ 

conditions that naturally occur. A completely dry control would be outside any local 

conditions except for very rare, extreme droughts. All treatments were replicated four 

times.  

All plots were mown on 10 November 2009 to ensure that at the commencement of 

the experiment, residual DM was similar across all plots. On 1 December 2009, the 

main plots were covered by a permanently fixed rainout shelter (6 m x 3 m), 

constructed of polycarbonate sheeting (Laserlite 2000 ®) attached to a metal gable 

frame 1.2–1.5 m above ground level (Figure 4.1). Shelter sides and ends remained 

open to maximise air movement and minimise temperature and relative humidity 

difference between treatments. Each plot was 1.5 m by 1.75 m. There was a 0.5 m 

buffer between the plots and the uncovered pasture. To remove the potential effect of 

clonal behaviour, plots were isolated from their neighbours by cutting a narrow 0.2 m 

slot into the ground within the buffer between the main plots.  

 

Figure 4.1. Main plots covered by a permanently fixed rainout shelter (6 m x 3 m), 
constructed of polycarbonate sheeting (Laserlite 2000 ®) attached to a metal gable 
frame 1.2–1.5 m above ground level. 
 

The ‘summer storm’ treatment had 115 mm of water applied over a 2-h period 

through irrigation pipe with drippers every 0.2 m in February 2010 (replicate 1 on 11 



 60 

February; replicates 2 and 3 on 12 February; replicate 4 on 13 February). Both the 

‘summer storm’ and the ‘summer dry’ treatments had 115 mm of water applied over 

a 3-h period through irrigation pipe with drippers every 0.3 m in mid-May (replicate 

1 and 2 on 12 May; replicate 3 and 4 on 11 May) to simulate the commencement of 

the growing season. The use of irrigation pipe and drippers ensured that there was 

minimal lateral movement of water between plots and the buffer areas and no 

movement of water onto neighbouring plots. There was no evidence of lateral water 

movement in the surface layers. 

Defoliation treatments were nil defoliation; intense defoliation—cut to ground level 

(2 mm) to ensure that plants did not flower (21 December, 18 January, 19 February 

and 17 March), and strategically cut (removal of inflorescence)—cut to 20 mm (21 

December, 18 January, 19 February and 17 March). Microlaena is commonly grazed 

in native pastures, and if rainfall is low, grazing pressure would usually be high; 

hence, defoliation allows simulation of the conditions that are typical over dry 

summers. Electric hand shears were used to remove DM. 

Soil moisture 

Drought intensity was calculated using a similar method to Poirier et al. (2012). Soil 

moisture was logged hourly at 20, 40, 60, 80 and 100 cm within the nearby 

experiment using a iNTELLiTROL soil moisture probe (MAIT, Bayswater, Victoria). 

The minimum value for soil water content observed at each depth over 2-years was 

used to calculate the plant available water (PAW). PAW was calculated for each 

depth as the difference between water content at field capacity and the minimum soil 

water content measured during the experiment. PAW was integrated over the whole 

soil profile. Daily reference evapotranspiration (ET) was calculated using the Penman 

Monteith equation.  The variables are daily minimum and maximum air temperature, 

mean air relative humidity, wind and global radiation (Allen et al. 1998). ET under 

the shelters was adjusted for temperature and radiation. The temperature was adjusted 

using thermocouple ratios. Radiation under the shelter was 93%. Relevant weather 

data was recorded at nearby weather station. The cumulative summer autumn water 

deficit (CSAW) was chosen as an indicator of drought intensity (Table 4.1).   
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Table 4.1. Total PAW (plant available water), ET (evapotranspiration calculated using Penman Monteith equation (Allen et al. 1998)), CSAW 
(Cumulative summer autumn water deficit) for the rainout shelters in comparison to the outside area.  

 PAW Rainfall + irrigation ET ET – Rainfall - Irrigation CSAWD 

 1Dec09 1Dec09 to 
11Feb10 

12Feb09 to 
11May10 

1Dec09 to 
11Feb10 

12Feb09 to 
11May10 

1Dec09 to 
11Feb10 

12Feb09 to 
11May10 

1Dec09 to 
11May10 

Outside shelter 49 94 185 505 276 412 91 -453 

Under shelter – 
summer storm 

49 0 115 486 276 486 161 -598 

Under shelter – 
summer dry 

49 0 0 486 276 486 276 -713 

Rainout shelters fixed 1 December 2009, summer storm water treatment (115 mm) applied 12 February 2010,  all plots watered (115 mm) 12 May 
2010. ET based on adjusted temperature and radiation under the shelters. The temperature was adjusted using thermocouple ratios. Radiation under the 
shelter was 93%. 
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Measurements 

Soil temperature (25 mm, the depth of Microlaena crowns) was logged at hourly 

intervals (Gemini Temperature Probe PB-4730 with Tinytag loggers), in two plots 

(replicate 4, summer storm hard defoliation plot and summer dry hard defoliation 

plot) from 22 December to 30 June 2010.  

The thermocouples were placed 5 mm below the ground surface to measure surface 

soil temperature. Two thermocouples were placed in each of three plots (replicate 3, 

summer storm nil plot, summer storm intense defoliation plot and summer storm 

strategic defoliation plot) and an additional three thermocouples were placed in the 

ground adjacent to the rainout shelters in the open. A dataTaker DT500 series data 

logger was used to collect soil temperature every 15 min from 14 January to 2 

February 2010. It was anticipated that the differences between the plots under the 

rainout shelters and the area outside the plots would be consistent; therefore, data 

were collected for a period of 20 days only, which was representative of the period of 

the experiment. 

On 14 January 2010 at 2 pm (Australian Eastern Daylight Saving Time), photon flux 

density was measured at 0.3 m above the ground using a Decagon Sunfleck 

Ceptometer (Delta T Device) both under and adjacent to the rainout shelters. Ten 

readings were taken per location. The polycarbonate used in the shelters removed 

20% (range of 17–25%) of the incoming radiation. The polycarbonate removed 

99.9% ultraviolet (UV) light and transmitted 93% of diffuse light (Bayer Material 

Science 2000). All plots experienced the same growing conditions. 

The frequency and basal cover of Microlaena was measured using a method similar 

to that described by Lodge and Garden (2000). Permanent sampling positions were 

established in the centre of each plot. Wooden pegs that fitted into the corners of the 

quadrat were hammered into each plot to ensure that the quadrat was always placed 

in the same location. A square quadrat (0.8 m x 0.8 m) of steel mesh with 256 cells 

(50 mm x 50 mm) was placed on the ground surface. Cells containing a portion of a 

live plant (presence) were recorded and the proportion of occupied cells used as an 

estimate of the frequency of occurrence of a species. Basal cover of Microlaena was 

determined using the same permanent quadrats, which were also used for the 

frequency measurements. At the intersection of the grids (256 points per plot), 

presence or absence of live plant bases or crowns at ground level were recorded using 

a 1-mm diameter point (knitting needle). The same predetermined position of the 
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point in relation to each grid intersection was always used. Measurements were made 

on 21 December 2009 (start of experiment), 9 February 2010, 17 March 2010 and 30 

June 2010 (end of experiment) in the permanent quadrats.  

Ten 50-mm diameter and 50-mm deep turf plugs were collected from each plot after 

the summer storm (25 February 2010) and summer dry (4 June 2010) treatments were 

applied. The turf plugs were collected within the plot area, but outside the area 

established for the permanent quadrats. On the turf plugs, the depth from which 

growth arose was recorded. Depths were divided into three categories, lower (> 22.5 

mm), mid (13–22.5 mm) and upper (1–13 mm) based on the likely distribution of 

plant material (Chapter 3). Morphological components for each sample where 

divided into: tiller, corm, rhizome, stolon and bud. The bud category was divided into 

dormant (buds that had not commenced growth), active (buds that had recently 

commenced growth but the outgrowing bud had not yet produced its own leaf 

material), new tiller (buds that had grown out to produce their own leaf material) and 

dead (buds that had commenced growth but subsequently died). Tillers were 

classified into live and senesced. The number of Microlaena tillers and buds per turf 

plug were counted. The plant material was oven dried at 70 °C for 24 h and weighed. 

Statistical analysis 

Basal cover, frequency, live tiller number and weight, and buds and corm weight 

were analysed using the generalised analysis of variance (ANOVA) in GenStat 

(Payne et al. 2010), with a block structure of block/main plot/subplot and a treatment 

structure of water treatment*defoliation. Microlaena basal cover at the 

commencement of the experiment was used as a covariate in the analyses.  

Results 

Climate 

Over the period of the experiment temperature, both air and soil (at 25 mm) were 

monitored (Figure 4.2). Overall, the soil temperatures were higher than the air 

temperatures, but mirrored the same pattern. Over the two weeks prior to the 

‘summer storm’ treatment, the average soil temperature was 33 °C (21–53 °C). In the 

two weeks post the implementation of the ‘summer storm’ treatment, the plots that 

had the water applied had an average soil temperature of 28 °C (18–41 °C), and the 

plots that had no water applied (‘summer dry’ treatment) had an average soil 

temperature of 30 °C (16–47 °C). The average soil temperature prior to the ‘summer 
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dry’ treatment was 16 °C (10–29 °C) and the two weeks post the water application 

was 13 °C (6–24 °C). 
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Figure 4.2. Daily mean air (�) and soil temperature (°C) at 25 mm from summer 
storm (�) and summer dry (�) treatment plots in replicate 4, logged hourly from 22 
December 2009 to 2 August 2010. Arrow indicates date for application of water to 
the ‘summer storm’ and ‘summer dry’ treatments. 

 

Over an 18-day period in February (prior to the ‘summer storm’ treatment), the 

thermocouples placed 5 mm below the ground surface recorded an average 

temperature of 36 °C (17–60 °C) in the nil defoliation plots, 36 °C (18–60 °C) in the 

strategic defoliation plots, 35 °C (14–69 °C) in the intense defoliation plots and 34 °C 

(7–69 °C) in the area outside the plots. (For ease of interpretation, only 3 diurnal 

cycles are presented in Figure 4.3). In general, the rainout shelters decreased the 

diurnal range of temperature, by 7 °C on average, compared with that of the area 

outside the plots. The pattern of diurnal temperature was the same for the nil and the 

strategically defoliated plots. The areas under the shelters and outside were exposed 

to extremely high temperatures for short periods during the middle of the day. The 

shelters had the greatest influence by marginally raising the minimum temperatures. 
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Figure 4.3. Three diurnal cycles for temperature (°C) data collected every 15 min 
from 5 mm below soil surface of plots within replicate 3 from 25 to 27 February 2010 
(nil --; intense --; strategic-- ), outside (--) the plots. 
 

Plants 

All treatments started with Microlaena (presence, absence) frequencies of 82% on 

average in December, but this varied from plot to plot, with a range from 56% to 

97%. There were higher Microlaena frequencies in the summer storm treatment plots 

in both March (68%) and June (72%) compared with 17% (March) and 57% (June) in 

the summer dry treatments (Figure 4.4a). Live frequency of Microlaena had declined 

in all plots just prior to the application of the watering treatments.  

All plots were watered in May (autumn), and plant frequencies in all plots increased 

after this application of water. There was an increase in the plant frequencies in the 

summer dry plots that only received water in the autumn; however, overall at the 

June sampling they had lower frequencies than in December, reflecting the lower 

temperatures at that time. 

There was a decline in Microlaena basal cover between December (30%) and March 

(11%) (Figure 4.4b). Microlaena basal cover increased in the summer storm 

treatment after water was applied, and basal cover increased from 1% in February to 

18% in March. The Microlaena growth had occurred in all plots at the June sampling 
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because all plots had received irrigation and the temperatures had dropped below 

30 °C; there was no significant difference in the Microlaena basal cover between the 

treatments at this time.  
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Figure 4.4 Changes in (a) frequency and (b) basal cover of Microlaena from summer 
storm (solid bars) and summer dry (open bars) treatments in permanent quadrats, 
located in centre of each plot, 21 December 2009, 9 February 2010, 17 March 2010 
and 30 June 2010. (*P < 0.05; **P < 0.01; ***P < 0.001) 
 

In terms of live tillers, there was no interaction between watering and defoliation 

treatments in either February or June. The watering treatment had an effect on the 

number of live tillers: significantly more live tillers were present in the summer storm 

treatment in both February (P < 0.001) and June (P = 0.021) (Table 4.2). Live tillers 

m–2 increased in all treatments after the May application of water; however, the 

summer storm treatment plots retained more (P < 0.001) live tillers. 

Table 4.2. Mean number of live tillers (tillers m–2) on 25 February 2010 and 4 June 
2010 (after water applications on 25 February and 11 May 2010) 

 Live tillers  
(tillers m–2) 

Irrigation treatment February June 
Summer storm 3,917 9,160 
Summer dry 154 4,786 

lsd (P = 0.05) 146 2,749 
 

At the February sampling, the greatest (P = 0.009) numbers of senesced tillers were 

recorded under nil defoliation treatment. There was no significant difference in the 
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number of senesced tillers between the strategic and intense defoliation treatments 

(Table 4.3). At the June sampling, there was an interaction between watering and 

defoliation treatments (P = 0.007), and the greatest number of senesced tillers were in 

the nil defoliation, summer storm treatment (Table 4.3). It is possible that the 

senesced tillers rotted away with the application of water. In addition to this, the 

defoliation treatments imposed (strategic and intense) would have removed senesced 

tiller material from the plots. 

Table 4.3. Mean number of senesced tillers (tillers m–2) on 25 February 2010 and 4 
June 2010 (after water applications on 25 February and 11 May 2010) 

 February 
Defoliation Summer storm Summer dry 

Nil 7,887 4,227 
Strategic 5,379 3,506 
Intense 3,792 3,386 

lsd (P = 0.05) 679 
   
 June 

Defoliation Summer storm Summer dry 
Nil 12,213 9,330 
Strategic 9,830 8,071 
Intense 6,976 10,426 

lsd (P = 0.05) 2,721 
 

In terms of the number of active buds, there was no significant interaction between 

watering and defoliation treatments in either February or June. Defoliation had an 

effect (P = 0.005) on the number of active buds: the nil defoliation treatment had 

more active buds than the intense and strategic defoliation treatments (Table 4.4).  

Table 4.4. Mean number of active buds (m–2) on 25 February 2010 and 4 June 2010 
(after water applications on 25 February and 11 May 2010) 

Defoliation treatment February June 

Nil 114 364 
Strategic 82 211 
Intense 109 164 

lsd (P = 0.05) ns 111 
 

There was no significant interaction between watering and defoliation treatments in 

terms of the weight of live tillers. The watering treatment had a significant positive 

effect on the weight of live tillers produced in both February (P = 0.035) and June (P 

= 0.002): a greater biomass was produced from the summer storm treatment plots 

(Table 4.5). The greatest weight of senesced tillers was harvested from the nil 
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defoliation treatment, followed by the strategic, and the lowest weight of senesced 

tillers was harvested from the intense defoliation treatment.  

Table 4.5. Mean dry weight (g -m2) of live tillers on 25 February 2010 and 4 June 
2010 (after water applications on 25 February and 11 May 2010) 

 Live tillers 

 February June 

Defoliation   
Nil 7 40 
Strategic 13 48 
Intense 8 29 

lsd (P = 0.05) ns ns 
   
Treatment   

Summer storm 18 51 
Summer dry 1 26 

lsd (P = 0.05) 14 5 

 

At the February sampling, there was no significant interaction between watering and 

defoliation treatments in terms of live corm weight. The corm weight recorded from 

the nil defoliation plots (126 g m–2) was higher (P = 0.032) than the intense 

defoliation plots (75 g m–2) (Table 4.6).  

Table 4.6. Mean dry weight (g –m2) of active corm on 25 February 2010 and 
individual tillers on 25 February 2010 and 4 June 2010 (after water applications on 
25 February and 11 May 2010) 

 Active corm  Individual tiller weight 

   February June 
Defoliation     

Nil 126  1.1 4.1 
Strategic 93  1.3 4.3 
Intense 75  0.9 3.2 

lsd (P = 0.05) 40  ns (1.1) ns (1.1) 
     
Irrigation     

Summer storm 110  2.2 5.3 
Summer dry 87  0 2.5 

lsd (P = 0.05) ns (104)  1.6 0.6 

 

In terms of individual tiller weight, there was no interaction between watering and 

defoliation treatments. Individual tiller weight from the summer storm treatment 

plots, which had irrigation applied both in February and in May, were greater in both 

February (P = 0.045) and June (P = 0.002) than the summer dry treatment (Table 

4.6). 



 69 

Neither defoliation nor watering treatments appeared to affect the depth from which 

tiller originated: 39% of tillers originated from the upper-depth class (0.1–1.3 cm), 

32% from the mid-depth class (1.3–2.25 cm) and 30% from the lower-depth class 

(below > 2.25 cm).  

Discussion 

Lang et al. (1987) defined dormancy as a temporary suspension of visible growth of 

any plant structure containing a meristem. This is not a simple cessation of growth, 

but a physiological state in which plants require specific conditions to recommence 

growth, related in many cases to both moisture and temperature. During the summer 

months when soil moisture conditions are unfavourable, Microlaena enters a phase 

with no leaf and bud growth occurring—but is this dormancy? In a range of perennial 

grasses, summer dormancy has been tested by the application of water during the 

summer (Volaire and Norton 2006). Following the February application of water, 

there was an increase in plant frequency, live tillers and buds. Microlaena does not 

behave like Mediterranean temperate grass species, such as phalaris, which have a 

prerequisite of flowering and associated basal bulb production for the induction of 

summer dormancy buds (McWilliam 1968; Oram 1983). For Microlaena, this 

quiescence phase is not a physiologically dormant state because plant growth 

responded to the application of water (Table 4.2). This experiment has demonstrated 

that Microlaena was not dormant over the summer months. When watered, 

simulating a summer storm, even with high soil temperatures, Microlaena responded 

by producing new buds and tillers (Table 4.4). Hence, this population of Microlaena 

cannot be classified as a summer-dormant species.  

Microlaena could be classified as ‘eco-dormant’, a non-specific physiological 

response to generally unfavourable conditions (Lang et al. 1987); in this case to soil 

moisture deficit, resulting in a temporary cessation of growth. This would be in 

agreement with the response that many graziers have observed indicating the ability 

of Microlaena to quickly resume green leaf production following the relief of drought 

conditions (Simpson and Langford 1996; Whalley and Jones 1998).  

In the area outside the plot, the root zone was past wilting point by February 2010.  

Therefore the plants under the rainout shelters were experiencing drought-like 

conditions. If we consider the CSAWD, the summer storm and summer dry treatment 

plots experienced deficits of 598 and 713 mm. These levels are can be considered 
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extreme water deficits Poirier et al. (2012). Therefore the Microlaena plants in the 

plots were exposed to extreme drought conditions. 

The response to drought was not modified by the defoliation treatments imposed. 

There was no significant difference in basal cover in June under the different levels 

of defoliation imposed. The intense defoliation treatment did not remove buds that 

were critical for the survival. The plants had recovered to similar levels, implying no 

long-term effects of the different dry periods. Microlaena appeared tolerant of 

prolonged low soil water availability and then recovered when water was available. 

Leaf removal may have reduced the stress on the plants by reducing transpiration and 

hence reducing water use. These results agree with the results from previous 

research: Boschma and Scott (2000) found that after six months of drought and 

defoliation, Microlaena plant numbers were retained without significant loss.  

The plot size and use of rainout shelters in this experiment made it necessary to use 

mechanical harvesting. It is widely recognised that mechanical defoliation and 

defoliation by grazing animals is vastly different in terms of the effects on plants and 

nutrient cycling (White 1973; Korte and Harris 1987), with grazing being less 

uniform than cutting and potentially causing damage to the plants. However, 

mechanical defoliation provides a more uniform defoliation than could be achieved 

with grazing. The intense defoliation treatment, accompanied by the lack of water, 

should have simulated high utilisation that would result from livestock grazing in 

situations in which available feed is limiting. 

The application of water in February resulted in slightly more favourable growing 

conditions in the summer storm treatment plots, with lower soil temperatures. These 

soil temperatures, on average 2 °C lower, may have resulted from the water 

application leading to the presence of green leaf through March; therefore, the 

decrease in soil temperature may be due to both shading and increased 

evapotranspiration occurring in these plots. Since Microlaena is a C3 grass, the 

optimum temperature for growth would be around 25 °C (Johnston 1996). In the 

month prior to the March sampling, the summer storm treatment plots had a daily 

average temperature of 26 °C, whereas the summer dry treatments plots were 28 °C. 

There may have been some minor growth advantage due to the slightly lower 

temperatures in the summer storm treatment plots. However, low water availability 

would have been the main factor affecting growth.  
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Basal cover and plant density have been used to assess the persistence of a range of 

native grass species in grazed pastures (Garden et al. 2000b, 2001, 2003; Dowling et 

al. 2006). Basal cover is a useful measure to determine the presence of Microlaena 

due to the prostrate nature of the plant, because it spreads by both rhizomes and 

stolons and does not form clearly defined individual plants. In June, the average basal 

cover across the plots was 7%. The lowest basal cover of 2% was recorded on the 

summer dry with intense defoliation plots, and the highest basal cover of 9% was 

recorded on the summer storm with nil defoliation. Garden et al. (2000b) found that 

even with imposition of a range of grazing management treatments over a number of 

years, the basal cover of Microlaena remained constant at around 5%. In this study, 

the basal cover measure was able to detect differences between the watering 

treatments, even though the data were highly variable.  

In this experiment, an overall decline in the basal cover of Microlaena was associated 

with the summer drought treatment, but the levels of defoliation imposed had no 

significant effect. The depth of burial of growth points indicates that Microlaena may 

be tolerant of close grazing. However, the intense defoliation treatment led to the 

production of a population of smaller tillers. In situations in which Microlaena is 

grazed, the nature of these smaller tillers may not confer long-term survival. That is, 

these smaller tillers may be more susceptible the damage that animals case when 

grazing. There is some evidence that periodic resting from grazing, in the form of 

either rotational grazing or strategic rest, increases the basal cover of Microlaena in 

pastures (Garden et al. 2000b). The grazing of native pasture may affect other 

species, in terms of reducing competition. In this experiment, over the summer 

months, there were no other species actively growing in the plots, so there was 

limited competition. 

Conclusions 

This experiment has shed some light on the ability of Microlaena to survive dry 

summers, although the detailed mechanisms will require further study. Summer 

droughts in south-eastern Australia can be long and severe. Microlaena does not 

exhibit summer dormancy in response to moisture stress. It can best be classified as 

eco-dormant, as normal growth is prevented by the lack of water. Microlaena quickly 

recommences growth when soil water becomes available.  
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Microlaena is very well adapted to this environment. Following a period of 26 weeks 

without rainfall, there was no significant difference between the watering treatments 

in terms of tiller numbers or tiller weight.  
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CHAPTER 5. Survival and recovery of Microlaena under 

water stress in a controlled environment 

Introduction 

Microlaena (Microlaena stipoides var. stipoides [Labill.] R.Br.), a C3 perennial grass, 

is considered a valuable component in many native grass pastures (Garden et al. 

2000a), ranging from the mountains of Cape York Peninsula through NSW and 

Victoria to Tasmania, as well as the wetter districts of South Australia and the south 

west of WA (Sharp and Simon 2002). On the Northern Tablelands of NSW, when 

Microlaena grows with white clover (Trifolium repens L.), the productivity of the 

resultant pasture approaches that of an improved pasture (sown to introduced grass 

and legume species and fertilised) (Archer and Robinson 1988; Robinson and Archer 

1988). Microlaena can thrive under conditions of high stocking rates (up to 10 

DSE/ha) and P fertiliser application (Munnich et al. 1991; Garden et al. 2000a, 

2000b).  

Soil water deficit is frequent in environments where Microlaena commonly occurs. 

Microlaena has the ability to survive drought by senescing back to subsurface corm-

like structures (Johnston et al. 2001). Many graziers have commented on the ability 

of Microlaena to be one of the first grasses to resume active growth following a 

drought (Whalley and Jones 1998). This species has been classified as having good 

dehydration tolerance but poor dehydration avoidance (Bolger et al. 2005). In a pot 

experiment that exposed Microlaena to severe water stress, this species was classified 

as having good dehydration tolerance (relative water content (RWC) of 23.7% the 

last surviving leaf) but poor dehydration avoidance (leaves only surviving 11 days) 

(Bolger et al. 2005).  

Perennial grasses are key to both economic and environmental sustainability of 

pastures for the grazing industries in southern Australia (Garden and Bolger 2001). 

These grasses are important for their contribution to animal production as well as 

their ability to persist over a number of years and through periods of drought. Kemp 

and Culvenor (1994) consider survival and rapid recovery after droughts from 

existing perennial grasses may be more important than plant growth during dry 

seasons. 

In the summer-dry environments of south-eastern Australia, the survival of existing 

plants over the summer period is critical to the persistence, and therefore continued 
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production, of perennial grass species (Cullen et al. 2005).  Drought is a 

meteorological event, defined loosely as the absence of rainfall for a period of time 

long enough to cause soil water deficits and damage to plants (Kramer 1980). The 

mechanisms of adaptation to water deficits can be divided into three categories 

(Kramer 1980; Levitt 1980; Turner 1996): 

• drought escape: the ability of plants to complete their life cycles before 

serious soil and plant water deficits develop, eg. annuals set seed to avoid dry 

season; 

• drought tolerance with low plant water potential: the ability of a plant to 

endure periods without significant rainfall and endure low tissue water status, 

i.e. dehydration tolerance; 

• drought tolerance with high plant water potential: the ability of a plant to 

endure periods without significant rainfall whilst maintaining a high plant 

water status, i.e. dehydration postponement. This can be achieved either by 

morphological or physiological modifications that reduce transpiration or 

increase absorption . 

Plants can utilise more than one of these strategies at a time and can  exploit them 

over a range of seasons to cope with stress. 

Dormancy is utilised by a range of temperate perennial grasses to cope with extended 

dry periods. It can be defined as the temporary suspension of visible growth of any 

plant structure (Lang et al. 1987) and is a combination of dehydration tolerance and 

dehydration avoidance. Some introduced perennial pasture species, for example, 

phalaris (Phalaris acquatica L.), survive in dry-summer environments by producing 

dormant buds when temperatures consistently exceed 35 °C (Oram 1983). 

Microlaena cannot be classified as summer dormant because it produces new buds 

and tillers in response to watering, even when soil temperatures are high (Chapter 4). 

It could be classified as being ‘eco-dormant’, a non-specific physiological response to 

generally unfavourable conditions (Lang et al. 1987); in this case, to soil moisture 

deficit, resulting in a temporary cessation of growth. 

In experiments, it is not easy to control all variables. Factors such as light, 

space/competition, nutrients, temperature, rooting depth and water all interact, and to 

control one variable may have an effect on other variables. It is particularly difficult 

to replicate drought conditions in field experiments. An alternative approach is to 

impose drought artificially on plants growing in a glasshouse. The use of the 
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controlled environment of a glasshouse allows for better manipulation of just one 

variable, such as soil moisture. 

There are few detailed studies on the responses of native perennial grasses to water 

stress. A previous field experiment (Chapter 4) indicated that Microlaena is not 

summer dormant but new tiller growth occurs in response to rainfall/irrigation. 

However, little is known about the response of Microlaena to water stress in terms of 

RWC, shoot and root biomass. This chapter reports the results of a glasshouse pot 

experiment that examined the effects of water stress on the growth and development 

of Microlaena. The objective was to test the ability of Microlaena to regrow after 

varying periods of moisture deficit. 

Methods 

Clonal plant material of Microlaena was collected using a corer (40 mm diameter and 

100 mm deep) in an area of 2 m by 3 m, from a Microlaena-dominant native pasture 

at Chiltern (S36°12’, E146°35’) in north-east Victoria, on 25 March 2011. One 

hundred and sixty pots were established each in a 3.9 L free-draining pot (0.5 m deep, 

0.1 m diameter) filled with similar quantities (5.5 kg) of washed river sand. The sand 

had a pH(CaCl2) 6.4, P (Colwell) 7 mg/kg and NO3 3 mg/kg. The pots were fertilised 

bimonthly with 8 g of Aquasol in 10 L water (NPK analysis: 23:4:18 and trace 

elements) (21 April, 30 June, 19 August, 20 October 2011). Prior to the 

commencement of the experiment, herbage was harvested to 25 mm above soil level 

from the pots on three occasions (26 July, 12 September and 20 October 2011). Pots 

were watered from above until they drained freely. The experiment commenced on 

23 November 2011. By the commencement of the experiment, plant roots has 

reached the bottom of all pots. 

Experimental design 

The replicates were stratified on the basis of harvested herbage mass. The experiment 

was laid out in a randomised complete block design with seven replicates. Once the 

pots were laid out in the design, their position remained constant throughout the 

experiment. The five treatments were: ‘non-water’ limiting (watered throughout the 

experiment) and water withheld for 20, 30, 40 and 50 d. Recovery was measured by 

rewatering of water-stressed pots for 10 and 20 d. 
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Measurements 

Temperature 

Hourly air temperature was recorded using a Tinytag Ultra TGU-1500 logger ± 

0.2 °C (Gemini data loggers). The experiment was conducted in a glasshouse at the 

Department of Primary Industries, Rutherglen, under natural light and with 

evaporative air conditioning to modify day and night temperatures.  

Field capacity and wilting point 

Field capacity can be defined as the amount of water that a permeable, well-drained 

soil can hold and is calculated as the percentage of water held in the soil after two 

days of rain or irrigation (Leeper 1964). The soil in the pots was saturated and then 

allowed to freely drain for 48 h; the volumetric moisture content of the pot soil was 

measured at 26% v/v and was considered to represent field capacity (Leeper 1964).  

The air-dried water content of soil used for the pot experiment was determined by 

allowing the soil to equilibrate to the atmospheric vapour water content of the 

glasshouse over the life of the experiment. At the end of the experiment, this soil was 

weighed and this weight represented air-dried water content (3% v/v).  

Pots were weighed on the day of harvest. The volumetric water content of the pot soil 

at the time of harvest was calculated. 

Phenological stage 

The phenological stage of all plants was recorded every 10 days from 23 November 

2011 to 2 February 2012. The phenological categories used were vegetative, stem 

elongation, ear emergence, seed maturity–seed falling and seed fallen. Only the most 

advanced state was recorded.  

Relative water content (RWC) 

The water status of plant tissue can be described in terms of the water content relative 

to the saturated water contents (Kramer 1980).  This is termed RWC and is used as a 

measure of water stress.  RWC was measured on the morning of sampling according 

to the method of Turner (1981). Twenty-five mm samples from six leaves per pot 

were harvested, and fresh weight determined. This leaf material was then floated on 

distilled water for 24 h in a Petri dish in ambient light. The leaf samples were surface 

dried and weighed. Water contents were gravimetrically determined by oven drying 
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of leaves at 70 °C for 48 h, and weighing the dried leaf material. Percent leaf RWC 

was determined on leaf tissues using the standard equation:  

RWC = [(fresh weight-dry weight)/(weight at full turgor-dry weight)] x 100.  

Shoot and root biomass 

Live and senesced tillers were cut to ground level, counted, dried at 70 °C for 48 h, 

weighed and used to calculate live and senesced tiller weight. Senesced tillers were 

defined as those that no longer had any green tissue present. Root biomass was 

determined by washing out roots over a 0.2 mm sieve, drying at 70 °C for 48 h and 

weighing.  

Live and dead corm biomass 

The corm was defined as the short, swollen underground structure from which buds, 

tillers and root growth arose (Figure 3.1; Chapter 3). The live and dead corm material 

was separated, dried at 70 °C for 48 h and weighed. Dead corms were dark in colour, 

dry and brittle (Figure 5.1).  

Live and dead bud number 

Live and dead buds were counted on the day of harvest. Buds were located on the 

ends of the corm and classified as having not yet produced leaf material (Figure 5.2 – 

repeated here for the convenience of the reader). Live buds were defined as being 

white and firm; dead buds were soft and mustard brown in colour (Figure 5.3).  

 
Figure 5.1. Microlaena corms were scored as dead when they were dark in colour, 
dry and brittle. Ruler increments mm. 
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Figure 5.2. Structure of Microlaena plant, where B is bud, C is corm, T is tiller. Ruler 
increments mm. 
 

 
Figure 5.3. Microlaena live buds (a) were defined as being white and firm, whereas 
dead buds (b) were mustard brown in colour and soft. Ruler increments mm. 

 

Statistical analysis 

A Poisson GLMM with the fixed effects of treatment and the random effects of 

block/plot was used to examine the number of live buds, and live and dead tillers.  

A linear mixed model with the fixed effects of treatment and the random effects of 

block/plot was used to examine live and dead tiller weight, root weight, live and dead 

corm weight and RWC. Corm weight and dead tiller weight data were square root 
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and fourth root transformed respectively to normalise the residual distribution and 

ensure that the homogeneity of variance assumption was met. 

All statistical analyses were performed using Genstat v13 (Payne et al. 2010).  

Results 

During the experimental period, average hourly temperature was 24 °C, with a 

minimum of 11 °C and a maximum of 40 °C (Figure 5.4). In the glasshouse, the 

mean daily temperature was within this range for 69% of the experimental period. 

Phenological development proceeded at similar rates across all treatments. Plants 

reached ear emergence, seed maturity–falling and seed fallen during the experimental 

period.  

After 20 days of water stress, the treatments reached consistent soil water content 

(~0.04 cm3 cm–3 soil), and were considered to have reached wilting point (Figure 

5.5). After the appropriate period of water stress, the 20, 30, 40 and 50 day water-

stressed treatments were rewatered to field capacity. 
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Figure 5.4. Daily maximum (�), mean (�) and minimum (�) hourly logged air 
temperature for the glasshouse at DPI Rutherglen over the period of the experiment. 

Horizontal lines indicate the growth range for C3 grasses (10–25 °C). 
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Figure 5.5. Volumetric soil water content (cm3 cm–3 soil) for the period of the 
experiment, dashed lines indicate rewatering of treatments. Data are means ± s.e.  
 

There were differences (P < 0.001) in the RWC between treatments; water stress had 

a marked effect on the RWC of Microlaena leaves. The leaves did not survive drying 

to below 25% RWC (Figure 5.6a). The RWC declined from 83% to 26% after 30 

days without water. Leaf RWC returned to ~82% (similar level to the control 

treatments) when pots were rewatered for 20 days, after both 20 and 30 days of water 

stress (Figure 5.6b). However, no such recovery was evident in treatments that 

experienced periods of longer than 30 days of water stress.  
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Figure 5.6. (a) Leaf relative water content (RWC) with increasing periods without 
water. (b) Change in leaf RWC after 10 and 20 d rewatering for treatments control 
(�), 20 d dry (�), 30 d dry (�), 40 d dry (�), 50 d dry (�). Data are means ± s.e.  
 

The number of live tillers per pot declined (P < 0.001) with the increasing period of 

water withheld. In the control pots, 91% of all tillers were alive. This declined to 20% 

of the total tillers still alive after 40 days without water (Figure 5.7a). After 20 days 

rewatering, no new tillers were produced in the treatments that experienced more 

than 30 days without water (Figure 5.7b).  

Live tiller biomass decreased (P < 0.001) with the increasing period of water stress 

(Figure 5.8a). There was no difference between the biomass of live tillers from 

control (11.5 g) and 20 days (11.6 g) water-stressed treatment. No recovery was 

evident, in terms of live tiller biomass, in pots that experienced greater than 20 days 

without water (Figure 5.8b). After rewatering the 20 and 30 day stress treatments, 

there was a decline in the biomass of live tillers; with the 20 day stress treatment 

having greater live tiller biomass than any of the other treatments. There was a 

marked decline in the biomass of the live tillers after 20 days without water (Figure 

5.8b), from 11.6 g after 20 days stress to 2.0 g after 30 days stress. The greatest 

biomass of senesced tillers was recorded in the 50 days stress treatment, in which all 

tillers present were senesced.  
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Figure 5.7. (a) Change in number of live tillers per pot with increasing periods 
without water. (b) Change in number of live tillers per pot after 10 and 20 d 
rewatering for treatments 20 d dry (�), 30 d dry (�), 40 d dry (�), 50 d dry (�). 
Data are means ± s.e.  
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Figure 5.8. (a) Tiller dry weight (g) per pot with increasing periods without water. (b) 
Tiller dry weight (g) per pot after 10 and 20 d after rewatering for treatments 20 d dry 
(�), 30 d dry (�), 40 d dry (�), with 10 and 20 d rewatering. Data are means ± s.e. 
 

The root biomass of all treatments declined with the period of water stress (Figure 

5.9a). There was no difference (P < 0.001) in the root biomass between the control 

treatment and the 20 days stress treatment; both of these treatments had more roots 

than any of the other treatments. Even after 20 days of rewatering, the root biomass 

had not returned to similar levels as for the control pots (Figure 5.9b). 
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Figure 5.9. (a) Root biomass (g) per pot with increasing periods without water. (b) 
Root biomass (g) after 10 and 20 d rewatering for treatments 20 d dry (�), 30 d dry 
(�), 40 d dry (�), 50 d dry (�), with 10 and 20 d rewatering. Data are means ± s.e. 
 

Corm biomass decreased (P < 0.001) as the water stress period increased; however, 

there was no significant difference between the 20-day stress and the 30-day stress 

treatments (Figure 5.10). The rewatering of 40-day stress treatment led to a decline 

(P < 0.001) in the biomass of the corm (Figure 5.10b). This application of water 

appears to have led to the decay in the corm. 
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Figure 5.10. (a) Live corm weight (g) per pot with increasing periods without water. 
(b) Live corm weight (g) per pot after 10 and 20 d rewatering for treatments 20 d dry 
(�), 30 d dry (�), 40 d dry (�), 50 d dry (�), with 10 and 20 d rewatering. Data are 
means ± s.e. 
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Buds are formed on the ends of the corm and are the part of the plant from which new 

tillers and roots emerge. A decline (P < 0.001) in live bud numbers was observed 

with increasing time after water was withheld (Figure 5.11a). There was no increase 

(P < 0.001) in the number of live buds per pot after rewatering the 20-day stress 

treatments. The rewatering of the 40-day stress treatment led to a decline in the live 

buds per pot from 6.5 to 0.7. A small number of live buds (0.1 per pot) were still 

detected after 50 days of water stress.  

Days after re-watering

0 5 10 15 20 25

0

5

10

15

20

25

Days without water

0 10 20 30 40 50 60

N
u

m
b

e
r 

o
f 

b
u

d
s
 p

e
r 

p
o

t

0

5

10

15

20

25

N
u

m
b

e
r 

o
f 

b
u

d
s
 p

e
r 

p
o

t

(a) (b)

 

Figure 5.11. (a) Number of live buds per pot with increasing periods without water. 
(b) Number of live buds per pot after 10 and 20 d rewatering for treatments 20 d dry 
(�), 30 d dry (�), 40 d dry (�), 50 d dry (�). Data are means ± s.e.  
 

Discussion 

The results provide no evidence of summer dormancy in Microlaena. In this pot 

experiment, when previously stressed plants were rewatered, even under high 

temperatures, new buds and tillers were produced. In the southern Australian 

environments where Microlaena occurs, summer is the mostly likely time of year for 

moisture stress to occur. Lang et al. (1987) defined dormancy as the temporary 

suspension of visible growth of any plant structure. In temperate species, the 

application of non-limiting water in the summer has been used to test dormancy 

(Volaire and Norton 2006). Based on the results of this study, Microlaena can best be 

classified as quiescent, or eco-dormant, because normal growth is prevented by the 

lack of water, not dormancy. 

Under the conditions of this study, in which the plants grew in river sand, our data 

indicates that Microlaena has the ability to withstand relatively short (up to 30 days) 
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dry periods and then recover when rewatered. After 20 days without water, the soil 

had reached wilting point. Only one plant was able to produce new shoots when 

rewatered after a 40-day drought (Figure 5.12). This plant produced tillers from buds 

at 55 mm below the soil surface. Under water deficit applied in pots, Bolger et al. 

(2005) found Microlaena had relatively short leaf survival compared with a range of 

other grass species and does not have any morphological traits, such as leaf shedding, 

rolling, folding or cuticular wax, normally associated with protection from 

dehydration. The short life span of Microlaena leaves may in itself be an adaptation 

to water deficit because it enables the plant to reduce transpiration area rapidly.  

 

 

Figure 5.12. Microlaena plant that had not had water from 23 November to 3 January 
(40 d). Then had been rewatered for 20 d. The bud was located 5.5 cm below the soil 
surface. There were two new tillers arising from this depth. Ruler showing mm. 
 

The conditions of this pot experiment could be considered more severe than those 

that would be observed in the field. The plants were grown in white PVC pots, which 

would have elevated the soil temperatures compared with normal soil temperatures, 

and this may have affected the root growth patterns (Passioura 2006). Under field 

conditions, moisture stress may be imposed more slowly and last longer, and roots of 

well-established plants may have access to stores of water deep in the profile (Pang et 

al. 2011). The coarse nature of the soil used in this experiment meant that there was 

little soil water holding capacity, leading to stress being rapidly applied. Soils in the 

field would contain higher clay contents and have much greater water holding 

capacity. The survival of Microlaena in field situations during periods of moisture 

stress may be related more to its access to soil water than to any adaptation 

mechanism per se. Microlaena is widespread, but often found on southerly and 
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eastern aspects (Allan 1997) along protected gullies, and is commonly found beneath 

tree canopies or in lightly timbered areas (Lodge 1996). No association has been 

found between Microlaena occurrence and soil type (e.g. Munnich et al. 1990, 1991; 

Garden et al. 2000a, 2001; King et al. 2006; Andrew 2008).  

The corm structure in Microlaena plants appears to be more protected from the 

effects of moisture stress than other plant parts measured. The corm may behave as a 

storage organ that allowed the plants to survive dry periods, but not to withstand 

protracted drought. Further research is required to provide a greater understanding of 

chemical composition of the corm and the role WSC may play in drought survival 

and regrowth after moisture stress. 

RWC reflects the dynamic water balance between water flow into and out of the leaf 

tissue. In this experiment, death of leaves was recorded when the RWC fell below 

25%. This result is consistent with the results of Bolger et al. (2005), who reported 

23.7% as the lethal RWC for Microlaena. Microlaena had similar lethal RWC to 

other native C3 grasses, wallaby grasses (Austrodanthonia sp. H.P. Linder) (22.5–

25.9%) (Bolger et al. 2005). However, Microlaena leaves were more drought tolerant 

than the C3 grasses cocksfoot 30.9% (Dactylis glomerata L.) and phalaris 30.9% 

(Phalaris aquatica L.) (Bolger et al. 2005). 

Summer droughts in Mediterranean-like environments of south-eastern Australia can 

be common and are often long and severe. This raises the question of how 

Microlaena can survive these regularly occurring periods of prolonged soil water 

deficit. This study indicates that during drought periods, the tops of plants may die or 

senesce, but new shoots can develop from buds on corms when the plant is rewatered. 

Hence, the corms have the capacity to retain moisture under conditions of prolonged 

soil water deficit. Phalaris is known to have similar mechanisms for regrowth after 

unfavourable climatic conditions (Oram 1983), but to survive, it also requires deep 

roots to maintain contact with moist soil, that is, above the permanent wilting point 

(McWilliam and Kramer 1968). These deep roots provide sufficient moisture for the 

crown and buds to survive, and if severed, result in plant death. In this experiment, 

there were no deep roots and the whole pot dried to the permanent wilting point. This 

suggests there would have been effectively no water supplied to the crown, buds or 

corms prior to rewatering. Those organs survived the dry period on stored moisture. 

However, it is evident that their ability to survive on that stored moisture is finite—

possibly only 20–30 days at permanent wilting point under these artificial conditions. 
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In the field, it is quite likely that this period can be extended because roots would 

have access to moisture deeper in the soil profile. From previous research (Chapter 

3), we know that the majority of Microlaena roots are in the top 0.5 m of soil, 

however roots were detected below 0.9 m. Under field conditions, it is possible that 

like phalaris, Microlaena may rely on some deep roots to extract moisture at depth, 

which keeps the crowns, buds and corms alive in a quiescent state (Ludlow 1989).  

Conclusions 

Microlaena has limited ability to survive prolonged water deficit and is clearly not 

summer dormant. Its survival relies on the function of the corms from which the buds 

arise. 
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CHAPTER 6. Population biology of Microlaena I: 

phenology, seed rain, seed predation and seedling 

recruitment 

Introduction 

The seed stage is an important part of a plant’s life cycle and is the primary 

mechanism for spread of species to new sites and potentially for spread on existing 

sites. Seed production depends upon flowering, successful fertilisation, seed rain and 

dispersal to potential germination sites. Seedlings then have to satisfactorily establish 

and survive to reach maturity. Germination, emergence and survival of a species are 

key life-history stages that ensure persistence of plant populations (Clarke and 

Davison 2004). High seed mortality and low numbers of seedlings produced in many 

species necessitate the production of large amounts of seed (Harper 1977; Crawley 

1992). Causes of seedling mortality include insufficient light, high temperatures 

(Harper 1977), water stress (Gilfedder and Kirkpatrick 1994; Morgan 1995), 

competition (Harradine and Whalley 1980; Morgan 1995; Hitchmough et al. 1996), 

herbivory (Morgan 1995) or any combination of these. Successful establishment in 

grassy ecosystems has been related to decreased competition for resources and 

increased refuge from herbivores (Lodge 1981; Tremont and Mcintyre 1994). In turn, 

these factors may be affected by community structure, amount of herbage and the 

botanical composition of the surrounding pasture. In native pastures on the Northern 

Tablelands of NSW, populations of adult plants are relatively stable and little 

recruitment occurs (Lodge 1981). In general, seedling recruitment within established 

grasslands is frequently low, only occurring sporadically during years with 

favourable moisture and temperature conditions or when disturbances create spaces 

(Briske 1986).  

In many habitats around the world, species of insects, birds and small mammals rely 

on seeds as their main source of energy intake (Davison 1982). Post-dispersal seed 

predators can cause considerable seed losses in a wide variety of plant communities 

(Andersen 1986; Edwards and Crawley 1999; Clark and Wilson 2003; Jacob et al. 

2006). In perennial plant communities, there are poor relationships between the 

amount of seed in seed rain and recruitment of new seedlings (Peart 1989). In sown 

pasture situations, ants are known to remove large quantities of seed (Campbell 1966; 

Johns and Greenup 1976a, 1976b). Microlaena (Microlaena stipoides var. stipoides 



 90 

[Labill.] R.Br.) seed is also known to be removed from bare ground by ants (Clarke 

and Davison 2004). Understanding the predation of seed between seed production 

and seedling recruitment is essential in understanding population dynamics and 

regeneration of plant species.  

Three breeding systems operate in Microlaena: chasmogamy, cleistogamy and 

cleistogenes (Clifford 1962; Edgar and Connor 1998; Groves and Whalley 2002). 

The majority of Microlaena inflorescences contain cleistogamous spikelets 

(fertilisation occurs within closed flowers) with no evidence of apomixis (Clifford 

1962; Edgar and Connor 1998; Groves and Whalley 2002). A minority of 

inflorescences are chasmogamous spikelets (fertilisation occurs in open flowers) with 

the potential for outcrossing (Clifford 1962). 

Previous studies have found that Microlaena seed dispersal is primarily by gravity 

(Groves and Whalley 2002). The awns have an aerodynamic function that orientate 

the dispersal unit in the soil, callus end down (Peart 1984). The backward-facing 

hairs on the callus anchor the seed in the soil, and ensure that the dispersal unit 

remains in an upright position in the soil (Peart 1984). 

Seed dispersal is one of the stages in the population biology of a species that is 

important for many species but is not well understood (Schott 1995; Clark and 

Wilson 2003; Chabrerie and Alard 2005). Seed rain has been defined as the release of 

seed from the parent plant once the seed has matured (Jensen 1998). It can be used as 

an indicator of the reproductive potential of a plant community or species (Page et al. 

2002). If the seeds of a particular species that is present in the vegetation are absent 

from the seed rain, it indicates that the reproductive capacity of the existing 

vegetation is limited, although this may be dependent on the time frame (Page et al. 

2002). It may also indicate that predation of the seeds has occurred prior to seed rain. 

In summary, Microlaena has a seed that seems to rely primarily on gravity for 

dispersal; this suggests most seeds will fall close to the parent plant. Longer distance 

dispersal could be from seeds adhering to the skin or wool of animals. This study 

focused on phenology (when seed was set), seed rain (how much seed was produced 

and where it fell), seed germination, seed predation and seedling recruitment of 

Microlaena in a grazed pasture. The overall aim was to assess the likely importance 

of seeds for the maintenance or spread of Microlaena within swards.  
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Methods 

Study site 

This study site was located at Chiltern (S36°12’, E146°35’) in north-east Victoria, 

within an existing experiment designed to investigate fertiliser application and 

grazing management (Mitchell et al. 2010). The site was an existing native grass 

pasture, and the main component was Microlaena (19% basal cover). Three 

treatments from an existing experiment were utilised (Table 6.1): T1, low fertility (10 

kg ha–1 P every second year), set stocked with three merino ewes ha–1; T2, higher 

fertility (20 kg ha–1 P annually), set stocked with six merino ewes ha–1; and T3, 

higher fertility (20 kg ha–1 P annually), simple four-paddock rotation (two weeks on 

six weeks off, then in spring one week on three weeks off) stocked with six merino 

ewes ha–1 (Table 6.1). Each plot was 3 ha in size. Grazing management treatments 

were imposed from 9 August 2007. 

Soil 

To provide an understanding of the growing conditions, soil cores were collected in 

September 2010 from bare ground within 0.6 m of the seed rain trap. Topsoil nutrient 

concentrations were measured by collecting 30 soil cores, each 20 mm in diameter 

and 0.1 m deep. Soil samples were oven dried at 40 °C for 24 h then analysed 

commercially by CSBP (Bibra Lake, Perth, WA) for pHCaCl2 (Rayment and 

Higginson 1992), nitrate and ammonium nitrogen (Searle 1994), phosphorus and 

potassium by the Colwell method (Rayment and Higginson 1992). The analyses were 

conducted with a measurement accuracy of ±0.15, according to the Australasian Soil 

& Plant Analysis Council (ASPAC) standards.  

A range of soil types (Isbell 1996) exist across the site, including Red Kurosol on the 

upper slopes, Brown Kandosol on the mid-slope and Grey Kurosol on the lower 

slopes; soils (0–0.1 m) across the site are acidic (pHCaCl2 4.2) and low in P (Colwell P 

22.4 mg kg–1) (Table 6.1). 
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Table 6.1. Soil chemical attributes (0–10 cm) from location of 16 plants utilised in 
the seed rain study, where Treatments are: T1, low fertility (10 kg ha–1 P every 2nd 
year), set stocked with 3 merino ewes ha–1; T2, higher fertility (20 kg ha–1 P 
annually), set stocked with 6 merino ewes ha−1; and T3, higher fertility (20 kg ha–1 P 
annually), simple 4 paddock rotation (2 weeks on 6 weeks off, then in spring 1 week 
on 3 weeks off) stocked with 6 merino ewes ha–1. 

Plant Plot Treatment Ammonium 
N (mg kg–1) 

Colwell P 
(mg kg–1) 

Colwell K 
(mg kg–1) 

pH 
(CaCl2) 

1 1 T3 11 9 88 4.2 
2 1 T3 9 9 68 4.2 
3 2 T2 11 16 145 4.1 
4 2 T2 9 30 131 4.1 
5 3 T3 6 41 85 4.3 
6 3 T3 8 35 76 4.3 
7 4 T2 8 22 79 4.4 
8 4 T2 6 38 88 4.5 
9 5 T1 9 11 189 4.3 

10 5 T1 10 9 208 4.2 
11 6 T3 14 14 125 4.2 
12 6 T3 9 32 137 4.1 
13 7 T2 9 47 148 4.2 
14 7 T2 7 23 95 4.1 
15 8 T1 7 11 131 4.2 
16 8 T1 9 11 83 4.1 

 

Phenology 

Phenological stages of Microlaena were recorded approximately fortnightly over an 

18-month period (December 2009 to July 2011). The treatment plants were deemed 

to have reached a phenological stage when 50% or more of the tillers were expressing 

that stage. The stages noted were vegetative, stem elongation, ear emergence, seed 

maturity, seed falling and seed fallen. For ease of presentation, these stages were 

combined into three phases: (i) vegetative, (ii) stem elongation to ear emergence and 

(iii) seed maturity to seed fall. The fortnightly phenological data were then combined 

into the 13 periods, each six weeks long.  

Seed rain 

Two plants per plot (Table 6.1) were selected, utilising two plots from T1 and three 

plots from both T2 and T3. Each plant was isolated by at least 1 m from surrounding 

Microlaena plants. A plant was defined as an individual tuft that had a semi-erect to 

erect habit. Eight seed traps were established around each plant, in four directions 

(north, south, east and west) at distances of 0.3 and 0.6 m from the centre of the plant. 

At the start and conclusion of the study, the plants were characterised for size.  
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Each seed trap consisted of a PVC pipe (0.1 m diameter and 0.15 m deep) that was 

fitted into an augered hole. A funnel was placed in the pipe with the rim of the funnel 

10–20 mm above the soil surface. Mesh was placed over the seed traps to ensure 

grazing animals did not disturb them. At the bottom of the funnel, the seed was 

caught in a finely woven plastic bag (60 mm x 80 mm) (Figure 6.1 and Figure 6.2). 

Bags were placed to ensure that they were not exposed to the soil and were changed 

approximately fortnightly over the study period to reduce seed loss from predation or 

pathogens. Immediately after bags were removed from the funnels, they were 

transported to the laboratory, the contents were dried at 40 °C for 48 h, and the 

number and dry weight of Microlaena seeds in each bag was determined.  

 

 

Figure 6.1. Seed rain trap, consisting of PVC pipe (0.1 m diameter and 0.15 m deep) 
and 0.12 m diameter funnel and finely woven plastic bag (60 mm x 80 mm) attached 
to base of the funnel. 
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Figure 6.2. Seed rain traps surrounding individual Microlaena plant 11 (plot 6). 
 

Seed predation 

To estimate the predation of Microlaena seed within a pasture, a split-split-split plot 

study was used, with exposure (cage, open) as main plot, seed species (phalaris 

[Phalaris aquatica L.], Microlaena) as subplot, month (December, January, February, 

March) as the sub-subplot and day as the sub-sub-subplot, replicated 12 times. 

Phalaris seed was used as a control in this study because this species is known to be 

harvested by ants (Campbell 1966; Johns and Greenup 1976b; Kelman et al. 2002). 

The seed predation method follows that of Johns and Greenup (1976a). Twelve sites 

were established in 1 m by 1 m areas of bare ground between plants adjacent to the 

plots used in the seed rain study. At each site, treatments, caged and open observation 

areas, were randomly allocated to either the east or west of each other. Cages (250 

mm square x 100 mm high; mesh size 2 mm x 2 mm) were placed on the ground and 

were still accessible to ants but excluded birds, rabbits, rodents, grasshoppers and 

large beetles. Within each exposure treatment, seed of phalaris and Microlaena were 

randomly allocated. Seeds within a row were placed 20 mm apart and the rows were 

20 mm apart. Each seed was placed next to a pin, enabling its subsequent removal to 

be detected. On the first morning of each month, a row of 10 seeds of each of the two 

grass species was placed on the soil surface. Counts of the number of seeds found 
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within 20 mm of the respective pin 24 h after placement were made on days 1, 2, 3, 4, 

and 10. Sampling was conducted over four months (December 2010, January 2011, 

February 2011 and March 2011). Missing seed was replaced at the time of each 

observation.  

Seed germination 

To gain an understanding of the germinability of the seed collected, seed was 

germination tested. Microlaena seeds collected during the seed rain study were 

divided into three size classes, based on the weight range of seed collected: small 0 to 

2.8 mg, medium 2.9 to 4.1 mg and large greater than 4.1 mg. Fifty-four large, 51 

medium and 58 small seeds were evenly placed in three 9-cm disposable Petri dishes 

with one sheet of Whatman No 181 filter paper, moistened with 10 ml of distilled 

water. The Petri dishes were placed on an easterly facing windowsill in the laboratory 

during May 2011. The temperature ranged from 13 °C to 22 °C. Seeds were checked 

daily for desiccation and moistened when necessary. Germination was monitored 

daily and germinated seeds removed from the dishes. Seeds were classed as 

germinated when the emergence of the radicle was detected.  

Seedling recruitment 

To estimate the number of seedlings that germinate within a native pasture, four 

transects were established on the same experimental site used for the phenology, seed 

rain and seed predation studies. Each transect was 100 m long and a quadrat (0.3 m x 

0.3 m) was placed on the ground every 5 m along each transect, resulting in a total of 

80 quadrats per sampling date. Within each quadrat, the number of seeds on the 

surface and the number and leaf stage of Microlaena seedlings were recorded. For 

each quadrat, pasture biomass was estimated using a visual assessment technique 

(Haydock and Shaw 1975) and botanical composition was assessed using the dry-

weight rank technique as modified by Jones and Hargreaves (1979). The 

phenological stage of mature Microlaena plants was also recorded, using the 

following categories: vegetative, stem elongation, ear emergence, seed maturity–

falling and seed fallen. Sampling dates were 20 April 2010, 12 May 2011 and 7 

September 2011. 

Statistical analysis 

All statistical analyses were performed using Genstat v13 (Payne et al. 2010). 
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Seed rain 

In this data set of 4,735 counts of seed number, 86% (4,074) were zero. This high 

number of zeros presented some difficulties for data analysis, and so, to examine 

different questions, the data were aggregated in various ways as explained below.  

Effect of distance and direction on seed weight and number 

To determine if seed number and seed weight were affected by distance or direction, 

the data for the whole study period was aggregated to seed numbers per trap. Within 

this data set, there were only four zeros out of 128 data points. A Poisson GLMM 

was fitted to the seed numbers (per trap) with fixed effects of distance + direction and 

random effect of plant. For seed weight (per trap), a linear mixed model was fitted 

with fixed effects of distance + direction and random effect of plant. The seed weight 

data were logarithm (base 10) transformed to achieve normality of the residuals. The 

four zero data points were considered missing values. 

Effect of period on seed weight and number 

Since 86% of the fortnightly seed numbers for each trap were zero, the fortnightly 

seed rain data were aggregated into periods of approximately equal time, each of 

approximately three months long with four periods per year (Table 6.2). After 

aggregation, there were 68 zeros out of 224 data points for each four traps aggregated 

over direction. A Poisson GLMM was fitted to the seed numbers (per period per four 

traps at each distance) with fixed effects of days in period + distance + period and 

random effect of plant.  

Table 6.2. Periods into which the data were divided based on periods 

Period Start date End date Periods Days in period 
1 6-Dec-09 2-Mar-10 Summer 2010 85 
2 3-Mar-10 25-May-10 Autumn 2010 82 
3 26-May-10 31-Aug-10 Winter 2010 96 
4 1-Sep-10 1-Dec-10 Spring 2010 90 
5 2-Dec-10 10-Mar-11 Summer 2011 97 
6 11-Mar-11 31-May-11 Autumn 2011 80 
7 1-Jun-11 13-Jul-11 Winter 2011 42 

 

Differences in the average seed weight (per plant) over the seven periods (Table 6.2) 

were determined using a linear mixed model with the fixed effects as period and 

random effect of plant. Zeros were removed from this data set. To ensure normal 

distribution of the residuals, the seed weight data were log (base 10) transformed.  
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Effect of climate on seed weight and number 

A Poisson GLMM was fitted to examine the effect of climate on seed number (per 

plant per collection period) with fixed effects of DaysInPeriod + mean temperature + 

rainfall + rainfall lag1 + rainfall lag2 and random effect of plant. Total rainfall for 

each of the 37 periods was calculated. Since previous, rather than current, rainfall 

could have affected seed weight and number, two lag periods in rainfall were added 

to this data set. The first lag was one period behind (i.e. rainfall for the period a 

fortnight prior) and the second was two periods behind (i.e. rainfall for the period 

four weeks prior). The original data set of 37 periods was used; there were 320 zeros 

out of 592 data points. 

To examine the effect of climate on log10 seed weight (per plant per collection 

period), periods when no seed was collected were removed from the data. A linear 

mixed model with the fixed effects of days in period + mean temperature + rainfall + 

rainfall lag 1 + rainfall lag 2 + rainfall lag 3 and the random effects as plant was 

fitted. Total rainfall for each of the 37 periods was calculated. Three lag periods in 

rainfall were added to this data set. The first lag was one period behind (i.e. rainfall 

for the period a fortnight prior), the second two periods behind (i.e. rainfall for the 

period four weeks prior) and the third three periods behind (i.e. rainfall for the period 

six weeks prior).  

Effect of soil characteristics on seed weight and number 

Two models were fitted to examine the effects of soil and plant characteristics on 

seed number and average seed weight. Data was aggregated for the 16 plants studied. 

Firstly, a Poisson generalised linear model (GLM) was fitted to total seed numbers 

per plant with explanatory variables of ammonium nitrogen + phosphorus + 

potassium + pH + final plant width + final plant diameter + plant colour. Then, a 

regression analysis was undertaken to examine the effects of ammonium nitrogen + 

phosphorus + potassium + pH + final plant width + final plant diameter + plant 

colour on average seed weight per plant.  

Seed predation 

The collection method resulted in a count of the number of seeds missing of each 

seed species between zero and 10. These data were analysed using a binomial 

GLMM in GenStat (Payne et al. 2010). The full model used fixed effects treatment 

(caged or open)*seed species*month*day and the random effects site/treatment/seed 
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species/month. Non-significant fixed effects were removed from the model. The final 

model used fixed effects of seed species*month + species*day + month*day + 

day*treatment. 

Seed germination 

Seed germination data were analysed using a chi square statistic on the final 

germination percentage for each weight class. 

Seedling recruitment 

The collection method resulted in a count of the number of seedlings per quadrat that 

was analysed using a Poisson GLMM. The full model used fixed effects visual 

estimated biomass + % bare ground + % Microlaena + % live annual + % litter + date 

and the random effects location/quadrat. Non-significant fixed effects were removed 

from the model. The final model used fixed effects of % litter + date. 

Results 

Weather 

There was a contrast between the two summers in which the studies were conducted: 

the second summer was considerably wetter than the first (Figure 6.3). The first 

summer (December 2009 to February 2010) had 113 mm, or fifth decile rainfall, 

whereas the second summer (December 2010 to February 2011) had 475 mm of 

rainfall, or tenth decile. The median long-term cumulative rainfall for summer 

(December–February) for this site is 128 mm, estimated over 115 years data from the 

Datadrill® program, which predicts climate data from given coordinates from 

surrounding weather stations (Jeffrey et al. 2001). The highest average daily 

temperature of 25.3 °C was recorded during January 2010; hence, it is considered that 

conditions would have been favourable for plant growth.  

Phenology 

The seasonal development pattern of Microlaena was evident over the period of the 

study (Figure 6.4): the plants moved from vegetative growth in winter, to stem 

elongation and ear emergence in the spring/early summer, to seed maturity and seed 

fall in the summer and autumn. Microlaena has an indeterminate growth pattern; only 

one period when all plants were vegetative was recorded. Chasmogamous (open) 

flowering was recorded several times during the period of the study (10 November 

2009, 4 November 2010, 9 March 2011 and 24 March 2011). 
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Figure 6.3. Recorded (solid bars) and median (line) rainfall (mm) from December 
2009 to June 2011 (data from automatic weather station located at the site). 
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Figure 6.4. Percentage of Microlaena plants in each of 3 phenological stages: 
vegetative (solid bars); stem elongation–ear emergence (grey bars); seed maturity 
seed fall (open bars) for six weekly periods from December 2009 to July 2011. 
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Seed rain 

At the start of the study, the average width of the Microlaena crowns was 240 mm 

(range of 110–390 mm), and the average breadth was 210 mm (range of 80–280 mm) 

(Table 6.3). The crown is basically circular to ovoid, and two measurements of this 

were seen as more accurate than just one. During the study 80% of the plants 

increased in size. A total of 1,360 Microlaena seeds (12,821 seeds m–2) were 

collected over 18 months from the 128 seed traps.  

Table 6.3. Initial and final widths and breadths (m) of seed rain plants 

Plant Initial width Initial breadth Final width Final breadth 
 4/12/2009 1/09/2011 

1 0.21 0.13 0.25 0.20 
2 0.11 0.08 0.20 0.19 
3 0.26 0.20 0.34 0.23 
4 0.17 0.19 0.24 0.25 
5 0.20 0.16 0.10 0.12 
6 0.29 0.23 0.12 0.12 
7 0.30 0.26 0.26 0.21 
8 0.16 0.14 0.25 0.24 
9 0.24 0.23 0.38 0.20 
10 0.17 0.25 0.24 0.28 
11 0.28 0.28 0.40 0.30 
12 0.39 0.19 0.39 0.36 
13 0.32 0.25 0.32 0.29 
14 0.22 0.24 0.22 0.25 
15 0.30 0.28 0.30 0.39 
16 0.21 0.24 0.31 0.25 

 

Effect of distance and direction on seed weight and number 

Distance from the centre of the Microlaena plant was found to be significant (P = 

0.017): 762 seeds m–2 fell into the 0.3 m and 600 seeds m–2 into the 0.6 m seed traps. 

Direction of collection was found to be non-significant for seed number, allowing 

seed number data to be aggregated for direction. Neither direction nor distance were 

significant for average seed weight.  

Effect of period on seed weight and number 

In both years, the main period of seed production occurred over summer/autumn 

(Table 6.4), and there was a significant (P < 0.001) effect of period on the number of 

seed collected. The greatest numbers of seeds were collected in summer 2011 and 

autumn 2011, and the lowest numbers were collected in spring 2010.   
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There was also a significant (P < 0.001) effect of period on average seed weight: the 

highest average seed weight was collected during spring 2010 and the lowest in 

autumn 2011 (Table 6.4). 

 

Table 6.4. Back-transformed mean of seeds m–2 and seed weight (mg seed–1) 
collected in seed traps for each period. lsd is least significant difference. 

Period Seed number Seed weight (mg) 

Summer 2010 214 (1.04) 2.17 
Autumn 2010 172 (0.95) 2.90 
Winter 2010 168 (0.80) 2.18 
Spring 2010 38 (–2.92) 4.47 
Summer 2011 680 (2.20) 3.17 
Autumn 2011 762 (2.32) 1.75 
Winter 2011 168 (0.80) 2.18 
   
lsd (P = 0.05) (0.87) 1.42 

 

Effect of weather on seed weight and number 

Rainfall during the period of collection had a significant (P = 0.031) negative effect 

on the number of seed collected from each plant (Table 6.5). In contrast, a lag of two 

periods, or approximately four weeks, had a significant (P = 0.037) positive effect on 

the number of seeds collected with seed number increasing with rainfall. No 

association was found between the number of seeds collected and the mean 

temperature. There was no association found between the average seed weight 

collected and either mean temperature or rainfall, even when a lag period was used.  

 



 102 

Table 6.5. Total number of seeds, the mean seed weight (mg) and rainfall for each of 
the 37 seed rain collection periods 

Period starting date Total seed number Mean seed weight 
(mg) 

Rainfall 
(mm) 

23 Dec 2009 53 2.438 7.4 
6 Jan 2010 28 2.032 27.2 

20 Jan 2010 22 2.241 3.2 
4 Feb 2010 3 2.300 11.0 

17 Feb 2010 5 2.100 27.2 
3 Mar 2010 6 2.317 4.0 

17 Mar 2010 5 2.720 39.8 
31 Mar 2010 19 2.611 10.6 
14 Apr 2010 15 3.487 12.2 
28 Apr 2010 32 2.603 14.6 
12 May 2010 27 2.722 4.6 
26 May 2010 28 2.775 23.8 
9 Jun 2010 11 2.882 25.0 

24 Jun 2010 22 2.155 13.0 
6 Jul 2010 9 2.678 20.6 

21 Jul 2010 5 0.820 36.4 
4 Aug 2010 3 0.967 26.4 
1 Sep 2010 1 5.100 74.6 

29 Sep 2010 1 3.900 64.0 
2 Dec 2010 12 2.967 85.2 

16 Dec 2010 97 3.988 62.2 
13 Jan 2011 116 3.367 77.3 
26 Jan 2011 33 2.797 35.0 
9 Feb 2011 39 2.485 124.6 

25 Feb 2011 16 1.950 65.8 
11 Mar 2011 54 1.739 15.6 
24 Mar 2011 36 1.558 1.4 
7 Apr 2011 107 2.129 0.6 

19 Apr 2011 76 2.022 12.8 
5 May 2011 81 1.926 3.4 

19 May 2011 63 2.081 11.2 
1 Jun 2011 52 2.488 13.2 

15 Jun 2011 31 2.765 20.8 
29 Jun 2011 35 1.303 19.0 
13 Jul 2011 17 1.729 63.4 

 

Effect of soil characteristics on seed weight and number 

Of the soil characteristics analysed, only N content was positively related to the 

number of seeds collected in the seed rain traps (P = 0.027). No association was 

found between the average seed weights and any soil (N, P, K, pH) or plant 

characteristics (final plant size). 
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Seed predation 

Averaged over all the sets of observations, only 23% of Microlaena but 94% of 

phalaris seed was removed. From the caged treatment, 62% of seed was removed and 

78% from the open observation treatments, indicating that species larger than ants 

(eg. beetles, birds, small mammals) were also removing some seed. There was no 

interaction between seed type and observation treatment. 

Ants were observed removing the placed seed. Three different species of ant were 

identified in the pasture, namely, Iridomyrmex purpureus, Pheidole sp. and 

Iridomyrmex sp.  

The mean hourly temperatures were 17 °C for December, 23 °C for January, 20 °C 

for February and 20 °C for March (Figure 6.3). Overnight temperature did not fall 

below 7 °C during any of the periods when seed predation was being monitored.  

There was a significant (P = 0.037) interaction between seed species and the periods 

when seed predation was being monitored. In all months, more phalaris seed was 

removed than Microlaena seed (Table 6.6). The two species had different patterns of 

monthly seed removal. The removal of phalaris decreased (P < 0.05) through 

summer, whereas Microlaena had a peak in the removal of seed in February. 

Table 6.6. Back-transformed mean of percentage of Microlaena and phalaris seed 
removed over four months. Modelled predicted means in parenthesis (lsd (P = 0.05) 
= 0.86) 

Species December January February March 
Microlaena 26 (–1.0) 26 (–1.0) 37 (–0.5) 24 (–1.1) 
Phalaris 97 (3.5) 95 (2.9) 95 (2.9) 80 (1.4) 

 

Counts of the number of seed present were made on day 1, 2, 3, 4 and 10. A 

significant (P < 0.001) interaction between treatment and day was found. The greatest 

difference between the cage and open treatment occurred on day 4. There was no 

significant difference between the treatments on either day 2 or day 3 (Table 6.7). By 

day 10, more seed had been removed from the open observation treatments. The 

small difference in seed removal between the open (62%) and caged (54%) 

treatments indicated that small insects were carrying out the majority of seed 

removal.  
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Table 6.7. Back-transformed mean of percentage of seed removed from each 
treatment (cage and open) over a period of 10 days. Modelled predicted means in 
parenthesis (lsd(P = 0.05) = 0.71) 

Treatment Day 1 Day 2 Day 3 Day 4 Day 10 

Cage 49 (–0.03) 57 (0.28) 61 (0.45) 57 (0.29) 81 (1.4) 
Open 65 (0.63 ) 59 (0.38) 68 (0.79) 78 (1.3) 96 (3.2) 

 

Seed germination 

The average germination percentage was 34%, and the seed weight classes accounted 

for 95% of the variance (P = 0.099) (Figure 6.5). 
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Figure 6.5. Germination percentage (after 20 days) of Microlaena seed collected in 
seed rain traps, where small < 28 mg, medium 29–41 mg and large > 41 mg seed 
sizes. Data are means ± s.e.  
 

Seedling recruitment 

The phenological stages of the Microlaena plants varied among the sampling dates 

(Figure 6.4). In April 2010, 62% were vegetative, by May 2011, 97%, and by 

September 2011, 100%.  

Over the three sampling dates, seedlings were recorded in 21% of quadrats (Figure 

6.6). However, there were 13 quadrats that had seedlings recorded on more than one 

occasion. One quadrat had seedlings recorded at all three sampling dates. 
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Figure 6.6. Combined frequencies for all three sampling dates of the number of 
seedlings observed per quadrat. 
 

The state of the pasture varied across sampling times, from low to high biomass (kg 

DM ha–1), proportion of bare ground and litter cover (Table 6.8). More (P < 0.001) 

seedlings were recorded in September 2011 than in the other two sampling times. 

Very few seedlings were found in April 2010 (12 seedlings or 1.7 seedlings m−2) or 

May 2011 (16 seedlings or 2.2 seedlings m–2), compared with September 2011 (78 

seedlings or 10.8 seedlings m–2). The seedling leaf stage indicated that at each 

sampling time, only one cohort of seedlings were recorded. The number of seeds 

observed on the soil surface also varied among the sampling times: fewer (P < 0.001) 

seeds were observed during the September sampling time than in the other two 

sampling times.  

Table 6.8. For each sampling date, back-transformed mean seedlings per quadrat 
(predicted mean; lsd (P = 0.05) = 0.71), back-transformed mean number of seed per 
quadrat (predicted mean; lsd (P = 0.05) = 0.70), calibrated estimate of DM present 
(kg ha–1), visual estimates of bare ground and litter. Data represent mean ± standard 
deviation 

Sampling 
date 

Mean 
seedlings 

Mean number 
of seeds 

Dry matter  
(kg ha–1) 

Bare ground 
(basal cover 

%) 

Litter  
(basal cover 

%) 

April 2010 0.07 (–2.68) 2.47 (0.90) 1480 ± 1136 4 ± 7 58 ± 26 
May 2011 0.13 (–2.07) 0.06 (–2.81) 3764 ± 1633 0 46±19 
Sept 2011 0.66 (–0.42) 0.00 (–20.41) 2676 ± 1825 0 18±16 
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Discussion 

Phenology 

Three breeding systems operate in Microlaena: chasmogamy (fertilisation occurs in 

open flowers), cleistogamy (fertilisation occurs within closed flowers) and 

cleistogenes (produced from the axillary buds at the lower nodes of the flowering 

culm) (Clifford 1962; Edgar and Connor 1998; Groves and Whalley 2002). 

Cleistogamous florets produce only two tiny anthers, whereas chasmogamous florets 

produce four large anthers (Groves and Whalley 2002); therefore, the production of 

cleistogamous florets require less energy. Due to the problems of identifying 

flowering per se in Microlaena, in the series of studies described in this chapter, the 

phenological classes used were vegetative, stem elongation, ear emergence, seed 

maturity, seed falling and seed fallen. Boschma et al. (2003a) recorded vegetative, 

stem elongation and flowering as the phenological stage in an experiment that 

contained six perennial grasses. They do not define flowering. In the other five 

grasses, the identification of flowering may not have been an issue because anther 

and stigma would have been present during this flowering.  

In northern NSW, flowering in Microlaena started in mid-October (Boschma et al. 

2003a), whereas in this study in northern Victoria, approximately 1,000 km south, ear 

emergence commenced in early November. The northern study only identified the 

start of flowering, but it would be reasonable to assume that the patterns described 

here would follow from ear emergence in other environments. The time taken from 

ear emergence to seed maturity was 28 days and then another 55 days before seed fall 

was at a maximum. After the initial cohort of flowering and seed set, ear emergence 

continued intermittently for 113 days. This may be a consequence of plants receiving 

the appropriate photoperiod that initiates reproductive development. The precocious 

flowering of Microlaena during summer would appear to indicate that this species has 

the capacity to produce inflorescences quickly in response to environmental triggers, 

especially availability of soil moisture.  

The frequency of chasmogamous (open) flowering during the study was far greater 

than expected. During the study, chasmogamous flowering was recorded four times, 

in the November of both years and then twice in March of the second year. Previous 

literature has recorded chasmogamous flowering as infrequent in Microlaena 

(Clifford 1962; Edgar and Connor 1998; Groves and Whalley 2002; Davies et al. 

2005). Our study indicates that the possibility of outcrossing in populations of 
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Microlaena may be higher than previously recorded. The trigger for the production of 

chasmogamous flowers is not understood (Whalley and Jones 1997); however, in 

northern NSW, chasmogamous flowers may be produced after hot, dry weather and 

are not produced every year (W Whalley, pers. comm.). Preliminary exploration of 

both rainfall and temperature data could not provide any correlation for the 

occurrence of these events. The proportion of chasmogamous and cleistogamous 

flowers produced by an individual plant is an extremely plastic trait susceptible to 

modification by a large number of environmental factors, including soil moisture, soil 

fertility, humidity, photoperiod, light intensity, plant density and grazing (Clay 1982). 

The ability of plants to respond to environmental signals represents a mechanism for 

fitting the plant’s growth patterns to seasonal changes (Heide 1994). It is thought that 

the flexible breeding system of Microlaena has enabled it to occur in a wide variety 

of habitats (Whalley and Jones 1998). The plants at this site in northern Victoria may 

have more cleistogamous flowers because the environment is more variable over 

summer than the Northern Tablelands of NSW, where summer rain is more 

consistent. Huxtable (1990) reported that there appeared to be a genetic component to 

the production of either cleistogamous or chasmogamous florets, and a higher 

proportion of some accessions produce chasmogamous florets.  

The majority of seed production in Microlaena is from cleistogamous florets 

(Whalley and Jones 1998). These progeny are locally fit and adapted to the prevailing 

conditions. The seed produced from the chasmogamous florets may act as an 

insurance policy for potential changes or changing environmental conditions. 

Fitzgerald et al. (2011) reported that there was more variability at the molecular 

genetic level in Microlaena under conditions in which environmental stresses were 

greater than those with fewer stresses.  

Seed rain 

Much of the seed produced by Microlaena plants fell close to the parent plant, re-

enforcing the role of gravity as the main method of dispersal for this species (Groves 

and Whalley 2002). Seed yields were substantial (mean of 800 seeds m–2), although 

considerably variable among locations. When low rates of seed fall were measured, it 

was not likely that this was due to more seed falling closer to the parent plant than the 

seed traps, but a simple consequence of a lower density of flowering tillers. The basal 

size of the plants in this study was variable and may be indicative of the variability in 

flowering tiller densities per plant. In nursery-grown material that was collected in 
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WA and NSW, Davies et al. (2005) found a large range in the number of flowering 

tillers per plant (11 to 59). The total seed yield varied considerably, from 1 to 90 kg 

ha–1. This was from a pasture that was managed for grazing throughout this study. In 

monocultures of Microlaena managed for seed production, seed yields from breeders’ 

seed blocks range from 290 to 2,200 kg ha–1 (Cole and Johnston 2006), depending 

upon ecotypes, irrigation and fertiliser applied. Competition, grazing and soil 

conditions affect potential seed yields.  

The period over which seed rain occurred was longer than expected. In only two of 

the 37 sampling dates, no seed was collected. The indeterminate flowering nature of 

the species would explain this result. There were two distinct periods of high seed 

rain: early summer and early autumn. One implication of this is that the 

determination of the optimal harvest time for commercial quantities of Microlaena 

seed could be problematic. However, there may be the potential to harvest multiple 

seed crops per year from Microlaena. 

The positioning of the seed rain traps was based on the likely inflorescence length of 

136–300 mm (Lamp et al. 1990; Anon. 1995; Sharp and Simon 2002; Jacobs et al. 

2008). Therefore, the design of the study was based on 0.6 m exceeding the greatest 

inflorescence length. If this study were to be repeated, some seed traps would be 

placed at a greater distance from the centre of the parent plant. Hence, the placement 

of traps may have led to an underestimate of the amount of seed produced per plant 

because seed may have fallen more than 0.6 m from the base of the parent plant. 

Mean seed yields from the 0.6 m seed traps were 600 seeds m–2. Ideally, the seed rain 

traps at the greatest distance from the plant should not have any seed fall into them. 

In this study, a relationship was found between rainfall and the number of seeds m–2 

collected, but not the weight of the individual seeds collected. This may reflect that in 

the wet years, all the seed reached its maximum size.  

Nitrogen was the only soil nutrient that affected the quantity of seed collected; 

however, it did not affect the average seed weight. Chivers and Aldous (2005) 

achieved higher seed yields (47.5 g/plant) following two applications of 125 kg of 

urea (46% N). These urea applications would have resulted in soil N levels much 

greater than those in the soils at the experimental site. Hence, in grazed pastures, it is 

unlikely that these high seed yields could be achieved.  
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Seed predation 

In a 24-h period during peak seed production, up to 30% of Microlaena seed was 

removed from a pasture, primarily by a small predator. It was observed that some 

Microlaena seed was removed from the lemmas. Microlaena seed is known to be 

taken by ants from the soil surface and that seed burial significantly enhances 

seedling emergence (Clarke and Davison 2004). The awn on Microlaena seeds has no 

role in seed burial because the awns are not hygroscopic (Groves and Whalley 2002) 

and functions to ensure the dispersal unit lands with the callus end down (Peart 

1984). The backward-facing hairs on the callus anchor the seed in the soil, and ensure 

that the dispersal unit remains in an upright position in the soil (Peart 1984). It is 

likely that water preferentially enters seeds through the callus of seeds which have a 

hairy callus and stand upright in the soil (Paterson 2011). Such seeds then have more 

rapid germination than seeds of the same species that are lying flat on the surface of 

the soil (Paterson 2011). 

Phalaris seed was used as a control in this study because high levels of seed 

harvesting by ants has been reported (Campbell 1966; Johns and Greenup 1976b; 

Kelman et al. 2002). Phalaris seed is smaller than Microlaena seed; phalaris has a 

seed weight of 1.7 mg compared with 2.5 mg for Microlaena. The presence of 

phalaris seed may have been an attractant to predators and therefore increased the 

losses of the Microlaena seed. Alternatively, it may have decreased the losses of 

Microlaena seed because the phalaris seed was preferred by the ants. Nonetheless, 

these results indicate that Microlaena was less attractive than phalaris but still subject 

to considerable predation. 

In this study, the range of temperatures over the four months was limited (14 °C 

range in mean air temperature); therefore, it would be unlikely that any effect of 

temperature on seed removal would be detected. Other studies, for example, that of 

Johns and Greenup (1976a), have found positive relationships between temperature 

and seed predation. Their 15-month study had a range of mean air temperatures from 

5 °C to 25 °C. Andersen (1986) found that ant activity is strongly seasonal and that 

removal rates could vary with the time of year. The percentage of seed removed in 

March, only 50%, was lower than at any other period measured. This may be related 

to the life cycle and forage behaviours of the predator rather than to the weather. The 

production of seed by other preferred species may have reduced the removal of the 

placed seeds.  
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Seed germination 

Germination recorded in this study was lower than expected, but this may be due to 

the small sample size or some dormancy effects that require further investigation. 

Whalley (1987) found that freshly harvested seed will not germinate immediately and 

is dormant to some extent. However, low seed dormancy and high germination 

percentages (> 80%) have been observed in a number of other studies (Johnston et al. 

1998; Clarke and Davison 2004; Clarke and French 2005; Clarke et al. 2007). 

Enclosing structures, such as the lemma of Microlaena, are known to inhibit 

germination (Lodge and Whalley 1981); therefore, in a number of germination 

studies, naked caryopses have been used (Clarke et al. 2000; Clarke and French 

2005). Prior to this study, intact Microlaena seeds were stored at room temperature 

between sampling and germination for a period of approximately three months. This 

storage time may have reduced the dormancy. Clarke et al. (2000) stored seed for 

three to six months to ensure dormancy was broken and achieved 100% germination 

in Microlaena. The time from actual seed formation to when the germination test is 

conducted is critical in understanding the dormancy in Microlaena. Germination 

percentages calculated in the laboratory are expected to be higher than emergence 

rates in the field. For example, Clarke and Davison (2004) found a reduction of 21% 

between laboratory and field germination of Microlaena. Hence, a low emergence 

rate in the field could be expected, since in the laboratory a germination rate of only 

34% was achieved. 

Seedling recruitment 

The extent to which seedling recruitment occurs in Microlaena populations is not 

known. This is especially the case because Microlaena can spread vegetatively via 

stolons and tillers (Chapter 3). The vegetative mechanisms for spread may be more 

responsive to seasonal conditions than the production of seed. There may be a lag 

time of several months between tiller initiation and flowering. 

Microlaena seedlings were found throughout the study area, indicating that 

recruitment does occur at modest densities of five seedlings m–2. Some general 

conclusions can be drawn from where Microlaena seedlings were found. Seedlings 

were not found on bare ground; rather, they occurred in areas that had a covering of 

litter, primarily composed of dead annual grasses. In May and September 2011, 

extensive aerial tillering was observed. This may be because of the higher biomass 

present. A seed source, or mature plant, needs to be close by—no more than 0.15 m 
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away. This distance is closer than was used for the traps in the seed rain study, 

indicating length of the seed culms may not be a primary determinate of seed fall. 

More research is required to understand the mechanism for seed distribution. 

In studies that have examined native grass seedling survival, results indicate less than 

2% seedling survival (Lodge and Whalley 1981; Virgona and Mitchell 2011). 

Although the seedlings in this study were not followed to determine survival, it is 

anticipated that survival rates would also be low. Reed et al. (2008) sowed 

Microlaena, laboratory germination tested at 45%, at seven sites. They reported the 

Microlaena was slow to establish but it did achieve an establishment rate of 15% (56 

seeds m–2). These rates of establishment are probably due to good seedbed 

preparation and limited weed competition. The question is then raised as to the fate of 

established seedlings.  

These results indicate that in north-east Victoria, Microlaena seedling recruitment 

could occur in either autumn or spring. There is no published data on the time of the 

year that seedling recruitment occurs in Microlaena. In the LIGULE native grass 

experiments, recruitment was recorded in summer in only one year (summer 1997–

1998) (Johnston et al. 1998), but these seedlings may have germinated in the spring. 

Seedling recruitment was recorded for one accession at all sites, whereas recruitment 

was not as consistent across sites for the other accession (Johnston et al. 1998). There 

are many factors that can have an effect on the recruitment of seedlings. 

Conclusions 

Ear emergence commenced in early November, after the first wave of flowering and 

seed set, and then continued intermittently for 113 d. The precocious flowering of 

Microlaena over summer would appear to indicate that it could produce 

inflorescences quickly in response to environmental triggers, especially soil moisture 

availability.  

Seed yields were substantial (mean of 800 seeds m–2), although there was 

considerable variability between plants. There were two distinct periods of high seed 

rain: early summer and early autumn. Microlaena seed rain occurred over a long 

period; the indeterminate flowering nature of the species would explain this result.  

In a 24-h period during peak seed production, up to 30% of Microlaena seed can be 

removed from a pasture. Microlaena does recruit, albeit at modest levels (five 

seedlings m–2), which occurs in either autumn or spring in north-east Victoria.  
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CHAPTER 7. Population biology of Microlaena II: 

germinable soil seed bank 

Introduction 

Grazed pastures that are dominated by native grasses occupy around 22% of 

agricultural land in the high rainfall zone of south-eastern Australia (Hill et al. 1999). 

Microlaena (Microlaena stipoides var. stipoides [Labill.] R.Br.) is a common species 

in such pastures (Garden et al. 2001). It is a tufted C3 perennial grass with a short 

rhizome (Simon 1990) that can produce highly digestible green growth year round 

(Langford et al. 2004). Pastures that contain a high proportion of Microlaena are 

considered stable in terms of basal cover under a range of grazing management 

strategies over a number of years (Garden et al. 2000b; Ridley et al. 2003). 

Soil seed banks play an important role in plant population dynamics and community 

structure (Fenner 1985; Teo-Sherrell et al. 1996). They serve as pools of genetic 

material that act as a population buffer against adverse climatic conditions. Seed 

banks can be composed of seed that is produced in situ, or seed that originates from 

elsewhere, for example, via wind, water or animals (Harper 1977). Seed in the seed 

bank is continually added to by seed rain and thus represents past and present 

vegetation of the area and surrounding areas (Harper 1977). Seed can be lost from the 

seed bank by predation, old age or loss of viability, soil pathogens, fungal attack, 

decay or germination. The total number of seeds in the seed bank may be classed as 

being either dormant or germinable (Lodge 2001). Dormant seeds form the long-term 

store and contribute to the germinable seed bank as dormancy breaks down.  

Germination, emergence and survival of a species are key life-history stages that 

ensure persistence of plant populations (Clarke and Davison 2004). There is a paucity 

of published information on both the size and the composition of germinable seed 

banks in native pasture communities in the high rainfall zone of southern Australia. 

Indeed, there have only been three published studies (Gilfedder and Kirkpatrick 

1993; Friend et al. 1997; King et al. 2006) that have investigated seed banks in 

pastures that contain Microlaena. In a pasture containing 18% Microlaena, King et al. 

(2006) found no perennial grass seedlings of any species germinated over an eight-

month period. The seed bank was dominated by annual grasses (72%) and legumes 

(20%). These authors estimated the seed bank using intact cores that were regularly 

watered and placed in the open. These results are not a true measure of the 
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germinable seed bank because they do not measure the total number of dormant 

seeds, and these conditions may not have been ideal for the germination of perennial 

grass seedling, including Microlaena. In addition, the soil cores were only monitored 

for eight months after sampling, and this too may limit the number of seedlings and 

range of species found. King et al. (2006) were surprised by the complete lack of 

perennial seedlings and suggest that the results may be a reflection of prior dry 

seasonal conditions that led to reduced seed production, as well as rapid seed losses 

to pathogens or other predators. Friend et al. (1997) used the same method as King et 

al. (2006) and found that although Microlaena represented 6% and 8% of the total 

pasture herbage mass in a two-year study, only 24 and 8 seedlings m–2 of Microlaena 

germinated from a seed bank dominated by annual grasses and broadleaf species, 

sedges and rushes. Friend et al. (1997) concluded that Microlaena does not persist in 

seed banks. Gilfedder and Kirkpatrick (1993) also found no seedlings of Microlaena 

when they evaluated the germinable soil seed bank of a native pasture in Tasmania. 

The methodology used gave a good estimate of the germinable seed bank. Like 

Friend et al. (1997), they found the seed bank contained a low proportion of perennial 

species and was dominated by annual grass and broadleaf species. The studies done 

were often only from limited sampling and did not cover a wide variation in seasonal 

conditions. 

Within a pasture, Microlaena seed yields can be substantial (mean of 800 seeds m–2) 

but seed germination may be low (34%) (Chapter 6). Microlaena does recruit, albeit 

at modest levels (five seedlings m–2), which occurs in either autumn or spring in 

north-east Victoria (Chapter 6). This raises the question as to the potential of 

Microlaena to regenerate from the seed bank. An understanding of the soil seed bank 

is required to understand more about the population biology of this species.  

A glasshouse study was conducted to investigate the germinable seed bank of 

Microlaena. Samples were collected from a grazed Microlaena pasture over two years 

with contrasting seasonal conditions, in high rainfall (600–800 mm year–1) 

permanent, typical native, pastures in southern NSW and northern Victoria. The aim 

of this experiment was to improve our understanding of the quantities of germinable 

Microlaena seed that are present in the soil. 
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Methods 

Site description 

Samples were sourced from a native grass pasture site located at Chiltern (S36°12’, 

E146°35’) in north-east Victoria, where the main component was Microlaena (19% 

basal cover and 40% of DM). The existing pastures were dominated by grasses 

(Table 7.1). Botanical composition and herbage was recorded using the BOTANAL 

procedure (Tothill et al. 1992) using calibrate estimated of herbage mass as described 

by Lodge and Garden (2000). Sampling was conducted on 15 July 2010. In terms of 

per cent DM, the main components of the pasture were sweet vernal grass 

(Anthoxanthum odoratum L.) (26% DM), silver grass (Vulpia sp. K.C. Gmel.) (8% 

DM), pigeon grass (Setaria sp. P.Beauv.) (8% DM), wallaby grass (Austrodanthonia 

sp. H.P. Linder) (5% DM), fog grass (Holcus lanatus L.) (4% DM), spear grass 

(Austrostipa sp. S.W.L.Jacobs & J.Everett) (4% DM), sorrel (Acetosella vulgaris 

Fourr.) (4% DM) and subterranean clover (1% DM). Broadleaf and sedge species 

were present at the site, including flat weed (Hypochaeris radicata L.), stork’s bill 

(Erodium cicutarium [L.] L’Her. ex Aiton), capeweed (Arctotheca calendula 

]L.] Levyns), mouse-eared chickweed (Cerastium fontanum Baumg.), sorrel, dock 

(Rumex sp.), tall sedge (Carex appressa R.Br.), knob sedge (Carex inversa R.Br.), 

thatch saw-sedge (Gahnia radula (R.Br.) Benth.) and common rush (Juncus usitatus 

L.A.S. Johnson). The site had low legume content, with main legume being 

subterranean clover (Trifolium subterraneum L.). 

Table 7.1. Botanical composition (DM (%) contribution to above-ground vegetation) 
of site from which the soil seed-pool was sampled 

Date Microlaena Grass Broadleaf Sedge Legume 
Total biomass  
(kg DM ha–1) 

15-Jul-10 59.3 32.8 2.8 4.6 0.5 2,624 
4-May-11 71.2 20.2 6.2 0.0 1.6 2,649 

 

Seed bank samples were collected from within an existing experiment that imposed 

three treatments: T1, low fertility (10 kg ha–1 P every second year), set stocked with 

three merino ewes ha–1; T2, higher fertility (20 kg ha–1 P annually), set stocked with 

six merino ewes ha–1; and T3, higher fertility (20 kg ha–1 P annually), simple four-

paddock rotation (two weeks on six weeks off, then in spring one week on three 

weeks off) stocked with six merino ewes ha–1 (Table 6.1). Grazing management 

treatments were imposed from the 9 August 2007.  
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Soil 

Soil cores were collected in September 2010, from bare ground within 0.6 m of the 

seed rain trap. Topsoil nutrient concentrations were measured by collecting 30 soil 

cores, each 20 mm in diameter and 0.1 m deep. Soil samples were oven dried at 40 

°C for 24 h then analysed commercially by CSBP (Bibra Lake, Perth, WA) for pH 

(Rayment and Higginson 1992), nitrate and ammonium nitrogen (Searle 1994), and 

phosphorus and potassium by the Colwell method (Rayment and Higginson 1992). 

The analyses were conducted with a measurement accuracy of ±0.15, according to 

the ASPAC standards.  

A range of soil types (Isbell 1996) exist across the site, including Red Kurosol on the 

upper slopes, Brown Kandosol on the mid-slope and Grey Kurosol on the lower 

slopes. Soils (0–0.1 m) across the site are acidic (pHCaCl2 4.2) and low in P (Colwell P 

22.4 mg kg–1) (Table 6.1). 

Field sampling 

Field sampling was conducted over two years. An area of approximately 1 m2 around 

16 plants was sampled, and 24 cores (50 mm diameter and 50 mm depth) were 

collected and bulked on 15 July 2010 (Yr 1) and 4 May 2011 (Yr 2). Two plants per 

plot were selected; two plots were utilised from T1 and three plots from both T2 and 

T3, and each plant was isolated by at least 1 m from surrounding Microlaena plants 

(Table 6.1). A plant was defined as an individual tuft that had a semi-erect to erect 

habit. The same plants were used in the seed rain and phenology studies (Chapter 6). 

Bulked soil samples were dried at 40 °C for 48 h, and sieved to remove gravel and 

remaining plant material. The samples were then sieved through a coarse (3.35 mm) 

and fine (0.250 mm) sieve (Ter Heerdt et al. 1996). Each sample was divided into 

four and placed on germination trays, which were randomly allocated to four 

replicated blocks (RCB design) to account for variation in temperature and light 

within the glasshouse. 

Seasonal conditions during period of seed production 

The main period of seed set in this environment is over late spring–summer, from 

November to February (Chapter 5), which has an average rainfall of 179 mm 

(estimated over 115 years data using the Datadrill® program that predicts climate 

data from given coordinates from surrounding weather stations [Jeffrey et al. 2001]). 

The seasonal conditions were very different during the two summers prior to 
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sampling. In the period prior to the first soil collection, 180 mm (fifth decile) of 

rainfall was received from November to February and the mean temperature was 

23 °C. However, in the second season (November 2010 to February 2011), conditions 

were cooler and wetter prior to the sampling, with rainfall of 599 mm (tenth decile) 

and a mean temperature of 21 °C. 

Seed germination 

The soil samples were spread evenly over seed-raising flats containing sand and peat 

mix (2:1) with a layer of vermiculite. The soil samples were maintained in a 

glasshouse at the Department of Primary Industries (DPI), Rutherglen, under natural 

light and modified day and night temperatures. Hourly temperature was recorded 

using a Tinytag plus logger (Gemini data loggers). The temperature ranged from 17 

to 37 °C in summer and 6 to 24 °C in winter (Table 7.2). To ensure that the soil was 

kept moist, black plastic was topped with a layer of capillary mat (GO fabric), and 

then permeable weed mat and the trays were placed on a layer of vermiculite (Figure 

7.1). Plastic tubes with holes were placed down three sides of the table to keep the 

weed mat moist.  

Table 7.2. Maximum, minimum, mean logged hourly air temperatures (°C), start and 
finish dates for each germination cycle 

Cycle Start date Finish date Cycle length 
(days) 

Minimum 
temperature 

Maximum 
temperature 

Mean 
temperature 

Yr 1 
1 27-Jul-10 23-Sep-10 58 1.6 31.8 16.7 
2 15-Oct-10 26-Nov-10 42 8.0 39.9 22.5 
3 4-Jan-11 16-Feb-11 43 10.6 42.0 23.8 
4 1-Mar-11 12-Apr-11 42 8.3 35.7 20.4 

       
Yr 2 

1 16-May-11 27-Jun-11 42 1.6 31.4 11.5 
2 26-Jul-11 6-Sep-11 42 1.8 32.2 13.5 
3 21-Sep-11 2-Nov-11 42 5.1 33.9 18.1 
4 22-Nov-11 3-Jan-12 42 9.0 38.5 22.3 
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Figure 7.1. Layout of glasshouse showing black plastic topped with a layer of 
capillary mat (GO fabric), then permeable weed mat, and the trays on a layer of 
vermiculite. 
 

The samples were kept moist for periods of between 42 and 58 days (Table 7.2). 

Germinated seedlings were removed, identified and classified into the following 

groups: Microlaena, broadleaf species, sedges, grasses (both annual and perennial) 

and legumes. At the end of each germination cycle, remaining seedlings were 

counted and water withheld. The dry soil samples were thoroughly mixed and 

rewatered to initiate another cohort of germination. There were five cycles of 

germination in each year. 

Seed rain 

To determine if there were links between seed bank and seed rain, a subset of seed 

bank data was utilised in the data analyses. Total Microlaena seed number (seed m–2) 

and total seed weight (mg m–2) for Yr 1 were from the period 6 December 2009 to 6 

July 2010, and Yr 2 from 7 July 2010 to 19 April 2011. 

The same 16 plants around which seed bank samples were collected were utilised in 

the seed rain study. Eight seed traps were established around each plant, in four 

directions (north, south, east and west) at distances of 0.3 and 0.6 m from the centre 

of the plant. Bags on the seed traps were changed approximately fortnightly over the 
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study period to reduce seed loss from predation or pathogens. Immediately after bags 

were removed from the funnels, they were transported to the laboratory and dried at 

40 °C for 48 h, and the number and dry weight of Microlaena seeds in each bag 

determined. For full details on design and measurements for the seed rain study, 

please refer to Chapter 6. 

Statistical analysis 

Seedling counts were aggregated on a per plant basis. For each seed bank study, 

relationships between seedling counts for each group, plant soil characteristics, plant 

size and seed rain data were determined with correlation analysis. Statistical analyses 

were undertaken using Genstat V13 (Payne et al. 2010). 

Results 

In the first seed bank study (Yr 1), in which Microlaena seedlings only germinated in 

Cycle 1, a total of 13 seedlings was recorded. Overall, Microlaena represented only 

0.05% of the total germinable seed bank (Table 7.3). The first germination cycle had 

the most seedlings emerge (39%). Soil from around only four plants produced 

seedlings (plants 1, 3, 4 and 14).  

In the second study (Yr 2), Microlaena seedlings were recorded in three of the four 

cycles, although most (85%) of the seedlings emerged in the first cycle. Overall, 34 

Microlaena seedlings germinated, which represented only 0.11% of the total 

germinable seed bank (Table 7.3). Most seedlings (78%) germinated during the first 

cycle. Microlaena seed was present in the seed bank around seven of the 16 plants 

sampled (plants 1, 3, 4, 9, 11, 12 and 14). The total germinable seed bank was 

dominated by the broadleaf (35%, 22%), sedge (35%, 43%) and grass (29%, 32%) 

species in Yrs 1 and 2 respectively (Table 7.3).  
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Table 7.3. Total seedlings m–2 emerged for each group within the seed bank over four 
germination cycles 

Cycle Microlaena Grass Broadleaf Sedge Legume Total 

  Yr 1   
1 276 102,687 53,964 45,476 276 202,679 
2 0 19,608 26,101 2,504 361 48,574 
3 0 22,749 68,840 24,828 3,183 119,600 
4 0 4,732 29,051 107,928 2,780 144,491 

Total 276 149,775 177,956 180,736 6,600 515,344 
       
  Yr 2   

1 615 152,937 96,724 278,288 212 528,776 
2 42 24,064 31,598 106 14,939 70,750 
3 0 22,579 8,891 658 2,631 34,759 
4 64 17,719 12,520 87,00 446 39,449 

Total 722 217,300 149,733 287,752 18,229 673,735 
 

Correlation coefficients for the relationships between the number of seedlings that 

germinated in the Yr 1 seed bank study, soil characteristics from around the 16 

original plants, and the number and weight of Microlaena seed from the seed rain 

study are presented in Table 7.4. There was a positive correlation between the total 

weight of the Microlaena seed collected in the seed rain traps (Chapter 6) and the 

number of Microlaena seedlings that germinated from the seed bank (r2 = 50.1%, P = 

0.0479). There was no correlation between the number of Microlaena seeds collected 

in the seed rain study (Chapter 6) and the number of Microlaena seedlings that 

germinated in the seed bank. 

Soil factors also had an effect on the seedling germinations in the soil seed bank. 

There was a positive relationship between soil pH (CaCl2, 0–10 cm) and the 

germination of grass seeds (r2 = 84.4%, P < 0.001). A similar pattern was also 

evident in the positive relationship between soil K (Colwell K mg kg–1 0–10 cm) and 

the germination of broadleaf seedlings (r2 = 56.1%, P = 0.0237). There was a 

negative correlation between soil N (ammonium N mg kg–1 0–10 cm) and the number 

of sedge seed bank seedlings (seedlings m–2) (r2 = 63.5%, P = 0.0083). 

The second year of the seed bank study provided stronger associations within the data 

(Table 7.5). There were positive relationships between both the number and weight of 

the seeds collected in the seed rain traps (Chapter 6). A positive relationship existed 

between the number of Microlaena seeds in the seed rain traps and the germination of 

Microlaena seedlings (r2 = 95.1%, P < 0.001) and between the weight and 

germination of Microlaena seedling (r2 = 95.6%, P < 0.001). There was also a 
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positive correlation (r2 = 75.7%, P < 0.001) between Microlaena plant width and the 

germination of broadleaf seedlings, whereas there was a negative correlation (r2 = 

55.6%, P = 0.0254) between the number of Microlaena seedlings and the number of 

grass seedlings that germinated from the seed bank (Figure 7.2).  
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Figure 7.2. Relationship from the Yr2 seed bank study between the number of 
Microlaena seed bank seedlings (seedlings m–2) and the number of grass seed bank 
seedlings (seedlings m–2). The relationship has a negative correlation coefficient and 
is significant (r2 = 55.6%, P = 0.0254). 
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Table 7.4. Correlation coefficients among the traits measured for the 16 plants in the first soil seed bank study for each group, soils data (where Soil N 
is Ammonium N [mg kg–1], Soil P is Colwell P [mg kg–1], Soil K is Colwell K [mg kg–1], Soil pH is pH [CaCl2]; all these soil measurements are on 0–
10 cm samples) and seed rain count (seed m–2) and weight (mg m–2) data (*P < 0.05; **P < 0.01; ***P < 0.001)  

 Microlaena 
seedling 
count 

Grass 
seedling 
count 

Broadleaf 
seedling 
count 

Sedge 
seedling 
count 

Legume 
seedling 
count 

Soil 
N 

Soil P Soil 
K 

Soil 
pH 

Plant 
width 
(m) 

Plant 
breadth 
(m) 

Seedrain 
(seeds m−2) 

Seedrain 
weight 
(mg 
m−2) 

Microlaena seedling count 1             
Grass seedling count –0.26 1            
Broadleaf seedling count –0.32 –0.05 1           
Sedge seedling count –0.20 0.49 –0.07 1          
Legume seedling count 0.053 –0.18 0.06 0.17 1         
Soil N 0.13 –0.48 –0.01 –0.63** 0.33 1        
Soil P –0.24 0.44 –0.09 0.37 0.14 –0.48 1       
Soil K –0.14 –0.49 0.56* –0.50* 0.16 0.32 –0.19 1      
Soil pH –0.36 0.84*** 0.30 0.51* 0.05 –0.41 0.29 –0.23 1     
Plant width (m) –0.13 0.02 0.13 –0.28 –0.01 0.13 0.27 0.17 –0.13 1    
Plant breadth (m) –0.23 –0.05 0.40 –0.09 –0.16 0.17 –0.07 0.41 –0.13 0.56* 1   
Seedrain (seeds m–2) 0.10 0.52* 0.07 0.44 0.58* –0.12 0.32 –0.06 0.67** –0.09 –0.17 1  
Seedrain weight (mg m–2) 0.50* 0.36 –0.06 0.20 0.46 0.05 0.14 –0.17 0.44 –0.17 –0.31 0.87*** 1 
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Table 7.5. Correlation coefficients among the traits measured for the 16 plants in the second year soil seed bank study for each group, soils data (where 
Soil N is Ammonium N [mg kg–1], Soil P is Colwell P [mg kg–1], Soil K is Colwell K [mg kg–1], Soil pH is pH [CaCl2]; all these soil measurements are 
on 0–10 cm samples) and seedrain count (seed m–2) and weight (mg m–2) data (*P < 0.05; **P < 0.01; ***P < 0.001)  

 Microlaena 
seedling 
count 

Grass 
seedling 
count 

Broadleaf 
seedling 
count 

Sedge 
seedling 
count 

Legume 
seedling 
count 

Soil 
N 

Soil 
P 

Soil 
K 

Soil 
pH 

Plant 
width 
(m) 

Plant 
breadth 
(m) 

Seedrain 
(seeds m–2) 

Seedrain 
seed 
(mg 
m−2) 

Microlaena seedling count 1             
Grass seedling count –0.56* 1            
Broadleaf seedling count 0.025 –0.4003 1           
Sedge seedling count 0.023 –0.3613 0.69** 1          
Legume seedling count –0.14 0.1895 –0.42 –0.6418** 1         
Soil N 0.435 –0.5229* 0.51* 0.2079 –0.35 1        
Soil P –0.15 0.4332 –0.24 –0.2566 0.11 –0.48 1       
Soil K 0.21 –0.4671 0.45 0.5161* –0.47 0.32 –0.19 1      
Soil pH –0.39 0.6007* –0.10 –0.313 0.40 –0.41 0.29 –0.23 1     
Plant width (m) 0.34 –0.5573* 0.76*** 0.5842* –0.23 0.56* –0.31 0.52* –0.29 1    
Plant breadth (m) 0.05 –0.5173* 0.48 0.3514 0.06 0.20 –0.17 0.44 –0.38 0.68** 1   
Seedrain (seeds m–2) 0.95*** –0.5666* –0.02 –0.0068 –0.13 0.43 –0.22 0.18 –0.30 0.32 0.02 1  
Seedrain weight (mg m–2) 0.96*** –0.5757* –0.09 –0.0483 –0.08 0.40 –0.25 0.15 –0.32 0.26 –0.01 0.99*** 1 
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Discussion 

The outstanding feature of the results from this experiment was the low number of 

Microlaena seeds in the germinable soil seed bank. In Yr 1 there a mean of 276 

seedlings m–2 was found and in Yr 2, 722 seedlings m–2; considerable variability 

existed between sampling points. Annual grasses, annual broadleaf species and 

sedges dominated the seed bank of this pasture. These low levels of germinable 

Microlaena seed in the seed bank mean it is likely that there are limited opportunities 

for seedling recruitment. Microlaena seedlings that could germinate would face 

immense competition from the germination of other species in the seed bank. The 

negative correlation between the number of grass seedlings and Microlaena seedlings 

may be indicative of the role competition plays in restricting Microlaena recruitment 

(Figure 7.2). 

There appears to be a positive relationship between the seed rain of Microlaena and 

the number of Microlaena seedlings that germinated from the soil seed bank (Table 

7.4 and Table 7.5). In the Yr 1 study, only seed rain seed weight correlated to the 

seed bank germination, whereas in the Yr 2 study, both weight and number had 

strong positive correlations to seed bank germinations of Microlaena. This is to be 

expected; if more seed falls, there should be greater numbers of seeds present in the 

soil seed bank. However, we know from the previous chapter that predation of 

Microlaena seed is high; up to 30% of Microlaena seed was removed from a pasture 

in a 24-h period. The seed that was collected in the seed rain traps would have been 

protected from predation but the samples collected from the seed bank would have 

been exposed to seed predation.  

In the Yr 2 experiment, Microlaena germinated in three of the four cycles (Table 7.3). 

A small proportion (less than 10%) of Microlaena seed may have long-term viability 

(64 seedlings germinated in cycle 4 Yr2, out of total of 722). There was a larger 

number of Microlaena seeds in the Yr 2 experiment (Yr 1, 13 seedlings; Yr 2, 34 

seedlings) and this may be the reason that this longer seed viability was detected. 

Low levels of Microlaena seed dormancy and high germination percentages (> 80%) 

have been previously found (Johnston et al. 1998; Clarke and French 2005; Clarke et 

al. 2007). Previous studies have not examined germinable seed banks from 

Microlaena pastures over a number of wetting and drying cycles. It is evident that 

this technique did not result in any vast difference in seedling numbers in comparison 

with keeping soil samples continuously moist. Friend et al. (1997) reported 24 and 8 
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seedlings m–2 of Microlaena in a study that examined seed banks over a two-year 

period. Such comparative evidence across studies suggests that if there is any seed 

dormancy in Microlaena, it is at a low percentage. Continuing research is required to 

understand the long-term seed viability of Microlaena since it may have implications 

for the potential to use seed banks in managing populations in native pastures. 

The composition of the seed bank did not reflect the above-ground species 

composition. The general reason for this is that it contained seeds from both the past 

and present vegetation and species have different seeding capacities and seed 

viability over time (Harper 1977). This difference between species composition 

above ground and in the soil seed bank has been found in a range of environments 

and pasture types in Australia and overseas (Harper 1977; McIvor and Gardener 

1994; Briske 1996; Batson 1999; Lodge 2001). The high number of annual grass and 

sedge seeds present in the seed bank suggests that any disturbance, such as 

overgrazing, could result in a dramatic shift in botanical composition of the pasture. 

Hence, in this case, careful management of Microlaena swards would be important 

for maintaining pasture composition. 

Seasonal conditions clearly influenced the number of Microlaena seedlings in the 

seed bank: there were more than double the number of Microlaena seeds in the seed 

bank after a wet summer. Species not found cannot automatically be presumed to be 

absent from the seed bank, since sampling procedure, such as time of year, and 

germination procedures may not have been appropriate for all species (Lunt 1997). 

Sampling intensity was sufficient to indicate the general characteristics of the seed 

bank, particularly in terms of life form and origin. Clarke et al. (2007) found that 

Microlaena seed readily germinated soon after reaching maturity; therefore, it is 

considered that the technique used in this study has resulted in a realistic count for 

Microlaena. The scarcity of Microlaena seed in the seed bank is unlikely to be a 

consequence of the time of sampling because sampling occurred just after the main 

period of seed rain, that is, summer–autumn (Chapter 6). The low numbers of 

germinable seed in the seed bank may be the result of post-dispersal seed predation, 

as reported in the previous chapter, and/or low seed production or other unknown 

factors. 

The temperatures used in this study were appropriate for germination of Microlaena 

seed (mean temperature range 12–24 °C). Two thermogradient plate experiments 

have evaluated the optimum germination temperature for Microlaena (Whalley and 
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Jones 1997; Johnston et al. 1998), and these studies indicated that Microlaena will 

germinate over a wide range of temperatures (15–35 °C). The fastest rate of 

germination for Microlaena occurred with constant and alternating temperatures 

between 20 °C and 35 °C, and limited germination occurred below 10 °C (Whalley 

and Jones 1997). The range reported by Johnston et al. (1998) for optimum 

germination is slightly lower, 15–30 °C. From these previous studies, the mean 

temperature is 25 °C, typical of a C3 grass, although the range suggests a broad 

optimum. These data imply that Microlaena would germinate over a range of ‘warm’ 

conditions since it does not have a narrow set of optimal conditions. 

Different vegetation communities sampled and the use of different methods to 

measure seed banks (sample depth, germination versus seed recovery, capillary 

wetting versus spray irrigation, number and length of germination cycles) make it 

difficult to compare studies, and soil seed banks varied enormously, from 210 to 

36,000 m–2 total germinable seeds (McIvor 1987; McIvor and Gardener 1994; Batson 

1999; Lodge 2001). The total germinable seed bank in the first year was 32,000 and 

in the second year 42,108 seedlings m–2, and Microlaena represented 0.05% and 

0.11% of the seedlings that emerged. This result is consistent with other research that 

found 0.17% and 0.04% over two years in germinable seed banks from native 

pastures in Tasmania (Friend et al. 1997). Previous studies have found that the 

primary dispersal method for Microlaena seed is by gravity (Groves and Whalley 

2002). Therefore, if Microlaena was going to be present in the seed bank, it would be 

expected to be in the soil close to a plant. If a different sampling approach had been 

used, the result may have been different, with a lower number of Microlaena 

seedlings germinating. 

Seed bank studies remain essential for understanding the whole regeneration pathway 

of species, from germination to adult reproduction, and for understanding and 

predicting community dynamics (Venn and Morgan 2010). Germination and 

recruitment events among perennial grass species may be episodic in nature (Briske 

1996; Kemp et al. 2000; King et al. 2006). This study, in conjunction with the results 

from Chapter 6, provide a greater understanding of the population dynamics of 

Microlaena. 

Conclusions 

Microlaena was present at low levels in the seed bank because the seed bank was 

dominated by other species, mainly broadleaf species, other grasses and sedges. Any 
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seedlings of Microlaena that germinate from the seed bank would face immense 

competition from other species. There was a twofold variation between years in total 

seed numbers of Microlaena seedlings in the seed bank, reflecting seasonal 

differences. However, between years, the relative proportions of each of the groups 

were similar. 
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CHAPTER 8. Genetic diversity within a population of 

Microlaena as revealed by AFLP markers 

Introduction 

Grazed pastures that are dominated by native grasses occupy around 22% of 

agricultural land in the high rainfall zone of south-eastern Australia (Hill et al. 1999). 

Microlaena is a common species in such pastures (Garden et al. 2001); it occurs on a 

wide range of soils and is naturally abundant on acid soils (Munnich et al. 1991; 

Johnston et al. 2001). Microlaena is not summer dormant but it has the ability to 

survive dry summers (Chapter 4). It has been described as spreading vegetatively via 

both rhizomes and stolons (Jacobs et al. 2008). In a pasture situation, Microlaena 

seed yields can be substantial (mean of 800 seeds m–2) but seed predation can be as 

high as 30% within a 24-h period (Chapter 6). Microlaena is present at low levels in 

the seed bank (Chapter 7) and does recruit, albeit at modest levels (five seedlings m–

2) (Chapter 6). This raises the question as to whether Microlaena populations are 

maintained by recruitment of new individuals or vegetative spread. 

Three breeding systems operate in Microlaena: chasmogamy (fertilisation occurs in 

open flowers), cleistogamy (fertilisation occurs within closed flowers) and 

cleistogenes (produced from the axillary buds at the lower nodes of the flowering 

culm) (Clifford 1962; Edgar and Connor 1998; Groves and Whalley 2002). 

Nevertheless, there has been relatively little research into the reproductive biology of 

Microlaena. This species produces viable seed but even though seed rain may be 

extensive, subsequent seedling recruitment is a rare event (Chapters 6 and 7). 

Microlaena also has the ability to spread vegetatively via both rhizomes and stolons 

(Jacobs et al. 2008), where rhizomes can be defined as modified stems that remain 

underground and stolons are above ground, both developing roots at the nodes 

(Renvoize 2002). Due to the diversity and propagation strategies for Microlaena, it is 

not known how much genetic diversity occurs in this species.  

Species that propagate vegetatively are problematic for population analysis because 

identification of genetically individual plants can be difficult (Harper 1977). 

However, the advent of plant molecular genetics in the late 1980s allowed for the 

measurement and description of diversity by the analysis of genetic markers (Bryan 

2006). AFLP is a molecular genetic technique that is often used to assess genetic 

variability within a population (Vos et al. 1995). The AFLP technique is based on 
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selective polymerase chain reaction (PCR) amplification of restriction fragments 

from a complete digest of genomic DNA (Vos et al. 1995). It produces a high 

number of polymorphic informative markers per primer pair from a small amount of 

DNA and has proved to be robust, reliable and reproducible (Vos et al. 1995; 

Hayashi et al. 2005). The AFLP technique is most useful for distinguishing 

populations within a species, rather than distinguishing species within a genus 

(Moncada et al. 2005). AFLP has been used to characterise variation within a number 

of grass species (Mengistu et al. 2000; Hodkinson et al. 2002; Szczepaniak et al. 

2002; Li et al. 2009), and in particular, genetic variability in species that spread 

vegetatively (Subudhi et al. 2005; Hol et al. 2008).  

Fine scale variations in the genomic DNA of four populations of Microlaena on the 

Northern Tablelands of NSW have been detected using the RAPD technique 

(Magcale-Macandog and Whalley 2000). The visual assessment of DNA bands 

revealed that the Microlaena population growing in a patch of perennial ryegrass 

(Lolium perenne L.) was genetically distinct from Microlaena growing in a patch of 

Kentucky bluegrass (Poa pratensis L.) in the same 10.2-ha paddock. The paddock 

from which these Microlaena samples were collected was sown to the introduced 

species in 1972. The Microlaena would not have been sown, and the authors give no 

indication of how Microlaena regenerated after the paddock was sown to the 

introduced species. It is possible that the genetic variation that the authors detected 

was a result of natural genetic variation existing within a natural population that has 

regenerated from seed, rather than from competitive interactions between the 

perennial grasses associated with environmental factors such as light intensity or 

water availability. The RAPD technique used in this study is sensitive to changes in 

assay conditions, and concerns about its repeatability and transferability between 

laboratories have been raised (Bryan 2006).  

Results from previous chapters suggest that seedling recruitment in Microlaena is an 

uncommon event. However, this is based only a limited data set. The detection of 

genetic diversity by using molecular techniques such as AFLP may assist in 

determining how much reliance Microlaena has on seedling recruitment. The 

objective of this study was to determine the level of polymorphism that exists within 

a population of Microlaena. The approach taken was to sample intensively a 

Microlaena-dominated native pasture used for grazing.  
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Methods 

Site descriptions 

Leaf samples for DNA analysis were collected from either a naturally occurring 

Microlaena pasture (Chiltern). 

The experimental site was located in north-east Victoria (S36°12’, E146°35’), within 

an existing native grass pasture, the dominant component of which is Microlaena 

(19% basal cover and 40% of DM). A range of soil types exist across the site, 

including Red Kurosol (Isbell 1996) on the upper slopes, Brown Kandosol on the 

mid-slope and Grey Kurosol on the lower slopes. Soils across the site are acidic 

(pHCaCl2 4.2) and low in phosphorus fertility (Colwell P 22.4 mg/kg). The profile has 

a moderate soil depth (weathered rock at approximately 0.8 m depth). 

Sample collection 

Young fresh leaf material was collected and placed in labelled zip lock plastic bags 

on ice. These samples were then stored at –80 °C. Longitude and latitude were 

recorded using a global positioning system (GPS, Garmin eTrax Vista) for the 

location of all leaf sample collections.  

Leaf width and colour were recorded to provide some indication of the morphological 

variation that existed within the populations. Leaf width and leaf colour (Munsell 

1968) was recorded for all samples.  

Four 50-mm mid-section leaf segments were collected from Microlaena plants at 

Chiltern on 29 March 2010. Samples were collected at two sites, along transects 

(Figure 8.1). At each site, there were four transects, which roughly aligned to the 

compass directions of north, south, east and west. For Site 1, these transects will 

subsequently be referred to as Site 1 north, Site 1 south, Site 1 east and Site 1 west. 

Site 2 follows the same nomenclature. A sample was collected in the centre and then 

at 0.1, 0.2, 0.4, 0.8, 1.6, 3.2, 6.4, 12.8, 25.6, 51.2, 102.4 m from the centre in all 

directions. In some instances, a plant could not be found at the specified distance. A 

total of 85 samples were collected.  
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Figure 8.1. Location of the two sample collection sites and transects within the 
Microlaena-dominated pasture at Chiltern. At each site there were four transects, 
north (orange), south (pink), east (red) and west (blue). Each transect was 102.4 m in 
length. 
 

DNA extraction 

DNA extraction followed the method of Guidet et al. (1991): frozen leaf material was 

finely ground in liquid nitrogen, transferred to a 10-ml plastic tube and suspended in 

2 ml of extraction buffer (200 mM Tris-HCl, pH 8.5; 250 mM NaCl; 25 mM EDTA). 

Then, an equal volume of phenol-chloroform was added. The tubes were centrifuged 

at 5,000 rpm for 12 min; the upper aqueous phase was removed into a new 10-ml 

tube and an equal volume of chloroform:isoamyl alcohol (24:1) was added to each 

sample. The samples were mixed by inversion to form an emulsion, and then 

centrifuged at 5,000 rpm for 12 min. The upper aqueous phase was removed to a new 

tube and ⅓ volume 3 M NaOAc and ⅔ volume of isopropanol was added to each 

sample, mixed by inversion, and then stored at –20 °C overnight. The samples were 

then centrifuged at 5,000 rpm for 15 min and the liquid was drained, taking care not 

to disturb the pellet. Two ml of 70% EtOH was added and mixed for 3 min by 

inversion. The samples were then centrifuged at 5,000 rpm for 8 min. A fine pipette 
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tip was used to remove as much liquid as possible, and the pellets were dried in an 

incubator at 30 °C for approximately 30 min. DNA was resuspended in TE buffer (10 

mM Tris-Cl [pH 8.0], 1 mM EDTA [pH 8.0]). DNA concentrations and purity were 

estimated by electrophoresis through 1% agarose gel and visualising under UV, by 

comparison with a DNA standard.  

Preselective amplification 

The AFLP analysis was performed based on the protocol of Vos et al. (1995). 

Genomic DNA (30µl of sample) was digested to completion with the restriction 

enzymes EcoR1 and Mse1, following the manufacturer’s directions (New England 

Biolabs). Preamplification of restriction fragments was carried out using the primers 

Eco and Mse, in 60 µl reactions. The concentration of the amplified DNA was 

checked in 1% agarose gel. 

Selective amplification 

Selective amplification was performed using 10 primer combinations (Table 8.1). 

Reactions contained 0.5uM fluorescently labelled Mse+3 primer, 0.5uM Eco+3 

primer, 0.2uM dNTP and 1.5mM MgCl.2. Amplifications were performed using a 

touchdown cycle from 60 °C to 50 °C. All amplifications were performed on Hybaid 

PCR express. 

Table 8.1. Selected primer combinations 

Primer combination 

Eco ACC Mse CTT 
Eco AAC Mse CTT 
Eco AGA Mse CTT 
Eco AGG Mse CTT 
Eco AGC Mse CTT 
Eco ACC Mse AGG 
Eco AAC Mse AGG 
Eco AGA Mse AGG 
Eco AGG Mse AGG 
Eco AGC Mse AGG 

Fragment analysis 

The AFLP fragments were separated and detected using a CEQ GeXP Genetic 

Analysis System, following the manufacturer’s procedures (Beckman Coulter, USA). 

The amplification product (0.8 µl) was added to 39 µl of sample loading solution and 

0.5ul internal size standard (600bp; Beckman Coulter). 
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Data analysis 

Leaf width was analysed using the generalised ANOVA in GenStat V13 (Payne et al. 

2010). 

The AFLP fragments were analysed using the GeXP software, with confidence limits 

set to 98%, a 10% slope threshold and two nucleotide separation differences. A 

binary matrix was obtained from the fragment size data using the CEQ GeXP 

(Beckman Coulter, USA) software with the Fragment Algorithms version 2.2.1 to 

give a genotype for each sample. The number of polymorphic fragments were 

calculated using the program GenAIEX v6.04 (Peakall and Smouse 2006). Analysis 

of molecular variance (AMOVA) was undertaken using the program GenAIEX 

(Peakall and Smouse 2006) to examine diversity at the Chiltern site. Principal 

coordinate analysis (PCO) was undertaken using the program PAST (Hammer et al. 

2001). Descriptive statistics indicating within-population genetic diversity of the 

populations was undertaken using the program PAST (Hammer et al. 2001) using the 

Lynch and Milligan (1994) method. Results were reported in terms of n: number of 

individuals scored; #loc: number of loci scored; #loc_P: number of polymorphic loci 

at the 5% level, i.e., loci with allelic frequencies lying within the range 0.05 to 0.95; 

PLP: proportion of polymorphic loci at the 5% level, expressed as a percentage; Hj: 

expected heterozygosity under Hardy-Weinberg genotypic proportions, also called 

Nei’s gene diversity (analogous to H or He in most publications); S.E. (Hj): standard 

error of Hj; Var(Hj): variance of Hj; VarI(Hj): variance component of Hj due to 

sampling of individuals (finite sample size); VarI%: proportion of Var(Hj) due to 

sampling of individuals; VarL(Hj): variance component of Hj due to sampling of 

loci, VarL%: proportion of Var(Hj) due to sampling of loci. Calculated in PAST 

(Hammer et al. 2001). 

The number of polymorphic fragments was calculated using the program AFLP Surv 

1.0 (Vekemans 2002), and allelic frequencies were calculated using a Bayesian 

method with non-uniform prior distribution with 1,000 permutations. Results were 

reported in terms of Ht: the total gene diversity; Hw: the mean gene diversity within 

populations (analogous to Nei's Hs); Hb: the average gene diversity among 

populations in excess of that observed within populations (analogous to Nei's Dst), or 

genetic differentiation among populations; Fst: Wright's fixation index, measuring the 

genetic correlation between pairs of genes sampled within a population relative to 

pairs of genes sampled within the overall set of populations (also interpreted as the 
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proportion of the total gene diversity that occurs among as opposed to within 

populations).  

Results 

There were morphological differences among the Microlaena populations sampled, 

with differences in the leaf widths and colours (Table 8.2). The mean leaf widths 

from Site 1 were greater (P < 0.001) than those from Site 2. These morphological 

differences may be the result of growing conditions. 

 

Table 8.2. Leaf width (mm) and colour (Munsell 1968) for sampled Microlaena 
populations at Chiltern 

Population Leaf width (mm) 

(mean ± se) 

Leaf colour 

 Site-1 4.5 ± 0.1 7.5GY5/6 

 Site-2 3.9 ± 0.1 7.5GY4/6 

 l.s.d. (P < 0.001) = 0.5  

 

An AFLP analysis was performed to determine the extent of genetic diversity that 

existed within a Microlaena population. Ten polymorphic primer combinations 

amplified 1,612 fragments within the 113 samples (Table 8.3). There was no bias in 

the use of these markers because they detected diversity between each of the 

populations. 

Table 8.3. Selected primer combinations and polymorphism levels for AFLP analysis 
of Microlaena stipoides 

Primer combination No. of 
loci 

Mean % of 
polymorphic loci (se) 

He mean (se) 

Eco primer Mse primer    

ACC AGA 93 47.0 (9.7) 0.144 (0.007) 
ACC CTT 130 50.9 (10.5) 0.750 (0.006) 
AAC AGA 110 48.8 (11.3) 0.141 (0.006) 
AAC CTT 165 59.1 (8.4) 0.712 (0.005) 
AGA AGA 192 64.4 (7.1) 0.214 (0.005) 
AGA CTT 233 60.8 (7.6) 0.217 (0.005) 
AGG AGA 172 55.8 (8.2) 0.169 (0.005) 
AGG CTT 221 59.1 (8.4) 0.203 (0.005) 
AGC AGA 152 55.0 (9.1) 0.190 (0.006) 
AGC CTT 153 65.0 (7.0) 0.209 (0.006) 

 

AMOVA indicated significant partitioning of genetic variation at Chiltern. Only 4% 

of the variation resided between the populations at the two sites and 96% within the 

population at each of the sites (P < 0.01, Table 8.4). 
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Table 8.4: Analysis of molecular variance (AMOVA) for 85 individuals from two 
sites within the Microlaena pasture at Chiltern as implemented by GenAlEx software 
(Peakall and Smouse 2006) 

Source df Sum of 
squares 

Means 
square 

Estimated 
variance 

% 
variation 

P 
value 

Among pops 1 672.09 672.09 10.50 4% 0.01 

Within pops 83 18,986.71 228.76 228.76 96% 0.01 

Total 84 19,658.80  239.26 100% 0.01 

 

PCO indicated that the populations from Site 1 were different from those from Site 2. 

The first two axes explained a total of 26.73% (14.56% and 12.17% respectively) of 

the molecular variance among the populations (Figure 8.2).  

 

Figure 8.2. Principal coordinates analysis (PCO) of Microlaena AFLP data using 
Dice distances. Site 1 (�) and Site 2 (����) can be separated on the first two axes of the 
PCO and these cumulatively account for 26.73% (14.56% and 12.17% respectively) 
of the variance.  

 

To determine if the distance between the sampled plants had any effect on the 

variation between the sites, each of the transects were considered separately. When 

the molecular variance from Site 1 south and Site 2 south were considered separately, 
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PCO indicated that these two sites were different: the first two axes explained 

34.38% (17.85% and 16.53% respectively) of the molecular variance among the 

populations (Figure 8.3). Site 1 south and Site 2 north transects can be separated on 

the first two axes of the PCO, and these cumulatively account for 34.57% (19.45% 

and 15.12% respectively) of the variance (Figure 8.4). Site 1 north and Site 2 south 

transects can be separated on the first two axes of the PCO, and these cumulatively 

account for 37.42% (20.62% and 16.80% respectively) of the variance (Figure 8.5). 

Site 1 north and Site 2 north transects can be separated on the first two axes of the 

PCO, and these cumulatively account for 35.12% (19.36% and 15.76% respectively) 

of the variance (Figure 8.6). 

 
Figure 8.3. Principal coordinates analysis (PCO) of the two sites at Chiltern of 
Microlaena AFLP data using Dice distances. Site 1 south (�) and Site 2 south (����) 
can be separated on the first two axes of the PCO and these cumulatively account for 
34.38% (17.85% and 16.53% respectively) of the variance.  
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Figure 8.4. Principal coordinates analysis (PCO) of the two sites at Chiltern of 
Microlaena AFLP data using Dice distances. Site 1 south (�) and Site 2 north (����) 
can be separated on the first two axes of the PCO and these cumulatively account for 
34.57% (19.45% and 15.12% respectively) of the variance.  

 

Figure 8.5. Principal coordinates analysis (PCO) of the two sites at Chiltern of 
Microlaena AFLP data using Dice distances. Site 1 north (�) and Site 2 south (����) 
can be separated on the first two axes of the PCO and these cumulatively account for 
37.42% (20.62% and 16.80% respectively) of the variance.  
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Figure 8.6. Principal coordinates analysis (PCO) of the two sites at Chiltern of 
Microlaena AFLP data using Dice distances. Site 1 north (�) and Site 2 north (����) 
can be separated on the first two axes of the PCO and these cumulatively account for 
35.12% (19.36% and 15.76% respectively) of the variance.  

 

The expected heterozygosity (Hj) is a measure of the genetic variation within a 

population. There was similar genetic variation within each of the sites sampled. 

When the two populations of Microlaena that were sampled are considered, the gene 

diversity is in a range between 0.22975±0.00415 for Site 1 to 0.23888±0.00434 for 

Site 2 (Table 8.5). 

The Wright’s fixation index (FST) is a measure of population differentiation, genetic 

distance, based on genetic polymorphism data. An estimation of Wright’s FST for the 

two populations was 2% (P < 0.0001, based on 1,000 random permutations of 

individuals among species) (Table 8.6). This value indicates that the samples were 

genetically more differentiated than random assemblages of the individuals. There 

was limited differentiation of the populations sampled.  
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Table 8.5. Descriptive statistics indicating within-population genetic diversity of populations of Microlaena stipoides at a site at Chiltern, Victoria 

Population n #loc #loc_P PLP Hj S.E.(Hj) Var(Hj) VarI(Hj) VarI% VarL(Hj) VarL% 
 Site-1 39 1621 1104 68.1 0.22975 0.00415 0.000017 0.000001 6.6 0.000016 93.4 
 Site-2 46 1621 1061 65.5 0.23888 0.00434 0.000019 0.000001 4.9 0.000018 95.1 

Where n: number of individuals scored; #loc: number of loci scored; #loc_P: number of polymorphic loci at the 5% level, i.e., loci with allelic frequencies lying within the range 0.05 
to 0.95; PLP: proportion of polymorphic loci at the 5% level, expressed as a percentage; Hj: expected heterozygosity under Hardy-Weinberg genotypic proportions, also called Nei’s 
gene diversity (analogous to H or He in most publications); S.E. (Hj): standard error of Hj; Var(Hj): variance of Hj; VarI(Hj): variance component of Hj due to sampling of 
individuals (finite sample size); VarI%: proportion of Var(Hj) due to sampling of individuals; VarL(Hj) : variance component of Hj due to sampling of loci, VarL% : proportion of 
Var(Hj) due to sampling of loci. Calculated in PAST (Hammer et al. 2001) using the Lynch and Milligan (1994) method. 

 

Table 8.6. Descriptive statistics indicating between-population genetic diversity of populations of Microlaena stipoides at a site at Chiltern, Victoria  

Number of populations Ht Hw Hb FST 
2 0.2396 0.2343 0.0052 0.0219 

S.E.  0.004568 0 0.019064 
Var  0.000021 0 0.000363 

Where Ht: the total gene diversity; Hw: the mean gene diversity within populations (analogous to Nei's Hs); Hb: the average gene diversity among populations in excess of that 
observed within populations (analogous to Nei's Dst), or genetic differentiation among populations; Fst: Wright's fixation index, measuring the genetic correlation between pairs of 
genes sampled within a population relative to pairs of genes sampled within the overall set of populations (also interpreted as the proportion of the total gene diversity that occurs 
among as opposed to within populations). 
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Discussion 

Before European settlement, open eucalyptus woodlands (in which the main species 

were Eucalyptus macrorhyncha F. Muell. ex. Benth., E. blakelyi Maiden, E. 

macrocarpa [Maiden] Maiden and E. sideroxylon A.Cunn. ex Woolls) formed a 

relatively continuous vegetation throughout the sheep-wheat belt of south-eastern 

Australia (Beadle 1981). The understorey in these grassy woodlands was normally 

dominated by tall cool-season (e.g. Poa sieberiana Spreng.) or warm-season (e.g. 

Themeda triandra Forsk.) tussock-forming perennial grasses (Lindsay and 

Cunningham 2011). The woodlands in the area around Chiltern would have been 

cleared after the discovery of gold in the region in the 1850s (Ashley 1974). This 

vegetation clearing and the introduction of grazing by introduced livestock may have 

led to the development of the Microlaena-dominated native pasture that exists in the 

area today. The AFLP results indicate that the populations at the Chiltern site were 

probably formed from multiple genotypes, rather than spread of a single genotype. 

The AFLP technique has the potential for the generation of extensive genetic 

polymorphism data appropriate to the analysis of genetic diversity. Microlaena 

populations have moderate levels of polymorphism with the primer pairs used. This 

research found polymorphism for the markers ranging from 47 to 65% (Table 8.3). 

This is lower than outcrossing native plant populations for which very high rates of 

polymorphism have been reported, for example, 90–94% in the genus Echinacea 

Moench (purple coneflower; endemic to eastern and central North America) (Kim et 

al. 2004); 95–100% in prairie cordgrass (Spartina pectinata Bosc ex Link), purple 

prairie clover (Dalea purpurea Vent.) and spotted Joe-pye weed (Eupatorium 

maculatum [L.] E.E.Lamont) (Moncada et al. 2005). These studies investigated 

natural populations sampled at a regional scale, as opposed to the within-paddock 

sampling reported here. The high levels of polymorphism are likely to be due to the 

wide level of species distribution, the outcrossing nature of these species and the 

characteristics of the primers themselves.  

In contrast, the results from this study are consistent with the findings of several 

studies that have examined polymorphism in grasses: 42–81% in Uniola paniculata 

L. (sea oats), a cross-pollinating species (Subudhi et al. 2005); 13–38% in Leymus 

chinensis (Trin.) Tzvel., a perennial species that propagates via rhizome (Zhang et al. 

2009); 11–41% in Elymus repens L., a perennial grass that can spread vegetatively 

via rhizomes (Szczepaniak et al. 2002). 
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Given the potential of Microlaena to spread vegetatively, via rhizome and stolons 

(Chapter 3), it is possible that clonality would exist within the pasture. To detect this, 

a finer scale sampling would be required. The smallest between-plant distance within 

this study was 0.1 m.  

Three breeding systems operate in Microlaena: chasmogamy (fertilisation occurs in 

open flowers), cleistogamy (fertilisation occurs within closed flowers) and 

cleistogenes (produced from the axillary buds at the lower nodes of the flowering 

culm) (Clifford 1962; Edgar and Connor 1998; Groves and Whalley 2002). Previous 

literature has recorded chasmogamous flowering as infrequent in Microlaena 

(Clifford 1962; Edgar and Connor 1998; Groves and Whalley 2002; Davies et al. 

2005). The occurrence of chasmogamous (open) flowering and hence outcrossing in 

populations of Microlaena may be higher than previously recorded (Chapter 6). The 

FST is a measure of genetic differentiation, which can range from 0.0 (no 

differentiation) to 1.0 (complete differentiation). Heywood (1991) concluded that 

obligate outcrossing species have FST ranging from 0.004 to 0.08, and self-pollinating 

species have values between 0.026 to 0.78. The FST results (0.0219) from this study 

indicate that the Microlaena populations at Chiltern are likely to be undergoing a 

degree of outcrossing. Even though the rate of seedling recruitment would appear to 

be low within the Microlaena population at Chiltern (Chapter 6), it would appear to 

be enough over time to produce a diverse population within the pasture.  

This study found a significant amount of genetic variation within populations (96%; 

Table 8.4), indicating that the 85 Microlaena individuals from the two sites at 

Chiltern are genetically distinct individuals. This may indicate that sexual 

reproduction (i.e. establishment from seed) has played a significant role in the 

development of the Microlaena population at Chiltern. The expected Hj is a measure 

of the genetic variation within a population. In this study, the mean value of the Hj 

was 0.2343 (Table 8.5), which could be considered a low degree of similarity, or that 

the populations are diverse. The patterns of AFLP variation observed in this study are 

comparable with other studies that have examined the genetic diversity within 

populations of grasses using AFLP markers. For example, 81% AFLP variation was 

found within three populations of mountain rough fescue (Festuca campestris Rydb.) 

(Fu et al. 2005), 93% within six populations of little bluestem (Schizachyrium 

scoparium [Michx.] Nash) (Fu et al. 2004) and 64% within 12 populations of 

switchgrass (Panicum virgatum L.) (Cortese et al. 2010). In contrast, Subudhi et al. 
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(2005) examined 19 populations of sea oats (Uniola paniculata L.), a species that is 

known to have low seed set, low rates of germination and seedling emergence, and to 

extensively spread via clonal reproduction, and found 34% AFLP variation within an 

accession. The authors attributed this result to the clonal nature of the species.  

Future work is needed to understand the genetic diversity within Microlaena more 

fully. One approach that could be used is to undertake AFLP analysis on Microlaena 

seed. The collected seed from individual Microlaena plants could be used to examine 

the genetic diversity that exists within each of the breeding systems that operate 

within Microlaena. 

Conclusion 

Genetic variation exists within Microlaena populations. Clonal spread of Microlaena 

is important, but clearly, sexual reproduction plays a role in the structure of 

populations. 
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CHAPTER 9. Conclusions 

Introduction 

The purpose of this chapter is to integrate the information from experimental studies 

undertaken in this thesis that relate to the ecology of Microlaena stipoides var. 

stipoides (Labill.) R.Br. (Microlaena) in a south-eastern Australian environment.  

Population biology of Microlaena remains largely unexplored; deficiencies exist in 

our knowledge of phenology, seed rain, seed predation, soil seed banks and seedling 

recruitment. In the summer-dry environments of south-eastern Australia, a better 

understanding of the persistence and survival mechanism of Microlaena will improve 

the survival, productivity and management of this species in pastures. 

Populations may be maintained via long-lived plants that expand from their crowns 

via vegetative growth, in the form of rhizomes and stolons. Alternatively, populations 

may be maintained by seedling recruitment; or a combination of the two. Microlaena 

is able to survive and persist in environments where soil water deficits are common 

during the summer months.  

This thesis investigates the role that summer survival and seed production play in the 

population dynamics of Microlaena in the summer-dry environment of south-eastern 

Australia.  

Summary of the research findings 

The morphological structures of Microlaena were consistent, irrespective of the age 

of plants or the collection location (Chapter 3). New growth arose from corm-like 

organs located approximately 20 mm below the ground surface. The corm structure 

was resilient under drought conditions, having the smallest of declines, in terms of 

DM, when compared with the other plant structures measured during a pot 

experiment (Chapter 5). This structure is consistent with the corm-like organs 

mentioned by Johnston et al. (2001), and it is be the plant organ that is responsible 

for the quick resumption of active growth following a drought (Whalley and Jones 

1998). Overall, the location of the active buds, depth of burial and the vegetative 

nature of this species may provide Microlaena with the ability to withstand hot, dry 

summers and have the potential to respond quickly to sporadic summer rainfall 

events.  
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Previous research has indicated that Microlaena is tolerant to continuous grazing 

(Munnich et al. 1991; Magcale-Macandog and Whalley 1994; Kemp et al. 2000). 

The depth of burial of growth points (20 mm) may also confer tolerance to such close 

grazing (Chapter 3). In the field experiment (Chapter 4), the intense defoliation 

treatment, combined with drought stress, did not place much pressure on Microlaena. 

Within three months, Microlaena had recovered and there were no differences in 

terms of tiller number, tiller weight and active bud number. 

Microlaena could not be classified as a summer-dormant species since, when 

irrigation was applied, even with high soil temperatures, Microlaena responded by 

producing new buds and tillers (Chapters 4 and 5). Microlaena was able to survive 

short (up to 30 days) but not prolonged dry periods (Chapter 5). The survival of 

Microlaena over protracted dry periods, typical of southern Australia, either requires 

deep roots or is related to the position in the landscape where Microlaena most 

commonly occurs, that is, areas with higher soil water, for example, gully lines and 

depressions, or its survival depends on both factors.  

The majority of Microlaena roots are in the top 0.5 m of the soil profile. Overall, 

average root density of 14,234 roots m–2 and 3,962 roots m–2 for the top (0–0.1 m) 

and subsoil (0.1–1.1 m) respectively were found (Chapter 3). These results are 

consistent with those of Mitchell (2001), Boschma et al. (2003a) and Nie et al. 

(2008), who sampled spaced plant plots. Hence, Microlaena is considered to have a 

relatively shallow rooting depth for a perennial species.  

In the pot experiment (Chapter 5), soil was allowed to dry to below permanent 

wilting point. This suggests there would have been effectively no water supplied to 

the crown, buds or corms prior to rewatering. Hence, those organs survived the dry 

period on stored moisture. However, it is evident that the ability of the crown, corms 

and buds to survive on that stored moisture is finite—possibly only 20–30 days at 

permanent wilting point under these experimental conditions. In the field, the deeper 

soil layers would not generally dry to below permanent wilting point, and it is 

possible that Microlaena has enough deep roots to allow continued extraction of 

enough soil water to maintain viable crowns, buds and corms. The root sampling 

technique employed may not have detected the small number of roots that are 

required to maintain moisture to the corm (Figure 3.9; Chapter 2).  

The AFLP study indicated that the populations of Microlaena that exist within the 

pasture at Chiltern are likely to have undergone some degree of outcrossing (Chapter 
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8). This indicates that it is likely that recruitment is occurring from sexual 

reproduction as well as via clonal spread within the Microlaena population examined. 

Previous research has indicated that there is usually high genetic diversity in clonal 

grassland plant populations (Eriksson 1989). Most clonal plants continue to produce 

seed and seedling establishment is important; despite its rarity, it is sufficient to 

maintain genetic diversity (Lovett Doust 1981; Eriksson 1989; Gardner and Mangel 

1999). The rate of seedling recruitment would appear low within Microlaena but this 

low level of recruitment would appear to be enough to produce a diverse population 

within the pasture at the studied area. 

Ear emergence in Microlaena commenced in early November, and after this initial 

flowering and seed set, ear emergence continued intermittently for 113 days (Chapter 

6). The precocious flowering of Microlaena during summer indicates that it could 

produce inflorescences quickly in response to available resources, especially soil 

water. Microlaena seed rain occurred over a long period, with two distinct periods of 

high seed rain: in early summer and then again in early autumn. Seed yields were 

substantial (mean of 800 seeds m–2), although they varied considerably within the 

studied area (Figure 9.1; Chapter 6). High levels of seed predation were recorded; up 

to 30% of Microlaena seed was removed in a 24-h period during peak seed 

production (Chapter 6).  

Seasonal conditions had an influence on the number of Microlaena seedlings 

produced from the seed bank. There were more than double the number of 

Microlaena seeds in the seed bank after a wet summer (276 seeds m–2 compared with 

722 seeds m–2) (Chapter 7). The seed bank was dominated by species other than 

Microlaena. Since Microlaena only represented between 0.01% and 0.05% of the 

germinable total seed bank, any seedlings of Microlaena that germinate from the seed 

bank would face competition from other species. Microlaena seedlings were found 

throughout the open paddock, indicating that recruitment does occur at densities of 

five seedlings m–2 (Chapter 6).  
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Figure 9.1. Diagrammatic flow chart for the dynamics of Microlaena-dominated 
pasture in north-east Victoria. 

 

For many plants, the concept of individuality is straightforward (Coelho et al. 2008). 

However, this is not true for clonal plants, which are able to establish via both seed 

and vegetative spread. For Microlaena, vegetative propagation can occur through 

either stolons or rhizomes (Chapter 3) and the definition of individual plants can be 

difficult. Plants that produce rhizomes or stolons that can spread over long distances 

(e.g. greater than one plant height) have been termed ‘guerilla’ plants (Lovett Doust 

1981; Eriksson 1989). In contrast, clonal plants with the ‘phalanx’ growth strategy 

have tightly aggregated ramets, short internodes, with clonal growth at the perimeter 

(Lovett Doust 1981; Eriksson 1989). Microlaena is more closely aligned with the 

‘phalanx’ plants (Eriksson 1989) since it has short rhizomes and densely packed 

clones (Chapter 3). Phalanx species appear to have the ability to exploit nutrient-poor 
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patches (Humphrey and Pyke 1998). Clonal growth is important for the maintenance 

of populations that are exposed to stressful conditions (Coelho et al. 2008) because 

populations can increase with a greater capacity to survive due to well-established 

resource capture mechanisms (e.g. roots, leaves and stored carbohydrates). In the 

summer-dry environment of southern Australia, Microlaena populations experience 

stressful growing conditions. Clonal growth is utilised by plants to exploit available 

space quickly, whereas seed production may be a strategy adopted for exploiting new 

microhabitats. However, Microlaena seed is not able to achieve long-distance 

dispersal because seed falls close to the parent plant (Chapter 6). Microlaena may fit 

into the class described by Eriksson (1993) as ‘repeated seedling recruitment’ since it 

produces relatively large seeds. Microlaena uses its clonal growth to spread slowly 

radially, consolidating and foraging for both space and nutrients. This growth 

structure strongly excludes other species. 

The population dynamics of a range of other perennial grasses (both native and 

introduced) appear to contrast with that of Microlaena. Phalaris (Figure 9.2) and 

Austrodathonia are both caespitose perennials that produce greater quantities of seed 

and have higher germination percentages, and recruitment occurs more frequently 

than Microlaena (Williams 1970; Leiva and Alés 2000; Lodge 2004; Kelman and 

Culvenor 2007; Thapa et al. 2011a, 2011b). Some Austrodanthonia species (A. 

caespitosa) have a half-life between 1.7 and 33.7 months (Williams 1970). There is 

limited population dynamic data on the decumbent native perennial grass 

Bothriochloa macra. This species (Figure 9.2c) produces a greater quantity of seed 

than Microlaena and has greater seedling recruitment (Thapa et al. 2011b). The seed 

bank in B. macra is very short lived and seedling recruitment depends upon current 

seed set. However, when we compare Microlaena with Calamovilfa longifolia 

(Hook.) Scribn. (Figure 9.3), a rhizomatous species that is classified as using the 

phalanx strategy, very similar numbers in terms of seed production and seedling 

recruitment are evident. 
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Figure 9.2. Diagrammatic flow chart for the dynamics of a) Phalaris aquatica, data from Leiva and Alés (2000), Lodge (2004a), Kelman and Culvenor (2007), 
Thapa et al. (2011a); b) Austrodanthonia spp., data from Williams (1970), Lodge (2004b), Thapa et al. (2011b); c) Bothriochloa macra, data from Thapa et al. 
(2011b). 
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Figure 9.3. Diagrammatic flow chart for the dynamics of Calamovilfa longifolia, data 
from Maun (1985). 

 

The rate of seed predation would indicate that in sowing Microlaena seed, it is 

necessary to either increase sowing rate or treat the seed with an insecticide. 

Microlaena outcrosses more than previously thought; populations are composed of 

plants that have developed from both clonal spread and sexual reproduction. Since 

there are a number of Microlaena cultivars that are commercially available, this result 

may have implications for the maintenance of these cultivars over time. As 

previously mentioned, the assumption has been that there is limited sexual 

reproduction within this species. The genetic diversity that was detected may not 

affect plant survival, production and response to management. However, it does 

indicate that Microlaena has adapted to changing conditions and also has the capacity 

to adapt to future changes.  
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Management of Microlaena dominated pastures in southern Australia 

The results from this thesis are able to provide some implications for the survival, 

production and management of Microlaena-dominant pastures in southern Australia. 

The management of these pastures needs to be based on the maintenance of existing 

plants since seedling recruitment events are relatively rare. Microlaena recruitment 

may be episodic, only occurring in response to seasonal events, especially rainfall 

during the summer.  

In some instances, Microlaena seed has been associated with the contamination of 

wool (Allan and Whalley 2004). One possible method to lessen the impact of seed in 

the wool would be to graze the pasture heavily in the spring to reduce seed set by 

Microlaena. The results from this thesis would indicate that within a pasture with 

high basal cover (above 15% Microlaena), this method could be used and is unlikely 

to be detrimental to the Microlaena content of the pasture. 

Microlaena is not summer dormant; therefore, there is no prerequisite bud production 

for the induction of dormancy. In a practical sense this means that the pasture can be 

grazed in the spring, when there is stem elongation, without impacting on the 

persistence of Microlaena. This ability to respond to summer rainfall, means that 

Microlaena is a valuable pasture species, producing out-of-season feed. 

The morphology of Microlaena, with the buried growth point, indicates that this 

species has the ability to withstand hard grazing. The clonal growth of Microlaena 

allows it to exclude other species. These features indicated that Microlaena is a 

species that is suited to use in grazed pastures.  

To ensure the maintenance of Microlaena pastures with high basal cover (above 15% 

Microlaena), grazing needs to be limited during the summer months, especially in 

seasons with below average summer rainfall. As heavy prolonged grazing, especially 

in dry summer conditions can lead to a decline in the basal cover of Microlaena.   

There are limited opportunities for landholders with low basal cover of Microlaena to 

increase the proportion of this species in the pasture. These landholders need to take 

advantage of wet summer. In these situations ideally the pasture should have had hard 

grazing in the early spring to reduce annual grass seed set. If the seed set of other 

species can be reduced, this will increase the competitive advantage of germinating 

Microlaena seeds. Wet summers also provide the greatest opportunity for seedling 

recruitment.  
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Current recommended management practice for Microlaena pastures provide a 

general recipe that applies to C3 dominated native pastures (Garden et al. 2007; 

Sargeant et al. 2009). Generally, Microlaena and Austrodanthonia are classed into the 

same management options, however we know that Austrodanthonia has a more 

upright tussock structure. The population dynamics of Microlaena (Figure 9.1) is 

different that of Austrodanthonia (Figure 9.2a), with Austrodanthonia producing 

large amounts of seed and recruiting within pasture situations. These management 

guidelines are quite generalised and not specific to regions.  The research that was 

undertaken now may allow recommendations to be tailored to either summer or 

summer dominant rainfall zones. 

Future research 

The work reported in this thesis has highlighted a number of areas that would benefit 

from further study, including: 

• A greater understanding of landscape features associated with occurrence of 

Microlaena within native pastures is required. That Microlaena is apparently 

restricted to better, deeper soils in moderate to high rainfall zones supports the 

view that it relies on some water at depth to survive dry periods. Currently, 

there is little objective data to back up general observations on where 

Microlaena occurs within a paddock. 

• Fate of seedlings: In this study, of the five seedlings m–2 that were counted, 

how many of these seedlings survived 12 months? Tracking of individual 

seedlings over longer periods of time is required to understand plant 

recruitment rates. 

• The Microlaena pasture at the Chiltern site had a high basal cover of 

Microlaena (19%). From the studies conducted in this thesis, it is unclear if 

this high basal cover influenced the recruitment of seedlings.  

• From this research, there was no clear understanding of the ideal conditions 

required for seedling recruitment. From the AFLP study, it would appear that 

populations of Microlaena are composed of plants that have developed as a 

result of sexual reproduction. Following on from this, are there pasture 

management techniques that can be utilised to enhance the survival of 

Microlaena seedlings? 



 154 

• Within the soil seed bank, there was a small proportion of seed that appears to 

have some form of dormancy. Can this seed dormancy be utilised in a pasture 

situation for regeneration? Under what conditions does this seed remain 

viable, and then, what triggers the release of dormancy?  

Conclusions 

The research described in this thesis has contributed to improving an understanding 

of the ecology of Microlaena in pastures in the following broad areas: 

• Providing a description of the morphology of Microlaena has improved our 

understanding of where growth arises. 

• Microlaena is not a summer-dormant species and responds to sporadic rainfall 

events during dry-summer periods. 

• The population biology research indicates that the survival of existing plants 

is important for the maintenance of Microlaena populations within pastures 

since seedling recruitment events are relatively rare. 

• The DNA study revealed that populations were outcrossing and that high 

levels of polymorphism occurred within the Microlaena populations.  

Microlaena is quiescent but not dormant during summer droughts and has the ability 

to respond to summer rainfall events. Its underground structures (rhizomes and 

corms) allow it to respond rapidly to favourable soil moisture conditions. 

Management strategies for Microlaena-dominant pastures need to be based on the 

maintenance of existing plants. 

The objective of the thesis was to explore Microlaena population dynamics in the 

summer-dry environment of south-eastern Australia. This thesis has demonstrated 

that the Microlaena relies on a combination of both seedling recruitment and adult 

plants to maintain its populations in southern Australia.  
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