
 

 

 

The spatial influence of scattered paddock 

trees on soil and pasture attributes 

 

Phoebe M. Barnes 

(B.Sc. (Hons)) 

 

 

 

September 2011 

 

 

 

 

 

 

A thesis submitted for the degree of Doctor of Philosophy of the 

University of New England 

 



 

 

 

 

Declaration 

 

I certify that the substance of this thesis has not already been submitted for 

any degree and is not currently being submitted for any other degree or 

qualification. 

I certify that any help received in preparing this thesis, and all sources used, 

have been acknowledged in this thesis. 

 

 

 

Phoebe M. Barnes 

 

 



Acknowledgements 

There are many people who have helped me in countless different ways throughout this thesis, many of you may 

not realise just how much influence you have had. Firstly I would like to express my sincere gratitude to my 

supervisors Associate Professor Brian Wilson, Associate Professor Nick Reid and Professor David Lamb. I would 

like to thank you all for your guidance, critical comments, helpful criticism, praise and lastly for all your time. 

Your input has been extremely valuable and I have been lucky to work with such a diverse team. I would also like 

to thank Dr Peter Lockwood for his assistance until his retirement. I would especially like to thank Brian, for 

without your guidance throughout my Honours and now my PhD, I would probably not be here today. Nick, thank 

you for helping me with my grammar and, of course, the Friday lab meetings, those few hours of wine, whining 

and help when needed each week really helped me to get through some difficult times in my PhD. One of the 

hardest parts, the stats, requires a special acknowledgment to Terry Koen who assisted with all my statistics in this 

thesis. Your patience for my endless statistical questions was appreciated, and for helping me to learn the’ ins’ and 

‘outs’ of SigmaPlotV12. In addition I would like to thank the team at the (now) Natural Resources Laboratory of 

the Office of Environment and Heritage for analysing the 1000’s of soil samples needed to complete my PhD.  

 

I would like to give an all round acknowledgment to everybody, lecturers, technical staff, administrative staff and 

fellow postgrads, in the Agronomy & Soil Science Department at UNE. Although my PhD had an environmental 

focus, or perhaps because it did have an environmental focus, you all helped me in the many morning tea sessions 

to solve problems, and provided me with ample opportunity to develop my skills to critically defend my scientific 

research. A special thanks goes to my fellow friend and student, Chris Fyfe, for always sharing a cuppa, listening 

and being a great friend. I would also like to thank my fellow postgrads in Ecosystem Management with whom I 

have had the privilege to share the pain during our weekly lab meetings. For all my fellow postgrads – keep going, 

you will get there, and I wish you all the best post PhD! 

 

I would also like to thank the University of New England for providing the financial support needed to complete 

this PhD. In addition to the APA, I would like to thank UNE for the strategic top-up stipend, and the Nivison family 

for your additional financial support through the AS Nivision Memorial Scholarship. As well, I would like to 

gratefully acknowledge the Keith and Dorothy Mackay Travelling Scholarship without which I would not have had 

the opportunity to present at the European Geosciences Union General Assembly in Vienna.  

 

I would like to thank my brother Glen for his help in the field – although after the ‘fly farm’ experience he swore 

never again! But when I needed help he still came. For all the other members of my family, thanks for always 

asking (and meaning well) ‘how’s the PhD going?’.  

 

And finally, but certainly not least, the words can hardly acknowledge the support of my fiancé Leopold…. Thanks 

for everything, for your endless patience, love and support and for sticking by me particularly during the hard 

times. Your contribution in completing this thesis cannot be stated enough, from helping me to design the field 

experiments, to always assisting in the field and through the 1000’s of hours sorting grass samples at home, to 

proof reading all of my chapters all the whilst trying to complete your own PhD. If I could grant you your own 

Science degree I would! 

 

Thank you! 



Publications arising from this thesis 

 

The contents of some of the chapters of this thesis have been submitted to the following 

journals for publication or published as conference proceedings:  

 

Papers 

Barnes P, Wilson BR, Reid N, Koen TB, Lockwood P & Lamb DW (2011) Litterfall and 

associated nutrient pools extend beyond the canopy of scattered eucalypt trees in temperate 

pasture, Plant & Soil, 345, 339–352 – CHAPTER 5 

 

Barnes P, Wilson BR, Trotter, MG, Lamb DW, Reid N, Koen T & Bayerlein L (2011) The 

patterns of grazed pasture associated with scattered trees across an Australian temperate 

landscape: an investigation of pasture quantity and quality, The Rangeland Journal, 33, 

121–130 – CHAPTER 7 

 

Conference proceedings  

Barnes, P, Wilson, BR & Lamb, DW. (Chapter 2) Where are the Roots? Can we deduce 

the edge of a tree’s root zone without seeing it? Presented at the 13
th

 Symposium on 

Precision Agriculture in Australasia, 10–11 September 2009, Armidale, Australia.  

 

Barnes, P, Wilson, BR & Lockwood, P. (Chapter 3). Vertical and horizontal distribution of 

soil properties influenced by individual trees in grazing landscapes. Presented at the 19
th

 

World Congress of Soil Science, Soil Solutions for a Changing World, 1–6 August 2010, 

Brisbane, Australia.  

 

Barnes, P, Wilson, BR & Lockwood, P. (Chapter 3). Integrating scattered trees into 

grazing landscapes to manage soils sustainably. Presented at the European Geosciences 

Union General Assembly, 2–7 May 2010, Vienna, Austria.  

 

 

 

 



Barnes, P, Trotter, M., Lamb, DW, Wilson, BR, Reid, N, Lockwood, P & Koen, T. 

(Chapter 7) Using active optical sensing of biomass to investigate the effect of scattered 

trees on native perennial pastures. Presented at the Australian Rangeland Society 16
th

 

Biennial Conference, 27–1 November 2010, Bourke, Australia. – AWARDED 1
ST

 PLACE 

IN STUDENT ORAL PRESENTATION 

 

Barnes, P, Wilson, BR & Lamb, DW. (Chapter 7) Is there really less pasture under the 

tree? Using an Active Optical Sensor (AOS) to measure changes in pasture around trees in 

grazing landscapes. Presented at the 13
th

 Symposium on Precision Agriculture in 

Australasia, 10–11 September 2009, Armidale, Australia.  



Abstract 

Scattered paddock trees are keystone features in temperate grazing landscapes in Australia. 

These scattered trees provide a range of ecological functions, and the impact of these trees 

on the environment is large relative to the small area they individually occupy. However, 

our understanding of the influence of these trees on their immediate environment is 

limited. In this thesis, the effects of scattered mature Eucalyptus trees on both native and 

sown pasture systems are examined in the temperate landscapes of the Northern Tablelands 

of New South Wales, Australia. Specifically, the influence of scattered trees on soil 

fertility, litter distribution, the nutrient pools in litter, pasture production and nutrient 

status, as well as the root distribution of a mature tree and the influence of shade on pasture 

biomass, are observed.   

 

The coarse tree roots (≥10 mm) of a scattered tree decreased with increasing depth in the 

soil and distance from the tree, forming a broad inverted conical structure. Most roots were 

largely restricted to within 2 canopy radii of the tree, and 80% of coarse roots were found 

below 20 cm in the soil profile. This suggests that coarse tree roots and pasture roots are 

unlikely to compete for the same soil resources because they occur largely at separate 

depths in the soil profile.  

 

Scattered trees are associated with a distinct and systematic horizontal and vertical change 

in soil attributes in the upper 0–75 cm of soil although the magnitude, intensity and pattern 

of these effects differed according to the soil attribute in question. Scattered trees were 

associated with an increase in soil fertility out to approximately 2.5 canopy radii, with no 

indication that the increase came at the expense of surface soil nutrients beyond the canopy 

edge. Soil pHCa at seven different locations was acidic from the tree trunk, but exhibited 

individualistic patterns of variation with depth among locations, and varied little among 

concentric zones around trees. When averaged over the top 75 cm of the soil profile, total 

soil C was higher by 25–185% under the tree canopy than in the open paddock (i.e. the 

zone extending 10 m beyond 2.5 canopy radii from the tree trunk), as was total N          

(25–230%) and total S (0–60%), and for the most part available P (–10–340%) and EC     

(–13–180%). Often soil fertility in the transitional zone (between the canopy edge and the 

open paddock) was intermediate between the under canopy zones and the open. Soil C, N, 

S, available P and EC generally declined exponentially from the soil surface, with the 

largest magnitude of change occurring in the top 10 or 20 cm of the soil profile. As most 



coarse tree roots were found below this depth, these results are most likely due to nutrient 

cycling caused by tree litter addition at the soil surface. This study not only added to the 

growing literature on the positive influence of scattered trees on soil fertility, but 

established that scattered trees have tangible value in grazed temperate landscapes in terms 

of increasing topsoil fertility. 

 

Eucalypt litterfall decreased with distance from the tree stem. However, due to the larger 

area, a large quantity (36–75%) of litter accumulated beyond the canopy edge. Between 54 

and 145 kg of tree litter was found on the soil surface around individual trees and an 

average of 181 kg of litter accumulated around each tree over the course of a year. Similar 

quantities of each nutrient were deposited in tree litter in each season. There were few 

seasonal differences in nutrient concentration in any litter component. The spatial patterns 

of litter distribution around scattered trees coincided with spatial patterns in soil properties 

found in this study and elsewhere. For example, there was a strong correlation between the 

density (g/m
2
) of C contained in litter in different concentric zones around trees and the 

density (kg/m
2
) of soil C in the top 5 cm of the soil profile (r

2
 typically ranged from 0.6–

0.9). The location and concentration of the litterfall and its decomposition, is likely to at 

least partly explain the spatial patterns in soil fertility associated with scattered trees. This 

suggests that the loss of scattered trees from pastoral landscapes in temperate NSW will 

result in the loss of significant litter and nutrient inputs.  

 

Around the scattered trees in this study, ungrazed green dry biomass (GDB) of pasture was 

larger under or near scattered trees compared to the open paddock in summer–autumn. 

Similarly, GDB consumption by cattle was larger under or near scattered trees compared to 

the open paddock in summer–autumn. Consequently, the GDB remaining in the paddock 

after grazing was often significantly smaller under or near scattered trees compared to the 

open paddock. When biomass in grazed paddocks was examined in multiple locations, no 

difference in the total GDB was found with increasing distance from scattered trees. 

However, variation in the percentage GDB of total biomass was common, especially in 

native pastures, with the percentage GDB being larger under scattered trees than in the 

open paddock. Using an active-optical-sensor, the Normalised Difference Vegetation Index 

(NDVI) of pasture was observed around scattered trees. The relationship between NDVI 

and GDB was significant but weak (best r
2
 = 0.42). The low r

2
 values were probably due to 

senescent pasture masking the GDB from the sensor in native pasture and index saturation 

in sown pastures. A consistent directional trend was evident, with larger GDB on the 



southern side of trees and lower GDB on the northern side in native pastures in the region. 

Trees may enhance pasture biomass to the south, compensating for a reduction in biomass 

on the northern side of the tree. However, as direction was not accounted for in the 

biomass measurements in this study more work is required to qualify this assumption. 

Pasture nutrient concentrations (Ca, P, K and S) were often higher under the tree canopy 

compared with the open paddock, and this trend occurred in both native and sown pastures. 

Overall, it was concluded that scattered trees facilitated pasture growth in summer–

autumn, and were associated with higher pasture nutrient concentrations.  

 

The higher NDVI on the southern side of trees suggested that pasture biomass was 

enhanced by shade of the trees. Consequently, in a controlled field experiment, the role of 

shade in influencing pasture NDVI (and pasture biomass) was investigated. The effects of 

varying levels of shade (afternoon shade only, morning shade only, full shade and no 

shade) on above-ground grass biomass, NDVI and soil temperature and moisture were 

studied over the course of 32 weeks from summer to winter, simultaneously monitoring 

inflorescence development. Three grass species with different photosynthetic pathways and 

light tolerances, Microlaena stipoides (C3, shade tolerant), Austrodanthonia richardsonii 

(C3, preferring full sunlight) and Chloris ventricosa (C4, preferring full sunlight) were 

examined. Shade had little influence on plant biomass of C3 species, but shade 

significantly reduced biomass of the C4 species. Until early winter, the NDVI of each 

species was generally significantly higher in all shade treatments than in the unshaded 

treatment, implying that a higher percentage of green biomass occurred in the shade. This 

may have been due to plants in the shade (a) retaining a higher proportion of green biomass 

or (b) changing leaf shape, increasing leaf area and chlorophyll content. Whatever the 

causal factor, shade prolonged the retention of green plant material until mid–late winter. 

The C3 grasses, being year-long green perennials, varied little in NDVI throughout the 

experiment but the NDVI of the C4 grass (a warm-season perennial) declined significantly 

after mid autumn. This experiment explains the directional trends in NDVI found in 

previous work, and suggests that shade from scattered trees would be beneficial to 

landholders in this temperate region for green pasture production in a range of native grass 

species. 

 

 



Overall, the results of this thesis are relevant for landholders and natural resource managers 

in grazed temperate landscapes because they enable more informed decisions about the 

retention or re-introduction of scattered trees in these ecosystems. Furthermore, the work 

demonstrates that the value of scattered trees is not limited to stock shelter and aesthetics, 

but that trees are beneficial for their immediate soil and pasture surroundings. As a result, 

landholders, natural resource managers and policy decision makers should be encouraged 

to acknowledge the important and valuable ecosystem functions (ecosystem services) of 

this declining resource to the agricultural sector. 
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