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ABSTRACT

Mallees have been planted in the Western Australian wheatbelt as a solution to remediate dryland
salinity. However large scale plantings are required to see significance changes in lowering water
tables.The emerging market of trees as carbon seq@estaran additional factor to motivate larger
scale plantings in agricultural landdditionally to the above ground woody biomass of trees, root
biomass is also a contributior carbon sequestration.

There ae well established allometric relationships and studies on the above ground portion of trees
however much less on the rootrppon. The below and above ground biomass ratio (BG:AG) is often

used to estimate below ground biomass in carbon sequestratiots mbderecognized the BG:AG
changes over age, vegetation type, and conditions trees are under such as coppicing. Models can be

over or underestimating the rate of carbon sequestration.

This study investigates carbon potential and the above and belandgo@mmass relationships of 4 to

14 year oldEucalyptuspolybractea(blue mallee) in Tincurrin and Narrogin within the Western
Australia wheatbelt. A total of 46 trees were sampled under four different treatments; uncoppiced,
coppiced, low productivity ahhigh producitivity.

The tree basal diameter squared,viias established as a useful above ground index to provide a
means to quantify total below ground biomass-destructively in uncoppiced trees. Allometric
equations derived to estimate below ground biomass were in thegfaterp(b) y=ax+h where x =D?

, @ and b are constanis=below ground biomass. The ratio between the sample mean and predicted
mean was found to be the most suitable correction factor to apply to the predicted below ground

biomass to produce a net 0% error.

Freshdry weightbiomassratios were strongly correlated ®.99) Therefore totatlry weights can
directly be measured from tree sampled fresh weights. BG:AG ranged from 0.66 to 1.28 for coppiced
trees and 0.56 to 0.84 for uncoppiced trees. The estimated carbon dioxide etjgeadzated from

the woody biomass of sampled trees ranged from 4.9.80tZXQ-e ha'y™.
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LIST OF ACRONYMS

AG Above Ground

BG Below Ground

BG:AG Below-above ground ratio

CBH Crown base height

DW Dry Weight

DW:FW Dry weight fresh weight ratio

DAFWA Department of Agriculture and Food Western Australia
Dio Basal diameter (diameter of the stem 10 cm abovgrtiend)
Dep Diameter at crown base height

FW Fresh Weight
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1 INTRODUCTION

Anthropogenic activities such aanld clearig and combustion of fossil fuel are possible contributing
factors to the globadhcrease in atmospheric carbon dioxide concentrgtmymmonly recognized as

global warmhg (UNFCCC 2009). There is an increasing concern whichitsigatel a scheme

under the Kyoto protocaio reduce carbon emissionghich can be traded and offset by carbon
sequester@Harper et al. 2007; UNFCCC 2009)his scheme applids countries thahave joined, in

which Australia is a part of. Trees are recognized as carbon sequesterers, inclusive of the below
carbon content of tree¥o evaluateghe marketability of trees, the likely carbon content needs to be
guantified.

The understanding of rootdmass in trees is noinderstood in contrast to well established allometric
relationships and studies done on the above ground portion of@aiess et al. 1997; Taylor 2005)

The root biomass is frequently estimated as the ratio between the drsdi@bove ground biomass
(BG;AG). The current default ratio is 0.25 for forest classes (Snowdon et al. 2000). However this may
not hold true for tree types such as mall&sviding mallees have a greater BG:AG, the change in
comparison to the default valueuld greatly impact the estimatiof carbon sequestration

Mallees also have the ability to reshoot after the above ground portion of the tree is harvested because
of an organ in their roatystemcalled the lignotuber. The beleabove ground relationship further
complicated for trees that undergo harvest regimes (coppice). It is commonly hypothesized that
coppiced trees will have greater belalwove ground biomass ratios (Taylor 2005; Wildy & Pate
2002; Snowdon et al. 2000).

The study recognizes a sect of Australiad sational research prioritieg\(stralian Government,
2009. Firstly, Au st r a | i setd slimateeclsapge and variability lrycreasinghe understanding

of above and below ground biomass relationshiss will contribute tevardsquantifying the impaic

of mallees as a carbon sinRecondly, rallees have also been planted in the Western Australian
wheatbelt as a solution to overcothe salinity degraded wheatbelt of Western Australia (URS 2008;
George et al. 1999However the cuent scale of plantings is not sufficient to observe significant
changesEstablishing mallees as a commercial product will attract tree investors to increase plantings,

thus with consequential environmental benefits both globally and nati¢hialiper etal. 2007)

In context to the national pridies, it is important to investigate the belalwove ground relationstsp
of mallees (in this studfucalyptuspolybracted to improve the database allometric relationships
between above ground indexes andoweground biomass (@as et al. 1997; Taylor 2005).

Indirectly, this contributes towards Australiab

carbon emissions.

This study is interested in totaburseroot biomass below ground across différeaatment in a range

of414 vyear old trees and its relationsvyiapight o abo



turnover (Snowdon et al. 2000) compared torseuoots Carbon sequestration of fine root was
considerednsignificantby dry weightcarbon content. Therefofene roots was not included in the
study Rootdevelopment, rootlasses, root densities at depth and spread of roohetascluded as
part of the field investigatiorThe scope of this study focubmost of its effort towards understanding
the relationships betwedotal below-above ground biomass ofallees

The aims of this study are to:

o Establish the fresldry weigh ratio ofE. polybractea
¢ Investigate the relationships between above to belowngrbiomass and the effect of different
treatments on their beleabove ground ratios across an age rangelef year old mallees. The
treatments are:
o Coppiced and uncoppiced
0 Productivity levels (low and high)
¢ Investigateherelationships between belaground biomass with:
0 Above ground biomass
o0 Above ground conical volume
0 Basal area
0 Sapwood area
e Develop basic allometric equations to estimate below ground biomass baseddestmoative
above groundéhdexand
e Quantify the likely carbon dioxide equivalgi@O.-e) that can be generated frénmPolybracta

within the study sites.

The following chapterinclude the background, methodology of field, laboratory work, data analysis,
assumptions and calculations. Results and the discussion are combined in4£falntered bythe

conclusions athrecommendations of this study in chapter 5.



2 BACKGROUND

This chapter aims to provide the background to thimtreduction of mallees into the agricultural
wheatbelt of Western Australia (WA). ltele in context to the carbon emissions trading scheme and

belowabove ground relationships of trees is also reviewed.

2.1 Salinity in the Western Australian wheatbelt
The replacement of native vegetation in the WA wheatbelt by shatioed annual crops for

agriculture has resulted in excess groundwater recharge. Rising water tables mobilize salt stores in the
regolith, elevating the salinity of the soils in the area (George et al. 1999; Greenwood et al. 1995)
Wind erosioncan be severe in areas where droughiridonged because of the removal of native
treesthat also serve as a wind break (Sudmeyer, Bicknell & Coles 200and degraded soil
conditions from rising salinity has affected salt intolerant vegetation and the yield of agricultural
crops (Robinsorklarper & Smettem 2006).

A solution to remediate these issues is to revegetate affectediténshlt tolerant perennial trees or
shrub that has the ability to grow in low rainfall condition. Eontemporaragricultureto continue,
perennial vegetatiowas suggested to be integrated as belts within the farming sysefroy &
Scott 1994).

However at this scale, the solution to dryland salinity mayadetjuatelyncreasesvapotranspiration

and decrease recharge because of the scale and dynamics oflrtbgeblpgical systemA study
suggests that extensive plantings are required for significant changes in the water tahngedn

salinity levels (George et al. 1999)he location of plantations also has an effect on the seepage
control. Trees plantedn zones where the aquifer is confined, is likely to fail in controlling seepage
since the uptake of excess drainage is not fulfiled as recharge may be occurring elsewhere
(Greenwood et al. 1995, study modeled the effect of revegetation on salina sbibwed that block

or alley planting was not sufficiently effective when geological faults were incorporated. Areas
undergoing a revegetation strategy may have negligible effects on the water table as groundwater may

be feed from an adjacent catchmentraxied by a fault (Clarke et al. 1999).

2.2 Mallees and the benefits to the Western Australia wheatbelt
Despite criticism, the integration of perennial plants into farming syspeavédes particular benefits

for livestock and agricultural crops series of interviewsf farmers from the upper great southern
who are taking part in the mallee planting program was held by the Avon Catchment Council. They
indicated that plantings provided a wind break for crop land whichlssefitedfarmers on days

when sprayingvere occurring. Trees also prevented top soil from wind erosion and dryialgiring

dry and windy yearg~armers also discovered the improvement in livestock performance as trees are a

provision as shelter (Durcan 2008)



A study suggestedhort rotation woody crops have managed to create a soil water deficiency,
improving degraded soils at risk from salinisation. Decades of agriculture can continue on these soils
before groundwater recharge rems. Unfortunately the firstvb years mayeduce productivity of

crops and pasture after short rotation woody crops are introgB8uddeyer & Goodreid 2007)

In the WA wheatbelt, 15 million ha of agricultural land has a Mediterranean climate averaging an
annual rainfall range of@®-600mm (Hobbs, Bartle & M. 2009). More than 10 million of this land is
within low rainfall zones of 25@00mm (Shea 1999)allees have been planted in the WA wheatbelt

as a solution to mitigate dryland saliniffhey are currently the biggest potenfiat reforestation
because other perennial species have a limited range in productsswithlow rainfall zoneqShea

1999) Trial plantings of mallees began in 1986 at Murdoch and on local farms with demonstration
plantings in 1988 at Woodanilling (8Grksouth of Narrogin town). Initial interests by farmers and
CALM (Conservation and Land Management, now Department of Environment and Conservation) in
revegetation benefits began extensive plantings in 1994 (Bell, Barton & Stocker 2001). The idea was
to develop the woody plant to become commercially viable whilst as a solution to reverse the impact
of salinity in the WA wheatbelt. By 1995 the Oil Mallee Association was developed by farmers as a
body toimprovethe industry (URS 2008).

As of 2008, 25.5 milthn malles trees have been planted in W& consisof Eucalyptus polybractea
(the blue mallee) amongst the total plantindRE2008. E. polybracteds known for its high cineole
content (Milthorpe et al. 1998) which can be harvested for products iimmabautics, and the
potential to be used as an industrial solvent at reduced environmental risks (Barton). Most of the
eucalyptus oil produced in Australia has come from the blue mallee in New South Wales and in
Victoria (Milthorpe et al. 1998). Although hoative to the WAvhedbelt, thespeciesvas introduced
to the region becausié grows effectively relative to othermallee speciewithin the wheatbelt

conditions. Their high cineole oil content is also anotheitaonal benefit for plantings.

Although benefits improve farm land, these drivers are not enough to encourage mallee farming to
occur at the scale tsignificantly treat dryland salinity. Farmers recognize the neeckstoredeep
rooted perennials to a portion dkeared landHowever the costef planting aregprohibitive Despite

such benefitstrees will need tattractadditional sourcgof income(URS 2008)

The Oil Mallee AssociatiofOMA) and Forest Production Commission WA working alongside with
the WA government is part of the managenwrthe WA QOil Mallee IndustryPlan. The strategy is to
develop mallees as a commercial resow@that they are commonly adopted into farming practices
The market opportunities of harvesting mallees as a resourdei@ekectricity, carbon sequestratjon
wood pellets, activated carbon, composite wood products and eucalyptus oil (URSA2008)Ve
integrated wood processing plant veagscessfully demonstratéa Narrogin, WA The technology of

the plant used mallee trees to produce three marketable [gpélectricity, activated carbon and
eucalyptus oil with an annual output of 7500MWh of electricity, 690 tonnes of activated carbon and

210 tonnes of eucalyptus oil (McHenry 200Bpr economical viabilitycooperation is needed for



large scale plantingsotproduce adequate biomaséitting for commercial infrastructure and
developng technologies for a sustainable commercgturn (URS 2008)Such improvementan
motivate the increase irplantingstoward significant scales in the WA wealthbélthe emergig
market of trees as carbon sequesters is an adfmlitiactor to motivate larger scale plantings in
agriaultural land.

2.3 Trees as carbon sequesterers
Australia has joined the Kyoto protocol, which aims to reduce the production of greenhouse

emissions. This came offset by carbon sequestratiarsing trees providing anotheravenuefor
mallees to benefit fromlrees as a carbon sequester fall under ¢he @ g o kapd Usd, LarfdUse
Change and Forestty wi t hi n t h eThere asedvworemergmg ibsdesadopting trees as
carbon sequesters. Firstly, a carbon sink that is not permanent due to an alteration inube $aruth
that carbon in theraa is decreased, carbon credits that were previously sold have to b€ Heppéat
et al. 2007; UNFCCC 20097Trees that undergo harvest is a classic exampksecond issue figees
as carbon sequestes canonly be qualified from 1 January 1990. Theforetrees that were plasd
before this date cannot take parthie scheme (Harpet al.2007 UNFCCC 200%.

Current commercial bodies recognize treesdpturecarbonas a commodityunde the emissions

trading schemerovidingthey ardeft withoutundergoing harvest regimeésiring aproject period for

70 years (OMA Internal Training Event, Feb 2009). Mallees senesce at an age below the project
lifetime of trees planted to be accredited as carbon sinks. The biomass production may not meet the
current financial cost of such plantingdMallees as a carbon sequesteon a standalone was
estimated to provide a negative net profit value at the current global pricing of trees as carbon

sequegrs(Harper et al. 2007)

Mallees have the abilityo generate new shoots from below ground lignotubers after hadBalkt

Barton & Stocker 2001; Wildy & Pate 2002he lignotuber is the distinguishable bulgéglrel) of

some eucalyptus sitting at the base of the stem sitting below the soil level. The top of the lignotuber
can also be visible from field observation in this study. The development of this organ by eucalyptus
specieds a survival technigue. The ligtuber bea regenerative buds which remain dormant until

the above component of the tree has b#destroyedn a fire (Snowdon et al. 2000; Wildy & Pate
2002)

The oil mallee industry is advocating that harvesting be allowed and have the below graamdgbor
mallees undergoing harvesting regimes to still qualify as a sink of carbon, because of their ability to
reshoot after harvest (Wildy & Pate 2002; URS 2008; Bell, Barton & Stocker 2001).



Figure 1 SamplecE. polybractedrom study sites showing distinguishable bulge known as the lignotuber of mallees.
Left image 14 year old uncoppiced root. Right imagé year old uncoppiced root. Multistems emerging from lignotuber
indicate likely grazing from early age.

2.4 Below-above ground relationships
There islittle publishedresearchand public data about the above and below ground biomass

relationships of mallespecies and in even less so for trees undergoing repeated coppicing (Taylor
2005; Snowdon et al. 2000). There are factofleiencingthe belowabove ground relationshipf

malleesand have been reviewed below.

2.4.1 Factors affecting belowabove ground relationships and tree growth
The seasonvhen mallees are cut and exposure to different levels of photosynthetic radiation were

found to impact on théelowabove groundiomassratio B G: AG) . Wil dyés-5(2002)
year old E. kochii found coppiced trees tgenerate more shoots a year after cutting in October

(Spring) compared to February (summer) cuts.

Exposure to grazing during the first to second year of planting will slow the growth of the above
ground portions of seedlings (Durcan 2008). Although malleere the ability to survive when the
abovegroundportion of the tree is under pressure, at seedling they are susceptible to death if the root
is not developed (Christersson, cited in Wildy & Pate 2002).

Conditions of the land and ttdesignof plantingshave an effecon mallee biomass. Trees planted
along the contour of the land are designed to maximise water capture from runoff and reduce water
logging (David McFall pers. Comn). Water logged plants are less likely to shoot quickly especially

at the apling stage.

A contributing factor for treeso growth fairly well in undesirable conditions is their ability to
develop deep root systems to access water tables and nutrients. A study (Bouillet et al. 2002) on
Clonal Eucalyptusplantations in Congo discovered their root system were able to extend depths



greater than 3m after a year since planting. These plantations were located in conditions of;
rainfall, dry seasons, soils with low nutrient concentrations and low watertioaterapacities.
Another suggested factor by Bouillet (2002) for trees to be able to survive in such conditiptiewas
nutrient uptake eep within the soil profile isecycled at the forest floalue to mineralisation.

The BG:AG is impacted by the managent of integrating trees within a farming system. The
concern for integrating mallees into crop landhis competition between mature mallee lateral roots
and adjacent crops, defined as the competition zone. Competition can be managed by root ripping
along the edge of mallee belfBurcan 2008) This method howeveawas found tohave a negative

effect on tree growth and biomass but varied depending on factors sebaxge, soil type, rainfall,
harvest regime of mallee plantingSudmeyer & Flugge 2Ib; Cairns et al. 1997; Snowdon et al.
2000) Another study sheed within 7 years of plantingnallee roots are still able to exploit soil
water at vertical depths of at least8m and the lateral extent of root growth was able to realdw

2m where masshallow rooted annual crops only extendRobinson, Harper & Smettem 2008his

may imply root ripping may not be an issue for mallee growtlstudy done on the economics of
managing treerop competitiordiscovered the impact of root ripping orallees was also dependent

on soil type. Trees in deep sands were less affected than trees in duplex soils (Sudmeyer & Flugge
2005). Although mallees may still be able to survive after having been root rthgediould impact
theBG:AG.

2.4.2 Below-above groundratios
A study investigated environmental factors that influenced the allocation of biomass to roots on

datasets from tree research globally (Cairns et al. 19%i8sefactors were; latitude, tree type, age,
rainfall, temperature, temperatwanfall rdio, water availability, and soil texture. The BG:AG
ranged from 0.0®.7 (overall mean of 0.26). Most BG:AG tended to fall between 0.2 and 0.3

independent of environmental factors.

Studiesacross vegetation typélsroughout Australia produced a mean BG:Af30.69ranging from

0.04 to 8.57The BG:AG was significantly differémcross vegetation tyg&nowdon et al. 2000). A
study in United States forests (Birdsey, cited in Cairns et al. 1997) found BG:AG that ranged from
0.18 to 0.24 for hardwood trees ahd9 to 0.2 for softwood trees.

Belowground biomass has been determined by fixed allometric equations based on the BG:AG in
early studies (Bray, cited in Cairns et al 1997) or simply by using the ratio to determine below ground
biomass(Harper, Smettem & Tomlinson 20@stablished earliethe BG:AG changes with tree age

and trees in differing conditions and treatments such as water availability and harvest regimes (Cairns
et al. 1997; Taylor 2005; Wildy & Pate 2002). Utilising BG:AG in allometrics may nohlaeeurate

permanenestimateof below ground biomass.



2.5 Relationships of below ground biomass with above ground variables
Other tharthe BG:AQG literature has shown that diameter at breast height (DBH) was also commonly

used to predict below ground biomass and has proved to be eatgiShowdon et al. 2000).
Diameter at base squat 02 has also been commonly used in previous studies to predict below
ground biomass (Akugh: Litton;Resh, cited in Taylor 2005%tem areaand F at the same height
will produced the same slope in tlrendline produced from the scatterplot between below ground

biomass and respective above ground varidiiesis because stem areais only ascalard@dy ~ / 4 .

A significant relationshiphas beerfound between basal area’(Bt base) and root biomased,
transformed) within vegetation type but not across vegetation type (Snowdon et al. 2000). Since
relationships varied between speciabpmetric equatiosof basal aredelow ground biomass cannot

be universally used. For instance the slope of alldmeguation would alter from species to species
(Snowdon e al. 2000). A previoushstudied pine plantatioalso found the basal area and below

ground biomass to have a strong correlation (Taylor 2005).

Leaf area index was also found to correlate withabasea. This is dependent on the season leaf
foliage was collected. Relationships were strongest in the months of October, December and January
(Snowdon et al. 2000). This relationship is further supported by the pipe model tihaoaytree is

made up bunit pipe systems were a pipe of uthicknesds connected from root to a unit amount of
leaves (Shinozaki et al. 1964). The theory fails for the base section of duiew heartwood

development. This may be a confounding factor in the leaf area index/basal area relationship.

For harvest regimes to be allowed in mallee plantitigsre is a need to quantiéarbon accumulation

below ground Understanihg the relaionship betveenbelow ground to above ground biomass of
uncoppicecE polybractearees is initially important. As reviewed in literature, the range of BG:AG
differed across species, age and other environmental factors. The following chapters reflect the
findings of his study on the belowbove ground biomass relationshipsEofpolybracteabased on;
biomassand allometric equations. The carbon dioxide equivalent{&dikely to be generated is

also quantified.



3 METHODOLOGY

The material covered in this chapter lm&s the methodology adopted in the field and laboratory.
Calculations and assunims of data analysis and stepsed to estimate the likely carbon
sequestration of blue mallee are explained. The study site locations and conditions are also described

in this chapter.

3.1 Site selection and description

3.1.1 Site locations

All study sites Figure2) of E. Polybracteglantings were in four row belts and were located within

the outh west catchment of WA in Tincurrin (approximately 50km east of Narrogin town) except for
the site at Rhodes (approximately 10km south east of Narrogin tBammjell1995 figure6), Parnell

2005 Figure 5) and McDougall1998 Figure 3) sites werein close proximity to each othefhe
maximum distances these three sites were located from each other were approximately 6km.
Permission to harvest the sampled trees were provided by owners, whoroowereted by David

McFall (OMA regional manager for the upper great southern wheatbelt).

3.1.2 Sail
All plots except for low productivity sites consistedcafplex soilswhich were described by David

McFall (OMA regional manager for the upper great southernattedt) and Keith Parnell (Parnell
Nursery, Tincurrin). Field observations also noted duplex soils during excavatidhe low

productivity plot at Rhodes was observed to have sandy soils during root excavation.

3.1.3 Plots within sites and treatments
Aerial images of the study sites are shownRig(re3 to Figure6). Tablel is a summary of the sites

describing their; coordinate location, number of trees sampled, treatments plots were under, plot ID,
stand age and regrowth ages for coppiced pRites were setged such thatiz. polybracteavere
growing within similar rainfall zones, in 4 row alleys and similar soils across a range of ages. One site
where preliminary field work was undertaken to test the procedure was at Rhodes 2000. This site fell
in a higher ainfall zone Figure 8). Plots were selected tuwe represerdtive of different treatments;
productivity levels (high, low) and coppiced or uncoppiced. Their prodtyctivas determined as

high or low based on their above ground health relative to adjacent Wmesppiced plotswithin
coppiced/uncoppiced sites, were selected to also represent high productiviti gdbtglot consisted

of 6 trees (3 trees wide, pdehto the belts and 2 trees across). Only 4 trees were sampled at the low
productivity plot at Rhodes (2 trees wide, 2 trees acleigslye 7 is a partial representan of a

typical belt layout and the trees that were sampled in a plot.
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Figure 2 Site locations, Rhodes 2000 in Narrogin shire and McDouga8,1@8rnell 1995, Parnell 2005 Tincurrin.

] Coppiced
Coordinates No. of Year o ]
) Plot Productivity  Uncoppiced/ year
] (Latitude trees Planted ] ]
Site ] ID (High/Low) Coppiced (regrowth
Longitude) sampled (age)
age)
-33.009 6 High R 2000 )
Rhodes 2000 Both Uncoppiced n/a
117.253 4 Low R (9 years)
-32.971 6 U* A, B 1995 ) 2000
Parnell 1995 High Both
117.759 6 C C,D (14 years) (9 years)
McDougall -32.988 6 U E,F 1998 ] 2005
High Both
1998 117.746 6 C G,H (11 years) (4 years)
-33.021 6 High 1,J 2005 )
Parnell 2005 Both Uncoppiced n/a
117.735 6 Low K,L (4 years)

Table 1 Summary of site details. fUuncoppiced, *Q coppiced. Site names were given based on the farm name/owner and
the year trees were planted.
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Figure 4 Rhodes 2000 site. PIB. Treatments were high productivity, low productivity of 9 year®lgolybracteglantec
along the contour in 4 row belts
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Figure 3 McDougall 1998. Plot (E, F), (G, H). Treatments were uncoppiced and coppiced of 11 yeapolgbractea
planted along the contour in 4 row belts. Coppiced trees were at 4 years regrowth
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Figure 5 Parnell 2005. Plot (1, J), (K, L). Treatments were low and high productivity of 4 ye&:. plolybracteglanted in
east west direction as 4 row belts.
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Figure 6 Parnell 1995. Plot (A, B), (C, D). Treatments were uncoppiceddccappiced of 14 year oH. polybracteglanted
as 4 row belts either side of contour. Coppiced trees were at 9 years regrowth.









































































































