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Abstract
Research within the CRC for Sustainable Production Forestry (CRC-SPF) and
elsewhere is synthesised to provide a framework for managing nitrogen (N) fertilisers
in eucalypt plantations. The system identifies N deficient sites, provides N
management options (rate, timing, type and placement), predicts wood yield and
quality responses to N fertilisation, considers potential environmental effects, and
encourages economic evaluation of the options. The system is best defined for
Eucalyptus nitens plantations in Tasmania.
Introduction
An aim of research in the CRC-SPF was to develop options for managing nitrogen
fertilisers post-canopy-closure in temperate eucalypt plantations. This research
addressed three main topics:
1. identifying the sites deficient in N,
2. quantifying their growth response to N fertilisers, and
3. evaluating the potential for adverse effects on wood quality or the
environment.
Results of this research are already available in various forms, but this report aims to
summarise and link this information with that from other sources, and suggest options
for inclusion in management systems.
Identifying N deficient sites
Fertiliser history
Plantation growth on ex-pasture sites is usually better than on ex-forest sites (all other
factors being equal), because forest soils are commonly very low in phosphorus (P)
and N availability and pasture management includes regular additions of P fertiliser
and N inputs via biological N fixation associated with legumes. Hence, investment in
pasture for conversion to plantation represents an investment in soil fertility built up
by a history of fertiliser use.
It was not surprising then that ex-pasture or ex-forest (second rotation) categorisation
was a useful discriminator of N-responsive E. nitens or E. globulus plantations in
Gippsland (Baillie et al. 2003). Trees at two ex-pasture sites did not grow more
quickly with N fertiliser, but those on five ex-forest sites did. Also amongst E. nitens
plantations in Tasmania, the only ex-pasture site studied did not respond to N fertiliser
(Smethurst et al. 2004a)
Farmers generally have been aware of the P and N fertility issues associated with
pastures and they responded by routinely applying P fertiliser and using legumes in
their species mixes. Limited N fertilisation has also been used. However, potassium
(K), which is second only to N in the amounts required by plants for growth, has often
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been ignored. While most soils had adequate K availability when first sown to
pastures (or other crops), decades of removal of animal and plant products containing
K depletes these reserves. It was no coincidence then that the first report of suspected
K deficiency in Pinus radiata in Australia was on ex-pasture sites (Raupach and Hall
1974), which is mirrored by more recent experience in the CRC-SPF (Smethurst et al.
2001).
Soil analysis
Reliable diagnostics of N deficiency need to be calibrated against the response to N
fertilisation at many sites, and such soil calibrations usually vary according to soil
type, climate, and cropping system. An example of such a calibration is that for P
deficiency in pastures in New South Wales (NSW) (Figure 1). This type of calibration
requires fertiliser experiments at numerous sites conducted over several years, but this
requirement has rarely been met for soil analyses in plantation forestry in Australia or
elsewhere. Calibrations for N are very rare in agriculture too, because of the
complexity of measuring N availability in temporal and spatial scales relevant to
plants (Smethurst, 2000).
CRC-SPF nutritional research did not include many ex-pasture sites, but of those we
did work with, increased N availability was demonstrated in several types of soil
analyses (Smethurst et al. 2004a, Wang et al. 1996; Fig 2). However, such differences
don’t necessarily justify the use of these analyses for indicating the need for N
fertiliser. Such justification should only come from calibrations such as that indicated
in Figure 1. Concentrations of mineral N (ammonium and nitrate) can potentially be
calibrated to indicate N deficiency (Smethurst 2000). In exploring N relations in E.
nitens, we found that ammonium or ammonium+nitrate concentrations in soil solution
were potential discriminators of N sufficient and deficient sites and better than the
standard potassium chloride (KCl)-extractable concentrations (Smethurst et al. 2004a,
Figure 3). The concentrations of mineral N in solution associated with N deficiency
were similar to those suggested by theoretical analysis (Sands and Smethurst 1995),
which provides encouragement for this approach, but we did not have enough data to
develop reliable predictive calibrations.
Budgeting demand-supply relations of N in E. nitens plantations was tested and found
reliable if rates of N mineralisation could be measured on-site (Smethurst et al. 2004,
Figure 4), but this is a method suited only to research because it is very expensive.
These rates also could not be predicted accurately enough from less expensive
methods for site-specific predictions (Moroni et al. 2004), although such predictions
would probably be accurate enough for predictions at a regional or country scale (Paul
et al. 2002a).
One complication with using mineral N concentrations is that they vary considerably
with time (Smethurst 2000, Smethurst et al. 2001). These concerns led us to testing
more stable forms of N, which led to a useful result. Concentrations of total N in
surface soil (0-10 cm) less that 6 mg g-1 were indicative of N deficiency in E. nitens
plantations (Figure 5). The lower the concentration the more severe the deficiency,
and plantations in the 3-5 year age class seemed most responsive, which coincides
with the expected peak in N demand. This calibration is probably the most useful
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indicator of N deficiency developed for eucalypt plantations in Australia, but it should
not be used in other regions, climates or species without further testing, because the
N-supplying power for a given concentration of total N is likely to be different, and
the pattern of N demand of plantations in other regions could also be different.
Stand vigour
Several characteristics are used to judge vigour of a stand: leaf area index (LAI), leaf
colour or form, foliar analysis, timing of ‘canopy lift’, and comparison of actual and
expected stem growth rates. These characteristics can be used reactively by
management, but are of limited use predictively because growth has usually been
limited by the time that a lack of vigour is evident. In addition, the lack of vigour is
also often not a specific indicator of N deficiency. Never-the-less, assessment of stand
vigour is an important tool for monitoring the progress of a plantation and can assist
in narrowing down the potential causes of a growth limitation.
Under severe nutrient stress, some foliage of some eucalypt species discolours or
malforms in characteristic ways (Dell et al. 2001), but our experience is that N
deficiency usually involves only short-term (a few months) pale greenness of leaves
in E. globulus and E. nitens that is very hard to specifically associate with N
deficiency. In the longer term, when N-limited, these eucalypts tend to shed leaves
(first from the lower canopy) so that N demand and growth rate are better matched to
the prevailing N supply. During this phase of growth, leaf greenness is adequate while
growth rates are limited. While visiting numerous N fertiliser experiments in
temperate eucalypts since 1992, on only one occasion did I observe a distinct colour
difference between N-fertilised and control plots (Figure 6).
The concentration of foliar N broadly, which reflects leaf greenness because of its
strong association with chlorophyll, is also of limited value as a predictor of N
deficiency in these eucalypt species. For example, while studying concentrations of
foliar N in E. globulus foliage collected at 3 or 6 monthly intervals, Adams (2004)
found a strong correlation with subsequent growth increments on only one occasion
during the first few years of growth, despite the experimental conditions producing a
wide range of foliar concentrations.
Because LAI is important for indicating N deficiency, we validated tools for assessing
LAI. The standard tool, a LICOR LAI-2000, accurately detects diffuse light, and
when used under the right conditions it is an accurate indicator of LAI in many types
of forest stands. However, this instrument is expensive. Less expensive alternatives
have also been tested, i.e. a visual guide developed in the CRC-SPF (Cherry et al.
2002), a densiometer and an inexpensive light sensor (Quantum Meter) (Cherry pers.
comm.). These methods are useful, but the minimum LAI provided in the visual guide
is 2, whereas, many E. globulus stands have lower LAI values, and the Quantum
Meter and densiometer methods would benefit from additional development and
validation. More recently, a useful method of analysing readily obtainable digital
photos has shown promise (MacFarlane pers. comm.; http://members.forestry.crc.org.au/cgibin/doc.pl?rm=view_doc&doc_id=1559)
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Onset of N deficiency is usually accompanied by early canopy lift and can also
include a reduction in density of the remaining of the crown (Figure 7).
A method of assessing crown damage by pests has also been developed (Stone et al.
2003). Although this method is untested in relation to nutritional management, it is
likely to be more useful for characterising canopy vigour of stands with canopies that
are not high enough to allow use of the LAI assessment methods.
In Tasmania, commercial plantations are reasonably well-watered and potential P
deficiencies are avoided by early P fertilisation. Under these conditions, the main
nutritional limitation to growth is low N supply. Hence, we found a strong
relationship between LAI and the increment in stem biomass in E. nitens plantations
with various N fertiliser treatments (Figure 8), and LAI in such stands is therefore a
good indicator of N deficiency. Under these conditions, if LAI is less than or equal to
c. 4, an application of N fertiliser is likely to increase LAI and growth rate. The
situation is more complex on the mainland where both N and water can be expected to
limit LAI and growth.
There are a range of tools available for predicting the growth rate of a plantation that
can then be compared to actual growth. Each grower has at least some empirical
productivity prediction system. The process-based model CABALA (Battaglia et al.
2004) is also available, which predicts N availability, uptake and utilisation for
growth, and hence the degree of N limitation. Because this model has had some
degree of validation in E. globulus and E. nitens plantations (Battaglia et al. 2004,
Smethurst et al. 2004c), it can be used with some confidence to firstly compare actual
and predicted growth, thereby alerting us to potential underperformance of a
plantation, and secondly indicate if low N supply is the likely cause of slower than
expected growth.
Predicting growth and wood quality responses to N fertilisation
As already indicated, soil total N is a useful indicator of N limitation in E. nitens
plantations in Tasmania (Figure 5). These data show that growth responses to a single
application of 200 kg N ha-1 can led to a maximum response of 43 m3 ha-1 of extra
wood when applied at 3-6 years of age, but lower responses were more common and
depended on age of application and concentration of total N. In our experience with
unthinned pulpwood crops, no or little growth response is expected to N fertiliser
applied later than c. 6 years of age. Responses at this stage of crop development might
be more significant and profitable in combination with thinning, but this was not
tested.
However, on many sites, this rate of application will not completely alleviate N
deficiency, because responses at some sites were not maximised at 500 kg N ha-1
applied during the first 3 years of growth (Figure 9), and additional responses to later
applications can be expected on some sites. However, our data suggest there is no
clear benefit in exceeding 200 kg N ha-1 in any single application. Hence, on severely
N deficient sites, periodic applications of N fertiliser will be needed to maximise
growth (Cromer et al. 2002, Smethurst et al. 2004, Ringrose and Neilsen 2005).
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Few data are available on the effects of N fertilisation on wood quality (e.g. wood
density) in temperate eucalypts, but these data suggest that few detrimental effects can
be expected (Raymond 1998, Smethurst et al. 2004a, Gonçalves et al. 2004). Some
positive and negative effects have been observed, but we currently lack a reliable
basis for predicting N fertiliser effects on the quality of wood produced in these
species while suspecting that seasonal interactions with water availability could be
important (Gonçalves et al. 2004).
Potential environmental effects
Nitrogen fertilisation has several potential negative environmental effects on- and offsite that need to be recognised and either avoided or managed within acceptable
limits. Soil-based effects all arise from N fertilisation leading to an increase in nitrate
leaching that concurrently reduces the availability of base cations (K, Mg and Ca),
increases soil acidity (i.e. decreases pH) and the concentrations of aluminium (Al),
and increases the delivery of nitrate and accompanying cations to groundwater and
streams. These effects are well known and confirmed in our own eucalypt plantation
systems (Mitchell et al. 2004, Ringrose and Neilsen 2005), but we don’t yet have
reliable criteria for critical values of base cation availability or Al toxicity.
These effects are minimised if non-nitrate, ammonium-based fertilisers (e.g. urea or
ammonium sulphate) are used as the N source, but in nearly all soils some of the
applied N will be transformed to nitrate by soil microbes anyway. The effects are also
minimised if N fertilisers are applied only if they are needed to promote tree growth
and at rates less than 200 kg ha-1 in each application. Because the effects of N
fertilisation on soil N availability are ephemeral (lasting only 6-12 months, usually), it
is important that applications coincide with periods of N deficiency. In addition,
direct applications to free water in streams or drainage ways should be avoided, but
this is unlikely to be a problem if operations are consistent with the codes of forest
practice. If such practices are followed, international experience indicates that
concentrations of nitrate in drinking water would not be expected to exceed levels of
concern, but there still might be some positive or negative impacts on stream biota
(Binkley et al. 1999).
Even if such guidelines are followed, cumulative rates of N fertilisation greater than
1000 kg N ha-1 should be considered with caution, because such practices in CRCSPF experiments led to decreased pH and concentrations of base cations in surface
soils (Ringrose and Neilsen 2005, Mitchell et al. 2004), and base cation deficiencies
are already suspected or have been demonstrated in some plantations.
Biological N fixation, e.g. use of legumes or acacias, is an alternative source of N that
should be considered, especially if N fertiliser costs increase substantially (Turvey
and Smethurst 1980, 1983). These technologies have already been developed and
used in pine plantations in temperate Australia and New Zealand (Smethurst et al.
1986), and could probably be adapted to eucalypt plantations if required. Currently, N
fertilisation is favoured over legumes because it is cheap, effective and convenient.
Nitrogen fertilisation can also have a potential positive environmental effect. If N
fertilisation stimulates growth, additional carbon is sequestered which positively
5
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affects the balance of greenhouse gases and can potentially be recognised in C
accounting schemes (Paul et al. 2002b). Sequestration of C is also an application for
CABALA.
Little information is available on the effects of N fertilisation on beneficial or harmful
insects and microbes in eucalypt plantations, but, in general, N fertilisation can
potentially promote or hinder growth of these organisms and potentially assist the tree
to avoid damage or recover from it. A research project on this topic is nearing
completion (Pinkard pers. comm.).
Decision framework
Current knowledge in relation to N-fertilisation of temperate eucalypt plantations is
summarised in a schematic framework to support fertilisation decisions (Figure 10).
The knowledge base for implementing this system is incomplete for any of our
plantations, but this system is an improvement on that previously available and it
could assist in identifying priorities for further research. The system is most complete
for E. nitens in Tasmania, because of the reasonably extensive network of N fertiliser
experiments under these conditions, the calibration of soil total N, and knowledge that
LAI in these plantations under current growing conditions is primarily limited by N.
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Figure 1. Calibration data for the concentration of P in a dilute CaCl2-extract in relation to yield
response of clover pasture at 10 sites in NSW (redrawn from Dear et al. 1992). Relative yield is growth
of the unfertilised treatment relative to the maximum response to P fertiliser obtained at the
corresponding site. This calibration shows that there is a high likelihood of response if the P
concentration is less than 5 M and little likelihood at higher concentrations.
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Figure 2. In a survey of 28 sites in Tasmania, pasture sites were generally more N-fertile than other
site types (6 or 7 sites of each type measured), because they had higher concentrations of total and
mineralisable N and lower C:N ratios (Wang et al. 1996).
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Figure 3. Concentrations of NH4 and NO3 in soil solution and KCl extracts at 9 sites, including 2 sites
where trees did not respond to N fertilisation (B and C) and 7 sites where trees did (BG, R, OP, Wat, T,
Wag, and H) (Smethurst et al. 2004a). Soil solution data were not available for site H. Bars with
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Figure 4. Comparison of estimated rates of N mineralisation (bars) and uptake (line) for five sites
where soil N fluxes were measured in the surface soil (0-10 cm) of unfertilized plots of N fertiliser
experiments (Smethurst et al. 2004). This analysis assumes N mineralisation for the whole profile is
three times that measured in the surface 10 cm (Moroni 2001), and that potential uptake of a highproductivity E. nitens plantation is consistent with the N contained in above-ground components for
high-productivity E. nitens (Moroni 2001) and E. globulus, and that below-ground N is 0.4 of that
above-ground (Misra et al. 1998). Mineralisation in year 4 at Potters was estimated as the average of
that measured in the two previous years. Asterisks indicate that N deficiency was indicated by a
significant, positive growth response to N fertiliser.
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Figure 5. The relationship between stem volume response to 200 kg N ha-1 fertilisation and soil total
N (Smethurst et al. 2004b).
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Figure 6. Note the colour difference between unfertilised 2-year-old E. nitens in the foreground and
N-fertilised trees in the background. Peter Naughton is standing at the plot boundary, in an N fertiliser
experiment at Nunamara, Tasmania. Also note that canopy lift had not commenced when this photo
was taken.

Figure 7. This is a photo of the same plantation as that shown in Figure 6, but taken one later. Note
that canopy lift has occurred and remaining foliage appears a satisfactory green colour. This plantation
had been experiencing N deficiency for about the previous 1.5 years.
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Figure 8. Annual increment in the biomass of stem wood of individual plots of E. nitens in relation to
initial LAI in N fertiliser experiments at four sites (Smethurst et al. 2003).
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2004a).
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Figure 10. Schematic framework for managing N fertilisers in temperate eucalypt plantations
(including previous page).

13

14

References
Adams, P.R. (2004) Competition for Soil Water and Nitrogen between Holcus lanatus
L. and young Eucalyptus globulus Labill.. PhD Thesis, Univ. Tasmania, 304pp.
Adams, P.R., Beadle, C.L., Mendham, N.J. and Smethurst P.J. (2003) The impact of
timing and duration of grass control on growth of a young Eucalyptus globulus
Labill. plantation. New Forests 26:147-65.
Baillie C, Smethurst P and Appleton R (2003) Weed control and fertiliser release
treatments in eucalypt plantations in Gippsland, Victoria. Cooperative Research
Centre for Sustainable Production Forestry, Technical Report No. 127, 48pp.
Battaglia, M., Sands, P., White, D. and Mummery, D. (2004) CABALA: a linked
carbon, water and nitrogen model of forest growth for silvicultural decision
support. Forest Ecology and Management 193:251-282.
Binkley, D., Burnham, H., Allen, H.L., 1999. Water quality impacts of forest
fertilisation with nitrogen and phosphorus. Forest Ecology and Management.
121, 191-213.
Cherry, M.L., MacFarlane, C., Smethurst, P., Beadle, C., 2002. Visual Guide to Leaf
Area Index of Eucalypt Plantations. Cooperative Research Centre for
Sustainable Production Forestry, Hobart, Australia, 22 pp.
Cromer, R.N., Turnbull, C.R.A., LaSala, A.V., Smethurst, P.J., and Mitchell, A.D.
(2002) Eucalyptus growth in relation to combined nitrogen and phosphorus
fertilisation and soil chemistry in Tasmania. Australian Forestry 65:256-264.
Dear, B.S., Helyar, K.R., Muller, W.J. and Loveland, B., 1992. The P fertiliser
requirements of subterranean clover, and the soil P status, sorption and buffering
capacities from two P analyses. Australian Journal of Soil Research 30: 27-44.
Dell, B., Malajckzuk, N., Xu, D., Grove, T.S., 2001. Nutrient disorders in plantation
eucalypts. 2nd edition. Canberra, ACIAR Monograph No. 74. 188 pp.
Garnett, T.P, Shabala, S.N., Smethurst, P.J., and Newman, I.A. (2001) Simultaneous
measurement of ammonium, nitrate and proton fluxes along the length of
eucalypt roots. Plant and Soil 236:55-62.
Gonçalves JLM, Stape JL, Laclau J-P, and Smethurst P, Gava JL (2004) Silvicultural
effects on the productivity and wood quality of eucalypt plantations. Forest
Ecology and Management 193:45-61.
Misra, R.K., Turnbull, C.R.A., Cromer, R.N., Gibbons, A.K., LaSala, A.V., Ballard,
L.M., 1998b. Below and above ground growth of Eucalyptus nitens in a young
plantation II. Nitrogen and phosphorus. Forest Ecology and Management 106:
295-306.

14

15

Mitchell, A.D. and Smethurst, P.J. (2004) Surface soil changes in base cation
concentrations in fertilized hardwood and softwood plantations in Australia.
Forest Ecology and Management 191:253-265.
Moroni, M.T. (2001) Predicting nitrogen deficiency in Eucalyptus nitens plantations
using soil analysis and budgeting methods. PhD Thesis, University of Tasmania,
Hobart, Australia.
Moroni, M.T., Smethurst, P.J. and Holz, G.K. (2002) Nitrogen fluxes in surface soils
of young Eucalyptus nitens plantations in Tasmania. Australian Journal of Soil
Research 40: 543-553.
Moroni, M.T., Smethurst, P.J. and Holz, P.J. (2004) Indices of soil nitrogen
availability in five Tasmanian Eucalyptus nitens plantations. Australian Journal
of Soil Research 42:719-25.
Paul, K.I., Polglase, P. J., O’Connell, A.M., Carlyle, J.C., Smethurst, P.J., and
Khanna, P.K. (2002a) Soil nitrogen availability predictor (SNAP): a simple
model for predicting mineralisation of nitrogen in forest soils. Australian
Journal of Soil Research 40:1011-1026.
Paul, K., Polglase, P., Coops, N., O'Connell, T., Grove, T., Mendham, D., Carlyle, C.,
May, B, Smethurst, P. & Baillie, C. (2002b). Modelling change in soil carbon
following afforestation or reforestation: preliminary simulations using GRC3
and sensitivity analyses. National Carbon Accounting System Technical Report
No. 29 (106pp), Australian Greenhouse Office, Canberra, Australia.
Raupach, M., Hall, M.J., 1974. Foliar levels of potassium in relation to potassium
deficiency symptoms in radiata pine. Australian Forestry 36, 204-213.
Raymond, C.A. (1998) Wood properties, silviculture and growth: a review of
published literature for eucalypts. Cooperative Research Centre for Sustainable
Production Forestry, Technical Report No. 6, 18pp.
Ringrose, C. and Neilsen, W.A. (2005) Growth responses of Eucalyptus regnans and
soil changes following periodic fertilisation. Soil Science Society of America
Journal 69: 1799-1805.
Smethurst , P.J. (2000) Soil solution and other soil analyses as indicators of nutrient
supply: a review. Forest Ecology and Management. 138:397-411.
Sands, PJ and Smethurst, PJ (1995) Modelling nutrient uptake and plant growth in
Ingestad units using Michaelis-Menten-like nutrient-uptake kinetics. Australian
Journal of Plant Physiology. 22:823-831.
Smethurst, P.J., Baillie, C., Cherry M., and Holz, G. (2003) Fertiliser effects on LAI
and growth of four Eucalyptus nitens plantations. Forest Ecology and
Management. 176:531-42.

15

16

Smethurst, P.J., Herbert, A.M. and Ballard, L.M. (1997) A paste method for
estimating concentrations of ammonium, nitrate and phosphate in soil solution.
Australian Journal of Soil Research 35:209-25.
Smethurst, P.J., Herbert, A.M., and Ballard, L.M. (2001) Fertilisation effects on soil
solution chemistry in three eucalypt plantations. Soil Science Society of America
Journal 65:795-804.
Smethurst, P.J., Baillie, C., Cherry M., and Holz, G. (2003) Fertiliser effects on LAI
and growth of four Eucalyptus nitens plantations. Forest Ecology and
Management. 176:531-42.
Smethurst P, Holz H, Moroni M and Baillie C (2004a) Nitrogen management in
Eucalyptus nitens plantations. Forest Ecology and Management 193:63-80.
Smethurst P, Holz G and Baillie C (2004b) Nitrogen fertiliser research in Eucalyptus
nitens plantations. Cooperative Research Centre for Sustainable Production
Forestry, Technical Report No. 137, 35pp.
Smethurst PJ, Lyons A and Churchill K (2001) Yellow pines signal potassium
deficiency in reforested old pasture land in Tasmania. Better Crops
International 15(2):11-13.
Smethurst, P., Mendham, D., Battaglia, M. and Misra, R. (2004c) Simultaneous
prediction of nitrogen and phosphorus dynamics in a Eucalyptus nitens
plantation using linked CABALA and PCATS models. In Borralho, N. et al
(eds) “Eucalyptus in a Changing World”, Proc. IUFRO Conference, Aveiro,
Portugal, 11-15 Oct. 2004, pp.565-568.
Smethurst, P.J., Turvey, N.D. and Attiwill, P.M. (1986) Effect of Lupinus spp. on soil
nutrient availability and the growth of Pinus radiata D.Don seedlings on a sandy
podzol in Victoria, Australia. Plant Soil 95:183-190.
Stone, C., Matsuki, M. and Carnegie, A. (2003) Pest & disease assessment in young
eucalypt plantations: field manual for using the Crown Damage Index. ed.
Parsons, M., National Foreset Inventory. Bureau of Rural Sciences, Canberra,
38p. (http://affashop.gov.au/product.asp?prodid=12783)
Turvey, N.D. and Smethurst, P.J. (1980) Biological and economic criteria for
establishing a nitrogen fixing understorey in pine plantations. In “Managing the
Nitrogen Economies of Natural and Man Made Forest Ecosystems”
Rummery,R.A. and Hingston,F.J. (eds) CSIRO Division of Land Resources
Management, Perth, Western Australia, pp. 124-145.
Turvey, N.D. and Smethurst, P.J. (1983) Nitrogen fixing plants in forest plantation
management. In “Biological Nitrogen Fixation in Forest Ecosystems:
Foundations and Applications” Gordon, J.C. and Wheeler, C.T. (eds) Martinus
Nijhof, The Hague, pp. 233-260

16

17

Wang, X.J., Smethurst, P.J. and Herbert, A.M. (1996) Relationships between three
measures of organic matter or carbon in soil of eucalypt plantations in
Tasmania. Australian Journal of Soil Research 34:545-53.
Wang, X.J., Smethurst, P.J. and Holz, G.K. (1996) Nitrogen mineralisation indices in
Ferrosols under eucalypt plantations of north-western Tasmania: association
with previous land use. Australian Journal of Soil Research 34:925-35.
Wang, X.J., Smethurst, P.J. and Holz, G.K. (1998) Nitrogen fluxes in surface soils of
1-2-year-old eucalypt plantations in Tasmania. Australian Journal of Soil
Research 36:17-29.

Glossary
Al
Ca
E. globulus
E. nitens
K
KCl
LAI
Mg
m3 ha-1
mg g-1
N
NSW
P
pH

Aluminium
Calcium
Eucalyptus globulus (also commonly known as blue gum).
Eucalyptus nitens (also commonly known as shining gum; and as silver
top occasionally in New South Wales).
Potassium
Potassium chloride
Leaf area index
Magnesium
Cubic metres per hectare
Milligrams per gram
Nitrogen
New South Wales
Phosphorus
A measure of acidity and alkalinity
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