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Foreword
Eucalypts are of considerable economic, social and environmental importance in
southern China. They are grown in plantations, as well as being used in plantings
beside roads, canals, villages and homes. They provide raw materials for the pulp and
paper, and solidwood industries, and poles, fuelwood and essential oils. Rates of
planting have increased, but parts of the country still face an impending wood deficit
as demand grows. The projected deficit is particularly acute in the provinces of the
southern central region. These provinces also face other forestry and environmental
problems. Large areas lie in the red soils region, where the combination of deforesta-
tion, ready soil erodibility and inappropriate land uses has led to serious environmen-
tal degradation.

The Chinese view expansion of plantation forestry as a way of addressing many of
the environmental problems in the region while improving local incomes and provid-
ing needed forest products. But attempts to use native species, such as Chinese fir
and Yunnan pine, have often been unsuccessful in the red soils region.

In contrast, some eucalypt species and provenances are known to display rapid
growth in many of China’s poor soils. But most eucalypts have been planted in China
in the warmer parts of the country, not in the cooler highland areas of south central
China, where the most degraded lands occur. Most eucalypt germplasm currently
grown in China is adapted to warmer coastal regions and is far less suitable for these
areas than specially adapted species and provenances.

ACIAR has supported collaborative forestry research between China and Australia
since 1985. This report draws together the results of many trials undertaken over the
past 20 years into eucalypts suited to mean annual temperatures of 15–20°C, with
absolute minima down to –8°C

This publication is number 57 in ACIAR’s technical report series. More information
about ACIAR publications is available on our website at <www.aciar.gov.au>.

Peter Core
Director
Australian Centre for International Agricultural Research
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Terms and definitions

ACIAR — Australian Centre for International Agricultural Research

ACT — Australian Capital Territory

‘asl’ — above sea level

ATSC — the Australian Tree Seed Centre (a business unit within CSIRO Forestry and Forest 
Products)

AusAID — Australian Agency for International Development

CAF — Chinese Academy of Forestry

CERC — China Eucalypt Research Centre, Chinese Academy of Forestry

Cold-tolerant Eucalypt Project — The project ‘Development of germplasm and production 
systems for cold-tolerant eucalypts for use in cool regions of southern China and Australia’ 
(ACIAR project FST/96/125). This project is supported in part by the Australian Centre for 
International Agricultural Research (ACIAR) and is a collaborative Australia–China 
research project being conducted over a six-year period. It commenced in January 1999.

Cooler regions — this phrase is used in this report to refer to the areas of south central China 
having ‘humid mesothermal’ climate with mean annual temperatures of 15–24°C, absolute 
minimum temperatures down to –8° to –10°C, mean minimum temperatures of the coldest 
month in the range –3° to 5°C and mean annual precipitation generally above 800 mm per 
annum. 

CSIRO — Commonwealth Scientific and Industrial Research Organisation (Australia)

DBH — diameter at breast height (i.e. at 1.3 m above the ground)

Dry season length — number of consecutive months with less than 40 mm of precipitation

ig. — intergrade between two species

Landrace — a population of individuals (trees) which has, through one or more generations, 
become somewhat adapted to a specific environment in which it has been grown

NSW — New South Wales (Australian state)

Qld — Queensland (Australian state) 

SA — South Australia (Australian state)

South central China — in this report, south central China refers to the area comprising 
Yunnan, Sichuan, Guizhou, Hunan, Jiangxi and Fujian provinces along with the northern 
part of Guangxi province.

ssp. — subspecies

SF — State Forest

Tas. — Tasmania (Australian state)

Vic. — Victoria (Australian state)

WA — Western Australia (Australian state)

Note on provenance seedlot codes appearing 
in this report

All provenance seedlot codes appearing in this report that begin with ‘CS’ (e.g. CS18146) 
were originally supplied by CSIRO Forestry and Forest Products’ Australian Tree Seed 
Centre.
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1. Introduction
China boasts of some of the world’s largest man-made forests and it is estimated to
now have over 22 million ha of forest plantations. Although eucalypts make up less
than 10% of this total, they are nonetheless of considerable economic, social and
environmental importance in southern China. As of late 2002 the area of eucalypt
plantations in China was estimated to exceed 1.5 million hectares (Qi 2003). In addi-
tion to these plantations, more than 1.8 billion other eucalypts (equivalent to about
350,000 ha) have been established as ‘four-around’ plantings beside roads, canals,
villages and homes (Midgley and Pinyopusarerk 1996; Qi 2003). 

Despite the country’s significant resource of plantations of eucalypts and
other species, China’s southern provinces alone are expected to have an annual wood
production deficit of more than 90 million m3 by the year 2025. In 1998 China
imported less than 5 million m3 of timber (Anon. 2001). In 2000 its national net
deficit in wood production was approximately 40 million m3 and it is estimated this
will increase to more than 90 million m3 in 2010 (Sun and Bean 2001). Rapid
increases in China’s annual wood imports have been due to: its large annual growth
in pulp and paper consumption; increased residential construction; reductions in
tariffs and a more open trading system since its entry to the World Trade Organisa-
tion; and sharp reductions in timber harvesting from natural forests following policy
changes in 1998. Interestingly, the furniture market in China is one of the strongest
growth sectors for forest products, posting approximately 10% growth in 1999 and
again in 2000 (Sun and Bean 2001). China is now home to around 30% of the world’s
total furniture production and it has also become the world’s largest exporter of
timber furniture. 

Plantation resources

To address its deficits in wood production, Chinese authorities are keen to
expand the forest plantation resources in cooler areas of south central provinces. In
this region there are substantial areas of degraded and largely unproductive lands and
many of these areas are ideally suited to forest plantation development. In addition to
the national, regional and local economic benefits of developing productive forest
plantation resources in this region, it is seen that such development could also
provide substantial environmental benefits (Xie et al. 1991). Many of the south
central provinces lie within China’s ‘red soils region’ (see below), where the combi-
nation of deforestation, erodibility of red soil complexes and inappropriate land uses
have resulted in serious sheet erosion of topsoils and, in places, deep gullying into
subsoils over the last 40 years (e.g. Plate 1). Such factors have created substantial
areas of largely unproductive degraded lands that now total more than 400,000 km2

(Xie et al. 1991). 
Attempts to establish large areas of productive forest plantations with native

species, including Chinese fir (Cunninghamia lanceolata) and Masson pine (Pinus
massoniana), in the red soils region have sometimes proved unsuccessful (Xu and
Yang 1991). Also, many of the natural forest areas across the red soils region in south
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central China have become severely degraded. Consequently, a large proportion of
the current fir and pine plantations provide relatively low yields of fuelwood and
timber, offer little protection against soil erosion, and contribute relatively little to
rural economies. Though some native species can grow well on the more fertile sites
with better soils in this region, their growth can be poor on degraded lands (Tu 1991).

In contrast to the local pine species and Chinese fir, some eucalypt species are
well adapted to many degraded sites in China’s red soil region (Xu and Yang 1991;
Brown 1994; Arnold and Luo 2003). Trials have demonstrated their ability to sustain
relatively fast growth on poorer soils across a range of sites in southern China
(Turnbull 1981; Bai 1994; Brown 1994; Chen 2002; Arnold and Luo 2003), and their
timber is suitable for range of products including pulp, poles, fibreboards, ply and
sawn timbers. 

Eighty percent of China’s existing eucalypt resource is concentrated at lower
elevations in coastal regions of Hainan, Guangdong, and Guangxi provinces south of
latitude 27°N (Chen 2002; Qi 2003). In these warmer areas the science and tech-
nology of eucalypt species/provenance selection, genetic improvement and silvicul-
ture are generally well developed. However, in the cooler regions of south central
China, where the larger areas of lands available for expansion of forest plantations
are located, eucalypt planting has to date been limited. Domestication of cold-
tolerant eucalypts suitable for these areas is at its early stages in China. Attempts to
directly transfer germplasm from China’s warmer coastal areas have often met
complete failure—the tropical and many of the sub-tropical eucalypts are ill adapted
to the cooler inland areas of south central China. For example, in Fujian’s highlands
more than 2000 ha of plantations of Eucalyptus urophylla and E. urophylla ¥ grandis
clones introduced from southern Guangdong were killed or severely damaged during
severe winter cold (to –8°C and below) in December 1999 (Qiu Jinqing, Fujian
Forestry Department, pers. comm.). 

Edaphic and topographic influences on tree growth

The cooler regions of southern central China with potential for forest planta-
tion development generally lie within the ‘red soils’ region. South central China’s red
soils are named for their characteristic red or yellow subsoil colours (Grimshaw and
Smyle 1991). They are tentatively classified as red dermosols or yellow dermosols in
the Australian Soil Classification System (Isbell 1996; Laffan 2002). All tend to be
acidic (pH 4.5–5.5) and have low cation exchange capacity, high aluminium satura-
tion, major nutrient and some trace element deficiencies with phosphorus (P) most
often limiting, low organic matter and poor water-holding capacity. Their low
available P and organic matter status are often associated with toxic levels of
aluminium (see Xie et al. 1991; Baker et al. 2003; Laffan 2003; Laffan et al. 2003).

Nutrient availability is considered to be the most severely limiting soil factor
affecting site productivity for eucalypt plantations in southern China. Low levels of
the nutrients nitrogen (N) and P have been recorded in degraded forest plantation
soils from Yunnan, Guangxi, Hunan and Fujian provinces, and it is expected that
similar low levels will occur in degraded soils in other cooler areas of south central
China (Baker et al. 2003; Laffan 2003). Other nutrients including potassium,
magnesium and sulfur as well as various trace elements are also deficient on many
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sites. Red soils with high levels of free iron (red ferrosols) generally have a high P-
fixation capacity and thus require repeated applications of phosphatic fertilisers.
Extra applications (secondary fertilisation) of other nutrients such as nitrogen are also
often required. Because of the loamy and clayey nature of the soils, nutrient retention
is not considered a problem (Laffan et al. 2003). 

Most of the sites considered suitable for forest plantation development on
undulating and rolling slopes in the red soils region generally have well-structured
soils with negligible limitations to effective root depth or ease of rooting penetration
(Laffan 2002, 2003). Exceptions are where shallower soils occur over bedrock and
also on some steeper slopes with very stony soils where limitations to effective
rooting depth and/or root penetration would be expected. 

Detailed reviews and discussions of the soils of eucalypt plantations and
potential plantation sites in some of the cooler regions of south central China are
provided by Laffan (2002), Laffan (2003), Laffan et al. (2003) and Baker et al. (2003). 

Climatic influences

The target plantation areas of south central China are somewhat cooler than
the southern coastal areas of China. This cooler climate can be broadly categorised as
‘humid mesothermal’ with mean annual temperatures of 15–24°C, absolute
minimum temperatures down to –8° to –10°C, mean minimum temperatures of the
coldest month in the range of –3° to 5°C and mean annual precipitation generally
above 800 mm (Figure 1). 

Figure 1. Map of China with cooler areas of south central provinces climatically
suitable for eucalypt plantations shown in lighter grey. These areas are of a
‘humid mesothermal’ climate with mean annual temperatures of 15–24°C,
absolute minimum temperatures down to –8° to –10°C, mean minimum
temperature of the coldest month in the range from  –3 to 5°C and mean
annual precipitation above 800 mm per annum (source: Trevor Booth,
CSIRO Forestry and Forest Products).
1
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Although such conditions appear to be significantly above the lower tempera-
ture limit for many cold hardy eucalypts, some aspects of the region’s climate can be
problematical for their successful growth. In terms of heat sums and latitude, much of
the region is seemingly subtropical (Zhao 1986). However, this can be misleading.
For instance, Hunan is exceedingly hot over the summer period with maximum
temperatures often exceeding 40°C and relatively high night-time temperatures
(often above 27°C), but frosts can occur on 75 days or more days per year and severe
cold periods (days of continuous subzero temperatures) can be encountered when
masses of cold air flow in from the north and northwest. Also, inflows of cold and
freezing air have on some occasions occurred following periods of relatively mild
weather—conditions that can result in eucalypts being poorly prepared physiologi-
cally to cope with cold stress (Florence 1996). This was the situation in southern
China in December 1991 and again in December 1999 when significant areas of
eucalypt and acacia plantings in south central provinces and even in some areas of
southern ones were severely damaged by cold (Yan 2001b). 

Inclusion of absolute minimum temperature tolerances in species climatic
descriptors of eucalypts can help to identify climatically suitable areas for them in
China (see Booth et al. 1994; Yan 2001a). For many of the plantation eucalypts
adapted to cooler winters, these climate descriptors/requirements are already well
defined (Booth and Pryor 1991; CAB International 2000; Jovanovic and Booth 2002).
Such information is useful in combination with software for species–site climate
matching and with models developed for predicting frost risks and risk of cold damage
to eucalypts in China (Booth et al. 1994; Yan et al. 1995; Yan 2001b). Detailed
reviews and discussions of the use of computer-based climatic models for species–site
matching in southern China with particular reference to plantation eucalypts are
provided by Booth et al. (1994), Yan (1995, 2001a, 2001b) and Yan et al. (1995).

However, since climate and especially minimum temperatures are strongly
influenced by local conditions, and species suitability is influenced by many factors
other than climate, such predictions are only broad indicators of species–site suita-
bility. Also, whilst indicating broad adaptability they do not indicate the relative
productivity of species that are climatically suitable. Thus, computer software
generated predictions ultimately need to be considered in conjunction with results
from experimental trials in the target environment(s).

Role of this report

Through a range of Chinese–Australian collaborative projects and many other
initiatives, a large number of eucalypt species, species–provenance, provenance and
family trials have been established in cooler regions of south central China since the
mid 1980s. Some of these trials can be clearly identified as ‘species trials’ as they
included large numbers of species, with each represented by just one or two seedlots.
Others have clearly been provenance or provenance–family trials, which included
many seedlots of just one species. 

The results from many of these earlier trials have the potential to collectively
provide important information. However, most of them had only been assessed up till
relatively early ages (generally 3–4 years or considerably less) when the collabora-
tive project or initiative, under which they were established, terminated. For the few
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trials that had been assessed at later ages, available information was often obscure or
poorly documented. 

To enable future domestication of eucalypts for the cooler regions in China to
proceed efficiently and to capitalise on investments made in earlier research, a ‘Cold-
tolerant Eucalypt Project’ commenced in the late 1990s, with the aim of reviewing
results from eucalypt trials established previously in this target area. This work
commenced with the compilation of an inventory of known, existing eucalypt
germplasm trials in cooler areas of Yunnan, Guangxi, Hunan and Fujian provinces.
Existing results and/or data (where available) from worthwhile trials were subse-
quently compiled, and a range of trials was re-assessed for at least growth parame-
ters. More recently, this has been supplemented by information and results of several
trials in Sichuan and Jiangxi provinces garnered from published reports.

This report provides a compendium of the locations, basic parameters, results
and key findings of a large number of eucalypt trials established in cooler regions of
south central China over the past 20 years. Thus, it summarises many years of
research effort, and gives a guide to the best (and worst) eucalypt species and prove-
nances over a wide range of planting sites across the cooler regions of south central
China. More detailed analyses and reports on some of these trials have already been
published, while publishing of detailed reports on others are planned. 

The information on these trials is presented below by the province in which
they are located, along with a brief description of the environment and eucalypt
domestication work in each of these provinces. Table 1 provides a complete list of
these trials and Figure 2 indicates their approximate locations. Appendix 1 lists
detailed information on provenance origins of all the seedlots included in these trials
that were originally sourced from CSIRO (i.e. all seedlots with codes beginning with
‘CS’, for example, CS18146).
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Figure 2. Map of southern China showing approximate locations of all the trials
discussed. 
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Table 1.  Locations of the eucalypt trials in cooler regions of south central China included
in this report.

Trial 
ID

Prov-
ince

Trial name Trial type Latitude
(N)

Longitude
(E)

Altitude
(m asl)

Y1 Yunnan Baoshan species trial species 25°07' 99°10' 1665

Y2 Yunnan Baoshan species – 
provenance trial I 

species – provenance 25°07' 99°10' 1665

Y3 Yunnan Baoshan species – 
provenance trial II

species – provenance 25°07' 99°10' 1665

Y4 Yunnan Jindian species trial species 25°01' 102°41' 1950

Y5 Yunnan Jindian species – 
provenance trial I

species – provenance 25°01' 102°41' 1950

Y6 Yunnan Jindian species – 
provenance trial II

species – provenance 25°01' 102°41' 1950

Y7 Yunnan Chuxiong species – 
provenance trial I

species – provenance 25°01' 101°32' 1870

Y8 Yunnan Chuxiong species – 
provenance trial II

species – provenance 25°01' 101°32' 1870

Y9 Yunnan Chuxiong species – 
provenance trial III

species – provenance 25°01' 101°32' 1870

Y10 Yunnan Yipinglang E. globulus 
provenance – family trial

provenance – family 24°14' 101°45' 1800

Y11 Yunnan Fumin E. smithii 
provenance – family trial

provenance – family 25°14' 102°30' 1895

Y12 Yunnan Yuxi species – provenance 
trial

species – provenance 24°21' 102°33' 1687

Y13 Yunnan Haikou species – 
provenance trial

species – provenance 24°50' 102°34' 2000

G1 Guangxi Guilin species – 
provenance trial 

species – provenance 25°28' 110°28' 130

G2 Guangxi Guilin species trial species 25°28' 110°28' 130

G3 Guangxi Guilin E. dunnii 
provenance trial 

provenance 25°28' 110°28' 130

G4 Guangxi Satang E. dunnii 
provenance trial 

provenance 24°28' 109°24' 120

G5 Guangxi Cha Hua Shan species – 
provenance trial 

species – provenance 24°03' 109°24' 130

H1 Hunan Suxian species – 
provenance trial 

species – provenance 25°30' 112°53' 320

H2 Hunan Hengyang species trial species 26°54' 112°36' 107

H3 Hunan Chengzhou species trial species 25°45' 112°53' 246

H4 Hunan Zixing E. grandis 
provenance – family trial 

species – provenance 25°34' 113°09' 120

H5 Hunan DaoXian eucalypt species 
trial 

species 25°31' 111°34' 300
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H6 Hunan Shuangpai County 
eucalypt species trial 

species 26°33' 113°16' 135

F1 Fujian Weimin species trial species 27°03' 117°40' 196

F2 Fujian Pushang E. dunnii 
provenance – family trial 

provenance – family 26°56' 117°46' 290

F3 Fujian Shi Bi  E. grandis 
provenance – family trial 

provenance – family 25°59' 117°19' 215

F4 Fujian Yongan species trial species 25°56' 117°24' 270

F5 Fujian Yongan E. grandis 
provenance – family trial 

provenance – family 25°59' 117°19' 225

S1 Sichuan Fushun E. grandis 
provenance trial 

provenance 29°33' 105°04' 450

S2 Sichuan Pingxing E. grandis 
provenance – family trial 

provenance – family 29°34' 103°43' 450

GJ1 Jiangxi Ganzhou species – 
provenance trial 

species – provenance 25°20 114°40' 95

Table 1. (cont’d) Locations of the eucalypt trials in cooler regions of south central China
included in this report.

Trial 
ID

Prov-
ince

Trial name Trial type Latitude
(N)

Longitude
(E)

Altitude
(m asl)
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2. Trials in South Central China

Early work

Eucalypts were first introduced to China in about 1874 (Wang et al. 1994a)
and several authors including Turnbull (1981), Bai and Gan (1993), Liu et al. (1996)
and Qi (2003) have reviewed their domestication there since that time. The greatest
progress with eucalypt domestication in China has occurred since 1981 (Bai 1994;
Liu et al. 1996). In this time several China–Australia technical co-operation projects
have facilitated substantial progress in the domestication of tropical and sub-tropical
eucalypts for China’s southern provinces (e.g. the Dongmen Project which operated
in Guangxi from 1982 to 1989 with funding from AusAID). In the cooler regions of
southern China, collaborative research into eucalypt (and acacia) species and prove-
nance selection commenced after 1984, largely as a result of ACIAR and AusAID
supported projects. Some examples are the China Eucalypt Research Centre Project
(Liu et al. 1996) and the ACIAR Project FST/1996/125 ‘Development of germplasm
and production systems for cold-tolerant eucalypts for use in cool regions of southern
China and Australia’ (Arnold and Luo 2003). 

Two other Australian development assistance projects of great benefit to
eucalypt domestication in both the warmer and cooler regions of southern and south
central China are the Seeds of Australian Trees Project (funded by AusAID from
1979 to 1993 and then by ACIAR from 1993 to1999) and its successor the Domesti-
cation of Australian Trees Project (funded by ACIAR from 1999 to 2004). Since
1982 these projects have provided Chinese researchers with ready access to quality
germplasm and the extensive genetic resources of a wide range of eucalypt species
from Australia for inclusion in numerous trials. 

Yunnan Province

Environment

Yunnan province is bounded by the Tibet Autonomous Region on the north-
west, Sichuan province on the north, Myanmar (Burma) in the west, and Laos and
Vietnam to the south and southeast (see Figure 2). It is the fourth largest province in
China and there is substantial variation of topography and climate within this
province (Britannica Online 2003a). 

Yunnan consists of two distinct topographical regions, separated by the Ai-lao
Mountains—a canyon region in the west and a plateau region in the east (Zhao 1986).
The canyon region includes a series of high mountains ranging in altitude to more
than 5500 metres above sea level (asl). The southern part of the canyon region
includes much lower valleys (elevations down to 1500 m asl) which are more open
and contain fertile irrigated fields (Britannica Online 2003a; Zhao 1986). 

The eucalypt trials of interest in Yunnan are mostly located on the plateau
area. The elevation of the plateau varies from 2100 m asl at its western end to around
1400 m asl at its eastern edge. Along its eastern edge, which adjoins the provinces of
Guizhou and Guangxi, intermontane basins provide large stretches of level country
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suited for agriculture (Britannica Online 2003a). The Yunnan plateau is well known
within China for its moderate climate. On account of its topographic conditions and
latitudinal location, summers tend to be cool, whilst winters are generally considered
mild. Kunming, the provincial capital at elevation 1960 m asl, is famous for its
‘eternal spring’. The climate is considered sub-tropical with mean January (mid-
winter) temperatures generally in the range 8–10°C and mean July (mid-summer)
temperatures of 19–22°C (Britannica Online 2003a). Red soils of various ages cover
most of the Yunnan plateau. 

Eucalypt domestication in Yunnan

It is well over 100 years ago since eucalypts were introduced to Yunnan
province (Wang et al. 1989). Indeed, in 1894 an Australian traveller noted a large
‘blue gum’ (most likely E. globulus) growing in the grounds of the French legation in
Kunming (Morrison 1895). 

Despite a long history of cultivation in Yunnan, eucalypts were primarily
planted along roadsides and in home gardens up until the end of the 1950s (Wang et
al. 1989; Qi 2003). Species involved in these plantings included E. globulus, E.
maidenii, E. camaldulensis and E. robusta. Unfortunately the provenance origins of
the original introductions of these species are unknown. 

Larger scale planting programs began in the late 1950s–early 1960s and today
the principal eucalypts grown in Yunnan are E. globulus and E. maidenii. These
species have proved well adapted to many areas on the Yunnan plateau and are
planted at altitudes of 1200–2400 m, though the best growth is generally found at
elevations of 1500–2200 m. Both species are favoured by the moderate rainfall, dry
summers with low humidities, mild winters and soils which generally have good
depths even though they are often of low fertility. In recent times E. maidenii has
become the more favoured of the two species for colder and/or drier sites in the
region (Zhang Ronggui, Yunnan Academy of Forestry, pers. comm.). Most of the
Yunnan E. globulus and E. maidenii plantations are managed for production of both
timber and essential leaf oils, with most foliage typically being harvested on 2–3 year
cycles for extraction of 1,8-cineole rich leaf oils by steam distillation. The leaf oil
industry provides an important channel for cash incomes in many poor rural areas of
the province (Chen 2002). 

At lower elevations in southeastern Yunnan where the climate is distinctly
warmer with higher rainfalls and more humid summers, a range of more subtropical to
tropical eucalypts is grown. In this area there are significant areas (>10,000 ha) of
E. grandis and hybrids of E. grandis and of E. urophylla (Chen 2002). 

More than 150,000 ha of eucalypt plantations are estimated to grow in
Yunnan today, with substantial additional areas of ‘four-around’ plantings (i.e.
plantings around roads, railways, canals and villages/houses) (Chen 2002). Whilst in
the south and southeast of the province planting stocks of tropical and subtropical
eucalypts are generally propagated as rooted cuttings of improved clonal varieties, E.
globulus and E. maidenii for planting on the Yunnan Plateau are usually propagated
from seed from the local landrace. 

A series of collaborative China–Australia projects supported by ACIAR,
CAF, CSIRO, the Yunnan Academy of Forestry and various other organisations was
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particularly effective in establishing trials on the Yunnan Plateau. Early results from
a number of these have been reported previously (see Wang et al. 1989, 1994b; Zang
et al. 1994; Zheng et al. 1994). 

Trials of cold-tolerant eucalypts in Yunnan

Baoshan eucalypt species trial (Trial ID—Y1) 

Seedlots included in the Baoshan species trial:

The overall growth at this site was relatively poor with the average height
growth of even the best species being less than 1.3 m per year. The relatively slow
growth on this site is attributed to its poor soils. Even so, survivals were reputedly
high with all species averaging over 75%. Unfortunately, monitoring and mainte-
nance of the trial was discontinued after age 3 years. Up to that age, E. pulchella
(CS11168) E. dalrympleana (CS12563), E. nitens (CS14012) and E. cypellocarpa
(CS12655) had shown the best growth. The species with the poorest performance in
this trial were E. johnstonii (CS11825) and E. neglecta (CS09751). 

Location and environment: 

Latitude: 25°07'N Soil: red soil, heavy clay

Longitude: 99°10'E Mean minimum temperature of coldest month: 4°C

Altitude: 1665 m asl Absolute minimum temperature: –4°C

Mean annual rainfall: 970 mm

Trial details: 

Trial type: species Date planted: July 1986

Number of species: 12 Age at last assessment: 36 months

Number of seedlots: 12 Number of replicates: 5

Initial spacing: 2.0 ¥ 2.0 m Plot size: 25 trees (5 trees ¥ 5 rows)

Experimental design: randomised complete block design 

Seedlot Species Provenance

CS11711 E. cinerea Gunning area, NSW

CS12655 E. cypellocarpa Bonang, Vic.

CS12563 E. dalrympleana Nundle SF, NSW

CS14206 E. dendromorpha Mt Budawang, NSW

CS11825 E. johnstonii Misery Plateau, Tas.

CS14840 E. laevopinea New England, NSW

CS15057 E. macarthurii ENE of Marulan, NSW

CS09751 E. neglecta Buckland River, Vic.

CS14012 E. nitens Brown Mt, NSW

CS10191 E. obliqua East Otway Ranges, Vic.

CS10345 E. oreades Bell—Mt Wilson, NSW

CS11168 E. pulchella Mt Judbury, Tas.
Trials of cold-tolerant eucalypt species in cooler regions of south central China
R.J. Arnold, J. Luo and B. Clarke
ACIAR Technical Reports No 57e
(printed version published in 2004)

17



ACIARTechRep57.fm  Page 18  Wednesday, June 23, 2004  1:39 PM
Baoshan species–provenance trial I (Trial ID—Y2)

Species and provenances included in the Baoshan species–provenance trial I:

Location and environment: 

Latitude: 25°07' N Soil: red soil, clay loam

Longitude: 99°10' E Mean minimum temperature of coldest month: 4°C

Altitude: 1665 m asl Absolute minimum temperature: –4°C

Mean annual rainfall: 970 mm

Trial details: 

Trial type: species–provenance Date planted: July 1988

Number of species: 5 Age at last assessment: 36 months

Number of seedlots: 12 Number of replicates: 3

Initial spacing: 1.5 ¥ 3.0 m Plot size: 25 trees (5 rows ¥ 5 trees)

Experimental design: randomised complete block design 

Seedlot Species Provenance

CS12867 E. denticulata Bonang SF, Vic.

CS09539 E. bicostata Stanley, Vic.

CS09541 E. bicostata NE of Mansfield, Vic.

CNEUMAID E. maidenii Yunnan landrace, China

CS12125 E. maidenii Tantawanglo Mtn, NSW

CS12130 E. maidenii Mt Dromedary, NSW

CS12321 E. maidenii Cann Valley, Vic.

CS15918 E. nitens S Captains Flat, NSW

CS17132 E. nitens Tallaganda SF, NSW
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Figure 3. Growth performance, in terms of diameter at breast height over bark
(DBH) and height, to age 3 years of the species in the 1986 species trial
at Baoshan in Yunnan (Trial ID—Y1).
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Overall growth at this Baoshan site was somewhat better with average height
increments of around 2.0 m per year. Unfortunately though, monitoring and mainte-
nance of this trial was also discontinued after about age 3 years. E. nitens (CS17132)
showed the best growth which, along with E. bicostata (CS09539), E. nitens
(CS15918), E. bicostata (CS09541), E. maidenii (CS12321) and E. maidenii
(CS12125), was better than the growth of the local landrace of E. maidenii (CNEU-
MAID). E. denticulata (CS12867) and all three provenances of E. viminalis were
inferior to the local E. maidenii to this early age (i.e. 3 years).

Baoshan species–provenance trial II (Trial ID—Y3)

CS14920 E. viminalis Cotter Catchment, ACT

CS15017 E. viminalis Silver Ck, Morwell, Vic.

CS17217 E. viminalis Mickleham, Vic.

Location and environment: 

Latitude: 25°07' N Soil: red soil, clay loam

Longitude: 99°10' E Mean minimum temperature of coldest month: 4°C

Altitude: 1665 m asl Absolute minimum temperature: –4°C

Mean annual rainfall: 970 mm

Trial details: 

Trial type: species–provenance Date planted: July 1992

Number of species: 5 Age at last assessment: 48 months

Number of seedlots: 15 Number of replicates: 3

Initial spacing: 2.0 ¥ 3.0 m Plot size: 15 trees (5 trees ¥ 3 rows)

Experimental design: randomised complete block design 

Seedlot Species Provenance
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Figure 4. Growth performance, in terms of diameter at breast height over bark
(DBH) and height, to age 3 years of the species–provenances in the
1988 species–provenance trial at Baoshan in Yunnan (Trial ID—Y2)
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Species and provenances included in the Baoshan species–provenance trial II:

Excellent growth was obtained at this Baoshan site with height increments of
all species averaging over 3.0 m per year. However, like the earlier Baoshan trials,
monitoring and maintenance of this trial was also discontinued at a relatively young
age (around 4 years). Two provenances of E. smithii (CS12559 and CS12131) had
markedly better growth than the other species–provenances in the trial. Others that
performed better than average included E. nitens (CS14439 and CS16636), E.
maidenii (CS17742 and CS15917) and E. smithii (CS16916).

Seedlot Species Provenance

CS15269 E. bicostata Wee Jasper, NSW

CS17777 E. bicostata 10 km NW Bruthen, Vic.

CS17965 E. bicostata Tumbarumba, NSW

CS16860 E. globulus Blue Gum Saddle, Tas.

CS15917 E. maidenii Bolaro Mt, NSW

CS17742 E. maidenii Black Range via Eden, NSW

CS17769 E. maidenii Yurammie SF, NSW

CS14439 E. nitens Glenbog SF, NSW

CS16619 E. nitens Tallaganda SF, NSW

CS16636 E. nitens Majors Point Ebor, NSW

CS16750 E. nitens Barkey River Rd, Mt Skene, Vic.

CS16869 E. nitens Toorongo Plateau, Vic.

CS12131 E. smithii Mt Dromedary, NSW

CS12559 E. smithii Mt Dromedary, NSW

CS16916 E. smithii 12 km NE Orbost, Vic.
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Figure 5. Growth performance, in terms of diameter at breast height over bark
(DBH) and height, to age 4 years of the species–provenances in the
1992 species–provenance trial at Baoshan in Yunnan (Trial ID—Y3).
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Jindian species trial (Trial ID—Y4)

Seedlots included in the Jindian species trial:

Although there was substantial growth variation between species in this trial,
growth of even the best performing species averaged less than 1.8 m in height per year
due to the site’s poor soil (heavy clay). The local landrace E. globulus (CNEUGLOB)
had the greatest height and DBH at age 3 years and was approximately 20% bigger
than the local landrace of E. maidenii (CNEUMAID) at this site. Other species that
performed well at this site were E. nova-anglica (CS13606), E. badjensis (CS13286)
and E. benthamii (CS14214). Species that had poor growth and that were markedly
inferior included E. fastigata (CS14457), E. oreades (CS10345), E. laevopinea
(CS14840) and E. dendromorpha (CS14206). 

Location and environment: 

Latitude: 25°01' N Soil: yellow soil, clay loam to heavy clay

Longitude: 102°41' E Mean minimum temperature of coldest month: 3°C

Altitude: 1950 m asl Absolute minimum temperature: –8°C

Mean annual rainfall: 1010 mm

Trial details: 

Trial type: species Date planted: July 1986

Number of species: 16 Age at last assessment: 36 months

Number of seedlots: 16 Number of replicates: 5

Initial spacing: 2.0 ¥ 2.0 m Plot size: 9-tree-row plots

Experimental design: randomised complete block design 

Seedlot Species Provenance

CS13286 E. badjensis 23 km from Nimmatabel, NSW

CS14214 E. benthamii Wentworth Falls, NSW

CS12448 E. camphora Coree Flat, ACT

CS12655 E. cypellocarpa Bonang, Vic.

CS12563 E. dalrympleana Nundle SF, Tamworth, NSW

CS14206 E. dendromorpha Mt Budawang, NSW

CS14457 E. fastigata Bombala, NSW

CNEUGLOB E. globulus Yunnan, China

CS14840 E. laevopinea S New England, NSW

CS15057 E. macarthurii ENE of Marulan, NSW

CNEUMAID E. maidenii Yunnan, China

CS14012 E. nitens Brown Mountain, NSW

CS13606 E. nova-anglica 24 km SSW of Walcha, NSW

CS10191 E. obliqua East Otways Ranges, Vic.

CS10345 E. oreades Bell—Mt Wilson, NSW

CS11168 E. pulchella Mt Judbury, Tas.
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Jindian species–provenance Trial I (Trial ID—Y5)

Species and provenances included in the Jindian species–provenance trial I:

Location and environment: 

Latitude: 25°01' N Soil: yellow soil, clay loam to clay

Longitude: 102°41' E Mean minimum temperature of coldest month: 3°C

Altitude: 1950 m asl Absolute minimum temperature: –8°C

Mean annual rainfall: 990 mm

Trial details: 

Trial type: species–provenance Date planted: July 1986

Number of species: 6 Age at last assessment: 156 months

Number of seedlots: 49 Number of replicates: 8

Initial spacing: 2.0 ¥ 2.0 m Plot size: 9-tree-row plots

Experimental design: balanced incomplete block design 

Seedlot Species Provenance

CS12867 E. denticulata Bonang SF, Vic.

CS09246 E. bicostata Wee Jasper, NSW

CS09539 E. bicostata Stanley, Vic.

CS09541 E. bicostata NE of Mansfield, Vic.

CS11310 E. bicostata Mt Lonarch, Vic.

CS11742 E. bicostata 5 km N of Bruthen, Vic.

CNEUGLOB E. globulus Yunnan, China

CS12742 E. globulus Henty River, Tas.

CS12743 E. globulus Leprena, Tas.

CS12744 E. globulus Bruny Island, Tas.
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Figure 6. Growth performance, in terms of diameter at breast height over
bark (DBH) and height, to age 3 years of the species–provenances
in the 1986 species trial at Jindian in Yunnan (Trial ID—Y4).
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Some of the earlier results from this trial have been reported by Wang et al.
(1989, 1994b). 

The best two lots in this trial for DBH to age 13 years were both of E. nitens
(CS13281 and 14450). It is noteworthy that both of these provenances are from the

CS12745 E. globulus Channel, Tas.

CS12746 E. globulus Geeveston, Tas.

CS12750 E. globulus Pepper Hill, Tas.

CS12751 E. globulus Taranna, Tas.

CS12752 E. globulus Swansea, Tas.

CS12753 E. globulus Rheban, Tas.

CS12755 E. globulus Scamander, Tas.

CS12756 E. globulus St Helens, Tas.

CS12757 E. globulus Flinders Island, Tas.

CNEUMAID E. maidenii Yunnan, China

CS12132 E. maidenii SW Nelligen Bolaro, NSW

CS12125 E. maidenii Tantawanglo Mtn, NSW

CS12126 E. maidenii Bimmil Hill—Nullica SF, NSW

CS12130 E. maidenii Mt Dromedary, NSW

CS12321 E. maidenii Cann Valley, Vic.

CS12401 E. nitens Federation Range, Vic.

CS13281 E. nitens ENE of Armidale, NSW

CS14437 E. nitens Tallaganda SF, NSW

CS14449 E. nitens Tallaganda, NSW

CS14450 E. nitens Barrington Tops, NSW

CS14454 E. nitens Toorong Plateau, Vic.

CS14455 E. nitens Brown Mtn, NSW

CS15015 E. nitens Marshalls Spur, Vic.

CS15016 E. nitens Barnewell Plains, Vic.

CS11743 E. viminalis 40 km NNW Bruthen, Vic.

CS12554 E. viminalis 28 km NNW Maydena, Tas.

CS12555 E. viminalis 15 km NW Swanport, Tas.

CS12556 E. viminalis 9 km NE Mathinna, Tas.

CS12564 E. viminalis Nundle SF Tamworth, NSW

CS12568 E. viminalis Forest Lands SF, NSW

CS12651 E. viminalis Erica, Vic.

CS12973 E. viminalis Tallaganda SF, NSW

CS14198 E. viminalis Cotter Flats, ACT

CS14201 E. viminalis 14 km SE of Bendoc, Vic.

CS14511 E. viminalis Barrington Tops, NSW

CS14523 E. viminalis Nullo Mt NE Rylstone, NSW

CS14525 E. viminalis Warung SF Coolah, NSW

CS15017 E. viminalis Silver Ck, Morwell, Vic. 

CS15018 E. viminalis Warburton, Vic.
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