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Abstract Eucalypt plantations in China currently exceed
4.5 Mhm?, and this country has the third largest area of
such plantations after India and Brazil. China’s eucalypt
industry now comprises a complex, multifaceted industry
including seedling propagation, fertilizer production and
supply, plantation silviculture, harvesting and transport,
wood processing for products including lumber, pulp and
paper, and wood-based panels, as well as bioenergy
production and various forest byproducts and non-wood
forest products. In 2015, the combined value of output of
this whole industry was around 300 billion CNY. Chinese
research and development (R&D) has been instrumental in
supporting growth and development across the whole
breadth of the country’s eucalypt industry. In this report,
recent advances in this R&D are reviewed under six key
topics: (1) advanced propagation technology; (2) genetic
resources and breeding; (3) targeted silviculture;
(4) eucalypt disease and pest management; (5) enhancing
plantation ecology and sustainability; and (6) wood
processing and byproduct technology. R&D has greatly
facilitated expansion and proliferation of all parts of
China’s eucalypt industry. This industry is now of major
importance to China’s economy; it involves tens of
thousands of growers and companies that provide liveli-
hoods for hundreds of thousands of people.

Keywords China Eucalypt Research Centre, timber
production, tree improvement, silviculture, forest industry,
Eucalyptus

1 Introduction

Eucalyptus species were first introduced to China in 1890,
initially to provide adaptable trees for use in amenity and
ornamental plantings, such as those on farm boundaries,
along roads and canals, around homes and public buildings
and in agroforestry systemst'”l. In the 1950s, large-area
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trial plantings were conducted in south-west Guangdong
and southern Guangxi. Following from the success of these
plantings for adaptation and yields of versatile timbers,
eucalypts were soon promoted as a major afforestation tree
species across southern China. Large scale expansion of
eucalypt plantations through southern China started in
earnest in the 1980s, and by the mid-1980s the area totaled
over 450000 hm?. Since then, genetic gains from tree
improvement, advances in silviculture, buoyant and
increasing demands for forest products and favorable
government policies have worked together to foster rapid
expansion of this resource. By the mid-1990s, the area had
expanded to over 650000 hm**/.

Since the turn of the century, the eucalypt plantation area
in China has increased even more rapidly, with the
resource expanding to over 4.5 million hm® by 2015,
This particularly rapid expansion over the last two decades
can be attributed to a combination of factors including
favorable government policies; forest land tenure reforms;
strong and increasing demand for timber and fiber;
increased grower recognition of profit potential from
such plantations; major enhancements to productivity
delivered by research and development (R&D); and, a
few large pulp and paper companies endeavoring to
develop large areas of short-fibered, plantation-based
pulpwood resources*.

In 2015, China’s eucalypt plantations produced about 30
million m* of wood, accounting for about 27% of the
country’s total annual domestic timber output’®’. These
plantations thereby make a substantial contribution to
safeguarding the security of China’s wood supply. It is also
noteworthy that this substantial production of raw material
is part of a complete industry that includes everything from
seedling propagation, fertilizer and chemical production
and supply, pulp and paper manufacture, wood-based
panel production, sawn timber production, biomass energy
production and a range of non-wood forest products and
byproducts. The total production value of this eucalypt
industry in 2015 was estimated to have amounted to
around 300 billion CNY!),

Today China’s eucalypt plantation resource extends
across 600 counties in 18 regions (including Taiwan) in
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southern China. Its distribution spans latitudes 18° to 32°
N, longitudes 100° to 122° E and altitudes ranging from
sea level to over 2000 m. The regions with the largest
eucalypt plantations areas in China are Guangxi and
Guangdong, which have over 2 million and 1.3 million
hm?, respectively, and together account for over 75% of
region’s total eucalypt area (Fig. 1). Mostly, selected
clones of the hybrid Fucalyptus urophylla x E. grandis are
grown, with smaller areas of E. camaldulensis, E. dunnii,
E. globulus, E. maidenii (syn. E. globulus subsp.
maidenii), E. pellita, E. saligna, E. smithii and
E. tereticornis as well as hybrids of some of these species.

2 Recent advances in eucalypt research

The latest advances in research on commercial eucalypt
genotypes in China are discussed below under six specific
topics.

2.1 Advanced propagation technology

High level research on propagation and planting stock
production technology for Eucalyptus conducted at South
China Experimental Nursery (SCEN), China Eucalypt
Research Centre (CERC), includes four key aspects
(Fig. 2). The first covers research into vegetation
propagation and mass multiplication of selected genotypes
through tissue culture!’-*). Using stem sections of
E. urophylla x E. grandis as the explant tissue,
adventitious buds and callus can now be induced with
success rates of up to 84% and subsequent rooting rates of
up to 92%°".

The second key aspect is development of improved
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soilless growth media, which has involved improved
processing and production technology for commercial-
scale planting-stock production. Investigations of the
effects of growth media formulated with varying propor-
tions of coconut fiber (coir), rice husk and sawdust on
eucalypt stock survival rates, seedling form and quality
indices and comprehensive costs have identified the
optimal formula as coconut fiber, rice husk and sawdust
in the ratio 2:1:4!'%!"). Other investigations into the effects
of particles size found that media with particles under
0.5 cm are generally superior. Use of such soilless growth
media in commercial nurseries for production of eucalypt
planting stock, including seedlings, rooted cuttings and
tissue culture plantlets, has already become a key
technology in modern eucalypt nurseries and has replaced
soil-based growth medial'*l. Alternatives proposed pre-
viously, involving peat substrates, can have undesirable
environmental impacts, as peat is a nonrenewable resource,
and the Chinese government has banned peat extraction in
order to protect wetlands. Therefore, SCEN produces
commercial soilless substrates using local agricultural and
forestry residues which are processed using composting
and fermentation. This technology has now become mature
and has been widely adopted by commercial nurseries.
The third key aspect covers development of superior
container systems at SCEN for eucalypt propagation in
China. Propagation of commercial eucalypt planting stock
in southern China involves relative short growth cycles to
produce plants 20-30 cm high without large root systems.
To efficiently and economically produce plants that meet
high quality standards, several kinds of propagation trays
have been developed to support non-woven mesh
propagation bags and the corresponding facilities. This
technology has proven efficient and highly practical in

Fig. 1 Areas of eucalypt plantations in China
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Fig. 2 Micropropagation and modern nursery technology for eucalyptus

commercial application, and has greatly facilitated seed-
ling/propagule transportation. Applications for patents on
this system have been submitted, and the technology is
being adopted by commercial nurseries in China and
elsewhere.

The fourth key aspect involves maintenance and
nutrition of eucalypt plants in commercial nurseries.
Fertilizers synthesized from biogas slurries have proved
to significantly increase the height and diameter of
eucalypt nursery stock, as well as chlorophyll content
and leaf area, compared to control treatments''*). Other
investigations found significant differences between four
special fertilizer formulations in growth, and root, leaf and
stem biomass of propagules of the E. urophylla x
E. grandis hybrid clone DH32-29; with a special slow-
release fertilizer proving optimall'*!. Investigation of the
influence of nitrogen application methods on growth and
chlorophyll content of E. wurophylla seedlings demon-
strated that exponential fertilization is superior to normal
fertilization!'”!,

2.2 Genetic resources and breeding

Eucalypt species grown in Chinese plantations before 1980
were mostly of unknown genetic origin and history, and
had not been subjected to formal genetic improvement!.
Commencing from the early 1980s, a series of Chinese-
Australian cooperative R&D projects greatly accelerated
the domestication and local development of improved
eucalypts in China!. Such work identified E. camaldu-
lensis, E. grandis, E. pellita E. tereticornis and
E. urophylla, either as pure species or hybrids, as having

the greatest economic potential for plantations in tropical
and warmer subtropical areas of southern China. For
specialty applications that produce quality solid wood end
products, E. cloeziana also has promise in China.
However, with much denser wood than the other species,
it is less suited to production of pulp and some board
products.

A key component of the Chinese-Australian cooperation
projects has been the importation of genetically diverse
base populations of key eucalypt species from Australia to
support ongoing genetic improvement in Chinal®l.
Through the cooperative project at Dongmen in Guangxi
(1983 to 1989), more than 2650 families representing over
200 provenances of key species were established in field
trials!'®!. Since the early 1990s, base populations compri-
sing even greater numbers of families and provenances of a
wider range of eucalypt species, including cold tolerant
eucalypt species, have been supplied to China through
various collaborative projects between CERC and the
Commonwealth Scientific and Industrial Research Orga-
nisation (CSIRO), Australia, and subsequently established
in field trials across southern Chinal!.

Unlike most agronomic and many horticultural crops,
the domestication and breeding of plantation eucalypt
species is in its infancy!'”). Thus, most of the base
population material of eucalypts imported into China in the
1980s and 1990s necessarily comprised unimproved
seedlots representing progeny of natural stand selections.
While the presence of high levels of genetic diversity for
many economically important traits in such material was
well known from earlier studies in numerous countries''”),
the trials at Dongmen in the 1980s and numerous
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subsequent trials elsewhere in southern China, enabled the
magnitude of the phenotypic variation that manifested
from this genetic diversity to be quantified™'®'®!. Such
trials also revealed better natural stand provenances, and
families within these provenances, and provided a basis for
selection of numerous superior trees for ongoing breeding
and/or generation of hybrids through controlled-pollina-
tion. In a range-wide provenance trial of E. cloeziana at
Dongmen, Weil'®) found that the average volume produc-
tion of the best provenance was 2.5 times that of the
slowest-growing provenance. In an E. pellita trial
established with 244 families representing 14 natural
stand provenances in 1996 on the Leizhou Peninsula in
Guangdong, Luo et al.l'” found that average tree basal
area for the best provenance (Mossman, Queensland) at 5-
year old was over 45% higher than that of the poorest
provenance (Hopevale, Queensland), and differences
between individual families were of a much greater
magnitude, exceeding 100% for some key growth traits.

While many thousands of eucalypt families, including
hundreds of hybrid families, had been included in field
trials in China by 2005, the number of clones selected for
commercial use up till then was limited. Investigations
conducted by commercial nurseries and growers in 2005
revealed that just three clones—all E. wrophylla x
E. grandis selections from the early 1990s —accounted
for over 60% of plantation establishment stock being used
across southern China”®”. Soon after this, the China
Eucalypt Breeding Alliance (CEBA, now known as the
China Eucalypt Industrial Technology Innovation Strategic
Alliance), led by CERC, was formed to establish
cooperation between key research institutes and major
growers in order to implement well planned and
coordinated improvement programs that would increase
the magnitude and speed of genetic gains in key
commercial eucalypt species to benefit commercial
growers”']. The key species for this cooperative breeding
program are E. camaldulensis, E. grandis, E. pellita,
E. tereticornis and E. urophylla — all species well adapted
to the tropical and warmer subtropical environments that
are the target plantation environments for CEBA grower
members.

Key priorities of CEBA have included ongoing deve-
lopment of advanced generation breeding populations of
key eucalypt species to support ongoing, recurrent
breeding and selection, and to use these to provide new
superior parents for development of new superior hybrid
and pure species clones. To date, members of the Alliance
have established over 900 families of five key species in
advanced generation breeding populations, more than 200
new hybrid families in field trials, and over 60 multisite
clone trials testing over 150 clones. From this work, new
superior commercial clones are now being prepared for
pilot scale plantation trials.

Outside of the CEBA, separate breeding work is still
being conducted by CERC, Dongmen Forest Farm,

Guangxi Forest Research Institute, Research Institute of
Tropical Forestry and other institutions'****. An instruc-
tive example of such work is a project hosted by CERC
that, with support of the Eleventh Five-Year Science and
Technology Support Project, developed 53 new hybrid
combinations and selected over 50 candidate clones®™.
To maintain and manage such eucalypt germplasm and
all its inherent genetic diversity, thereby laying a firm
foundation for long-term genetic improvement, China’s
State Forestry Administration provided funding in 2010 for
development of multi-species, multisite eucalypt germ-
plasm banks. In total, over 3000 families representing 14
important species have so far been included in the project’s
field trials; trials which have been designed to provide
dynamic, ex-situ conservation of genetic diversity!*®!.
However, the key eucalypt species adapted to tropical
and warmer subtropical plantation environments in sou-
thern China, and those are the focus of CEBA’s work, are
not adapted to cooler, inland areas of south-central China;
in these environments such eucalypts can be killed or
severely damaged by low temperatures'”. Inland Fujian,
northern Guangxi, Guizhou, southern Hunan, southern
Jiangxi, Sichuan, Yunnan and coastal and southern
Zhejiang, are regions where eucalypt plantation develop-
ment can be successful, but if and only if the correct cold
tolerant eucalypt genotypes are grown. Species proven to
be successful in such places include E. benthamii,
E. dunnii, E. globulus, E. maidenii, E. saligna and
E. smithii™). Progress in the domestication and genetic
improvement of these species for cooler regions was
greatly accelerated during the late 1990s and early 2000s
by a Chinese-Australian collaborative R&D project on the
introduction, domestication and silviculture of cold
tolerant eucalypts coordinated by CERC and CSIRO™!.
Although the project has finished, improvement of cold
tolerant eucalypts has continued rapidly; breeding popula-
tions for cold tolerant E. grandis and E. saligna have been
established in Fujian®®*"), for E. dunnii in Hunan®") and
Yunnan, and other species in various regions>>'*?!,
Genetic gains achieved in volume yields with the first
and second generations of breeding of cold tolerant
eucalypts are typified by those reported from E. dunnii in
Yunnan by Shi et al.’*!. There, the best seed orchard
(improved) seedlots proved to have modest gains in stem
volume to 5.5-year old, ranging from 11% to 13% over
unimproved (natural stand) seedlots while a cohort of the
top 10 selected families provided over 25% greater volume

(Fig. 3).
2.3 Targeted silviculture

During the period covered by the Eighth and Ninth Five-
year Plans, major national research projects, including
“Breeding New Varieties for Eucalypt Pulp”, “Optimized
Cultivation Model of Eucalypt Pulp” and “Study on

Breeding and Cultivation Techniques of Eucalypt Pulp”,
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Fig. 3 Gains achieved in average tree volume of E. dunnii at age 5.5-year, with various seedlots

were successfully conducted under the leadership of the
CERC. Together such projects achieved results that have
been adopted extensively by commercial eucalypt growers
and greatly advanced the process of eucalypt plantation
forestry-pulp-paper integration in Chinal**..

The CERC has pioneered research in technology
necessary to support cultivation of larger diameter eucalypt
logs; such logs provide substantial economic benefits as
they favor production of both sawn timber and high quality
veneer, thereby diversifying end use options. After nearly
ten years of work in this area, CERC’s research has led to
development of integrated technology for large-diameter
eucalypt cultivation, which includes selection of improved
genotypes, plantation density/spacing control, and innova-
tions in fertilization and pruning to optimize production of
clear wood in the outer bole wood™* 7). Results from this
work are already being applied in commercial plantations
in at least Guangdong, Fujian and Guangxi regions.

Over the last two decades, processing young, small
diameter eucalypt logs into rotary peeled veneer has
developed into a huge industry across southern China. In
support of this major trend, detailed research has been
conducted on the yield and grade of such veneers from
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young (< 12-year old), small diameter eucalypt logs from
a wide range of clones. Just as average volume yield varies
markedly among clones, veneer recovery ratios, veneer
quality grades and log value was also found to vary
significantly among both clones and log positions up the
tree. Clones with the best veneer recovery ratios (> 50%
of green volume) provided nearly twice that of the poorest
clone (28.4% of green volume) (Fig. 4). The key factor
influencing veneer recovery ratios and values in small
diameter eucalypt logs from young trees was found to be
sweep (deviation of the log from straightness), with defects
relating to branches and knots proving key determinants of
veneer quality grades’®>**1. Research has also found that
considerable improvements in veneer sheet quality can be
achieved by timely green pruning (i.e., removal of lateral
branches before branch death) of young eucalypt trees™ .

2.4 Eucalypt disease and pest management

Important diseases of plantation eucalypts in China are
mainly bacterial wilt caused by Ralstonia solana-
cearum™™; stem diseases caused by Teratosphaeria

zuluensis™'**1 and species of Botryosphaeriaceae!*,

(I TR T T

Fig. 4 Recovery of veneer by clone (and taxon) from 5-year old eucalypt trees. Key to taxa: G, E. grandis; S, E. saligna;

T, E. tereticornis; U, E. ur{)phyllal”].
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[44,45] [46,47].
9

and also
[48-51]

Cryphonectriaceae and Ceratocystis
leaf diseases caused by species of Calonectria
Quambalaria®, Mycosphaerellaceae and Teratosphaer-
iaceae®***!. The key insect pests afflicting Eucalyptus
plantations in China include leaf eating pests, such as
Biston suppressaria (syn. Buzura suppressaria); drill stem
pests like Leptocybe invasa and Endoclyta signifier; and
underground pests such as Odontotermes formosanus™>".

Significant pest and disease issues of plantation
eucalypts in China have been increasing in frequency
and severity over time°®>”). Research has shown that the
species diversity and population diversity within species of
some pathogens causing major diseases in China are
hight***%3°1 " There is also evidence that the current
diversity in some pathogens reflects changes resulting
from long-term interactions with Eucalyptus species in the
plantations in China, and some pathogens may even have
originated in China.

Chinese researchers have monitored the occurrence and
development of diseases and pests of Eucalyptus species
and effectively protected plantation resources by integrated
approaches involving physical, chemical and biological
countermeasures as well as breeding of resistant eucalypt
genotypes. For example, the use of pesticides has
effectively controlled the spread of pests”°* °"). Resistance
of different Fucalyptus clones to stem canker caused by
species of Botryosphaeriaceae and Cryphonectriaceae and
leaf disease caused by Calonectria species, has been
tested > **°!"1 Also, resistance of different Eucalyptus
species, seed sources, families and individual genotypes to
the insect pest Leptocybe invasa has been quantified'*>],
Significant differences in disease and insect resistance have
been found among genetic materials’®”**°"-%*] Selection
of resistant genotypes is a key element of research, and
integrated prevention and control of diseases and pests on
eucalypts in China.

2.5 Enhancing plantation ecology and sustainability

Long-term monitoring of Eucalyptus plantation ecosys-
tems in China commenced relatively recently. In 2012,
Guangdong Zhanjiang Eucalypt Plantation Ecosystem
Research Station, a national facility, was officially opened
to conduct long-term monitoring and research. This facility
has already provided valuable data on plantation ecosys-
tems and their interactions with local and regional
ecosystems. Key results obtained to date are detailed
below.

2.5.1 Ecological hydrology

Water use studies on seedlings and plantation Eucalyptus
trees of varying ages revealed that plantation water use is
generally within the range from 0.5 to 6.0 mm-d™, and

mostly within the range of 2 to 4 mm-d ' "1, Other
hydrological processes, including interception, infiltration,
soil moisture, surface runoff, groundwater levels and soil
water holding capacity, have also been studied in eucalypt
plantations®® 7>,

Eucalypt plantations often lead to greater controversy in
regards to land use and environmental issues compared
with forests planted with other species. While under
continuous cropping and short rotations, the hydrological
functions of eucalypt plantation ecosystems may be
decreased, detailed field studies have shown that water
use by Eucalyptus plantations in Guangxi (and areas in
Guangdong with similar rainfalls) is generally less than
70% of rainfall and that such plantations do not have
important effects on annual stream flow in large primary
catchments'’®). Even so, most research on plantation water
use in China has been scattered and not systematic.
Therefore, future research should be better coordinated
with close collaboration between different disciplines and
institutions to ensure research outcomes are wider ranging,
more scientifically robust and more widely applicable.

2.5.2  Nutrient cycling

Detailed research has been undertaken on nutrient
dynamics of eucalypt plantations of different ages!’” !
and nutrient concentrations in different components of
plantation biomass™®”). The dynamic balance of nutrients in
individual trees within plantations has also been deter-
mined, along with studies on the impacts of supplemental
nutrient applications on such nutrient balances!®"**!. Also,
recognizing common industry practices of cultivating fast
growing, short rotation eucalypt plantations over multiple
rotations, changes of soil chemical, biological and physical
properties over time (including soil physical and chemical
properties, microorganisms and soil enzymes) have been
investigated™ ™°!. This work has shown that nutrient
content of soil under eucalypt plantations decreases to
various degrees with successive rotations. It has also been
shown that sound, scientifically based plantation manage-
ment, including setting and balancing fertilization for-
mulations based on soil testing, in conjunction with mixed
and conservative harvesting methods can enhance eucalypt
plantation growth and recovery of soil fertility. However,
the reproducibility of such benefits will vary with site
conditions, and the presence and intensity of competing
vegetation.

2.5.3 Carbon sequestration by eucalypt plantations

Carbon contents of ecosystem biomass along with carbon
allocation patterns of eucalypt trees of different ages and
on different sites has been investigated™®”*). The average
annual carbon sequestration of China’s eucalypt planta-
tions is estimated to be around 10 t per year, revealing that
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they have good potential for substantial carbon sequestra-
tion'"). Research on the soil carbon contents and carbon
fluxes of eucalypt plantations in China have shown that
high intensity plantation management (particularly with
physical soil disturbance) can significantly reduce soil
carbon content, that applications of N fertilizers can
increase soil CO, emissions!”'! and that eucalypt plantation
undergrowth can reduce soil respiration rates!”?),

2.5.4 Eucalypt plantation biodiversity

As exotic species, plantation eucalypts can also create
controversy with respect to their impacts on the biodiver-
sity of local ecosystems. Compared with the native forests,
the biodiversity of native plants, animals and soil in
eucalypt plantation is somewhat decreased, but the fact that
eucalypt plantations often have significantly higher
biodiversity than most alternative economic uses of the
same lands is often overlooked”). By reducing site
disturbance associated with plantation establishment and
management operations, and with increasing plantation
age, the biodiversity in eucalypt plantations generally
increased”* *®l. Research has also shown that some of the
main factors affecting biodiversity in eucalypt plantations
are crown height, leaf area index of the tree canopy and soil
nutrient status!’”),

2.6 Wood processing and byproduct technology

A number of significant advances have been achieved in
eucalypt pulping technology in China over the last decade.
One is the successful development of a double-screw
extruder for use in pre-impregnation of Eucalyptus wood
chips. A second is the development of equipment for use
with such double-screw extruders that enables chips to be
mixed with pulping liquids and bleach as they are
extruded, reducing total energy consumption by 10% to
30% and resulting in and improved pulp qualities!® %%,

For production of quality eucalypt plywood in China,
numerous technical challenges associated with production
of veneers from young, small diameter eucalypt logs have
had to be overcome in the past 20 years or so. Improved
veneering technology has enabled residual core diameters
with rotary peeling of eucalypt veneer to be reduced
from the previously common 150 mm to less than
30 mm!'°>'°7) This has markedly increased veneer
production efficiencies, particularly for small diameter
logs.

Existing veneer drying equipment and technology have
also been transformed to optimize performance with
eucalypt veneers''**'%) and thermal recovery systems
have been developed to improve energy efficien-
cies!"' %" For manufacture of ‘laminated veneer lum-
bers’ (LVL) using 4.5 and 6.0 mm thick eucalypt veneers
as raw material, adhesive application at rates of 200 g-m™

of eucalypt veneer have proved able to provide strength
indices sufficiently high for the LVL to meet the national
standard requirements!''?!. When composite flame retar-
dant treatments are applied to eucalypt and poplar veneers
and then plywood is manufactured from these veneers,
subsequent tests have shown that by most physical,
mechanical and flame retardant measures, the plywood
made from eucalypt veneers is generally superior to that
from the poplar veneers!''*.

There is substantial potential for commercial develop-
ment of valuable natural plant extract products from
Eucalyptus species in China, especially as byproducts of
commercial timber producing plantations. Recent research
in this area has included studies on increasing extraction of
eucalypt essential leaf oils!''*'"] screening of eucalypt
species and genotypes for valuable polyphenols!''® and
evaluating contents of key antioxidant polyphenols from
E. urophylla x E. grandis and optimizing their efficacy as
anti-aging medicationst''”"""?). This latter research also
solved some key technical problems of the extraction and
purification of such phenolic compounds from eucalypt
species, by using continuous phase transformation, laying
a foundation for commencing of pilot scale production.

3 Conclusions

Chinese investments in eucalypt R&D have resulted in
development of a large number of improved eucalypt
genotypes and improved silvicultural technology.
Together, these have enabled eucalypt plantation growth
rates (mean annual increment, MAI) to increase from an
average of 5-8 m’-hm™ per year in the 1980s to
25-40 m?-hm? per year in the 2010s, delivering
substantial economic benefits to growers.

In summary, the development of China’s eucalypt
industry has made important contributions to both the
national economy and the livelihoods of a substantial
number of Chinese people. These contributions include
four key areas: (1) a contribution of around 25% to
domestic wood production, which protects national wood
and fiber security; (2) a complete industry with an annual
turnover valued at over 300 billion CNY, which substan-
tially contributes to local economic development in many
parts of southern China; (3) a substantial carbon sink; and
(4) livelihoods and financial security for tens of thousands
of rural households.
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