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Abstract

In Laos, the cultivation of fast growing trees as eucalypts has been promoted
due to a rapid decline in natural forest cover. However, this expansion of
fast growing trees might not end in a win-win situation for both humans
and the environment. This paper examines the social and ecological poten-
tials of Eucalyptus (Eucalyptus spp.) cultivation and the resultant environ-
mental consequences. To achieve this, we carried out a comprehensive sur-
vey of published scientific literature obtained through Web of Science, Re-
searchgate, Mendeley, and Google Scholar. We found that eucalyptus is a
fast-growing source of wood and produces oils used in fuels, fragrances, and
insecticides. Despite being of this high commercial value to rural farmers
and large industries, eucalyptus harms watersheds and if not properly ma-
naged, destroys ecosystems through its allelopathic and water absorption
tendencies. Nevertheless, with adequate and effective management and
proper sustainable planning or involvement of rural farmers in the decision
making process, eucalyptus cultivation would have a very positive social and
ecological impact.
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1. Introduction
1.1. Background

In many tropical countries such as Laos, rural communities live inside or around
forested landscapes on which their livelihoods depend. For these rural commun-
ities, the forests serve as sources of wood, fuelwood for cooking and heating
[1]-[3]. Local populations also depend on these forests for farmland, medicinal
plants and hunting grounds. Additionally, several forest resources and their
products are also used for sociocultural and recreational purposes [4]-[6]. Be-
sides serving as source of timber, fuel and fodder for forest dwellers, forests also
play an important role in regulating the global climate [7]-[9].

As a result of this reliance, forests are continuously under threat giving rise to
constituent biodiversity loss, associated forest loss and degradation [10]. Global-
ly, forests have suffered unprecedented destruction due to unsustainable exploi-
tation and management of in-situ resources [3] [7]. According to [11], about 2.3
million square kilometers of forest were lost during the period 2000 to 2012 and
0.8 million square kilometers of new forest were gained. Their study also re-
vealed that about 0.8 million square kilometers of new forest were gained during
this 12 year study period. The tropics were observed to have experienced the
greatest losses and gains (through regrowth and plantation), with losses out-
stripping gains [11].

Globally, tree cover loss was observed to have attained a record 2.97 million
square kilometers in 2016 [12]. The loss is 51% higher than the previous year
with forest fires being the primary cause of this spike. For example, in the Bra-
zilian Amazonian region tree cover loss was estimated at over 370,000 km” near-
ly three times more than in 2015. This increase mainly occurred in the states of
Para and Maranhdo, which were heavily affected by fire in late 2015 and early
2016. Despite these fire events, deforestation due to agriculture, logging, and
mining still remains the major driver of annual global tree cover loss [12].

In many tropical countries including Laos, tackling the multiple challenges
related to forest degradation and loss enormously contributes towards sustaina-
ble forest management. That notwithstanding, the implications for strategic and
practical planning must be carefully done in order to achieve these sustainable
forest management goals. From this perspective and within the past two decades,
forest loss and degradation have preoccupied researchers, policy makers and
development organizations [3]. This stems from the observable depletion of for-
est as a result of the combined effects of agricultural expansion, wood extraction,
population distribution, and density [13]. Therefore, identifying the drivers of
this associated forest depletion, curbing measures and consequences of these
measures would help reduce negative impacts on resources, while ensuring for-

est sustainability (Figure 1).

1.2. Situational Analysis

In Laos, over 80% of the population lives in rural areas with subsistence agriculture
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Figure 1. Global trend in tree cover loss for 2011-2016. Sourced from Weisse and Gold-
man, (2017).
http://blog.globalforestwatch.org/data/global-tree-cover-loss-rose-51-percent-in-2016.html

and forest resource harvesting as their major sources of livelihood [14]-[16].
Therefore, within the past three decades, forest resources in Laos have come un-
der increased pressure and degradation. For instance between 1990 and 2005,
Laos lost over 6.8% of its forest cover or around 11,720 km? due to increased
commercial logging activities [17]. According to the results of the last recon-
naissance survey of forest cover in 2002, the total land area of Lao PDR covered
by natural forest (canopy density of higher than 20% and height of above 5 m)
was 98,247 km” or around 41.5% of the total land area, while the drylands (low-
land dry dipterocarp forest) covered approximately 13,172 km? or 13.9% of the
total land area. Majority of this land area is located in the central and southern
parts of the country [14]. It is estimated that more than 300 km* of forest land
are annually logged, with an annual log harvest of some 425,000 m’ contributing
to over USD 164.2 million to the economy in 2011, which is approximately 2.1%
of the national GDP [13] [18]. Consequently, after hydroelectricity, the sale of
timber has become the second largest source of national foreign currency earn-
ings.

Another major reason for this rapid decline in forests is the impact from the
bombing campaign inflicted on Laos during the Vietnam War (1964-1973). This
caused not only significant direct damage to forest and land, but also the dis-
placement of many communities, leading to the disruption of traditional land
use systems and resulting in many land use conflicts between communities [13]
[14] [19] (Figure 2).

1.3. Relevance of the Study

This study may serve as a basis for effective collaboration between the rural pop-
ulations, national forestry stakeholders and policy makers to design effective
community-based forest management and rural development programs aimed at
reducing deforestation, forest degradation and the negative impacts associated
with eucalyptus cultivation. Therefore the knowledge obtained from this study,
may serve as an input into conservation policy especially in the planning, devel-

opment and management of eucalyptus cultivation. This will specifically provide
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Figure 2. Tree cover and loss with >30% canopy density in Laos for the period 2001-2016.
Adapted from Hansen et al (2013). http://www.globalforestwatch.org/country/LAO

policy-making basis for the government while also contributing to forest con-

servation, through monitoring and evaluation activities.

1.4. Methodology of the Study

Such as to obtain a more up-to-date overview of the state of world forests in-
cluding the state of eucalyptus cultivation in Laos, we conducted a general search
of online scientific literature in Google.

Scholar and university catalogues. We used the keywords Laos, forest loss,
eucalyptus plantations, forest management, forest conservation, silviculture,
forest monitoring, and evaluation. Laos is our country of interest while forest
loss is the main driver behind the expansion of tree plantations. Meanwhile, eu-
calyptus plantations are forest management, forest conservation, silviculture,
forest monitoring, and evaluation initiatives aimed at curtailing this forest loss in
Laos. Scientific and other online media publications for over 25 years were se-
lected for assessment. To make our search more comprehensive, we also ex-
amined other search engines such as Web of Science, Mendeley, and Resear-
chgate databases and searched for similar documents.

The over 1000 publications obtained were then narrowed down to deforesta-
tion, forest degradation, reforestation, afforestation, and forest plantations. Here,
we only examined documents relevant to our research on deforestation, forest
degradation, reforestation, afforestation, and forest plantations around the globe
with particular emphasis on Laos. A bulk of these documents covered various
other topics which were unrelated to any of our selected categories. For instance,
we discarded publications involving research on socioeconomic issues, biodiver-
sity and sustainability or which had empty links to forest plantations around the
globe. Of the over 1000 publications, only about 50 publications had directly in-
vestigated forest plantations around the globe as related to Laos. The bulk of
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these studies were mostly conducted in Europe, the Americas, Indonesia, China,
and with very limited from Africa and the small Island states.

We then used this information to present a detailed analysis of deforestation,
forest degradation, reforestation, afforestation, and forest plantations around the
globe with particular emphasis on Laos. In addition, we examined the relevance
of eucalyptus cultivation especially the ecological perspectives associated with its
cultivation. The paper is divided into two sections with the first looking at global
forest plantation cover. Here, we explore the global context paying particular
attention to Laos and eucalyptus cultivation. In the second section, we look at

the ecological perspectives of eucalyptus cultivation (Figure 3).

2. Biophysical and Tree Cover Dynamics in Laos

2.1. Biophysical Perspectives of Laos

Laos is a landlocked country in Southeast Asia (17°58'N 102°36'E), thickly
forested with rugged mountains and an estimated population of about 6,803,699
inhabitants [15] [20]. The Mekong River forms a large part of the western
boundary with Thailand, whereas the mountains of the Annamite Range
make-up most of the eastern border with Vietnam while the Luang Prabang
Range forms the northwestern border with the Thai highlands. There are two
plateaus, the Xiangkhoang in the north and the Bolaven Plateau in the south.
The climate is tropical and influenced by the monsoon pattern [16] [20]. There
is a distinct rainy season from May to November, followed by a dry season from
December to April. The capital and largest city Vientiane and other major cities

include Luang Prabang, Savannakhet, and Pakse [20] (Figure 4).
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Figure 3. Flow chart reflecting the literature selection procedure.
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Figure 4. Average Monthly Temperature and Rainfall for Lao, People’s Democratic
Republic of from 1901-2015. Sourced from the World Bank (2017). Data produced
by the Climatic Research Unit (CRU) of University of East Anglia (UEA).
http://sdwebx.worldbank.org/climateportal/index.cfm?page=country_historical_cli
mate&ThisCCode=LAO

It is important to evaluate how climate has varied and changed in the past.
The monthly mean historical rainfall and temperature data can be mapped to
show the baseline climate and seasonality by month, for specific years, and for
rainfall and temperature. The chart above shows mean historical monthly tem-
perature and rainfall for Lao, People’s Democratic Republic for the period
1901-2015.

The level of education in Laos is low and illiteracy is relatively widespread due
partly to the lingering problems after the Civil War, 1954-1973, which greatly
affected the educational sector. In addition, poor infrastructure in mountainous
areas makes it difficult for many children to go to school while most children
serve as farm helps to their families [21] [22]. Laos is considered one of the most
bombed countries in the world throughout the history. Around one third of all
the bombs dropped during the war did not explode and it is still a major prob-
lem for the local communities who practice agricultural. Agricultural activities
with bombs in the ground make it risky and difficult for the rural people. This is
further compounded by the low utilization of the agricultural land and its inabil-
ity to provide the increasing population with enough food [14] [22] [23].

Laos is rich in timber, hydropower and minerals such as iron ore, copper, coal
and gold. Until the beginning of the 20" century, the extraction of most natural
resources was limited, but since then, the Lao government has entered into sev-
eral agreements with foreign companies for exploitation. As a result, the mining
industry has grown substantially as well as the forestry and hydropower sectors.
The most important exports are wood products (legal wood), coffee, electricity,
tin, copper, gold, clothes and other textiles. Most of the exports are going to
China, Vietnam and Thailand [14] [21].

2.2. Perspectives of Tree Planting in Laos

Over the past three decades, the increase in demand for wood and associated
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forest products and efforts to mitigate greenhouse gas emission has galvanized
the surge in the development of tree planting (reforestation, afforestation) initia-
tives around the globe [24]. Short-rotation or fast growing trees particularly eu-
calyptus (Eucalyptus spp.), Acacia (Acacia spp.), Teak (Tectona grandis), and
rubber (Hevea brasiliensis) have been targeted as sources of raw material for
bioenergy, paper and pulp industries and carbon sequestration [24] [25].

The global extent of forest plantations has been observed to be on a steady in-
crease by an average of 2% annually. Over 1.4 million km” of forest plantations
have been planted globally and about 1.1 million km” have been established pri-
marily for wood production. The proportion of the world’s industrial wood
sourced from forest plantations is expected to continue to increase, to nearly 50%
by 2040 so as to meet the demand for wood products by the growing human
population [21].

In Laos for instance and within the past three decades, due to a growing pop-
ulation and the shortage of lowland areas, have led to more intense slash and
burn cultivation in upland and highland areas. This has led to shorter fallow pe-
riods, soil degradation and increased pressure on forests [13] [19] [22]. To ad-
dress this forest decline, the government of Laos has set an ambitious target to
increase forest cover up to 70% by 2020 through afforestation, reforestation and
stabilization of shifting cultivation [19]. The area under plantation cultivation
increased from a mere 10 km?” in 1990 to over 2000 km” in 2009 especially euca-
lyptus and rubber plantations. Most especially due to its rapid growth rate and
short rotation period, the cultivation of various Eucalyptus species is being pro-
moted throughout the country [19] [26]. Furthermore, the plant species are im-
portant for being sources of wood where, mature trees have a range of commer-
cial uses, including timber for construction and furniture manufacturing [21]
[26].

Eucalyptus is a diverse genus of flowering trees and shrubs in the Myrtaceae
with majority of the species and subspecies originating from Australia and its
close islands [27] [28]. Including its purebred, variation and natural hybrids,
there are over 945 species such as Eucalyptus globulus, Eucalyptus camaldulensis,
Eucalyptus occidentalis, Eucalyptus urophylla, Eucalyptus grandis etc. [29]. The
tree species is globally cultivated including in the Americas, Europe, Africa, the
Mediterranean Basin, the Middle East, China, and the Indian subcontinent. Eu-
calyptus produces oils that are used in fuels, fragrances, insect repellence and
antimicrobial products [30] [31].

In Laos, eucalyptus plantations were introduced through the Lao-Australian
Reforestation Project in the early 1970s. Initially, the plantations were developed
to identify the best species, provenances and establishment methods. The main
species planted were Eucalyptus tereticornis and Eucalyptus camaldulensis [26].
In 1980s, Burapha (Swedish-Lao joint venture Company), and other companies
began increasing commercial tree plantation activities. By 2016 Burapha and

Stora Enso, (a Finnish forestry giant) had already established more than 200 km?
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of eucalypt plantations across the country [22]. Also, this upsurge in eucalyptus
plantations stems from the lack of experience and knowledge for promoting fast
growing trees by local rural communities. This because villagers still keep their
traditional life style with community forest and dependence on natural resources

(Figure 5).

3. Socioeconomic and Ecological Perspectives of Eucalyptus
Cultivation in Laos

3.1. Socioeconomic perspectives

According to [13] [21], eucalyptus is widely accessible and important to the rural
poor, it is ecologically sustainable and incentives aimed at their utilization, add
their value and income earnings. Additionally, eucalyptus directly and indirectly
contributes to livelihood security by providing a variety of consumable and prof-
itable income and livelihood resources [22] [32]. Therefore, eucalyptus cultiva-
tion by rural communities often complements a multitude of other livelihood
activities to ensure household needs are met year round without which millions
of people in Africa, Asia and South America would be unable to survive. Hence,
sustaining eucalyptus tree forests and livelihood activities they support is crucial
for social resilience [13] [21] [26].

Several studies have documented the importance of eucalyptus among rural
households, especially in Asia [13] [19] [21] [22] [26] [32]. These studies show
that eucalyptus cultivation and utilization are essential livelihood activities for
many rural Asians [32]. Since, eucalyptus resources and products are utilized
both in the household or traded, eucalyptus harvesting is thought to result in less
ecological damage than timber extraction. This is because eucalyptus usually re-
generates quickly and most often their removal does not alter fundamental bio-
physical conditions and processes (e.g., carbon sequestration). In a related study,
[21] found the Taungya system in Laos—an age-old agroforestry practice in-
volving intercropping of crops with trees on the same unit of land as a win-win

strategy to meet the needs of wood products and food at the same time.

Tree plantations in Laos

70
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40
30
20
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o] _ [ | [
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Figure 5. Distribution of species in forest plantations in Laos 2012. Sourced from Edberg,
2015.
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Similarly, [33] observed that because eucalypt performs well with a slender
clean bole, farmers commonly grow eucalypt along land boundaries and some-
times use it as living fence posts. Also, [34] conducted a financial analysis of
farm forestry in Northern Laos and found that farmers can earn a high econom-
ic return from planting trees such as rubber and eucalyptus. According to [35]
despite the negative impact, benefit areas include possibility of greater income
and welfare for farmers, attracting public and private sector services, encourag-
ing rural people to enter the marketplace and diversify their income, and finding
alternative sources of income to degraded forests.

While local traditional cultivation methods assisted by fertilizers and pesti-
cides still persist, commercial plantation management models have been devel-
oped and tested. For instance, the Stora Enso’s responsibility and agroforestry
models in Laos have been developed to improve on the problem of eucalyptus
plantation cultivation. The responsibility model ensures that before planting any
trees, all unexploded bombs are cleared from the plantation area particularly
along the Ho Chi Minh Trail (an area in Laos with a long history of warfare and
hardship, where local communities are still suffering from the after effects of the
Vietnam War) [22]. Meanwhile, the agroforestry model is based on wide spacing,
where rice can be grown between the trees during the first two years, and other
more shade-tolerant crops can be grown during the rest of the seven-year rota-
tion period. The resulting rice yields are better than those obtained through tra-
ditional shifting cultivation methods, due to the use of improved agricultural
practices and higher quality seeds [21] [22].

On the other hand, [36] argues that the adoption of plantation policy will
cause displacement and impoverishment in Laos. Local villagers will be forced to
abandon their traditional agricultural practices and move into permanent and
commercial farming. Similarly [37] and [38] studied the implications of indus-
trial forest plantation development in central and southern Laos and pointed out
that plantation forestry leads to new ecological and social issues, such as the
transformation of the primary forest to plantations and conversion of degraded
forest on which local villagers depend for their subsistence. Another qualitative
study by [39] argue that several programmes and policies related to internal re-
settlement, such as the Land and Forest Allocation Programs policy and other
land reform policies, will accelerate the poverty of rural Laos and cultural distor-
tion.

The government of Laos is yet to elaborate on a plan that will ensure that local
communities benefit from the transition to plantation adoption and resettlement
schemes. From an economic perspective, the necessary incentives and policy in-
struments needed to encourage the combination of out-grower schemes and
concessional plantations and to more effectively integrate timber plantations with
traditional agricultural livelihoods are missing [40]. This has led to mistrust of
the government by rural farmers as the long-term and sustainable supply of ma-

terials is not guaranteed. Also, concrete and adequate assistance plans towards
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harvesting of mature trees, organization of and access to better national and in-
ternational markets are absent. The government is yet to elaborate on the pro-
motion of processing and final market products as well as subsidies or financial

schemes to support farmers [40].

3.2. Ecological Perspectives

According to [41], a well-designed integrated eucalypt tree farm can deliver a
range of environmental and on-farm benefits such as a decrease in ground water
level (less risk of flooding) and waterlogging all year round. Therefore,
well-designed plantings can reduce and manage the water table, decrease risk of
soil salinization, improve soil fertility and thus drain swamps thereby reducing
the risk of malaria [32] [42] [43]. In addition, just as natural forests, eucalyptus
trees serve as windbreaks, reduce soil erosion; provide biodiversity, and on-farm
aesthetic benefits. From another perspective, eucalyptus tree plantings are an ef-
fective strategy in offsetting the growing emissions of carbon dioxide and other
greenhouses gases to the atmosphere.

Eucalyptus is an efficient biomass producer; it can produce more biomass
than many other tree species. It also consumes less water per unit biomass pro-
duced than many other species of trees; but as a result of its fast growth and high
biomass production eucalyptus species consume more water than other, less
productive species [44]. Therefore growing eucalyptus in low rainfall areas may
cause adverse environmental impacts due to competition for water with other
species and an increased incidence of allelopathy. Allelopathy is a biological
phenomenon by which an organism produces one or more biochemicals that in-
fluence the germination, growth, survival, and reproduction of other organisms
[45].

The effects of eucalypt on run off, and therefore on erosion, vary greatly ac-
cording to local conditions of climate, slope, and use of the ground vegetation
and litter by local peoples. Also, lateral spreading and depth of penetration of the
root systems of the eucalypts vary with species, and this has to do with the inten-
sity of water uptake. Withdrawing of soil moisture also depends on stand density
and soil and environmental conditions. In alpine dry sclerophyll conditions, soil
water regime does not differ between eucalypt forests, grassland and herb fields
[32] [44]. Meanwhile, in areas of deeper soils and higher rainfall regimes, soil
water deficit created by eucalypt forests seems to be in the region of 250 mm/yr.
In comparison with crop or pasture land, this means that eucalypt forested lands
would yield approximately 70 mm per year less stream flow or ground water re-
charge. Also, transpiration rates differ among eucalypt species, varying between
20 litres per tree per day to about 40 litres per tree per day. Similarly, some eu-
calypt species have not developed mechanisms for controlling higher rates of
transpiration and are likely to suffer from drought stress, which limits their
range of habitats. Nonetheless, majority of eucalypt species, however, do have

some control of the rate of transpiration, which helps them survive drought
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stress during part of every year, and as related to rainfall regimes of their natural
habitats [44].

Studies in Central India and in the foothill zone of the Himalayas indicate that,
in regions where large areas of Eucalyptus tereticornis plantations have been
raised, the level of water in wells falls until the plantations are about 6 - 8 years
in age, the culmination of mean annual increment (MAI) and thereafter reverts
to the earlier levels [44]. In regularly harvested eucalyptus plantations, a major
portion of the stored nutrients in the above ground biomass is removed. In fire-
wood-scarce regions, except for the roots below ground level, nothing else is left
behind. This system provides for nutrient loss which will occur in any tree spe-
cies, as in agriculture. Meanwhile in the case of short rotations, this nutrient is
often compensated through fertilizer applications. The biodiversity of a natural
forest and that of a eucalyptus plantation are not comparable. The natural eco-
systems are very diverse, whilst the biodiversity of eucalyptus plantations is li-

mited.

3.3. Management Perspectives

In Laos, eucalyptus cultivation and management is thought to vary as a function
of land and labour availability, size and income level of the household and in-
vestment capital of the company. The management process is thus basically
oriented towards the production of maximum biomass, adopting short rotations
and intensive management practices, which may result in adverse environmental
effects such as soil compaction, soil erosion, nutrient export, pollution and other
adverse effects due to the use of fertilizers, weedicides and pesticides, and fire
hazards [13] [19] [21] [22] [26] [32].

In rural areas, farmers use manual weeding between rows of eucalyptus as a
traditional method of management. No chemical or mechanical methods are
used and weeding is usually conducted when undergrowth has become dense.
Weeding is mostly done thrice a year, twice during the rainy season and once
during the dry season. This is often during the first three years of planting and as
a closed canopy is obtained, weeding is reduced to twice a year. In addition, far-
mers carry-out no thinning and pruning and therefore, a large dimension and
high value timber is difficult to obtain within the shortest possible time. This is
furthermore handicapped by the narrow spacing implemented during planting
[46] [47].

Similarly, fencing-off stray animals is another major ecological problem be-
cause these animals disturb and destroy saplings, seedlings and young plants.
Wooden fences are commonly used by farmers and other growers who cannot
afford the extra costs of erecting barbed wires around their plantations. The use
of fertilizers and herbicides is not common among rural planters due to the high
costs, low household income and the belief that the soil is fertile enough to sup-
port tree growth.

In a related study, the Taungya system in Laos—an age-old agro forestry
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practice involving intercropping of crops with trees on the same unit of land has
been observed as a win-win strategy to meet the needs of wood products and
food at the same time [21] [48]. The general idea behind the taungya system is to
simultaneously plant agricultural crops and trees at the same area and let it grow
until the tree canopy closes. It usually occurs 2 - 3 years after planting, but it is
highly dependent on the types of crop that are being cultivated [49] [50]. Under
this system, after the closure of crop cultivation, grass is often planted under-
neath the trees to create an opportunity for the local communities to have graz-
ing for their cattle up until the end of the rotation. After the clear cut there are
different ways to proceed depending on planting material, community wishes,
and company directives if a company is managing the land.

The first alternative is to leave the grass cover and continue to have the graz-
ing opportunity for the local communities and establish the new plantation
through coppice. Meanwhile, the second alternative is usually to redo soil prep-
aration and intercrop with cash crops or rice and plant new improved eucalyptus
clones. Finally, the third alternative is to leave the grass and only do soil prepa-
ration in the tree lines and plant improved eucalyptus clones and let it grow into
dimensions suitable for the local markets. In the Taungya system, farmers and
their crop production are seen as the short-term goal of the agroforestry system,
while the main aim and long term goal is to have productive tree plantations in
the end [19] [51]. In this regard, taungya fits well into the concept of multiple
land use by preventing the most serious consequences of shifting cultivation.

Additionally, under the Forest Stewardship Council (FSC) and The Forest
Trust (TFT), local farmers around 18 villages in Luang Prabang province have
learned better and responsible forestry practices [52]. Here trees that were once
planted very densely together and left to grow are now planted in rows. This has
been due to increasing awareness which has led growers to recognize the impor-
tance of thinning to open space and allow trees to grow, and pruning to promote
clear boles. Farmers have also learned that protecting the organic matter pro-
motes soil fertility and reduce erosion. Farmers have in addition significantly

reduced burning and have begun allowing undergrowth vegetation [52].

4. Conclusion

In this study, we have analyzed forest degradation and loss patterns and ex-
plored the various drivers from the Laos perspective. We observed that in Laos
as other tropical countries, majority of the population lives in rural areas with
subsistence agriculture and forest resource harvesting as their major sources of
livelihood. We also observed that the government of Laos is supporting affore-
station and reforestation as well as stabilization of shifting cultivation. This is
through the encouragement of commercial plantations of fast growing trees, in-
cluding eucalypts such as to fill the gap caused by forest cover loss. Nevertheless
appropriate forests resources monitoring, evaluation and management can only

be achieved when an excellent information system and database are put in place
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or established by a country. The government should create the necessary incen-

tives and policy instruments needed to encourage the combination of out-grower

schemes and concessional plantations and to more effectively integrate timber

plantations with traditional agricultural livelihoods. Though eucalyptus are im-

portant for being fast-growing sources of wood with a range of commercial uses,

the cultivation of these tree species is also detrimental to the environment and

survival of other plant species. Therefore, appropriate environmental impact as-

sessment should be undertaken in order to limit the adverse ecological effects.
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