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Abstract: Since 1990 acacia-based tree plantations have fast expanded in Vietnam, now supporting a
multi-billion-dollar export-oriented wood industry which is transforming from woodchip production
to value-added products. Within this dynamic context, tree farmer associations have started to
produce sawlogs under FSC (Forest Stewardship Council) certification. In this paper, we retrace
the development of plantation assets, investigating farmers’ current livelihoods and land management, specifically considering various aspects of sustainability. We interviewed 180 tree farmers in
three districts (lowland–upland regions) of Thừa Thiên Huế Province, including sawlog producers
with and without FSC and smallholder producers of woodchips. Acacia planting in ‘barren lands’
was initiated through state programs in the 1990s (low-/midlands) and 2010s (uplands). Farmers
now producing FSC sawlogs were among the first to gain forestland tenure; they now own large
plantations (on good terrain), are in tune with policies and maintain resources/capacities to adopt
management in line with FSC standards. Yet, most farmers also retain plots for easy-to-manage and
low-risk woodchip production. Soil/vegetation conservation depends on farmers’ status/capacities
and environmental awareness; FSC membership added economic-political benefits. Findings are
discussed within a regional historic context. Plantations contribute to economic development, but
issues persist/emerged in terms of land equity and environmental governance, risks (e.g., plant
pathogens), and spaces/impetus for farm-based innovation and adaptiveness.
Keywords: land use change; tree planting programs; forestland tenure and policies; arboriculture;
acacia timber production; Forest Stewardship Council; soil conservation; livelihoods and sustainability
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1. Introduction
Vietnam’s forested landscapes, the living space of people of different ethnicities,
languages and environmental-cultural traditions, have gone through profound changes.
In very broad terms, three periods of forest-related changes may be identified, i.e., a
period of (1.) ‘natural forest decline’ (until ~1990), (2.) ‘forest transition’ (~1990–2005),
and (3.) plantation-based ‘new forestry’ (~2005 until now) [1,2]. Until recently, the ‘new
forestry’ period was largely characterized by smallholder short-rotational plantations [3],
but there is an increasing trend towards structural-industrial re-arrangements, with state
policies favoring larger land holdings and promoting technically ‘advanced’ types of
plantation management [4–10]. In alliance with international initiatives, new development
objectives are thereby forged in accordance with specific formulations of ‘sustainability’.
Many developments (past and current), however, come with trade-offs and result in
variable outcomes across social strata and environmental spaces/aspects, raising a variety
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development objectives are thereby forged in accordance with specific formulations of
‘sustainability’. Many developments (past and current), however, come with trade-offs
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We investigated the timelines and initial processes by which the farmers became
enrolled in acacia farming and related these ‘development patterns’ to the farmers’ profiles
of plantation land holdings, forms of resource management, as well as other livelihood
activities and agricultural/technical assets. The survey showed that FSC-farmers, especially
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in the lowlands, were generally better placed in status and plantation resources, primarily
because of historic contextual reasons. At the time of the study, production of sawlogs,
especially certified by FSC, represented an investment (in terms of plantation resources,
time, and risk-taking) that still surpassed the capacities and potentials of many farmers.
In a companion study (Bien Thanh Vu et al., in prep.), we focus more on the farmers’
views and perceptions of environmental changes, contextual outlooks on developments
(opportunities and risks), and on occupational perspectives.
2. Background
2.1. The Study Area within Geographic-Historic Context
Thừa Thiên Huế Province (area of 5033 km2 ; Figure 1) includes lowland coastal
lagoons and plains (mainly rice fields), undulating hilly ‘midlands’ (nowadays largely
covered by acacia plantations), and valleys in mountainous uplands (covered by natural
forests and partly plantations). TTHP encapsulates many of Central Vietnam’s historical
and present development trajectories. Huế City was Vietnam’s pre-colonial capital. TTHP
was located at the center of the ‘American War’ (1955–1975). Today, TTHP is a magnet of
industrialization and agricultural development [18–20], and it is a microcosm of recent
developments in forestry in Vietnam. Around 3111 km2 (62%) of TTHP were covered by
‘forests’ in 2018; of this total, 989 km2 (32%) were ‘planted forests’, with acacias being the
predominant species [21]. TTHP was one of the first provinces in Central Vietnam to implement programs promoting ‘sustainable forestry’ in terms of FSC-defined criteria [16,22].
Such programs have been promoted by governmental agencies at various levels (i.e., the
Thừa Thiên Huế Department of Agriculture and Rural Development TTH-DARD, the
Forest Protection Department TTH-FPD, People’s Committees), in collaboration with international agencies and NGOs (mainly the World Wildlife Fund, WWF) and/or corporations
(Scansia Pacific). In 2016, the provincial government planned1 130 km2 of ‘forest’ (~13%
of current plantation area) by 2020 for saw-log production, with FSC-certified plantations
targeted at 40% (i.e., ~52 km2 [23]). In 2018 there were 780 farmers with in total 38.6 km2
FSC-certified plantations. Until 2020 this increased to 1057 farmers and 51.7 km2 FSC
plantation cover (representing 5.2% of ‘planted forest’ area) [24].
The rise of acacia plantation forestry in TTHP (and other parts of Central Vietnam) may
be seen on the background of wider historical socio-political developments, and within the
engravings of the province’s highly variable terrain. Distinctive regional differences and
inherent histories may be described considering the three districts where we conducted
the survey, namely coastal-lowland Phú Lộc District (elevation ~0–60 m above sea level),
midland Hương Trà District (~30–250 m a.s.l.), and upland A Lưới District (>560 m a.s.l.)
(Figure 1, Table 1).
Phú Lộc District, including Lộc Sơn and Lộc Bổn Communes (Figure 1), has a centuriesold history of human settlement dating back to the times of the Champa Kingdom and
earlier [18]. People traditionally subsisted on paddy fields of the coastal alluvial plains.
Many nearby inland lowland forests were already cut in pre-colonial times and were
replaced by woodlands which continued to serve the communities as sources of wild foods
and wood for housing and for energy (firewood, charcoal) [18,25]. Over the passage of
time and growing populations and especially during conflicts, many of these woodlands
degraded in quality. Notably, at the height of the ‘American War’ (~1966–1972) tracts of
land were occupied as army camps and used for other military activities, with the outcome
that woodlands turned into brushlands and bare lands with compacted soils [18,25]. Xuân
Lộc Commune, which is located more inland (Figure 1), was founded in 19752 as part of
the national government’s Resettlement Program. The communities in Phú Lộc are mainly
composed of Kinh people (i.e., Vietnam’s majority people, but partly of mixed heritage),
but one village in Xuân Lộc is inhabited by Bru-Vân Kiều people, who were resettled there
in 1983 from their original homelands in upland Quảng Trị Province [26].
The history of upland TTHP is quite different from the lowlands (and has been off
records for much of the time). The uplands were included into the national territory on the
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maps of pre-colonial kings and the French colonial administrations, and the ‘uplanders’
attracted the interests of ethnographers early on [27]. Despite this, the densely forested
landscapes embedded within the Trường Sơn mountain chain along the border of Laos
remained mostly a ‘world apart’—up until the end of the French colonial period [18,27].
The territory which now forms A Lưới District, was (and still is) inhabited by people
speaking katuic languages, namely the Cơ Tu, Tà Ôi, and Bru-Vân Kiều. These people
gained their livelihoods from small-scale shifting swidden agriculture within variable
terrain and from wild products derived from the dense surrounding rainforests. In the
1950–1960s ‘modernity’ violently broke into this world. During the ‘American War’,
fierce battles raged in A Lưới Valley (at the time often referred to as the A Shau Valley)
which, with its dense forest cover, provided a main passageway for the infiltration of North
Vietnamese army units to South Vietnam. Various events are recounted in military histories;
these can however be expected to have a differing reading from a local perspective. It
is other literature [27–29] that points readers towards comprehending the hardships and
displacements endured by upland people during those times. Returning communities
regained a living in A Lưới after the war, within landscapes widely scarred by effects
of ammunition and chemical defoliants [30]. Yet, ‘modernity’ eventually made further
inroads through ‘development’. During the 1990s many communities were re-settled by
government programs from remote areas to the main A Lưới Valley, with the emptied areas
subsequently being developed for hydro-electric dams, for nature conservation, and for
timber production forestlands of state-owned forest companies (SFCs) [27,31–34]. Swidden
agriculture and many forest uses were prohibited by law, impelling the communities to
adopt new, more intensive forms of agricultural land management and monocrops (rice,
cassava, acacia plantations, aquaculture), at the sacrifice of diverse traditional methods of
resource production and subsistence [1,26,27,35–39]. Conversely, in some communes (e.g.,
Ðông Sơn) where soils were contaminated with dioxins from the spraying and spilling
of the defoliant Agent Orange during the war [40], the planting of acacias may also have
provided new lower-risk agricultural opportunities.
The development of Hương Trà District followed yet a different line of history. Old
maps based on aerial images show that the undulating hills of Hương Trà were still
mostly covered by rainforest in the early 1960s. Except for some incipient settlements
along the track connecting Huế City with remote A Lưới Valley (now Road 49), many of
today’s villages did not yet exist at the time. These rainforests were largely destroyed
during 1968–1971 as a result of military air strikes and the spraying of airborne herbicides
(mainly the infamous Agent Orange [18,41]). In addition, large army camps were set
up in 1968/1969 along Road 49, impacting the surrounding terrain. After the war, the
wood of forest remnants was used for reconstruction and energy production (firewood and
charcoal); much of the landscape was thus converted into an open bushland. This opened
area could eventually be colonized and economically ‘re-developed’ by settlers engaged
in plantation forestry. In suitable locations, settlers initially planted eucalypt woodlots,
orchards, and rubber plantations. In the 1990s, extensive acacia plantations were planted
under the aegis of large ‘reforestation programs’.
2.2. Acacia Plantation Development: Outset, ‘Reforestation’ Programs, and Forestland Allocation
Forest decline in TTHP—whilst starting in pre-colonial times—was thus markedly
associated with war-related destructive events before 1975. Nonetheless, post-war forest
exploitation by state-owned forest enterprises (logging for reconstruction and timber
exports for foreign exchange), early communist policies (fostering inland migration and
resettlement, and introducing collective land use systems), and fast population growth
added to pressures on remaining intact natural forests during the 1970s–1990s [1,18]. By the
early 1990s most rural communities still made a (sometimes precarious) living from more
or less ‘conventional’ land use systems (irrigated paddy fields, rotational hillside swidden
fields, and open access to wild forest products [42]); yet, many preconditions were already
set for the remarkable ‘career’ of plantation-based ‘new forestry’ systems. By the end of
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the 1980s state-led forestry was in crisis because logging in natural forests was no longer
profitable. Restoration of native timber proved to be unfeasible. Vast ‘forestlands’ lay
unproductive as so-called ‘bare hills’—even if these areas were still a source for livelihoods
(e.g., firewood, wild foods) for many poor households [1,25,43]. By contrast, scientific trials
during the 1980s had shown that the fast-growing nitrogen-fixing alien species of acacias
could be readily grown on degraded soils; the species opened new potentials for so-called
‘forest restoration’, new tree-based livelihoods, and rural economic development [44–47].
In the wake of nation-wide reforms (Ðổi Mới, ‘Renovation’ in 1986) towards a socialistoriented market economy, the ‘transition period’ was marked by significant shifts in forestry
and land use governance, with much emphasis on ‘reforestation’ [1,2,48,49]. State forest
enterprises (SFEs) were re-organized into either state forest companies (SFCs; with objectives of advanced economic forestry) or forest protection management boards (FPMBs;
with objectives of forest protection and restoration); accordingly, forestlands were divided
into zones for production, protection, and special use. Local communities were mobilized
by SFEs/SFCs/FPMBs to participate in forest restoration and protection activities. The
opening of the country to international cooperation and foreign investments during the
1990s allowed for the implementation of large, internationally funded reforestation programs, such as Program 327 (‘Greening the Barren Hills Program’; 1993–1998) and Program
661 (‘5 Million Hectare Reforestation Program’; 1998–2010 [50]) which followed earlier
country-wide programs sponsored by the UN World Food Programme (1976–2000; ‘PAM
programs’—Programme Alimentaire Mondiale [1,51]). The funds from such programs (at
national level over USD 2 billion in total) assisted the development of tree nurseries, the
reorganization of forestry organizations, payments of rural labor, and—consequently—the
set-up of vast ‘planted forests’, which were mostly monocultures of fast-growing exotic
acacias [1,12,43,49]. National programs, with international support, also fostered the development of sawmills and wood factories, and the improvement of road networks which
enabled transport of wood harvests [52–54].
Most importantly, state-led programs for ‘forest land allocation’ (FLA) to individual
households during the 1990s–2000s facilitated ‘forest planting’ via so-called ‘socialization’,
as local households could obtain land titles to (mostly degraded) forestlands as well as state
subsidies to set up tree plantations. Land titles for designated forestland plots (valid for a
period of 20–50 years) were issued by state authorities via ‘Red Books’, but the processes of
FLA were often non-transparent and were usually explicitly or implicitly linked to specific
expectations and policy targets of the state to render the lands productive through a specific
crop or tree species [12,55]. Many communities in the largely deforested lowlands and
hilly midlands of TTHP could profit from new opportunities provided by land titling. The
process of FLA however often disadvantaged poor/illiterate farmers and/or farmers (often
of minority groups) who were generally not in tune with the latest state-led development
initiatives; many of these farmers depended on incomes generated from communal lands
which were now transformed into private plantations [1,36,43,56,57]. In the uplands FLA
programs disrupted (and new laws prohibited) traditional shifting cultivation agriculture
(i.e., swidden systems which were usually managed as commons) in state-designated
‘forestlands’, and state forest organizations set in place increasingly stringent restrictions
and controls on natural forest uses. As a result, FLA initially often met with resistance
from upland communities, or otherwise proved to be impracticable within a complex sociopolitical environment; accordingly, for a long time, acacia plantations were not ‘self-starters’
in the upland areas [26,37,38,55,58,59]. Notwithstanding, pressed forward by stringent
national regulatory policies and expedited by attractive market prices for wood products,
the acacia plantation boom has penetrated the remotest upland areas during the last decade,
with plantations sometimes encroaching onto steep forestlands [10,31,36,60,61].
2.3. The Rise of Wood Certification Schemes: Developing New Markets—With
More ‘Sustainability’?
FLA secured farmers’ ownership of land and profits from trees, making labor investments worthwhile for them; this was an important pre-requisite for reaching specific state
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objectives in establishing a plantation-based national wood industry [62]. As stipulated in
the Land Law, households are permitted to sell, rent, mortgage, or trade their allocated
forestland plots. Nonetheless, in reality the farmers’ choices are still restricted through
various state regulations, including legal conditions/requirements and the provisioning of
subsidies and extension services [55,63]. In addition, land ownership ultimately remains
with the state3 and state priorities (e.g., meeting specific production quotas or predefined
export targets) often take a lead in farmers’ choices, despite other potentially important
issues which lie more within a farmer’s scope, and which may require locally fitting
responses/adaptations in land/plantation management.
Vietnam’s wood industry now employs over five million people (arboriculture, wood
processing, furniture assembly, etc. [12]). It constitutes the country’s fourth largest export
industry; the export value has risen steeply from USD 3.4 billion in 2010 to USD 8.9 billion in
2018 and USD 12.5 billion in 2020 and is on a continued growth trajectory [64,65]. Despite
of this apparent economic success, the booming industry continues to be subjected to
significant structural challenges and risks. In 2018, over 70% of the plantation-derived
wood was used for low-value woodchip production, making Vietnam the number one
exporter of woodchips globally [66]. Woodchip exports are, however, highly dependent on
the Chinese (58% of woodchip exports in 2018) and Japanese (33%) markets; any volatility
in those markets (e.g., during the COVID-19 crisis) can significantly affect woodchip
prices [65,67,68]. Conceivably, even more important for developments in national policy
is the fact that the largest turnover from exports of wood products (more than 70% [6])
has come from high value-added wood products such as furniture, with strong consumer
markets (largely controlled by international corporations) in the United States and Europe,
in addition to China and other Asian countries (and with rising demand during the
COVID-19 crisis) [64,69]. As is the case, however, only a small amount of wood from
Vietnam’s plantations can be used for furniture production; to cover industry needs in
2018, Vietnam had to import raw timber/lumber valued at USD 1.6 billion [65]. Until
relatively recently, high-quality timber was still imported at fairly low economic costs
from neighboring Laos, Cambodia, and Malaysia, and countries in Africa [65,69,70], but
decreasing timber stocks in those countries, in combination with international disproval of
destructive logging in rainforests, has led to some reorientation. At least by pronouncement,
the central government has subscribed to various international commitments to comply
with standards set by countries that buy Vietnamese wood products [71]4 ; accordingly,
major Vietnamese wood traders have become increasingly aware of such standards and
requirements, and associated business opportunities, risks, and niches [72]. In recent years
Vietnam has started to import more and more ‘non-risk timber’ from Canada and the
US [65] or FSC-certified acacia timber from other parts of Southeast Asia [17]. Yet, this
alone can barely compensate the fall-out of previously regional rainforest-sourced timber,
nor does it constitute a robust basis for reaching the government’s wood industry growth
targets.
Vietnam’s government has thus set a policy agenda to increase the supply of domestic
plantation-sourced timber for the furniture industry. In 2015 it set a five-year target to
increase the production of furniture wood from 4.5 million tonnes to 6.5 million tonnes,
whilst reducing woodchip exports from 6 million tonnes to 3 million tonnes [73]. In order to
achieve better international market access and higher selling prices, and to introduce more
advanced and ‘sustainably-managed’ schemes of production, the drive for longer-rotation
cycles is linked to efforts for developing the plantations according to standards of international wood certification. To obtain certification from major international organizations
of certification, such as the Forest Stewardship Council (FSC) or the Programme for the
Endorsement of Forest Certification (PEFC), groups of wood producers need to form an
association which, in total, covers a plantation area of at least ~3000 hectares [5]. In Central
Vietnam several such associations have already formed, often with the aid of initiatives by
local organizations and/or international development agencies, as well as through investments by multi-national corporations, such as IKEA, and in cooperation with international
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NGOs, such as the World Wildlife Fund (WWF) [5,6,16,17,22,74,75]. Within this context,
acacia-based plantation systems that integrate the production of slow-growing, native,
high-value timber species (e.g., Tarrieta javanica, Dipterocarpus allatus, Hopea odorata) have
recently been under trial and have been discussed during workshops [76,77].
Timber certification through labels such as FSC reaches buyers of furniture with a
promise of wood production and trading under ‘sustainability standards’. Yet, it may be
arguable how ‘sustainability’ could and should be circumscribed. FSC-certified plantationbased timber may provide ‘sustainability’ benefits because (1.) acacia production processes
are—under normal conditions—fairly reliable, with predictable profits [6,78,79], (2.) plantation systems (plots) can be managed/controlled according to certain FSC-defined standards
(e.g., disallow uses of synthetic pesticides [80]) Ref. [81], (3.) plantation-based timber may
offset some uncontrolled logging from biodiverse rainforest [82,83], and (4.) institutionalized practices under FSC may foster improved plantation planning and management and
more exchange and participative processes among FSC member communities [84–86].
Policy-driven expansion of FSC-certified acacia timber production will, however, replace other types of land management through the accumulation of land and simplification/normalization of more industrialized land use systems [4,17,87]. What ‘sustainability’ (or ‘sustainable development’) thereby means for more vulnerable and marginalized
stakeholders (e.g., smallholder tree farmers, communities of ethnic minorities, women,
and others) may distinctly differ from the views of more dominant and well-established
actors [13,56,88–91]. Furthermore, ‘sustainability’ (in a more ‘scientific-technical’ sense) is
not an end-state but rather a knowledge-based iterative process; adequate technical innovations and adaptive capacities are not always aided by ‘knowledge’ that is promulgated
by institutions as fixed ‘standards’ [92–94].
There are general ‘sustainability’ questions relating to changes of land management
and associated knowledge and practice. The rise of acacia plantations (on privately owned
lands) has brought about significant environmental changes and new dependencies, with
largely unknown consequences. Plantations grow on soils which once were covered by
biodiverse rainforests. After plantation harvesting (clear-cutting), the soils lay bare and vulnerable to erosion, and imbalances/deficiencies of soil nutrients may require nutrient inputs
from ash or costly fertilizers [44,95]. Furthermore, the plantations are contiguous singlespecies monocultures which can be highly susceptible to plant pests and diseases [96–98],
as well as weather-related impacts such as storms [99–101]. Losses of traditional/local
ecological knowledge are partly associated with such environmental concerns [89]. In
Vietnam, the new agro-forestry regimes have largely replaced/superseded traditional
nature-based ‘cultures’ of land management. This may itself affect options/opportunities
for more diversified and inherently sustainable livelihoods [1,35,42,59]. Increased livelihood conformity and dependencies on plantation systems (and associated trade networks)
may lead to increased exposure to potentially volatile regional and global markets, and
associated political-economic pressures [14,89].
3. Methods
3.1. Questionnaire-Based Survey
The questionnaire survey was conducted during September to November 2018. At
that time 780 households were participating in FSC programs in TTHP, representing 2% of
all households engaged in tree plantations within the province (380 949 farmers [102]). All
selected communes had an FSC group. The FSC group leader could provide contacts, and
ninety households participating in FSC certification schemes were thus selected (referred
to as ‘FSC-farmers’). Ninety households not engaged in FSC (referred to as non-certified
‘Nc-farmers’) were selected in the vicinity of FSC households. We were careful to include farmers of different plantation management types and ended up with four ‘farmer
types’ (cf. Table 1) along a hierarchical gradient, i.e., (1.) 62 Nc-farmers who managed
plantations for (non-certified) Nc-woodchip production only (‘Nc-woodchip-farmers’),
(2.) 28 Nc-farmers who had set aside some plantation area for Nc-sawlog production
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(sawlogs were not yet exploited; ‘Nc-sawlog-farmers’), (3.) 63 FSC-farmers with—as yet—
unexploited plantations for FSC-certified sawlog production (‘FSC‹start›-farmers’), and
(4.) 27 ‘pioneering’ FSC-farmers who, in 2018, had already exploited FSC-certified timber
(‘FSC‹exploit›-farmers’). In addition to plots managed for timber production under FSCcertified standards, many FSC-sawlog producers also owned acacia plots for Nc-woodchip
and/or Nc-sawlog production (Sections 4.5 and 4.6).
We employed a questionnaire (tested through a pilot study) with mainly open questions to obtain information about (1.) the profile and basic livelihood status of the respondents (question Q1–9), (2.) their history of involvement in plantation forestry and past
experiences (Q10–16); (3.) current plantation and other agricultural assets (Q17–20), and
(4.) acacia plantation management practices (Q21–32). The respondents’ answers were
recorded by the interviewer (Bien Thanh Vu); on average an interview took about one
hour. All respondents participated voluntarily. Prior to the interview the respondents were
informed about the aims and scope of the study and the prospective length of the interview,
and they were explicitly asked whether they would like to participate as respondents.
Table 1. The number of respondents interviewed in the communes of the three study districts, i.e., Phú Lộc, Hương Trà and
A Lưới by farmer type, i.e., producers of non-certified woodchips only (Nc-woodchip), non-certified sawlogs (Nc-sawlog),
and FSC-certified sawlogs which had (FSC‹exploit›) or had not yet (FSC‹start›) been exploited on some plots.
District→

Phú Lộc (70)

Hương Trà (70)

A Lưới (40)

Commune→
Farmer Type↓

Total

Lộc
Bổn

Lộc
Sơn

Xuân
Lộc

Bình
Ðiền

Hương
Hồ

Hương
Thọ

Hương
Lâm

Ðông
Sơn

Hồng
Thượng

Total

180

23

23

24

29

21

20

9

16

15

Nc-woodchip
Nc-sawlog
FSC-sawlog

62
28
90

5
6
12

10
1
12

4
7
13

16
3
10

7
5
9

6
2
12

4
0
5

4
2
10

6
2
7

FSC‹start›
FSC‹exploit›

63
27

4
8

9
3

11
2

9
1

3
6

5
7

5
0

10
0

7
0

3.2. Data Treatment and Analyses
Answers to the open questions were later coded according to thematic categories
identified from the answers [103]. Microsoft Excel was used for data management and basic
calculations. Minitab 17 (Minitab Inc., State College, PA, USA) and R software (3.5.2 version)
were used to establish significant variable interrelationships by using appropriate statistical
methods. Bivariate statistical methods included parametric (T-Test, analysis of variance)
and nonparametric (Chi-square, Mann–Whitney, and Kruskal–Wallis) tests. Multivariate
statistical methods included multivariate linear regression (MLR; including best subsets
regression BSR, to select optimal variable combinations), binary (BLR) and ordinal (OLR)
logistic regression, and general linear models (GLM). Before analyses the interval data
were checked for normal distribution and if necessary, transformed as appropriate (e.g.,
logarithm, square root, or other transformation). In the Supplementary Materials, we
provide a summary of all questionnaire questions, the corresponding primary or coded
data, and the statistical results which are outlined and discussed within this paper. The
Supplementary Materials also include additional notes on limitations and specifications of
the study.
4. Results and Discussion
4.1. The Respondents’ Profiles
The ethnic composition of the 180 respondents differed regionally, as could be expected.
In Phú Lộc 67 respondents belonged to the Kinh majority, whereas three in Xuân Lộc
Commune were ethnic Bru-Vân Kiều. In Hương Trà all 70 respondents were Kinh. In
upland A Lưới, in contrast, only one of the 40 respondents was of Kinh ethnicity; the
others identified as Pa Cô (24)5 , Tà Ôi (7), and Cơ Tu (8). Most respondents were men
(82% vs. 18% women; no differences among districts, ethnicities, or farmer types). The
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respondents were between 28–79 years old, whereby respondents of ethnic minorities
were on average younger (45 ± 11 years) as compared to Kinh respondents (54 ± 8).
The respondents’ time spent in school ranged from 0–16 years, with on average a higher
education recorded for men (7.9 ± 3.5 years) vs. women (5.2 ± 3.5), for Kinh (7.7 ± 3.5)
vs. members of ethnic minority groups (6.4 ± 4.1), for younger vs. older respondents,
and for farmer types in the order of FSC‹exploit› (10.3 ± 3.2) vs. FSC‹start› (8.7 ± 3.2) vs.
Nc-sawlog (5.7 ± 2.7) vs. Nc-woodchip (5.3 ± 3.2). Some respondents (21%; mostly the
better educated and older) stated that they held a leadership and/or honorary position6 .
Most respondents (89%) supported at least one (up to seven) dependent person(s) in
the household, i.e., either children (on average 2.2 ± 1.1) or parents (0.3 ± 0.5). Older and
better educated respondents tended to have fewer dependents in their household (mainly
fewer children). Furthermore, respondents in Hương Trà (close to Huế City) supported on
average fewer dependents (2.1 ± 1.3) than respondents in the more rural communes of Phú
Lộc (2.7 ± 1.5) and A Lưới (2.9 ± 1.2). Patterns may be explained by differing opportunities
for younger family members to find alternative jobs locally or in nearby cities, and/or
social-cultural connections within rural communities [105,106].
4.2. Establishment of Plantation Forestry: Timing, Facilitative Processes, and Early Opportunities
According to respondents’ answers, the first acacia plantations were established in
Phú Lộc and Hương Trà in 1990 (Figure 2). In Phú Lộc most respondents set up their first
acacia plantations between 1994–1997 and in 2004 (Lộc Bổn Commune). In Hương Trà
plantations were established throughout the 1990s. In A Lưới, in contrast, acacia planting
started in 2004, with planting peaks in 2005 and 2010 (Figure 2). In addition to regional
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Farmers with previous experience in tree planting were often pioneers in acacia
planting (‘early planters’). About half of the respondents in Phú Lộc and Hương Trà (and
especially the relatively ‘earlier planters’) said they had already gained a significant
income from eucalypt trees7 before planting acacias (Table 2). Nine respondents in Hương
Trà (13%) and two in Phú Lộc had been gaining an income from rubber plantations7. The
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Farmers with previous experience in tree planting were often pioneers in acacia
planting (‘early planters’). About half of the respondents in Phú Lộc and Hương Trà (and
especially the relatively ‘earlier planters’) said they had already gained a significant income
from eucalypt trees7 before planting acacias (Table 2). Nine respondents in Hương Trà
(13%) and two in Phú Lộc had been gaining an income from rubber plantations. The
other respondents (mostly relative ‘latecomers’ in acacia planting) had apparently not been
engaged in tree farming; they had earned their livelihoods mainly from cultivating staple
crops such as cassava (44%; probably on swidden fields, especially in A Lưới), or from
other activities (13%; e.g., collection of wild products; Table 2).
Extensive tree planting programs, FLA, and other policy-driven actions starting in the
1990s evidently catalyzed the establishment of acacia plantations—partly in similar ways
as in other parts of Vietnam [1,50,54,59,107–109]. When asked about the reasons/incentives
to start with planting acacias, a good number of respondents (29%; especially the relatively
‘earlier planters’ in A Lưới and Hương Trà; Figure 2) answered that it was because they
were directly involved in a tree plantation program. Plantation programs often served
an exemplary function [1,26], and this may partly explain why respondents involved in
a program were also likely to occupy a leadership position (50% vs. 23% of those not
involved). Most of the other respondents (61%; i.e., mostly relative ‘latecomers’, and many
respondents in Phú Lộc) explained that they saw other people planting acacias and then
learned from them about the benefits of this plant (Table 2). Respondents who gave this type
of answer also tended to be younger and less educated and included disproportionately
more women. Some respondents in Phú Lộc (now mostly FSC-farmers) additionally noted
specific benefits that apparently convinced them to plant acacias, i.e., 21% (all previously
engaged in planting eucalypts) stated that acacias grew well and improved the quality of
the soils (unlike eucalypt trees [110])8 and 14% said they saw that acacia planting provided
good opportunities to earn money (Table 2).
While tree plantation programs served—apart from ‘reforestation’—certain demonstration and educational purposes, participation in such a program was not in every case a
prerequisite to receive support for acacia planting and management [1,50]. Many respondents said they had received some form of help either from a governmental organization
(72%; e.g., a state forest company; 69% of these respondents had been engaged in a plantation program, and many were ‘early planters’), from a NGO (37%; in Phú Lộc only; mostly
the better educated and ‘pioneers’ who had previously worked on eucalypt plantations),
and/or from some other actors (e.g., a private company or international aid agency, or
TTH-FOSDA; 9% respondents in Phú Lộc; Table 2). Some respondents (primarily ‘latecomers’ and respondents in A Lưới; Table 2) said they had not received any support (8%) at the
time when they started their plantations, or the respondents did not provide information
in this regard (20%).
When asked about specific programs which provided support, most of the respondents
in A Lưới (90%) did not list any program. In contrast, many respondents in Hương Trà
(69%) and Phú Lộc (73%) listed at least one program from which he/she had received
support (Table 2), with primarily the ‘early planters’ and better educated respondents
frequently listing more than one program (up to six). Accordingly, the listing of programs
differed among farmer types, in the order of FSC‹exploit› (on average 3.2 ± 1.4 programs)
vs. FSC‹start› (1.7 ± 1.7) vs. Nc-sawlog (0.8 ± 0.8) vs. Nc-woodchip (0.6 ± 0.8).
Specific state-led programs that were mentioned included the UN’s PAM 4304 Program
(noted by 33% of all respondents), the ‘Greening the Barren Hills’ Program 337 (noted by
33% in Phú Lộc), the ‘Five Million Hectares Reforestation’ Program 661 (26% in Phú Lộc),
and the World Bank WB3 ‘Forest Sector Development Project’ (60% in Hương Trà, 53% in
Phú Lộc; Table 2). Some FSC-sawlog producers also noted that (in more recent years) they
had received support through programs led by WWF (40% FSC members in Hương Trà
and 76% in Phú Lộc, none in A Lưới) or through FSC itself (29% in Hương Trà and 35%
in Phú Lộc; Table 2). Programs operating at different time periods were characterized by
specific objectives and program components, as summarized in Table 3.
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Table 2. Summary of data on the history and involvement in plantation forestry, showing differences among the three study
districts (A Lưới, Hương Trà and Phú Lộc) and farmer types (Nc-woodchip, Nc-sawlog, and FSC-sawlog farmers).
All↓

Pre-Acacia Agricultural Income Sources

Catalyzers for / Motivation of Acacia Planting

District↓↓
Farmer Type↓↓↓

Eucalypt
Groves

Rubber
Groves

Crop
Fields

Other /
No Info

State
Program

Mutual
Learning

“Better
Soils”

“a Good
Income”

Overall

37%

6%

44%

13%

29%

62%

9%

7%

in Phú Lộc
in Hương Trà
in A Lưới

54%
41%
0

3%
13%
0

43%
23%
82%

0
23%
18%

13%
34%
48%

70%
60%
52%

21%
2%
0

14%
3%
0

Nc-woodchip
Nc-sawlog
FSC-sawlog

24%
46%
43%

5%
0
9%

56%
46%
34%

15%
8%
14%

18%
14%
41%

74%
82%
48%

5%
4%
13%

0
0
13%

All↓

Support for Acacia Planting

Governmental Support through Programs

District↓↓
Farmer Type↓↓↓

Government
Organization

Nongov.
Organiz.

Other

No Help /
No Info

Program
PAM 4304

Program
337

Program
661

Program
WB3

Overall

69%

15%

3%

28%

33%

13%

10%

44%

in Phú Lộc
in Hương Trà
in A Lưới

79%
77%
38%

37%
1%
0

9%
0
0

12%
23%
62%

53%
27%
8%

33%
0
3%

26%
0
0

53%
60%
0

Nc-woodchip
Nc-sawlog
FSC-sawlog

53%
68%
80%

0
0
30%

6%
0
2%

41%
32%
18%

18%
36%
42%

8%
7%
19%

8%
7%
12%

23%
25%
64%

All↓

Other Program Aid

Number of Support Programs
Noted by Respondents (%)

District↓↓
Farmer Type↓↓↓

Programs by
WWF

Programs
by FSC

0

1

2

3

4

Number of Support Items
Noted by Respondents (%)
5–6

0

1

2

3

4

5–6

Overall

25%

12%

43

15

22

13

1

7

37

23

8

3

1

22

in Phú Lộc
in Hương Trà
in A Lưới

40%
24%
0

19%
13%
0

27
31
90

13
20
10

14
42
0

26
7
0

1
0
0

19
0
0

27
33
60

21
19
33

6
13
5

7
0
2

3
0
0

36
36
0

Nc-woodchip
Nc-sawlog
FSC-sawlog

0
0
50%

0
0
24%

63
43
29

21
39
3

13
18
29

3
0
23

0
0
2

0
0
14

55
46
21

34
29
13

10
18
5

1
0
6

0
7
0

0
0
56

All↓
District↓↓
Farmer Type↓↓↓

Needing a
Loan for
Planting

Offering
a Loan

Seedling
Provision

Fertilizer
Provision

Training
Program

Product
Selling

Help to
Certify

Plant
Diseases

Specific Support Items (Provided through Programs) Noted by Respondents

Overall

76%

49%

41%

18%

35%

31%

29%

7%

in Phú Lộc
in Hương Trà
in A Lưới

81%
70%
75%

44%
67%
28%

59%
36%
18%

21%
24%
0

51%
36%
5%

43%
37%
0

47%
27%
0

0
19%
0

Nc-woodchip
Nc-sawlog
FSC-sawlog

82%
75%
71%

31%
32%
68%

16%
29%
61%

0
0
36%

5%
18%
61%

0
0
62%

6%
14%
49%

0
0
14%

All↓

Main Reasons to Continue Planting Acacias

District↓↓
Farmer Type↓↓↓

“Good
Income”

Overall

54%

in Phú Lộc
in Hương Trà
in A Lưới
Nc-woodchip
Nc-sawlog
FSC-sawlog

“Investment
Return”

Buying and Selling Plots

“Close
Market”

“Easy to
Manage”

“Low Investment”

Sell Plots
of Acacia

Buy Plots
of Acacia

Change
(ha/farmer)

9%

9%

18%

9%

6%

11%

0.5 ±2.4

51%
71%
30%

11%
10%
5%

13%
10%
0

10%
4%
55%

14%
4%
10%

1%
11%
3%

17%
10%
0

1.12 ±3.5
0.15 ±1.3
–0.1 ±0.3

52%
36%
62%

16%
7%
6%

6%
18%
8%

19%
7%
20%

6%
32%
4%

10%
4%
3%

2%
4%
19%

–0.1 ± 0.6
0.02 ± 0.4
1.06 ± 3.2

In order to establish an acacia plantation, many farmers needed to overcome financial
obstacles. Most respondents (76%; Table 2; especially ‘early planters’ and members of
ethnic minorities) stated that they took up a loan in order to set up the plantation, whereas
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the others (24%; primarily well-educated farmers and those previously engaged in rubber
plantations) apparently had sufficient savings to start their acacia plantations independently.
Of those in need of a loan, 65% (i.e., 35% of non-FSC and 78% of FSC-farmers; Table 2)
explicitly noted that they had received a loan through support from a state program,
of which 81% mentioned they had received support from the WB3 Program. The WB3
program supported low interest rates of loans of 0.65% per month for famers, whereas
normally the interest rate at other banks was more than 3% per month [114].
Table 3. Summary of key data and characteristics of plantation programs listed by the respondents. The table indicates the
programs’ objectives and items of investment in terms of relatively major (***), medium (**) and minor (*) importance. In
some cases, information could not be found from available resources (n.a.).

Implementation Time 1
Project Volume in US$ 1
Funding Agencies 2
Implementing Agencies 2

Program
PAM 4304

Program
337

Program
661

Program
WB3

Programs
by WWF

Programs
by FSC

1992–2000
20.3 million
WFP
DARD, SFEs
(n.a.)

1993–1998
213 million
GoV, WB

1998–2010
>2000 million
GoV, WB

2005–2014
4.7 million
WB, JICA

2015–2020
n.a.
IK, WWF

DARD, SFEs

DARD, SFEs

DARD, SFEs

WWF

2016-now
0.53 million
WWF, SP, USAID
WWF 3 , SP,
USAID

Afforestation Area in ha 1
Number of Households 1

n.a.
n.a.

~0.4 mil. (?)
n.a.

~2.45 mil.
~1.2 mil. hh

120 800 ha
8750 hh

5142 ha
1000 hh

5172 ha
1028 hh

Objective: FLA
Objective: Tree Planting
Objective: Certification
Object.: Forest Protection

yes (***)
yes (***)
no
n.a.

yes (**)
yes(***)
no
yes (***)

yes (***)
yes(***)
no
yes (***)

yes (**)
yes (***)
yes (**)
(no)4

no
no
yes (**)
yes (***)

no
yes (***)
yes (***)
yes (***)

Loans Provided
Tree Nurseries
Fertilizer Provided
Training / Information
Product Selling
Product Certification
Other

yes (*)
yes (**)
yes (**)
yes (*)
no
no
n.a.

yes (***)
yes (***)
no
yes (**)
yes (**)
no
yes (**) 6

yes (***)
yes (***)
no
yes (**)
n.a.
yes (*)
yes (**) 6

yes (***)
yes (**)
n.a.
yes (**)
yes (**)
yes (**)
yes (**) 6

no
yes (**)
no
yes (***)
no
no
no

no
yes (***) 5
no
yes (***)
yes (***)
yes (***)
yes (**) 7

1

The implementation time, project volume, afforestation area, and number of households refers to all of Vietnam, except for WWF and FSC
programs, which refer to TTHP only. 2 Abbreviations are WFP (World Food Programme), GoV (Government of Vietnam), WB (World Bank),
JICA (Japan International Development Agency), IK (IKEA Group retailers, Sweden), SP (Scansia Pacific Co., Ltd., Dong Nai, Vietnam),
WWF (World Wildlife Fund), USAID (United States Agency for International Development), DARD (Vietnam Department of Agriculture
and Rural Development), SFEs (state forest enterprises). 3 This includes the partner organization TTH-FOSDA (Thua Thien Hue Forest
Owners Sustainable Development Association). 4 The ‘protection of natural forest’ was noted as a benefit of plantation development. 5 This
included providing native trees to households participating in FSC certified afforestation.6 Building of forest roads and fire protection.
7 Support of thinning activities. References: [1,23,26,43,49,51,102,114].

Many programs also offered aid to overcome technical/logistic obstacles of plantation
establishment/management, and support in wood product selling/marketing (Table 2).
Many respondents (41%; mostly FSC-sawlog producers) noted that acacia seedlings were
provided through governmental support programs from nurseries (including through
Program 327 and PAM 4304, especially in the case of ‘early planters’), as well as through
programs led by NGOs, notably WWF. Some FSC-farmers in Phú Lộc (41%) and Hương Trà
(55%) had also received fertilizers, provided through programs led by the state and by WWF.
A third of the respondents (35%; mostly FSC-farmers in Phú Lộc; Table 2) mentioned that
they received specific trainings (most commonly in tree plantation techniques), mainly (as
indicated by the data) through the WB3 Program and/or programs directed through WWF
and FSC. Many FSC-farmers in Hương Trà (84%) and Phú Lộc (81%) noted that programs
(mainly Program 327 and WB3, and programs by WWF) also provided support for selling
the wood products from the plantations. Similarly, respondents (85% FSC members and
15% non-members) in Hương Trà and Phú Lộc (27–47%) mentioned that programs (mainly
FSC programs and WB3) provided training and support for the certification of wood
products from the plantations (Table 2). Finally, thirteen FSC-farmers in Hương Trà noted
that officers from extension programs came to investigate root diseases (as of yet unknown)
which they had observed affecting trees in their plantations. Overall, respondents listed
more items of support if they had received support from more than one program, in
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particular from the WB3 Program, and/or—in the case of FSC members—programs by
WWF and FSC. Generally, relatively fewer items were listed by women and by respondents
who had set up their plantations autonomously (i.e., through ‘learning from others’).
Respondents who are now FSC members tended to list significantly more support items
(and especially in Hương Trà and Phú Lộc) than those who are not (yet) FSC members
(Table 2).
4.3. Motivations for Acacia Planting, and Ownership Transfers of Plantation Lands
When asked about the main reasons that kept them motivated to continue planting
acacias on their plots until today, the opportunity to earn good money was spontaneously
mentioned by a majority of respondents (54%), notably by respondents of the Kinh majority
(and especially the better educated) in Hương Trà and Phú Lộc. Some respondents were
more specific, noting the advantages of a relatively fast return of investment from acacia
plantations (9%) or the presence of a local and relatively stable market for acacia wood
products (9%; this was not noted in more remote A Lưới; Table 2). Others (27% overall) were
more inclined to spontaneously point out the practicality of acacia plantation management.
Mostly members of ethnic minorities (55% of respondents in A Lưới; Table 2) noted
that acacia plantations are relatively ‘easy to manage, with simple techniques’. Some
respondents (9% overall) remarked that the investments for planting acacias (in terms of
money and labor) are relatively low; this answer was relatively more often given by women
(22% vs. 7% of the men).
Until 2018 ownerships of the initially established acacia plots were apparently fairly
stable overall. Relatively few farmers stated they had either sold some acacia plots
(10 farmers, 6%) or bought additional plots (19 farmers, 11%; Table 2). Most of the ‘sellers’
were Nc-woodchip producers in Hương Trà (six farmers selling acacia plots, two selling
rubber plots), and most stated they had not received any support from any programs
(eight vs. two who had received support). Land sales mostly took place in between 2010
and 2015 and involved plots ranging in size from 1–3 hectares (average 1.7 ± 0.8 ha). All
the farmers buying plots either lived in Phú Lộc (17%) or Hương Trà (10%), were mostly
FSC members and of younger age, and had likely received support from NGOs, especially
WWF. Most of the plot acquisitions (14, 74%) took place in 2014 and 2015 and involved plots
ranging in size from 1–19.5 hectares (average 5.5 ± 4.9 ha). Overall, the plantation area of
farmers in Phú Lộc (especially that of FSC‹exploit› respondents) had been increasing (on
average by over one hectare), whereas it had been relatively stable or slightly decreasing in
Hương Trà and A Lưới (Table 2).
4.4. Plantation Development: Local Terrain, Land Conversion, and Antecedent Land Uses
Acacia planting and corresponding establishment of plot tenure was spatially influenced by terrain as well as preceding locally adapted land uses and livelihoods. Data from
respondents’ answers reflects the reality that acacia plots in upland A Lưới were generally
set up within more steeply sloping terrain (i.e., 78% of all plantation areas were appraised
at >10◦ slope inclination) as compared to the plots in Hương Trà (43%) and Phú Lộc (36%)
districts (Table 4).
Most of the plots were initially established by clearing ‘bushland’ (i.e., 75% of plantations by ownership and 83% by total cover converted to plantations; Table 4). Bushland
vegetation was particularly predominant in Hương Trà (97% by converted cover)—i.e., a
region where forests had been extensively destroyed during and after the war (Section 2.1).
Most farmers who had participated in plantation programs (which focused on bushcovered ‘bare hills’) and/or already had experience with eucalypt plantations established
acacia stands in bushland areas. ‘Bare hills’ could vary widely in terms of vegetation cover
from highly degraded ‘scrublands’ to dense ‘bushlands’, which possibly represented earlysuccession regenerating forests [1,25]. Such bushlands could be quite species-rich [115] and
were often used by poor people and often by women [1,43]. In our study, only a quarter of
the respondents appraised the bushlands as providing support of minor (24%) or moderate
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(1%) importance for their livelihoods, for uses such as the collection of firewood (88%),
wood products for other uses (27%), and wild food products (21%; Table 4).
Table 4. Summary of data on the plantation terrain and pre-acacia land cover/use, showing differences among the three
study districts and farmer types.
All↓
District↓↓
Farmer Type↓↓↓

Pre-Acacia Land Cover (Percentage Area)

Plantation Terrain: Percentage Cover in Relative Steepness
Category (Inclination in Degrees)
<4◦

~4◦ –10◦

~10◦ –30◦

>30◦

Bushland

Crop Fields

Bare
Land

Natural
Forest

Overall

11%

45%

41%

3%

83%

13%

1%

3%

in Phú Lộc
in Hương Trà
in A Lưới

13%
14%
0

51%
43%
22%

32%
42%
74%

4%
1%
4%

78%
97%
64%

20%
2%
12%

2%
1%
0

0
0
24%

Nc-woodchip
Nc-sawlog
FSC-sawlog

12%
11%
11%

41%
37%
46%

45%
46%
40%

2%
6%
3%

65%
77%
86%

17%
18%
12%

5%
0
1%

13%
5%
1%

Pre-Acacia Land Cover

Importance of Pre-Acacia Livelihood Support

Type

Relative Cover

None

Minor

Moderate

Significant

Weighted Sum
Bushland
Crop Fields
Bare Land
Natural Forest

(100%)

66%

31%

4%

83%
13%
1%
3%

76%
8%
100%
20%

24%
79%
0
27%

1%
13%
0
40%

Pre-Acacia Land Assets for Livelihoods
Wood

Firewood

Food

0.4%

25%

77%

32%

0
0
0
13%

27%
0
0
92%

88%
5%
0
100%

21%
100%
0
67%

Some farmers, mostly in Phú Lộc (27%; 4% in other districts), had established their
plantations on ‘agricultural lands’, used for the production of staple foods (100%) and
sometimes firewood (5%). These lands were mainly on sloping terrain and probably
of marginal productivity, and thus more likely to be abandoned. Indeed, respondents
appraised these lands as providing no support (8%), or only support of minor (79%) or
moderate (13%) importance for their livelihoods (Table 4). Five farmers in Phú Lộc and one
in Hương Trà had established their plantations on ‘bare lands’, sites perhaps previously
degraded by mining or army camps [18,25].
In A Lưới 15 plantations (37%; 24% of total current plantation cover) were noted—
mostly by Nc-woodchip respondents—to have been established by converting ‘natural
forest’ to ‘planted forest’. A Lưới Valley is spatially confined by forested mountains and
is now relatively densely populated (Section 2.1.), and abandoned swiddens have often
regrown to vegetation which may now be described as secondary ‘forest’ rather than just
‘bushland’ [116,117]. Conversion to ‘new forests’ on former swidden lands may be seen as
legitimate customary land use—even if ‘deforestation’ of ‘rainforest’ may now be officially
‘illegal’ [60,118]. Three of these respondents (20%) stated they had not used these ‘forests’
to support their livelihoods, but twelve appraised the ‘forests’ as previously providing
support of either minor (27%), moderate (40%), or significant (13%) importance for their
livelihoods, for uses such as the collection of firewood (100% of previous users), timber
and other wood products (92%) and wild foods (67%; Table 4).
4.5. Overview of Tree Farmers’ Plantation Land Assets in 2018 and in Relation to FSC
Membership
In 2018 there were significant differences among the four farmer types with regard
to the number of plantation plots and–correspondingly–the plantation areas managed
(Table 5). The generally smaller average plantation area managed by Nc-woodchip farmers
did not differ significantly among the three districts; similarly, the (larger) average area
managed by Nc-sawlog farmers showed few differences between uplands and lowland
districts (Figure 3). In contrast, FSC-sawlog producers (and particularly FSC‹exploit›
respondents) in Phú Lộc managed significantly larger plantation areas than FSC-sawlog
producers in Hương Trà or A Lưới (Figure 3).
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Table 5. Summary of data on plantation and other agricultural land assets, and on plantation management practices and
techniques, showing differences among the three study districts and farmer types.
All↓

Acacia Plantation Land Assets

Land Assets by Product Type, Certification, Ownership

District↓↓
Farmer Type↓↓↓

Number
of Plots

Mean Plot
Size (ha)

Mean Total
Area (ha)

Woodchip
(ha)

Co-Owned
Chip (ha)

Sawlog
Area (ha)

Sawlog
FSC (ha)

Exploited
FSC (ha)

Overall

2.4 ± 1.3

2.1 ± 1.5

5.8 ± 7.1

2.7 ± 4.0

0.5 ± 2.0

3.1 ± 4.9

2.3 ± 3.9

1.0 ± 3.5

in Phú Lộc
in Hương Trà
in A Lưới

2.8 ± 1.5
2.3 ± 1.3
1.7 ± 0.8

2.4 ± 1.8
1.9 ± 1.0
2.1 ± 1.8

8.1 ± 9.9
4.8 ± 4.1
3.4 ± 2.8

3.9 ± 5.6
2.3 ± 2.2
1.3 ± 1.7

1.0 ± 3.0
0.3 ± 1.5
0

4.2 ± 0.8
2.5 ± 0.7
2.0 ± 0.6

2.7 ± 5.0
2.1 ± 3.4
1.7 ± 2.5

1.6 ± 4.8
1.1 ± 2.9
0

Nc-woodchip
Nc-sawlog
FSC-sawlog

1.4 ± 0.6
2.1 ± 0.7
3.1 ± 1.4

1.3 ± 0.6
1.9 ± 0.7
2.8 ± 1.8

1.8 ± 1.5
4.1 ± 2.0
9.1 ± 8.7

1.8 ± 1.5
2.2 ± 1.8
3.5 ± 5.3

0
0
1.1 ± 3.0

na
1.9 ± 1.5
5.5 ± 5.8

na
na
4.5 ± 4.6

na
na
2.1 ± 4.8

All↓

Acacia Types Planted, Propagation Techniques

Rotation Cycle (years)

Cassava Intercrops

District↓↓
Farmer Type↓↓↓

Hybrid
Acacia

Acacia
mangium

Hybrid +
Mangium

“Seeds >
Cuttings”

Woodchip
Plots

Sawlog
Plots

Planting
Intercrop

“Intercrop >
No Intercr.”

Overall

75%

14%

11%

31%

4.4 ± 0.5

6.8 ± 0.8

18%

14%

in Phú Lộc
in Hương Trà
in A Lưới

89%
94%
20%

0
0
62%

11%
6%
18%

43%
36%
0%

4.3 ± 0.5
4.3 ± 0.5
5.1 ± 0.2

6.6 ± 0.7
6.7 ± 0.7
7.6 ± 0.6

13%
4%
50%

16%
20%
2%

Nc-woodchip
Nc-sawlog
FSC-sawlog

85%
86%
64%

3%
7%
18%

11%
7%
18%

24%
21%
38%

4.5 ± 0.6
4.4 ± 0.5
4.3 ± 0.5

na
5.8 ± 0.5
7.2 ± 0.6

23%
14%
16%

16%
4%
18%

All↓

Collect
Firewood
on Plots

District↓↓
Farmer Type↓↓↓

Wage Earning and Labor Hiring
Wage
Earning

Hired by
Others

Hiring
Others

Acacia Stand and Plot Management
Stand
Thinning 1

Stand
Pruning

Plot
Weeding

“No Weed. >
Weeding”

Overall

12%

59%

57%

85%

36%

89%

88%

28%

in Phú Lộc
in Hương Trà
in A Lưới

17%
13%
2%

54%
57%
73%

56%
49%
75%

77%
93%
85%

53%
29%
18%

100%
90%
68%

89%
99%
70%

44%
20%
13%

Nc-woodchip
Nc-sawlog
FSC-sawlog

32%
7%
0

97%
82%
27%

87%
61%
36%

77%
89%
89%

0
0
71%

79%
96%
95%

85%
86%
91%

31%
32%
30%

1

Includes ‘stand thinning already applied in the past’ as well as ‘intent to apply stand thinning on plantations’.

Most of the respondents (91%) owned all of their managed plantation areas. Some
FSC members in Hương Trà (13%) and Phú Lộc (27%), however, managed (i.e., de facto
‘co-owned’) some plots collaboratively with other owners of ‘forestland’ (on average
36% ± 15% of their managed plot areas). In those collaborative arrangements, the respondents usually provided necessary key investments to set up and tend the plantations (e.g.,
seedlings, fertilizer, labor), whereas the profits from tree harvesting were shared among
the co-operating partners. Co-owned plots were all used for Nc-woodchip production
(Table 5).
Owners of large plantations (i.e., usually sawlog-producers, in particular FSC members) were typically relatively well educated and connected to forest state organizations and
other political actors. These better-placed plantation owners often noted specific training
support which they had received from development programs. FSC-sawlog producers in
particular noted various support received from programs, with FSC‹exploit› respondents
often referring to WWF. In contrast, Nc-woodchip farmers often owned relatively larger
plantations if they had participated in a government-led plantation program (e.g., Program
337) and/or owned some rubber plantations besides their acacia plots.
A minimum tree plantation area of only 0.3 hectares would suffice for permission to
participate in an FSC Association [80]; yet, in reality a ‘critical mass’ of land was evidently
needed by farmers to set aside plots for long-rotation sawlog production (cf. Figure 3).
This noted, the data indicate that the ‘acacia plantation boom’ did not transition to a
‘sawlog boom’ solely on a basis of accumulated land tenure. Only a third of the sawlog
producers (31%; 34% of FSC-sawlog producers) used all of their plantations for sawlog

providing support of either minor (27%), moderate (40%), or significant (13%) importance
for their livelihoods, for uses such as the collection of firewood (100% of previous users),
timber and other wood products (92%) and wild foods (67%; Table 4).
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All data from
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producers also served to produce woodchips. Spikes indicate the mean and 95% confidence interval. All data from
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farmer interviews.

Similarly, percentages of plantation areas covered by FSC certification were varied.
Eighty percent of the FSC members (and 78% of FSC‹exploit› respondents) had all of
their sawlog-plantation plots certified under FSC, whereas the others had on average only
61% ± 25% of their sawlog plots FSC certified (46% ± 17% for FSC‹exploit› respondents;
cf. Table 5). Notably, even though FSC-farmers in Phú Lộc managed the largest plantation
areas, percentagewise FSC coverage tended to be lower in Phú Lộc (64%) as compared to
Hương Trà (84%) and A Lưới (85%).
The data thus indicate that lower-grade woodchip production was still a preferred
choice by most tree farmers. In accordance with findings elsewhere [5,22,26,75], it may be
inferred that this was because of easier plantation management for short-rotation acacia,
including the fast (and still comparatively high) economic returns with lesser risks (e.g.,
storm impacts, plant diseases, future economic uncertainties) and lower administrative
costs (e.g., for acceding to membership in an FSC Association). Long-rotation acacia may
eventually be more lucrative [5,6,57,101,119,120]; yet, the necessary ‘innovation space’ for
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sawlog production (with associated investments and safeguards) was still mostly exclusive
to politically well-connected tree farmers with large landholdings.
4.6. Configurations of Tree Farmers’ Plantation Land Assets: Spatial-Temporal Development Factors
Plantation land tenure did not develop in uniform ways but favored better-off and/or
socio-politically better-connected households from the start [26,43,53,121–123]. Figure 4
shows the chronology of plantation development, set in relation to the respondents’ plantation assets in 2018. FSC-sawlog producers (and especially FSC‹exploit› respondents) were
more likely to have started acacia planting at an early stage as compared to Nc-sawlogproducers. At Phú Lộc all FSC‹exploit› respondents (with large plantations) had started in
acacia forestry between 1990 and 1997, whereas several FSC‹start› respondents established
still relatively large plantations at later dates up until 2004. At Hương Trà plantations were
still established until 2010 by respondents with much land and FSC membership in 2018. In
contrast, all non-FSC-farmers starting early established comparatively smaller plantation
areas. With continuing time, the plantation areas tended to become increasingly smaller for
‘newcomers’ in the acacia woodchip business. This points to a reduction in the available
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land that could be claimed with plantations, especially in the case of lesser established and
less resourceful farmers.
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Figure 5 illustrates the spatial distribution of acacia plots owned by Nc- and FSCFigure 5 illustrates the spatial distribution of acacia plots owned by Nc- and FSCfarmers in 2018. Within A Lưới Valley (confined by steep terrain), acacia plots were mostly
farmers in 2018. Within A Lưới Valley (confined by steep terrain), acacia plots were mostly
located at distances of ~1–4 kilometers from the respondents’ homesteads. There were
located at distances of ~1–4 kilometers from the respondents’ homesteads. There were no
no significant differences between Nc- and FSC-farmers in A Lưới, but more distant plots
significant differences between Nc- and FSC-farmers in A Lưới, but more distant plots
tended to be located on steeper terrain. The patterns were partly similar in the plains/hills
tended to be located on steeper terrain. The patterns were partly similar in the plains/hills
of Phú Lộc (delimited by the coast and hills/mountains). Here many farmers owned
of Phú Lộc (delimited by the coast and hills/mountains). Here many farmers owned acacia
acacia woodlots nearby their homesteads, but several well-established FSC-farmers (and
woodlots nearby their homesteads, but several well-established FSC-farmers (and four
four Nc-farmers) owned plots located at >4 km distance, some even in other districts at
Nc-farmers) owned plots located at >4 km distance, some even in other districts at ~20–30
km distance. Within the less spatially confined undulating hilly former ‘frontier’
landscape of Hương Trà, both Nc- and FSC-farmers owned plots in relatively distant
locations (maximally ~10 km), but there was a differentiation with regard to terrain. Ncfarmers usually owned some plots close to their homesteads in relatively even terrain;
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distance from household (kilometres)

~20–30 km distance. Within the less spatially confined undulating hilly former ‘frontier’
landscape of Hương Trà, both Nc- and FSC-farmers owned plots in relatively distant
locations (maximally ~10 km), but there was a differentiation with regard to terrain. Ncfarmers usually owned some plots close to their homesteads in relatively even terrain;
additional plots in more distant locations were mostly located on steeper terrain. In contrast,
FSC-farmers owned many plots located in distant locations in relatively even terrain. In
summary, FSC-farmers in Phú Lộc and A Lưới (many had been engaged in initial plantation
programs, had received substantial extension support, and/or had previous experience in
Land 2021, 10, x FOR PEER REVIEW eucalypt planting) were not only early to set up plantations, but were often able to20
of 42
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visits and controls for FSC audits.
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4.7. Additional Land Assets Stocked with Non-Acacia Crops, Owned and Managed by the Acacia
Tree
Farmers Land Assets Stocked with Non-Acacia Crops, Owned and Managed by the Acacia
4.7. Additional
In addition to acacia plots, some respondents in Hương Trà (28%) and Phú Lộc (8%)
Tree Farmers
indicated
that they
also owned
managed
rubberintree
plantations
(2.3and
± 1.4
hectares
on
In addition
to acacia
plots,and
some
respondents
Hương
Trà (28%)
Phú
Lộc (8%)
indicated that they also owned and managed rubber tree plantations (2.3 ± 1.4 hectares on
average); this included all respondents who had worked on rubber plantations in Hương
Trà before planting acacias. Other respondents owned cultivations of pepper and areca
palms (Piper nigrum and Areca catechu; 0.1–0.2 hectares; three respondents in Phú Lộc),
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average); this included all respondents who had worked on rubber plantations in Hương
Trà before planting acacias. Other respondents owned cultivations of pepper and areca
palms (Piper nigrum and Areca catechu; 0.1–0.2 hectares; three respondents in Phú Lộc), fruit
trees (1 ha; one respondent in Hương Trà), bananas (0.1 ha; one respondent in Hương Trà),
or coffee (0.2 ha; one respondent in A Lưới).
Rice was the most common staple crop, which was still planted by 60% of respondents (especially the older ones) in A Lưới, 36% in Hương Trà, and 21% in Phú Lộc
(2.3 ± 1.4 hectares on average). Cassava was planted by 38% of the respondents in A
Lưới (of which 87% also planted rice) and 2% in Phú Lộc (0.3 ± 0.2 hectares on average).
Other field crops mentioned by one different respondent each in Hương Trà included corn
(0.1 ha), soybean (0.1 ha), lotus flower (1 ha), and grapefruit (0.1 ha).
4.8. Configurations of Tree Farmers’ Acacia Plantation Stocks and Rotation Cycles
In 2018 the plantations of most respondents in Phú Lộc (89%) and Hương Trà (94%)
were all stocked with acacia hybrids (Acacia mangium × auriculiformis), whereas tree farmers’ plots in A Lưới were mostly stocked with original Acacia mangium (62% exclusively
mangium, 18% with plots of both mangium and hybrids; Table 5). One major reason may
be that in remote A Lưới seedlings from cuttings of sterile acacia hybrids were less readily
available (and costly for poor farmers) and/or implied higher dependencies from nurseries
(often located outside of the communes), whereas mangium seeds could be freely collected
and propagated [124,125]. Mangium trees were widely planted during pioneer phases
of plantation development; for this reason, a significant ratio of sawlog producers mentioned that they still had plots stocked with (older-growth) mangium trees (30% vs. 14%
of Nc-woodchip farmers; Table 5). Similarly, respondents who had participated in the
early ‘reforestation’ Program 661 were not unlikely to have some plots still stocked with
mangium. In contrast, most respondents (95%) who had received seedlings through support programs planted hybrid acacias only. Compared to mangium, hybrid acacias are
probably better adapted to variable environmental conditions (modified nutrient-poor
soils, variable temperature, and soil moisture regimes) and are therefore now preferred,
especially by farmers in the lowlands, where seedlings from cuttings are readily available
from nurseries at acceptable prices [46,124–127]. In fact, many respondents in Phú Lộc
(43%) and Hương Trà (36%; Table 5)—mostly ‘early planters’ with large plantation areas
and those who took up a loan—explicitly mentioned that they had changed tree propagation from raising seedlings from seeds (i.e., mangium) to raising seedlings from cuttings
(i.e., most likely sterile hybrids). All farmers (including those with mangium) stated that
seedlings used for plot replanting are nowadays propagated using tree cutting techniques,
either at state-owned nurseries or small nurseries in the village neighborhood.
The average tree harvest rotation time for plots assigned for woodchip production was
longer in upland A Lưới (5.1 ± 0.2 years, range 4.5–6) as compared to Phú Lộc and Hương
Trà (4.3 ± 0.5 years, range 3.5–6; Table 5). This may be due to slower tree growth rates
within a slightly cooler upland climate [127] or differences in soil fertility9 . Alternatively,
differences in farmers’ economic potentials and plantation management (e.g., fertilizer
uses) may also explain tree growth differences and/or farmers’ wood harvesting decisions
(cf. later sections). The average rotation times tended to be longer if the respondents owned
more than one plot assigned to woodchip production. Controlling for this factor, there
was no significant difference between farmer types, but women respondents tended to
indicate slightly faster rotation times for their woodchip plots than men. These results
indicated that land ownership and household income status influenced farmers’ decisions
with regard to tree harvesting time.
Rotation times for plots assigned for sawlog production were on average around
1.6 times higher than for woodchip plots, i.e., 7.6 ± 0.6 years (range 6–8) in A Lưới and
6.7 ± 0.7 years (range 5–8) in Phú Lộc and Hương Trà. Sawlog rotation times were around
1.2 times longer for FSC-certified plots as compared to non-certified plots (Table 5).
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4.9. Complementary Products and Income Opportunities from Acacia Plantations
Several farmers (31%) stated that they earned a side income from non-wood products
derived from their plantations. Half of the respondents in A Lưới (50%; 55% of those maintaining permanent cassava fields) and 13% in Phú Lộc still used some of their acacia plots
for planting cassava as an intercrop (often intermixed with newly planted acacia seedlings)
during the first year after tree harvesting (Table 5). This corresponds to cultivation patterns
also described from other upland regions in TTHP where ethnic minority people had
switched from swiddens to new tree plantation regimes [36,122]. Several respondents in
Phú Lộc (16%) and Hương Trà (20%; Table 5)—mostly smallholders who had participated
in programs by WWF—mentioned that they had previously planted cassava intercrops but
have since given up this agricultural practice. Some farmers (12%) earned a side income
from selling firewood collected on their acacia plots during tree pruning and plot weeding.
Most of the ‘firewood collectors’ were Nc-woodchip farmers (with lower education) in the
lowlands who had started planting acacias in relatively recent times (Table 5). In addition,
six farmers in Phú Lộc and one in Hương Trà said they produced honey from bee keeping
in plantations.
Acacia plantations in the surrounding neighborhood also provided opportunities for
collaborations, additional incomes, and specialized businesses. Almost all Nc-woodchip
(97%) and Nc-sawlog (82%) farmers, as well as a few FSC-farmers (27%)10 , said they
earned wages or occasional ‘collaborative incomes’ from working or helping out on other
farmers’ acacia plots (Table 5). Similarly, many Nc-woodchip (87%) and Nc-sawlog (61%)
farmers and some FSC-sawlog producers (36%) said they were hired for specific work by
other plantation owners (from planting to harvesting). Conversely, 77% of Nc-woodchip
producers and 89% of sawlog producers (mostly sufficiently well-to-do respondents with
many acacia plots) stated to at least sometimes hire other farmers to work on their plots
(Table 5). Five FSC-farmers in Phú Lộc and four in Hương Trà said that they also worked as
‘middlemen’ to help other farmers sell their acacia wood products. Furthermore, one farmer
in Phú Lộc and one in Hương Trà noted that they work as sawyers.
4.10. Configurations of Acacia Plantation Management: Stand Thinning and Tree Pruning
Comparative and experimental studies [99,128–131] have shown that tree stand thinning increases the wood volume and qualities/values of sawlogs produced in fast-growing
acacia plantations. The thinned-out trees can thereby be sold for pulp production. Stand
economic productivity may also benefit—at least to a certain degree—from tree branch
pruning. Pruning usually increases wood biomass volume in acacia stands aimed at both
woodchip and/or saw-log production, improves sawlog properties for furniture production, and can provide additional benefits such as firewood and/or biomass residue inputs
for soil protection and enrichment [36,99,120,132]. Pruning practices can, however, also
increase the risks of plant diseases in Vietnamese acacia plantations, notably an infestation
of wilt disease caused by the saprophytic fungus Ceratocystis manginecans [133].
In our study, tree stand thinning in plantations was only applied by FSC-sawlog
producers, mostly by generally well-off and better-educated plantation owners in the
lowlands (especially Phú Lộc; Table 5). Most of the FSC‹exploit› respondents stated that
they had already been thinning out some of their plantations (89%) or would do so in the
near future (7%). In contrast, only one FSC‹start› respondent had already applied thinning,
but 59% stated that they would apply thinning within less than seven years (on average
after 2.8 ± 1.7 years time). Thinning was done once per rotation cycle; only one respondent
noted to conduct two rounds of thinning. All the respondents who had already applied
thinning noted that it was needed in order to open space to grow quality sawlogs; most
(92%), however, also remarked that thinning was profitable because money earned from the
harvested wood outweighed the associated labor costs. Stand thinning was not conducted
in cases where labor and transportation costs were considered to be exceedingly high (e.g.,
owing to difficult site access).

Land 2021, 10, 1304

22 of 38

In contrast to thinning, a majority of farmers (89%) applied tree branch pruning
techniques to their acacia plantations, with 39% conducting pruning once and 50% twice
per stand rotation. Those not applying pruning were mostly upland farmers (Table 5)
with relatively smaller plantation plots managed for short stand rotation cycles, often
located in steep terrain. In contrast, stand pruning was done more than once, mostly by
well-educated and/or well-trained farmers who owned more than one acacia plot, often
located in relatively even terrain. When asked about the reason for applying pruning, most
(93%) stated that it was done in order to foster tree growth or to develop the tree trunk.
Many (69%, predominantly FSC-sawlog producers) also referred to the thinning of trunks
of multi-stemmed trees as a type of pruning. Many respondents had apparently practiced
pruning since the beginning; only 8% explicitly noted they had started to apply tree branch
pruning techniques in more recent times.
4.11. Configurations of Acacia Plantation Management: Plot Weeding
Naturally growing vegetation within the plantations may significantly compete with
trees for water and soil nutrients, and—during the first 1–2 years after acacia planting—for
light. In addition, dry undergrowth biomass may increase the risks of fires penetrating
plantations [44,125]. Plant–soil interactions within plantations under different management
regimes are, however, still little studied and poorly understood [132]. By removing soil
cover, intensive weeding may result in negative effects on soil resources (in particular
organic matter), and if weeding is conducted through ploughing, the fine roots of acacia
trees are affected, and ruderal weeds may be promoted [134]. Underneath closed plantation
canopies, competitive pressure from undergrowth plants appears to pose lesser risks, and
may perhaps even offer some benefits through increased bioactivity, nutrient cycling, and
carbon accumulation [132,135,136].
In our study, most of the farmers (88%) stated that they cleared their acacia plantations
from weeds, with 17% applying weeding once, 61% twice, and 11% three times per stand
rotation. Weeding was more often done in the mid/lowlands (Table 5), and farmers
conducting several rounds of weeding were likely to own several plantation plots; also,
these farmers had likely participated in training programs. Most respondents had probably
practiced weeding since the beginning (especially ‘early planters’ who had previously
planted eucalypts); only 35% of the ‘weeders’ (50% in Phú Lộc; Table 5) explicitly noted
that they had initially not been weeding their plots but had started weeding in more
recent times.
4.12. Who Buys, Harvests, and Transports the Acacia Wood Products?
Farmers’ decisions of tree harvesting partly depend on wood industry demands
and contractual agreements with buyers [15,26,101,137]. In our study a majority of the
FSC‹exploit› respondents (89%) as well as a few other sawlog producers (14% of Ncsawlog and 22% of FSC‹start› respondents)11 sold their wood products directly to the
paper mills and sawmills (major paper mills are located in Phú Lộc and adjacent lowland
districts [26,52]). All the other respondents (i.e., 64% of sawlog producers and 100% of
Nc-woodchip producers; Table 6) sold their wood products to a middleman.
Most of the sawlog producers selling directly to a mill (76%) hired a team to harvest
their plantations; the others (24%; mostly younger and lesser-educated owners of comparatively recently planted large plantations) stated that they themselves harvested their
plantations. Almost all plantation owners who sold their wood products to intermediaries
(99%) let the product buyers organize the plantation harvesting; only two respondents (1%)
noted that they themselves organized a team to harvest their fields, whereas the products
were transported by the buyers. The transport of the products to the mill was in most cases
done by the same actors (owners, hired teams, teams organized by intermediaries) who
had harvested the plots.
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Table 6. Summary of data on acacia tree harvesting and replanting times, post-harvest plot management practices, and
product selling, showing differences among the three study districts and farmer types.
All↓

Tree Harvest Season

Post-Harvest Burning of Plant Residues on Plots

District↓↓
Farmer Type↓↓↓

Dry
Season

Season
Depends

“No Residue
Burning”

Plot
Burning

Plot Areas
Burnt % 1

“Burning >
No Burning”

“Preserve
Vegetation
on Plots”

Planting
Time Dep.
Seedlings

Overall

59%

39%

49%

51%

85 ± 26

24%

31%

14%

in Phú Lộc
in Hương Trà
in A Lưới

60%
76%
28%

34%
24%
72%

66%
49%
23%

33%
50%
68%

74 ± 25
87 ± 27
92 ± 23

31%
24%
10%

40%
30%
15%

0%
4%
55%

Nc-woodchip
Nc-sawlog
FSC-sawlog

34%
75%
71%

65%
21%
27%

16%
43%
74%

74%
71%
29%

99 ± 7
81 ± 24
62 ± 32

3%
7%
43%

3%
11%
56%

24%
4%
10%

All↓
District↓↓
Farmer Type↓↓↓

Time Delay (days) from Stand Harvesting
to Plot Replanting 2

Fertilizer Applications on Plots
per Stand Rotation Cycle

Wood Product Buyer

~<30 d.

30–60 d.

~>60 d.

None

One Time

Twice 3

Sell to Middlemen

Sell to
Sawmill

Overall

41%

32%

27%

21%

39%

40%

78%

23%

in Phú Lộc
in Hương Trà
in A Lưới

61%
31%
0%

32%
40%
6%

7%
29%
94%

9%
7%
65%

34%
49%
33%

57%
44%
2%

71%
76%
95%

32%
24%
5%

Nc-woodchip
Nc-sawlog
FSC-sawlog

11%
30%
63%

51%
37%
20%

38%
33%
17%

37%
7%
13%

45%
43%
34%

18%
50%
52%

100%
89%
60%

0%
14%
42%

1

Calculation excludes data of farmers who did not practice post-harvest burning. 2 Calculation excludes data of farmers who noted that
the ‘planting time depends on seedling availability’. 3 Five respondents indicated frequency as 1.5 (one/two depending on plot type); these
were counted as two applications.

4.13. Configurations of Plantation Management: Harvesting Time, Soil Protection, Replanting,
Fertilizer Uses
Whether or not land conversion to acacia plantations improved specific soil qualities
and overall ‘soil fertility’ perspicuously depended on site-specific soil characteristics as well
as plantation management. Establishment of acacia plantations has recurrently been shown
to improve (to some degrees) soil structure, carbon content, plant nutrient conditions
(in particular nitrogen content), and microbial bio-activity on highly impacted sites, i.e.,
sparsely vegetated bushlands and bare lands, or overused crop fields [45,99,138–141]. In
contrast, conversion of secondary natural forest or densely growing ‘bushlands’ (including
old swidden fallows [142]) into plantations may have led to some types of soil degradation.
For example, several studies ([112,138,143,144]; but see [113] for a differing assessment)
reported that soils of acacia plantations became more acidic (in parallel with decreases in
exchangeable cations) as compared to soils under natural vegetation, with potentially progressively decreasing soil fertility. Yet, rainwater-induced soil erosion processes probably
pose considerably more serious problems for plantation management in Vietnam [44].
It should be noted that, despite a pervasive political-discursive ‘naturalization’12
of acacias as ‘forest’, most anthropogenic monocultures of acacias in Vietnam are evidently not ‘forests’ in terms of representing permanent high-biomass woody ecosystems.
Rather, acacia plantations are simplified, dynamically transforming vegetation systems
where forest-like tree stands are at once (after plot harvesting) replaced by bare soil. This
bare land is successively overgrown by grasses, herbs and/or planted inter-crops (e.g.,
cassava) with (after acacia replanting) woody components; it then grows into a form of
bushland; and eventually (after 3–4 years) returns to an intermittent uniform forest-like
state. Within one plot-systemic tree harvest rotation cycle, different successive vegetation states may exert differing influences on soil chemistry and biota. Relevantly, the
non-tree plantation states (especially bare soil) are most vulnerable to soil erosion, especially in steep terrain [145–151]. Such risks are highest during the wet season (in TTHP
from late September to December [152]) when strong monsoon rainfalls and occasional
typhoons are frequent. Correspondingly, the timing of tree harvesting, post-harvest plot
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management (plant residue management, use of fire, soil compaction with trucks and
machinery), inter-rotation period, and the timing and practices of plot replanting (planting technique, fertilizer uses) all exert non-negligible influences on the magnitude of soil
erosion risks [95,129,132,153–155].
In our study, most of the sawlog producers (72%) and a third of the woodchip producers (34%) always harvested the trees during the dry season (Table 6). As a reason, 96%
of these ‘dry season harvesters’ mentioned that transport of the acacia logs was easiest
during the dry season; only a few respondents noted ‘good wood prices’ (2%) or other
economic reasons (2%). Four respondents at Phú Lộc (where wood processing facilities
are easy to reach on well-developed roads) stated that they usually harvested the trees
during the wet season. These ‘wet season harvesters’ noted that the wood was heavier
after long rain spells (i.e., containing more water); the wood therefore presumably yielded
higher per hectare revenues. All other respondents (i.e., 25% sawlog and 65% woodchip
producers, and mostly in A Lưới; Table 6) stated that they harvested the trees at any season, depending on specific conditions. Economic conditions were noted by most of these
respondents (81%) to influence the harvest timing, whereas others (19%) noted conditions
of accessibility and/or availability of transport means. Many of these ‘variable/opportune
season harvesters’ had started acacia farming in relatively recent times, and many had
received program support for selling wood products. They were also not unlikely to plant
cassava as intercrops on harvested acacia plots, and they were less communicative about
soil conservation measures.
A majority of the respondents (54%) stated that they applied certain measures to
protect their plots from soil erosion. Most of these respondents (i.e., 89%; 49% in total)
noted that, as a post-harvest soil protection measure, they did not burn any vegetation
residues covering the ground. Respondents referring to this ‘no burn’ measure were mostly
relatively well-off farmers in the mid/lowlands with comparatively large plantations that
were commonly stocked with long-rotation stands aimed for sawlog production (Table 6).
These farmers were also likely to have received fertilizers through support programs;
hence, ash from burnt vegetation was not needed to boost plant nutrients during plot
replanting [156].
A similar image was provided from farmers’ information about the percentage plantation area that was effectively burnt after harvests. Mostly Nc-woodchip (74%) and
Nc-sawlog (71%) farmers, predominantly in A Lưới and Hương Trà, noted they were
burning at least some of their plots (Table 6). Since FSC certification standards disallow
post-harvest burning [80], the rate was significantly lower for FSC-sawlog producers.
Nonetheless 29% of FSC-farmers (with two exceptions all FSC‹start› respondents) noted
that they still burn some of their non-certified plots (on average 62% ± 32% of their plantation areas; Table 6). The burning of vegetation residues was more commonly done by
older respondents, ‘latecomers’ in acacia planting, and/or generally the poorer and more
marginalized farmers with entitlements to relatively inferior land assets13 . Only a small
number of Nc-woodchip (3%) and Nc-sawlog (7%) farmers explicitly noted that they had
changed from post-harvest plot burning to a no-burning regime, whereas this statement
was quite frequent for FSC-farmers (43%; Table 6).
Among the 54% respondents who asserted that they apply soil protection measures,
57% (31% in total) also noted that they safeguard some natural vegetation within (e.g.,
ground covering grasses, small shrubs) and/or around the edges (bushes, trees) of their
plantations (Table 6). These respondents were predominantly FSC-sawlog producers (often
with a leadership position) or otherwise better-placed owners of mostly long-rotation
acacia plots and connections to international NGOs14 , including those who owned acacia
plots in far-away locations, i.e., plots that are already difficult to access and costly to treat
for weeding. In addition, some respondents applying erosion controls (11%; 6% in total) in
Phú Lộc and Hương Trà also noted that they employ specific techniques when replanting
the plots with seedlings, such as specific planting arrangements (‘Y-shaped’ planting noted
by 8%) or forming ‘ladder-like’ mini-terraces on slopes (3%). Only one respondent (1%)
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specifically noted ‘planting time’ as an ‘erosion-mitigating factor’, stating that he harvested
early in the dry season and planted the seedlings soon after harvests in order to re-establish
a protective vegetation cover.
When asked about the time it takes in between plot harvesting and replanting, more
than half of the respondents in A Lưới (55%) and a few in Hương Trà (4%) said that this
mainly depended on the money available to buy acacia seedlings (Table 6). These were
mostly relatively poor respondents, many of whom earned a side income through wage
earning, and many of whom could apparently not afford to buy fertilizers (or did not want
to spend money on fertilizers). Almost all the other respondents at A Lưới (94%) indicated
that they usually replanted their plots more than two months after tree harvests. In
contrast, most respondents at Phú Lộc (93%) and Hương Trà (71%) stated that they usually
replanted their plots within less than two months (Table 6). There were also significant
differences among farmer types. Most of the FSC-sawlog producers (63%) replanted their
plots within only one month, whereas only a few Nc-woodchip producers (11%) were as
fast in replanting (Table 6). In addition to these differences among regions and farmer
types, respondents tended to be faster at replanting their plots if they were well endowed
with plantation assets, apparently valued their lands for traditional reasons, and/or—
correspondingly—if they took active soil protection measures (as explicitly stated)15 .
Low levels of soil phosphorus (P) exert significant limitations on plant growth in the
rainforests of TTHP [157]. Accordingly, P is an important plant nutrient influencing woody
growth on (historically rainforest-covered) soils in acacia plantations, especially during
early growth after replanting [155,158,159]. In Vietnam, acacia farmers using fertilizers
typically apply 100–200 g of an NPK fertilizer per tree mix at planting, whereby the effects
of nitrogen (N) and potassium (K) are poorly understood. Notably, acacias fix N via their
own roots, and the addition of K has not yet shown added growth responses in acacia
plantations [44,45,154]. In Phú Lộc and Hương Trà, more than 90% of the respondents
applied NPK soil fertilizers16 at least once (usually during planting) and often twice (a
second time after around 1–1.5 years) per stand rotation. In contrast, in A Lưới, only a
minority of respondents (35%) bought and applied these fertilizers (Table 6). Fertilizers
were more often used by sawlog producers and better educated farmers, and especially
farmers who weeded their plots frequently but did not burn plant residues after tree
harvesting. Fertilizers also tended to be applied more often on relatively steeper plots.
In summary, the study results suggest that plot harvest and replanting times, fireuse practices, and fertilizer applications were largely determined by farmers’ economic
rationality and associated environmental and socio-political constraints. More concrete
considerations and investments with relevance to soil protection were mostly at the leisure
of well-established farmers with sizeable plantations in the lowlands. Education and
training programs helped to form more explicit cognizance of specific environmental issues, but even well-off FSC-farmers did not always assign importance to soil conservation
practices (e.g., ‘no burn’) if measures were not specifically required through FSC contracts.
Weeding is labor-intensive, and fertilizers have to be bought at a price; this does not always
lie within the budget and priorities of poor farmers. In contrast, the burning of harvest
residue biomass is apparently considered by many farmers as an inexpensive and —under
prevailing conditions and context—appropriate way to prepare the plots for replanting.
Residue burning clears the plots of weeds, and many farmers apply controlled fires specifically to avert the risk of uncontrolled fires penetrating the plots after replanting [44,125].
Biomass burning returns plant nutrients to the soils, which can promote the growth and
establishment of acacia seedlings (and in some cases, cassava or other intercrops) [156].
Fire may also serve to scarify seeds, thus helping to promote spontaneous recruitment
of acacia seedlings after rains [160]. Within a longer time period, however, plot burning
usually leads to net losses of plant nutrients through volatilization and higher rain-induced
erosion risks of unprotected soils [95,129,132,154,161]. At a plot-systemic level, then, postharvest burning can therefore probably be considered a less sustainable practice than the
more labor-intensive ‘no burn’ approaches. Farmers’ capacities to invest in labor and
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fertilizers (with other associated ‘externality costs’ [162]), and their potentials to eventually attain a good income from tree harvests, are, however, not detached from broader
environmental and socio-economic contexts. Besides ‘sustainability’ issues surrounding
societal distributional equity (e.g., land tenure and associated politics of forest resource
management [31,36,56,163–165]), the question may be posed whether acacia plantations
are indeed the ‘best’ type of land use in all locations. Is acacia the ‘natural’ choice of ‘all’
rural people (including the less well-to-do farmers) for sustainable development of their
livelihoods, in adequate accordance with environmental potentials and safekeeping?
4.14. Maintenance of Natural Vegetation and Planting of Native Tree Species
The ascent of so-called ‘planted forests’ of acacias may be seen as an obvious success
by proponents of the wood industry. It may also be seen as a clear success by advocates of a
fast (~breakneck?) modernization approach to rural ‘development’. For people concerned
with the value and conservation of biological diversity and associated diverse forms of
nature-based human livelihoods and cultures, this development is, however, of a somewhat
double-edged nature. On the one hand, the increased sourcing of wood and timber from
industrial plantations and agroforests may appreciably mitigate other types of industrial
resource-extractive (and usually ruinous) impacts on natural forestlands [82,83,166]17 . On
the other hand, the enlargement of alien single-species tree monocultures has often replaced
other types of land cover which may have been—in one way or another—somewhat
‘ecologically degraded’ but still contained comparatively far higher species diversity with
associated values and uses [1,43,61,115–117]. In the quintessential ‘biological desert’18
created by acacia-based ‘novel forests’, any remnants of native vegetation, or implanted
native tree species [77], may thus markedly improve overall habitat qualities for some
types of generalist birds, mammals, or other fauna or flora [167–169]. Likewise, certain
ecosystem services (e.g., flood-prone riverbank protection near river courses [146]) may
be better maintained by remnant natural vegetation in comparison to new rotational
plantation systems.
In our study a number of respondents (43% in total, Table 7) affirmed that they had
kept or planted some native vegetation around their acacia plots. These ‘native tree keepers’
were mostly FSC-sawlog producers with plots of long rotation cycles (64% of FSC‹start› and
100% of FSC‹exploit› respondents), and mostly those who said that they applied specific
measures against soil erosion. The data analyses also suggest that respondents who had
participated in Program 327 (a program which largely focused on planting acacias) were
somewhat less likely to plant and/or maintain any natural vegetation.
Table 7. Summary of data on native vegetation planting and conservation in and around acacia plantations, showing
differences among the three study districts and farmer types.
All↓
District↓↓
F. Type↓↓↓

Acacia Plots
Close to
River/Creek

Keeping
Native Trees
Vegetation

Overall

42%

in Phú Lộc
in Hương Trà
in A Lưới
Nc-woodchip
Nc-sawlog
FSC-sawlog

Native Timber Species
Planted on or near Plots

Reasons for Keeping Native Vegetation

Preserve
Natural
Woodlots

“Erosion
Control”

“Delimit
Plots”

“Pest
Control”

Hopea

Homalium

43%

29%

11%

22%

28%

17%

12%

43%
36%
50%

50%
43%
33%

40%
30%
8%

20%
7%
0%

24%
17%
25%

34%
29%
15%

26%
19%
0%

14%
14%
3%

56%
43%
31%

5%
29%
74%

0%
4%
57%

0%
0%
21%

3%
29%
32%

2%
14%
50%

0%
0%
34%

0%
0%
23%

Where creeks or rivers crossed the plantations, acacias were mostly planted in riparian
zones by farmers (42% in total; Table 7) who harvested their plots at relatively short rotation
cycles (e.g., woodchip or sawlog producers with relatively limited resources; this often
included farmers who had taken up a loan, did not use fertilizers, and were not unlikely
to plant cassava as intercrops). Among the ‘native tree keepers’, relatively fewer farmers
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(27%) stated that they planted acacias adjacent to creeks and rivers. Furthermore, former
participants in Program 661 (a program partly focusing on conserving natural vegetation)
were somewhat less likely to plant acacias in riparian zones along watercourses.
Many ‘native tree keepers’ (67%) were planting Hopea odorata trees. These respondents
were commonly FSC-sawlog producers (87% of all FSC‹exploit› and 44% of FSC‹start›
respondents) in the mid/lowlands, many of whom owned plantation plots in fairly distant
locations (Table 7). H. odorata is a dipterocarp rainforest tree native to parts of Southern
Vietnam, where it is often found growing along river courses. In TTHP H. odorata does
not, however, grow ‘naturally’ in forests; hence it is essentially another type of plantation
tree that is mostly planted because of its high timber value [139]. Another valuable native
timber species planted by several of those FSC-sawlog producers in the mid/lowlands
was Homalium ceylanicum (37% of FSC‹exploit› and 14% of FSC‹start› respondents; mostly
planted by those who had received support from an NGO, including some who had bought
additional plantation lands; Table 7). Furthermore, three respondents in Hương Trà and
one in Phú Lộc planted trees of Chukrasia tabularis, and five in Hương Trà and three in Phú
Lộc planted some species of native bamboo.
In A Lưới only three FSC producers (8%) planted a high-value timber species (H. odorata),
but several farmers in A Lưới (25%) and in the mid/lowlands (21%) kept naturally growing
trees and bushes around their plots (Table 7). Indeed, among the ‘native tree keepers’,
those who had preserved some naturally growing native vegetation were mostly well
educated and apparently more environmentally aware farmers; many had stated to take
soil protection measures, to harvest their plots in the dry season, and few of them set up
plantations adjacent to creeks and rivers. Quite often, the respondents were FSC-farmers
who, however, tended to have relatively fewer FSC-certified land areas and did not plant
H. odorata trees.
When asked why they kept natural vegetation or planted native trees, 65% of the
‘native tree keepers’ (primarily FSC-sawlog producers) provided an answer, all except one
noting control of soil erosion as a reason (98%; 28% overall; Table 7). These were mostly
older respondents, especially those who did not apply post-harvest burning of their plots.
Some of these respondents (especially those who received specific training on certification
by NGOs such as WWF) noted that they also used native vegetation to demarcate the
boundaries of their plots (61%; 17% overall); in addition, some noted that the natural
vegetation served to control pest species (43%; 12% overall; Table 7).
In summary, in line with previous findings, the results suggest that the maintenance
of native vegetation components was mainly determined by farmers’ practical economic
rationales, within the confines of contexts and potentials. The term ‘native vegetation’ is
somewhat flexible; many farmers (in correspondence with discourse by the wood industry [76]) seem to understand this mainly as referring to (native) timber species that provide
added value and future opportunities with respect to a newly opening ‘green market’.
Cognizance of particular issues was probably partly activated through training programs,
but the results of our survey also indicated some genuine considerations/efforts by several
farmers to maintain remnant native vegetation in specific, potentially vulnerable locations,
both within the lowland and upland districts.
5. Concluding Notes and Corollaries
Most of the plantations in TTHP still produce lower-quality wood grown on short
rotations. Such woodchip-producing plantations are easier to manage, require fewer investments, and bear lesser risks (e.g., impacts by storms or plant diseases) than long-rotation
sawlog-producing plantations [101]. For poorer farmers there is a relatively fast return
of income, and since local and export demand for woodchips is high, the selling prices
have been attractive and relatively stable [5]. Nonetheless, the largely plantation-based
wood industry in Vietnam is in gradual transition, and rural socio-economic structural
trends (demography, land tenure, political networks) are in dynamic interaction with
significant trends in global market demands and associated pressures through progressive
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national strategic planning and policies. Within this context, wood certification schemes
(such as by FSC) serve specific functions but hardly hold the ultimate answer to questions
of ‘sustainability’.
The word ‘sustainability’ may be associated with variable comprehensions and bear19
ings . In contrast, ‘sustainable development’, as an all-embracing policy concept20 , essentially joins together two basic ideas/insights, namely (1.) that certain (human/societal)
‘needs’ exist, and that these needs need to be addressed (i.e., the ‘development’ aspect)21 ,
and (2.) that fulfilment of such needs can—given environmental realities—be transient or
perhaps even risky depending on how (by which pathways) the needs are addressed (i.e.,
the ‘sustainability’ aspect).
Some ecological characteristics of acacia trees, such as the species’ capacity for fast
tree growth on relatively non-productive soils, undoubtedly facilitated the establishment
of ‘planted forests’. Yet, other choices of ‘forest’ development would have existed. For
example, during the 1990s, researchers demonstrated the possibilities of acacia plantations
to enable the regeneration of natural rainforest (on sites of heavily degraded soils) through
accelerated successional pathways [175–177]. In places, such as Hương Trà District, the
establishment of acacia plantations, was, however, a more cogent pathway, as this allowed
the creation of many jobs and significant income for a poverty-stricken growing rural
population through the development of a wood-based and—nowadays—largely exportoriented industry. From a social-economic perspective at least, this pathway may—in basic
principle—not have contravened ‘sustainable development’ as particularized through the
SDGs [11]. Upon closer examination, however, and as shown to some extent through the
results of our study, sustainability-relevant social-environmental issues remain conspicuous; this includes issues/concerns of equity, shifts in risk and resilience, clear spaces
for farmers’ own resourcefulness, and—correspondingly—social/cultural sensitivity and
fairness in governance.
Even just within the low-/midlands (Phú Lộc, Hương Trà) where acacia-plantationfarming has become relatively settled, plantation land tenure was unequally distributed
among different households. Rich landowners enjoyed good access to social-political ‘capital’, with a palette of options in land management, including presumably more sustainable
forestry techniques. In contrast, relatively poor households (and disproportionately often
households of ethnic minority people and women) mostly subsisted within foundational
configurations of inequity—encodings which were largely reproduced via allocations of
new development programs, and via formulations of new incentive schemes and policies [178]. This included the FSC program, which mostly follows a pattern that understands
‘sustainable development’ largely through a lens of economic-developmental primacy and
marketing. With regard to a range of approaches towards more sustainable livelihoods (e.g.,
the diversification of products and land uses/management besides the production of acacia
wood), the articulation of alternative pathways and poverty-focused incentive schemes
remained marginal. Facilitation of spaces/motivation for local community-based innovations and initiatives (e.g., securing better livelihoods and more effective terrain-adapted
soil protection measures) was barely within the scope of over-riding ‘development’.
From a more environmental-ecological perspective on ‘sustainability’, the formation
of an extensive uniform acacia-wooded land cover may be seen as a momentous and
wide-ranging ‘baseline shift’ [179]. Acacia plantations are largely new ‘terrain’, inasmuch
as any understanding of the actual long-term stability and overall social-ecological value
of such ‘novel forest ecosystems’ is not based on much previous historically grounded
experience, or—idem—accumulated wisdom based in ‘tested’ science. One may sensibly
believe that a land cover of acacia plantations provides better long-term protection against
soil erosion/degradation and against risks of catastrophic flooding than a land cover of
secondary bushlands (~‘bare hills’), but—as a matter of fact—there are no studies which
have addressed such questions in Vietnam in a genuinely scientific and comprehensive
way. What can be said with certainty is that ‘acacia forests’ are anthropogenic ecosystems
which are almost void of native fauna and flora. Within such ecosystems there is barely
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any resilience in terms of natural ‘checks and balances’ and substitutive replacement by
diverse species, such as in rainforests [180]. Scientists working on the ‘sustainability’ of
acacia plantations are very much aware of this, as is evidenced by plant pest and pathogen
guidebooks [98], which may serve for natural hazard impact preparation. Problems with
acacia pests and pathogens (as already encountered by some respondents of our study) will
not always remain at a near-negligible level. Any critical damage, such as has already occurred in other parts of Southeast Asia [96,97,181], can be expected to lead to new shifts and
configurations. Adaptation in any such event may be partly facilitated through scientific
research and technical innovation. Other lingering threats, such as those posed by climate
change, may, however, modify and complexify the parameters of pathogen outbreaks in
combination with other risks [182,183]. In case of momentous ‘systemic collapse’ (such as
caused through a fast epidemic pest outbreak), a shift to other land use options may be
the only reliable ‘sustainability insurance’. For this and other reasons, the safeguarding
of natural (~species and breeds) as well as cultural (~traditional agricultural knowledge)
options is important (keyword: diversity). This noted, sustainabilities/changeabilities and
associated current trajectories are evidently not disconnected from spatial and historic
patterns and configurations.
In the low-/midlands of TTHP, much of the mildly undulating landscape is now
covered by an almost unbroken, uniform carpet of acacia plantations. Some lowland
rainforests only persist as slim degraded remnants in pockets of steep terrain or on riverbanks [61]. Keeping this in mind, the idea to improve the preservation of lowland rainforest
resources perhaps via small conservation areas or via the restoration of ‘greenbelt corridors’
(e.g., natural tree groves along watercourses or hill ridges) is not wrong in principle. The
idea, however, needs to find sufficient ‘sustainable’ resonance (and associated spaces and
capacities) with local land managers. In this regard FSC certification alone does not appear
as a satisfactory avenue. The entry costs to participate in FSC are high and currently
exclude most plantation owners (cf. above). Reasons to participate in FSC are primarily
of an economic-political nature, as FSC is exclusively directed towards the (economically
profitable) production of (more) acacia timber. Within the FSC system, changeability
in management towards more ‘environmental sustainability’ is probably more often a
positive by-product in the form of compliance to industry standardized requirements,
rather than arising from genuine engagement and local community-based innovation in
environmental stewardship.
Ascending inland towards steeper terrain and upland mountain areas, the acacia
plantation ‘carpet’ is more and more broken and replaced by a mosaic natural vegetation
cover of rainforest and thickets. Rainforests that have escaped major impacts of war have
served to supply state forest enterprises (SFEs) with timber during the post-war period
(1975 until ~1990), i.e., timber which will not regrow to a ‘harvestable’ size and quality for
decades. Hence, for the wood industry the upland rainforests were the ‘unsustainable’ predecessors of wood-rotational acacia plantations [1]. Until today, most natural forestlands
remained under the effective ownership and control of state forest organizations (SFCs,
MBPFs) [60,63,163,165]. This also includes state-defined ‘forestlands’, which have previously served as rotational swidden areas for subsistence of upland ethnic minority people.
Most abandoned swidden areas, alias ‘forestlands’, have not reverted to forest but persist
as an alternate vegetation state, i.e., a carpet of dense vine-bamboo thickets. Other open
thicket areas—often on steep slopes—may have formed as a consequence of war impacts.
Some of these open areas have been planted with acacias (largely under Program 661 [49])
purportedly to be ‘restored’ as ‘watershed protection forests’—i.e., ‘planted forests’ which
successively became colonized by native tree species, which will likely eventually revert to
some forms of rainforest [176,184]. Many of these old (>15 years) acacia-based ‘protection
forests’ have however recently22 been logged out (~harvested) for timber by SFCs and
MBPFs [60], despite the antecedent green rhetoric [48] that was recurrently complemented
by real issues of landslides and floods during storm events [185–187].
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Such observations on land management by state forest organizations may be contrasted with the verity that (1.) the swiddening practices of local people have recurrently
been blamed in mainstream political discourse for many environmental problems, including soil erosion and downstream catastrophic flooding, and that (2.) during historic
times (and in other regions until today), subsistence agriculture was presumably relatively
sustainably practiced within rotational swidden systems—insofar as these systems were
(are) indeed still ‘traditionally’ managed [1,35,42,188–190]. Since the 1990s the uplands of
TTHP have been in the state’s focus for strategic infrastructure development, such as the
construction of large hydro-electric dams and roads—developments with often substantial
concomitant environmental impacts. The drive for modernization included the prohibition
of swiddening and the resettlement of many ethnic minority communities. The resettled
people often assessed those new living areas as being of relatively lower environmental
quality, because (1.) land suitable for planting rice (which was allowed and promoted by
government programs) was often very limited, and (2.) the prohibition of swiddening
was rarely accompanied by adequate compensations [31,33,191]. As a consequence, in the
post-swidden era, the needs of local people were initially often covered by the collection of
forest wood products, including ‘illegal’ selective logging and the collection of war residue
metal [37,192,193].
Within traditional upland agricultural systems in TTHP planting and aided regeneration of native tree species had been a common practice and form of knowledge, which has,
however, subsided along with the imposed relinquishment of swiddening. In principle,
there is a diverse array of relatively fast-growing useful native tree species (e.g., Macaranga,
Mallotus, Ormosia, Cinnamomum, and Castanopsis spp.) that could perhaps still be planted
for livelihoods and economic gain [42,194–198]. Currently, however, tree planting all seems
to be about industrial acacia23 , i.e., an alien tree ‘species’ whose ‘career’ started during the
1990s in the lowlands as a pre-eminent ‘ecological option’, and which has arrived in the
uplands as a politically accepted ‘marketable option’ that allows the local people to regain
an initiative in tree planting and ‘forest’ land use, on officially or otherwise available land.
Upland farmers in TTHP are not exempt from the risks of progressive climate change [202].
From their perspective, however, protracted issues of land tenure and access are probably of
more immediate concern, and—within this hitherto shifting context—available options to
better secure and develop their livelihoods. In the delicate environment and multi-layered
historic context of the uplands, the ‘setting’ for ‘sustainability’ is naturally non-trivial. Comprehensive environmental governance directed at ‘sustainable development’ (“meeting the
needs”) requires mindful approaches towards issues of social-environmental sensitivities
and fairness/justice. To cite Sikor et al. ([203], p. 525), “[ . . . ] environmental behaviour
of stakeholders is likely to depend on how they perceive the legitimacy and fairness of
ecosystem governance”. Available ‘spaces’ and opportunities (perhaps with appropriate
incentives/subsidies) will allow farmers to engage on their own motivations in adequate
developments for sustainable livelihoods, agricultural innovations, and genuine land
stewardship.
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Notes
1

Plan No.204/KH-UBND dated 28/12/2016 of the provincial People’s Committee, entitled ‘Development of large timber/sawlog
plantation in Thừa Thiên Huế Province for 2017–20200 .

2

Maps prepared around 1966 show the area of this commune mostly as forest and bushland.

3

Forestland is in essence lent by the state over a defined period, usually 50 years.

4

A Voluntary Partnership Agreement with the European Union, under the EU’s FLEGT Initiative (European Union Forest Law
Enforcement, Governance and Trade Action Plan), was signed in October 2018. Similarly, the Lacey Act (year 2008) in the US
and the Illegal Logging Prohibition Act (2012) in Australia require the Vietnamese government to ensure that timber products
exported to the US/Australia are not from illegal logging sources.

5

In some ethnographies the Pa Cô are described as a sub-group of the Tà Ôi [104].

6

This could be a position as commune leader, director of agricultural cooperative, cadastral registrar, chairman of commune
farmers’ association, and/or FSC team leader.
Prior to FLA eucalypt and rubber plantations were set up on state-owned or communal lands.

7
8

9

According to Nambiar et al. [96] eucalypt species (especially Eucalyptus camaldulensis) had initially been promoted by replantation
programs in Southern Vietnam. Severe problems with leaf blight disease (Cylindrocladium quinqueseptatum [111]) in eucalypt
plantations, however, caused a shift towards Acacia mangium which also showed very good growth results on degraded
soils [112,113].
Some respondents noted that the soils of some plantation sites in Hương Lâm and Ðông Sơn Communes were still affected by
chemical residuals of Agent Orange from the war [40].

10

Mostly the younger and lesser educated and those who had not participated in plantation programs and associated trainings.

11

Data indicate that (in addition to factors of ‘FSC’) sawlog producers who sold products to a mill without intermediaries tended
to be better educated and own relatively large tracts of plantation lands; they had often been supported by programs of NGOs
(especially WWF), and/or had received support and training in FSC certification.

12

Acacia plantations feature in Vietnamese reports and statistics as ‘planted forests’ [60] and planting of acacias in Vietnam has
routinely been described as ‘reforestation’, ‘forest restoration’, or ‘forest rehabilitation’ [1,12,49].

13

Data analyses indicate that (in addition to ‘age’ factors) the respondents tended to be farmers who had not been engaged in
planting programs; had started planting acacias relatively recently; had not received support/training from NGOs; did not own
permanent (separate from acacia plots) cassava crop fields (i.e., mostly in the uplands); and/or whose acacia plots were located
in comparatively steep terrain.

14

Data analyses indicate that (in addition to factors ‘FSC’, ‘honorary position’, ‘plot distance’) the respondents were mostly farmers
who had received fertilizers through support programs and/or who were thinning their plantations.

15

Data analyses indicate that (in addition to the other factors) many respondents owned plots with ‘long-rotation acacia’ and/or
that many had depended on the plantation lands for gaining their livelihoods already before starting to plant acacias.

16

Standard NPK fertilizer was the only fertilizer mentioned, usually (90% of fertilizer users) with a mixed N:P:K concentration of
16:16:8 (at a price of 0.44 USD kg−1 ), but sometimes (10%) of 10:10:5 (0.31 USD kg−1 ). Numbers are percentages, i.e., 16:16:8
represents 16% nitrogen, 16% phosphorus pentoxide, 8% potassium oxide, and 60% inert material.

17

In Vietnam, however, the trend now seems to go mostly towards ‘more growth’ of the economic forestry sector, which increasingly
overrides/outpaces such mitigation effects [60].

18

Note that plantation programs (e.g., Program 327, which was called the ‘Regreening the Bare Hills Program’) often referred to
‘bare hills’ that needed to be ‘reforested’. From an economic perspective, such descriptions (‘bare hill’) may not be incorrect in
terms of wood production. This is, however, not in agreement with an assessment of biodiversity, because the often relatively
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species-rich ‘bush’ vegetation which was usually found on ‘bare hills’ was replaced by vegetation composed of only exotic
acacia [18,25,43,115].
Forestry literature may, for example, focus on ‘sustainable management’ of ecological/productive ‘system units’ (e.g., an acacia
plot) [44,95,129,170], yet largely disregard external conditions and processes. Economic literature may refer to the ‘sustainability’
of timber supply (or ‘sustainable growth’ of the wood industry sector) [7,8,16,96], yet largely disregard local realities/complexities.
This may cross with interpretations/perspectives of literature that focus on ‘sustainable local livelihoods’ [13,53,59,171,172]—
literature which may be disinterested (or altogether discount) ‘inefficiencies’, or ‘leverages out of poverty’ through ‘innovation’
and developmental transitions. With regard to so-called ‘sustainability’, specific goals of local communities, business, and
industry representatives, public policy, or development agencies thus often tug in somewhat different directions.

20

‘Sustainable development’ has been succinctly described by WCED [173] as “development that meets the needs of the present
without compromising the ability of future generations to meet their own needs”.

21

Kuhlmann & Farrington [174] note that nowadays ‘sustainability’ is usually seen in three ‘dimensions’, namely social, economic
and environmental. They point out, however, that the idea of separate ‘dimensions’ is a later introduction (enshrined in the
UN Agenda for Development of 1997), whereas WCED [173] essentially considered the economy as integral to a single social
dimension. Kuhlmann and Farrington [174] proposed societal ‘well being’ as a central concept for reference. This does, however,
evidently not resolve complexity/diversity of different views/needs/priorities within societies.

22

Based on personal field observations by the authors during 2020 and 2021, and as can be seen from sequential images shown in
Google EarthTM .

23

In Vietnam further state-led tree planting campaigns are still (or again—perhaps in a somewhat different form) high on the policy
agenda [199]. Within this context, the ‘concept’ of a ‘forest transition’ is increasingly referred to as a relatable form of policy
objective [10] rather than as a somewhat controversial academic theory/hypothesis [200,201].
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