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results. From the establishment of a land cover change map based on land
cover map data collected in 2010, 2015, and 2020, variations in the land
cover types of Phu Yen Province were observed. In the period 2010-2015,
the area of natural forests and grasslands, shrubs, and bare lands
decreased rapidly, whereas the covered areas of intentionally planted
forests, industrial trees, and crops increased significantly. The secondary
ecological succession of the agroforestry landscape of Phu Yen Province in
the last 50-60 years occurred under the strong influence of human
activities. Under the impact of chemical warfare and policies and farming
practices of the local people, several evergreen broad-leaved tropical forest
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1. INTRODUCTION

Vegetation is essential because it is the primary means of exchanging
substances and energy between the hydrosphere, atmosphere, lithosphere, and
biosphere on the Earth’s surface (Hu et al., 2010; Piao et al., 2006). Currently, forest
ecosystems cover approximately 31% of the world’s floating land, with a total forest
area of approximately 4 billion ha (United Nations, 2017). However, under the
influence of humans, the forest area and ecosystem are constantly decreasing in
terms of area and quality. During the period 1990 and 2015, the annual net
deforestation rate at the global scale amounted to 0.13% (FAO, 2015). Therefore, the
management, conservation, and development of forest resources are essential,
providing value for agriculture, forestry, tourism, and conservation (Hoi Nguyen Dang
et al., 2020; Macdicken, 2015). The protection and sustainable development of
landscape and forest ecosystems has thus become an urgent issue of immediate and
long-term significance for many countries and territories, including Vietnam (Hien,
2020).

Monitoring and analyzing the distribution of vegetation, forest landscapes, and
their composition and changes on spatial and temporal scales based on technical
measures are the scientific basis for conservation and development, where the
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application of remote sensing and geographic information system (GIS) technologies
is prominent (Bratu, 2019). Remote sensing technology is of great help in monitoring
vegetation changes (Hoffer, 1978). Remote sensing and GIS are complementary tools
that, when combined, allow for improved mapping, monitoring, and management of
forest resources (Franklin, 2001). Remote sensing and GIS have been used since 1932
in Europe and America for forest survey and mapping (Moir, 1932). Meanwhile, GIS
provides support to collect, store, retrieve, analyze, and display spatial and attribute
data (Oyebade et al., 2012). The application of GIS technology to forest management
started in the early 1990s (Ahmad, 2008). Satellite remote sensing data have been
widely used to map forests in the tropics, where up-to-date spatial distribution data
are unavailable or lacking. The integration of remote sensing data, GPS, and GIS
enables natural resource managers and researchers to develop management plans for
various agricultural and forest resource management applications (Mani & A 0, 2018).
Currently, remote sensing and GIS applications in forest resource management and
protection are deployed in most countries, from Europe, Asia, Australia, and America
to Africa (Gopalakrishnan et al., 2019; Hoi Nguyen Dang & Dung, 2021; Kolosvary &
Corbley, 1998; Linser et al., 2007; Oettel & Lapin, 2020; Peddi, 2010; Sidig, 2021;
Sonowal, 2020; Strozzi & Wegmuller, 1998). The results of monitoring and evaluation
of forest resources are displayed mainly through forest maps based on GIS software.
Forest and landscape maps are the most suitable tools for displaying the content and
status of forest vegetation types and their nomenclature proposed by FAO in 2006
(FAO, 2006).

Human activities such as agriculture, deforestation, and construction affect the
change of land use patterns, which is the main cause of land use change and class
change of vegetation cover, including forest vegetation. These changes are common,
increasingly rapid, and at many scales (local, regional, and global), having different
impacts on the environment (Yang & Lan, 1999). Countries in Southeast Asia have
different land use policies for plantation development(Crowther et al., 2020; Nambiar,
2021). People’s participation in forest management is used in different forms with
many terms: community forestry, participatory forestry, village forestry, community-
based forest management, or social forestry (Moeliono et al., 2017). However, the
conflict between the community’s obligation to protect and benefit from forest values
is still weak and the management policy system is not synchronized and not
sufficiently strong, which is the cause of high deforestation and degradation (Kane et
al., 2018). For example, in Vietnam, payment for forest environmental services has not
yet become a stable source of income for the local people. Forest environmental
services are limited (Thuy et al., 2020). Therefore, the assessment of land cover
changes and the succession of agroforestry landscapes serve as a basis for
policymaking and solutions and models for local agroforestry management.

The concept of “succession” was used in the study of vegetation and then used
in the study of ecology, the movement of ecosystems (Kuznetsov et al., 2002; Royal
Botanic Gardens Victoria, 2016; Wu, 2009). As a mirror reflecting the landscape,
vegetation is considered the first sign and the most important component that
determines the change and succession of a landscape, especially forest and
agricultural landscapes (Gusev, 2012; Hoi Nguyen Dang, Dung, et al., 2019; Hoi
Nguyen Dang et al., 2021). Currently, primary ecological succession is found only in
newly formed land areas and primeval forests that cover the entire territory of
Vietnam. The results of systematically studying the successional characteristics of

Nguyen Dang & Ngo Trung (2022)



Forest and Society Vol. 6(1): 1-19 3

forest landscapes in different regions of Vietnam have recognized the regularity of the
secondary ecological succession of landscapes (Hoi Nguyen Dang et al., 2017).
Landscape secondary ecological succession shows dissimilarity in both period and
phase according to the scale and taxonomic level. On a specific territory, the
regularity of ecological succession is regulated by a group of natural factors:
topography, climate, soil, and plant nature of the landscape, along with human
factors, i.e., policy, farming practices, types of exploitation, and use of the territory.
Each group has a significant impact on different landscape taxa. For example, the
construction of dams to form reservoirs causes loss of forest landscapes, agricultural
landscapes, etc. (disrupting the chain of natural ecological succession) and at the
same time directly creates the types and kinds of landscapes of water bodies with new
characteristics and a new succession stage (Hoi Nguyen Dang, Huan, et al., 2019). In
Vietnam, Nguyen Dang Hoi and colleagues analyzed some secondary ecological
succession of Vietnam’s tropical monsoon landscape, providing the succession stages
of different tropical monsoon landscapes in the Central Region and Highlands (Hoi
Nguyen Dang et al., 2016; Hoi N. D. & Tishkov, 2021). Because abiotic components
such as geology, topography, climate, and soil are less likely to be changed,
monitoring and assessment of landscape changes and evolution by assessing
vegetation cover changes are essential in the landscape.

Phu Yen Province has a forest and forestry land of 276,046 ha, accounting for
55% of the total natural area, of which the forest area is 218,000 ha. The province’s
forest cover rate in 2019 reached 44% (People's Committee of Phu Yen province,
2019). However, similar to many other areas of Vietnam, the area and quality of
forests in Phu Yen Province have been fluctuating. Natural forests are reduced in area,
size, and quality. The structure of land use purpose conversion in recent years in Phu
Yen has also changed, with many districts and households adopting the trend of
shifting from land for growing sugarcane, cassava, and even rice to afforestation.

From the above issues, this paper aims to evaluate the land cover change and
secondary ecological succession of typical agroforestry landscapes by integrating
multitemporal remote sensing data with field survey results and unmanned aerial
vehicles. Furthermore, this paper analyzes and identifies the main characteristics and
causes (especially human causes) leading to changes in land cover and succession of
the landscape of Phu Yen Province over time. The study results contribute to clarifying
the regularity and characteristics of land cover change and landscape succession of a
province-level territory with complex differentiation topography in Central Vietnam, as
well as provide a scientific basis for proposing solutions for management, agroforestry
development, and forest protection and development in Phu Yen Province in the
current period.

2. MATERIALS AND METHODS

2.1, Study Area

Phu Yen is a province in the South Central Coast (Figure 1), located to the east of
the Truong Son range, with an area of 5,060 km?, of which 70% is occupied by hills,
and a population of over 900,000 people (2019). The population community includes
many ethnic groups: Kinh, Ede, Cham, and Ba Na. The province has 9 district-level
administrative units, 110 commune-level administrative units, wards, and townships
(People's Committee of Phu Yen province, 2019). It borders Binh Dinh Province to the
north, Khanh Hoa Province to the south, Gia Lai and Dak Lak Provinces to the west,
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and the East Sea to the east. Mountainous terrains account for 70% of the area, and
small and narrow plains are distributed along the coast, forming a slope from west to

east and strongly dissected.

Phu Yen is located
in the tropical monsoon
climate, hot and humid,
influenced by the sea.
The climate is divided
into two distinct
seasons: the rainy
season from September
to December and the
dry season from
January to August. Soil
resources are diverse in
terms of types. The soil
types are distributed

over different
topographical ~ forms,
creating  agroforestry
ecological subregions
suitable for various
crops, especially
perennial  crops in

mountainous areas. The
river system is relatively
evenly distributed
throughout the
province. Rivers
originate from the east
of the Truong Son

LOCATION MAP OF PHU YEN PROVINCE
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Figure 1. Location of Phu Yen Province in Vietnam

range, flow on hilly terrain in the middle and upstream and narrow plains downstream,
and then empty into the sea. Phu Yen has more than 50 large and small rivers, with
three main river systems, namely, Ky Lo river, Ba river, and Ban Thach river, with a
total basin area of 16,400 km? and a total flow of 11.8 billion m?, serving as irrigation
water for agriculture, industry, hydropower, and people’s daily life. The entire province
has three main forest types: evergreen broad-leaved closed forest, which is a common
forest type in Phu Yen, accounting for 96.5% of natural forest area; semideciduous
semidry forest, accounting for 3.5% of the province’s natural forest area; and the
plantation forest, which covers an area of 20,963 ha and approximately 8.4 million
scattered trees (equivalent to 4,200 ha), including the main trees such as Acacia
indigo, Nacre, Casuarina, Cashew, Dau rot, Black Star, Red Wood, Black Muong, and
Giang Huong (Phu Yen Province, 2021).

2.2. Data and Methods
2.2.1. Data

Current status map of land cover

To assess changes in some typical agroforestry landscapes of Phu Yen Province,
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we used maps of the current status of land cover in Phu Yen Province for 2010, 2015,
and 2020 (Figure 2) within the framework of the topic “Characteristics and Changes of
Natural-Anthropogenic Landscapes in Phu Yen Province” of the Vietnam-Russian
tropical Center (Vietnam Russian tropical centre, 2021). The current land cover maps
in the project are made on the basis of SPOT images in 2010, 2015, and 2020, along

with inventory data and forest status announced by Phi Yen Province.
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2.2.2. Mapping establishment method

To establish the land cover change maps for the periods of 2010-2015 and
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2015-2020, first, we determine the current land cover attribute for each contour of
the vegetation maps of periods of 2010-2015 and 2015-2020. Accordingly, there are
six types of land cover, namely, natural forest, plantation forest and industrial plants,
grasslands, shrubs and bare lands, annual agricultural crops, and population and
vegetation of residential areas, lakes, rivers, and streams.

Second, we overlay two layers of maps that have homogenized attributes of land
cover according to the corresponding years of the vegetation change map based on
the Intersect algorithm of ArcGIS 10.8 software. The overlay of maps is modeled, as
shown in Figure 3.

SPATIAL DATA PROPERTIES DATA

A \ B
- 577 i

o B: Grasslands, shrubs, bare land

INPUT 1 A: Natural forest

C: Plantation forest and industrial plants

D: Annual agriculture crops

$

A: Natural forest
C: Plantation forest and industrial plants
— RESULT E: Grasslands, shrubs, bare land
To Annual agriculture crops
F: Grasslands, shrubs, bare land
To Plantation forest and industrial plants

INPUT 2

Figure 3. The process of using GIS to establish land cover change map

Finally, we obtain two resulting maps reflecting the change of vegetation cover
in the periods 2010-2015 and 2015-2020.

2.2.3. Field data collection

To determine the succession of typical agroforestry landscapes in Phu Yen
Province, field surveys were conducted in April 2020 and January 2021 to determine
the current structural status (Figure 4). Thirty households, 8 forest rangers, and 10
commune officials from Song Hinh, Son Hoa, and Dong Xuan districts were selected
for interviews to determine the timelines of changes in agroforestry landscapes on the
map (including the stages of forest exploitation, the stage of conversion of forest land
to agricultural land or vice versa, and the transformation of crop structure). The
questions asked include the following: What types of crops? The time for planting?
How large is the planting area? What are the changes in the farming process
according to the timelines from before the liberation date (before 1975) to the present
date? What policies on agricultural crop development and forestry and biodiversity
conservation in the locality have been applied? For typical agricultural landscapes, the
questions focused on clarifying the timelines of changing crops to determine
landscape succession. The interviews regarding the characteristics of changes in crop
structure and seasonality in the recent decade (2010-2020) were conducted in more
detail to serve as a basis to explain the variation of cover types.
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The April 2020 survey focused on the Song Hinh protection forest area,
assessing the current status, defining the zoning of tropical forest landscapes, and
interviewing local rangers about the timelines for structural change, including the
local forestry policy. The following was performed in January 2021: surveying along
national highways and provincial roads, approaching typical landscapes in all districts
of Phu Yen, checking landscape boundaries, adjusting boundaries, describing
structure landscape, especially vegetation structure and topographical features,
determining the crop structure, interviewing the local people and officials to collect
information on chemical warfare, and changing the structure of agricultural and
forestry crops in landscapes.

< >

Figure 4. Some pictures of the field survey: a, b, ¢, f: flying capture of agricultural
landscapes and residential areas by drone. d: Acacia plantations. e: Ho Song Hinh
acacia plantation. g, p: Landscape of wet rice agriculture. h: Landscape of grasslands
and shrubs. i: Survey team and local rangers. k, |, m, n, o: Field survey and interviews
with local people. g: Soil profile of rubber plantation and evergreen closed forest in
Song Hinh district

3. RESULTS

3.1. Changes in Land Cover Area in the Period 2010-2020

From 2010 to 2015, the area of natural forest decreased rapidly, with
approximately 30,000 ha of forest lost (Table 1 and Figure 5). According to the project
report “Planning Special-Use Forests in Phu Yen Province to 2020” in 2013, the area of
special-use forests in the entire province has decreased significantly compared to
before (Phu Yen People's Committee, 2013). Similarly, the area of grasslands, shrubs,
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and bare land also decreased significantly. Approximately 68,000 ha of grasslands,
shrubs, and bare land have been converted for use or changed to the natural state.
Meanwhile, the area of plantation forest tended to increase rapidly during this period,
with nearly 70,000 ha of planted forests and perennial industrial trees planted. The
area of annual agricultural crops has also increased significantly, with approximately
35,000 ha of crops being expanded. During this period, Phu Yen Province promoted
the development of agriculture and forestry and mobilized investment capital for
afforestation, along with policies to support afforestation by the government of
Vietnam. There has been a marked change in the cultivation of agroforestry crops. In
addition, the need to increase the area of industrial parks for industrial development
purposes of Phu Yen during this period has also increased the area of vegetation of
residential areas, with more than 4,500 ha of expanded land area (Table 1 and Figure
5).

Table 1. Changes in the area of land cover types in Phu Yen Province in the period 2010-
2020 (unit: ha)

Item Land cover type Area 2010 Area 2015 Area 2020
1 Natural forest 157,303.16  129,972.28  130,088.14
2 Plantation forest and industrial plants 45,807.76  103,255.80 96,870.27
3 Grasslands, shrubs, bare land 119,144 .98 47,122.79 53,977.58
4 Vegetation of residential areas 22,813.60 27,425.19 27,587.30
5 Annual agricultural crops 141,801.27  176,203.22 175,489.33
6 Lakes, rivers, and streams 19,129.23 22,020.72 21,987.38

Total 506,000.00 506,000.00 506,000.00
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100000
80000
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40000
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Natural forest Plantation forest  Grasslands, shrubs,  Vegetation of  Annual agricultural  Lakes, rivers and
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2

8

Types of land cover

mArea 2010 ®mArea2015 = Area 2020

Figure 5. Changes in the area of land cover types in Phu Yen Province in the period
2010-2020
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In the period 2015-2020, the area of land cover types was relatively stable. The
strongest fluctuations were observed in the plantation forest and industrial plants,
with a decline of 6,500 ha. People do not continue to use some areas of forest land
after exploitation but instead leave it empty, so the area of grasslands, shrubs, and
bare land tends to increase slightly, with approximately 5,800 ha (Table 1 and Figure
5). Interview results show that, owing to the sharp decline in productivity and value of
some perennial industrial crops, especially rubber, people tend to switch from forestry
land to agricultural land for annual agricultural crops with less capital and faster
capital recovery than forestry crops. However, for some crops such as cassava, after a
few years of planting, the land becomes degraded, and people tend to fallow instead
of improving soil quality. Therefore, the total area of crops in Phu Yen Province did not
fluctuate strongly during this period. From 2015 to 2020, the area of natural forest
tended to be significantly more stable than that in the period 2010-2015, when it only
increased by approximately 100 ha. Phu Yen Province’s natural forest protection
policies and forest land use plans for the period 2015-2020 have yielded some
results, contributing to the protection and stabilization of the natural forest area.
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Figure 6. Land cover change maps of Phu Yen Province in the periods of 2010-2015
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and 2015-2020. (From top to bottom: the old mantle has been converted to a new
land cover)

Table 2. The matrix of changes in the area of land cover types in Phu Yen Province in
the two periods 2010-2015 and 2015-2020 (unit: ha)

Plantation Grasslands, Vegetation Annual Lakes, rivers, and
Natural forestand of teultural Total
Land cover types forest industrial shrubs, residential agricultural crops streams
bare land
plants areas 2015 2020
2010-
Mgl s015 10943947 309299 16760.86 67896 129972.28
forest 22%1250' 12958030 23113 26237 1434 130088.14
) 2010-
Plantation 2015 18971.19 2785887 41390.55 57348 14279.39 18232 10325580
forest and
industrial 2015-
plants 2020 8968898 7038.32 82.00 57.57 240 96869.27
Grasslands, 22%110; 14904.05 5131.08 22171.29 20781 442528 28328 4712279
shrubs, 2015-
bare land preved 31220 12692.03 39171.49 3309 1767.75 202 5397858
) 2010-
Vggem“"" 2015 224.78 192903 183687 1344990 9371.75 61286 2742519
o]
residential 2015
areas 2020 13.94 2105 2722765 27232 5234 27587.30
Annual 22%110; 13763.67 7628.31 35850.58 830077  108571.39 208850 17620322
agricultural 2015-
crops P 79.78 629.72 557.76 6600 17393855 217.52 17548933
2010-
Lakes, 2015 16748 113483 281.64 447450 1596227 2202072
rivers, and
streams 2015-
2020 7180 16.45 15260 2174644 21987.38
2010 15730316  45807.76 11914498 2281360 14480127 1912923 50600000  506000.00
Total

2015 12997228 103255.80 47122.79 27425.19 17620322  22020.72

According to Figure 6 and Table 2, the area of natural forest converted to
plantation forest and industrial plants was nearly 19,000 ha in the period 2010-2015,
with nearly 14,000 ha converted to annual cultural crops and nearly 15,000 ha
converted to grasslands, shrubs, and bare lands. This is a particularly severe period of
natural forest loss in Phu Yen Province, with approximately 48,000 ha of natural forest
exploited or converted for use. However, during this period, approximately 20,000 ha
of new natural forest was formed, of which mainly natural recovery from grassland
and shrub and bare land landscapes is found. This period also witnessed a large
increase in plantation forest and industrial plants, with more than 40,000 ha
converted from grasslands, shrubs, and bare land and nearly 15,000 ha converted
from annual agricultural crops, concentrated in the northern part of the province. The
dramatic change in the cover of grasslands, shrubs, and bare land is also due to the
conversion to annual agricultural crops, with a total converted area of more than
35,000 ha. During this period, the vegetation of residential areas’ cover pattern
changed, as more than 8,300 ha was converted to annual agricultural crops. However,
more than 9,300 ha of agricultural land, nearly 4,000 ha of planted forests, industrial
trees and grasslands, and bare land have been converted into residential areas and
industrial lands. Therefore, the total area of vegetation of residential areas is still
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increasing, mainly in Tuy Hoa city (Figure 6). Fluctuations in water surface area are
small, which are concentrated in the Song Hinh Lake area in the southwest of Phu Yen
Province.

From 2015 to 2020, based on Figure 6 and Table 2, the stability of coating forms
was shown, with small fluctuations in all coating forms. During this period, only
plantation forest and industrial plants experienced a decline in size and greater
variation. Accordingly, more than 7,000 ha of grasslands, shrubs, and bare lands has
been converted. However, more than 12,600 ha of plantations and industrial crops has
been converted into grasslands, shrubs, and bare lands. The area of natural forest in
this period was very stable when only 231 ha was converted to planted forests and
262 ha to grasslands and bare lands. In contrast, 312 ha of grassland and 80 ha of
agricultural land have been restored to natural forest. The total area of agricultural
land has decreased slightly, with approximately 2,300 ha converted to other land
cover types and 1,500 ha converted. The types of land cover or water surface are
stable in the area during this period.

3.2. The Succession of Typical Agroforestry Landscapes in Phu Yen Province

Similar to many other areas in Vietnam, the succession of agroforestry
landscapes in Phu Yen Province is the ecological succession of human life. Human
activities, especially indigenous farming practices and policies in agricultural and
forestry development, have become the main factors determining the change and
succession of many landscapes, especially the agricultural landscape in the past few
decades.

The impacts of natural factors, especially the diverse and continuous impacts of
human activities, have significantly influenced the landscapes, forming secondary
ecological succession chains under the influence of natural factors, i.e., people in
most of the territory of Phu Yen Province. The sequences of secondary succession of
transforming the natural forest into plantation forest or agricultural land through
different stages are the outstanding succession forms of Phu Yen’s agroforestry
landscape. Owing to the increasingly strong human impacts on the landscape, with an
increasing scale and extent, most landscapes have the characteristics and bold
expression of human factors with components and elements of the built, man-made
landscape. Depending on the distribution and properties of the zonal or azonal
components and elements, the sequence of secondary ecological succession of the
landscape occurs in different directions, with the duration of each succession stage
varying.

The landscape of Song Hinh district reveals that the succession process is
intertwined between natural laws (forest landscape in the core areas of Song Hinh
and Krong Trai protected forests) and human laws (agricultural landscape, landscape
of population, and landscape of human water bodies in the buffer zone). Here the
secondary ecological succession of the landscape occurs because of the postwar
period and the farming practices of the local people, especially the Ede ethnic group
in different directions. From 1962 to the present date, under the effects of chemical
warfare, forest exploitation, deforestation, and shifting cultivation, many landscapes
in the region have undergone four to six stages of ecological succession. Secondary
species with different vegetation types, from evergreen tropical forests to dominant
broad-leaf trees of the Dipterocarpaceae, Magnoliaceae, and Fabaceae through
intermediate stages to the present are characterized by planted forests, human-made
water bodies (hydroelectric reservoirs), or annual agricultural crops. The research
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results show that the succession chains occur in the following main directions: 1) from
being a tropical broad-leaf evergreen forest, it has gone through four intermediate
stages to become a dominant planted forest (Figure 7a); 2) from being a tropical
broad-leaf evergreen forest, it has gone through three intermediate stages to become
a landscape planted with Eucalyptus and Hopea species, dominated by Hopea (Figure
7b); 3) from being a tropical broad-leaf evergreen forest, it has gone through two
intermediate stages so that the current landscape alternates between shifting
cultivation and annual agricultural crops (Figure 7c).
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Figure 7. Secondary ecological succession of broad-leaved tropical forest landscape
types in Song Hinh district, Phu Yen Province
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Figure 8. Secondary ecological succession of broad-leaf evergreen tropical forest
landscapes in Song Hinh and Dong Xuan districts, Phu Yen Province.
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In the area of Ea Trol commune, Song Hinh district and Phu Mo commune of Dong
Xuan district in the North of Phu Yen Province, landscape succession is also strongly
differentiated by human activities, mainly after 1975. This is mainly due to agroforestry
activities, especially forest exploitation for annual tree-planting activities. In recent
years, there has been a conversion to afforestation on a rather large scale. Accordingly,
the tropical forest landscapes of evergreen broad-leaf trees after cycles and stages of
exploitation become different types of vegetation. In the area north of the hydropower
reservoir in Song Hinh commune, Song Hinh district, the landscape of evergreen broad-
leaved tropical forest after selective exploitation (1975) transformed into a poor forest
and was exploited for swidden cultivation. On the old upland field, the grass is grown. By
the early 2000s, the landscape was exploited for annual agricultural crops (Figure 8a).
In the same type of landscape, in the area of Ea Trol commune, Song Hinh district, since
1975, the landscape of evergreen broad-leaved forest has changed through five
intermediate stages to sugar cane crops (Figure 8b). Meanwhile, this type of landscape
in Phu Mo commune, Dong Xuan district, in the North of Phu Yen Province, has
undergone four intermediate stages after the forest has been thoroughly cleared for
farming to present a landscape made up of plantations of Acacia (Figure 8c).

In general, the sequence of secondary ecological succession of agroforestry
landscapes in Phu Yen Province is diverse. In particular, the starting point of these
sequences are mostly tropical forest landscapes, with high biodiversity and strong
human impacts, leading to different stages. Some areas are dominated by nature
(regeneration of natural forests after exploitation and formation of grasslands, shrubs,
secondary trees), but mainly due to anthropogenic impacts (afforestation, planting
industrial crops, agriculture, or development of settlements), creating the diversity of
the current landscape.

4. DISCUSSION

Integrating remote sensing and field surveying methods allows us to assess and
determine the changes of land cover types over different periods and analyze and
interpret secondary ecological succession chains through the vegetation cover. In this
study, we evaluated the changes in land cover over two periods, namely, 2010-2015
and 2015-2020, and presented typical secondary ecological succession sequences of
some agroforestry landscapes in Phu Yen Province.

4.1. Changes in Land Cover Area in the Period 2010-2020

In the period 2010-2015, the area of natural forest in Phu Yen Province
decreased rapidly, with approximately 30,000 ha of forest lost (Southern Institute of
Ecology, 2015). The area of planted forests and industrial plants in the period 2010-
2015 has markedly increased because of the development strategy of production
forests of Phu Yen Province in the period 2011-2020 (Phu Yen Provincial People's
Committee, 2011). Accordingly, Phu Yen Province has oriented strongly toward
developing planted forests, forming a concentrated raw material area on an area of
more than 39,000 ha of bare forest land. This is the reason why the area covered with
grasslands, shrubs, and bare land during this period has decreased rapidly and is
replaced by natural forest restoration and afforestation. This result is also consistent
with studies conducted on some provinces in the Central Highlands, Vietnam, during
the same period (Hoi et al., 2019; Hoi et al., 2021; Cuong et al., 2019).

In the period 2015-2020, the area of natural forest in Phu Yen Province has been
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relatively stable, with small fluctuations. This is related to the policy of supporting the
local people in forestry production and management, with the goal of sustainable
forestry development in the province (Phu Yen Provincial People's Committee, 2018).
Accordingly, there has been financial support for people and village communities in
forest management and afforestation such as support for zoning and regeneration of
natural forests and support for afforestation and development of nontimber forest
products. This is a very active and timely policy of Phu Yen Province as well as most of
the forested provinces in Vietnam, effective in sustainable forestry development and
protection and restoration of natural forests (Thuy et al., 2020). In addition, the efforts
of forest rangers, along with many strict policies on staff management, including the
consolidation of the Sub-Department of Forestry of Vietnam unifying the focal point
on forest management, have made the management and protection of forests clearer,
more unified, and more effective than before (Phu Yen Provincial People's Committee,
2016). In addition, the strengthening of the local people’s capacity for forest
protection and development has also been strongly implemented in the period 2015-
2020 not only in Phu Yen Province but also in many other provinces of Vietnam (Ngo et
al., 2021).

4.2_ The Succession of Typical Agroforestry Landscapes

The change of management policies and planning for agricultural and forestry
development in Phu Yen Province has created a period of succession of natural forest
landscapes as well as agricultural landscapes. From 1962 to 2021 (60 years), the
natural-human landscape of Phu Yen Province witnessed many stages of
development, under the influence of wars, including chemical warfare, mining
policies, industrial-scale forest exploitation, pruning, afforestation, zoning, forest
protection, and development of raw material areas such as sugar cane, cassava,
acacia, eucalyptus. In addition, during this period, the continuous impacts of the
activities of local ethnic communities through deforestation for swidden cultivation,
industrial crops, crops, afforestation, rice cultivation, food crops, and other annual
agricultural crops increased. This feature is also recorded in Konka Kinh-Konchurang
area, Gia Lai Province, and in many areas of Kon Tum Province in the Central
Highlands of Vietnam (Hoi et al., 2019; Hoi et al., 2021; Cuong et al., 2019).

In most areas, the landscape is strongly modified, creating different successions
from the broad-leaf evergreen tropical forest landscape, most commonly after the war
(1975). In some areas affected by the war, herbicides were used by the U.S. in
southern Vietnam. In the past 50-60 years, this sequence has undergone four to six
stages, showing the typical characteristics of human activities in each of those stages.
Compared with those in some other regions, the number of succession stages in Phu
Yen is more numerous. For example, in the western region of Kon Tum Province, from
the 1970s to the present, under the influence of chemical warfare and other human
impacts, landscapes have undergone four stages of secondary ecological succession
(Hoi et al, 2019; 2021). In this area, a very special type of secondary ecological
succession occurs in the tropical landscape after the impact of chemical warfare.
These dynamics are present not only in the Central Highlands of Vietnam but also
globally, where there is a pattern of secondary ecological succession of landscapes in
monsoon tropical forests with the dominance of Diterocarpaceae under the influence
of chemical warfare. The herbicide almost destroyed the natural vegetation and
results in the dominance of Dipterocarpaceae. After the spraying of herbicides and
napalm bombs (which occurred in this region approximately 50 years ago), grassland
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was established in the landscape and maintained for several decades (Hoi et al.,
2021).

The duration and characteristics of each succession stage are very different.
Maintenance periods are approximately 4-5 years, but some reach up to 30 years.
However, compared to those of many other regions, most of the secondary succession
stages of the landscapes of Phu Yen Province are often short and diverse. For example,
in the western area of Song Hinh Lake, the landscape of evergreen broad-leaved forest
after being sprayed with herbicides lost its leaves completely and remained in this
state for approximately 4 years (until 1966) and then became deadwood trees,
gradually decaying, falling, and breaking, leaving the trunk and roots intact, and this
state remained for approximately 5-6 years (until 1971). Grasslands with the
predominance of tropical grass species such as thatch grass, American grass,
Waterpipe grass remained for approximately 5 years. In the grassland environment,
many shrubs intercropped, including Rhodomyrtus tomentosa, Melastoma candidum,
Trema orientalis, Cratoxylum maingayi, Sapium sebiferum (L.), and Roxb, forming
grasslands in which shrubs remained for a very long time (approximately 30 years).
Since 2004, through the implementation of the forest development policy, many areas
have artificially restored some forests, dominated by Acacia indigo and maintained to
this day after several new harvests and plantings. Note that the reason why grasslands
and shrubs are maintained for so long is due to the frequent impacts of humans,
especially the burning and grazing of livestock by the local people.

Some landscapes undergo different stages because of policies (building
hydroelectric reservoirs) and spontaneous activities of the local people (swidden
cultivation), as seen in Figure 7c, or because of the policy of sugar production, cassava
flour production, and spontaneous activities of the local people, as shown in Figures 8a
and 8b. In addition, there are periods when Eucalyptus species are planted with low
efficiency and degrade the forest land, so, in Vietnam, there is a policy to replace
eucalyptus trees with indigenous species that have economic value, while contributing
to biodiversity conservation and better environmental protection. This is the reason why
eucalyptus trees are gradually being replaced by species of Oilyaceae shown in Figure
8b.

Presently, on the hills and mountains of Phu Yen, different types of landscapes
have been replaced by planted forests, with Acacia indigo being the dominant species.
Among them, some landscapes have maintained this crop since the 2000s, as seen in
Figure 7a, or later grown, as shown in Figure 8c. These are production forest
landscapes, where the exploitation cycle of Acacia indigo leaves is 6-7 years.
Therefore, during this period, trees are cut down, and the land is improved for new
planting. As shown in Figure 7a, Acacia indigo forest has been harvested twice and is
now 3 years old. Concerning the landscape shown in Figure 8c, Acacia indigo forest
has been harvested once and is now at the age of 4 with good vitality.

Realizing that, the succession features of the agroforestry landscapes of Phu
Yen Province are due to the policies of local authorities and spontaneous activities of
indigenous people, where policies play a prominent role. In recent years, Phu Yen
Province has had many policies for managing, protecting, and restoring forest cover in
the entire province. The province has a plan to allocate and lease forests to
households, individuals, and communities in the area, where priority is given to
synchronous and natural forest areas to districts and communes for management. In
particular, the province expanded a large area of timber plantations and granted
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forest certification according to sustainable forest management standards of the
Forest Stewardship Council. Phu Yen Province also pursues scientific and technical
advances, develops new high-quality forest tree varieties, improves the productivity of
planted forests, and provides high incomes to forest growers.

5. CONCLUSIONS

The land cover of Phu Yen Province has changed tremendously in the last
decade. The establishment of the land cover change map based on the land cover map
data in 2010, 2015, and 2020 allows for assessing the change of land cover types over
the periods 2010-2015 and 2015-2020. Accordingly, in the period of 2010-2015, the
area of natural forests and grasslands, shrubs, and bare lands reduced rapidly and
replaced with an increase in the area of planted forest cover and trees and industrial
and crops. From 2015 to 2020, the coating volatility decreased significantly.

The succession of the agroforestry landscape of Phu Yen Province in the last 50-
60 years occurred under the influence of natural and human factors, where human
activities played the leading role. Under the influence of chemical warfare and local
farming policies and practices, most of the tropical forest landscape is typically broad-
leaf evergreen, undergoing four to six stages of succession.

The formation of succession chains of the agroforestry landscape is due to the
interweaving of economic development policies of Phu Yen Province and the local
people’s farming practices. The combination of these effects determines the
duration and characteristics of each stage of succession, which ranges from 4 to 30
years. This serves as a foundation for understanding the perspective of policy
proposals in general, and policies on agricultural and forestry development of Phu
Yen in particular, in the coming years.
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