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Abstract. Tohirin, Suryanto P, Sadono R. 2021. Vegetation structure, aboveground biomass, and carbon storage of wono, local forest
management in Gunungkidul, Yogyakarta, Indonesia, across three geomorphological zones. Biodiversitas 22: 3207-3218. Wono is local
community-based forest management in Gunungkidul District, Yogyakarta. This land use has the potential to reduce carbon dioxide
emissions through their carbon sequestration capacity as well as to produce renewable energy sources through wood biomass for
charcoal and wood pellet. Since Gunungkidul is unique in terms of geomorphological characteristics, study on the vegetation structure,
biomass estimation, and carbon storage of wono across geomorphological zones are important. Therefore, this study describes the
vegetation structure of wono in three geomorphological zones of Gunungkidul District, as well as estimates the aboveground living
biomass (AGB) and aboveground living carbon storage (AGC). The quadratic sampling technique was used to collect data for
vegetation analysis with the size of the plots were 20 m x 20 m, 10 m x 10 m, 5m x 5 m, and 2 m x 2 m for trees, poles, saplings, and
seedlings, respectively. A total of 32 plots were established, consisting of 18 plots in Nglanggeran Village, 12 plots in Dengok Village,
and six plots in Girisekar Village, each village representing geomorphological zones of Batur Agung, Ledok Wonosari, and Pegunungan
Sewu, respectively. The AGB was performed non-destructively and estimated using referenced allometric equations. Furthermore, the
AGC was calculated using a conversion factor of 0.47 from the obtained AGB. The results showed that the identified species at wono in
Batur Agung, Ledok Wonosari, and Pegunungan Sewu zones were 13, 7, and 8, respectively. Swietenia macrophylla had the highest
important value index (V1) of 185.22% in the Batur Agung zone, while Tectona grandis was the most important species in both the
Ledok Wonosari and Pegunungan Sewu zones with IVI= 238.27% and 178.60%, respectively. The biodiversity in these three zones was
very low in terms of species diversity (H' < 2) and species richness (R1 < 3.4). The estimated AGB and calculated AGC in the Batur
Agung, Ledok Wonosari, and Pegunungan Sewu zones were 210.96 ton ha™* and 99.15 ton C ha, 73.58 ton ha* and 34.58 ton C ha,
and 57.92 ton ha and 27.22 ton C ha’l, respectively.

Keywords: Batur Agung, Dengok, Girisekar, Ledok Wonosari, Nglanggeran, species diversity and density, wono

Abbreviations: AGB: aboveground living biomass, AGC: aboveground living carbon storage, D: Simpson's index of diversity, DBH:
diameter at breast height, E: Evenness index, H: total tree height, H": Shannon-Wiener diversity index, HKm: Hutan Kemasyarakatan,
Ln: natural logarithm, n: total number of individuals of all species at the site, ni: number of individuals of it" species, N: total number of
individuals of all species at the site, R1: Margalef's index, S: total number of species in the sample, p: tree density

INTRODUCTION energy source is dependent on supply from private forest
land (Cai et al. 2016). In Southeast European countries

Plant biomass is increasingly important in the context  (Croatia, Bosnia-Herzegovina, Serbia, and Macedonia), 38-

of renewable energy potential and carbon storage. This
resource is of great concern to ecologists and forest
managers when considering climate change mitigation
strategies (Khan et al. 2018). In the context of renewable
energy, wood biomass can be used for charcoal bioenergy
production (Kongprasert et al. 2019). The use of bioenergy
from forest biomass shows a positive contribution to
climate change mitigation (Withey et al. 2019). Biomass
production can also be used as an indicator to assess forest
productivity (Zhang et al. 2017).

Across the world, there is various land use management
to produce wood biomass. In the United States, the
prospect of increased use of woody biomass as a renewable

55% of forest landowners are willing to manage their
forests for wood biomass production (Stjepan et al. 2015).
In the countries where social forestry is implemented in
their policy (e.g., Indonesia), community-based forest
management has the potential to produce wood biomass
while at the same time can reduce carbon emissions in the
atmosphere on a regional and global scale (Purwanto et al.
2012; Indrajaya and Sudomo 2016; Setiahadi 2017; Ivando
et al. 2019; Wirabuana et al. 2020). Nonetheless, since
there are various forms of community forestry in response
to geographical and socio-cultural variation, biomass and
carbon storage measurements must take into account a
wide range of landscape conditions.
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In Indonesia, the implementation of community forestry
policy is proven to be successful in some areas. In
Gunungkidul District, Yogyakarta, social forestry program
promoted by the government, academics, communities and
non-government organizations showed positive outcomes
indicated by land cover improvement as the result of the
massive rehabilitation activities on degraded lands in the
district. In the 1970s - 2012 period, there was a trend of
changing land cover from rocky and barren land to
vegetated land covered with trees (Wardhana et al., 2012).
For example, the Community Forestry Program (Hutan
Kemasyarakatan= HKm) in  Bleberan  Village,
Gunungkidul has changed the HKm area from degraded
land to teak plantation forest by 82% in the period 2003 -
2018 (Sadono et al. 2020).

The landscape in Gunungkidul is very unique in terms
of geological characteristics. Based on geomorphological
conditions, Gunungkidul area is divided into three zones,
namely Batur Agung, Ledok Wonosari, and Pegunungan
Sewu which are located in the northern, middle, and
southern parts, respectively. The Batur Agung zone in the
north has lateritic volcanic soil and lithosol soil types with
parent rock in the form of dacite and andesite. The Ledok
Wonosari zone in the middle has soil types that develop in
the form of grumusols from limestone and clay (alluvium)
parent materials. The Pegunungan Sewu zone in the south
is in the form of karst hills with a hilly topography
composed of limestone. Furthermore, the character of land
management in the three zones differs based on the land
transitions that occur in each zone (Wardhana et al. 2012).
Following Mather's transition model (1992), the Batur
Agung has a higher dynamic than the two others. The
Ledok Wonosari has a natural transition pattern.
Interestingly, the Pegunungan Sewu has a drastic land
transition dynamic after 1980.

The community of Gunungkidul recognizes three types
of tree-based land use management, namely pekarangan,
tegalan, and wono. Pekarangan is located surrounding the
house and is usually planted with woody plants for
construction, firewoods, crops, fruits, and food sources.
Tegalan is separated from settlements by a certain distance
and generally occupied by hardwood trees intercropped
with short-cycle crops (Awang et al. 2002). Wono is
characterized by its distance far from settlements and is
dominated by forestry vegetation in the form of
monoculture or polyculture (Awang et al. 2002). In
comparison to Pekarangan and Tegalan, land cover in
wono is unlikely to alter much in a short period. While
benefiting the communities in fulfilling their daily needs,
these land uses to play an important role in increasing
biomass and enhancing carbon storage.

Research related to biomass and carbon storage of
community forests in Gunungkidul District has been
carried out by scholars (Askar et al. 2018; Indrajaya and
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Sudomo, 2016; Purwanto et al. 2012; Sulistyo et al. 2010).
However, research on similar themes that focused
specifically on wono is rarely found. Therefore, this study
aims to investigate the vegetation structure, aboveground
biomass, and carbon storage of wono across the three
geomorphological zones in Gunungkidul area.

MATERIALS AND METHODS

Study area

The study was conducted in Gunungkidul District,
Yogyakarta, Indonesia (Figure 1). This district covers an
area of 1.485,36 km? and is located at 110°21' - 110°50' E
and 7°46' - 8°09' S. The average daily temperature,
minimum temperature, and maximum temperature are
reported as 27.7°C, 23.2°C, and 32.4°C, respectively. The
relative humidity ranges between 80% and 85%. Each year,
the average number of wet months ranges from 5 to 7
months, while the number of dry months ranges from 4 to 6
months. The annual rainfall average is 2093.15 mm.
According to the Schmidt-Ferguson classification, this area
is in the climate type category C (slightly wet) and the
tropical monsoon climate (Am) and based on the Koppen
climate type.

In this study, three geomorphological zones were taken
into account, namely Batur Agung, Ledok Wonosari, and
Pegunungan Sewu with the altitudes of 200-700 m a.s.l,
150-200 m a.s.l, and 0-300 m a.s.l, respectively. A village
was selected purposively for each zone, namely
Nglanggeran, Dengok, and Girisekar representing Batur
Agung, Ledok Wonosari, and Pegunungan Sewu,
respectively (Fig. 1). The Batur Agung zone is shaped like
a basin with the northern part forming a plateau that
stretches from west to east and it curves slightly to the
south in the west. The topography of the Batur Agung area
is mostly mountainous with steep slopes with a slope of up
to more than 45%. This zone is located in the north of
Gunungkidul District, closer to the city of Yogyakarta, and
has better infrastructure, making it easier to access
education and health facilities outside the area. The Ledok
Wonosari zone, located in the middle part of Gunungkidul
District, has higher soil fertility than in the other two zones.
This zone has a flat topography, except for some areas
bordering the other physiographic units, which have wavy
topography. The Pegunungan Sewu zone, located in the
southern part of Gunungkidul District, is characterized by
its constituent rocks in the form of limestone. The
topography in this zone consists of small hills and steep
slopes with narrow valleys and no water outflow between
the hills. This zone is located quite far from the city center
of Wonosari and is directly adjacent to the Indian Ocean.
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Figure 1. Study area of wono in Gunungkidul District, Yogyakarta, Indonesia. Three selected villages were Nglanggeran, Dengok, and
Girisekar representing for three zones Batur Agung, Ledok Wonosari, and Pegunungan Sewu, respectively.

Data collection

The study was carried out between February and May
2021. This study used a stratified sampling technique that
focused on land use in the form of wono. Field orientation
and preliminary study were conducted before data
collection to gain an understanding of the condition of
wono in the three geomorphological zones. A quadratic
sampling technique was used to collect vegetation data.
The measuring plots used were 20 m x 20 m, 10 m x 10 m,
5mx5m, and 2 x 2 m for trees, poles, saplings, and
seedlings, respectively (Mueller-Dombois and Ellenbergh
1974). The total number of quadratic samples were 36 plots
at selected farmer's wono in the determined three villages.
Based on the homogeneity of the three zones, these 36
plots were allocated to the villages of Nglanggeran,
Dengok, and Girisekar, with 18, 12, and 6 plots,
respectively. Each plot in each village was distributed
randomly at each farmer's wono. The number of plant
species in the measurement plot was recorded for each life
stage (trees, diameter > 20 cm; poles, diameter= 10 - 19.9
cm; saplings, diameter < 10 cm, height > 150 cm;
seedlings, height < 150 cm). Furthermore, tree height,
diameter at breast height (£1.30 m), and coordinate
position were all measured (Suryanto et al. 2021).

Data analysis
Vegetation structure

The collected data were analyzed to describe the
vegetation structure of wono in terms of density (stem ha?),
relative density, relative frequency, relative dominance,
and important value index. The following formula was
used to calculate these parameters (Mueller-Dombois and
Ellenbergh 1974):

Number of individuals of the targetspecies occured

Density = Total number of households
Density of targetspecies
Relative Density = - - X 100
Density of all species
Number of households in which tar getspecies occured
Frequency=

Total number of households

Frequency of targetspecies
Relative Frequency= F;quueic;o 7 agspseiies x 100

] ) Basal area of targetspecies
Relative Dominance = - x 100
Basal area of all species

ImportanceValue Index = Relative density + Relative frequency+ Relative dominance
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Furthermore, the Shannon-Wiener diversity index, the
Simpson index of diversity, the Margalef index, and the
Evenness index were all used in diversity analysis. These
indices were calculated using the following formulas
(Magurran 1988):

Shannon-Wiener diversity index (H")

D[R]

Where: H': Shannon-Wiener diversity index; ni:
Number of individuals of i"" species; N: Total number of
individuals of all species at the site; Ln: Natural logarithm

Simpson’s index of diversity (D)
D= 1 A, with

ni (ni — 1)

A= Z n(n-—1)
Where: D: Simpson’s index of diversity; ni: Number of
individuals of i species; n: Total number of individuals of

all species at the site

Margalef’s index (R1)
§-1

“In(N)

Where: R1: Margalef’s index; S: Total number of
species in the sample; Ln: Natural logarithm; N: Total
number of individuals in the sample

Evenness index (E)
p— H!
T Ln(S)

Where: E: Evenness index; H': Shannon-Wiener index;
Ln: Natural logarithm; S: Total number of species in the
sample

Aboveground living biomass and carbon storage

Tree biomass was measured using a non-destructive
method that did not require tree cutting. The parameters
used were the stem diameter at breast height (DBH) and
total tree height (H) (Hairiah et al. 2010). Aboveground
living biomass (AGB) was calculated in wono using all
types of woody plants with DBH greater than or equal to
10 cm (Purwanto et al. 2012). The allometric equations
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used to calculate the estimated AGB for each species were
depicted in Table 1.

Furthermore, the aboveground living carbon storage
(AGC) was calculated by taking calculated ABG and
multiplying it by a conversion factor of 0.47.(IPCC 2006).
The estimation of AGC in wono was calculated using the
formula:

AGC = AGB * 0.47

Where: AGC: aboveground living carbon storage (ton C
ha?); AGB: aboveground living biomass (ton ha); 0.47=
conversion factor (IPCC 2006).

RESULTS AND DISCUSSION

Vegetation structure of wono
Batur Agung zone

A total of 948 individual plants belonged to 13 species
were identified from 18 plots representing all life stages of
standing vegetation in Batur Agung zone. The number of
species in each life stage was three, seven, eight, and 10
species representing seedlings, saplings, poles, and trees,
respectively. These identified species were S. macrophylla,
D. latifolia, P. falcataria, T. grandis, A. auriculiformis,
Cocos nucifera L., Parkia speciosa Hassk, Gnetum gnemon
Linn., Alstonia scholaris R.Br., Theobroma cacao L.,
Mangifera indica L., Archidendron pauciflorum (Benth.)
Nielsen, and Hevea brasiliensis (Willd. ex A. Juss.) Mull.
Arg. The most dominant species in every life stage was
always S. macrophylla with the following numbers: 346,
160, 77, and 133 individuals for seedlings, saplings, poles,
and trees, respectively (Figure 2). The dominant S.
macrophylla at wono in Nglanggeran Village of Batur
Agung zone was consistent with community preferences;
thus, this species was appropriate in this village and was
frequently used as construction wood (Purwanto et al.
2012).

Plant density at seedlings, saplings, poles, and trees of
life stages were 65278, 4067, 589, and 263 stems ha™,
respectively (Table 2). The pattern of the horizontal
structure was close to the reversed J-shape distribution or
negative exponential distribution (Figure 3). Furthermore,
the average basal area for poles and tree stages were 9.83
and 17.37 m? ha’l, respectively. The average diameter was
14.31 and 28.03 cm for poles and tree stages, respectively.
Meanwhile, the average height of the poles stage was 10.95
m, and the tree stage was 15.09 m.

Table 1. Allometric equations for estimating aboveground biomass for Acacia auriculiformis, Tectona grandis, Swietenia macrophylla,
Paraserianthes falcataria, Dalbergia latifolia, unbranched trees, and other trees in wono

Species

Allometric equation

References

Acacia auriculiformis A. Cunn. ex Benth.
Tectona grandis L.f.

Swietenia macrophylla King
Paraserianthes falcataria (L.) I.C. Nielsen
Dalbergia latifolia Roxb

Other trees

Unbranched trees

AGB = 0.0775 (DBHZ.H
AGB = 0.0149 (DBH2 H)108%
AGB = 0.9029 (DBH2H)06340
AGB = 0.0199 (DBH2.H)092%
AGB = 0.7458 (DBH?.H)?63%
AGB = 0.0240 (DBH2.H)787
AGB = 1 pDBH?H/40

Y0-9018 Purwanto et al. (2012)

Purwanto et al. (2012)
Purwanto et al. (2012)
Purwanto et al. (2012)
Purwanto et al. (2012)
Purwanto et al. (2012)
Hairiah et al. (1999)

Notes: AGB: aboveground living biomass (Kg tree’); DBH: stem diameter at breast height; H: total tree height; p: tree density, n=3.14
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Table 2. Vegetation Structure at wono in Nglanggeran Village of Batur Agung zone, Gunungkidul District, Indonesia

Mean density ~ Stand basal area Mean diameter Mean tree height

Life Stages Species (stems hat) (m? hat) (cm) (m)
Seedling DI, Ps, Sm 65278 + 11916 - - -
Sapling Aa, DI, Gg, Mi, Pf, Sm, Tg 4067 585 - - -

Poles Aa, Ap, DI, Gg, Pf, Sm, Tc, Tg 589 + 75 9.83+1.154 14.31 £0.273 10.95 £ 0.249
Trees Aa, As, Cn, DI, Hb, Mi, Pf, Ps, Sm, Tg 263 + 39 17.37 + 2.956 28.03 £0.550 15.09 +£0.184

Note: Data on mean density, stand basal areal, mean diameter, and mean tree height are presented in = mean + standard error; Aa:
Acacia auriculiformis; Ap: A. pauciflorum; As: A. scholaris; Cn: C. nucifera; DI: D. latifolia; Gg: G. gnemon; Hb: H. brasiliensis; Mi:
M. indica; Pf: P. falcataria; Ps: P. speciosa; Sm: S. macrophylla; Tc: T. cacao; and Tg: T. grandis

Table 3. Three most important species in term of IVI for each life stage and biodiversity indicators at wono in Nglanggeran Village in
the Batur Agung zone, Gunungkidul District, Indonesia

Relative  Relative Relative Importance

Species density frequency dominance value index rsigﬁﬁf:s H' R1 E
(%) (%) (%) (%)
Seedlings
Swietenia macrophylla 73.62 53.33 - 126.95 3 0.39 0.60 0.33 0.55
Dalbergia latifolia 25.96 43.33 - 69.29
Parkia speciosa 0.43 3.33 - 3.76
Saplings
Swietenia macrophylla 87.43 54.84 - 142.27 7 0.23 0.54 1.15 0.28
Dalbergia latifolia 7.65 22.58 - 30.23
Gnetum gnemon 1.64 6.45 - 8.09
Poles
Swietenia macrophylla 72.64 51.52 73.02 197.18 8 0.46 1.06 1.50 0.51
Dalbergia latifolia 8.49 18.18 8.98 35.65
Paraserianthes falcataria 5.66 9.09 6.49 21.24
Trees
Swietenia macrophylla 70.37 42.86 71.99 185.22 10 0.49 1.14 1.72 0.49
Paraserianthes falcataria 11.64 11.90 14.61 38.16
Tectona grandis 5.82 9.52 5.43 20.78

Notes: D: Simpson’s index, H': Shannon-Wiener index, R1: Margalef’s index, E: Evenness index

Number of Individuals

e 5 4353 1 4
B

Sm DI Pf Aa Tg Tc Ap Gg[Sm Pf Tg DI Cn Aa As Ps Hb Mi

Sm DI Ps[Sm DI Gg Pf Tg Aa Mi

Seedling Sapling Poles Trees

Life Stages

B

Figure 1. The condition of wono in Nglanggeran Village of Batur Agung zone, Gunungkidul District, Indonesia; A. Representation of
the general picture, B. Number of individuals species in every life stage. Notes: Aa: Acacia auriculiformis; Ap: A. pauciflorum; As: A.
scholaris; Cn: C. nucifera; DI: D. latifolia; Gg: G. gnemon; Hb: H. brasiliensis; Mi: M. indica; Pf: P. falcataria; Ps: P. speciosa; Sm: S.
macrophylla; Tc: T. cacao; and Tg: T. grandis
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Figure 2. The density of each life stage of wono’s vegetation in
Nglanggeran Village of Batur Agung Zone, Gunungkidul District,
Indonesia

The three highest VI at the seedings stage were S.
macrophylla, followed by D. latifolia, and P. speciosa with
IVI= 126.95%, 69.29%, and 3.76%, respectively. S.
macrophylla was also the highest VI in the saplings stage
with 142.27%, followed by D. latifolia with 1VI= 30.23%,
and G. gnemon with IVI= 8.09%. At the poles stage, S.
macrophylla was still the highest, followed by D. latifolia,
and P. falcataria with V1= 197.18%, 35.65%, and 21.24%,
respectively. S. macrophylla was also the highest IVI at the
trees stage with 185.22%, followed by P. falcataria with
IVI= 38.16%, and T. grandis with 1VI=20.78% (Table 3).
Furthermore, the species richness of all life stages was
classified into the low category with R1< 3.4. The highest
species diversity was found in the trees stage with H'
value= 1.14, followed by poles, seedlings, and saplings
with H' values= 1.06, 0.60, and 0.54, respectively. These
species diversity figures were included in the low category
since the obtained H' values were lower than 2 (Magurran
1988). Meanwhile, for the evenness of species, the three
life stages of seedlings, poles, and trees were in the
medium category with E value between 0.3 and 0.6.
However, the evenness of the saplings stage was in a low
category with E value lower than 0.3.

Ledok Wonosari zone

A total of 234 individual plants belonged to seven
species were identified from 12 plots, representing all life
stages of standing vegetation in Ledok Wonosari zone. The
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number of species in each life stage was three, four, four,
and five species representing seedlings, saplings, poles, and
trees, respectively. These identified species were S.
macrophylla, T. grandis, D. latifolia, A. auriculiformis,
Anacardium occidentale L., Ceiba pentandra (L.) Gaertn.,
and Samanea saman (Jacq.) Merr. T. grandis was the most
dominant species at saplings, poles, and tree stages with 37,
62, and 60 individuals, respectively, while S. macrophylla
was the most dominant at the seedlings stage with 34
individuals (Figure 4).

Plant density at seedlings, saplings, poles, and trees of
all four life stages were 11042, 1467, 567, and 144 stems
hal, respectively (Table 4). The pattern of the horizontal
structure was close to the reversed J-shape distribution or
negative exponential distribution (Figure 5). Furthermore,
the average basal area for poles and tree stages were 9.26
and 7.80 m? ha'l, respectively. The average diameters were
14.18 and 25.25 cm for poles and tree stages, respectively.
Meanwhile, the average height of the poles stage was 10.24
m, and the tree stage was 11.67 m.

In terms of IVI, S. macrophylla was the highest at
seedling stage with 1VI= 107.90%, followed by T. grandis
with IVI= 76.42%, and D. latifolia with IVI= 15.68%.
However, T. grandis was the highest IVI in the next three
life stages (Table 5). At the saplings stage, the 1VI of T.
grandis was the highest with 148.38%, followed by S.
macrophylla with 30.52%, and D. latifolia with 11.69%. At
the poles stage, T. grandis was the highest with 1VI=
254.43%, followed by A. auriculiformis with 1VI= 19.81%,
and S. macrophylla with 1VI= 15.61%. At the highest life
stage, the IVI of T. grandis was the highest with 238.27%,
followed by S. saman with 28.44%, and S. macrophylla
with 16.49%. Furthermore, the species richness of all life
stages was categorized into the low category with R1< 3.4.
The highest species diversity was found in the life stage of
seedlings with H' value= 0.86, followed by saplings, trees,
and poles with H' values: 0.59, 0.54, and 0.39, respectively.
The level of plant species diversity at all life stages was
included in the low category, where the obtained H' values
were lower than 2 (H' < 2). For the evenness species of all
life stages, seedlings were in the high category with E
value higher than 0.6, saplings and trees were in the
medium category with E values between 0.3 to 0.6, and the
poles were in the medium category with E value lower than
0.3.

Table 4. Vegetation Structure at wono in Dengok Village of Ledok Wonosari zone, Gunungkidul District, Indonesia

Life stages Species Mean density Stand basal area  Mean diameter Mean tree height
(stems ha't) (m2 hat?) (cm) (m)

Seedling DI, Sm, Tg 11042 + 3502 - - -

Sapling Ao, DI, Sm, Tg 1467 + 377 - - -

Poles Aa, Sm, Ss, Tg 567 + 104 9.26 +2.085 14.18 + 0.328 10.24 +0.155

Trees Aa, Cp, Sm, Ss, Tg 144 + 16 7.80+1.721 25.25+0.881 11.67 £ 0.132

Note: Data on mean density, stand basal areal, mean diameter, and mean tree height are presented in = mean + standard error; Aa: A.
auriculiformis; DI: D. latifolia; Sm: S. macrophylla; Tg: T. grandis; Ao: A. occidentale; Cp: C. pentandra; and Ss: S. saman
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Table 5. Three most important species in terms of VI for each life stage and biodiversity indicators at wono in Dengok Village of
Ledok Wonosari zone, Gunungkidul District, Indonesia

Relative  Relative Relative ~ Importance Species

Species density  frequency dominance value index richness D H' R1 E
(%) (%) (%) (%)
Seedling
Swietenia macrophylla 64.15 43.75 - 107.90 3 0.52 0.86 0.50 0.78
Tectona grandis 26.42 50.00 - 76.42
Dalbergia latifolia 9.43 6.25 - 15.68
Sapling
Tectona grandis 84.09 64.29 - 148.38 4 0.29 0.59 0.79 0.43
Swietenia macrophylla 9.09 21.43 - 30.52
Dalbergia latifolia 4.55 7.14 - 11.69
Poles
Tectona grandis 91.18 73.33 89.92 254.43 4 0.17 0.39 0.71 0.28
Acacia auriculiformis 2.94 13.33 3.54 19.81
Swietenia macrophylla 441 6.67 4,53 15.61
Trees
Tectona grandis 86.96 64.71 86.61 238.27 5 0.24 0.54 0.94 0.33
Samanea saman 7.25 11.76 9.43 28.44
Swietenia macrophylla 2.90 11.76 1.83 16.49

Note: D: Simpson index; H': Shannon-Wiener index; R1: Margalef’s index; E: Evenness index
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Figure 3. The condition of wono in Dengok Village of Ledok Wonosari zone, Gunungkidul District, Indonesia; A. Representation of the
general picture, B. Number of individuals per species in each life stage. Notes: Aa: A. auriculiformis; DI: D. latifolia; Sm: S.
macrophylla; Tg: T. grandis; Ao: A. occidentale; Cp: C. pentandra; and Ss: S. saman
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2000 N P. falcataria, Annona muricata L., Santalum album L., and
N Senna siamea (Lam.) Irwin & Barneby. S. macrophylla
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Figure 4. The density of each life stage on wono’s vegetation in all four life stages were 24584, 2934, 359, and 117 stems
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Dengok Village of Ledok Wonosari zone, Gunungkidul District, ha™, respectively (Table 6). The pattern of t':‘e horl_zontal
Indonesia structure was close to the reversed J-shape distribution or
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negative exponential distribution (Figure 7). Moreover, the
average basal area for poles and trees were 6.15 and 5.14
m? hal.,, respectively. The average diameter was 14.54 and
2346 cm for poles and tree stages, respectively.
Meanwhile, the average height of the poles stage was 9.22
m, and the trees stage was 11.25 m.

For the three highest IVI, S. macrophylla was the
highest at seedlings stage with IVI= 136.44%, followed by
T. grandis with 1VI= 41.81%, and D. latifolia with 1VI=
21.75%. However, T. grandis was the highest VI in the
next three life stages (Table 7). At the saplings stage, T.
grandis was the highest with IVI= 71.82%, followed by A.
auriculiformis with IVI= 68.64%, and S. album with IVI=
25.91%. At the poles stage, T. grandis was the highest with
IVI= 184.36%, followed by S. macrophylla with 1VI=
50.10%, and A. auriculiformis with IVI= 47.57%. At the
trees stage, the IVI of T. grandis was the highest with
178.60%, followed by S. macrophylla with 98.08%, and P.
falcataria with 23.31%. Furthermore, the level of species
richness of all life stages was classified into the low
category with R1< 3.4. The highest species diversity was
found at the life stage of saplings with H' value= 1.36,
followed by poles with H' value= 0.92, trees with H' value=
0.77, and seedlings with H' value= 0.49. The level of
species diversity at all life stages of wono was classified
into the low category with H' value< 2. For the evenness of
species, the life stage of seedlings was in the medium

Number of Individuals
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category with E value between 0.3 and 0.6, and the life
stage of saplings, poles, and trees was in the high category
with E value > 0.6. These biodiversity indices showed a
different figure in each life stage, and also in each
investigated three zones, then species diversity was mainly
influenced by rainfall, temperature, altitude, and latitude
(Cowles et al. 2018; Xu et al. 2017).
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Figure 5. The density of each life stage of wono’s vegetation in
Girisekar Village of Pegunungan Sewu zone, Gunungkidul
District, Indonesia
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Figure 6. The condition of wono in Girisekar Village of Pegunungan Sewu zone, Gunungkidul District, Indonesia; A. Representation of
the general picture, B. Number of individuals per species in every life stage. Notes: Aa: A. auriculiformis; DI: D. latifolia; Pf: P.
falcataria; Sm: S. macrophylla; Tg: T. grandis; Am: A. muricata L.; Sa: S. album; and Si: S. siamea

Table 6. Vegetation structure at wono in Girisekar Village of Pegunungan Sewu zone

Life Stages Species Mean density Stand basal area Mean diameter ~ Mean tree height
(stems hat) (m2 ha) (cm) (m)

Seedling DI, Sm, Tg 24584 + 13562 - - -

Sapling Aa, Am, Sa, Sm, Tg 2934 + 995 - - -

Poles Ag, Si, Sm, Tg 359 + 142 6.15 £ 2.910 14.54 £ 0.642 9.22+0.321

Trees Pf, Sm, Tg 117 £ 53 5.14 + 2.306 23.46 £0.610 11.25+£0.176

Note: Data on mean density, stand basal areal, mean diameter, and mean tree height are presented in = mean + standard error; Aa: A.
auriculiformis; DI: D. latifolia; Pf: P. falcataria; Sm: S. macrophylla; Tg: T. grandis; Am: A. muricata L.; Sa: S. album; and Si: S. siamea
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Table 7. Three most important species in terms of IVI for each life stage and biodiversity indicators at wono in Girisekar Village of
Pegunungan Sewu zone

Relative  Relative Relative Importance Species
Species density  frequency dominance value index richness D H* R1 E
(%) (%) (%) (%)
Seedlings
Swietenia macrophylla 86.44 50.00 - 136.44 3 0.25 0.49 0.49 0.44
Tectona grandis 8.47 33.33 - 41.81
Dalbergia latifolia 5.08 16.67 - 21.75
Saplings
Tectona grandis 31.82 40.00 - 71.82 5 0.73 1.36 1.06 0.84
Acacia auriculiformis 38.64 30.00 - 68.64
Santalum album 15.91 10.00 - 25.91
Poles
Tectona grandis 69.57 44.44 70.35 184.36 4 0.50 0.92 0.96 0.66
Swietenia macrophylla 13.04 22.22 14.83 50.10
Acacia auriculiformis 13.04 22.22 12.30 47.57
Trees
Tectona grandis 64.29 50.00 64.32 178.60 3 0.50 0.77 0.60 0.70
Swietenia macrophylla 32.14 33.33 32.61 98.08
Paraserianthes falcataria 3.57 16.67 3.08 23.31

Note: D: Simpson index, H': Shannon-Wiener index, R1: Margalef’s index, E: Evenness index

Aboveground biomass and carbon storage

At wono in Nglanggeran Village of Batur Agung zone,
13 woody plant species were identified, including S.
macrophylla, P. falcataria, D. latifolia, T. grandis, A.
auriculiformis, and six other species identified as “other
trees” and C. nucifera for the unbranched tree. The six
identified species classified to other trees were A. scholaris,
P. speciosa, A. pauciflorum, G. gnemon, M. indica, H.
brasiliensis, and T. cacao.

The plant density of S. macrophylla was the highest,
followed by P. falcataria, D. latifolia, other trees, T.
grandis, and A. auriculiformis with 613 stems ha?, 64
stems ha, 58 stems ha?, 46 stems ha?, 38 stems ha?, and
33 stems ha?l, respectively (Table 8). Because it had the
highest wood stem density, S. macrophylla was the most
important species, accounting for 71.94 percent of the total
(Weigel et al. 2018; Wirabuana et al. 2021). This species
was also identified as one of the major contributors to
aboveground biomass and carbon storage in community
forests in Sambak Village, Magelang District, Central Java
Province (Zulkarnaen 2020). Furthermore, the findings of
this study supported previous findings that S. macrophylla
was the most dominant species with 41.70% as a vegetation
constituent of community forests in Nglanggeran Village
(Purwanto et al. 2012).

An estimated AGB of 210.96 tons ha® was obtained
from wono in Batur Agung zone. S. macrophylla, P.
falcataria, D. latifolia, T. grandis, A. auriculiformis, other
trees, and unbranched tree contributed AGB estimates of
182.38, 8.62, 7.60, 7.21, 3.70, 0.45, and 1.00 tons ha*,
respectively. The obtained AGB of 210.96 tons ha! was
equivalent to 99.15 tons C ha' of AGC. This carbon

storage potential consisted of S. macrophylla, P. falcataria,
D. latifolia, T. grandis, A. auriculiformis, other trees, and
unbranched tree with calculated AGC of 85.72, 4.05, 3.57,
3.39, 1.74, 0.21, and 0.47 tons C ha, respectively. The
calculated AGC of this study was higher than that of
Purwanto et al. (2012), who found that the total AGC of the
community forest in Nglanggeran Village was 19.053 tons
C ha. Then, this study focused only on wono, where stem
density was higher than in Pekarangan and Tegal
(Purwanto et al. 2012). As a result, the wono has higher
AGB and AGC than the Pekarangan and Tegal. This was
consistent with the findings of Wirabuana et al. (2021),
who discovered that the density of stands influences the
production of biomass and carbon storage. On the other
hand, Purwanto et al. (2012) investigated the community
forest, which included not only wono but also Pekarangan
and Tegal.

Five woody plant species were identified at wono in
Dengok Village of the Ledok Wonosari zone, consisting of
T. grandis, S. macrophylla, A. auriculiformis, and other
two trees species, namely: C. pentandra and S. saman.
Surprisingly, T. grandis was the dominant species in this
zone, occupying more than 90% of the available area with
a stand density of 642 stems ha™. This species domination
was consistent with the findings of Aminudin (2008), who
reported that T. grandis was the most dominant species,
occupying 65.17% of the community forest in Dengok
Village. In addition, both S. macrophylla and A.
auriculiformis species had a density of around 48 stems ha-

!, while the other tree species had a density of 21 stems ha-
1
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Table 8. Tree species, density, mean diameter, mean tree height, estimated aboveground living biomass (AGB), and aboveground living
carbon (AGC) of wono in the Batur Agung, Ledok Wonosari, and Pegunungan Sewu zone of Gunungkidul District, Indonesia

Species Density Relative density Mean diameter Mean tree height AGB AGC
(stems ha't) (%) (cm) (m) (ton ha't) (ton C ha't)
Batur Agung zone
Swietenia macrophylla 613 71.94 23.22 +0.638 13.29 £ 0.160 182.38 85.72
Paraserianthes falcataria 64 7.50 28.11 +1.860 18.18 £0.732 8.62 4.05
Dalbergia latifolia 58 6.85 18.03 +1.169 11.80+0.812 7.60 3.57
Tectona grandis 38 4.40 24.49 + 1.857 14.87 +1.073 7.21 3.89
Acacia auriculiformis 33 3.92 18.33 £2.607 12.23 £ 0.955 3.70 3.39
Other trees 39 4.57 19.10 £2.261 11.24 +£1.360 0.45 0.21
Unbranched trees 7 0.82 20.06 £ 0.000 11.40 +0.246 1.00 0.47
Total 851 100.00 210.96 99.15
Ledok Wonosari zone
Tectona grandis 642 90.32 19.55 +0.706 11.00+0.126 65.27 30.68
Swietenia macrophylla 29 411 16.94 £1.969 10.80 £0.735 5.69 2.68
Acacia auriculiformis 19 2.64 18.63 £ 3.196 11.67 £0.334 2.17 1.02
Other trees 21 2.93 25.74 £ 3.623 10.15 + 0.509 0.45 0.21
Total 710 100.00 73.58 34.58
Pegunungan Sewu zone
Tectona grandis 342 68.33 19.29 + 0.950 9.98 £ 0.252 29.91 14.06
Swietenia macrophylla 88 17.50 21.65 + 1.357 11.50 + 0.469 23.83 11.20
Acacia auriculiformis 50 10.00 14.17 +£1.899 10.34 £0.334 3.85 1.81
Paraserianthes falcataria 4 0.83 21.96 +0.000 11.00 £ 0.000 0.24 0.11
Other trees 17 3.33 11.31 +0.000 8.00 £ 0.000 0.09 0.04
Total 500 100.00 57.92 27.22

Note: Data on mean diameter and mean tree height are presented in = mean + standard error

The estimated AGB of wono in the Ledok Wonosari
zone was 73.58 ton ha, consisting of 65.27, 5.69, 2.17,
and 0.45 ton ha* from the following species: T. grandis, S.
macrophylla, A. auriculiformis, and other species,
respectively. This AGB estimate was equivalent to 34.58
ton C ha! of AGC. These AGB and AGC values were
lower than those obtained by Aminudin (2008), who found
that the biomass and carbon storage potential from
community forests in Dengok Village were 135.95 ton ha
and was 66.33 ton C ha. Then, the finding of this study
calculated the ABG and AGC only in woody plants with a
diameter greater than 10 cm, ignoring other AGB and AGC
sources. In comparison to the Batur Agung zone above, this
zone's figure was about a third because of differences in the
number of identified species and species density, resulting
in variations in biomass production as well as carbon
storage potential (Weigel et al. 2018; Wirabuana et al.
2021). Moreover, the dimensions of the constituent species
in the Batur Agung zone were in general larger in stem
diameter and higher in total tree height.

The same number of identified species were also found
at wono in Girisekar Village of Pegunungan Sewu zone,
including T. grandis, S. macrophylla, A. auriculiformis, P.
falcataria, and one other species for other trees, namely S.
siamea. T. Grandis was also dominated in this zone,
occupying up 68.3% of the available area. This finding was
consistent with the occupation rate of this species in the
same village as well as in Jetis Village, Gunungkidul
District (Askar et al. 2018). According to the previous
finding, T. grandis had up to 63,82% dominance in both

villages. Furthermore, in ascending order, the density of
constituting species in this zone was as follows: T. grandis,
S. macrophylla, A. auriculiformis, S. siamea, and P.
falcataria, and with 342, 88, 50, 17, and 4 stems ha-1,
respectively.

The obtained AGB in wono in Pegunungan Sewu zone
was estimated to be 57.92 ton ha. This total estimate
consisted of 29.91, 23.83, 3.85, 0.24, and 0.09 tons ha?
representing the contribution of T. grandis, S. macrophylla,
A. auriculiformis, P. falcataria, and S. siamea,
respectively. This obtained AGB was equivalent to 27.22
ton C ha’. The finding of obtained AGB in this study was
lower than that of Askar et al. (2018), who found that the
total AGB of 72.54 ton ha in Girisekar Village and Jetis
Village. The applied method of the investigation was
responsible for this difference in obtained AGB. This study
relied on terrestrial observation, whereas the previous study
relied on aerial Sentinel-2 imagery interpretation.
Furthermore, the difference of conversion factor resulted in
a difference in AGC value. The previously obtained AGC
of 36.72 ton C ha?' was calculated using a conversion
factor of 0.5, which was 0.03 higher than the AGC
obtained in this study with a conversion factor of 0.47. In
addition, this zone's figure was lower in comparison to the
Ledok Wonosari zone above due to differences in species
density, which resulted in variations in biomass production
as well as carbon storage potential (Weigel et al. 2018;
Wirabuana et al. 2021).

The AGB estimates in the three zones focused in this
study provided useful information to support the possibility
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of producing charcoal or wood pellet as a renewable energy
source. In 2015, total charcoal production from community
forests in Gunungkidul District was reported to be 81.46
tons (DPMPT Kabupaten Gunungkidul 2016). Despite the
fact that 51.39% of households in the district have already
used LPG as a cooking fuel, 0.21% of households
continued to use charcoal as their primary fuel for cooking
(BPS DIY 2020). The possibility of using woody plant
species, such as Tamarindus indica L. and S. macrophylla
from community forests to produce charcoal was also
discovered in Bangunjiwo Village, Bantul District, with a
total yield of 12.067 ton ha?, equivalent to Rp.
21,117,250.00 ha* (Purwanto and Ginting 2011). However,
increasing the use of wood biomass from community
forests for renewable energy sources will raise the price of
timber as well as timber harvesting (Lauri et al. 2012), and
may have global warming implications (de Bikua et al.
2020). Land cover changes from forested to open land can
reduce carbon stores. For example, in Bleberan Village of
Gunungkidul District, illegal logging on 40 Ha investigated
areas resulted in 1040.53 decreases in carbon storage from
1999 to 2003 (Sadono et al. 2020).

The information provided by the AGC at wono in
Gunungkidul District may be useful in supporting the
program to reduce greenhouse gas (GHG) emissions in the
forestry sector. This sector is the largest contributor to the
GHG emission reduction target of 17.2% in the Nationally
Determined Contribution, compared to other targets of total
emissions of 29% under Business As Usual scheme in 2030
(Direktorat Jenderal Pengendalian Perubahan Iklim 2017).
Consequently, preserving forested land to reduce emissions
might have an effect on the rate of economic growth
(Nurfatriani et al. 2019). Therefore, as compensation for
the loss of forest economic value, the environmental
services provided by forests must be commercially valued
and integrated into market mechanisms (Farley 2012).
Then, environmental services were thought to have the
potential to realize the concept of sustainable development
while also lowering poverty levels (Silori 2015).

Forest area management could be directed toward three
goals, namely carbon sinks, carbon storage, and carbon
emission reduction (Nurfatriani et al. 2019). The results of
this study suggest that wono has to be included in the
strategies of carbon emissions reduction along with the
compensation mechanism. wono is more than just a forest
area; it also has a high potential for social, economic, or
environmental value and is linked to broader development
interests. If this wono could be preserved as a forest, it
would benefit a wide range of interests. Compensation
payments for these benefits could be made through a
variety of transaction schemes, including Purchasing
Development Right (PDR), Payment for Environmental
Service, and Liability Rule (Nurfatriani et al. 2015).
Among these three schemes, PDR had the potential to
assist wono with carbon emission reduction efforts
(Nurfatriani et al. 2019). Furthermore, forest management
for climate change mitigation is best applied in forest areas
through community and government collaboration in the
form of HKm for land rehabilitation (Rakatama et al.
2018). Based on formal regulation, this HKm could be
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implemented in a variety of forest functions, including
production, conservation, and protected forest.

In conclusion total of 13 plant species were identified in
wono from 18 sampling plots in Nglanggeran Village,
Batur Agung zone with four dominant species were S.
macrophylla, D. latifolia, P. falcataria, and T. grandis.
There were seven species identified from 12 sampling plots
in Dengok Village, Ledok Wonosari zone with three
dominant species were T. grandis, S. macrophylla, and D.
latifolia. Eight species were identified from six sampling
plots in Girisekar Village in the Pegunungan Sewu zone
with three dominant species were T. grandis, S.
macrophylla, and A. auriculiformis. Furthermore, the
biodiversity of wono in Nglanggeran Village has a higher
species diversity index than in Girisekar Village and
Dengok Village. The values of the Shannon-Wiener index
for the pole and the tree were 1.06 and 1.14, 0.92 and 0.77,
and 0.39 and 0.54 in Nglanggeran, Girisekar, and Dengok
Village, respectively. wono in Nglanggeran Village of
Batur Agung zone had the highest AGB and AGC,
followed by wono in Dengok Village of Ledok Wonosari
zone, and finally in Girisekar Village of Pegunungan Sewu
zone with estimated AGB and AGC values of 210.96 ton
ha! and 99.15 ton C hal, 73.58 ton ha! and 34.58 ton C ha
1 and 57.92 ton ha'l and 27.22 ton C ha?, respectively.
Furthermore, the owners of wono require support from a
diverse range of interests in order to maintain and expand
wono's biomass and storage.

ACKNOWLEDGEMENTS

We would like to thank the Human Resources Education
and Training Center, the Ministry of Environment and
Forestry, as well as the Faculty of Forestry, Universitas
Gadjah Mada, for their assistance and funding for this
study. We are grateful to the Gunungkidul District Local
Governments and Village Governments in each wono
location for allowing us to conduct this research in their
area. We would also like to thank the reviewers who
provided suggestions for improving this article.

REFERENCES

Aminudin S. 2008. Kajian Potensi Cadangan Karbon pada Pengusahaan
Hutan Rakyat (Studi Kasus: Hutan Rakyat Desa Dengok, Kecamatan
Playen, Kabupaten Gunungkidul). [Thesis]. Bogor Agricultural
University, Bogor. [Indonesian]

Askar, Nuthammachot N, Phairuang W, Wicaksono P, Sayektiningsih T.
2018. Estimating Aboveground Biomass on Private Forest Using
Sentinel-2 Imagery. J Sensors  2018: 1-11. DOl:
10.1155/2018/6745629

Awang SA, Sepsiaji D, Himmah B. 2002. Etnoekologi Manusia di Hutan
Rakyat. Sinergi Press, Yogyakarta. [Indonesian]

BPS DIY. 2020. Indikator Pembangunan Berkelanjutan Daerah Istimewa
Yogyakarta 2019/2020. Badan Pusat Statistik Provinsi Daerah
Istimewa Yogyakarta, Yogyakarta. [Indonesian]

Cai Z, Narine LL, D’Amato A, Aguilar FX. 2016. Attitudinal and revenue
effects on non-industrial private forest owners’ willingness-to-harvest
timber and woody biomass. For Pol Econ 63: 52-61. DOI:
10.1016/j.forpol.2015.11.007



3218

Cowles J, Boldgiv B, Liancourt P, Casper PBB. 2018. Effects of increased
temperature on plant communities depend on landscape location and
precipitation. Ecol Evol 8: 5267-5278. DOI: 10.1002/ece3.3995

de Bikufia KS, Garcia R, Dias AC, Freire F. 2020. Global warming
implications from increased forest biomass utilization for bioenergy
in a supply-constrained context. J Environ Manag 263: 1-10. DOI:
10.1016/j.jenvman.2020.110292

Direktorat Jenderal Pengendalian Perubahan Iklim. 2017. Strategi
Implementasi NDC (Nationally Determined Contribution) (N.
Masripatin (eds)). Direktorat Jenderal Pengendalian Perubahan Iklim,
Kementerian Lingkungan Hidup dan Kehutanan, Jakarta. [Indonesian]

DPMPT Kabupaten Gunungkidul. 2016. Profil Investasi Kabupaten
Gunungkidul. Dinas Penanaman Modal dan Pelayanan Terpadu,
Kabupaten Gunungkidul. [Indonesian]

Farley J. 2012. Ecosystem services: The economics debate. Ecosyst Serv 1
(1): 40-49. DOI: 10.1016/j.ecoser.2012.07.002

Hairiah K, Dewi S, Agus F, Velarde S, Ekadinata A, Rahayu S, van
Noordwijk M. 2010. Measuring Carbon Stocks Across Land Use
Systems: A Manual. World Agroforestry Centre (ICRAF), SEA
Regional Office, Bogor, Indonesia.

Hairiah K, van Noordwijk M, Palm C. 1999. Methods for sampling above
and below ground organic pools. In: Murdiyarso D, van Noordwijk
M, Suyamto DA (eds.). Modelling Global Change Impacts on the Soil
Environment. IC-SEA Report No.6. SEAMEO BIOTROP-GCTE
ICSEA, Bogor.

Indrajaya Y, Sudomo A. 2016. Karbon Tersimpan dalam Biomasa Hutan
Rakyat Jamblang di Kabupaten Bantul dan Gunung Kidul,
Yogyakarta.  Prosiding SNaPP2016 Sains dan Teknologi.
http://proceeding.unisba.ac.id/index.php/sains_teknologi/article/view/
660 [Indonesian]

IPCC. 2006. Chapter 4: Forest Land. In Eggleston S, Buendia L, Miwa K,
Ngara T, Tanabe K (eds). 2006 IPCC Guidelines for National
Greenhouse Gas Inventories. IGES, Hayama, Japan.

Ilvando D, Banuwa IS, Bintoro A. 2019. Karbon Tersimpan pada Berbagai
Tipe Kerapatan Tegakan di Hutan Rakyat Desa Sukoharjo |
Kecamatan Sukoharjo Kabupaten Pringsewu. Jurnal Belantara 2 (1):
53-61. [Indonesian]

Khan MNI, Shil MC, Azad MS, Sadath MN, Feroz SM, Mollick AS.
2018. Allometric relationships of stem volume and stand level carbon
stocks at varying stand density in Swietenia macrophylla King
plantations, Bangladesh. For Ecol Manag 430: 639-648. DOI:
10.1016/j.foreco.2018.09.002

Kongprasert N, Wangphanich P, Jutilarptavorn A. 2019. Charcoal
briquettes from Madan wood waste as an alternative energy in
Thailand.  Procedia  Manufacturing  30:  128-135.  DOI:
10.1016/j.promfg.2019.02.019

Lauri P, Kallio AMI, Schneider UA. 2012. Price of CO2 emissions and
use of wood in Europe. For Pol Econ 15: 123-131. DOI:
10.1016/j.forpol.2011.10.003

Magurran AE. 1988. Ecological Diversity and Its Measurement. Croom
Helm Ltd, London.

Mueller-Dombois D, Ellenbergh H. 1974. Aims and Methods of
Vegetation Ecology. Kartawinata K, Abdulhadi R. 2016. LIPI Press
and Yayasan Pustaka Obor Indonesia, Jakarta. [Indonesian]

Nurfatriani F, Darusman D, Nurrochmat DR, Yustika AE, Muttagin MZ.
2015. Redesigning Indonesian forest fiscal policy to support forest
conservation. For Pol Econ 61: 39-50. DOI:
10.1016/j.forpol.2015.07.006

Nurfatriani F, Nurrochmat DR, Salminah M. 2019. Opsi Skema
Pendanaan Mitigasi Perubahan Iklim di Sektor Kehutanan. Jurnal
llmu Kehutanan 13 (1): 98-113. DOI: 10.22146/jik.46210
[Indonesian]

Purwanto RH, Ginting NA. 2011. Potensi Produksi Arang dari Hutan
Rakyat Desa Bangunjiwo, Kecamatan Kasihan, Bantul, Daerah

BIODIVERSITAS 22 (8): 3207-3218, August 2021

Istimewa Yogyakarta. Jurnal Iimu Kehutanan 5 (2): 118-126. DOI:
10.22146/jik.1856 [Indonesian]

Purwanto RH, Rohman, Maryudi A, Yuwono T, Permadi DB, Sanjaya M.
2012. Potensi Biomasa dan Simpanan Karbon Jenis-Jenis Tanaman
Berkayu di Hutan Rakyat Desa Nglanggeran, Gunungkidul, Daerah
Istimewa Yogyakarta. Jurnal Ilmu Kehutanan 6 (2): 128-141. DOI:
10.22146/jik.5778 [Indonesian]

Rakatama A, Pandit R, Iftekhar S, Ma C. 2018. How to design more
effective REDD+ projects - The importance of targeted approach in
Indonesia. J For Econ 33: 25-32. DOI: 10.1016/j.jfe.2018.10.003

Sadono R, Pujiono E, Lestari L. 2020. Land cover changes and carbon
storage before and after community forestry program in Bleberan
village, Gunungkidul, Indonesia, 1999-2018. For Sci Technol 16 (3):
134-144. DOI: 10.1080/21580103.2020.1801523

Setiahadi R. 2017. How significant is the existence of forest community
contribution in GHG emissions reduction? J Eng Appl Sci 12 (19):
4826-4830. DOI: 10.3923/jeasci.2017.4826.4830

Silori CS. 2015. Ecosystem services and sustainable development. In
Dhaundiyal VK, Sundriyal M (eds.). Ecosystem Services and its
Mainstreaming in Development Planning Process. USERC and
Bishen Singh Mahendra Pal Singh, Dehradun, India. DOI:
10.1007/978-3-319-63951-2_423-1

Stjepan P, Mersudin A, Dzenan B, Nenad P, Makedonka S, Dane M,
Spela PM. 2015. Private forest owners’ willingness to supply woody
biomass in selected South-Eastern European countries. Biomass
Bioenergy 81: 144-153. DOI: 10.1016/j.biombioe.2015.06.011

Sulistyo J, Lukmandaru G, Prasetyo VE, Marsoem SN. 2010.
Karakteristik biomasa komponen pohon jati dari hutan rakyat di
Gunung Kidul. Prosiding Seminar “Hutan Kerakyatan Mengatasi
Perubahan Iklim”, Fakultas Kehutanan, Universitas Gadjah Mada,
Yogyakarta. [Indonesian]

Suryanto P, Sadono R, Yohanifa A, Widyawan MH, Alam T. 2021. Semi-
natural regeneration and conservation in agroforestry system models
on small-scale farmers. Biodiversitas 22 (2): 858-865. DOI:
10.13057/biodiv/d220240

Wardhana W, Sartohadi J, Rahayu L, Kurniawan A. 2012. Analisis
Transisi Lahan di Kabupaten Gunungkidul dengan Citra
Penginderaan Jauh Multi Temporal. Jurnal 1lmu Kehutanan VI (2):
89-102. DOI: 10.22146/jik.5737 [Indonesian]

Weigel A, Bembenek M, Lacka A, Mederski PS. 2018. Relationship
between stand density and value of timber assortments: a case study
for Scots pine stands in north-western Poland. New Zealand J
Forestry Science 48(12): 1-9. DOI: 10.1186/s40490-018-0117-7

Wirabuana PYAP, Setiahadi R, Sadono R, Lukito M, Martono DS. 2021.
The influence of stand density and species diversity into timber
production and carbon stock in community forest. Indon J For Res 8
(1): 13-22. DOI: 10.20886/ijfr.2021.8.1.13-22

Wirabuana PYAP, Setiahadi R, Sadono R, Lukito M, Martono DS,
Matatula J. 2020. Allometric equations for estimating biomass of
community forest tree species in Madiun, Indonesia. Biodiversitas 21
(9): 4291-4300. DOI: 10.13057/biodiv/d210947

Withey P, Johnston C, Guo J. 2019. Quantifying the global warming
potential of carbon dioxide emissions from bioenergy with carbon
capture and storage. Renew Sustain Energ Rev 115: 109408. DOI:
10.1016/j.rser.2019.109408

Xu M, Ma L, Jia Y, Liu M. 2017. Integrating the effects of latitude and
altitude on the spatial differentiation of plant community diversity in a
mountainous ecosystem in China. PLoS ONE 12 (3): 0174231. DOI:
10.1371/journal. pone.0174231

Zhang X, Cao QV, Xiang C, Duan A, Zhang J. 2017. Predicting total and
component biomass of Chinese fir using a forecast combination
method. IForest 10 (4): 687-691. DOI: 10.3832/ifor2243-010

Zulkarnaen RN. 2020. Struktur vegetasi dan simpanan karbon hutan
rakyat Desa Sambak, Magelang, Jawa Tengah. Buletin Kebun Raya
23 (2): 104-113. DOI: 10.14203/bkr.v23i2.262. [Indonesian]



