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The condition of community-managed forest areas varies according to biophysics
characteristics and management activities. This study aims to investigate the condition of
vegetation and soil carbon stocks of various types of forest management by the
community in Karang Sidemen Village, Lombok, Indonesia. In the study area, it was
found 4 types of landuse management, namely; dense forest-like vegetation (Tpl),
moderate vegetation with intensive (Tp2) and less intensive (Tp3) under-stand
cultivation, and sparse vegetation resembling dryland agriculture (Tp4). Vegetation
condition was analyzed based on satellite derived NDVI index and field observation.
Sentinel satellite images for 2015 and 2019, with a resolution of 10x10 m was used. Field
data collection was carried out in August 2019. It was made 5 sample plots of 20x20 m
for each management type. Vegetation data with diameter (D) > 20 cm, 10 cm <D< 20
cm, 2 cm <D< 10 cm and D< 2 cm were collected from plots of 20x20 m, subplots 10x10
m, 5x5 m and 2x2 m, respectively. Soil samples were taken diagonally on a 20x20 m
plot, at a depth of 0-5 cm, 5-10 cm, 10-20 cm and 20-30 cm. The results showed that the
NDVI derived vegetation index for 2015 and 2019 images showed different patterns for
the four types of management. The number of species for Tpl, Tp2, Tp3 and Tp4 were
9, 15, 9 and 8 species, respectively. The dominant species are generally from groups of
plants providing economic benefits such as avocado (Persea americana), candlenut
(Aleurites moluccana), cocoa (Theobroma cacao), coffee (Coffea canephora), jackfruit
(Artocarpus heterophyllus), mangosteen (Garcinia mangostana) and guava (Psidium
guajava). Soil carbon stocks of the four types of management at a depth of 0-5 cm, 5-10
cm, 10-20 cm and 20-30 cm werel8.61-21.04 tons C/ha, 16.56-20.80 tons C/ha, 29.66-
34.48 tons C/ha and 27.54 - 33.66 tons C/ha, respectively. The soil carbon stock of denser
vegetation is higher than that of medium and sparse vegetation. Therefore, forest
management with the community needs to maintain forest-like vegetation.

1. INTRODUCTION

from below the surface through dead and decaying roots [12-
14]. Soil carbon decrease through respiration of soil organisms,

Forests have an important role in mitigating climate change,
partly because of their ability to absorb carbon in the
atmosphere and store it in biomass above and below the soil
surface [1]. Changes in the structure and composition of forest
vegetation naturally or as a result of human activities may
change the above and below surface biomass productivity, and
finally changes in carbon stocks [2, 3]. In general, conversion
of natural forests to agroforestry and agricultural systems lead
to a decrease in carbon stocks [4-6], and conversely, changes
from agriculture to agroforestry and to forest systems increase
carbon stocks [7].

Forest carbon stocks are in the form of live standing
biomass carbon, dead biomass and soil carbon. Of these three
forms of carbon stocks, soil carbon stocks are unique since soil
carbon in addition to playing an important role in the carbon
cycle is also important in maintaining soil productivity and
ecosystem services [8, 9]. Changes in land cover from forest
to non-forest have a direct impact on the decrease in standing
biomass and above-ground carbon stocks, while soil carbon
stocks change take a longer period of time [10, 11]. Soil carbon
come from above the surface through litter decomposition and
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decomposition and leaching with groundwater [15-17].

The qualitative and quantitative characteristics of forest
soils from the carbon aspect is influenced by a complex
interaction of climatic factors, soil type, species and
management [2, 18, 19]. Conversion of primary forest to cocoa,
coconut and rubber plantations can reduce soil carbon content
by 60%, 55% and 35%, respectively [20]. Soil carbon
concentrations were also found to decrease drastically after
limited logging [10]. Cultivation by clearing forest land leads
to a decrease in soil organic carbon content [21]. Changes in
management systems from natural forests to agroforestry
systems result in a decrease in soil organic carbon stocks [22,
23], whereas changes from agricultural systems to
agroforestry and afforestation result in an increase in soil
organic carbon stocks [22, 24]. The application of agroforestry
systems for 10-20 years is more effective in improving soil
organic carbon stocks compared to agroforestry for <10 years
[23]. These data and facts show that differences in species
composition and age of stands that occur naturally or as a
result of different management affect soil carbon stocks [18,
19].


https://crossmark.crossref.org/dialog/?doi=10.18280/ijdne.160604&domain=pdf

The carbon stocks of forest areas managed by communities
continue to attract attention due to variations in forest area
management practices as a consequence of various factors.
Cedamon et al. [25] showed that in general, the community
who manages the area chooses a silviculture that has been
determined, can be done according to capacity and produces a
variety of forest products. Sabastian et al. [26] showed that
decision making for the adoption of timber and non-timber
forest management practices is influenced by extension factors,
facilitation of farmer groups, knowledge of regulations and
species selection, land area and farmer income levels from on
and off farm. The variation in forest area management
practices by these communities has the potential to produce
differences in terms of vegetation structure, vegetation
diversity and carbon stocks. In addition, variations in local
characteristic factors such as climate and soil properties also
play an important role in determining soil carbon [27-29].

Concerning forest management, Markum et al. [5] has
researched carbon stocks, including soil carbon, in various
land-use systems such as simple agroforestry, mahogany
agroforestry, candlenut agroforestry, and multi strata
agroforestry. However, this study does not emphasize the
density level of coverage, while the coverage factor also
determines the carbon stock. Therefore, soil carbon research
in community-managed forest areas by considering coverage
and land management practices is required.

This study aims to investigate the vegetation and soil carbon
stock under different types of forest management in
community-managed protected forest areas in Karang
Sidemen Village, Lombok, Indonesia. This paper will argue
that in order to conserve forest soil carbon, community
involved in forest management should maintain forest like-
cover in their managed area. This paper consisted of four main
sections including introduction, method, results and discussion,
and conclusion.

2. METHOD
2.1 Research site description

The research was carried out in the Karang Sidemen
Community Forest (CF), in the Karang Sidemen Village,
Batukliang Utara Subdistrict, Lombok, Indonesia (Figure 1).
Field data collection was carried out in August 2019.

The research site based on the elevation data of National
Digital Elevation Model (DEMNAS) from the Indonesian
Geospatial Information Agency ranges from 487-738 m above
sea level (https://tanahair.indonesia.go.id/demnas/#/).
According to the Schmidt Ferguson climate classification,
study area has been group to type C with a Q value ranging
from 0.33 -0.60. Q value represents the ratio of the number of
dry months (rainfall < 60 mm/month) and wet months (rainfall >
100 mm/month) [30]. Annual rainfall is shown by nearest
rainfall station (Lingkok lime station) to study site is 2469
mm/year [31].
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Figure 1. Research site
2.2 Sample plots and data collection

The sample plots were placed purposively by considering
land management. The type of land management was
determined through a visual analysis of the appearance of the
land cover on high-resolution image (google earth images) and
direct observation in the field. In the research site, it was found
4 groups of management types, ranging from forest-like
management with dense vegetation to the dominant
agricultural land management type of seasonal crops as shown
in Table 1.

In this study, 20 sample plots were made, which is 5 sample
plots for each type of land management. The sample plot size
is based on the Indonesian National Standard (SNI 7724:2011)
[32] which is a plot of 20x20 m with a subplot of 10x10 m, a
subplot of 5x5 m and a subplot of 2x2 m, for the collection of
vegetation with diameter of (D)>20 cm, 10 cm <D< 20 c¢m, 2
cm <D< 10 cm, and D< 2 cm, respectively. Soil samples for
analysis of soil carbon and soil bulk density were taken
diagonally on the 20x20 m plot, at a depth of 0-5 cm and 5-10
cm, 10-20 cm, and 20-30 cm.

2.3 Analysis of vegetation based on satellite imagery
derived vegetation index

The performance of each type of land management in the
sample plots for a period of 5 years was analyzed using the
Normalized Difference Vegetation Index (NDVI) vegetation
index derived from sentinel satellite imagery with a resolution
of 10x10 m. Image data were obtained from the website
(https://eartheexplorer.usgs.gov/). NDVI is one of the
vegetation indices that can be used for analysis of vegetation
change [33, 34]. NDVI is a vegetation index calculated from
red (R) and near infra-red (NIR) reflectance using formula
(NIR-R)/(NIR+R) [35]. On sentinel satellite, R dan NIR is in
band 4 dan band 8, respectively [36]. NDVI value vary from -
1 to 1 where high NDVI values indicate a dense vegetation,
and low NDVI value indicate less vegetation or bare soil [37].

Table 1. Four group of forest management types

No Type Description
1 Tpl Dense vegetation resembling forest (vegetation with diameter 20cm >150/ha)
2 Tp2 Medium vegetation with intensive under-stand utilization (vegetation with diameter 20 cm < 100/ha)
3 Tp3  Medium vegetation with less intensive under-stand utilization (vegetation with diameter 20 cm < 100/ha)
4 Tp4 Sparse vegetation resembling dryland agriculture (vegetation with diameter 20 cm < 60/ha)
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2.4 Analysis of vegetation diversity and soil carbon

Parameters of vegetation diversity analyzed included
species, density and Important Value Index (IVI) [38, 39]. IVI
values for diameter (D) 20> cm, 10 cm< D<20 c¢m, 2 cm< D<
10 cm were determined from the combined values of relative
density, relative frequency, and relative dominance of a
species. The IVI value for vegetation with D < 2 cm was
obtained from the combined value of relative density and
relative frequency. The relative density value is the percentage
of the number of a species to the total species found in the
observation plot. The relative frequency value is the
percentage of the number of plots where a species is found to
the total plot of observations. The relative dominance value is
the percentage of the base area of a species to the total area of
the base area in the observation plot. An example of IVI
analysis procedures can be seen in many resources such as in
[40].

Soil carbon content of soil samples taken from sample plots
was determined through laboratory analysis using the Walkey
and Black standard with colorimetric method [41, 42]. Soil
carbon stock was calculated as follows Ct =%C.p.d, where Ct
is carbon stock (g/cm?), p is soil bulk density (g/cm?), C is soil
carbon, and d is soil depth (cm) [32].

3. RESULTS AND DISCUSSION

3.1 Vegetation performance based on satellite imagery
vegetation index

The vegetation condition of the sample plot of 20x20 m
based on the NDVI value from the Sentinel satellite images
with a resolution of 10x10m is as shown in Figure 2. In general,
the NDVI for the four land management types in July has a
higher value than the NDVI value in September and October.
The NDVI value can be used as an indicator of the greenness
of vegetation [43]. In the study area, July is the end of rainy
season or the beginning of dry season, where soil water content
still relatively high which affects the greenness of the
vegetation. The ground cover plant still has enough water to
keep it looking green. On the other hand, in October which is
the end of the dry season or before the start of the rainy season,
some of the vegetation adapts to the reduction in the
availability of water in the soil. Cover crops partially or even
completely dry up depending on the level of soil water
availability. Tree vegetation also adjusts its physiological
activity. Limited soil water content may cause tree vegetation
to accelerate the aging process of leaves and drop leaves, so
that, they look drier than that of in the conditions with
sufficient soil water supplies. Zhang et al. [44] showed that the
tropical forest areas of Southeast Asia have a maximum NDVI
value at the end of the rainy season and this NDVI value
continues to decline during the dry season.

From Figure 2, it can be explained that the NDVI values in
the four land management types have different characteristics.
In the Tpl management type, the NDVI values in the July-
September and October 2019 were not too different. The
difference in July and October NDVI values for Tpl
management was very contrast compared to that for Tp2 and
Tp4 management types. The difference NDVI-July and
NDVI-October in both management types (Tp2 and Tp4) was
higher than that in the Tp1 management type. The condition of
the land that is more open with less tree vegetation or a larger
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portion of space for seasonal crops causes the large difference
for NDVI-July and NDVI-October. Zaitunah et al. [35]
showed that the NDVI of primary dry forest is higher than that
of secondary dry forest. NDVI has a value from -1 to 1, a
negative NDVI value indicates open land while positive NDVI
value represents vegetated land [37].
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Figure 2. Vegetation condition based on NDVI at the plot of
20x20 m

The land management in community forest in study area in
the previous 4-5 years can be seen by comparing the NDVI
values in October 2015 and October 2019. From these data, it
can be explained that the NDVI October 2015 and NDVI
October 2019 for each type of land management are almost the
same. This indicates that land management from 2015 to 2019
has similarities. Based on interviews with landowners, such
management patterns have been happening for decades,
however, satellite data with a resolution of 10 x 10 m is
available only from 2015. Satellite images with a lower
resolution of 30x30m, such as Landsat images, are relatively
available but are not considered for the reason that land
ownership is relatively narrow and land management varies
between land managers. Erinjery et al. [36] showed that high
spectral and spatial resolution are the advantages of Sentinel
imagery in tropical rain forest monitoring.

3.2 Analysis of vegetation based on sample plot

The number of species found in all types of land
management is 20 species. The number of species for Tpl,
Tp2, Tp3 and Tp4 management type were 9, 15, 9 and 8
species, respectively (Table 2). From the total of 20 species,
three species were found in the four management type, namely
jackfruit (Artocarpus heterophyllus), avocado (Persea
americana) and coffee (Coffea canephora), four species,
namely durian (Durio zibethinus), rambutan (Nephelium
lappaceum), candlenut (Aleurites moluccana) and Ceiba
pentandra were found in three management type, and four
other species, namely cocoa (Theobroma cacao), longan
(Dimocarpus longan), Dalbergia latifolia and Erythrina
variegata were found in two management type. The species
found in only one management type were 9 species, namely
mango (Mangifera indica), Gnetum gnemon, Leucaena
leucocephala, banana (Musa paradisiaca), guava (Psidium
guajava), white teak (Gmelina arborea), Baccaurea dulcis,
Gliricidia sepium and mangosteen (Garcinia mangostana).
Vegetation found in more than two forest management types
have high economic value including fruit-producing plant,
thus, the community tend to plant these species of vegetation.
This is because in protected area, harvesting of wood is
prohibited, also, this is the reason why timber product is
lacking in the community-managed protected forest area.



However, there is a woody species plant (such as Ceiba
pentandra) that has low economic value, but function as a
shade for understory vegetation.

Table 2. Species of vegetation found at sample plots

No species Tpl Tp2 Tp3 Tp4
1  Artocarpus heterophyllus v v v v
2 Persea americana % \% v v
3 Coffea canephora v v v v
4 Durio zibethinus % v v -
5 Nephelium lappaceum Y v v -
6 Aleurites moluccana Y Y - v
7 Ceiba pentandra Y Y - v
8 Theobroma cacao Y Y - -
9 Dimocarpus longan - Y v -
10 Dalbergia latifolia - v v
11 Eryhtrina variegata v - - v
12 Mangifera indica - v - -
13 Gnetum gnemon - Y - -
14 Leucaena leucocephala - v
15 Musa paradisiaca - v - -
16 Psidium guajava - v - -
17 Gmelina arborea - - v -
18 Baccaurea dulcis - - v -
19 Gliricidia sepium - v -
20 Garcinia mangostana - - - v

15 9 8

It can also be explained from Table 2 that the 20 species
found in the research site are consisted of 11 species of
multipurpose plants species (Artocarpus heterophyllus,
Persea americana, Durio zibethinus, Nephelium lappaceum,
Aleurites moluccana, Dimocarpus longan, Mangifera indica,
Gnetum gnemon, Psidium guajava, Baccaurea dulcis and
Garcinia mangostana), 6 species of forest tress (Ceiba
pentandra, Dalbergia latifolia, Erythrina variegata, Leucaena
leucocephala, Gmelina arborea and Gliricidia sepium), 2
species of shrubs (Coffea canephora and Theobroma cacao)
and 1 species of herb (Musa paradisiaca). Based on these data,
about 70% of species belong to the group of multipurpose trees,
shrubs and herbs, and the rest of 30% is of forest trees species.
The condition of vegetation with a larger proportion of
multipurpose trees and shrubs compared to forest trees has
become a common feature of community-managed forest
areas. Idris et al. [45] also found the dominance of
multipurpose trees and shrubs in protected forest areas
managed by the community in the Aikbual community forest

which is also in Lombok Island. This has also become a
common characteristic of community-managed protected
forest areas, which prioritize species that produce any
economic product as a source of family income [5].

The number of species for each management type and
vegetation diameter group are presented in Table 3. For all
management type, the number of species with diameter (D):
D>20 cm, 10 cm<D<20 cm, 2 cm <D<10 cm and D<2 cm is
13,9, 6 and 6 species, respectively. Based on the management
type, the number of species in vegetation with D > 20 cm is 4-
10 species, 10 cm< D<20 cm is 1-6 species, 2 cm< D<10 cm
is 1-4 species, and D<2 cm is 1-4 species. The number of
species found in Tp2 was relatively higher than that of the
other three management types. The Tp2 management type is
relatively more intensive than the other three management
types. In general, the number of species found in D > 20 cm
was higher than that of in the 10 cm <D<20 cm, 2 cm< D<10
cm and D<2 cm. Less number of species at D<2 cm and 2 cm<
D<10 cm indicates the number of species tend to decrease in
the future. This needs to pay attention of the parties to
anticipate so that the diversity of vegetation can be maintained.
The number of species found in the study site was lower than
that of reported by Markum et al. [5] that the number of species
with D > 5 cm in multistrata agroforestry systems and primary
forest in the Jangkok Watershed in Lombok Island were 18
species and 38 species, respectively.

Vegetation density for each diameter group and land
management type is presented in Table 4. For vegetation D>20
cm, the highest density of 170 trees’ha was found in the
management type Tpl, while the lowest density of 55 trees/ha
was found Tp4. Vegetation density for 10 cm <D<20 cm
ranged from 20 trees/ha found in the Tp4 to 280 trees/ha in the
Tp3. Contrast difference in vegetation density was observed in
vegetation with D<2 cm, which ranged from 500 seedlings/ha
in the Tp4 to 16,500 seedlings in the Tpl. This fact indicates
that different land management produce different levels of
vegetation density. The vegetation density of community-
managed forest areas, especially on the island of Lombok, has
become an important concern because it is one of the
references in payment for carbon environmental services.
Sukardi et al. [46] reported that Aikbual community forest
farmers in Lombok Island participated in the development of
the Plan Vivo scheme of environmental services by adding 290
multipurpose and forestry crops per ha so that the tree
population in the managed land was 400 trees per ha.

Table 3. Number of species in each management type

No Management type D>20cm 10cm<D<20cm 2cm<D<10cm D<2cm

1 Tpl 6
2 Tp2 8
3 Tp3 4
4 Tp4 5
5 All 13

4 3 2
6 4 4
4 2 2
1 2 1
9 6 6

Table 4. Stand density for each management type (per ha)

No Management type D>20 cm 10 cm<D<20cm 2 cm<D<10cm D<2 cm

1 Tpl 170
2 Tp2 100
3 Tp3 80
4 Tp4 55
5 All 101

160 640 16500
180 720 3000
280 160 1000
20 160 500

160 320 5250




Table 5. Basal area of vegetation for each management type (m? per ha)

No Management type D>20 cm 10 cm < D<20 cm 2 cm< D<10 cm

1 Tpl 32.05
2 Tp2 10.06
3 Tp3 5.58
4 Tp4 5.84
5 All 13.38

2.94 2.05
2.94 3.40
4.70 0.62
0.16 0.61
2.68 1.11

Table 6. Important Value Index (IVI) for each management type

No D>20 cm 10 cm<D<20 cm 2 cm<D<10 cm D<2 cm
Species VI Species VI Species VI Species VI
Tpl
1 Erythrina variega 136.3  Theobromacacao  123.6 Coffea canephora  199.0 Coffea canephora 177.0
2 Durio zibethinus 62.8 Durio zibethinus 75.7  Persea americana 52.5 Artocarpus heterophyllus 23.0
3 Artocarpus heterophyllus 43.2  Erythrinavariegata  51.2 Durio zibethinus 485 - -
4 Aleurites moluccana 24.6  Nephelium lappaceum 49.5 - - - -
5 Ceiba pentandra 21.9 - - - - - -
6 Theobroma cacao 11.1 - - - - - -
Total 300.0 Total 300.0 Total 300.0 Total 200.0
Tp2
1 Artocarpus heterophyllus 108.3  Theobroma cacao 84.1  Musa paradisiaca  161.73 Psidium guajava 58.3
2 Ceiba pentandra 52.4 Durio zibethinus 80.2  Theobromacacao  60.34 Leucaena leucocephala 58.3
3 Aleurites moluccana 35,5  Dimocarpus longan  42.9 Durio zibethinus 40.17 Durio zibethinus 41.7
4 Dalbergia latifolia 26.1 Gnetum gnemon 326  Coffea canephora  37.77 Coffea canephora 41.7
5 Durio zibethinus 22.4 Persea americana 30.1 - - - -
6 Gnetum gnemon 18.9 Leucaena leucocephala 30.1 - - - -
7 Nephelium lappaceum  18.6 - - - - - -
8 Mangifera indica 17.8 - - - - - -
Total 300.0 Total 300.0 Total 300.0 Total 200
Tp3
1 Persea americana 117.0  Perseaamericana  184.0 Persea americana  150.0 Persea americana 100.0
2 Artocarpus heterophyllus 97.1 Durio zibethinus 66.3  Gliricidia sepium  150.0 Coffea canephora 100.0
3 Gmelina arborea 60.8  Dimocarpus longan  25.3 - - - -
4 Baccaurea dulcis 25.1 Nephelium lappaceum 24.4 - - - -
Total 300.0 Total 300.0 Total 300.0 Total 200.0
Tp4
1 Aleurites moluccana  100.3 Garcinia mangostana 300.0  Persea americana  150.0 Coffea canephora 200.0
2 Dalbergia latifolia 717 - - Garcinia mangostana 150.0 - -
3 Artocarpus heterophyllus 59.6 - - - - - -
4 Ceiba pentandra 37.1 - - - - - -
5 Erythrina variegata 313 - - - - - -
Total 300.0 Total 300.0 Total 300.0 Total 200.0

The basal area of the stand at the study site is presented in
Table 5. From the table it is clear that for D>20 cm, the basal
area of Tpl1 is the highest followed by Tp2 and Tp3. The basal
area is a very influential factor for the calculation of carbon
stocks above ground surface [5]. Basal area can be an indicator
of soil organic matter input so that it plays an important role in
determining soil carbon content [29].

Species based on the analysis of the Important Value Index
(IVI) for vegetation D>20 cm, 10 cm <D< 20 cm, 2 cm <D<10
cm and D<2 cm at the study site are presented in Table 6.
Based on the data in the table the species with highest IVI for
management type of Tpl, Tp2, Tp3 and Tp4 were: Erythrina
variegata, Artocarpus heterophyllus, Persea americana and
Aleurites moluccana, respectively for D>20 cm; Theobroma
cacao, Theobroma cacao, Persea americana and Garcinia
mangostana, respectively for the 10 cm< D< 20 cm; Coffea
canephora, Musa paradisiaca, Persea americana, Persea
americana, respectively for 2 cm< D< 10 cm; and Coffea
canephora, Psidium guajava, Persea americana, Coffea
canephora, respectively for D< 2 cm. This IVI shows that the
important species except for Erythrina variegata are all
included in the multipurpose and shrub group. This fact also
has been reported by Markum et al. [5] that Theobroma cacao,
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Musa paradisiaca, Coffea canephora, Nephelium lappaceum
and Lansium domesticum are the important species on
community-based forest land managed with an agroforestry
system.

3.3 Soil carbon content and carbon stock

The average soil carbon content of the four management
types ranged from: 5.26-6.81% for a depth of 0-5 cm; 4.94 -
6.55% for a depth of 5-10 cm, 4.35-5.93% for a depth of 10-
20 cm; and 4.01-5.68% for a depth of 20-30cm (Table 7). In
general, Tpl with denser vegetation tends to have higher soil
carbon content than that of Tp4 which resembles dryland
agriculture. The Tp2 dan Tp4 with more intensive in soil
cultivation has lower soil organic matter content than that of
Tpl and Tp3 with less intensive in soil cultivation. Berihu et
al. [47] showed the level of soil organic carbon due to
differences in vegetation and management, from highest to
lowest was dense vegetation, open forests, grasslands and
agricultural land. Hairiah et al. [48] reported that soil carbon
content in a layer of 0-30 cm on land with dominant seasonal
crops, simple agroforestry, and complex agroforestry has
lower 40%, 27.5% and 14%, respectively, compared to natural



forest soils.

Soil carbon stocks for a certain depth and management
types on average ranged from: 18.61-21.04 tons C/ha for a
depth of 0-5cm, 16.56-20.80 tons C/ha for depths of 5-10 cm,
29.66-34.48 tons C/ha for depths of 10-20 cm, 27.54-33.66
tons C/ha for depths 20-30cm (Table 8). Similar to soil carbon
content, Tpl with denser vegetation tends to have higher soil
carbon stock than that of Tp4 with dry land agriculture. Land
with more intensive soil cultivation (Tp2 and Tp4) tend to
have lower soil carbon stocks than that of less intensively soil
cultivation (Tpl and Tp3). Chatterjee et al. [23] showed that
changes from forest to agroforestry, and from agroforestry to
agricultural systems have an impact on decreasing soil carbon
stocks. Activities in forest management can affect soil carbon
stocks. For example, the removal of biomass from land for
feed and fuel, including land preparation that destroys the soil,
has an impact on decreasing soil carbon stocks [19]. Pinheiro
et al. [49] showed that soil carbon stocks in the top soil 0-10
cm after 6 years of cultivation were higher than conventionally
cultivated land.

Soil carbon in the study area showed that soil carbon stocks
tend to decrease with increasing soil depth (Table 7 and Table
8). The condition of soil carbon content that decreases with
soil depth is similar to that presented by Liu et al. [18] that soil
carbon in the 0-10 cm layer is higher than 10-20 cm and 20-30
cm. Monroe et al. [50] reported that +37.5%, £21% and
+16.5% of soil carbon stocks at 0-100 cm was found in the
layers of 0-20 cm, 20-40 cm and 49-60 cm, respectively. Soil
carbon comes from litter at the soil surface so that it is
understandable if soil carbon accumulates higher in the upper
than in the deeper layers. The carbon content in the deeper
layers comes from weathering of plant roots whose supply rate
is lower than the weathering of litter on the soil surface. Angst
et al. [12] showed that the main source of soil carbon comes
from local plant roots.

Table 7. Soil organic C content for each management type

Soil depth
No Management YP€ ¢ 5 .1y, 510 em 10-20 em 20-30 cm
1 Tpl-average (%) 6.81 6.55 5.87 5.68
- deviation (%) 0.33 0.45 0.67 0.52
2 Tp2- average (%) 6.00 5.42 4.77 4.00
- deviation (%) 0.69 0.91 0.67 0.54
3  Tp3-average (%) 6.49 6.29 5.93 5.67
- deviation (%) 0.20 0.35 0.62 0.45
4 Tp4- average (%) 5.26 4.94 4.35 4.01
- deviation (%) 0.71 0.70 0.46 0.70

Table 8. Soil carbon stocks for each management type

Soil depth
No Management type 0-5 5-10 10-20 20-30
cm cm cm cm
Tpl - average (ton
1 C/ha) 20.38  20.8 34.48 33.66
- deviation (ton C/ha)  3.26 3.22 4.31 3.39
o Tp2-average(ton 5 04 9933 3385 2935
C/ha)
- deviation (ton C/ha)  3.29 4.77 8.20 3.27
Tp3 - average (ton
3 Cha) 18.70 17.05  33.82 3345
- deviation (ton C/ha)  2.16 1.38 4.20 4.00
4 Tpd-average(ton o0 056 2966 2754
C/ha)
- deviation (ton C/ha)  2.30 1.80 3.38 4.40
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4. CONCLUSIONS

The condition of the vegetation indicated by the 2015 and
2019 NDVI values at the sample plot locations has unique
characteristics for the four types of management. The number
of species for Tpl, Tp2, Tp3 and Tp4 were 9, 15, 9 and 8
species, respectively. In the vegetation of D>20 cm, the
highest vegetation density (170 trees/ha) was found at Tpl,
and the lowest (55 trees/ha) at Tp4. In the D<2 cm, a
vegetation density of 16500 stems/ha was found at Tpl and
500 stems/ha was at Tp4. Species with the highest IVI value
are generally from groups of plants that provide economic
benefits such as jackfruit (Artocarpus heterophyllus), avocado
(Persea americana), candlenut (4leurites moluccana), cocoa
(Theobroma cacao), mangosteen (Garcinia mangostana),
coffee (Coffea canephora) and guava (Psidium guajava). The
average soil carbon content for the four management types at
a depth of 0-5 cm, 5-10 cm, 10-20 cm and 20-30 cm were 5.26-
6.81%, 494 - 6.55%, 4.35-593% and 4.01-5.68%,
respectively, while the average of soil carbon stocks ranged
from 18.61-21.04 tons C/ha, 16.56-20.80 tons C/ha, 29.66-
34.48 tons C/ha and 27.54 - 33.66 tons C/ha, respectively. Soil
carbon stock of dense vegetation (Tpl) is higher than those
other types of management, especially dryland agricultural
management (Tp4). This fact reflects the importance of
choosing forest management type which could maintain
forest-like vegetation. Results of this study may be suitable
under this local climate and soil type, therefore, similar study
on different climate and soil type should enrich the current
research.
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