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Abstract. Lestari F, Tua IN, Muzanni A, Nugroho DF, Wibowo AA, Wartono T, Widanarko B, Saepullah A, Modjo R, Farida M,
Erwandi D, Aryani DD, Kadir A, Widiatmoko Al, Hendra, Herwanto ZJ, Tejamaya M, Hamid RA, Fatmah, Gunawan EL, Setyowati DL,
Hafids MF, Yuliani R. 2023. Carbon sink and greenhouse gas emission of dryland vegetation cover in tourism villages in Flores Island,
East Nusa Tenggara, Indonesia. Biodiversitas 24: 1998-2005. Due to its natural features and scenery, the dryland ecosystem has
recently become a tourist destination. One of the growing dryland ecosystems for village tourism is Flores Island, East Nusa Tenggara,
Indonesia. Those tourism villages have the potential to promote carbon sequestration through the preservation of natural resources and,
at the same time, can release Green-House Gases (GHG). Despite growing research on carbon stock, there is little information on the
carbon budget of a dryland tourism village, which includes the values of carbon stock sequestered from the atmosphere and greenhouse
gas emissions. This research aimed to measure the carbon stock and GHG emissions in three villages containing paddy fields, savanna,
and forest covers. The measured gases, including COz, CHs, and N2O, were collected using the gas chamber method and analyzed using
gas chromatography. The result shows that forest land covers have the highest carbon stock, with average values of 97.44 Mg ha*
within the 57.34-117.5 Mg ha*. A low average carbon stock of 17.39 Mg ha* was observed in paddy fields. The GHG was in the order
of CO2 > CH4 > N20. The paddy field has higher GHG than other land covers, with average CO2, CH4, and N20 values of 292.45 ppm,
1.35 ppm, and 1.09 ppm. While COz, CHa, and N20O values for the forest were 281.05 ppm, 1.30 ppm, 1.05 ppm, 272.83 ppm, 1.26 ppm,
and 1.02 ppm for savanna covers.
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INTRODUCTION

Drylands, which include dry, semi-arid, and sub-humid
biomes, cover 42% (Pravilie 2016; Bastin et al. 2017;
Wang et al. 2022) of the land surface and are important for
a variety of ecological services. Dryland ecosystems
dominated the interannual variability of the global carbon
cycle (Poulter et al. 2014). As a result, carbon stocks in
drylands soils and vegetation are often lower when
expressed as carbon per unit area than in forested
ecosystems. For example, carbon stocks in above-and
below-ground plant biomass are often less than 100 Mg ha
C, particularly in wetter, drier sub-humid environments.
Similarly, organic carbon stores in the top 30 cm of soil are
normally less than 50 Mg ha? but can be significantly
greater in high-latitude temperate dry lands and mesic

grasslands (Bardgett et al. 2021). However, total carbon
expressed as the sum of above and below-ground plant
biomass and soil organic matter can significantly equal>
200 Mg hal across a wide portion of the dry lands when
combined (Gebregergis 2016).

Carbon dioxide (CO;), methane (CH4), and nitrous
oxide (N.O) are reported as main Green-House gases
(GHG). It is estimated that a global average of 2.28 + 50%
umol CO; m? s? released from the global forestland with
CH, is the second major greenhouse gas. While CO; is
mostly related to anthropogenic activities, the main CHa
sources were wetlands, ruminant animals, rice fields,
biofuel, etc. The amount of CH,4 by industrial origin was
smaller than that of biological origin. An annual average
CHy flux is given by —1.38 £ 2.80 pmol CHs m™2 h™%, with
a range from —9.38 pumol CHs m2 h'! to 3.53 umol CHa
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m2 hLIt was estimated that the mean N.O-emission rate
from tropical forest soils equals 1.23 + 2.09 umol N;O m™
h™* was at least 2-3 times higher than those from temperate
forest soils equaling 0.41 + 0.15 pmol N,O m™? h™L, In
dryland ecosystems (Chevallier et al. 2016; Leley et al.
2022), the GHG usually comes from agricultural lands due
to crop production, livestock production, indirect emission,
and agroecosystem. The activities within the agricultural
lands that contribute to GHG emissions comprise crop
residues production, application of N-fertilizer, livestock
enteric fermentation, manure storage, handling and
application, soil cultivation, using of machinery, fueling,
and transportation (Jantke et al. 2020).

A recent study shows the relationship between the
Normalized Difference Vegetation Index (NDVI) and GHG
(Shi et al. 2020). In an environment, GHG is caused by the
land use changes of a land cover, and NDVI is an index to
inform the particular land use changes. In terrestrial
ecosystems, NDVI has been used to assess the quality of
vegetated areas, including tourism villages. For example,
Singgalen and Manongga (2022a,b) have used the NDVI
method to assess the suitability of mangrove forests in
North Maluku Province for village tourism purposes. The
results confirm the NDVI ranges of 0.02-0.23. While in
Chattogram, Bangladesh, Rafa et al. (2021) used NDVI to
assess the suitability of forest covers in a botanical garden.

Indonesia is unquestionably one of the countries in the
world with enormous tourism potential. Therefore, a
tourism village (Kementerian Koperasi dan UKM Republik
Indonesia 2017) in the context of village tourism is an asset
based on rural potential with all its uniqueness and
attractiveness that can be empowered and developed as a
product of tourism to attract tourist visits to the location of
the village (Sudibya 2018). Currently, according to the
database provided by the Ministry of Tourism and Creative
Economy of Indonesia, as available at
https://jadesta.kemenparekraf.go.id/peta in Indonesia, there
are approximately 3,619 tourist villages across Indonesia.

In Indonesia, dryland ecosystems are characterized by
savanna, high temperature, and less precipitation in East
Nusa Tenggara Province (Buditama et al. 2021; Sutomo
and van Etten 2021). Generally, despite the growing
numbers and potential of village tourism in East Nusa
Tenggara, there is still a scarcity of data on the carbon
stock and GHG emissions in some villages designated as
tourist destinations. At the same time, this information is
very important and required for managing village tourism
immediately. Therefore, this study assesses the carbon
stock, NDVI, and GHG emissions of East Nusa Tenggara
tourism villages. This study will contribute to the
environmental dimension by providing insight into
sustainable tourism that can support the livelihood of the
community for the long term and, at the same time, can
mitigate GHG emissions.
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MATERIALS AND METHODS

Study area

The study was conducted in three tourism villages in
Flores Island, East Nusa Tenggara, and parts of Lesser
Sunda Island Province, Indonesia (Figure 1, Table 1). The
first village was West Detusoko, located in Ende District
from south latitude of 8.715° S to 8.750° S and east
longitude of 121.746° E and 121.799° E. The village,
sizing 4.77 km? is located within the Kelimutu National
Park landscape with elevations of 800 m above sea level
(https://jadesta.kemenparekraf.go.id/desa/detosoko_barat).
Mount Kelimutu is 1,690 m above sea level (masl).
Furthermore, a combination of forest covers, savanna covers,
paddy fields, and plantation covers across the village's hilly
areas characterizes the landscape. Most forest covers were
parts of Kelimutu National Park on the east side of this village.
The air temperature was 21.6°C for July-August and an
average of 25.5-31°C with precipitation rates of 1,651-3,363
mm year?.

The second village was Wae Rebo, located in Manggarai
District from south latitude of 8.744° S to 8.799° S and east
longitude of 120.272° E and 120.302° E. The village, sizing
1.02 km2, is surrounded by forest and savanna at elevations of
1,200 masl. Furthermore, the last village was Liang Ndara,
located in West Manggarai District from south latitude of
8.572° S to 8.630° S and east longitude of 119.918° E and
119.965° E. The village, sizing 22.45 km?, is surrounded by
forest and paddy fields at elevations of 725 masl.

Land cover surveys

The land cover and vegetation surveys of the designated
land in West Detusoko, Wae Rebo, and Liang Ndara Villages
were conducted following Figa et al. (2019). Vegetation
analysis was carried out in the designated land covers by
making sampling plots to record: the vegetation presence,
Diameter at Breast Height (DBH or at 1.37 m above the
ground), carbon stock, and GHG. The data collections with 10
m x 10 m plots for trees within forest covers, 5 m x 5 m plots
for seedlings, saplings, and shrubs within savanna covers, and
1 m x 1 m plots for ground covers and grasses within paddy
field covers (Pinto et al. 2021). In each land cover of each
village, three replicated transects were placed (Table 1), and
the surveys were implemented from August 2022 to October
2022. Furthermore, for each transect length at 100 m, ten
nested plots were placed along the transects, with five plots on
the right and another five on the left. Each nested plot has
different sizes depending on the land cover types (Figure 2).

Procedures
Land cover NDVI analysis

Normalized Difference Vegetation Index (NDVI)
measurement (Ibharim et al. 2015; Alatorre et al. 2016;
Rhyma et al. 2020) of land covers in West Detusoko, Wae
Rebo, and Liang Ndara Villages were following Philiani et
al. (2016), Kawamuna et al. (2017), and Sukojo and Arindi
(2019). The land covers in those villages was categorized
as forests, savannas, and paddy fields. NDVI is described
as a simple graphical indicator that can analyze remote
sensing measurements, often from a space satellite
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platform, assessing whether the target being observed
contains live green vegetation. The NDVI was measured by
analyzing the wavelength of satellite images retrieved from
Landsat 8 containing vegetation images and, in this study,
forest, savanna, and paddy field covers. This measurement
is possible since the cell structure of the vegetation leaves
strongly reflects near-infrared light wavelengths ranging
from 0.7 to 1.1 um (Suwanto et al. 2021). The calculation
of NDVI for each pixel of land cover was as follows:

near invisible red wavelength — red wavelength

NDVI = near invisible red wavelength + red wavelength

The NDVI was denoted as 0 (no vegetation) to 1 (high
vegetation density). The land covers are then categorized
and classified using NDVI following Suwanto et al. (2021).
Finally, the NDVI was analyzed and developed using
QGIS and included the following steps: acquiring satellite
images in particular near-invisible red wavelength and red
wavelength bands, calculating NDVI values using band
values, and visualizing the NDVI into the graphs.

Carbon stock calculation

The carbon stock for each land cover within each
designated sampling plot was calculated using a non-
destructive approach based on allometric methods (Lukina
et al. 2020) and tree diameter measurement at the Diameter
at Breast Height (DBH). The measurement of DBH to
estimate the carbon stocks were applied for trees in forest
covers and shrubs in savanna covers (Victor et al. 2019). In
this method, allometric models were established using
independent variables of DBH. The allometric models for
Above-Ground Biomass (AGB) estimation of each species
were following Kangkuso et al. (2018) and Kusmana et al.
(2018). The carbon stock was obtained from the above
biomass and DBH-based allometric equation as follows:
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Allometric model for AGB (Maulana et al. 2016.):
Log(AGB) =-0.267 + 2.23 Log(DBH) + 0.649 Log(WD)

DBH : Diameter at Breast Height

(WD) : Wood Density

Equation 1 is then used to estimate the carbon stock
using the following equation (Khaple et al. 2021):

Carbon stock = AGB x 0.47; the unit for carbon stock is
C ton/ha

Since the vegetation in paddy fields is dominated by
Oryza sativa L., carbon measurement is not based on DBH
measurement. In the field, O. sativa plants were uprooted
and taken to the laboratory to remove the soil and dirt.
Then, the roots of the rice plants were cut off and placed in
paper bags. Samples were oven-dried at 105°C for 0.5
hours and 70°C until constant weight. Afterward, the dry
weight of stems, leaves, and panicles of O. sativa was
weighed and recorded. Rice AGB (kg m™) was calculated
as the product of dry weight per plant (kg plant™) and plant
density (plant m2) (Wang et al. 2022).
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Figure 2. Survey layouts of West Detusoko, Wae Rebo, and Liang
Ndara Villages across land cover types in Flores Island, Indonesia
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Figure 1. Liang Ndara (A), Wae Rebo (B), and West Detusoko (C) Villages are located across land cover types in Flores Island,

Indonesia
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Green-House Gas (GHG) calculation

Measured GHGs include CO;, N>O, and CHy, and the
measurements were implemented directly within each
designated sampling plot in each land cover. The method
used following Heinemeyer and McNamara (2011), Oertel
et al. (2012), and Simek et al. (2014) using gas chambers.
In this method, an anti-corrosive stainless steel box sizing
50 cm x50 cm x 100 cm was placed onto the soil surface so
that the section of its base was open to the ground. The
advantages of stainless steel box were not permeable to
gases and were not releasing zinc and iron ions that could
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villages. NDVI values in West Detusoko, Wae Rebo, and
Liang Ndara Villages are available in Figure 3. The land
covers in Wae Rebo include forest and savanna, and paddy
fields in Liang Ndara Villages have the highest NDVI
values among other villages. Figure 4 depicts the carbon
stocks in three villages. For carbon stock, Liang Ndara
village has the highest carbon stock, with values ranging
from 57.34 Mg hal to 117.5 Mg ha™. The second village
was Wae Rebo, with carbon stock values of 67.21Mg ha™.
West Detusoko has the lowest carbon stock, ranging from
43.24 Mg ha'to 70.03 Mg ha™.

affect microbial activity and measurement. The chambers
were inserted into the soil with a depth of 20 cm to prevent
leakages. The gas within the chambers was then collected
using a syringe sizing 60 mL equipped with a needle of

0.45 mm x 13 mm and 12 mL pre-evacuated exetainers. om0 oE
From the chambers, the collected gas was taken using a =

syringe. The collected gas samples were then inserted into ox T T

12 mL storage exetainer vials to be transported into the .

laboratory for further gas volume readings. In the 3
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Detusoko
NDVI and carbon stock in West Detusoko, Wae Rebo,
and Liang Ndara Villages
Each village has different land cover types. For
example, West Detusoko was a village with paddy fields,
savanna, and forest land covers. Paddy field was absent in
Wae Rebo, while savanna was absent in Liang Ndara

Figure 3. Boxplots of NDVI in each land cover (paddy field,
savanna, forest) in West Detusoko, Wae Rebo, and Liang Ndara
Villages in Flores Island, Indonesia

Table 1. Geocoordinate of sampling plots in various land covers in East Nusa Tenggara tourism villages in Flores Island, Indonesia

Geocoordinates
(south latitude, east
longitude)

Elevations above
sea levels in m

Tourism villages Land cover types Size in km?

West Detusoko Paddy field -8.719701, 121.7510

-8.726379, 121.759346
-8.732094, 121.761035
-8.736530, 121.776775
-8.733126, 121.768592
-8.744339, 121.791445
-8.746794, 121.793251
-8.732623, 121.771102
-8.734224, 121.788178
-8.769010, 120.282228
-8.772294, 120.284776
-8.767830, 120.284304
-8.768576, 120.281206
-8.771762, 120.284372
-8.769655, 120.283316
-8.608576, 119.960795
-8.602729, 119.923849
-8.583796, 119.939205
-8.626646, 119.952451
-8.601165, 119.942703
-8.613482, 119.931584

4.77 800
Forest
Savanna
Wae Rebo Forest 1.02 1,200
Savanna
22.45 725

Liang Ndara Paddy field

Forest
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GHG in West Detusoko, Wae Rebo, and Liang Ndara
Villages

Paddy field land covers were only available in West
Detusoko and Liang Ndara villages. CO, always
outperformed CHs4 and N2O in all villages. GHG emissions
from paddy fields always exceeded those from other land
cover types in West Detusoko (Figure 5), in the order
paddy field > forest > savanna. While CO, > CH4 > N;O
was the order for GHG with average values of 292.45 ppm
> 1.35 ppm > 1.09 ppm for paddy field land covers, The
lowest GHG was observed in the savanna, with average
values for CO,, CHs, and N»O of 272.83 ppm > 1.26 ppm >
1.02 ppm. Furthermore, in Wae Rebo Village (Figure 6),
paddy field cover was absent, with only forest and savanna.
In this location, forest GHG exceeded savanna GHG. The
forest's CO2, CH4, and N20 average values were 207.76
ppm > 0.96 ppm > 0.77 ppm. While in the savanna, the
order for CO,, CHs, and N.O average values was 174.27
ppm > 0.80 ppm > 0.65 ppm. Paddy fields were present in
Liang Ndara Villages, and paddy field GHG average values
were exceeded by forest cover GHG (Figure 7).

Discussion

Paddy fields always have carbon stock values lower
than forest land covers in comparison among land cover
types. Compared to Liang Ndara, West Detusoko and Wae
Rebo villages were located at an elevation higher than
Liang Ndara. A consequence of inhabiting high altitudes is
facing the scarcity of water resources since water is
accumulated in the lower downstream areas. Water will
become more scarce, especially in dryland and within a
climate change era. As ecosystems are limited by water,
drylands are more vulnerable to climate change (Hanan et
al. 2021; Sutomo et al. 2023).

This study's dryland carbon stock values were
comparable to a previous result (Fu et al. 2021). Kurniawan
and Yuniati (2015) have previously measured the carbon
stock in East Nusa Tenggara and recorded a carbon stock
value of 52.68 Mg ha. Numerous factors influence carbon
stock values in dryland ecosystems, with water availability
(Koch and Missimer 2016) being the most prominent (Del
Campo et al. 2019). Among the various factors are
temperature,  precipitation, and atmospheric CO;
concentration. In drylands, precipitation (Ukkola et al.
2021) was the dominant factor affecting carbon stocks (Zhu
et al. 2019). Besides that, the vegetation composition is
also contributing to the carbon stock values. In this study,
forests were characterized by the presence of woody plants
absent in either paddy fields or savanna. According to
Abdullah et al. (2022), the presence of woody plants in
dryland ecosystems will increase plant density and carbon
stocks. At the global level (Table 2), the GHG values
obtained here are comparable and follow common patterns
that CO; has always exceeded CH. and NO,. However, CO-
emissions obtained here are still below the permissible limit
of 400 ppm.
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Table 2. Comparisons of global GHG with the previous study

Locations GHG Value (ppm). Land cover Sources
Hefei, China CO2  425-435 Paddy field Lietal.
CHa 1.86-1.98 (2023)
N0  0.33-0.34
Mazandaran, CO:2 746.5-1753.3  Forest Vatani et
Iran CHa 1.01-1.82 al. (2019)
N0  0.21-0.34
East Nusa CO2 156.55-333.81 Paddy field This study
Tenggara, CH4 0.72-1.54
Indonesia N20 0.58-1.25
CO2 174.27-333.81 Forest
CH4 0.80-1.54
N2O  0.65-1.25
CO. 174.27-297.77 Savanna
CH4 0.80-1.37
No.O  0.65-1.11

Note: Limit for CO2, N20, and CHais 400 ppm

In this study, agriculture practices in the form of paddy
fields were identified as contributing to GHG. The East
Nusa Tenggara region has a long history of dry agriculture
development and practices (Mulyani and Sarwani 2013;
Supari et al. 2018). Agricultural practices have occupied an
area equal to 3.3 million ha, or 71.7% of the province's
total area. In village tourism, paddy fields have become one
of the main tourist attractions instead of fulfilling their
daily livelihood. Tourists are drawn to specific tourist
villages to enjoy the unique scenery of paddy fields.
Akliyah et al. (2022) have confirmed that paddy fields are
very strategic in supporting community and tourism
activities in particular rural areas compared to the villages
in this study. The increasing paddy-field tourism trend is
inextricable and could be linked to a movement in tourist
attention toward agritourism. Paddy field tourism is
thought to play a favorable role. It can improve farmers'
quality of life, give educational opportunities for tourists,
and preserve the community's original culture (Lestari
2022). Despite the importance and direct benefits of paddy
field features in the context of village tourism, the
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existence of this agricultural practice may pose a challenge
within the context of GHG emissions. The establishment of
agricultural practices, especially in particular dry lands,
will require extensive irrigation practices, leading to high
demands for water consumption and availability (Yu et al.
2018; Tirtalistyani et al. 2022). Then the increases in water
demand and consumption, mainly to irrigate dryland paddy
fields, will have consequences for increased GHG
emissions. Rice cultivation stimulates GHG emissions from
the soil into the atmosphere due to crop management
practices such as irrigation water management (Islam et al.
2020). Water management in the form of flooding
irrigation is responsible for significantly increasing
methane (CHa4) emissions (Aguilera et al. 2019). However,
it contributes little to N.O emissions (Shang et al. 2011;
Wang et al. 2011; Yao et al. 2012).

Aside from irrigation and water utilization, dryland
paddy fields require fertilizers. Similar to the water, the use
of fertilizer containing N was also responsible for the NO>
emissions. Arunrat et al. (2018) have reported that nitrous
oxide (N20O) emissions are associated with nitrogen (N)
fertilizer application and dryland conditions.

As can be seen and concluded from the results, tourism
village that promotes forest covers as their main tourism
features have the potential to store carbon stock. While
tourism village that promotes paddy field covers as their
main tourism features have the potential to emit GHG in
the order of CO, > CH4 > N,O. Moreover, fertilizer and
irrigation to support the paddy field should be monitored
and regulated through crop management practices and
nitrogen regulations (Mboyerwa et al. 2022).
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