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ABSTRACT

The threat of global warming, biodiversity loss, and land degradation highlight the urgency of identifying sus-
tainable land use systems that serve as climate-adaptive solutions. This study assessed the carbon stock and
floristic diversity of the Borassus flabellifer (Palmyrah palm) land uses under 14 different soil series in the Jaffna
district of Sri Lanka. A total of 75 sampling quadrats (10 m x 10 m) were surveyed, collecting data on the number
of Palmyrah palms and other flora species and, the height. Soil samples were collected at three depths (0-10 cm,
10-20 cm, and 20-30 cm) for organic carbon analysis. Carbon stock in biomass was estimated using standard
allometric equations, and total carbon stock was calculated by summing biomass (above-ground and below-
ground) and soil carbon. The study found that soil organic carbon percentage of surface layer (0 — 30 cm) in
different soil series ranged from 0.31 to 1.61 %. The topmost layer (0 — 10 cm) had higher average soil organic
carbon stock (12.25 Mg C ha'l) than sub surface layers (10 - 20 cm - 11.57 Mg C ha'l), 20-30cm-10.11 Mg C
hal). A total of 22 floral species belonging to 13 families were identified in the surveyed quadrats. Shannan
Weaver index (SWI) and the evenness were 1.2 and 0.74, respectively indicating moderate biodiversity levels.
The average values of Palmyrah palm density, biomass carbon stock, soil carbon stock, and total carbon stock
were 914 + 179 stems ha'l, 72.48 + 15.11 Mg C ha'!, 36.05 + 15.81 Mg C ha', and 108.53 + 21.47 Mg C ha},
respectively. These findings highlight Palmyrah palm land use as a significant carbon sink with substantial
potential for biodiversity conservation. Promoting this land use system could contribute to sustainable climate
mitigation and adaptation strategies in regions facing similar ecological challenges.

1. Introduction

stress, all these in turn affect the global food security (Pathak et al.,
2012). The significance of land use-based mitigation options for climate

Climate change in recent decades has decreased the land produc-
tivity and biodiversity (Gisladottir and Stocking, 2005). Crop failures
due to climate change has been reported by the end of the 21st century
(Pathak et al., 2003). Crop production is highly climate-sensitive (Godde
et al., 2021), while studies suggest that the countries in the tropical and
subtropical regions are more vulnerable to impact by climate change in
terms of food supply (Tchonkouang et al., 2024). Impact of climate
change on agriculture is mainly attributed to drought or flood conditions
consequent to climate change, increased pest and disease incidences,
loss of biodiversity, decline in soil fertility and temperature and salt
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change has been discussed from long past, subsequent to Kyoto protocol
in 1997 (Carton et al., 2020; Yin et al., 2007), till now (Karki et al., 202.3;
Yin et al., 2023). The Intergovernmental Panel on Climate Change
(IPCC) forecasted alterations in areas suitable for carbon storage, and
biodiversity (IPCC, 2019). The ecosystem carbon sequestration potential
either as soil carbon or in vegetation is influenced by climatic condi-
tions, soil type, land management (Fujisaki et al., 2018; Menezes et al.,
2021; Paramesh et al., 2022), and vegetative cover and plant species
(Dung et al., 2016; Ngo et al., 2013). Taking action on soil carbon
sequestration will increase organic matter content which in turn have
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substantial positive influences on soil properties and creates a favorable
impact on environmental or agricultural potential and biodiversity of
land resources (FAO, 2001; Vagen et al., 2005). The outcomes will
involve enhanced soil fertility, improved land productivity for food
production, and better food security. To address the challenges posed by
climate change on land productivity, biodiversity, and food security, it is
essential to implement site-specific mitigation and adaptation mecha-
nisms that enhance soil carbon sequestration, and conserve the biodi-
versity, and support sustainable agricultural productivity.

Despite the global response on climate change through initiatives of
many mitigation and adaptation mechanisms, the knowledge regarding
the carbon stocks associated with different land uses is still inadequate
(Marquardt et al., 2023; Menezes et al., 2021), especially in developing
countries (Vagen et al., 2005). Above-ground biomass is an important
information for understanding ecological processes and identifying
management strategies in tropical forests. The palms are considered
significant global carbon stores (Draper et al., 2014; Goodman et al.,
2013; Molina et al., 2015; Murdiyarso et al., 2010; Posa et al., 2011).
The deforestation and degradation of palm land-use can significantly
elevate greenhouse gas emissions and contribute climate change
(Hergoualc’h et al., 2017; Molina et al., 2015). There is untapped po-
tential exist in the tropical, semiarid and arid regions in the land uses
covering native or exotic palm species. However, studies on the carbon
stock aspects of palm land uses are limited except a few on soil carbon
studies of oil palms (Behera et al., 2021; Gomes et al., 2021; Riiegg et al.,
2019) and study on above-ground biomass of Areca catechu, Cocos
nucifera and Borassus flabellifer (Dey et al., 2014) in homegardens.

B. flabellifer, is classified under the family Arecaceae, which have a
common name as Palmyrah palm (Prance and Nesbitt, 2012). It is a
dioecious evergreen palm tree with a single stem that can grow up to 30
m tall and trunk diameter of as much as 1 m (Davis and Johnson, 1987).
The trunk of this palm is straight, and outer colour appeared in black.
The first flowering takes place when the palm is 12-20 years of age. The
female inflorescences are branched, giving rise to 4-10 flower-bearing
spikes. The Palmyrah palm has a lifespan over 100 years (Jana and
Jana, 2017). A mature tree may bear 200-300 fruits annually and a fruit
has 3 or 2 seeds. Average weight of the fruit is 1.5 kg at diameter of
15-20 cm. Shape of the fruits is round (Davis and Johnson, 1987).
Germination is observed within 45-60 days after planting (Morton,
1988), and the first leaf emerge out after a period of 100 days (George
and Karun, 2011). Germination percentage of seeds varied from 15 % to
20 % (Ravindran and Ramanan, 2020; Tomlinson, 1990) and this per-
centage was reported to increase to 73 % - 89 % by seed treatments
(Masilamani et al., 2023; Ravindran and Ramanan, 2020). Very strong
and durable wood are produced from the mature stem of the Palmyrah
palm. A palm about 85-year-old may yield a 20 m tall stem (Davis and
Johnson, 1987). This palm has been utilized for various purposes,
including food products such as fruit, tuberous seedlings, endosperm,
fermented and fresh beverages, and sugar derived from the sap. It also
provides non-wood products like fiber from the leaves and leaf bases for
brushes, materials for cottage roofing and weaving, as well as wood from
the trunk for fuel and construction (Davis and Johnson, 1987; Srivastava
et al., 2017), along with numerous other handicraft products. A famous
Tamil language poem in India that praises this palm as a "tree of life" and
catalogues 801 uses in diverse aspects, indicating its multipurpose uses
(Arulraj and Augustine, 2008; Davis and Johnson, 1987).

Palmyrah palm is one that is capable of addressing climate change
issues through mitigation and adaptation strategy. This palm provides
many ecosystem services including less water demanding and regulate
water tables as well as they could effectively reduce erosion in the
landscape they are found. Additionally, it serves as a habitat for many
birds, bats as well as wild animals (Jana and Jana, 2017). The Palmyrah
palm is adaptable to various soil textures, including sandy, clay, and
loamy soils, and can thrive even in less fertile conditions. It is also
suitable for soils with a wide pH range, from acidic and neutral to
alkaline and highly alkaline (Veilmuthu, 2014). Furthermore, the
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Palmyrah palm can also thrive in extreme weather conditions, making it
an ideal floral species for cultivating on marginal lands. Afforesting such
lands with Palmyrah palm could serve as an effective strategy for miti-
gating climate change. Palmyrah seed/nut shell char was reported to
have many beneficial effects in sandy regosol soils, when mixed with
inorganic fertilizers. Effects include increased available N, P and K,
cation exchange capacity, organic carbon and moisture content
(Senthuran and Gnanavelrajah, 2015). The wood of this palm can also
be converted into charcoal. The caloric value of Palmyrah wood is ten
times higher than that of dicot fuel wood (Davis and Johnson, 1987),
providing a sustainable and accessible energy source. As a hardy plant,
the Palmyrah palm is resistant to pest or disease attacks. With its variety
of potential food options, reinventing the traditional foods made from
this palm, developing innovative food products, and utilizing the
various parts could be an adaptation mechanism to climate change.
Further, there has been many research conducted in different countries
regarding its medicinal values (Ariyasena et al., 2001; Behera et al.,
2021; Dey et al., 2014; Gummad et al., 2016; Muniyandi et al., 2021;
Naguleswaran et al., 2010; Prasad et al., 2022; Srinivasababu et al.,
2014; Thevamirtha et al., 2021). However, its values as carbon stock and
biodiversity aspects have not been studied in detail except for few
studies on above-ground biomass of this palm in homegardens and soil
conditions. Given its multiple uses, benefits, and remarkable environ-
mental adaptability, Palmyrah palm land uses have a higher potential
for contributing to climate change adaptation and mitigation compared
to coconut and other palm species.

Palmyrah palm is found widely in Southeast Asia and South Asia
particularly in northern Sri Lanka, coastal belts of India, and eastern
Indonesia (Behera et al., 2021; Davis and Johnson, 1987). Natural dis-
tribution of this palm is found in Pakistan, Indonesia, Thailand,
Bangladesh, Malaysia, and some African countries (Sankaralingam
et al.,, 1999; Siju and Sabu, 2020). According to estimates from the
1990s, the population of the Palmyrah palm was approximately 80
million in India, 10 million in Indonesia, 2 million in Thailand, and 11
million in Sri Lanka. The estimated population of this palm was 3.5
million in the Jaffna district of Sri Lanka (Palmyrah Development Board,
2019), the focus area of this study. However, substantial reduction was
expected in this district, due to the destruction of these palms for various
purposes and current distribution is unknown (Nareshkumar et al.,
2019). Palmyrah land use is observed in two forms: first, as land close to
community land, managed by owners for various purposes; and second,
as abandoned land with no management practices (Appendix A). In both
cases, soils under Palmyrah are rarely disturbed and mostly covered by
shrubs and herbs hence must have more carbon than those under co-
conut palm or any annual crops. Soil is the major carbon (C) pool in
terrestrial ecosystems (Schlesinger and Andrews, 2000). Therefore,
carbon stock assessment of Palmyrah land-uses is important for under-
standing their role in carbon sequestration, climate change mitigation,
and sustainable land use management practices. Accordingly, this study
was conducted to assess carbon sequestration potential and floristic di-
versity of Palmyrah land use in a dry tropical region of Sri Lanka. The
specific objectives of this study were to estimate soil organic carbon of
Palmyrah land use in Jaffna district in different soil series, to estimate
biomass carbon stock of Palmyrah palm in different soil series, and to
assess floristic diversity of the same land use. As the Palmyrah palm is
widely distributed in the other countries (Behera et al., 2021; Sankar-
alingam et al., 1999; Siju and Sabu, 2020), the results of this study and
similar research of this kind would help the researchers and policy
makers to include this land use in potential carbon trading initiatives.

2. Materials and methods
2.1. Study area

The study was carried out in the Jaffna district located in the
Northern Province of dry zone in Sri Lanka (Fig. 1a). Ranges of average
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Fig. 1. Locations of study site and sampling quadrats; (a) Location of Study area, Jaffna district, Northern Province in Sri Lanka; (b) Locations of the sampling
quadrats in Jaffna district. Red points indicate the locations of the sampling quadrats and red line represents the major roads.

temperature and annual rainfall were 26 — 33 °C and 696 — 1125 mm,
respectively. Soils in the study area belong to order Entisols and great
groups Typic Ustorthents, Oxyaquic Udorthents, Aeric Epiaquents, Sodic
Psammaquents, and Aquic Quartzipsamments according to USDA soil
taxonomy (Dassanayake and Mapa, 2022). However, according to local
classification, based on drainage, and physiography soils of this district
were classified into fourteen soil series (Joshua, 2003).

2.2. Sample collection

Fig. 1b illustrates the distribution sampling quadrats in the study
area. A total of 75 quadrats were sampled, each with dimensions of 10 m
x 10 m. In this study, we estimated the soil and biomass carbon, and
floristic diversity. Therefore, we followed 10 m x 10 m plot as a sam-
pling quadrat and this was consistent with previous studies
(Gnanavelrajah et al., 2008; Shrestha et al., 2010). The number of
quadrats per soil series was decided as the percentage of Palmyrah palm
which is calculated as the number of Palmyrah palm in each soil series
divided by the total number of Palmyrah palm in the study area,
multiplied by 100. The names of soil series and numbers of sampling
quadrats from each series is given in Table 1. The number of Palmyrah
palm were estimated using multi spectral and panchromatic bands
derived from high-resolution Quick bird Satellite images of 2016 in a
previous study (Nareshkumar et al., 2019). The multispectral bands and
the panchromatic band were having spatial resolution 2.4 m and 0.6 m,
respectively. The images of the Palmyrah palm were extracted through
visual image interpretation technique in ArcMap software (version
10.4). The images were carefully inspected manually, and the Palmyrah
palm was traced using digitizing tools embedded in ArcMap software.
The digitization process was done from February to July 2017 to cover
the total number of 159,339 Palmyrah palm. The digitalized Palmyrah
palm layer and soil series layer were added to the ArcMap software.
Then, the number of Palmyrah palm in each soil series was calculated by
overlaying soil series maps on the Palmyrah palm layer. The quadrats for
soil sampling and other data collection were selected away from the
roadsides, buildings and fences. Satellite assessment was used solely to
determine the number of sampling quadrats in each soil series. Subse-
quently, field data for both Palmyrah palm and other vegetation were

Table 1
Soil series-wise sampling quadrats.

Name of soil Extent of Estimated Percentage of No of
series the soil number of Palmyrah sampling
series (ha)  Palmyrah palm points
palm
Anaicottai 511 2000 1.3 2
Ariyalai 427 27,060 17.0 13
Chankanai 11,369 48,000 30.1 22
Chemmanai 2442 13,750 8.6 6
Columbuthurai 208 2850 1.8 2
Innuvil 10,232 25,000 15.7 12
Karainagar 76 3000 1.9 2
Navatkuli 934 7500 4.7 3
Palali 2996 7000 4.4 3
Puliyantheevu 1517 4945 3.1 2
Saravanai 2714 5650 3.5 2
Thachchanthoppu 533 3700 2.3 2
Thondamanaru 9542 4309 2.7 2
Velanai 1027 4575 2.9 2
Total 44,528 159,339 100.0 75

collected from the sampling quadrats (10 m x 10 m) established in the
field. From each quadrat following data were collected: Number of
Palmyrah palm and other floral species, and height of Palmyrah palm
using clinometer. Well-known floral species were identified by survey
members, while unidentified species were further validated by a local
expert. The vernacular names of all species were listed, and their sci-
entific names were confirmed using both the herbarium and the
checklist of flowering plants in Sri Lanka (Senaratna, 2001). To deter-
mine soil organic carbon, disturbed composite soil samples were
collected within each quadrat at three 10 cm depths, up to a depth of 30
cm. Soil depth of D1 (surface layer), D2 (First sub surface layer) and D3
(second sub surface layer) were 0-10 cm, 10-20 c¢cm, and 20-30 cm,
respectively (Appendix B). Location of each quadrat was identified using
Global Positioning System (GPS).

2.3. Soil analysis

Soil samples were air-dried at room temperature. The quartering
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method was used to separate soil, ensuring uniformity and representa-
tiveness for subsequent analysis. Large soil aggregates were then
crushed by using wooden hammer, after which the crushed samples
were ground by using pestle and motor and sieved through a 2 mm mesh
sieve. Soil organic carbon was estimated by loss on ignition method as
described by Ben-Dor and Banin (1989), in brief, the soil sample was
dried at 105 °C for 24 h followed by ignition for 8 h at 400 °C. The loss of
weight during ignition is the loss of organic matter. By dividing the
organic matter by the conversion factor of 1.724, organic C was deter-
mined. Bulk density was determined by collecting an undisturbed soil
sample using a core sampler and determining the weight of soil after
oven drying at 105 °C for 48 h. Bulk density was determined by dividing
the dry weight by the volume of the core. Soil organic carbon stock was
calculated using the equation for mineral soil as described by FAO
(2017) as follows:

SOCstock = d X BD X (Cior — Crmin) X CFyt

Where: SOC g0k = soil organic carbon stock (kg m?)

d = depth of horizon/depth class (m)

BD = bulk density (kg m™)

Ciot and Cpip = total and mineral (or inorganic) carbon content (g'l),
to be considered for calcareous soils, and if dry combustion is used
with typically high temperatures (otherwise: Ciot equals Cin)

CFg = correction factor for stoniness ((100 - % stones)/100),
including subtraction of gravel and stones

2.4. Biomass estimation

Widely used biomass estimation models for palm species were cho-
sen due to the absence of location specific and species-specific models.
We used the flowing equations to estimate the above-ground and below-
ground biomass of Palmyrah palm;

Above-ground biomass (AGB, kg) (Abeysekara et al., 2018; Frangi
and Lugo, 1985)

AGB=45+7.7H

H = height (m)

Below-ground biomass (BGB, kg) (Abeysekara et al., 2018; Cairns
et al., 1997; Pearson et al., 2007)

BGB = exp (—1.0587 + 0.8836 In (AGB))

Total biomass (kg)

= AGB (kg) + BGB (kg)

Total biomass carbon

= Total biomass x conversion factor

According to IPCC report in 2006, conversion factor is 0.47 (Smith
et al., 2014).

2.5. Floristic diversity

The floristic diversity, species richness, maximum diversity, and
evenness were estimated in terms of Shannon-Weaver index (SWI)
(Shannon and Weaver, 1949). All the comparisons were completed by
using SAS version 9.1.3. Duncan’s multiple range tests was used to
compare the means.

3. Results
3.1. Soil organic carbon of Palmyrah land use in different soil series

Soil organic carbon (SOC) of Palmyrah land use in different sampling
quadrats ranged between 0.31 - 1.61 %. The mean values of SOC in
different soil series varied between 0.36 to 1.22 (Table 2). There was no
significant difference among SOC percentage in different soil series.
However, the mean values of SOC in surface layer (0 — 10 cm) was higher

Trees, Forests and People 20 (2025) 100827

Table 2
Soil organic carbon (%) in sampling quadrats of different soil series and average
SOC (Mg C ha™') at different soil depth (D1, D2 and D3).

Soil series Value OM D1 (%) OM D2 (%) OM D3 (%)
Innuvil Mean + Sd 0.91 £+ 0.5 0.83 £ 0.5 0.80 £ 0.16
Range 0.35-1.85 0.32-1.75 0.30 - 1.54
Chemmani Mean + Sd 0.54 + 0.35 0.49 + 0.35 0.43 +0.35
Range 0.31 - 0.97 0.31 -0.97 0.1-0.93
Chankanai Mean + Sd 0.62 + 0.33 0.57 + 0.31 0.51 + 0.28
Range 0.31-1.61 0.25-1.45 0.1-1.12
Ariyalai Mean =+ Sd 0.48 + 0.21 0.44 + 0.19 0.39 £ 0.19
Range 0.31-1.31 0.31 -1.30 0.30 - 0.92
Navatkuli Mean + Sd 0.46 + 0.10 0.44 + 0.08 0.41 + 0.06
Range 0.32-1.49 0.32-1.25 0.31-1.16
Palai Mean =+ Sd 0.58 + 0.33 0.49 + 0.31 0.41 + 0.28
Range 0.31-1.41 0.25-1.25 0.2-1.12
Anaikottai Mean + Sd 0.36 + 0.07 0.34 + 0.05 0.32 £+ 0.01
Range 0.32 - 0.41 0.31- 0.38 0.30 - 0.33
Velanai Mean + Sd 1.22 + 0.38 1.21 + 0.48 0.86 £ 0.10
Range 0.95 - 1.46 0.88 - 1.55 0.79 - 0.94
Saravanai Mean + Sd 1.04 £0.2 0.98 +£0.18 0.83 £ 0.26
Range 0.90 -1.18 0.86 -1.11 0.65-1.01
Upparu Mean + Sd 1.18 + 0.89 0.96 £+ 0.93 0.92 £+ 0.87
Range 0.55-1.81 0.3-0.96 0.30 - 1.54
Puliyantheevu Mean + Sd 0.85 + 0.07 0.83 + 0.04 0.70 + 0.08
Range 0.80 - 0.90 0.80 - 0.86 0.65 - 0.76
Thatchanthopu Mean + Sd 0.83 + 0.03 0.75 £+ 0.02 0.70 + 0.01
Range 0.81 - 0.86 0.73 - 0.76 0.68 - 0.71
Columbuthurai Mean + Sd 0.46 + 0.21 0.40 + 0.14 0.35 £+ 0.07
Range 0.31 - 0.60 0.31 - 0.50 0.30 - 0.40
Average SOC Mean + Sd 12.25 + 5.53 11.57 + 5.75 10.11 + 5.45
Mg C ha Range 3.78-28.27 3.53-26.69 1.42-26.59

OM- Organic matter; Sd-standard deviation; D1- soil depth 0-10 cm; D2- soil
depth 10-20 cm; D3- soil depth 20-30 cm; SOC- Soil organic carbon.

than other first subsurface layer (10 — 20 cm) which in turn was more
than second subsurface layer (20 — 30 cm) in all the soil series. The SOC
stock (0 — 30 cm) varied from 13.81 to 59.72 Mg C ha’l in different soil
series under Palmyrah land use (Fig. 2) in the study area. Anaikotai
series had the lowest SOC stock, while the highest was in Velanai soil
series. Significant differences in SOC stock among different soil series
were observed.

3.2. Biomass carbon stock of Palmyrah land use in different soil series

Biomass carbon was significantly differed among the different soil
series (Fig. 3). Biomass carbon stock ranged between 36.97 — 107.36 Mg
C ha! with a mean value of 72.48 Mg C ha™!. Karainagar soil series had
the highest biomass carbon while the lowest was recorded in Palali soil
series, where the difference was statistically significant. However, the
biomass carbon stock in Palali soil series was not significantly different
compared with Saravanai and Thondamanaru soil series. The biomass
carbon stock of other soil series was comparable among them.

In order to determine the influence of Palmyrah palm density with
biomass carbon stock, the correlations between palm density and
biomass carbon stock were assessed. Fig. 4 shows the correlations be-
tween biomass carbon and palm density. Palm density had positive
correlations (R? = 0.71) with biomass carbon stock. Fig. 5 shows the
palm density with different soil series. Highest palm density was
recorded in Karaingar whereas it was low in Palali.

3.3. Total carbon stock of Palmyrah land uses in different soil series

Total carbon stock ranged between 64.13 — 147.56 Mg C ha™ with a
mean value of 108.53 Mg C ha'l (Fig. 6). Total carbon stock was the
highest in Karainagar soil series (148 Mg C ha!), which was significantly
different from all the soil series except Velanai. Palali soil series had the
lowest total carbon stock (64 Mg C ha™), which was significantly lower
than others except Saravanai, Thondamanaru and Anaikodai. There was
no significant difference in total carbon stock in other soil series.
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Fig. 2. Soil organic carbon (0 — 30 cm) of Palmyrah land use in different soil series. Letters a, b, c in the Figure shows the statistical significance among the soil series.
Same letters among the soil series were not statically significance at o = 0.05.
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were not statically significance at a = 0.05.

3.4. Floristic diversity in Palmyrah land-uses

A total of 825 individuals identified from 22 species and 13 families
in the study areas. The Arecaceae family was widely distributed in
Palmyrah land use followed by Rutaceae, Rubiaceae, Myrtaceae and
Meliaceae. Among other floral species except Palmyrah palm, Morinda
coreia Buch-Ham. was highly distributed followed by Glycosmis penta-
phylla (Retz.) A. DC. and Azadirachta indica A. Juss. (Table 3; Appendix
C). Mean value of Shannan Weaver index (SWI) was 1.2 and this result
revealed that diversity of floristic species was low. However, series
Navatkuli had high floristic diversity followed by Chankanai. Mean
value of evenness was 0.74 and it revealed that floristic species was
equally distributed with average species richness of 7 (Table 4). The
highest species diversity in terms of number of species (17), number of
families (11) and individuals (257) was reported in Chankanai series. On
the other hand, lowest diversity was observed in Thatchanthopu and
Saravanai series, having only 2 species. The variation in species diversity
in different soil series is mainly due to the number of sampling quadrats
in each series, which was based on extent of area with Palmyrah palms
in the study area. Chankanai series had 22 sampling quardrats while
Thatchanthopu and Saravanai series had 2 quardrats each.

3.5. Palmyrah palm density and height

The average palm density of Palmyrah land uses in different soil
series ranged between 500 — 1300 stems ha'l (Table 5). Karainagar soil
series had the highest average palm density (1300 stems ha™). Palali soil
series had lower average palm density (500 stems hal). The highest
average palm height was recorded in Navatkuli series while the lowest
was recorded in Palali series.

4. Discussion
4.1. Soil organic carbon

The soil organic carbon (SOC) of Palmyrah land use in different
sampling quadrats ranged between 0.31 - 1.61 %. In a previous study to
assess SOC of different land uses in the similar soils of Jaffna district,
abandoned homegardens had the highest SOC percentage of 0.6 %
compared to other land uses such as annual mono-cropped soils with
either organic or inorganic nutrient management, maintained home-
gardens or perennial crops such as continuous banana cultivated lands
(Ratnayake et al., 2019). In a dry and wet zone of Sri Lanka, SOC per-
centage was 1.48 % and 1.58 %, respectively (Kuruppuarachchi et al.,
2016). In this study, the high SOC in soils of Palmyrah land-use is
probably attributed to the undisturbed nature of soils and continuous
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Table 3
Identified floral species in Palmayrah land use.
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Species Family Common name Number of individuals Occurrence (%)
Annona squamosa L. Annonaceae Annamunna 11 15
Azadirachta indica A. Juss. Meliaceae Neem 36 62
Bambusa vulgaris Schrad. ex J.C.Wendl. Poaceae Bamboo 1 8
Borassus flabellifer L. Arecaceae Palmyrah 335 100
Citrus aurantium L Rutaceae Wild oranage 2 8
Cocos nucifera L. Arecaceae Coconut 27 46
Commiphora caudata (Wight & Arn.) Engl. Burseraceae Kiluvai 6 23
Glycosmis pentaphylla (Retz.) A. DC. Rutaceae Pannai 44 38
Hibiscus rosa-sinensis L. Malvaceae Hibiscus 1 8
Leucaena leucocephala (Lam.) De Wit Fabaceae Ipil ipil 5 31
Limonia acidissima L. Rutaceae Wood apple 5 15
Mangifera indica L. Anacardiaceae Mango 29 15
Morinda coreia Buch-Ham. Rubiaceae Manjavunna 45 62
Moringa oleifera Lam. Moringaceae Moringa 22 23
Murraya koenigii (L.) Spreng Rutaceae Curry leaf 194 46
Polyalthia longifolia (Sonn.) Thw. Annonaceae Asoka 2 15
Psidium guajava L. Myrtaceae Guava 20 46
Syzygium cumini Skeels Myrtaceae Naval 7 31
Tamarindus indica L. Fabaceae Tamarind 5 15
Tephrosia purpurea (L.) Pers. Fabaceae Kavilai 3 8
Thespesia populnea (L.) Sol. ex Correa Malvaceae Poovarasu 11 31
Thevetia peruviana (Pers.) Merr Apocynaceae Alari 14 23
22 13 825 100

additions of organic matter from tree leaves and dry grasses and shrubs
during dry seasons. This is because most of the Palmyrah land-uses in the
study site are never maintained or tilled. They are maintained as grazing
lands or abandoned lands except for getting fruits or other products
seasonally.

The range of SOC of the Palmyrah stands in different agroecological
zones in Oddisa, India was 0.05 — 1.38 % (Behera et al., 2021), where the
lowest and highest values are lower than the values in this study. The
difference in climatic conditions especially the comparatively higher
temperature (36 — 40 °C maximum mean) in Oddisa may have
contributed to a lower range of SOC. Agroforestry systems have the
potential to enhance carbon sequestration in soil when compared with
agricultural ones (Montagnini and Nair, 2004). Fine roots of oil palm
contributed more to the stabilization of SOC compared to management
practice (Riiegg et al., 2019). The SOC content in coconut land uses was
recorded as 19.53 Mg C ha™l in 0 — 20 cm depth in Sri Lanka (Ranasinghe
and Thimothias, 2012), whereas the equivalent SOC under Palmyrah in
the present study varies between 14 — 60 Mg C ha’', indicating a higher
potential of SOC accumulation under Palmyrah land use. On the other
hand, the total SOC in dry zone tropical forest in Sri Lanka was recorded
as 93.62 Mg ha! (Kuruppuarachchi et al., 2015). The SOC was higher in
Palmyrah land uses than other land uses in the study area with similar
soil and climatic conditions, having monoculture of previous studies
reported by Ratnayake et al. (2019). This could be attributed to high
floristic diversity in the Palmyrah land-use system, which could have
contributed to SOC as leaf fall and root biomass.

A similar decreasing trend of SOC with depth as that in present study
was reported by Behera et al. (2021) as well. The influence of depth in
soil organic carbon varied with vegetation type. The characteristics and
amount of SOC mainly influenced by accumulation of root biomass,
organic matter addition, transportation of organic carbon from surface
soil to lower horizons and physical protection and oxidation of organic
matter (Harper and Tibbett, 2013). The understory of the Palmyrah land
use of the study area is filled with different floral species that could
contributed to SOC accumulation in the Palmyrah land use.

4.2. Biomass carbon

The biomass carbon of the different sampling quadrats of Palmyrah
land uses in this study ranged 36.97 — 107.36 Mg C ha™ with an average
value of 72.48 Mg C ha™’. The biomass carbon of tropical forest in dry
zone of Sri Lanka was 77.21 Mg C ha'! (Kuruppuarachchi et al., 2015). In

other areas of dry zone of Sri Lanka, AGB carbon ranged from a mini-
mum of 75.7 Mg C ha! in the Kumbukkan forest to a maximum of 129.6
Mg ha! in the Kantalai forest (Kumarathunge and Igbal, 2009), and
average of 206.34 Mg C ha! in Mullaitivu district (Thirukkumaran et al.,
2017). Biomass carbon of natural forest and plantations of Udawattakele
forest reserve in wet zone of Sri Lanka was 36.55 and 45.06 Mg C ha'l,
respectively (Abeysekara et al., 2018), both values were lower than
Sinharajah rain forest in wet zone of Sri Lanka (336.8 Mg ha'l)
(Kumarathunge and Igbal, 2009). Average AGB carbon in the home-
gardens of same study area, Jaffna district was 23.80 Mg C ha! (Lowe
etal., 2024) and 40.51 Mg C ha'l (Jeyavanan et al., 2017), these values
were lower than the Palmyrah land use system in this study. Biomass
carbon in agricultural land uses such as eucalyptus, rubber plantations
and mixed orchard was reported as 33.09 Mg C ha!, 103.14 Mg C ha™!
and 77.97 Mg C ha’! (Gnanavelrajah et al., 2008) in similar tropical
climatic conditions in Thailand. Climatic condition of the study area of
Thailand is tropical monsoon with the rainy season extending from May
to October. The average annual rainfall is 1383 mm. The average annual
temperature is 28.3 °C. This climate is more or less similar to our study
area. Rubber plantations in Sri Lanka stored 78 Mg C ha and 66 Mg C
ha'! in wet zone and intermediate zone, respectively (Munasinghe et al.,
2014). Total AGB carbon of Pinus caribea plantation was 103.6 Mg C ha'!
in a wet zone of Sri Lanka (Subasinghe and Munasinghe, 2011). Ac-
cording to Dey et al. (2014), biomass of Palmyrah palm (3.02 Mg C ha')
in homegardens was estimated to be lower than that of coconut palm
(12.48 Mg C ha') in Ceyhet city in Bangladesh. This could be attributed
to the lower density of Plamyrah palm in the homegardens that have
contributed to the differences in biomass carbon. In our study, high
biomass carbon was closely related to high density of the palm. Biomass
carbon of the Palmyrah land use in the study area has equivalently
contributed to the biomass carbon of other land uses of the dry zones of
tropics.

We used the generalized allometric equations used for palm for
biomass estimation. Though Palmyarh is a palm species, wood of this
palm is very strong used construction of roof for building. This could be
attributed to high wood density of this palm. The average wood density
of Palmyrah palm was 715.5 kgm™ (Mishra et al., 2023), and it was
higher than coconut wood density, 600 kg m™ (Wang et al., 2023), 359
kgm to 532 kgm™ (Fathi, 2014), and 460 kgm™ (Rana et al., 2015).
Further, best of knowledge no biomass palm model has been developed
using wood density as one of the variables. Including wood density could
be advantage for accurate biomass carbon estimation (Fernando et al.,
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Table 4

Floristic diversity in Palmyrah land use.
Soil series Number of species Number of family Number of Individuals SWI Species richness Evenness
Inuvil 12 9 81 1.62 12 0.65
Chankanai 17 11 257 1.83 17 0.65
Ariyalai 12 9 121 1.75 12 0.71
Chemmani 7 5 111 1.26 7 0.65
Navatkuli 10 9 26 1.95 10 0.85
Palai 6 5 25 1.13 6 0.63
Thondamanaru complex 5 5 10 1.47 5 0.91
Puliyantheevu 3 3 30 0.39 3 0.35
Thatchanthopu 2 1 13 0.67 2 0.96
Saravanai 2 2 7 0.60 2 0.86
Velanai 3 3 34 0.97 3 0.88
Karainagar 5 5 96 0.94 5 0.59
Anaikodai 3 3 14 1.08 3 0.98
Columbuthurai 3 3 31 0.39 3 0.35
Average 6.69 5.38 63.46 1.20 6.69 0.74

Table 5

Palmyrah palm density and height in different soil series.
Soil type  Average palm density Palm density Lowest (Stems ha') ~ Palm density highest (Stems ha?)  Average height (m) ~ Minimum height (m) ~ Maximum

(Stems ha™) height (m)

Inuvil 900 700 1400 17.10 9.32 22.01
Chemmani 800 600 1000 16.88 15.00 21.63
Chankanai 1000 500 1900 18.37 14.26 22.61
Ariyalai 1000 500 1500 16.06 14.14 19.89
Navatkuli 900 400 1200 22.20 19.25 24.71
Thondamanaru 1100 900 1300 17.56 17.23 17.89
Palali 600 500 600 15.62 9.08 23.00
Puliyantheevu 900 800 900 15.67 12.52 18.82
Thatchanthopu 800 600 1000 17.25 11.68 22.81
Karainagar 1300 1300 1300 17.78 17.56 18.00
Colombuthurai 1100 1100 1100 20.05 19.05 21.04
Velanai 700 600 800 19.35 18.70 20.01
Saravanai 800 600 1000 16.88 13.78 19.98
Anaikodai 900 900 900 21.07 20.00 22.14

2024; Subasinghe and Munasinghe, 2011). Therefore, developing spe-
cies specific allometric equation by considering wood density, diameter,
height and other variables is required in future for accurate biomass
estimation.

4.3. Total carbon stock

The total carbon stock of sampling quadrats under Palmyrah land use
ranged between 0.25 — 1.65 Mg C100 m 2 which is equivalent to 25.40 —
165.78 Mg C hal. Total carbon stock among soil series varied from
64.13 — 147.56 Mg C ha'! with the average value of 108.53 Mg C ha™’.
The carbon stock of total ecosystem under coconut land uses was
recorded as 63, 54 and 37 Mg C ha™ in wet zone, intermediate zone and
dry zone, respectively in Sri Lanka (Ranasinghe and Thimothias, 2012).
Total carbon stock in dry zone tropical forest in Sri Lanka was recorded
as 180.42 Mg C ha'! (Kuruppuarachchi et al., 2015). From these total
carbon stock of previous studies in forest and other land uses clearly
showed that the Palmyrah land use also stored a fair amount of total
carbon stock, with an average value of 108.53 Mg C ha™l. This could be
attributed to higher wood density, tree density, and height of Palmyrah
palm.

4.4. Floral species and diversity

A total of 22 floral species were identified in the sampling quadrats
during this study. In a study in eleven agricultural land-uses of a sub-
watershed in Thailand, mixed orchard recorded highest floral species
diversity recording 17 numbers, while coconut land-use had only 3.
Other tree crop land use eucalyptus had only one species while other
annual crop land uses did not have a single tree species (Shrestha et al.,

2010) . In the homegardens of the Jaffna district, the high number of
floral species was recorded with a value of 69 in 0.083 ha (Lowe et al.,
2021) and 135 in 0.2 - 0.8 ha (Jeyavanan et al., 2017). In a study to find
the diversity of homegardens in India having extent ranging 0.02 to 1.20
ha, with an average of 0.30 ha, floral species were recorded as 87 (Das
and Das, 2005). The diversity of flora in this study is similar to other
work reported by in tropical homegardens (Fernandes and Nair, 1986).
Perera and Rajapakse (1991) reported that number of species in the
Kandyan homegardens in Sri Lanka, varied 37 — 65 where the size of
garden ranged from 0.05 to 2.50 ha. Floristic diversity of Palmyrah palm
was 1.2 (SWI) in this study. This was consistent with the homegardens of
the same study area with a value of 1.1 (Lowe et al., 2024). In other
study in the same study area reported the value ranged from 1.72
(Jeyavanan et al., 2017) and this was due to the high number of species
in selected homegardens. In the present study, floristic diversity was
estimated using only 100 m™ quadrats, which may have limited the
number of floral species identified, as the species diversity of home-
gardens is positively correlated with the size of the land holding (Das
and Das, 2005).

4.5. Palmyrah palm density

The number of Palmyrah palm in the studied quadrats varied 400 to
1900 stems ha™ with an average of 967 stems ha™. For the Palmyrah
plantations, recommended spacing was 3 m x 3 m according to Pal-
myrah Research Institute, Sri Lanka. At this spacing, tree density would
be 1111 stems ha'l. This indicates, refilling of the palms are possible in
the existing Palmyrah land uses, which could improve the annual carbon
sequestration of these land uses. Further studies are required to estimate
the potential annual carbon sequestration by this land use and carbon
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stock studies in other countries where these palm trees are abundant
(Fernando et al., 2024; Subasinghe and Munasinghe, 2011).

5. Conclusions

The SOC of Palmyrah land uses in different soil series ranged from
64.13 to 147.56 Mg C ha™l. The uppermost layer (0-10 cm) contained a
higher amount of SOC compared to the subsurface layers (10-20 cm and
20-30 cm). The average palm density of Plamyrah land uses in different
soil series ranged 500 — 1300 stems ha™’. Biomass carbon stock ranged
between 36.97 — 107.36 Mg C ha™l. Total carbon stock ranged 64.13 —
147.56 Mg C ha'l. The study suggests that Palmyrah land use has sig-
nificant potential for long-term carbon sequestration. A total of 22 floral
species from 13 families were identified in the Palmyrah land use in the
study site. The Arecaceae family was widely distributed across the Pal-
myrah land use followed by Rutaceae, Rubiacea, Myrtaceae and
Meliaceae. Mean value of Shannan Weaver index (SWI) was 1.2 and this
result revealed that diversity of floristic species was low. Mean value of
evenness was 0.74 and it revealed that floristic species was equally
distributed with average species richness of 7 in 100 m? of Palmyrah
lands. Study therefore indicates the high carbon sequestration potential
of Palmyrah land uses in the study area as well as a reasonable floristic
diversity. The authors wish to suggest more research in landscapes
having this palm to assess its potential ecosystem services and recognize
the same to conserve and expand this land use for the betterment of this
planet.
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Appendix A. Appearance of Palmyrah palm in different sites; (a) Palmyrah palm in abandoned land use; (b) Plamyrah palm nearby household; (c) Palmyrah palm
within the household; (d) Palmyrah palm nearby road; (e, f) Palmyrah palm in large areas.
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Appendix B. Soil sampling collection at different sites; The permission was obtained from each person to publish the photographs.

Appendix C
Soil series-wise floral species composition in the studied quadrats.

Soil series Botanical name Family name Common name Numbers

Inuvil Borassus flabellifer L. Arecaceae Plamyrah seedlings 47
Commiphora caudata (Wight & Arn.) Engl. Burseraceae Kiluvai 3
Glycosmis pentaphylla (Retz.) A. DC. Rutaceae Pannai 4
Hibiscus rosa-sinensis L. Malvaceae Hibiscus 1
Leucaena leucocephala (Lam.) De Wit Fabaceae Ipil -Ipil 1
Morinda coreia Buch-Ham. Rubiaceae Manjavunna 1
Moringa oleifera Lam. Moringaceae Moringa 3
Murraya koenigii (L.) Spreng Rutaceae Curry leaves 7
Syzygium cumini Skeels Myrtaceae Naval 2
Tamarindus indica L. Fabaceae Tamarind 4
Thespesia populnea (L.) Sol. ex Correa Malvaceae Thespesia 5
Thevetia peruviana (Pers.) Merr Apocynaceae Alari 3

Chankanai Azadirachta indica A. Juss. Meliaceae Neem 1
Bambusa vulgaris Schrad. ex J.C.Wendl. Poaceae Bamboo 1
Borassus flabellifer L. Arecaceae Plamyrah seedlings 49
Citrus aurantium L Rutaceae Wild orange 2
Cocos nucifera L. Arecaceae Coconut 12
Glycosmis pentaphylla (Retz.) A. DC. Rutaceae Pannai 9
Leucaena leucocephala (Lam.) De Wit Fabaceae Ipil ipil 2
Limonia acidissima L. Rutaceae Wood apple 3
Mangifera indica L. Anacardiaceae Mango 25
Morinda coreia Buch-Ham. Rubiaceae Manjavunna 7
Murraya koenigii (L.) Spreng Rutaceae Curry leaves 117
Polyalthia longifolia (Sonn.) Thw. Annonaceae Asoka 1
Psidium guajava L. Myrtaceae Guava 13
Syzygium cumini Skeels Myrtaceae Naval 2
Tephrosia purpurea (L.) Pers. Fabaceae Kaavilai 3
Thespesia populnea (L.) Sol. ex Correa Malvaceae Thespesia 1
Thevetia peruviana (Pers.) Merr Apocynaceae Alari 9
Azadirachta indica A. Juss. Meliaceae Neem 4
Borassus flabellifer L. Arecaceae Plamyrah seedlings 56
Cocos nucifera L. Arecaceae Coconut 4
Glycosmis pentaphylla (Retz.) A. DC. Rutaceae Pannai 9
Leucaena leucocephala (Lam.) De Wit Fabaceae Ipil-Ipil 1
Mangifera indica L. Anacardiaceae Mango 4
Morinda coreia Buch-Ham. Rubiaceae Manjavunna 15
Moringa oleifera Lam. Moringaceae Moringa 18
Polyalthia longifolia (Sonn.) Thw. Annonaceae Asoka 1
Psidium guajava L. Myrtaceae Guava 1
Syzygium cumini Skeels Myrtaceae Naval 1

Chemmani Morinda coreia Buch-Ham. Rubiaceae Manjavuna 10
Borassus flabellifer L. Arecaceae Palmyrah seedlings 26
Murraya koenigii (L.) Spreng Rutaceae Curry leaves 62
Azadirachta indica A. Juss. Meliaceae Neem 2
Glycosmis pentaphylla (Retz.) A. DC. Rutaceae Pannai 8

10

(continued on next page)
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Appendix C (continued)
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Soil series Botanical name Family name Common name Numbers
Psidium guajava L. Myrtaceae Guava 1
Cocos nucifera L. Arecaceae Coconut 2
Navatkuli Annona squamosa L. Annonaceae Annamunna 4
Azadirachta indica A. Juss. Meliaceae Neem 2
Borassus flabellifer L. Arecaceae Palmyrah seedlings 10
Cocos nucifera L. Arecaceae Coconut 2
Commiphora caudata (Wight & Arn.) Engl. Burseraceae Kiluvai 1
Limonia acidissima L. Rutaceae Wood apple 2
Morinda coreia Buch-Ham. Rubiaceae Manjavuna 2
Moringa oleifera Lam. Moringaceae Moringa 1
Psidium guajava L. Myrtaceae Guava 1
Thespesia populnea (L.) Sol. ex Correa Malvaceae Thespesia 1
Palali Azadirachta indica A. Juss. Meliaceae Neem 2
Borassus flabellifer L. Arecaceae Palmyrah seedlings 17
Cocos nucifera L. Arecaceae Coconut 2
Commiphora caudata (Wight & Arn.) Engl. Burseraceae Kiluvai 2
Leucaena leucocephala (Lam.) De Wit Fabaceae Ipil-Ipil 1
Murraya koenigii (L.) Spreng Rutaceae Curry leaves 1
Upparu Thonda complex Annona squamosa L. Annonaceae Annamunna 2
Borassus flabellifer L. Arecaceae Palmyrah seedlings 4
Murraya koenigii (L.) Spreng Rutaceae Curry leaves 1
Tamarindus indica L. Fabaceae Tamarind 1
Thevetia peruviana (Pers.) Merr Apocynaceae Alari 2
Puliyantheevu Azadirachta indica A. Juss. Meliaceae Neem 1
Borassus flabellifer L. Arecaceae Palmyrah seedlings 27
Psidium guajava L. Myrtaceae Guava 2
Thatchanthopu Borassus flabellifer L. Arecaceae Palmyrah seedlings 8
Cocos nucifera L. Arecaceae Coconut 5
Saravanai Borassus flabellifer L. Arecaceae Palmyrah seedlings 5
Psidium guajava L. Myrtaceae Guava 2
Velanai Borassus flabellifer L. Arecaceae Palmyrah seedlings 16
Glycosmis pentaphylla (Retz.) A. DC. Rutaceae Pannai 14
Morinda coreia Buch-Ham. Rubiaceae Manjavuna 4
Karainagar Azadirachta indica A. Juss. Meliaceae Neem 22
Borassus flabellifer L. Arecaceae Palmyrah seedlings 64
Morinda coreia Buch-Ham. Rubiaceae Manjavuna 2
Murraya koenigii (L.) Spreng Rutaceae Curry leaves 6
Syzygium cumini Skeels Myrtaceae Naval 2
Anaikodai Borassus flabellifer L. Arecaceae Palmyrah seedlings 6
Morinda coreia Buch-Ham. Rubiaceae Manjavuna 4
Thespesia populnea (L.) Sol. ex Correa Malvaceae Thespesia 4
Columbuthurai Borassus flabellifer L. Arecaceae Palmyrah seedlings 16
Azadirachta indica A. Juss. Meliaceae Neem 06
Glycosmis pentaphylla (Retz.) A. DC. Rutaceae Pannai 08

Data availability
Data will be made available on request.
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