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ABSTRACT

This study investigates carbon dioxide (CO₂) sequestration and biomass distribution across various plant components

and land use types in Ban Krang Subdistrict, Mueang District, Phitsanulok Province, with the goal of enhancing carbon

management strategies. Field surveys were conducted using 14 plots of 40 × 40 meters to quantify biomass and estimate

CO₂ sequestration across different vegetation types. The findings reveal an average CO₂ sequestration of 122.81 ton ha⁻¹,

with aboveground biomass, particularly stems, contributing the most to carbon storage. Notably, abandoned perennial crops

and mixed perennial crops demonstrated the highest sequestration rates, at 657.94 ton ha⁻¹ and 613.00 ton ha⁻¹, respectively.

In contrast, agricultural lands such as rice paddies and cassava plantations exhibited the lowest sequestration rates, though

rice paddies contributed the highest total CO₂ sequestration, amounting to 61,119.71 tons, due to their extensive area.

The study highlights the critical role of diverse and dense vegetation, particularly perennial crops, in maximizing carbon

sequestration. It also underscores the potential for improving carbon storage in agricultural lands through better land

management practices. The results suggest that targeted strategies should prioritize high-sequestration land use types while

also enhancing carbon storage in low-sequestration areas. By optimizing land use and management practices, the region

can significantly increase its carbon storage capacity, contributing to climate change mitigation and promoting long-term
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ecological sustainability. These insights are crucial for formulating effective carbon management strategies in Ban Krang

Subdistrict, as well as in other comparable regions.

Keywords: Carbon Sequestration; Biomass Distribution; Land Use

1. Introduction

The exponential increase in atmospheric greenhouse

gas concentrations, particularly carbon dioxide (CO₂), has

driven anthropogenic climate change, posing an unprece-

dented threat to global ecosystems and human societies.

This sustained rise in global average surface temperature

has triggered a cascade of interconnected environmental dis-

ruptions, including accelerated sea-level rise, intensified ex-

treme weather events, and significant disturbances to agricul-

tural systems and biodiversity. In response to this escalating

climate crisis, carbon sequestration has emerged as a critical

mitigation strategy, offering a potential means to slow the

accumulation of atmospheric CO₂ [1].

Land-use dynamics are pivotal in modulating carbon

sequestration processes. The diverse mosaic of terrestrial

ecosystems, such as forests, grasslands, agricultural lands,

wetlands, and urban areas, exhibits considerable variability

in carbon sequestration potential [2]. Human-driven land-use

changes exert a direct influence on the global carbon cycle,

simultaneously affecting carbon emissions and sequestration

rates. This complex interaction between land-use patterns

and carbon dynamics underscores the need for a nuanced

understanding and strategic management of terrestrial ecosys-

tems in the context of climate change mitigation. The effects

of land-use changes on carbon sequestration are multifaceted

and often non-linear. For instance, the conversion of primary

forests to agricultural land typically results in substantial

carbon emissions, reducing both above-ground biomass and

soil organic carbon reserves [3]. Conversely, reforestation

efforts or the adoption of sustainable agricultural practices,

such as conservation tillage and agroforestry, can enhance

terrestrial carbon sinks [4]. Urban development, though tra-

ditionally associated with increased carbon emissions, may

also contribute to carbon sequestration through innovative

urban planning, green infrastructure, and the use of carbon-

sequestering building materials [5].

Carbon sequestration, a key component of global car-

bon cycle management, refers to the process of capturing

atmospheric CO₂ and storing it in long-term reservoirs. This

mechanism plays a crucial role in climate change mitigation

by removing CO₂ from the atmosphere and depositing it in

terrestrial, oceanic, or geological sinks, potentially slowing

or reversing the accumulation of greenhouse gases and miti-

gating global warming [6]. The efficiency of carbon sequestra-

tion varies significantly across plant species and functional

types. Trees, with their substantial biomass accumulation

and long lifespans, are recognized as highly effective carbon

sinks, with mature trees sequestering several tons of CO₂

over their lifetime. Sequestration rates vary depending on

species, age, and environmental conditions [7]. However, car-

bon sequestration potential is not limited to arboreal species.

Grasslands, for example, allocate a significant portion of

their carbon belowground, storing it in extensive root sys-

tems and in stable soil organic matter fractions [8]. Similarly,

certain agricultural crops and management practices can sig-

nificantly contribute to soil carbon sequestration, enhancing

both climate mitigation potential and soil health [9].

The Plant Genetic Conservation Project under the

Royal Initiative of Her Royal Highness PrincessMaha Chakri

Sirindhorn (RSPG) is an initiative aimed at preserving Thai-

land’s rich botanical heritage. The project encompasses var-

ious activities, including the conservation of plant genetic

resources in natural forest areas, the survey and collection

of plant species endangered by environmental changes, the

cultivation and preservation of collected species in suitable

and protected areas, and the sustainable use of these genetic

resources. The project’s multifaceted approach addresses

key aspects of plant biodiversity conservation, including in-

situ conservation of indigenous plant genetic material within

natural forest ecosystems, systematic documentation and col-

lection of species at risk of extinction due to environmental

disturbances, ex-situ conservation through the cultivation

and maintenance of species in secure locations, and the sus-

tainable use of plant genetic resources with an emphasis on

both conservation and practical application.

The researchers are particularly interested in assessing

the carbon sequestration potential in Ban Krang Subdistrict,
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Mueang Phitsanulok District, Phitsanulok Province, specif-

ically within areas under the jurisdiction of local adminis-

trative organizations participating in the RSPG. This study

aims to enhance scientific knowledge and generate insights

relevant to the researchers’ academic field. The data ob-

tained will elucidate the area’s carbon sequestration capacity,

providing a foundation for policy-level decision-making at

the provincial level. Specifically, the information will assist

governmental agencies in developing strategies to promote

sustainable plant cultivation practices. Such strategies could

enable local farmers to optimize land use while conserving

natural resources and maintaining forest ecosystems. The

research seeks to contribute to a deeper understanding of

carbon dynamics across diverse land-use types within a local

administrative unit, potentially informing both conservation

strategies and climate change mitigation policies at the sub-

district level.

2. Materials and Methods

2.1. Study Area

The research was conducted in Ban Krang Subdistrict,

Mueang PhitsanulokDistrict, Phitsanulok Province, covering

a total area of 12,212.19 hectares (approximately 122 km²).

The primary objective was to quantify carbon sequestration

in above-ground biomass, root systems, and understory vege-

tation within the local government administrative boundaries

in Ban Krang.

This study area was chosen for its participation in the

Plant Genetic Conservation Project, initiated under the royal

patronage of Her Royal Highness Princess Maha Chakri

Sirindhorn. This involvement provides a unique opportunity

to examine carbon sequestration in a managed landscape. By

assessing multiple ecosystem components—above-ground

biomass, below-ground biomass, and understory vegeta-

tion—the study takes a comprehensive approach to eval-

uating carbon stocks. This multifaceted analysis is crucial

for accurately estimating the area’s total carbon sequestra-

tion potential and understanding how carbon is distributed

across various land use and land cover (LULC) types. The

23 distinct LULC types studied include rice paddies, low-

lands, sugarcane, teak, natural grasslands, corn, bananas,

mangoes, abandoned fruit trees, vegetables, shrubland, cas-

sava, abandoned trees, ornamental plants, bamboo, mixed

tree species, coconut and banana plantations, eucalyptus,

abandoned farmland, guavas and rose apples, limes, and

coconut groves (Figure 1).

2.2. Field Sampling

Field data collection was conducted in June 2023 using

a systematic sampling approach to assess carbon seques-

tration across the study area, adhering to well-established

protocols [10]. The following methods were implemented:

2.2.1. Tree Sampling

Fifteen 40 × 40 meter quadrats were systematic ran-

domly established throughout the study area. Within each

quadrat, all tree species were identified, and their biometric

parameters were measured. For each tree, the diameter at

breast height (DBH), measured at 1.3 meters above ground

level, total height, and crown diameter were recorded, fol-

lowing the guidelines set by MacDicken [11].

The number of sampling plots was determined using

the sample size equation [12] shown in Equation (1):

N = ( z2 × s2

E2 × 10,000)/1,600 ≈ 12 (1)

Where:

N = number of plots

Z = confidence level (1.96 for 95% confidence)

s = standard deviation (≈114.5 ton ha⁻¹)

E = margin of error (10% of the average biomass)

The results showed that the number of plots used in the

study (15 plots) exceeded the theoretically required number

(12 plots), ensuring sufficient data collection.

2.2.2. Understory and Litter Sampling

Sixty 1 × 1meter subplots were randomly placed within

the larger quadrats to sample understory vegetation and sur-

face litter, following the methodology outlined by Ravin-

dranath and Ostwald [13]. These samples were collected to

estimate carbon storage in understory biomass and forest

floor litter (UB).

2.2.3. Biomass Processing

Understory and Litter samples were oven-dried at 80

°C for 48 hours or until a constant weight was achieved, in

accordance with standard protocols [14]. The dry weight of

the biomass (DW) was subsequently determined to quantify

biomass quantity.
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Figure 1. The map of study and LULC distribution.

2.3. Data Analysis

2.3.1. Tree Biomass Estimation

The estimation of biomass components, including stem

(WS), branch (WB), and leaf (WL) biomass, was performed

using species-specific allometric equations (refer toTable 1),

tailored to different land use types in accordance with the

methodology recommended by Chave et al. [15]. Above-

ground biomass (AGB) was derived by summing these in-

dividual components (AGB = WS + WB + WL). For be-

lowground biomass (RB), which predominantly consists of

root biomass, the estimation followed the widely recognized

equation proposed by Cairns et al. [16]: RB = exp(−1.0587 +

0.8836 × ln(AGB)).

This integrated approach to biomass estimation en-

hances the accuracy of carbon stock assessments across

various tree components (Picard et al., 2012) [17], thereby

providing a reliable basis for ecosystem carbon accounting.

The study was conducted across a diverse range of land use

types, with a particular emphasis on different agroforestry

systems and plantations. The selected sites included orchards

of tropical fruit trees such as. Mango (Mangifera indica),

Guava (Psidium guajava), Rose Apple (Syzygium jambos),

Plum Mango (Bouea macrophylla), Jackfruit (Artocarpus

heterophyllus), and Santol (Sandoricum koetjape).

Additionally, the research incorporated plantations of

economically significant species like Bamboo (Bambusa

vulgaris), Yang-na (Dipterocarpus alatus), Eucalyptus (Eu-

calyptus spp.), Black Rosewood (Afzelia xylocarpa), Pradu

(Pterocarpus macrocarpus), and Teak (Tectona grandis).

The study also included gardens of Lemon (Citrus

limon), Neem (Azadirachta indica), Banana (Musa spp.),

Agarwood (Aquilaria crassna), and Coconut (Cocos nu-

cifera). This diverse selection of land use types provides a

comprehensive representation of common agroforestry prac-

tices and plantation systems in the region, allowing for a

thorough assessment of carbon sequestration potential across

various vegetation structures [18, 19].

2.3.2. Carbon Stock Calculation

Carbon stocks for various biomass components were

calculated using the following equations: Carbon stocks =

Biomass × CFWhere CF is the carbon fraction of dry matter,

assumed to be 0.47 IPCC [1] guidelines.

2.3.3. Carbon Sequestration

The quantification of carbon dioxide (CO2) sequestra-

tion can be derived from the total carbon content through

stoichiometric analysis. The CO2 molecule comprises one

carbon atom and two oxygen atoms, with respective atomic

masses of 12u and 16u. The molecular mass ratio of CO2

to C is calculated from the molecular mass of CO2 (44u,

derived from one carbon atom at 12u plus two oxygen atoms

at 16u each) divided by the atomic mass of carbon (12u),

yielding a conversion factor of 3.67 (44/12 = 3.67). There-

fore, the mass of sequestered CO2 can be determined by

multiplying the tree’s carbon mass by this conversion factor

of 3.67, which accounts for the complete molecular structure

of carbon dioxide relative to its carbon component.

3. Results

3.1. Biomass Estimation

Ban Krang Subdistrict, Mueang District, Phitsanulok

Province, is primarily characterized by lowland areas. It

is predominantly utilized for agricultural purposes, with

rice farming being the most common practice. This agri-

cultural activity is supported by an irrigation system that

allows for year-round cultivation. The green or agricultural

area amounts is 9,683 ha or approximately 80% of the total

area, and land use is distributed across 22 distinct types as

shown in Figure 1, including rice paddies, lowland, sugar-

cane, teak, natural grassland, corn, bananas, mangoes, aban-

doned orchards, vegetables, mixed grassland/shrubland, cas-

sava, abandoned perennial crops, ornamental plants, bamboo,

mixed perennial crops, coconut/banana, eucalyptus, aban-

doned fields, guava/rose apple, lime, coconut.
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Table 1. Allometric equation of each tree.

Land Use Species Stem (WS) Branch (WB) Leaf (WL) Reference

Teak Tectona grandis

0.0396

(DBH2h)0.9326
0.006003(DBH2h)1.027 [(28/WS + WB) + 0.025]⁻¹ Ogawa et al. [20]

Black Rosewood Afzelia xylocarpa

Pradu
Pterocarpus

macrocarpus

Mango orchard Mangifera indica

Rose apple

garden
Syzygium jambos

Guava garden Psidium guajava

Agarwood Aquilaria crassna

White Popinac
Leucaena

leucocephala

bamboo garden Bambusa vulgaris AGB = 0.2219DBH2.2749 Suwannapinunt

et al. [21]

Jackfruit orchard
Artocarpus

heterophyllus
0.2903(DBH2h)0.9815 0.11920WS1.059 0.09146 (WS + WB)0.7266 Zheng et al. [22]

Lemon garden Citrus limon

Plum Mango Bouea macrophylla

Santol Garden Sandoricum koetjape
0.0439

(DBH2h)0.8666
0.0307

(DBH2h)0.8434
0.0056 (DBH2h)0.9568 Ogawa et al. [21]

Yang-na Dipterocarpus alatus 0.0509 (DBH2h)0.919
0.00893

(DBH2h)0.977
0.0140 (DBH2h)0.669 Ogawa et al. [21]

Eucalyptus

garden
Eucalyptus spp.

0.0305

(DBH2h)0.9862
0.0008

(DBH2h)1.2698
0.0003 (DBH2h) 1.1666

Treepatana-

suwan et al. [23]

Neem Garden Azadirachta indica
0.0410

(DBH2h)0.9148
0.0018

(DBH2h)1.1037
0.0023 (DBH2h)0.9388

Viriyabuncha et

al. [24]

banana plantation Musa spp. AGB = 0.0303 (DBH)2.1345 Arifin [25]

Coconut Garden Cocos nucifera AGB = 0.666 + 12.82 (h) 0.5(ln h)
Peason &

Brown [26]

Table 2 shows a survey conducted using 14 plots, each

measuring 40 × 40 meters, identified 17 tree species be-

longing to 12 families. A total of 2,334 individual trees

were recorded across the study area. The five most common

species were bamboo, banana, eucalyptus, mango, and lime,

with respective counts of 739, 573, 203, 172, and 140 trees,

respectively. The biomass results were visualized to illustrate

the spatial distribution, as presented in Figure 2.

The study of biomass distribution across various plant

components in Ban Krang (Table 3), revealed a total aver-

age biomass of 71.25 ton ha⁻¹. The aboveground biomass

constituted the largest portion at 57.25 ton ha⁻¹, followed

by stem biomass at 37.38 ton ha⁻¹, branch biomass at 13.06

ton ha⁻¹, root biomass at 9.00 ton ha⁻¹, understory and litter

biomass at 5.00 ton ha⁻¹, and leaf biomass at 4.13 ton ha⁻¹.

The total biomass in the study area amounted to 57,556.55

ton. The understory and litter component comprised the

largest portion at 45,354.54 ton, followed by aboveground

biomass at 10,530.79 ton, stem biomass at 6,697.87 ton,

branch biomass at 2,455.04 ton, root biomass at 1,671.22

ton, and leaf biomass at 951.26 ton.

Analysis of biomass distribution across different land

use types in the study area showed an average biomass of

71.25 ton ha⁻¹. The five land use types with the highest

biomass density were: abandoned perennial crops (381.75

ton ha⁻¹), mixed perennial crops (355.69 ton ha⁻¹), grassland

interspersed with shrubs/scrub (240.63 ton ha⁻¹), teak planta-

tions (204.44 ton ha⁻¹), and eucalyptus plantations (130.50

ton ha⁻¹). Conversely, the five land use types with the lowest

biomass density were: rice paddies (4.63 ton ha⁻¹), aban-

doned fields (4.50 ton ha⁻¹), natural grasslands (4.13 ton

ha⁻¹), cassava plantations (3.25 ton ha⁻¹), and ornamental

plant gardens (3.06 ton ha⁻¹).
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Table 2. The number of individual trees in study area.

ID Species Scientific Name Family Name Amount (Trees)

1 Bamboo Bambusa tulda POACEAE 739

2 Eucalyptus Eucalyptus citriodora Hook MYRTACEAE 203

3 Plum Mango Bouea macrophylla ANACARDIACEAE 32

4 Agarwood Aquilaria crassna THYMELAEACEAE 15

5 Neem Azadirachta indica MELIACEAE 59

6 Black Rosewood Afzelia xylocarpa FABACEAE 11

7 White Popinac Leucaena leucocephala FABACEAE 12

8 Jackfruit Artocarpus heterophyllus MORACEAE 15

9 Yang-na Dipterocarpus alatus DIPTEROCARPACEAE 125

10 Teak Tectona grandis VERBENACEAE 80

11 Rose Apple Syzygium samarangense MYRTACEAE 27

12 Guava Psidium guajava MYRTACEAE 12

13 Lime Citrus aurantifolia RUTACEAE 140

14 Padauk Pterocarpus macrocarpus FABACEAE 12

15 Banana Musa × paradisiaca MUSACEAE 573

16 Coconut Cocos nucifera PALMAE 107

17 Mango Mangifera indica ANACARDIACEAE 172

Total 2,334

Figure 2. The spatial distribution of biomass.

Regarding the total biomass distribution across land

use types in the study area, the five types with the high-

est total biomass were: rice paddies (35,465.98 ton), low-

land areas (8,359.09 ton), teak plantations (5,298.73 ton),

grassland interspersed with shrubs/scrub (2,579.80 ton), and

abandoned perennial crops (1,588.17 ton). The five land

use types with the lowest total biomass were: guava/rose

apple orchards (8.55 ton), coconut/banana plantations (6.93

ton), lime orchards (6.26 ton), melon fields (3.64 ton), and

abandoned fields (2.16 ton). These findings highlight the

significant variation in biomass distribution across different

plant components and land use types in the study area, pro-

viding valuable insights for carbon stock assessments and

land management strategies.

3.2. Carbon Sequestration Estimation

The study of carbon dioxide sequestration across var-

ious plant components in Ban Krang Subdistrict, Mueang

District, Phitsanulok Province, revealed a total average CO₂

sequestration of 122.81 ton ha⁻¹. The aboveground compo-

nents exhibited the highest sequestration at 98.63 ton ha⁻¹,

followed by stem at 64.44 ton ha⁻¹, branches at 22.56 ton

ha⁻¹, roots at 15.56 ton ha⁻¹, understory and litter at 8.56 ton

ha⁻¹, and leaves at 7.13 ton ha⁻¹.

The total CO₂ sequestration in the study area amounted

to 99,189.11 ton. The understory and litter component com-

prised the largest portion at 78,160.99 ton, followed by above-

ground biomass at 18,148.05 ton, stem at 11,542.67 ton,

branches at 4,230.85 ton, roots at 2,880.07 ton, and leaves

at 1,639.34 ton. Analysis of CO₂ sequestration across dif-

ferent land use types in the study area showed an average

of 122.81 ton ha⁻¹. The five land use types with the highest

CO₂ sequestration were: abandoned perennial crops (657.94

ton ha⁻¹), mixed perennial crops (613.00 ton ha⁻¹), grassland

interspersed with shrubs/scrub (414.75 ton ha⁻¹), teak planta-

tions (352.31 ton ha⁻¹), and eucalyptus plantations (224.88

ton ha⁻¹). Conversely, the five land use types with the lowest

CO₂ sequestration were: rice paddies (8.00 ton ha⁻¹), aban-

doned fields (7.75 ton ha⁻¹), natural grasslands (7.13 ton

ha⁻¹), cassava plantations (5.63 ton ha⁻¹), and ornamental

plant gardens (5.25 ton ha⁻¹).
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Table 3. Comparative analysis of biomass density and total biomass across LULC types in Ban Krang.

ID LULC
Area

(ha)

WS

(ton)

WB

(ton)

WL

(ton)

AGB

(ton)

RB

(ton)
UB (ton)

Total

Biomass

(ton)

Biomass

(ton ha⁻¹)

1 Rice paddies 7,668 - - - - - 35,465.98 35,465.98 4.63

2 Lowland areas 1,779 - - - - - 8,359.09 8,359.09 4.70

3
Teak

plantations
25.92 2,364.31 1,305.37 759.19 4,476.71 744.56 77.46 5,298.73 204.43

4
mixed grass-

land/shrubland
10.72 1,599.53 475.04 31.22 2,207.18 314.50 58.12 2,579.80 240.65

5
Aandoned

perennial crops
4.16 975.19 325.70 42.64 1,343.53 217.16 27.48 1,588.17 381.77

6 mangoes 12.8 1,075.16 182.89 36.17 1,294.21 234.14 42.97 1,571.33 122.76

7 Sugarcrane 86.56 - - - - - 871.86 871.86 10.07

8
abandoned

orchards
11.2 326.22 18.29 7.37 494.77 68.92 40.08 603.78 53.91

9
mixed perennial

crops
1.6 294.86 124.37 69.20 488.43 76.51 4.20 569.14 355.71

10 bananas 15.84 - - - 119.64 - 73.09 192.73 12.17

11 corn 18.08 - - - - - 113.02 113.02 6.25

12 Eucalyptus 0.64 44.49 20.03 3.12 67.63 13.44 2.43 83.50 130.47

13
natural

grassland
18.72 - - - - - 77.38 77.38 4.13

14 vegetables 11.04 - - - - - 75.05 75.05 6.80

15 cassava 8.8 - - - - - 28.82 28.82 3.28

16 bamboo 3.04 11.14 2.32 2.09 15.55 - 9.73 25.28 8.32

17 coconut 0.48 - - - 10.67 - 2.93 13.60 28.33

18
ornamental

plants
3.84 - - - - - 11.74 11.74 3.06

19
guava/rose

apple
0.48 4.69 0.73 0.14 5.56 1.15 1.84 8.55 17.81

20 coconut/banana 0.64 - - - 3.81 - 3.12 6.93 10.82

21 lime 0.48 2.19 0.29 0.13 2.98 0.80 2.48 6.26 13.04

23
abandoned

fields
0.48 0.10 0.01 - 0.12 0.04 2.00 2.16 4.49

Total 9,683 6,698 2,455 951 10,531 1,671 45,351 57,553 1,628

Regarding the total CO₂ sequestration across land use

types in the study area, the aggregate amount was 141,496.37

ton. The five types with the highest total CO₂ sequestration

were: rice paddies (61,119.71 ton), lowland areas/rice pad-

dies (14,405.51 ton), teak plantations (9,131.48 ton), grass-

land interspersed with shrubs/scrub (4,445.86 ton), and aban-

doned perennial crops (2,736.95 ton).

The study of carbon dioxide sequestration across var-

ious plant components in Ban Krang Subdistrict, Mueang

District, Phitsanulok Province, revealed a total average CO₂

sequestration of 122.81 ton ha⁻¹. The aboveground compo-

nents exhibited the highest sequestration at 98.63 ton ha⁻¹,

followed by stem at 64.44 ton ha⁻¹, branches at 22.56 ton

ha⁻¹, roots at 15.56 ton ha⁻¹, understory and litter at 8.56 ton

ha⁻¹, and leaves at 7.13 ton ha⁻¹.

The total CO₂ sequestration in the study area amounted

to 99,189.11 ton. The understory and litter component com-

prised the largest portion at 78,160.99 ton, followed by above-

ground biomass at 18,148.05 ton, stem at 11,542.67 ton,

branches at 4,230.85 ton, roots at 2,880.07 ton, and leaves

at 1,639.34 ton. Analysis of CO₂ sequestration across dif-

ferent land use types in the study area showed an average

of 122.81 ton ha⁻¹. The five land use types with the highest

CO₂ sequestration were: abandoned perennial crops (657.94

220



Journal of Environmental & Earth Sciences | Volume 07 | Issue 01 | January 2025

ton ha⁻¹), mixed perennial crops (613.00 ton ha⁻¹), grassland

interspersed with shrubs/scrub (414.75 ton ha⁻¹), teak planta-

tions (352.31 ton ha⁻¹), and eucalyptus plantations (224.88

ton ha⁻¹). Conversely, the five land use types with the lowest

CO₂ sequestration were: rice paddies (8.00 ton ha⁻¹), aban-

doned fields (7.75 ton ha⁻¹), natural grasslands (7.13 ton

ha⁻¹), cassava plantations (5.63 ton ha⁻¹), and ornamental

plant gardens (5.25 ton ha⁻¹).

Regarding the total CO₂ sequestration across land use

types in the study area, the aggregate amount was 141,496.37

ton. The five types with the highest total CO₂ sequestration

were: rice paddies (61,119.71 ton), lowland areas/rice pad-

dies (14,405.51 ton), teak plantations (9,131.48 ton), grass-

land interspersed with shrubs/scrub (4,445.86 ton), and aban-

doned perennial crops (2,736.95 ton).

The analysis across different land use types shows sub-

stantial differences in CO₂ sequestration potential. Aban-

doned perennial crops and mixed perennial crops exhibited

the highest sequestration rates at 657.94 ton ha⁻¹ and 613.00

ton ha⁻¹, respectively. These findings indicate that areas with

diverse and long-lived vegetation types are particularly ef-

fective in sequestering CO₂. The high sequestration rates in

these land use types could be attributed to the dense biomass

and the extended life cycle of perennial plants, which allow

for sustained carbon storage.

On the other hand, land use types such as rice paddies,

abandoned fields, and cassava plantations showed the lowest

sequestration rates, ranging from 5.25 to 8.00 ton ha⁻¹. This

disparity highlights the lower carbon storage potential of

agricultural and disturbed lands, likely due to factors such as

soil disturbance, lower biomass density, and shorter plant life

cycles. In terms of total CO₂ sequestration, rice paddies stood

out with the highest aggregate amount at 61,119.71 tons, de-

spite their low per hectare sequestration rate. This can be

attributed to the extensive area covered by rice paddies in

the study region. Similarly, lowland areas, teak plantations,

and grasslands interspersed with shrubs also contributed sig-

nificantly to the total sequestration due to their widespread

presence.

However, it is noteworthy that while certain land use

types like abandoned perennial crops and mixed perennial

crops had high per hectare sequestration rates, their total

contribution to CO₂ sequestration was relatively lower. This

indicates that while these land uses are efficient at carbon

storage on a per hectare basis, their limited spatial extent

reduces their overall impact. The findings from this study

have important implications for landmanagement and carbon

sequestration strategies in the region. Promoting land use

types with high sequestration potential, such as mixed peren-

nial crops and abandoned perennial crops, could enhance the

overall carbon sequestration in the area. Conversely, improv-

ing the management of low-sequestration land use types, like

rice paddies and cassava plantations, could further optimize

carbon storage across the landscape.

Overall, this study underscores the critical role of vege-

tation and land use in carbon sequestration. It highlights the

need for targeted strategies to maximize CO₂ capture, partic-

ularly in areas with high sequestration potential, to mitigate

climate change and enhance ecological sustainability.

4. Discussion

The findings of this study on carbon dioxide (CO₂) se-

questration and biomass distribution across various plant

components and land use types in Ban Krang Subdistrict,

Mueang District, Phitsanulok Province, provide valuable in-

sights into the region’s carbon storage potential. The study

area, characterized predominantly by agricultural land, re-

veals significant variation in CO₂ sequestration and biomass

distribution, which is crucial for developing effective land

management strategies aimed at enhancing carbon capture

and storage.

The study revealed that the aboveground biomass, par-

ticularly the stems, played a dominant role in CO₂ sequestra-

tion, with an average of 98.63 ton ha⁻¹. This finding aligns

with previous research indicating that aboveground biomass,

especially in forested areas, is a major contributor to car-

bon storage due to its substantial mass and longevity [15].

The significant sequestration by the stems underscores the

importance of maintaining mature and structurally robust

vegetation for carbon management strategies.

Interestingly, despite the lower per hectare sequestra-

tion, the understory and litter components contributed the

largest portion of the total CO₂ sequestration in the study

area, amounting to 78,160.99 tons. This outcome highlights

the critical role of ground-level and litter biomass, which,

although often overlooked, serves as a substantial carbon

sink, particularly in ecosystems with dense understory vege-
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tation [27].

The results of this study highlight the marked differ-

ences in carbon sequestration potential among various land

use types, particularly emphasizing the contrast between

rice paddies and perennial crops. Rice paddies, while con-

tributing the highest total CO₂ sequestration—amounting to

61,119.71 tons due to their extensive area—exhibit lower

per-hectare sequestration efficiency compared to perennial

crops. In contrast, abandoned perennial crops and mixed

perennial crops demonstrate significantly higher sequestra-

tion rates, recorded at 657.94 tons ha⁻¹ and 613.00 tons ha⁻¹,

respectively. This indicates that although rice paddies cover

a larger area and thus contribute substantially to overall car-

bon storage, the efficiency of carbon capture per unit area is

considerably greater in perennial systems.

These findings suggest that land management strate-

gies should prioritize the enhancement of perennial crop

systems to optimize carbon sequestration. The critical role

of diverse and dense vegetation in maximizing carbon stor-

age becomes evident, as perennial crops not only sequester

more carbon per hectare but also support richer biodiver-

sity. Implementing sustainable agricultural practices within

rice paddies, such as integrating agroforestry or cover crop-

ping techniques, could improve their carbon sequestration

potential.

The analysis of CO₂ sequestration across different land

use types revealed significant disparities [28]. Abandoned

perennial crops and mixed perennial crops showed the high-

est sequestration rates, which can be attributed to the dense

and diverse vegetation typical of these land use types [29].

These results are consistent with studies that emphasize the

carbon sequestration potential of perennial vegetation due to

its longer life cycle and higher biomass density [30].

Conversely, agricultural land use types, such as rice

paddies and cassava plantations, exhibited the lowest CO₂

sequestration rates. This is likely due to factors such as

frequent soil disturbance, lower biomass density, and the

short-lived nature of these crops, which limit their carbon

storage potential [31]. However, the extensive area covered

by rice paddies in the region resulted in the highest total CO₂

sequestration, underscoring the impact of land area on total

carbon sequestration, even for low-density vegetation types.

These findings have significant implications for land

management and climate change mitigation strategies in Ban

Krang Subdistrict. The high sequestration rates observed

in perennial crop areas suggest that promoting the cultiva-

tion of mixed perennial crops and maintaining abandoned

perennial lands could be effective strategies for enhancing

carbon sequestration in the region. Furthermore, improv-

ing the management of low-sequestration agricultural lands,

such as by incorporating agroforestry practices or enhancing

soil carbon storage, could further optimize carbon capture

across the landscape [4].

The study also underscores the importance of consider-

ing both biomass distribution, and land use when developing

carbon management strategies. By identifying land use types

with high sequestration potential, policymakers and land

managers can target specific areas for conservation or refor-

estation efforts to maximize carbon storage and contribute to

global climate change mitigation goals. Overall, this study

advocates for targeted land management approaches that

focus on high-sequestration land use types while simulta-

neously enhancing carbon storage in areas with lower se-

questration rates, like rice paddies. By optimizing land use

and management practices, it is possible to significantly in-

crease carbon storage capacity in the region, contributing to

climate change mitigation efforts and promoting long-term

ecological sustainability.

5. Conclusions

This study provides critical insights into the carbon

sequestration potential across various land use types in Ban

Krang Subdistrict, Phitsanulok Province. Our findings reveal

an average CO₂ sequestration rate of 122.81 tons ha⁻¹, indi-

cating the significant capacity of the region to act as a carbon

sink. Notably, abandoned perennial crops and mixed peren-

nial crops exhibited the highest sequestration rates at 657.94

tons ha⁻¹ and 613.00 tons ha⁻¹, respectively, demonstrating

their effectiveness in capturing atmospheric carbon compared

to other land uses. Conversely, while rice paddies contributed

the highest total CO₂ sequestration—amounting to 61,119.71

tons due to their extensive area—their per-hectare efficiency

remains lower than that of perennial systems. This highlights

the need for targeted management strategies that prioritize

high-sequestration land use types while also enhancing car-

bon storage in lower-performing areas such as rice paddies.

The study underscores the importance of diverse and dense
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vegetation in maximizing carbon sequestration, suggesting

that improved land management practices could significantly

increase carbon storage capacity in agricultural lands. By op-

timizing land use and implementing sustainable agricultural

practices, it is possible to enhance the region’s contribution

to climate change mitigation efforts.
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