
 
 

UNIVERSITI PUTRA MALAYSIA 
 

SPATIAL VARIABILITY OF SOIL MICROBIAL BIOMASS CARBON IN 
THE KUALA SELANGOR COASTLINE MANGROVES 

 

 
 
 
 
 
 
 
 
 

NIK NURUL SHAHIRA BINTI NOOH 
 
 
 
 
 
 
 
 
 
 
 
 

FP 2017 20 



© C
OPYRIG

HT U
PM

SPATIAL VARIABILITY OF SOIL MICROBIAL BIOMASS CARBON IN THE 

 KUALA SELANGOR COASTLINE MANGROVES 

 

 

 

 

 

NIK NURUL SHAHIRA BINTI NOOH 

 

 

 

 

 

 

FACULTY OF AGRICULTURE 

UNIVERSITI PUTRA MALAYSIA 

SERDANG, SELANGOR DARUL EHSAN 

2016/2017 

 



© C
OPYRIG

HT U
PM

SPATIAL VARIABILITY OF SOIL MICROBIAL BIOMASS CARBON IN THE 

 KUALA SELANGOR COASTLINE MANGROVES 

 

 

 

BY 

NIK NURUL SHAHIRA BINTI NOOH 

174993 

 

 

 

A project submitted to the Faculty of Agriculture, Universiti Putra Malaysia, to fulfill the 

requirement of PRT4999 (Final Year Project) in order to be awarded the degree of Bachelor 

of Agricultural Science 

 

 

Faculty of Agriculture 

Universiti Putra Malaysia 

2016/2017 



© C
OPYRIG

HT U
PM

i 
 

CERTIFICATION 

This project report entitled ‘Spatial Variability of Soil Microbial Biomass Carbon in the 

Kuala Selangor Coastline Mangroves’ is prepared by Nik Nurul Shahira binti Nooh and 

submitted to the Faculty of Agriculture, to fulfill the requirement of PRT4999 (Final Year 

Project) in order to be awarded the degree of Bachelor of Agricultural Science. 

 

Student’s Name:       Student’s Signature 

Nik Nurul Shahira binti Nooh        

(174993)                 - - - - - - - - - - - - - - - 

 

Certified by: 

 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Assoc. Prof. Dr. Siva Kumar Balasundram  

Project Supervisor 

Department of Agricultural Technology 

Universiti Putra Malaysia 

Date:  

 

 



© C
OPYRIG

HT U
PM

ii 
 

ACKNOWLEDGEMENT  

 

 Alhamdulillah, thanks to Allah SWT for the opportunity to complete this PRT 4999 

Final Year Project., I would like to express my sincere appreciation and gratitude to my 

supervisor, Prof. Dr. Siva Kumar Balasundram for her invaluable mentoring and constant 

support throughout this project. Also, I would like to thanks to Dr Daljit Singh for his endless 

guidance, encouragement, advice and support throughout completing the lab analysis. Without 

him, I can’t get to where I am now. A very warm appreciation to Dr. Jeyanny, the project 

coordinator from Forest Research Institute Of Malaysia (FRIM) in Kepong, Kuala Lumpur for 

allowing me to conduct this research along with them. 

 I am thankful to my friends for their continuous encouragement and support in 

completing my final year project especially to my partner for this project, Ne’ryez Singh 

Randhawa and also my dear friend Wan Nor Aziera for helping me doing my lab work until 

the late of night several times. Not forgotten to all my coursemates who always lend me a hand 

and who are involved directly and indirectly throughout this project.  

Last and most importantly, I wish to thank my beloved parents for the love and support 

that they have given to me. Thank you for hearing my problems and lift me up when I feel 

down and wanted to give up. Without their support, I truly could not accomplish this project. 

 

 

 

 



© C
OPYRIG

HT U
PM

iii 
 

TABLE OF CONTENT 

CERTIFICATION i 

ACKNOWLEDGEMENT ii 

TABLE OF CONTENT  iii-iv 

LIST OF TABLES v 

LIST OF FIGURES vi 

ABSTRACT vii 

ABSTRAK viii 

CHAPTER 1 : INTRODUCTION 1 

1.1 Problem Statement 2 

1.2 Objectives 2 

CHAPTER 2 : LITERATURE REVIEW 3 

2.1 Mangroves 3 

2.1.1 Carbon Sequestration 4 

2.1.2 Soil Profile Composition 5 

2.1.3 Soil Vegetation  7 

2.1.4 Soil Microbial Biomass 9 

2.2 Precision Agriculture 10 

2.2.1 Spatial Variability 11 

2.2.2 Geostatistic 12 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

iv 
 

CHAPTER 3 : MATERIALS AND METHOD 

3.1 Experimental Site 14 

3.2 Plot Layout 16 

3.3 Sampling Protocol 17 

3.4 Soil analysis 17 

3.4.1 Fumigation 18 

3.4.2 Extraction 18 

3.4.3 Biomass C estimated by Dichromate Method 19 

3.4.4 Titration 19 

3.4.5 Calculation and Equation 20 

3.5 Spatial Data Analysis 22 

CHAPTER 4 : RESULTS AND DISCUSSION 

 
4.1 Statistical Analysis 23 

4.2 Geostatistical Analysis 26 

4.3 Spatial Variability Map 31 

CHAPTER 5 : CONCLUSION 33 

REFERENCES 34 

APPENDIX I 40 

APPENDIX II 43 

 

 

 

 

 



© C
OPYRIG

HT U
PM

v 
 

LIST OF TABLES 

 

TABLE  TITLE  PAGE 

Table 4.1  Descriptive Statistic of Soil Microbial Biomass C 24 

Table 4.2 Shapiro-Wilk Normality Test 25 

Table 4.3 Classification of Spatial Dependence using nugget to sill ratio 28 

Table 4.4 Geostatistical analysis 29 

Table 4.5 Cross Validation Results 31 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

vi 
 

LIST OF FIGURES 

 

FIGURES TITLE  PAGE 

   

Figure 3.1  Satellite Images of Kuala Selangor Mangrove Sites 16 

Figure 3.2  The Plot Layout 17 

Figure 4.1.1  Histogram Normal Distribution of Microbial Biomass C  

(0-15cm) 

26 

Figure 4.1.2  Histogram Normal Distribution of Microbial Biomass C  

(15-30cm) 

26 

Figure 4.2.1  Isotropic Variogram of Soil MBC (0-15cm) 30 

Figure 4.2.2 Isotropic Variogram of Soil MBC (15-30cm) 30 

Figure 4.3.1 The 3D wireframe map of Soil Microbial Biomass Carbon  

(0-15cm) 

32 

Figure 4.3.2 The 3D wireframe map of Soil Microbial Biomass Carbon  

(15-30cm) 

33 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

vii 
 

ABSTRACT 

 

 The rising levels of carbon dioxide (CO2) and other greenhouse gases is recognized as 

a serious environmental issue as it has caused global climate change. Mangrove forests are a 

part of a unique ecosystem that protects and stabilizes coastlines as well as mitigates the impact 

of climate change. Mangrove forests are also among the world’s most productive ecosystems, 

producing organic carbon well in excess of the ecosystem requirements and contributing 

significantly to the global carbon cycle. Soil microbial biomass are fundamentally important in 

ecosystem function as its primary roles is in governing the many nutrient cycling reactions 

which are essential in the maintenance of soil fertility. As such, the biomass is both a source 

and sink of the nutrients carbon, nitrogen, phosphorus and sulphur (C, N, P and S) contained 

in the organic matter. This study is aimed at determining the spatial variability map of soil 

microbial biomass C in the mangrove stands. 40 quadrant within the area of 80 m x10 m was 

formed. Soil samples at different depth which is 0-15 cm and 15-30 cm was taken to analyse 

for soil microbial biomass C. Geospatial analysis and spatial variability mapping was 

performed on each test variable. 
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ABSTRAK 

 

 Peningkatan tahap karbon dioksida (CO2) dan gas rumah hijau yang lain telah 

dikenalpasti sebagai isu alam sekitar yang sangat serius kerana ia telah menyebabkan 

perubahan pada iklim global. Hutan bakau adalah sebahagian daripada ekosistem yang unik 

yang melindungi dan menstabilkan pantai serta mengurangkan kesan perubahan iklim. Hutan 

bakau juga merupakan antara ekosistem yang paling produktif di dunia, menghasilkan karbon 

organik jauh melebihi keperluan ekosistem dan menyumbang dengan ketara kepada kitaran 

karbon global. Tanah mikrob biomas adalah asas penting dalam fungsi ekosistem sebagai 

peranan utamanya adalah dalam mentadbir banyak reaksi kitaran nutrien yang penting dalam 

mengekalkan kesuburan tanah. Oleh itu, biomas adalah kedua-dua sumber dan tenggelam 

nutrien carbon, nitrogen, phophorus dan sulfur (C, N, P dan S) yang terkandung dalam bahan 

organik. Kajian ini bertujuan untuk menentukan peta kepelbagaian mikrob tanah biomas C di 

kawasan pokok bakau. 40 kuadran dalam kawasan 80 m x10 m telah ditubuhkan. Sampel tanah 

pada kedalaman yang berbeza iaitu 0-15 cm dan 15-30 cm telah diambil untuk menganalisis 

mikrob tanah biomass C. Geospatial dan pemetaan kepelbagaian dilakukan pada setiap 

pembolehubah ujian. 

 

 

 

 

 



© C
OPYRIG

HT U
PM

1 
 

CHAPTER 1 

INTRODUCTION 

 

Climate change is one of the greatest challenges of our time. The increase of carbon 

dioxide concentration has apparently triggered the global temperature rise, which cause a great 

deal of discomfort to the world population. Mangrove forest becomes the crucial factor in 

mitigating the climate change impact as well as in protecting the coastlines. Mangroves consist 

of plant communities commonly found between the lowest and the highest tide level. These 

plants had evolved over time by developing special adaptive features allowing them to better 

survive in a harsh and stressful environment (Mastaller, 1997). However, this unique ecosystem 

is under tremendous stress due to erosion, excessive anthropogenic activities and natural 

disasters such as tsunamis. The coastlines of Malaysia have witnessed a drastic decline in the 

recent years whereby 29% of the Malaysian coastal areas were reported to be vulnerable to 

serious erosion. (Wan Rasidah et al., 2015).  

Salinity plays an important role in the growth and survival of mangroves. But, salinity 

also affects the microbial population in the estuaries that usually controls the biogeochemical 

cycles and transformation of most nutrients in the mangrove. Microbial biomass such as 

bacteria are the largest contributors to carbon flux in these sediments. Most microbes assist as 

primary decomposers of organic residues and are fundamental for the carbon cycle and nutrient 

availability to the vegetation species. Quantification and management of microbial biomass 

carbon (MBC) in a regional scale would involve the deployment of cutting edge geo-spatial 

technologies, which are routinely used in Precision Agriculture (PA).  
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Spatial variability is an important tool as it can lead to site-specific ecosystem 

management which allows for resource optimization (Balasundram et al., 2008). The scarce 

information and knowledge about the management of the microbial biomass have led to a 

research and development in rehabilitation and conservation efforts of the mangrove forest. To 

replace the conventional techniques, the present tools which are geospatial statistic can be used 

for the quantification and mapping as well as monitoring the carbon sequestration. Developing 

spatialized maps for soil MBC would be an important assessment which will actually elucidate 

the threshold levels of the microbial biome toward salinity.  

 

1.1 Problem Statement and Hypothesis 

The coastline mangroves in Sungai Besar are exposed to the changing of tidal intensity 

which can alter the soil physicochemical properties. Increasing soil salinity showed negative 

effect on the microbial biomass carbon. 

 

1.2 Objectives  

1) To determine the spatial variability of soil microbial biomass C in the mangrove stands of 

Sungai Besar, Kuala Selangor 
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