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ABSTRACT 

 

Paulownia hybrid was a new introduced species for forest plantation and was 
still lacking in physiological data. As every state has received different 
amount of precipitation, water becomes major environmental variables where 
it can influence the physiological activity. The main objective of this research 
was to determine the effect of different levels of water regime on the growth, 
photochemical efficiency and efficiency growth of Paulownia hybrid. The 
plants were exposed to the treatment, which was different water regimes; 
low, medium and high. The growth and efficiency parameters of Paulownia 
hybrid such as height, diameter, leaf area and dry mass were taken. The 
measurements of chlorophyll fluorescence include the determination of initial 
fluorescence (Fo), maximal fluorescence (Fm), variable fluorescence (Fv) 
and photochemical efficiency (Fm/Fv). These data were analysed by using 
General Linear Model and analysis of variance (ANOVA) where treatment as 
a fixed factor. As a result, Paulownia hybrid gave a higher mean value in 
term of growth and biomass when exposed to high water regime rather than 
low and medium water regime. An efficiency growth (EG) of Paulownia hybrid 
when exposed to different water regimes did not had significant difference. 
However, low water regime had high mean value of EG compared to medium 
and high water regime. Paulownia hybrid showed similar pattern line of 
chlorophyll fluorescence within five second intervals by using SigmaPlot 14.0 
software. Fv/Fm of all water regimes were not in range of 0.79 to 0.84, 
indicating that all the leaves were under stress. Therefore, Paulownia hybrid 
was affected by water regime in term of growth, biomass and photochemical 
efficiency but not in chlorophyll fluorescence. 
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ABSTRAK 

 
Paulownia hibrid adalah spesies baru yang diperkenalkan untuk perladangan 
hutan dan masih kekurangan data fisiologi. Oleh kerana setiap negeri telah 
menerima jumlah hujan yang berlainan, air menjadi pembolehubah 
persekitaran yang utama di mana ia boleh mempengaruhi aktiviti fisiologi. 
Objektif utama kajian ini adalah untuk menentukan kesan rejim air yang 
berbeza pada pertumbuhan, kecekapan fotokimia dan pertumbuhan 
kecekapan Paulownia hibrid. Tumbuh-tumbuhan itu didedahkan kepada 
rawatan, yang merupakan rezim air yang berbeza; rendah, sederhana dan 
tinggi. Pertumbuhan dan parameter kecekapan  Paulownia hibrid seperti 
ketinggian, diameter, luas daun dan jisim kering telah diambil. Pengukuran 
pendarfluor klorofil termasuk penentuan pendarfluor awal (Fo), pendarfluor 
maksima (Fm), pendarfluor ubah (Fv) dan kecekapan fotokimia (Fm / Fv). 
Data-data ini dianalisis dengan menggunakan Model Linear Umum dan 
analisis varians (ANOVA) di mana rawatan sebagai faktor tetap. Akibatnya, 
Paulownia hibrid memberikan nilai min yang lebih tinggi dari segi 
pertumbuhan dan biomas apabila didedahkan kepada rejim air yang tinggi 
dan bukan rejim air rendah dan sederhana. Kecekapan pertumbuhan (EG) 
Paulownia hibrid apabila didedahkan kepada rejim air yang berbeza tidak 
mempunyai perbezaan yang ketara. Walau bagaimanapun, rejim air rendah 
mempunyai nilai purata EG yang tinggi berbanding rejim air sederhana dan 
tinggi. Paulownia hibrid menunjukkan garis pola pendarfluor klorofil yang 
sama dalam lima saat dengan menggunakan perisian SigmaPlot 14.0. Fv/ 
Fm bagi semua rejim air tidak didalam kalangan antara 0.79 hingga 0.84, 
menunjukkan bahawa semua daun berada di bawah tekanan. Oleh itu, 
Paulownia hibrid telah terjejas oleh rejim air dari segi pertumbuhan, biomas 
dan kecekapan fotokimia tetapi tidak dalam pendarfluor klorofil. 
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CHAPTER 1 

INTRODUCTION 

 

1.1  General Background 
 
Global warming is not a new issue in the world. The main reason of this 

changes was human activity. In its Fifth Assessment Report, the 

Intergovernmental Panel on Climate Change, a group of 1,300 independent 

scientific experts from countries all over the world under the auspices of the 

United Nations, concluded there's a more than 95 percent probability that 

human activities over the past 50 years have warmed our planet. Human 

activity is releasing vast amount of carbon dioxide (CO2). Land-use changes 

such as destruction of tropical forest and the unsustainable exploitation are 

also giving an impact.  

 

    As the human population increases, deforestation rates and the emissions of 

carbon dioxide into the atmosphere also increases cause global warming. In 

order to cease any more increase of CO2 in the atmosphere by means of 

additional plantation areas could be an important means The global concern 

in ameliorating global warming and climate change and they fulfilled their 

responsibility by expand the forest plantation in Malaysia.  

 

The tropical forests make up 80 per cent of the total world forests and are 

recognised as having the greatest long term potential to sequester 

atmospheric carbon (Nadagoudar, 2012). The reduction of natural forests, 

which are the main source of these resources, and the growing pressure for 
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the conservation of these ecosystems underscore the importance of planted 

forests, which could supply up to 50% of the global demand for wood by 

2050 (WWF 2012). Compared to natural forests, forest plantation can 

produce far greater quantity of wood and non-wood produces within a 

relatively shorter period of time, from 3-30 years (Hashim et al, 2011). 

Furthermore, it also can act as store (sequester) the emissions greenhouse 

gas in the growth development process which in turn contributes to the global 

environment. 

 

The establishment of forest plantation can deficit the problems of timber 

shortage and high pressure on natural forests caused by deforestation, 

where more information on species selection and performance are required 

in developing the successful plantation. Besides that, forest plantation also 

can help in depletion of carbon dioxide and act as a carbon sink through 

biochemical process photosynthesis. Forest, which are the main component 

of so-called ‘‘land sinks,’’ play a vital role in the global carbon cycle through 

the absorption of 2.9 6 0.8 Pg of carbon (C) per year (in the period 2004–

2013), thus mitigating climate change related to the increase of 

anthropogenic carbon dioxide (CO2) in the atmosphere (Le Que´re´ et al. 

2009). 

 

Recently, Paulownia species, a newly introduced forest plantation species 

has received a great concern due to its characteristics such fast growing, 

drought tolerant, short rotation woody crop and also beneficial to the 

environment. This species was introduced to Malaysia based on the 
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successful history of plantations in North America and China especially on 

timber production and seemed to be able to meet the demand for sustainable 

wood production in the future as well as can act as a fast carbon sink.  

 

 

 
1.2  Problem Statement and Justification 
 
Information about the carbon sequestration’s function of forests was of great 

concern not only for production but also to assess the possible effects on the 

global warming phenomenon, where forest plantations, in particular would 

play a leading role in the future. Nevertheless, fundamental information on 

the potential of planted exotic species to the site quality and variation is 

scarce especially in Malaysia.  

 

Most study of forest plantation species was focused on species composition 

and growth. However, in term to grow trees efficiently, foresters must 

understand how trees grow and this requires some understanding of tree 

physiology (Kramer. P. J, 1986). Therefore, intensive research needs to be 

done to clarify the role of exotic forest plantation for improving carbon sink as 

well as reducing emissions greenhouse gas in line with the Kyoto Protocol.  

 

 In Malaysia, there are many microclimates such as temperature and rainfall 

that can be affecting performance of plants or trees even human activities. 

The climate of Malaysia are uniform temperature, high humidity and copious 

rainfall. Winds were generally light and variable. The seasonal wind flow 

patterns coupled with the local topographic features determine the rainfall 
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distribution patterns over the country. It is best to describe the rainfall 

distribution of the country according to seasons. 

 

Therefore, water is major environmental variables influences on tree growth 

and a big scale plantation is normally rely on the amount of precipitation and 

it always varies throughout Malaysia. As every state had received different 

amount of precipitation, water become major environmental variables where 

it can influences the physiological activity. Plant growth and productivity are 

adversely affected by water stress. Therefore, the development of plants with 

increased survivability and growth during water stress is a major objective in 

the forest plantation. 

 

Paulownia hybrid is still new species had been introduced in Malaysia. The 

productivity and physiology data of Paulownia hybrid are the important things 

in successful plantation. Therefore, research on establishment and 

maintenance of Paulownia hybrid are still in average and need more 

comprehensive research. Malaysia’s climate and soil conditions are highly 

conducive for the fast growth of tree plantation like Paulownia hybrid. So, this 

study is design to study the response of Paulownia hybrid to our environment 

condition where wet and dry season. 
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1.3 Objectives 
 
This study was conducted to determine the effect of different levels of water 

regime of Paulownia hybrid. Three specific objectives were designed to meet 

this study which are: 

i. To identify the effect of different levels of water regimes on growth 

performance of Paulownia hybrid. 

ii. To determine the effect of different levels of water regimes on 

photochemical efficiency of Paulownia hybrid. 

iii. To identify the effect of different levels of water regimes on efficiency    

of growth of Paulownia hybrid based on biomass distribution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



33 
 

REFERENCES 

 

Appanah, S. & Weinland, G. (1993). Planting quality timber trees in 
Peninsular Malaysia - a review. Malayan Forest Record No. 2. Forest 
Research Institute Malaysia, Kepong, 221. 

Baker N.R and Rosenquist E. (2004). Applications of chlorophyll 
fluorescence can improve crop production strategies: an examination of 
future possibilities. Journal of Experimental Botany, 55(403), 1607-1621 
 
Chaves, M. M., Flexas, J., and Pinheiro, C. (2009).Photosynthesis under 
drought and salt stress: regulation mechanisms from whole plant to cell. 
Ann.Bot, 103, 551–560.  
 
Flexas,J.,Bota,J.,Galmés,J.,Medrano,H.,andRibas-Carbó,M. (2006). Keeping 
a positive carbon balance under adverse conditions: responses of 
photosynthesis and respiration to water stress. Physiol.Plant 127, 343–352. 
 
Gonçalves, J.F.C. and Santos Junior, U. M. (2005). Utilization of the 
chlorophyll a fluorescence technique as a tool for selecting tolerant species 
to environments of high irradiance. Braz. J. Plant Physiol., 17, 3,307-313. 
 
Hashim, M. N., Ahmad Zuhaidi, Y., Rosdi, K. & Abd Razak, O. (2011). 
Perladangan Hutan dan kayu Balak berpotensi untuk Industri Perabot 
Malaysia. Paper presented at Seminar Pembangunan Usahawan Industri 
Perabot Sarawak, 23-24 November 2011, Kuching, Sarawak.  
 
Hunt R. (1990). Relative growth rates. In: Basic Growth Analysis. 
Springer, Dordrecht, 25-34 
 
Khaleghi. E, Arzani. K, Moallemi. N, & Barzegar. M. (2012). Evaluation Of 
Chlorophyll Content and Chlorophyll Fluorescence Parameters and 
Relationships between Chlorophyll a, b and Chlorophyll Content Index under 
Water Stress in Olea europaea cv. Dezful. International Journal of 
Agricultural and Biosystems Engineering. 6, 8, 636-639. 
 
Kramer. P. J. (1986). The Role of Physiology in Forestry. Tree Physiology, 2, 
1-16. 
 
Lawlor, D.W. (2002). Limitation to photosynthesis in water-stressed leaves: 
stomata vs. metabolism and the role of ATP. Ann.Bot. 89, 871–885. 
 
Le Que´re´, C., et al. (2009). Trends in the sources and sinks of carbon 
dioxide. Nature Geoscience, 2,831–836. 
 
 Maxwell K., and Johnson G. N. (2000). Chlorophyll fluorescence – a 
practical guide. Journal of Experimental Botany, 51, 345, 659-668. 
 

© C
OPYRIG

HT U
PM



34 
 

Mirza, H., Kamrun N., Md. Mahabub A., 2, Roychowdhury R., Fujita M. 
(2013): Physiological, Biochemical, and Molecular Mechanisms of Heat 
Stress Tolerance in Plants. Int. J. Mol. Sci., 14, 9643-9684. 
 
Nadagoudar, V. R. (2012). Forest Plantations for Climate Change Mitigation 
–Reviewing Estimates of Net Primary Productivity in Forest Plantations. 
Indian Journal Of Agricultural Economics , 5, 157-162. 

Osakabe. Y, Osakabe. K, Shinozaki. K. (2014). Response of plants to water 
stress. Frontier in plant science, 5(3), 1-8. 

Padilla FM, Miranda JD, Jorquera MJ, Pugnaire FI. (2009). Variability in 
amount and frequency of water supply affects roots but not growth of arid 
shrubs. Plant Ecology, 204, 261–270. 

Poorter H et al (2012) Biomass allocation to leaves, stems and roots: meta-
analyses of interspecific variation and environmental control. New 
Phytol, 193, 30-50. 

Technical Committee on Forest Plantation (2013). Development of Forest 
Plantation Programme. Retrieved from http://www.mtib.gov.my 

Srichaikul, B., Bunsang, R., Samappito, S., Butkhup S., and Bakker, G., 
.(2011). Comparative study of chlorophyll content in leaves of Thai Morus 
alba Linn. Species. Plant Science Research, 3, 17-20. 
 
Stephenson. N. L et al. (2014). Rate of tree carbon accumulation increases 
continuously with tree size. Nature, 507, 90-93. 
 
Stoneman. G. L. and Whittford. K. (1995). Analysis of the concept of growth 
efficiency in Eucalyptus marginata (jarrah) in relation to thinning, fertilising 
and tree characteristics. Elsevier B. V, 76, 47-53. 
 
WWF (World Wildlife Fund). (2012). Living planet report 2012: biodiversity, 
biocapacity and better choices. Gland: WWF. 
 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM




