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fulfilment of the requirement for the degree of Doctor of Philosophy 
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SUHA GAAFAR BABEKIR ELSORAGABY 

November 2019 

Chairman  :   Professor Ir. Azmi bin Dato’ Yahya, PhD 
Faculty      :   Engineering 

Rice is currently being the most cultivated cereal crop and most consumable 
cereal in Malaysia. The country‘s annual total consumption of rice from 1981 
to 2018 has increased 81.6% due to121.4% increase in the population. In 
order to meet its demand and reduce the importation, the local production of 
rice has to increase drastically.  Increasing production may involve increasing 
energy consumption and at the same time results with increasing production 
cost and increasing environment contaminations that resulted from the 
inefficiency in productions.  Ideally, significant increase in the local rice 
production could be made possible with increasing crop yield within the 
available crop planted areas through the optimum used of crop inputs to 
reduce the involved total production cost. Besides that, the total cost 
production could also be minimized with proper both in adoption and 
adaptation of the machines and equipment to perform the involved field 
operations efficiently and effectively. 

Extensive field evaluations were conducted in real field conditions from a total 
of 62.2 hectares (62 lots) of paddy plots at Sungai Burung, North-West 
Integrated Agricultural Development Authority Selangor under two rice 
growing seasons. The duration period for the main rice season lasted from 
30rd June to 30rd November 2017 while the off-season lasted from 1st 
January to 1st June 2018. Analysis on both the crop inputs and outputs of 
the involved paddy plots were conducted to determine the energy and cost 
of rice production within the study area. The measured crop inputs were 
converted into the equivalent energy values and the greenhouse gas 
emissions (GHG) values using the appropriate conversion coefficients. 
Besides that, crops input costs for each field operations were calculated 
based on the prevailing market prices of the machineries, agricultural 
materials and services. Later, the energy inputs and GHG emissions were 
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optimized using the multi objective genetic algorithm (MOGA) analysis 
techniques. In addition, evaluations were also being made on the field 
performance of the field machineries operating in the field plots and final 
calculations on the mechanization indexes of the respective field operations 
in wetland rice production. 
 
  
From the results, the recorded average crop yield in the main season were 
7.3 ± 0.4 ton/ha for the transplanting method and 5.9±0.5 for the broadcast 
seeding method whereas in the off-season were 7.4± 0.3 ton/ha for the 
transplanting method and 6.2±0.6 ton/ha for the broadcast seeding method. 
Where else, the total input energy used and GHG emissions in the main 
season were 15345.73±375 MJ/ha and 465.56±10.45 kgCO2eq/ha in the 
transplanting method and 16811.98±1239.2 MJ/ha and 490.50±41.77 
kgCO2eq/ha in the broadcast seeding method. While the total input energy 
used and GHG emissions in the off-season were 17571.9±1548.56 MJ/ha 
and 512.42±35.50 kgCO2eq/ha for the transplanting method and 
19018.32±3601.3 MJ/ha and 527.952±99.08 kgCO2eq/ha in the broadcast 
seeding methods. The energy input in the off-season was higher than the 
main season due to the fact that in the offseason the farmers used 24.2% 
and 26.6% higher quantity of fertilizer in the transplanting and broadcasting 
fields respectively to achieve higher yield because they wanted to follow rice 
check. The average overall mechanization index was 0.75, and it varied from 
a lowest value of 0.19 in fertilizing operation to a highest value of 0.99 in 
harvesting operation for transplanting method. In broadcast seeding method, 
the average overall mechanization index was 0.63, and it varied from a lowest 
value of 0.25 in planting operation to a highest value of 0.99 in harvesting 
operation. Comparisons the on economic cost of production variables in 
transplanted method and broadcasted method, revealed that broadcasting 
method enabled farmers in main and off-seasons to save 16.75% and 14.2% 
of the total cost but the transplanting method showed 2.8 times mean greater 
net income than the broadcasting method in the main season and 79.3% in 
the off-season. The benefit-cost ratios of transplanting and broadcasting 
methods were found to be 1.3 and 1.1, respectively. The developed multi-
objective genetic algorism MOGA Model for maximum yield, minimum energy 
inputs, and minimum greenhouse gas emissions (GHG) showed the energy 
inputs by the farmers were over excessed than the actual required energy. 
The accuracies of the models in predicting rice yield is from 90%% to 99.1% 
and in predicting GHG emissions is from 86.6% to 91.7%. Despite lower 
consumption of inputs by MOGA, the crop yield was estimated to be at 9.4 
ton/ha in transplanting and 9.2 ton/ha in broadcast seeding methods, which 
are equal to the region’s maximum crop yield under current cultivation and 
weather conditions. 
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PENGOPTIMUM INPUT TENAGA DAN PERLEPASAN GAS RUMAH 
HIJAU OLEH TANAMAN PADi BASAH DI MALAYSIA 

Oleh 

SUHA GAAFAR BABEKIR ELSORAGABY 

November 2019 

Pengerusi : Profesor Ir. Azmi bin Dato’ Yahya, PhD 
Fakulti : Kejuruteraan 

Beras merupakan bijirin yang paling banyak dimakan di Malaysia. 
Walaubagaimanapun, jumlah penggunaan beras tahunan negara meningkat 
dari tahun 1981 hingga 2018 telah meningkat sebanyak 81.6% disebabkan 
oleh pertambahan penduduk sebanyak 121.4%. Untuk memenuhi 
permintaan tersebut disamping mengurangkan kadar import, penghasilan 
beras tempatan perlu ditingkatkan secara drastik. Meningkatkan penghasilan 
mungkin akan meningkatkan penggunaan tenaga dan pada masa yang 
sama mengakibatkan peningkatan kos penghasilan dan pencemaran alam 
sekitar yang disebabkan oleh kurang kecekapan dalam penghasilan. 
Sebaiknya, peningkatan ketara untuk penghasilan beras tempatan dalam 
kawasan penanaman boleh dicapai dengan penggunaan sumber input yang 
optimum yang boleh mengurangkan kos pengeluaran keseluruhan. 
Disamping itu, kos pengeluaran keseluruhan boleh dikurangkan dengan 
penggunaan peralatan atau teknologi mesin yang betul yang boleh 
melaksanakan operasi lading dengan cekap dan berkesan. 

Ujian lapangan yang mendalam telah dijalankan di bawah operasi lapangan 
sebenar dikawasan penanaman padi seluas 61.64 hektar (62 lot) di Sungai 
Burong, dibawah seliaan Lembaga Pembangunan Pertanian Bersepadu 
Barat Laut Selangor (IADA) untuk dua musim penanaman. Tempoh 
penanaman untuk musim utama dari 30 Jun hingga 30 November 2017, 
manakala untuk musim kedua pada 1 Januari hingga 1 Jun 2018. Analisis 
input dan output ladang telah dijalankan untuk menentukan kecekapan 
tenaga dan kos pengeluaran padi dikawasan tersebut. Input ladang yang 
diukur telah ditukar menjadi nilai tenaga dan nilai perlepasan gas rumah hijau 
(GHG) menggunakan pekali penukaran yang sesuai. Manakala kos input 
pula dinilai berdasarkan kadar pasaran semasa untuk jentera, bahan 
pertanian dan perkhidmatan. Input tenaga dan pelepasan GHG 

© C
OPYRIG

HT U
PM



iv 

dioptimumkan menggunakan teknik analisis algoritma genetik pelbagai 
objektif (MOGA). Kajian ini juga dijalankan untuk menilai indeks mekanisasi 
operasi dan menguji prestasi mesin yang digunakan dalam operasi lapangan 
pengeluaran padi. 

Daripada keputusan, purata hasil tanaman yang direkodkan pada musim 
utama adalah sebanyak 7.3 ± 0.4 tan/ha untuk kaedah tanaman secara 
mengubah dan 5.9 ± 0.5 tan/ha untuk kaedah tanaman secara tabur terus. 
Untuk musim kedua pula, purata hasil ialah sebanyak 7.4 ± 0.3 tan/ha untuk 
kaedah tanaman secara mengubah dan 6.2 ± 0.6 tan/ha untuk kaedah 
tanaman secara tabur terus. Jumlah tenaga masukan yang digunakan dan 
pelepasan GHG pada musim utama adalah sebanyak 15345.73 ± 375 MJ/ha 
dan 465.56 ± 10.45 kgCO2eq/ha untuk tanaman secara mengubah dan 
16811.98 ± 1239.2 MJ/ha dan 465.56 ± 10.45 kgCO2eq/ha untuk tanaman 
secara tabur terus. Manakala jumlah tenaga masukan yang digunakan dan 
pelepasan GHG di musim kedua adalah sebanyak 17571.9 ± 1548.56 MJ/ha 
dan 512.42 ± 35.50 kgCO2 eq/ha untuk kaedah tananam secara mengubah 
dan 19018.32 ± 3601.3 MJ/ha dan 527.952 ± 99.08 kgCO2 eq/ha untuk 
kaedah tanaman secara tabur terus. Purata indeks mekanisasi adalah 0.75, 
dan ia berubah dari nilai terendah 0.19 untuk operasi pembajaan dan kepada 
nilai tertinggi 0.99 untuk operasi penuaian bagi kaedah penanaman secara 
mengubah. Manakala untuk kaedah penanaman secara tabur terus, purata 
indeks mekanisasi adalah 0.63, dan ia berubah dari nilai terendah 0.25 untuk 
operasi penanaman kepada nilai tertinggi iaitu 0.99 untuk operasi penuaian. 
Perbandingan kos ekonomi pembolehubah pengeluaran untuk kaedah 
tanaman secara mengubah dan tanaman secara tabur terus mendedahkan 
bahawa kaedah tanaman secara tabur terus untuk musin utama dan musim 
kedua membolehkan petani untuk menjimatkan sehingga 16.75% dan 14.2% 
daripada jumlah kos tetapi kaedah tanaman secara mengubah menunjukkan 
2.8 kali peningkatan kepada pendapatan bersih yang lebih tinggi daripada 
kaedah tabur terus di musim utama dan 79.3% di musim kedua. Nisbah kos 
manfaat untuk kaedah penananamn secara mengubah dan tabur terus 
kaedah pemindahan didapati masing-masing 1.3 dan 1.1. Model algoritma 
MOGA algoritma genetik multi-objektif yang dibangunkan untuk hasil 
maksimum, input tenaga minimum, dan pelepasan gas rumah hijau minimum 
(GHG), menunjukkan lebihan input tenaga yang digunakan oleh petani lebih 
daripada tenaga yang diperlukan. Ketepatan model dalam meramal kuantiti 
hasil padi adalah dari 90%% ke 99.1% manakala dalam meramal kuantiti 
perlepasan GHG adalah dari 86.6% ke 91.7%. Walaupun penggunaan input 
yang lebih rendah ditunjukkan oleh MOGA, hasil tanaman dianggarkan 
sebanyak 9.4 tan/ha untuk sistem penanaman secara pindah dan 9.2 tan/ha 
untuk tanaman secara tabur terus, yang mana ianya bersamaan dengan 
jumlah maksimum pengeluaran padi di kawasan ini berdasarkan kaedah 
penanaman dan cuaca. © C
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1 

CHAPTER 1 

INTRODUCTION 

1.1    Background of the study 

Rice crop is cultivated everywhere through the six world continents whereas 
all field crop production is practiced except Antarctica continent that covered 
with ice and there is no crops grown. Almost, half of the world population 
consume rice as their staple food, it count as the second most important 
cereal crop in the world after wheat and it comes as second crops production 
after corn (Figure 1.1). Rice crop has been a part of the several countries 
cultural identities, it is the first crop among the most important food crops 
through the world in terms of the volume of production that meets the food 
needs.  

Figure 1.1: World production of wheat, rice and maize from 
 1967 to 2017 (FAOSTAT 2018) 

Arable land in Malaysia for rice cultivation in 2018 was approximately 
689,268 hectares according to FAOSTAT (2018) but according to national 
resources (DOA) rice planted area is 685,548 hectares. The country has ten 
big rice-growing areas called granary areas that practice crop cultivation 
twice a year beside other areas classified as non-granary areas. The year-
round distribution of rainfall, high humidity, and tropical temperatures serve 
as major assets supporting the country's rice production. Successive 
Malaysian governments in the past four decades have affirm that rice 
production is the national staple food, with the aim of achieving self-
sufficiency in production. The focus on self-sufficiency in rice production has 
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led to significant infrastructure developments, such as the establishment of 
good access roads to rice fields, irrigation/drainage facilities, extension 
services, machinery packages, special support groups, and incentives, 
including minimum price guarantee and abundant harvest for farmers.  

Rice is the staple food that has received special attention by the Malaysian 
government. Malaysia self-sufficiency level for rice still remains not much 
different at 70% for the past five years. The total planted area for rice was 
around 689,268 ha in 2017 was not enough to produced rice for Malaysian 
people. Increased production in general can be gained either by expanding 
the rice cultivated area or achieving the highest field productivity of rice plot 
by improving the effective use of farming system inputs or by acting both 
means. Increasing rice production areas in Malaysia is not possible due to 
limited arable land suitable for rice cultivation in the country, the country’s 
rice harvested area remained relatively constant compared to countries 
such as Indonesia, which have shown an increasing trend since 1990 
(Figure 1.2).  

Figure1.2: Total rice harvested area in the Southeast Asia region, 1990 – 2018 
(Source: Data from OECD-FAO Agricultural Outlook 2018-2027)  

Malaysia is not able to achieve a production boosting in terms of reaching 
the level of self-sufficiency of rice by 100%, because the increase in rice 
productivity over the years has not been proportionate with the declination 
of rice cultivated area, growing of population and changing of people eating 
habit. In order for the country to be completely self-sufficient in rice 
production, the rate of productivity must be significantly increased following 
the same way as neighbors’ countries that has the same problems in 
reducing the area available for rice cultivation, such as China, which 
achieved rice production increasing by approximately 74.4%. 
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Norsida (2009) reported that there are about 300,000 rice farmers depend 
on rice cultivation as their main source of income.Rice farmers are usually 
housed in ten major granary areas and several small granaries across the 
peninsular. Poverty is always inherent to the farming community, especially 
the rice- growing community. Acording to the record of a World Bank study 
in 1988, Malaysia was classified as an inefficient rice producer (Pio Lopez 
2007). Currently, there are more than five million hectares of land being 
cultivated for palm oil, compared with just one million hectares for food 
crops, while the oil palm harvested area has increased over the years, rice 
harvested area remained relatively stagnant (Figure 1.3) shows the land use 
for several crops in Malaysia (FAOSTAT 2018). 
 
 

 
 

Figure 1.3: Land used for planting oil palm, rubber, rice and corn in  
Malaysia from 1970 to 2018 (FAOSTAT 2019) 

 
 

A typical local company cultivates oil palm have thousands hectares of land 
for oil palm production. On the other hand, food crop farmers, have just 
about one or two hectares to cultivate. Recently, many farmers have begun 
to believe that commercial crop plantations are easier to practice than food 
crops and the prices of palm oil are stable. So, they stop producing food 
crops and change to oil palm planting. The rice cultivation fields in rice 
production area like Kedah are being changed to housing and industrial 
areas. Food crop production needs a lot of labors and farmers have to use 
a lot of amount of mineral fertilizers and pesticides which is costly, due to 
high prices of these materials which mostly have to be imported. 
 
 
Comparing to some neighboring countries, rice production in Malaysia is 
expensive. In fact, the country lacks a competitive advantage (Murad et al., 
2008) in terms of domestic rice production, indicating that rice production is 
neither viable nor sustainable in the country. Najm et al. (2007) claimed that 
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the cost of imported white ground rice was lower compared to the cost of 
the same type of locally produced rice. Assuming a total annual output of 
2.4 million tonnes and a conservative production cost difference of only 
RM300/ton between domestic and imported rice for imported rice, this 
translates into a staggering RM720 million / year in lost revenue for local 
farmers. It represents a clear case of financial loss that has multiple facets 
and should not be allowed to pass through. In particular, the poverty rate is 
higher among rice farmers in the country than in other sectors of the 
population in other occupations.  
 
 
The enormous variation in yields, especially at the farm level, is of concern, 
and therefore its nature needs to be investigated, and it causes firm and 
effective action. The most viable method is to conduct a comprehensive 
studies on farm input and output analysis (energy analysis), which cover the 
processes involved in wet rice cultivation, in the most productive irrigation 
systems in the country. In this way, the technical competence of the farmers 
participating in the study will be revealed along with their farming practices. 
So that the practices of the most efficient farmers, among them, can be 
models for the less performing farmers to adopt, especially by farmers 
engaged in less productive irrigation schemes in the country. This becomes 
necessary because any real improvement in rice productivity can only be 
achieved through efficiency. 
 
 
Mechanized farming system need the supply of energy in a suitable timing 
and appropriate stages of the crop production lifecycle to gain high potential 
yields. The consumed energy that use in mechanized crop production can 
be classified as direct energy or indirect energy. The energy that used 
directly in farming system and crop production is basically the fossil fuels 
that used to operate agricultural machines to performe fields preparation, 
seeding and transplanting, applying fertilizer, chemicals and lastly crops 
harvesting. In addition, all types of farm machinery need oils and lubricants 
for operation. In contrast to direct energy, agriculture consume indirect 
energy form such as fertilizer and pesticide.  
 
 
To evaluate the energy efficiency, productivity energy use is very important 
factor that indicate if the use of energy is highly efficient or not, but the higher 
productivity of energy use does not always mean that the energy 
consumption is more economic or more benefit. Energy analysis and 
optimization shows the methods and ways to reduce the consumption of 
energy and how to increase the productivity of the energy (Mohammadi et 
al., 2010a). The increasing in world population made a need to produce 
more food to meet this increasing, so that has outcome in more expending 
of energy and natural resources and that because of the lack knowledge of 
farmers and little skills to use more efficiently methods of energy 
expenditure. It is known that more consumption of energy definitely results 
in environment contamination and problematic public health and put bad 
impact on environment. Use of energy efficiently in farming system and crop 
production is consider as the fundamental role and essential requirements 
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of development sustainability; which reduces environmental problems, stop  
destroying the natural resources, and help in constructing  a sustainability 
in farming system and promote an economical and beneficial agricultural 
production system. The consumption of energy in farming system and crop 
production has been studied and analyzed by many researchers 
(Mohammadi et al., 2011a). 
 
 
In farming system, analysis of energy is often done to find how and where 
energy is used, then the analytical data gained is used to increase efficient 
energy use and reduce expenses. In order to improove the energy 
expenditure in crop production, a stringent performance assessment 
methodology must be adopted to evaluate the inefficiency level of the 
farming system when using energy inputs and propose adequate 
management system for waste practices and turn the profession to be a 
beneficial. Using method for modeling operations to evaluate performance 
is effective.  
 
 
1.2    Statement of the problem  
 
 
Efficient energy use, one of the basic requirements for agricultural 
sustainability. Energy use, it has been increasing due to limited arable land 
with the growing global population, and desire for higher living standards. 
Higher energy inputs also increase greenhouse gas emissions (GHG) from 
the agricultural sector (Nabavi-Pelesaraei et al, 2016a). Dramatic increases 
in crop yields per hectare have been achieved in the developed countries 
through the use of improved varieties together with commercial energy 
inputs particularly mineral fertilizers, farm machinery, pump irrigation and 
chemical pesticides. For example, with commercial energy use of about 
1500 kilogram oil equivalent (kg OE) per hectare for rice and 700 kg OE per 
ha for maize, yield levels of more than 5 metric tonnes per ha can usually 
be obtained. This is over 5 times than the yield normally obtained with 
traditional production methods. Data pertaining to consumption of overall 
fertilizer NPK in the world during 2002 to 2016 is presented in (Figure 1.4) 
annual fertilizer of Nitrogen, Phosphate and Potassium consumption 
increased by 33.51, 40.49 and 45.38%, respectively for the world. While for 
overall pesticides use increased by 34.76%. 
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Figure 1.4: World consumption of Nitrogen, Phosphate, Potassium  
and total pesticides from 2002 to 2016 (FAOSTAT 2018) 

 

Rice production involves several energy expending operations which 
include seed selection, seed-bed and land preparation, planting, 
transplanting, seeding, fertilizing, pest management, harvesting, threshing 
and drying. In general, crop production consume energy directly in 
machinery and equipment operating, and indirectly as the use of fertilizers 
and chemicals. The availability of timely adequate energy in sufficient 
quantities, is necessary for completing rice production in write time, as it is 
essential to ensure maximum production. In order to maximize the benefits, 
farmers must have the right energy mix at the right time. High expenditure 
of the energy input refers to non-economic producing and therefore waste, 
this may result in reduced or lost benefits, increases global warming and 
puts some pressure on the environment. Less consumed energy than the 
required, make it impossible to reach the maximum level of productivity that 
ensure the required level of food sufficiency.  
 
 
Many ways could be used for energy optimization that consumed in farming 
system and crop production, such as determination of the more efficient 
methods and effective techniques that can be used (Bockari-gevao et al., 
2005a). Energy input normally is proportionate directly with the crop yield as 
the output energy, several studies showed that fertilizers and Fuel often has 
the highest share of all consumed energy farming system and crop 
production, and this with a hypothesis assume that optimum energy 
productivity is gained at a low level of farming mechanization system and 
mechanization energy sharing is very small, because if mechanization 
energy increase, will result in increased crop yield with decreasing rate 
(Bockari-Gevao et al., 2005b).  
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Various types of machinery are used in modern rice cultivation in Malaysia. 
These machines operated by combustion of fossil fuels. Information on the 
amount of fuel use can easily indicate the future cost of fuel that farmers will 
have to face in the future specially if the price of fuel increase, and 
encourage them to adopt agricultural practices that will improve fuel 
consumption more rigorously. In addition to that data from fuel consumption 
amount by machines in the field operations can be used to develop 
predictive fuel models for use at the farm level by farmers and also to 
estimate the level of CO2 emissions due to fuel use in rice cultivation. Any 
reduction in fuel use in rice cultivation will effect on reducing CO2 emissions 
which would have positive impact on the environment and thus promoting 
sustainable production and for the government information on fuel 
consumption.  
 
 
The lack of sufficient manpower in the rice farming sector is another area of 
great concern for both farmers and agricultural policy makers because of its 
strong impact on the cost of production and the need to achieve timely 
completion of critical agricultural operations in order to avoid unnecessary 
planting losses. At present, studies have shown that the cost of importing 
ground white rice is lower compared to the degree of similar locally produced 
rice. One way to reduce production cost is by automating processes with 
higher human labor participation in rice production. The need for human 
labor in agriculture decreases as mechanization increases (Baruah and 
Bora, 2008). Complete information on the level of inclusion of machines in 
each process is required for the effective assessment of the agricultural 
mechanization status of the rice production system. This information has the 
potential to detect critical processes that require mechanization, so as to 
enhance rice yields through efficient and timely completion of operations. 
With the right agricultural machinery with the right energy rates, the 
availability of water for irrigation and proper planning, the density of rice 
cultivation can be increased in a year, thus increasing annual production. 
Currently, there are not enough documented studies on the extent to which 
machines are used in typical wet rice paddling systems in Malaysia. 
Agricultural policymakers can use information on the level of machinery 
participation at each level of rice cultivation in their tasks of developing a 
comprehensive agricultural mechanization plan for the country, in line with 
the country's rapid modernization and industrialization. Developments are 
increasingly making rice production less attractive to educated young 
people in part due to hard-working perceived field work and low income 
widely recognized by rice farmers compared to the profits made by a 
segment of society engaged in other occupations. 
 
 
Another area of concern is the use of mineral fertilizers and chemical 
pesticides. Although rice yields increase with increased fertilizer inputs, 
excessive use of nitrogen fertilizers contaminates the environment and 
groundwater and may lead to surface erosion and nitrogen leakage. Given 
the fact that about two-thirds of the requirements of fertilizer that consumed 
annually in Malaysia are brought by importing them, a change significantly 
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in the fertilizers price on the world market definitely will affect the level and 
policy of government subsidies on fertilizers to the rice farmers. For 
sustainability of rice production, rice farmers must gain a profit and should 
continue to gain more profit for them for guarantee staying in their 
occupation in rice field with or without government subsidies. Consolidation 
and profit can only be achieved if deficiencies practices in the farming 
system and crop production are removed, that is, the need for optimal use 
of resources. Optimal use of fertilizers is very important for guaranteed 
sustainability in production of rice with low expenses. With the study of 
farming system energy, the fertilizer amount that needed to maximize yield 
can be verified through developing optimization model.  
 
 
Several studies showed the significant effect and contribution of use the 
chemical pesticides for improving rice yield but also it is very clear that use 
of pesticides excessively regardless of environmental pollution put some 
negative impacts on cultivated rice crop that is the effect of plant growth and 
maturity. It is important to mention that the use of insecticides less than the 
dose recommended by manufacture in the product label might cause the 
pests and insects to mutate and become has a resistant to the chemicals 
pesticides which will lead to the need of increase application amount and 
frequencies One of the keys to good pesticide management is following  
recommendations of manufacturers in their label that includes the dosage 
per hectare and chemical to the solvent mixing ratio as well as the use of 
appropriate machines and technology in application performance One way 
to raise farmers' awareness of  the good methods in the use of chemicals 
spraying is to obtain a computational algorithm that can calculate the 
optimum required volume of application solution taking into account the 
recommended dose and mixing ratio of application of the chemicals 
pesticides. 
 
 

1.3    Research Objectives 
 
 
The aim of the study is to summarize the energy use patterns and analyze 
the energy input–output of the wetland rice cultivation in Malaysia in different 
planting method, transplanting and broadcast seeding methods, and 
indicate where savings in the cost of energy used could be made for the rice 
production to be economical viable and environmentally save. 
 
 
The specific objectives: 

1. To investigate and compare the energy use, GHG emissions, and 
production cost for transplanting and broadcast seeding wetland 
rice cultivation in Malaysia. © C
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2. To evaluate the performance of the field machines and 
mechanization index for the operations in transplanting and 
broadcast seeding wetland rice cultivation in Malaysia. 

3. To develop a regression model for predicting maximum rice yield 
for given levels of energy inputs. 

4. To optimize the energy use and greenhouse gas emissions (GHG) 
of transplanting and broadcast seeding wetland rice cultivation in 
Malaysia by using multi-Objective genetic algorithm (MOGA) 
method. 

 

1.4    Scope of the Study 
 
 
Rice in Malaysia is cultivated in lowland (wetland) and upland (dryland), this 
study is limited to lowland rice fields. Farmers in Malaysia cultivate rice using 
both transplanting and direct seeding cultivation, this study is included both 
systems transplanting and direct seeding. Both broadcasting and 
transplanting systems are performed on a puddled soil. Farmers practicing 
six operations during every season namely slashing, chemicals spraying, 
tillage, planting (broadcasting or transplanting), irrigation, fertilizing, and 
harvesting. The research is however, limited to evaluating all operations 
mentioned above that were practiced by farmers in the study area except 
irrigation operation. For transplanting rice, this study not included the 
nursery stage because the farmers do not plant seedlings in their farm, they 
just buy it from producers.  
 
 
In general, the study scope is to develop an optimization model, to analyze 
and evaluate the input and output of consumed and produced energy and 
expended cost in wetland rice field cultivation in the intended area, and 
determine the amount of energy wasteful uses, and calculate cost 
expenditures connected to that use, and describe all that precisely 
accordingly to the cultural practices in the rice field. The study, will show a 
complete computing platform including the various measures indicators of 
energy and cost, and generate a comprehensive reports on utilization of 
machinery, all that will be achieved by analyzing the farm collected data. 
 
 
1.5    Thesis Layout 
 
 
The thesis comprises five chapters which are summarised as follows: 

Chapter One provides a general background of the research topic, identifies 
the statement of the problem, and objectives of the study. The scope and 
limitations of the study are also explained. 

Chapter Two presents the literature review of rice production, the 
differences between transplanting and broadcast seeding, analaysis of 
energy in crops production, and greenhouse gases emissions scenario. 
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Also, it contains an investigation of optimization techniques in crops 
production and made a comparison between data envelopment analysis 
(DEA) and multi objective genetic algorithm (MOGA) production and chose 
the best technique.  

Chapter Three covers the description of the study area, the methodology 
of collecting data for wheather, field performance, time motion, energy 
analysis, and GhG analysis. The methodology of applying optimization of 
MOGA and the comparison between conventional versus Garmin measured 
human energy are peresnt in this chapter. 

Chapter Four presents, explains and discusses field performance and time 
motion, analysis of energy and greenhouse gas emissions, production cost, 
mechanization index, and optimization of energy and GHG emissions 
results, and the outcomes of the data analysis after made the comparison 
between transplanting and broadcast seeding wetland rice cultivation in 
Malaysia.    

Chapter Five presents the general conclusion derived from this work and 
proceeds to recommendations for future work. Also, the novelty of the study 
and contributions to knowledge are presents in this chapter. 
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