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Abstract:  The research of greenhouse gases emission from bitter gourd cultivation aimed to 1) find the methods and activities of 

bitter gourd cultivation in Nong-Sue District, Thailand; 2) the amount of greenhouse gases (GHG) emitted from all activities of 

bitter gourd cultivation through the whole lifecycle, including, raw material, planting, care and nurturing, harvesting, transportation, 

consumption and waste disposal. 10 samples bitter gourd cultivation farmers, selected randomly, were used for analysis The result 

found that the average amount of greenhouse gases calculated from all activities was 1372.52 kgCO2eq/ha (1 hectare =6.25 rai), 

and the hypothesis testing showed no significant difference of each farmer in generation of GHG at P value of 0.321. While each 

activity generated greenhouse gases with significant difference at P value of 0.0009, the bitter gourd vines emitted the highest GHG 

during caring and nurturing, due to fertilizer and chemical substance application, to ensure the produce according to market’s 

requirement. There was no difference between the remaining assessed variables. It is to be noted that antiseptic and bactericide 

were used during epidemics. 
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1. INTRODUCTION 

 

Bitter gourd is a fast growing, trellis vined vegetable, its flowers and fruits are edible and is well-known for its notably bitter taste 

but with a lot of medicinal properties as reported by many previous research (Subratty et al., 2005; Rahman et al., 2008). It sometimes 

grows up naturally, bearing flower (yellow in color) and fruit during June-September. It is bisexual as it bears male and female fruit 

in one flower. Its leaves are composed of 6-7 veined lobes and have jagged edges. Bitter gourd pods are characterized with soft 
lengthwise ridges and uneven pebbly surface with bitter taste (Nutrition-and-you.com, 2019; Palada & Chang, 2003). 

Internally, the flesh is white and pale greenish in color with rough edged seeds, somewhat similar to ridge gourd seeds in 

appearance. As the fruits begin to mature, they gradually become hard, turn yellow or brown in color. Bitter gourd is widely cultivated, 

divided into two types, in tropical and subtropical zones (Cabi.org, 2019). Bitter gourd cultivated in Thailand has pod which is rather 

small, but with strong bitterness and large seeds. The other one is Chinese variety with large glossy pod and thick flesh. For instance, 

cultivation varieties for commercial production include many varieties (Pitrat et al, 1997; Behera, et al., 2010). Bitterness is one of 

the notable characteristics of this particular plant, which everyone can taste the same bitterness in all parts of the vegetable, i.e. leave, 

apex, fruit. This shows the plant’s peculiar medicinal and food characteristics. (Chanwitheesuk et al., 2005; Kupradinun et al., 2011) 

Bitter gourd has its domestication in China too. It has large, cylindrical and plump pod with rugged and glossy green surface. 

Botanically, it belongs to the Cucurbitaceae family, in the genus, Momordica, and is a member of the same family as squash, 

watermelon, cantaloupes, and cucumber. The scientific name is Momordica charantia. For Chinese traditional cooking, Chinese bitter 

gourd is used for cooking soup or stir-fried, while in Thai, it is known as “Mara Khi Nok”. Historically, it is an indigenous vegetable 

and Thai people distorted its name as “Phak Hai”. It is small, dark green with spindle shape but smaller and more greenish. Also, it 

is more bitter than Chinese species (Chan et al., 2016; Nakahara, et al., 2002). Many researchers also found that it is antioxidant and 

therefore has medicininal properties. If mixed with another herb and consumed, it can inhibit HIV activities (Jiratchariyakul et al., 

2001; Kubola & Siriamornpun, 2008). Bitter gourd cultivation generally starts from soil preparation, cultivation, care and nurturing, 

harvesting, transportation and all these processes cause problem on Greenhouse gases emission, primarily from fertilizer application, 

electricity utilization, and transportation using fossil fuels (Jawkaikaset.com, 2014). At present, constant emission of Greenhouse 

Gases (GHGs), a significant amount of which come from corporate organizations and widely seen as the main cause of global 

warming, are due to human activities i.e. energy consumption, animal, agriculture, development and expansion in industrial sector, 

transportation, logging, deforestation, including resources depletion as well as environmental devastation in other forms. These 

activities are primary contributors to global warming, affecting human life and way of living of all organisms. GHGs emissions 
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increase globally to accelerate the pace of global warming (il.mahidol.ac.th, 2014; Aroonsrimorakot et al., 2013, 2019). Greenhouse 

gases emission reduction is the responsibility of the stakeholders. No matter what sector it is, be it, industrial or agricultural as part 

of producers, service sector and human, as part of consumer, altogether, they could help in exhibiting the integrity to reduce 

substantially the country’s GHGs emissions. Buying or service with low GHGs emission is a shift to redirect the customer in 

partnership of GHGs management rising from production format, production direction and individual consumption. These 

components constitute market mechanism for manufacturer to develop low-GHG emission production. Evolution of GHGs emission 

or Carbon Footprint of the production refers to greenhouse gases generated over the full life cycle of products starting from material 

preparation, planting, harvesting, transportation, utilization and waste disposal. The measure includes carbon footprint labeling on 

the product package, which is introduced as determinant factors in buying green goods and this will lead more concern about 

motivation of eco-friendly production (library.stou.ac.th, 2014; thaicarbonlabel.tgo.or.th, 2014, TGO, 2014). 

The researcher conducted the following process of bitter gourd cultivation to evaluate carbon footprint, starting from soil 

preparation, planting, care and nurturing, harvesting, transportation and waste disposal. According to the knowledge of the researcher, 

anthropogenic greenhouse gases in the atmosphere include Carbon dioxide (CO2), Methane (CH4) and Nitrous oxide (N2O). Higher 

atmospheric concentrations of both natural and man-made gases have been accelerating due to the activities including transportation, 

industry, fossil fuels, deforestation, and agriculture. In agriculture sector, bitter gourd cultivation is one which has high emission of 

Carbon dioxide (CO2), Methane (CH4) and Nitrous oxide (N2O). Accordingly, the study of greenhouse gas emissions and the 

evaluation of carbon footprint in bitter gourd cultivation were introduced to identify the stages and activities that generate the highest 
amount of greenhouse gases.  

This study aimed to study the methods on bitter gourd cultivation of farmers in Nong-Sue District, Pathum Thani Province 

(Nongsuealib.com, 2014) and to calculate the amount of greenhouse gas (GHG) emissions on bitter gourd cultivation of farmers in 
Nong-Sue District, Pathum Thani Province, Thailand. 

 

2. Materials and methods 

 

The study on agriculture and bitter gourd cultivation of farmers in Nong-Sue District, Pathum Thani Province was developed, 

using different tools of research methodology, namely in terms of formulated population, random sampling, tools, data collection, 

and data analysis, as to define the scope of study and research framework, located in the study area, Nong-Sue District, Pathum Thani 

Province, Thailand (Figure 1). 

 

 
Figure 1. Nong-Suea District, Pathum Thani Province, Thailand 

Modified from: Agricultural Learning Center Pathum Thani (2017) 

 
Target population 

  

 Target population was bitter gourd farmers in Nong-Sue District, where the administrative areas are divided into 7 Sub-districts, 

consisting of 70 villages. The sub districts and number of villages in Nong-Sue were as: Bueng Ba -9 villages, Bueng Bon-9 villages, 

Bueng Gasam-9 villages, Bueng Cham-12 villages, Nong Sam Wang-13 villages, Sala Kru-10 villages and Nopparat-8 villages. 
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Samples and Sampling Methods 

 
Table 1. Selected sample group of 10 farmers with their land size in Sub-districts of Nong-Sue 

Person Sub-district Land size (Rai) 

1 Bueng Ba 10 

2 Bueng Ba 10 

3 Bueng Bon 3 

4 Nong Sam Wang 10 

5 Nong Sam Wang 10 

6 Nong Sam Wang 2 

7 Sala Kru 3 

8 Nopparat 20 

9 Nopparat 10 

10 Nopparat 3 

 

For the purpose of data comparison, the data was further divided into 2 groups of basic data of bitter gourd cultivation and GHGs 

emission and sample data of bitter gourd cultivation and GHGs emission, using random sampling method (Figure 2). 

 
Figure 2. Bitter gourd cultivation and GHGs emission 

Data Collection 

 

Sources of collected data were derived from 2 types, primary data, consisting of information collected from the sample groups 

in the study area based on response of farmers, divided into parts as: 1. Personal data; location, characteristics of agricultural land; 
2. Economic background; cost (fixed cost, variable cost, and indirect cost) and income (amount of yield); 3.  Suggestions of farmers. 

Secondary data were also obtained from relevant reports, documents and printed matters and provides basic information for the 

study, for example: history of Nong-Sue District, general information in respect of physical condition, administration, infrastructure 

and economics of Nong-Sue District, map of Nong-Sue District, basic data of bitter gourd, steps of bitter gourd cultivation and data 

for carbon footprint evaluation. 
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Measurement of Carbon Footprint 

 

GHG(CO2eq) = A × EF (Equation 1) 
 

DEQP (2014) 

 

where 

GHG = Amount of carbon dioxide equivalent (CO2eq), A = Activities causing to greenhouse gas, and EF = Coefficient of 

greenhouse gas emissions or Emission factor (in kg-CO2eq/unit). 

Equation 1 was used for calculating GHG, starting from the step of material preparation to waste material (consisting of amount of 

energy, fertilizer, water, fuel, and etc. that were consumed throughout life cycle of bitter gourd cultivation). The result is shown in 

Table 2. 

 

3. Result 

 

The result of carbon footprint throughout the life cycle of bitter gourd cultivation is shown in Table 2. 

 

Table 2. Average carbon footprint throughout the life cycle of bitter gourd cultivation for 10 farmers. 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Farmer 

 

Procedure 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

1.Material preparation 0.89 1.54 1.54 4.98 4.98 1.54 

2.Care and nurturing 1509.29 1451.06 866.30 2028.28 3285.52 347.78 

3.Product distribution 7.69 7.69 3.75 1.78 1.78 1.07 

4. Utilization - - - - - - 

5. Waste - - - - - - 

Subtotal greenhouse gas 

emission 

(Kg CO2eq) 

1517.87 

 

1460.28 871.59 2035.04 3292.28 350.38 

Land size in Rai 10 10 3 10 10 2 

Average (kgCO2eq)/Rai 

 

151.79 146.03 290.53 203.50 329.23 175.19 
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Table 2. Average carbon footprint throughout the life cycle of bitter gourd cultivation for 10 farmers (Cont.) 

 

Remarks: In the proces of utilization or consumption, the hypothesis of serving bitter gourd is to eat raw. Non-GHGs emission 

was measured accordingly. Also, it is to be noted that there is less GHG emission in the stage of waste disposal than those of 

utilization or consumption. Therefore, GHGs emission is not included in this stage. 1 ha = 6.25 rai (Thai standard unit) 

 

Table 3. Data Analysis of Variance 

Data source Sum of squares Degree of 

freedom 

Mean of squares F P-value 

Process 21,890,000.000 3 7,295,053.502 11.280 <0.0009 

Farmers 7,126,670.667 9 791,852.296 1.224 0.321 

Deviation 17,460,000.000 27 646,718.519   

Total 46,476,670.667 39    

 

Findings from the one-way analysis showed that F1 was 11.280, which suggests that each process generated greenhouse gas 

at significant level of P-value < 0.0009. On comparison with the other processes, GHGs emission from each farmer was not different. 

The analysis also found that F2 was valued at 1.224 and each individual farmer generated greenhouse gas at indifferent level with 

P-value of 0.321. 

 
4. Discussion 

 

There were many previous studies which have shown that agricultural cultivation process caused emissions of the greenhouse 

gases (Flessa et al., 2002; Asumadu-Sarkodie & Owusu, 2016; Tongwane et al., 2016). These emissions were mostly in the fertlization 

and cultivation process of agriculture. As a result, research were also conducted to discuss agriculture's share in the emissions of 

climate-affecting gases and in the global warming potential (GWP) (Isermann, 1994). This has also been found true in this study in 

Thailand which was based on survey of bitter gourd cultivation in Nong-Sue District, PathumThani Province, Thailand even though 

each farmer’s process of cultivation was found similar to each other. The following are the common process used in cultivation as: 

the stage of raw material preparation i.e. seeds, fertilizer and chemical substances that were used, for instance, Kiew Yok 68 and 

Kiew Yok 42. However, most farmers used the fertilizer formula 16-16-16, 8-24-24, 25-7-7. Most of the chemical substances used 

were pesticides such as Abamectin and Carbosulfan pesticide to eradicate worms and aphids. In addition, bacterial antiseptic and 
fungicides were also used in epidemics, especially during the stage of soil preparation and plowing. 

During the stage of seed germination, most farmers used to plant the seeds in germination tray, while for preparation of the 

planting hole, the farmers usually dig around 100-150 holes on an average per rai. Some put organic fertilizers at the bottom of the 

holes, but most do not add any fertilizer at this stage. The farmers generally arranged for trellis in rectangular shape. With regard to 

the stage of fertilization for bitter gourd plantation, farmers used fertilizers from the beginning stage of plantation. They mostly used 

fertilizer formula 25-7-7. Some of them used formula 46-0-0. Bitter gourd plants used to begin producing fruits after 45 days of 

plantation. At the first harvest, most of the farmers used to add fertilizer formula 16-16-16. But some of them used formula 15-15-

15, which are generally added in the last harvest. During the stage of watering, farmers usually water twice a day, once in the morning 

and once in late afternoon. Most farmers used hand mower carried over the shoulder, instead of herbicide, in order to control weed 

and pest. During the stage of wrapping, most farmers did not wrap the bittergourd in summer, as such practice promotes fast ripening. 

If wrapped, the colour of bitter gourd skins look unpleasant, and not fresh as demanded by the market. With regard to the stage of 

harvesting, bitter gourd harvest can be carried out after about 45 days by cutting the fruits with knife, then the fruits are loaded and 

Farmer 

 

Procedure 

 

7 

 

8 

 

9 

 

10 

 

Total 

1.Material preparation 1.36 0.21 1.54 0.68 19.26 

2.Care and nurturing 425.30 5753.22 1290.93 778.35 17736.02 

3.Product distribution 1.07 2.67 2.49 2.67 32.65 

 

4. Utilization - - - - - 

Subtotal of greenhouse gas 

emission 

(Kg CO2eq) 

427.73 5756.10 1294.96 781.69 17787.92 

Land size in rai 3 20 10 3 81 

Average (kgCO2eq)/rai 

 

142.58 287.81 129.50 260.56 2116.72 
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transported by boat. Greenhouse gas emisison from bitter gourd cultivation of each typical production cycles about 3 months, starting 

from raw material preparation, production, distribution, utilization and waste disposal during June-September, as can be seen in Table 

2. Specifically, GHGs emission was more generated in care and nurturing during cultivation than the other processes (17736.02), 

followed by product distribution (32.65) and material preparation (19.26). The average (kgCO2eq)/rai (1 hectare=6.25rai) was 
2116.72. 

The total amount of greenhouse gas during the full lifecycle of bitter gourd cultivation in Nong-Sue District, Pathum Thani 

Province was 2116.72 kgCO2eq/rai. From the above discussion and analysis, it can be concluded that each process of bitter gourd 

cultivation has generated different amount of greenhouse gases. From all these processes, the planting process generated the most 

greenhouse gases, especially in taking care and nurturing during cultivation than the other processes. Each farmer was equal in terms 

of greenhouse gas emission. The study suggests integration of climate changes measures in agricultural policy, strategies and 

measures in Thailand through more research so as to bring improvement in the agricultural practices with regards to the use of 

chemical fertilizers or pesticides in cultivation process, through innovative policies and strategies, to achieve a sustainable 

environment, such as using no tillage, spontaneous vegetable cover and annual recycling of pruning material. These could improve 
water storage from rainfall, reduce soil and water losses and increase carbon sequestration (Suksawat et al., 2017). 
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