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Chapter 1. Introduction 

 

1.1 Rice 

Rice (Oryza sativa L.) is the staple food of about two-thirds of the global population. The 160 

Mha of harvested rice paddies produce >700 million tonnes (Mt) (=Tg) of grain annually, 

with 90% of the area and production in the countries of Asia (Table 1.1) (FAO 2015). 

Production increases during the past 5 years are due to the combination of increased areas 

planted to rice, coupled with increased yields. Two countries, China and India, account for 

close to half of the global production of rice. Some rice is traded between countries (about 36 

Mt or 5% of total produced), but the vast majority is consumed within the country in which it 

was produced. Rice, like wheat (Triticum aestivum L.), is used mainly for human 

consumption. Together the two grains are grown on about 385 Mha globally. The coarse 

grains, the third major cereal group, used for animal feed and for industrial purposes rather 

than for human consumption, are grown on about 320 Mha globally. The principal coarse 

grains are maize (Zea mays L.) and barley (Hordeum vulgare L.). 

 

Table 1.1 Global and Asian statistics for area (Mha) of harvested paddy rice, overall 
production (Mt) and average yields (t/ha) (FAO 2015). 
Country 2007 2008 2009 2010 2011 
 Area harvested (Mha) 
Asia 139.2 143.1 141.0 143.2 145.0 
World 155.0 160.0 158.3 161.6 163.6 
 Overall production (Mt) 
Asia 596.7 622.3 621.3 635.9 656.3 
World 654.8 686.2 687.0 703.1 725.0 
 Average yield (t/ha) 
Asia 4.29 4.35 4.41 4.44 4.53 
World 4.22 4.29 4.34 4.35 4.43 

 

Rice-based farming systems are the most productive agroecosystems in Asia and produce the 

majority of food for most of the people (Bijay-Singh et al. 2008). Therefore, regional food 

security depends upon maintaining the productivity of rice and the crops that are grown in 

rotation with it (Dixon et al. 2001). Fukai and Ouk (2012), in a comprehensive review of rice 

production in the Mekong region of Asia, concluded that productivity (yield) was primarily 

driven by water and nutrient supply which, to some extent, was mediated through soil type 

and position of the paddy in the toposequence. Lack of nutrients, particularly nitrogen (N) and 

either a lack or surplus of water at critical times, (e.g. sowing, flowering, seed filling, post-
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harvest), reduced growth of the crop, yield potential and timing of key activities. Increased 

productivity should result from improved water, particularly via irrigation, nutrient 

management and new, high-yielding varieties (Haefele & Konboon 2009). In many parts of 

south and south-east Asia, improved nutrient management via fertiliser application may be the 

best option of the three for affecting productivity gains. 

 

1.2 Rice production in Myanmar 

1.2.1 Overview 

In Myanmar, agriculture is the most important economic and social sector, accounting for 

about 30% of GDP and 28% of export income. About 70% of the country’s population is 

rural. Within the agricultural sector, cropping dominates. The net area used for cropping is 

13–14 Mha with a cropping intensity of 160–170%. Thus, the total area sown to crops is 21–

24 Mha (MOAI 2013). 

 

Rice is the principal crop with official Ministry of Agriculture and Irrigation (MOAI) paddy 

rice production figures of 32 Mt from 8.0 Mha harvested annually. The next most important 

crops are the food (pulse) and oilseed legumes with 7.0 Mt from 5.0 Mha, followed by the 

non-leguminous oilseed crops (1.6 Mt from 2.5 Mha) (FAO 2015). India ranks as the highest 

production country of South and South-East Asia for rice producing areas, followed by 

Indonesia, Bangladesh, Vietnam, Thailand then Myanmar (Table 1.2). The Philippines (data 

not shown), Cambodia and Lao PDR grow and produce less rice than Myanmar (Table 1.3). 

 

Table 1.2 Area (Mha) of harvested paddy rice for the countries of South and South-East 
Asia (FAO 2015). 
Country 2007 2008 2009 2010 2011 
India 43.9 45.3 41.9 42.9 43.9 
Indonesia 12.1 12.3 12.9 13.3 13.2 
Bangladesh 10.6 11.3 11.4 11.5 12.0 
Thailand 10.7 10.7 11.1 12.1 11.9 
Vietnam 7.2 7.4 7.4 7.5 7.7 
Myanmar 8.0 8.1 8.1 8.0 7.6 
Cambodia 2.6 2.6 2.7 2.8 2.9 
Lao PDR 0.7 0.8 0.8 0.9 0.8 

 

Table 1.3 Production (Mt) of harvested paddy rice for the countries of South and South-
East Asia (FAO 2015). 
Country 2007 2008 2009 2010 2011 
India 144.6 148.0 135.7 143.9 157.9 
Indonesia 57.2 60.3 64.4 66.5 65.7 
Bangladesh 43.2 46.7 48.1 50.1 50.6 
Thailand 32.1 31.7 32.1 35.6 34.6 
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Vietnam 35.9 38.7 38.9 40.0 42.4 
Myanmar 31.5 32.6 32.7 32.6 29.0 
Cambodia 6.7 7.2 7.6 8.2 8.8 
Lao PDR 2.7 2.9 3.1 3.1 3.1 

 

Myanmar needs to constantly increase food production to feed an ever-increasing population, 

which currently stands at 50 million (MOAI 2013). Rice is the staple food of the country and 

the largest and most economically-important crop, accounting for 30% of total area planted, 

about 40% of gross agricultural output and 13% of GDP (World Bank 2014a). Most people in 

Myanmar eat rice at every meal. Thus, adequate production of rice equates to food security. 

Rice is also exported, principally to China, Guinea and Ivory Coast, earning vital foreign 

currency for the country. Current export volumes are 1.0–1.3 Mt annually, valued at about 

USD400 million (World Bank 2014a). The same World Bank Report (2014a) suggested that 

increased rice exports could stimulate economic growth and poverty reduction throughout 

Myanmar. 

 

There are conflicting data on the actual volumes of paddy rice produced in Myanmar. The 

official figures, produced by the MOAI and reproduced by FAOSTAT (FAO 2015), indicate 

production of 29–33 Mt annually with an average yield of 4.0 t/ha (see Table 1.3). By way of 

contrast, the United States Department of Agriculture (USDA) figures indicate production 

during the same period of 16–18 Mt annually, or just 55% of the official production levels 

(World Bank 2014a), at an average yield of 2.5 t/ha. The production statistics of the two 

reporting agencies were almost identical until 1980, were slightly different for the next couple 

of decades before showing marked divergence about 10 years ago (World Bank 2014a). 

 

In Myanmar, the most important area for rice is the delta region of the Ayeyarwady River. 

The three Divisions – Ayeyarwady, Bago and Yangon – produce about half of the country’s 

rice. A further 25% of total production is in the Mandalay, Sagaing, Magway and Nay Pyi 

Taw Divisions of the Central Dry Zone. The remaining 25% is produced in the Coastal and 

Mountainous divisions. The climate of the major production areas of the coast tends to be wet 

tropical because of the influence of the monsoon from the Bay of Bengal. The dependable 

monsoon rains, the area’s warm and humid climate and hydromorphic soils all contributed to 

provision of an ideal environment for rice production. About 80% of rice in Myanmar is 

grown as rainfed lowland rice, with the monsoon rains providing sufficient water to submerge 

the soil in the paddies contained by the bunds for part or all of the growing season (MOAI 

2013). Even so, insufficient, i.e. droughts, or sometimes surplus water, i.e. floods, arguably 

represent the major limitation to rice production. 
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Any increases in rice production must be done in a sustainable way because practices and 

cropping patterns that potentially increase production can also cause degradation of soil and 

water resources. Use of unsuitable cropping systems, inappropriate soil management practices 

and excessive and imbalanced use of chemical fertilisers and pesticides can adversely affect 

soil quality and fertility in the long run. Land degradation is already a widespread problem in 

Myanmar, with soil fertility decline and erosion a particular feature of established cropping 

areas (MOAI 2013). The fragmentation of land holdings and a predominance of small and 

marginal farmers only intensify the problems. 

 

1.2.2 Largely a low input system 

Partly because of decades of political isolation, Myanmar has not mechanised rice production 

to any extent nor has it developed high-input agricultural production systems. There are an 

estimated 7 million farmers in Myanmar but just 11,000 tractors and 230,000 power tillers 

(MOAI 2013). It is useful to contrast the use of fertiliser nitrogen (N), phosphorus (P) and 

potassium (K) in Myanmar with their use by other countries of the region. 

 

The current consumption of fertiliser N in Myanmar varies between 50,000 and 80,000 tonnes 

annually, in stark contrast to other south and south-east Asian countries (Table 1.4). India’s 

consumption of fertiliser N is >200 times that of Myanmar. A more relevant comparison is 

that between Myanmar and Thailand. The latter produces about twice the volume of rice of 

Myanmar but consumes about 25 times the amount of fertiliser N. Cambodia has a similarly 

low rate of fertiliser N use as Myanmar. 

 

Table 1.4 Annual consumption of mineral fertiliser N (tonnes) for the countries of South 
and South-East Asia (FAO 2015). 
Country 2007 2008 2009 2010 2011 
India 14,417,665 14,863,815 15,558,372 16,549,642 17,320,285 
Indonesia 2,503,269 2,700,006 2,935,774 2,784,573 2,923,119 
Bangladesh 1,048,507 1,287,000 1,168,420 1,131,240 1,365,800 
Thailand 1,188,173 1,194,047 1,491,875 1,604,873 1,532,041 
Vietnam 1,124,727 1,008,572 1,529,841 1,224,447 807,573 
Myanmar 80,495 62,235 50,692 49,903 84,130 
Cambodia 8,590 12,447 16,905 21,022 33,388 
Lao PDR * * * * * 

* no data 
 

The pattern of consumption of fertiliser P is similar to that for fertiliser N (Table 1.5). India is 

by far the largest consumer (6–8 Mt annually) and Myanmar and Cambodia the smallest 
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(0.005–0.07 Mt annually). The relativity between Myanmar and Thailand for fertiliser P 

consumption is much the same as for N, i.e. about a 20-fold difference. 

 

Table 1.5 Consumption of mineral fertiliser P2O5 (tonnes) for the countries of South and 
South-East Asia (FAO 2015). 
Country 2007 2008 2009 2010 2011 
India 5,518,072 6,051,820 7,249,010 8,056,813 7,947,748 
Indonesia 358,040 358,040 507,286 499,220 579,015 
Bangladesh 256,050 109,700 37,260 138,160 269,660 
Thailand 348,518 370,492 256,202 488,513 459,122 
Vietnam 636,267 468,097 690,245 481,699 387,650 
Myanmar 68,962 13,374 4,538 9,064 32,683 
Cambodia 23,882 14,874 19,502 23,998 26,782 
Lao PDR * * * * * 

* no data 
 

The differences in fertiliser K consumption between Myanmar (and Cambodia) and the other 

rice-producing countries of south and south-east Asia are even more pronounced (Table 1.6). 

India’s consumption of fertiliser K is about 300 times that of Myanmar. 

 

Table 1.6 Consumption of mineral fertiliser K2O (tonnes) for the countries of South and 
South-East Asia (FAO 2015). 
Country 2007 2008 2009 2010 2011 
India 2,635,371 3,312,802 3,638,144 3,513,283 2,566,998 
Indonesia 1,130,750 1,130,750 843,636 1,000,000 1,150,000 
Bangladesh 136,800 164,400 49,200 157,800 298,200 
Thailand 362,593 425,854 167,644 462,188 554,280 
Vietnam 466,336 443,883 319,086 292,420 440,042 
Myanmar 17,373 5,769 4,400 8,578 12,772 
Cambodia 792 952 947 1,028 1,710 
Lao PDR * * * * * 

* no data 
 

The relativity between consumption by Thailand and Myanmar is about 40:1. The amount of 

fertiliser K used by Myanmar farmers each year really is very small. If the 12,800 tonnes 

consumed in 2011 was spread evenly across the 23 Mha land cropped in that year, the rate of 

application would be just 0.6 kg K/ha. 

 

1.2.3 The role of biologically-fixed nitrogen 

Nitrogen is the key nutrient affecting rice production (Cassman et al. 1998, Fukai & Ouk 

2012, Hossain et al. 2012). According to Cassman et al. (1998) “… In large part, plant N 

status determines rice yield potential through effects on leaf area development and canopy 

photosynthesis … and N drives demand for other macronutrients in irrigated rice systems ...” 

Rice requires about 25 kg N to be taken up by the growing crop for each t grain produced. 
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Myanmar produces an average rice yield of 2.5 t/ha, therefore the average crop must be 

supplied with at least 63 kg N/ha. A more realistic figure would be 70–75 kg N/ha to account 

for immobilisation of N in the soil and gaseous and leaching losses of N (Hossain et al. 2012). 

The N can be supplied from the mineralisation of native soil organic matter and previous crop 

residues, from mineral N already in the soil and left over from non-use by the previous crop, 

from inputs of N biologically-fixed by bacteria living freely or in symbiotic association with 

the water fern azolla in the paddy water, by bacteria living in close association with the rice 

itself and by applications of mineral and organic fertilisers (App et al. 1984, Roger & Ladha 

1992, Watanabe & Liu 1992, Kundu & Ladha 1995, Ladha & Reddy 2003, Hossain et al. 

2012). Unlike the other major rice-producing countries of the region, it is likely that in 

Myanmar the inputs of biologically-fixed N, rather than fertiliser N, are major contributors to 

rice. An index of fertiliser-N use for each of the countries of the region (Table 1.7) shows 

clearly the difference between Myanmar and Cambodia on one hand and India, Indonesia, 

Bangladesh, Thailand and Vietnam on the other. 

 

Table 1.7 Index of consumption of mineral fertiliser N (kg/ha of all cereal crops 
harvested1) for the countries of South and South-East Asia (FAO 2015). 
Country 2007 2008 2009 2010 2011 
India 143 147 160 165 172 
Indonesia 159 166 172 160 171 
Bangladesh 94 108 98 94 109 
Thailand 100 100 120 119 115 
Vietnam 135 114 179 142 92 
Myanmar 9 7 6 6 10 
Cambodia 3 4 6 7 11 
Lao PDR * * * * * 

1includes rice, wheat and coarse grains 
* no data 
 

Part of the N supply for rice will come from the mineralisation of N-rich residues from a 

previous legume crop. Myanmar is a significant legume producer compared with its 

neighbours (Table 1.8) with close to 5 Mha grown annually (MOAI 2013), about 3.0 Mha of 

which is in rotation with monsoon rice. In other words, 30–35% of the monsoon rice follows a 

previous legume crop. 

 

Table 1.8 Area (Mha) of harvested legumes1 for the countries of South and South-East 
Asia (FAO 2015). 
Country 2007 2008 2009 2010 2011 
India 40.00 38.50 36.20 42.00 44.10 
Indonesia 1.40 1.50 1.60 1.50 1.50 
Bangladesh 0.39 0.29 0.31 0.32 0.33 
Thailand 0.38 0.37 0.37 0.35 0.36 
Vietnam 0.80 0.81 0.77 0.80 0.81 
Myanmar 4.50 4.80 4.90 4.90 4.90 
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Cambodia 0.16 0.14 0.16 0.19 0.15 
Lao PDR 0.04 0.05 0.05 0.05 0.06 
1includes pulses and oilseed legumes (soybean and groundnut) 
 

The species commonly-grown in rotation with rice in Myanmar are black gram (Vigna 

mungo), green gram (Vigna radiata), chickpea (Cicer arietinum) and groundnut (Arachis 

hypogaea). The other major legume grown by Myanmar farmers, but not in the rice-

production systems, is pigeon pea (Cajanus cajan). The ratio of rice: legumes (all legumes, 

not just legumes in rotation with rice) in Myanmar is 1.5:1, in stark contrast to ratios for 

Indonesia, Bangladesh, Thailand, Vietnam, Cambodia and Lao PDR are between 9:1 and 

37:1. Because legumes fix N and produce high-protein grain, their residues have relatively 

low C: N ratios, i.e. they have high N contents (Peoples et al. 1995). Thus, mineral N is 

released into the soil as they decompose to be available for the next crop. In the rice-

production systems of Myanmar, it is likely that legumes play a vital role in the N nutrition of 

rice. 

 

1.2.4 Soil, nutrient supply and nutrient management for Myanmar rice production 

Soils are an integral part of the ecological system that serves as a natural resource base for the 

production of food and fibre. Soils are fundamental for plant growth, acting as the storehouse 

for water and essential nutrients as well as providing the physical medium. In almost all 

situations, the natural supply of nutrients from agricultural soils is inadequate to meet the 

needs of growing crops and must be supplemented with external inputs, which can be either 

mineral or organic in nature. However, this may be difficult, even impossible, for small 

holders in Myanmar because they lack the financial resources to purchase the inputs well in 

advance of receiving payments for the harvested product. Credit can be difficult to arrange for 

the farmer and is usually expensive (San et al. 2013). 

 

Notwithstanding the financial impediments, efficient nutrient management is just as important 

for small-holder resource-poor farmers in Myanmar as it is for wealthy large-scale famers in 

any country. There is a need for efficient, economic and integrated systems of nutrient 

management for realising high crop productivity without diminishing soil fertility that are 

relevant to the socio-economic situation of small holders and resource poor farmers (World 

Bank 2014b). 
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1.3 Constraints for rice producing farmers in developing countries 

Most of the rice farmers in developing countries are poor and smallholders. The common 

constraints for rice production are listed in the Table 1.9. Amongst the list, the biophysical 

constraints (such as variation of climate, access to water and suitable cultivars) and the 

socioeconomic constraints (such as lack of credit, inputs, labour shortages and poor market 

systems) are the major constraints for lowland rainfed rice production systems (Zeigler & 

Puckridge 1995, MSU & CESD/MDRI 2013). Moreover, as mentioned earlier, soil types and 

nutrient management are also vital for improving productivity of rainfed lowland rice 

ecosystems (Thein et al. 2003, Win 2006, Naing et al. 2008, Fukai & Ouk 2012). Schiller et 

al. (2001) described poor soil fertility as the major constraint for rice production in Lao PDR, 

although farmers’ rarely reported it in the interviews. 

 

Many authors reported major yield losses due to the variation of climate such as storm, 

drought and flood which severely affect rice productivity because rainfed lowland rice 

ecosystems mainly depend on the amount and timing of water supply (Zeigler & Puckridge 

1995, Schiller et al. 2001, Boling et al. 2004, Fukai & Ouk 2012). 

 

The most common socio economic constraint for the lowland rice producing farmers is the 

lack of capital and the difficult access to credit and farm inputs (Enlightened Myanmar 

Research & World Bank 2014). Very low profit or occasionally losses associated with the low 

price for produce, was the common scenario for many rainfed lowland rice production 

systems and the cause of poor financial condition for the farmers (LIFT 2012, Newby et al. 

2013). 

 

Labour availability is also an issue for traditional rice production systems of developing 

countries where mechanisation is low and production still depends on human labour for most 

farming activities. A reducing labour force in rural areas becomes a limiting factor for rice 

production (Wade et al. 1999b). Haefele and Konboon (2009) reported labour shortages in 

peak times (transplanting, harvesting) caused reductions in yield in rainfed lowland rice 

production systems. Moreover, Newby et al. (2013) found that labour wages are increasing in 

rice production due to reduced farm labour availability in Lao PDR. The labour issue and 

mechanisation are linked. Myanmar rice farmers, especially in lowland areas, mainly depend 

on human labour as it is a country with very little mechanisation. According to the LIFT 

report (LIFT 2012), only 25% of lowland rice farmers used machinery in the delta region of 

Myanmar. Unreliable and poor extension services from the Department of Agriculture (DoA) 
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hinders the improvement of rice productivity in the region (Schiller et al. 2001, Farouque & 

Takeya 2007, Haefele & Konboon 2009). 

 

Table 1.9 Common socio-economic and bio-physical constraints faced by rice farmers in 
developing countries. 
Socio-economic Bio-physical
* Lack of capital and equipment 
* Poor access to credit 
* Labour shortages 
* Limited educational opportunities 
* Inadequate or unreliable land tenure 
* Inadequate RD&E services 
* Access to markets and market information 
* Problematic relationships with government staff 
and other providers of information or materials 
(e.g. mistrust due to corruption, ethnic conflict, 
mistrust of commercial operators [or too much 
trust!]) 

* Poor soils 
* Climate variability, and climate change 
pressures (e.g. increased temperatures, altered 
rainy seasons) 
 * Access to irrigation water 
* Crop protection (pests, diseases and weeds) 
* Access to modern cultivars 
* Lack of supplies (can afford, but patchy or non-
existent supply), e.g. machinery, fertilisers 
* Inadequate infrastructure, e.g. roads, mills 
 

 

1.4 Scope of this study 

Two key inter-related factors impact the ability of low-input rice farmers to meet their food 

security and economic needs. The first is their capacity to manage crop production, 

particularly through management of soil fertility, crop nutrition and crop protection. The 

second is their ability to access finance and markets and achieve sustainable economic 

returns. The research study reported in this thesis focuses primarily on the capacity of small 

holders to maintain adequate soil fertility and provide nutrients in their low-input rice-

production systems within the socio-economic context that defines their livelihoods and 

abilities and constraints to manage their soils and crops. Farm management affecting nutrient 

use efficiency can be readily quantified by using a nutrient budgeting approach. Once 

constructed, the budgets can highlight nutrient flows, enabling farmers to act upon nutrient 

surpluses or deficiencies as well as providing information to assist both farmers and policy 

makers (Wang et al. 2008). 

 

This study focussed on the Ayeyarwady delta region of Myanmar, a low land deltaic region 

where rice is the main crop in the cropping system. Although the research was 

geographically-focused, it is envisaged that information on socio-economic descriptors of 

farmers and their land use practices will have relevance to other parts of the delta region. The 

findings of the study could also be useful for project planning, implementation and evaluation 

at the local level as well as for policy formulations at the regional level. 
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1.5 Research approach 

The research began with the broad question of how farmers in Myanmar maintain their 

production of rice, especially in terms of soil nutrient management. A diagrammatic overview 

of the approach to addressing this question is given in Figure 1.1. Initial ideas were developed 

through a review of the literature, including a mixture of grey literature (e.g. government and 

non-government reports) and journal articles on the socio-economic and bio-physical aspects 

of rice production in Myanmar, in the Greater Mekong Region and beyond. After formulating 

the research questions, a period of networking and preliminary evaluation was conducted in-

country to determine the scope and feasibility of the project. Based on this initial research, a 

work plan was prepared, the survey questionnaires drafted, piloted and finalized and the 

household surveys and field work commenced. 

 

Different types of data were gathered for this study. The primary data were assembled from 

soil and crop samples and their laboratory analyses, field observations, farmer household 

surveys, key farmer interviews and farmer-group discussions. The major activities for primary 

data collection were: (i) structured surveys involving 100 participating farmers across five 

village tracts regarding family and whole-farm livelihoods and farming practices, the latter 

particularly related to the agronomy and economics of crop production; (ii) sampling soil 

before and after the monsoon rice crop and sampling monsoon rice grain and stubble at 

harvest from the fields of 50 of the participating farmers (i.e. one field per farmer) for a suite 

of physical and chemical traits; (iii) a farm management questionnaire of the 50 farmers in the 

field survey for the collection of information related to inputs, yields and finances for the 

sampled fields and crops. 
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Figure 1.1 Overall research methodological flowchart. 
 

The secondary data were collected from available records of the Myanmar Land Use Division 

(LUD), Myanmar Department of Agriculture (DoA), the Central Statistical Organization 

(CSO), publications of the Myanmar Ministry of Agriculture and Irrigation (MOAI), the 
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Meteorological Department and, finally, the delta region agriculture offices and agencies in 

Myanmar. 

 

1.6 Research questions 

The objective of the research was to determine the key factors affecting grain yields and 

profitability of rainfed (monsoon) lowland rice in a township area of the Yangon Division, 

north of Yangon and part of the Ayeyarwady delta. 

 

The following specific research questions were addressed: 

1. Are low-input rice-based farming systems of Myanmar productive, profitable and 

sustainable? 

2. What are the bio-physical and socio-economic constraints? 

3. What are farmers’ perceptions of soil fertility and nutrient management? 

4. How does the socio-economic situation of individual farmers prevent or encourage good 

agriculture practices, particularly related to nutrient management? 

5. Is nutrient budgeting effective for nutrient management in low-input rice-based farming 

systems of Myanmar? 

6. Do farmers have access to good quality information about rice cropping and do they act on 

such information? 

7. Can possible alternative strategies for the improvement of low-input rice-based farming 

systems in terms of nutrient management be determined and recommended to farmers? 

 

1.6.1 Structure of dissertation 

This thesis contains six chapters. 

 

Chapter 1 provides the background of the study, problem statement, research questions, 

objectives, scope and limitation of the project and outline of the thesis. 

 

Chapter 2 presents data from the initial 100-farmer survey on the farmer, farm, farming 

practices and farmer household characteristics. 

 

Chapter 3 presents data from the initial 100-farmer survey on agronomic practices and 

resultant monsoon rice crop yields and profitability. 
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Chapter 4 presents data from the 50-field soil and crop sampling and associated farm 

management survey to calculate balances for the major nutrients, N, P and K. 

 

Chapter 5 explores farmer’s knowledge and perceptions of nutrient management, using data 

from both the initial 100-farmer livelihoods and farming practices survey, the soil and crop 

sampling and the associated 50-farmer survey. 

 

Chapter 6 synthesizes the main results of Chapter 2–5 and presents the main conclusions 

along with the implications for how these conclusions might relate to other parts of the 

Ayeyarwady delta and beyond. 
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Chapter 2. Household livelihoods of the surveyed rice farmers in Taikkyi 

 

2.1 Introduction 

Rainfed lowland farmers are generally poor, subsistence and smallholders, however, they 

make up the largest proportion of farmers in Asia (Haefele et al. 2004). Farmers’ 

socioeconomic situations vary greatly within the region (Fukai & Ouk 2012) and these 

influence their nutrient management decisions related to rice production in the rainfed 

lowland systems (Dobermann & White 1999). Therefore, many researchers have been 

conducting livelihoods surveys while they studied nutrient management of either rainfed 

lowland rice production (Wijnhoud et al. 2003, Samal et al. 2006, Newby et al. 2013) or other 

agricultural systems (Cramb et al. 2004, Ahmed 2009, Tittonell et al. 2010). Livelihoods 

surveys are conducted for a number of purposes. They are often used to assess progress in a 

community towards a particular goal or to assess impacts of natural and man-made 

catastrophes. Livelihoods surveys have been conducted in Myanmar as either baseline surveys 

for upcoming projects or monitoring and evaluation for ongoing projects (LIFT 2012). 

 

This chapter reports and analyses data from the 100-household livelihood survey of monsoon 

lowland rice farmers in Taikkyi township, Yangon Division, Myanmar. Demographic data, 

some information about the farms and socio-economic data related to surveyed farmers are 

presented and discussed. The reasons for collecting these data are to describe farmer and farm 

characteristics, general farming practices, characterise the socio-economic setting, and 

contextualise those findings about the farmers, farming and socio-economic settings at 

regional and national levels. The survey data on farmers’ characteristics, general farm 

characteristics, farming practices and farmers’ household characteristics are presented in the 

same sequence as they occurred in the survey questionnaire. A general discussion is given at 

the end of the chapter. 

 

2.2 Materials and methods 

A survey of 100 households was undertaken in five village tracts in Taikkyi Township during 

the monsoon season of 2010, i.e. June to November, following 8 months of networking, 

discussions and pilot testing. Of the 100 individual surveys, 21 were conducted in Auto 

village tract, 20 in Hlaing, 21 in Joephyu, 18 in Kyiksagaing and 20 in Targwa. 
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2.2.1 Study area profile 

Geographic location 

Taikkyi Township lies between 17°10’ and 17°40’ North and 95°40’ and 96°0’ East (Figure 

2.1). It is one of 18 townships in the Yangon Division and it is situated to the north of the 

Yangon city area. There are 78 village tracts in the township covering a land area of 1,832 

km2. The population of Taikkyi Township is about 70,000 in the urban area and 171,000 in 

the rural area. The population density is 130 people/km2 (MIMU 2013). 

 

 

Figure 2.1 Taikkyi township map showing the distribution of the 50 individual monsoon 
rice crop fields sampled in the nutrient budget study (Chapter 4). 
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Overview of the rice production systems in Taikkyi Township 

Taikkyi is one of the major rice producing townships in the Yangon Division which is 

comprised of a relatively high population of farmers (DoA 2010). Rice is the main staple food 

crop and the monsoon rice area alone comprises 50,870 ha, while irrigated summer rice 

covers 22,670 ha for 2009-2010. The leguminous crop, mung bean (Vigna radiata), is the 

second most important crop in Taikkyi Township in terms of sown area (17,280 ha) as well as 

in economic value. The third most important crop is groundnut (Arachis hypogaea). Sesame 

(Sesamum indicum), maize (Zea mays) and a variety of horticultural crops are also grown in 

Taikkyi Township. 

 

Monsoon rice–summer rice and monsoon rice–mung bean are the common cropping 

sequences of the area. Groundnut, sesame, maize and horticultural crops are also grown after 

monsoon rice. Some farmers also fallow their land after monsoon rice. The typical cropping 

calendars describing the most common sequences in Taikkyi Township are presented in Table 

2.1. 

 

Table 2.1 Common cropping calendars for Taikkyi Township (DoA 2010). 
Crop Jan Feb Mar April May June Jul Aug Sep Oct Nov Dec

Rice (monsoon)             

Rice (summer)             
Mung bean             
Groundnut             

 

Zeigler and Puckridge (1995) classified four types of rainfed lowland systems as: (1) rainfed, 

shallow, favourable; (2) rainfed, shallow, drought-prone; (3) rainfed, shallow, submergence-

prone and (4) rainfed, medium deep, waterlogged. All are present in Taikkyi Township to 

some degree. The most common, however, is the first category of rainfed, favourable, which 

occupies nearly 30,000 ha. Overall land use for the Yangon Division in 2009–10 is shown in 

Table 2.2. The majority (56%) of land was used for cropping. 

 

Table 2.2 Land use in the Yangon Division in 2009–10 (DoA 2010). 
Type of land Area (x 1,000 ha) Share percentage (%)
Net sown area of crop land 580 56 
Fallow land 14 1 
Reserved forest 111 11 
Other forest 1 0.1 
Waste land 4 0.4 
Unclassified land not suitable for crops 320 31 
Total land area 1,030 100 
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Production figures for rice in the Yangon Division and Taikkyi Township are presented in 

Table 2.3. Areas harvested are likely to be accurate, but the production statistics may be too 

high. As discussed in the previous chapter, there is a discrepancy between the official rice 

production statistics for Myanmar and the generally-accepted USDA statistics. Nonetheless, 

relativity between figures for the Yangon Division as a whole and Taikkyi Township should 

be accurate. Thus, the Township grows and produces about 10% of the rice in the Yangon 

Division. 

 

Table 2.3 Monsoon rice harvested area, production and yield of Yangon Division and 
Taikkyi Township in year 2005–10 (DoA 2010). 
Year  Harvested area (ha) Production (t) Yield (kg/ha) 

 Yangon Taikkyi Yangon Taikkyi Yangon Taikkyi 

2004–05 477,203 50,367 1,580,802 176,023 3,313 3,495 

2005–06 485,655 50,659 1,656,338 177,332 3,410 3,500 

2006–07 486,071 50,934 1,663,059 177,980 3,422 3,494 

2007–08 485,764 50,703 1,675,133 177,434 3,448 3,499 

2008–09 485,756 50,761 1,678,253 183,236 3,455 3,610 

2009–10 485,627 50,870 1,736,306 180,641 3,575 3,551 
 

Rainfall and climate 

Taikkyi Township has a tropical monsoon climate. It has three seasons: summer (mid-

February to mid-May), rainy (mid-May to mid-October) and winter (mid-October to mid-

February). The amount of rain received during the monsoon (May–October) is an important 

factor for rainfed rice production. The average annual rainfall of 2,327 mm is concentrated 

within the six months rice cultivation period of May to October (DoA 2010). Rainfall data for 

Taikkyi Township for the period of 2005–2009 are shown in Figure 2.2. The rainfall pattern 

for the study period of 2010 was quite different (Figure 2.3). The monsoon started late and 

was followed by low and erratic rainfall. Total rainfall for 2010 was only 1,666 mm and the 

maximum monthly rainfall was 422 mm, occurring in June. Also, due to higher-than-average 

rainfall in October (264 mm), harvesting of the monsoon rice was delayed, resulting in yield 

loss. 
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Figure 2.2 Average monthly rainfall in Taikkyi Township (2005–09) (DoA 2010). 
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Figure 2.3 Actual monthly rainfall for Taikkyi Township in 2010 (DoA 2010). 
 

Temperatures for Taikkyi Township in 2010 (Figure 2.4) were very high in the pre-monsoon 

period (March–May), which coincided with increasing humidity (Figure 2.5). The monsoon 

period of May–October was characterised by lower temperatures and higher humidity levels. 

 

 

Figure 2.4 Monthly maximum () and minimum () temperature (°C) for Taikkyi 
Township in 2010 (DoA 2010). 
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Figure 2.5 Monthly maximum () and minimum() relative humidity (RH%) for 
Taikkyi Township in 2010 (DoA 2010). 
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Soils 

There are eight different soil types found in Taikkyi Township (Figure 2.6). However, only 

Meadow Alluvial, Light Brown Meadow and Meadow Gley soils were present in the five 

village tracts in the study (MLUD 2010). 

 

 

Figure 2.6 Soil map of Taikkyi township, Yangon Region (MLUD 2010). 
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2.2.2 Preliminary activities 

A number of preliminary activities were conducted during November 2009 to February 2010 

to assess the feasibility of the planned project. During the preliminary phase, networking with 

officials of the DoA and other government departments, meeting with local Taikkyi Township 

authorities, discussion with farmer groups, observation of the study area, selection of the 

project site and collection of some secondary data were completed. 

 

Networking 

Information about soil type, land use, soil survey history, cropping patterns, current policies 

and market trends were collected on 2 December 2009 and 19 January 2010 from the General 

Manager of the Myanmar LUD, Nay Pyi Taw. Two meetings were organized on the 25 and 

27 January 2010 with the Yangon Division Manager of the DoA at Yangon to seek 

permission for the project work, select the study area and for introduction to local staff. 

Individual discussions were held with two academic staff, Dr Tin Aye Aye Naing and Dr Soe 

Soe Thein, from Yezin Agriculture University (YAU) at Yezin on 18 January 2010 to share 

their research experiences (Naing 2004, Thein 2004). Soil and plant sampling methods and 

tools were provided on 20 January 2010 by staff from the Soil Section, Department of 

Agriculture Research, Yezin. 

 

Meetings and group discussions 

Five meetings with the DoA Taikkyi Township Manager and extension staff were organized 

during January–February 2010 to discuss local land types and cropping patterns, and to select 

village tracts and villages and farmers for the study. Farming practices, farming history, 

cropping calendars, climatic conditions and other useful information were discussed with the 

heads of the selected villages, usually in the company of experienced and aged farmers from 

those villages. 

 

Project site selection 

Taikkyi Township was selected as a research site for this study because it was described by 

staff of the DoA as being typical of much of the lower Myanmar rice-cropping area in terms 

of land and cropping patterns. 
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Farmer selection 

In February 2010, one hundred farmers from five village tracts (Table 2.4) were selected for 

the farmers’ survey with the help of the DoA Township Manager and extension staff. Fifty 

farmers out of the 100 interviewed farmers were selected for additional surveying and soil and 

crop sampling of one of their fields (paddies) before, during and after production of the 2010 

monsoon rice crop. Data from the 50 intensively-sampled and monitored paddies and crops 

were used for nutrient budgeting. 

 

Table 2.4 Distribution of selected farmers in the study area of Taikkyi Township, 
Yangon Division, Myanmar. 

 
Village tracts  
Auto Hlaing Joephyu Kyiksagaing Targwa All farms 

Interviewed farmers 21 20 21 18 20 100 
 

Selection of the 100 farms was mainly based on farm size, farming history, location, soil 

types, cropping patterns and willingness of farmers to participate in the survey process. In 

addition, a proportionate stratified random sampling technique was applied to select 50 of the 

original 100 farms for soil testing, crop sampling and additional survey (Corbetta 2003). 

 

Secondary data collection 

Relevant literature and data were collected in January 2010 from the YAU library. Study area 

information such as the township map, area, rice production statistics, village groups, village 

maps, population, cropping patterns, land types, rice varieties, soil types, and meteorological 

data for the past five years was collected during May to December 2010 from the Taikkyi 

Township DoA office. National data were collected in November 2010 from DoA offices in 

the Yangon Division and in Nay Pyi Taw. Soil maps, land use patterns and the fertiliser 

application rates were collected in December 2010 from LUD, Yangon. 

 

2.2.3 Household livelihood survey 

The major farmer survey was undertaken during July–August 2010 by conducting face-to-

face structured interviews (Corbetta 2003) with the selected 100 farmers using a set of 

comprehensive survey questionnaires (Messer & Townsley 2003). This was conducted at this 

time because it was between the times of rice planting and harvesting when farmers had spare 

time to answer the questions. 
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There are many examples of the use of structured interviews in collecting livelihood data for 

production and nutrient budgeting of rice and other crops research (Wijnhoud et al. 2003, 

Rahman & Parkinson 2007, Tsujimoto et al. 2009, Tittonell et al. 2010, Erenstein & Thorpe 

2011, Ly et al. 2012). It is less onerous for farmers to provide data this way than to fill out 

questionnaires, particularly where lack of literacy levels may pose a constraint. 

 

The questionnaires used for this study are presented in the Appendix. Survey questions were 

revised after pilot tests conducted earlier in June 2010. 

 

The survey questionnaire included four sections, which were: 

1. demographic information – gender, age, education, marital status, occupation, household 

size; 

2. farm information – farm size, soil type, water sources, crop rotations, farming management 

practices, all farm inputs, farm history, labour usage, crop production, yield, prices, 

machinery, livestock, access to resources, availability of resources, information and markets; 

3. socio-economic information – income and cost of farming, off-farm income, housing 

materials, assets, facilities, credit systems, institutional support; and 

4. knowledge and perception – understanding of soil fertility, nutrient management, crop 

residue management, farming practices, constraints, ideas, suggestions, expectations and 

comments for improvement of crop production and nutrient management. 

 

A significant challenge faced during the interview process was the absence of records of key 

farming operations; hence, some data were based on recall. In addition, the complexity of the 

farming operations, especially for organic nutrients inputs (e.g. FYM, crop residues), made it 

difficult to collect data. Finally, logistical problems were encountered during data collection 

due to very poor road conditions coupled with the substantial distances between sampled 

villages. 

 

Key stakeholders such as heads of villages, local officials, extension staff, local traders and 

fertiliser suppliers were also interviewed according to their relevance to different aspects of 

the survey, including village and village tract population, demography, land use, land history, 

social organisations and activities, educational materials about farming systems, government 

subsidy information, prices of farm inputs, market and product information. Discussions with 

farmer groups from each village tract were held in September 2010 to ensure there was 

justification for the collection of this information. 
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2.2.4 Data processing and analysis 

Completed survey questionnaires were double-checked for any discrepancies and translated 

from Myanmar to English. The completed questionnaires and the selected fields (paddy) 

information sheets were encoded and the data entered into Excel worksheets. All units were 

standardised, which involved conversions from Myanmar units to International standard units, 

volumes to weights and fresh weights to dry weights. Although Myanmar’s currency is the 

kyat and farmer transactions were conducted in kyats, all financial data are presented in US 

dollars (USD) for ease of comparison. The exchange rate used was 1000 kyats to USD1.00. 

 

2.2.5  Statistical analysis 

The livelihoods data were analysed using ANOVA, correlation, regression and gross margins 

analysis (Haefele et al. 2006) using the R statistical program (R Core Team 2015). Positive 

and negative relationships between measured variables and quantification of the effects of 

farm management on production, profitability and soil fertility, and the effect of socio-

economic conditions on farm management were derived. P values ≤0.05 were considered 

significant. 

 

2.3 Results 

2.3.1 Farmers’ characteristics 

Age and marital status 

The frequency distributions of interviewed farmers’ age groups by village tract are presented 

in Figure 2.7. Although the distributions of age were different amongst the five village tracts, 

there were similarities – most of the farmers were >50 years of age and there were relatively 

few young farmers. The percentages of farmers >50 years ranged between 51 (Kyiksagaing) 

and 73% (Auto), in stark contrast to the percentages of young (<35 years) farmers that ranged 

between 0 and 11%. There was not a lot of difference amongst the five village tracts in 

percentages of those aged between 35 and 49 years (ranges 28–40%). The survey data 

indicated that 87% of the interviewed farmers were married, 7% were single and 6% were 

widowed. 
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Figure 2.7 Frequency distribution of interviewed farmers' age groups for each of the 
village tracts in Taikkyi township. 
 

Gender 

Because each interviewee in this study was the household head, the majority of the 

interviewed farmers were male (93%) due to the tradition of the household head being the 

husband. Therefore, although 7% of female farmers participated in the interview, each was 

either a widow, single or the husband was away from the village. No female farmers from 

Joephyu village tract participated in the survey. 

 

Education level 

The proportions of interviewed farmers with different levels of education are presented in 

Table 2.5. Again, there were trends in the data that were common across the five village 

tracts. Almost all farmers had a level of formal education with an average of 84%. Very few 

farmers were educated to diploma (pre-university) or graduate level (4% on average, 

individual village tract range of 0–11%). Between the two extremes of education, i.e. no 

formal education on one hand and university graduate on the other, were the middle and high 

school education. Between 38% (Auto) and 50% (Hlaing and Targwa) of farmers were in this 

group. 
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Table 2.5 Percentages of interviewed farmers with different levels of education for each 
of the village tracts in Taikkyi township. 

Education levels 
Village tracts 

All farms Auto Hlaing Joephyu Kyiksagaing Targwa 
No formal 14 0 14 34 20 16 
Primary 48 50 28 11 30 34 
Middle 19 40 38 11 20 26 
High school 19 10 10 33 30 20 
Diploma 0 0 5 0 0 1 
Graduate 0 0 5 11 0 3 

 

Farming experience 

Frequency distributions of farmer’s experience, i.e. years of farming, are presented in Figure 

2.8. On average, the farmers had been farming a long time and, to some extent, farming 

experience reflected the farmers’ ages. All five village tracts had farmers with >45 years 

farming experience. The minimum time for farming was two years (one farmer from Hlaing) 

and the maximum was 65 years (one farmer from Targwa). Most of the farmers had been 

farming for 20–40 years, with an average of 29 years across the five village tracts. 
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Figure 2.8 Frequency distribution of farming experience (years) for interviewed farmers 
for each of the village tracts in Taikkyi township. 
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Farmers’ occupations 

Although an average of 54% of the interviewed farmers were focused on farming (i.e. 

cropping only), 43% farmed and were also self-employed or owned a business, such as 

trading, orchards, shop-keeping, small-scale industries, transportation, construction, livestock 

production (Table 2.6). The Joephyu village tract was different from the other village tracts 

with 86% of interviewed farmers also self-employed or owning a business, compared to 28–

35% for the other four village tracts. Just 3% of interviewed farmers were also employed in 

the government sector. 

 

Table 2.6 Employment of interviewed farmers by percentage for each of the village 
tracts in Taikkyi township. 

Occupation 
Village tracts 

All farms Auto Hlaing Joephyu Kyiksagaing Targwa 
Farmer only 67 70 9 67 60 54 
Government 
employee also 0 0 5 5 5 3 
Self-employed, 
own business also 33 30 86 28 35 43 

 

2.3.2 Farm characteristics 

Farm size 

Frequency distributions of farm size for each of the five village tracts are shown in Figure 2.9. 

About 95% of the farms were <10 ha. Figures for farms <10 ha for the individual village 

tracts were >95% for Auto and Joephyu, 89% for Kyiksagaing and 75% for Hlaing and 

Targwa. Only two surveyed farmers owned more than 30 ha. 

 

The average farm size was 6.2 ha which was enhanced by the presence of two particularly 

large farms of 32 and 41 ha. If those two large farms are excluded, the average farm size is 

5.5 ha, which is two times higher than the national average farm size of 2.6 ha (MOAI 2013). 

The range of farm ownership areas was between zero and 41 ha, however, the range of farm 

active areas was between 1.2 and 41 ha, with an average of 5.6 ha. About 8% of interviewed 

farmers were landless, but they leased land and grew rice on that land. Ten percent of 

interviewed farmers leased land for rice cultivation as well as owning land (Table 2.7). 

However, about 5% of interviewed farmers did not fully use their own land for rice 

cultivation due to lack of labour for farming activities. No interviewed farmer from Targwa 

leased land, whereas 24%, 50%, 29% and 6% of the interviewed farmers from Auto, Hlaing, 

Joephyu and Kyiksagaing respectively leased land for rice cultivation purposes. 
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Figure 2.9 Frequency distribution of farm size (ha) for interviewed farmers in each of 
the village tracts in Taikkyi township. 
 

Table 2.7 Percentages of interviewed farmers owning or hiring land in each of the 
village tracts in Taikkyi township. 
Ownership 
status 

Village tracts 
All farms Auto Hlaing Joephyu Kyiksagaing Targwa 

Area hired 24 50 29 6 0 18 
Area Own 95 90 76 100 100 92 

 

Land type 

According to the Myanmar DoA land-type classification, there are four different land types in 

lowland areas of Myanmar, namely favourable, flooded, late sowing and sandy (DoA 2010). 

Among these land types, the favourable land type is the most suitable for rainfed lowland 

(monsoon) rice farming and this was the most common (average of 57%) land type of the 

interviewed farmers across the five village tracts (Table 2.8). Auto, Kyiksagaing and Targwa 

had the highest percentages of favourable land, i.e. 68–75%, and Hlaing the lowest at 15%. 

The Hlaing village tract was close to the Hlaing River which flooded. Therefore, the flooded 

land type was the most common in Hlaing at 67%. 

 

Joephyu did not have as much favourable land as Auto, Kyiksagaing and Targwa and also had 

the largest area of sandy land (32% of total). 
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Table 2.8 Percentages of land areas classified by interviewed farmers according to the 
Myanmar DoA system in each of the village tracts of Taikkyi township. 

Land type 
Village tracts

All farms Auto Hlaing Joephyu Kyiksagaing Targwa 
Favourable 72 15 56 68 75 57
Flooded 16 67 13 16 0 22
Late sowing 9 18 0 6 12 9 
Sandy 3 5 32 10 13 12

 

Water sources and availability 

Although this study focuses on rainfall-dependent monsoon rice, water availability during the 

non-monsoon period is also important to farmers’ livelihoods. The majority of farmers (61% 

overall) could access dam water as well as rainfall (Table 2.9). The exception was the 

Joephyu village tract, where 76% of farmers had access to rainfall only. Across the five 

village tracts, only 2% of farmers accessed ground water and just 3% of farmers accessed 

river water. 

 

Table 2.9 Percentages of farmers accessing the listed water sources for each of the 
village tracts of Taikkyi township. 

Water sources 
Village tracts 

All farms Auto Hlaing Joephyu Kyiksagaing Targwa 
Rain & dam 86 75 24 72 50 61 
Rain & ground water 0 0 0 0 10 2 
Rain only 14 25 76 22 30 34 
Rain, dam & river 0 0 0 6 10 3 
Total no. farmers 21 20 21 18 20 100 

 

The average values for irrigation area/farm and % farm irrigated for each of the five village 

tracts are presented in Table 2.10. The average irrigated area across all farms was 1.8 ha, with 

individual village tract averages of 2.4 ha for Auto and 1.0 ha for Joephyu. Percentages of the 

farms irrigated ranged from an average of 50% for Auto to just 18% for Joephyu. The overall 

average across all village tracts was 30%. 

 

Table 2.10 Average irrigation area (ha/farm) and percentage of farm irrigated in each of 
the village tracts in Taikkyi township. 

Irrigation 
Village tracts 

All farms Auto Hlaing Joephyu Kyiksagaing Targwa 
Average area (ha) 2.4 1.0 1.0 2.2 2.2 1.8
Average proportion of 
farm area (%) 

50 21 18 32 28 30
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2.3.3 Farming practices 

Cropping pattern 

The crops grown by farmers in the study area were monsoon rice, late sown rice, summer rice, 

groundnut, mung bean and other minor crops, viz. sesame, sugarcane, corn and horticultural 

crops (Table 2.11). Monsoon and late sown rice are grown during the monsoon whilst 

summer rice, legumes and other crops are grown post- monsoon. Monsoon rice represented 

50–80% of the cropping area for the surveyed farms, with an average across all farms of 58%. 

The Targwa village tract was different to the other four village tracts in that 80% of the 

cropping was monsoon rice and 95% was monsoon rice plus summer rice with only 5% of the 

cropping involving other crops. Across all farms, rice, i.e. monsoon + late sown + summer 

rice, accounted for 77% of cropping. 

 

Mung bean was the second-most important crop, representing 2–26% of cropping for the 

surveyed farms, with an average across all farms of 18%. Groundnut was a minor crop for 

Auto, Joephyu and Kyiksagaing, representing just 3–6% of cropping. 

 

Table 2.11 Total sown area (ha) of the listed crops grown by the interviewed farmers in 
each of the village tracts in Taikkyi township. 

Area (hectares) 
Village tracts

All farmsAuto Hlaing Joephyu Kyiksagaing Targwa 
Monsoon rice 110 103 83 105 170 571 
Late sown rice 2 29 0 0 0 31 
Summer rice 50 17 22 38 32 158 
Groundnut 10 0 4 12 1 27 
Mung bean 48 52 24 44 5 173 
Other crops 2 0 14 0 5 22 
Total area 222 201 147 199 213 982 

 

Percentages of interviewed farmers sowing the listed crops are presented in Table 2.12. All 

farmers in the study area grew monsoon rice. Sixty-five percent of the interviewed farmers 

grew summer rice and about 70% grew mung bean. Late sowing rice appeared to be relevant 

only to the Hlaing village tract. The other crops category was important only for Joephyu 

(Table 2.11 and Table 2.12). 

 

Table 2.12 Proportion of interviewed farmers sowing the listed crops in each of the 
village tracts in Taikkyi township. 

% farmers sowing 
Village tracts 

All farms Auto Hlaing Joephyu Kyiksagaing Targwa 
Monsoon rice 100 100 100 100 100 100 
Late sown rice 5 50 0 0 0 11 
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Summer rice 90 70 29 78 60 65 
Groundnut 48 5 38 83 10 36 
Mung bean 81 80 67 94 25 69 
Other crops 10 0 62 0 40 23 
Total no. farmers 21 20 21 18 20 100 

 

Eighty-nine percent of interviewed farmers grew summer rice and legumes, alone or in 

combination with other crops, before planting monsoon rice in 2010 (Table 2.13). Rice was 

grown by 66% of farmers, alone or in varying combinations; the figure for legumes was 71%. 

There were differences amongst the village tracts with the farmers from Auto and 

Kyiksagaing, but not Joephyu, committed to rice. In the case of legumes, 67–94% of farmers 

from Auto, Hlaing, Kyiksagaing and Joephyu grew mung bean or groundnut, in contrast to the 

35% of farmers from Targwa. Very few farmers from Joephyu and Targwa fallowed their 

land prior to the monsoon rice. 

 

Table 2.13 Proportion of interviewed farmers in each village tract in Taikkyi township 
growing the listed crops prior to monsoon rice in 2010. 
Previous crop Village tracts

All farms Auto Hlaing Joephyu Kyiksagaing Targwa 
Rice and legumes 66 50 24 72 10 44 
Legumes only 10 30 14 22 5 16 
Rice only 19 20 0 6 30 15 
Fallow 0 0 24 0 10 7 
Legumes and 
horticulture 

0 0 24 0 10 7 

Horticulture only 0 0 5 0 15 4 
Rice and legumes 
and horticulture 

5 0 5 0 10 4 

Rice and 
horticulture 

0 0 4 0 10 3 

Total no. farmers 21 20 21 18 20 100 
 

Data on management of crop residues by the interviewed farmers are presented in Table 2.14. 

Following rice harvest, almost all of the rice straw is removed from the field for threshing 

(92% across all village tracts). An identical 92% of the rice trash left after threshing is 

retained by the farmer, presumably for animal fodder. In the field following rice harvest, the 

rice stubble is either burnt or ploughed into the soil. At the Hlaing village tract, 90% of 

farmers burn their rice stubble, in contrast to Kyiksagaing where just 17% of farmers practice 

burning. Across all village tracts, 46% of farmers burn the rice stubble versus 51% who 

plough it into the soil. Almost all of the previous crop residues, i.e. non-rice residues, are 

retained when available. 

 



Chapter 2. Household livelihoods survey 

 31

Table 2.14 Crop residue management methods for the interviewed farmers in each 
village tract in Taikkyi township (values shown are percentages). 
 Village tracts

All farms Auto Hlaing Joephyu Kyiksagaing Targwa 
Rice stubble   
Burning 57 90 29 17 35 46 
Ploughing 43 10 57 83 65 51 
Both 0 0 14 0 0 3 
Rice straw   
Removed from field1 95 90 81 100 95 92 
Removed from farm2 5 10 19 0 5 8 
Rice trash   
Retained 95 80 95 94 95 92 
Removed 5 20 5 6 5 8 
Previous crop residue   
Retained 71 80 67 94 45 71 
Removed 10 0 14 0 0 5 
None available 19 20 19 6 55 24 
Total no. farmers 21 20 21 18 20 100 

1fodder; 2sold/gave others 
 

Preparation, tillage and harvesting methods 

The relative utilisation of animals and machinery for key activities associated with monsoon 

rice production are presented in Table 2.15. Rice seedling transplanting and rice harvesting 

are not included – in each case, 100% of those activities were done using manual labour. 

Clearly, there is only minor mechanisation involved in ploughing and harrowing with cattle 

providing the majority of draft power. It is a different story with threshing, however, with 

almost 80% of farmers using threshing machines and only 20% relying on cattle. 

 

Table 2.15 Proportion of interviewed farmers in each village tract in Taikkyi township 
using machinery and draught animals for listed farming operations. 
 Village tracts

All farms Auto Hlaing Joephyu Kyiksagaing Targwa 
Ploughing   
Cattle 85 65 71 61 65 70
Machine 10 5 5 0 15 7
Both 5 30 24 39 20 23
Harrowing   
Cattle 57 65 76 61 50 62
Machine 33 5 0 0 20 12
Both 10 30 24 39 30 26
Threshing   
Cattle 24 0 19 28 35 21
Machine 76 100 81 72 65 79
Total no. farmers 21 20 21 18 20 100

 

Animal production 

The average number of the different animals owned by interviewed farmers and the % 

farmers owning those animals are presented in Table 2.16. Between 75 and 90% of farmers 
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owned cows (overall average of 82%). The average number of cows per farm was 3.1 (range 

2.4–4.5). The incidence of ownership of buffalo was substantially less; across the five village 

tracts 24% of farmers owned buffalo at an average of 1.5 buffalo per farm. Two interviewed 

farmers from Joephyu village tract reared cows specifically for commercial dairy production. 

One farmer from Auto produced buffalos commercially. 

 

Table 2.16 Average number of animals owned by interviewed farmers in each village 
tracts in Taikkyi township. Figures in parenthesis are the %farmers owning the listed 
animals. 
 Village tracts 

All farms Auto Hlaing Joephyu Kyiksagaing Targwa 
Buffalo 2.1 (33) 1.9 (25) 0.1 (5) 0.9 (17) 2.3 (40) 1.5 (24)
Cow 2.7 (86) 3.5 (90) 4.5 (76) 2.4 (83) 2.4 (75) 3.1 (82)
Pig 0.8 (48) 1.5 (65) 0.3 (19) 1.7 (22) 4.0 (40) 1.6 (39)
Chicken 21 (90) 18 (95) 13 (81) 12 (61) 12 (70) 15.5 (80)
Duck 13 (29) 36 (25) 0.6 (5) 0 (0) 3.6 (15) 10.8 (15)

 

A high percentage of farms produced chickens, the range being 61–95% across the five 

village tracts. The average flock size was 15.5 chickens per farm. Pigs were less common, 

with 39% of farmers overall raising pigs at an average of <2 pigs per farm. Both pigs and 

chickens were used for household consumption as well as for commercial purposes. The 

presence of ducks varied across the village tracts with no farmers from Kyiksagaing raising 

ducks in contrast to 29% of auto farmers raising ducks. One farmer from Hlaing and one from 

Auto raised ducks for commercial purposes. 

 

Farm equipment ownership 

The farmers of Taikkyi township have very low use of mechanised farm equipment compared 

with farmers from other townships in Yangon Division (DoA 2010). Details of farm 

equipment owned by the interviewed farmers are presented in Table 2.17. Farmers from the 

five village tracts predominantly owned simple tillage equipment and a bullock-drawn cart for 

transport. Ownership of the tillage equipment was almost 100%. Ownership of bullock carts 

was in >90% for three of the five village tracts, but less (75–76%) at the other two. 

 

Table 2.17 Proportion of interviewed farmers in each of the village tracts in Taikkyi 
township owning the listed farm equipment. 
Farm equipment 
ownership 

Village tracts
All farms Auto Hlaing Joephyu Kyiksagaing Targwa 

Harrow 100 95 95 100 100 98
Plough 100 95 95 100 100 98
Bullock cart 95 75 76 94 90 86
Power tiller 43 25 19 11 55 31
Water pump 48 40 19 22 50 36
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Three-wheel truck  0 0 5 0 20 5 
Tractor 0 0 5 0 5 2 
Total no. farmers 21 20 21 18 20 100

 

About one-third of the interviewed farmers owned a power tiller and water pump with the 

highest ownership levels at Auto and Targwa and the lowest at Joephyu and Kyiksagaing. The 

low level of water pump ownership by the Joephyu village tract farmers corresponded to the 

low level of irrigation on those farms (Table 2.10). Only five of the 100 interviewed farmers 

owned a three-wheel truck, and only one farmer from Joephyu and one from Targwa owned 

tractors. 

 

Transport 

All farm inputs were available for purchase in Taikkyi. Depending on the distance from the 

particular village to the Taikkyi town area and the available types of transport, different 

modes of transportation were used by the farmers. They included bicycle, motorbike, trishaw, 

bus, and three-wheel truck (Table 2.18). Across all village tracts, about 20% of the 

interviewed farmers used bicycles and trishaws to purchase and transport farm inputs, 

although the numbers varied for the individual village tracts. About one third of the farmers 

used motorbikes, consistent across the village tracts. Buses were a popular mode of transport 

for all farmers (75% on average), while only four farmers from Targwa who owned three-

wheel trucks used them. 

 

Table 2.18 Modes of transport used by interviewed farmers in each of the village tracts 
in Taikkyi township (values are percentages). 

Transport mode 
Village tracts

All farms Auto Hlaing Joephyu Kyiksagaing Targwa 
Bicycle 0 0 67 0 20 18 
Motorbike 29 50 33 39 25 35 
Trishaw 10 0 67 0 25 21 
Bus 100 100 52 78 45 75 
3-wheel truck 0 0 0 0 20 4 
Total no. farmers 21 20 21 18 20 100

 

2.3.4 Farmer household characteristics 

Household size 

In each of the village tracts, average household sizes were 4.8 (Kyiksagaing), 5.2 (Auto and 

Targwa), 5.6 (Hlaing) and 6.5 (Joephyu) with an overall average of 5.5 people. This is slightly 

higher than the national agricultural household size of five people (MOAI 2013). Across all 

village tracts, households ranged from one to twelve people and about 10% of households 
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consisted of >10 people (Figure 2.10). Most of the household members were of working age, 

which meant they contributed their labour to farming activities. 

 

Household size (people)

P
ro

p
o

rt
io

n
 o

f f
a

rm
e

rs
 in

te
rv

ie
w

e
d

 (
%

)

0

10

20

30

40

50

60

0 2 4 6 8 10 12

Auto

0 2 4 6 8 10 12

Hlaing

0 2 4 6 8 10 12

Joephyu

0 2 4 6 8 10 12

Kyiksagaing

0 2 4 6 8 10 12

Targwa

 

Figure 2.10 Frequency distribution of household size for interviewed farmers in each of 
the village tracts in Taikkyi township. 
 

Farm labour sources 

Use of farm labour across the five village tracts was reasonably consistent with labour almost 

equally shared between family and hired labour (Table 2.19). 

 

Table 2.19 Average labour use (persons) on farms in each of the village tracts in Taikkyi 
township. 

Labour source 
Village tracts

All farms Auto Hlaing Joephyu Kyiksagaing Targwa 
Family 2.0 1.6 1.8 1.0 1.6 1.6
Hired 1.3 1.5 1.0 2.2 1.6 1.5
Average total 
labour 

3.3 3.1 2.8 3.2 3.2 3.1

 

Household income 

The household income for the interviewed farmers comprised both on-farm and off-farm 

income. Rice-only income, rice + other crops income and rice + other farm production were 

all considered as on-farm income. Rice in this context means monsoon rice. In this study, rice 

income refers to gross cash income excluding rice for home consumption or used to pay for 
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labour. Other crops are the various crops listed in Table 2.11 (late sown rice, summer rice, 

mung bean and others). Other farm production includes animal husbandry and horticulture. 

Off-farm income consisted of government staff salary, remittances from overseas family 

members, private employee income and self-employed or owned business income. 

 

The sources of income for the interviewed farmers’ households are shown in Table 2.20. 

Twenty one percent of farmers relied entirely on monsoon rice income. Almost 80% of the 

farmers depended on income from other crops as well. The Joephyu farmers relied heavily on 

other crops for their incomes and only 5% relied on monsoon rice alone. By way of contrast, 

33% of Kyiksagaing farmers relied on the income from monsoon rice alone. Each village tract 

had farmers that were also government employees. Remittances from overseas family 

members were minor (7% overall) and only 9% of farmers across the five village tracts 

worked for somebody else. Less than 50% of the farmers sourced income from self-

employment or from owned business. 

 

Table 2.20 Sources of income of interviewed farmers’ households in each of the village 
tracts in Taikkyi township (values are percentages of total responses). 

Income sources 
Village tracts

All farms Auto Hlaing Joephyu Kyiksagaing Targwa 
On-farm income   
Rice only 29 20 5 33 20 21
Rice + other crops 71 80 95 67 80 79
Rice + other farm 
production 

29 75 100 11 95 63

Off-farm income   
Government staff 14 10 24 22 30 20
Overseas remittance 5 0 19 11 0 7
Private employee 10 10 14 11 0 9
Self-employed 67 30 43 50 40 46
Total no. farmers 21 20 21 18 20 100

 

Household incomes for the interviewed farmers are presented in Table 2.21. Total average 

annual incomes ranged US$7,000–15,000 for the village tracts with an overall average of 

close to US$10,000. Kyiksagaing had the highest total household income as well as the 

highest incomes from rice and overseas remittances of the five village tracts. Across all 

village tracts, on-farm income represented an average of 37% and off-farm income 63% of 

total income. 

 

There were marked differences in the spread of incomes amongst the village tracts. On-farm 

income for Joephyu represented just 24% of total income which was boosted by overseas 

remittances (25% of total income). For Kyiksagaing farmers, 29% of income was derived on-



Chapter 2. Household livelihoods survey 

 36

farm and a substantial 48% from overseas remittances. On the other hand, 64% of the 

household incomes of Hlaing farmers were derived on-farm and there were no overseas 

remittances. Overall income contribution from those employed in the private sector was 

comparatively low (2% on average), but contributions from farmer owned business was 

substantial at 23% overall. 

 

Table 2.21 Average annual household income (USD) of interviewed farmers in each of 
the village tracts in Taikkyi township. Figures in the parenthesis are incomes as 
percentages of total average income. 

Income 
Village tracts

All farms Auto Hlaing Joephyu Kyiksagaing Targwa 
On-farm   
Rice 1,740 1,580 960 2,260 1,950 1,700
 (16) (22) (9) (15) (28) (17)
Other crops 2,240 2,360 1,220 2,020 630 1,700
 (21) (33) (12) (14) (9) (17)
Other farm production 200 620 280 10 440 310
 (2) (9) (3) (0.1) (6) (3)
Off-farm   
Government staff 1,020 1,180 1,810 1,600 970 1,310
 (10) (17) (17) (11) (14) (13)
Overseas remittance 3,000 0 2,630 7,200 0 2,570
 (28) (0) (25) (48) (0) (26)
Private employee 60 110 570 150 0 180
 (1) (2) (5) (1) (0) (2)
Self-employed 2,310 1,300 2,960 1,740 3,060 2,280
 (22) (18) (28) (12) (43) (23)
Total income 10,570 7,140 10,420 14,980 7,060 10,030

 

Indicators of farmers’ wealth 

House materials, household assets and household facilities were used as indicators of the 

wealth of the interviewed farmers (Table 2.22) in this study. There were four types of house 

materials used by the farmers: bamboo, wood, brick and a combination of materials. Most of 

the interviewed farmers (overall average of 64%) built their houses of wood with an 

additional 32% using a combination of materials. Only one interviewed farmer from Targwa 

owned a brick house, while three farmers simply used bamboo as their house material. The 

relative use of the different building materials was reasonably consistent across the five 

village tracts. 
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Table 2.22 Indicators of farmer’s wealth for each of the village tracts in Taikkyi 
township (values shown are percentages of farmers owning the listed assets). 

Farmer’s assets 
Village tracts

All farms Auto Hlaing Joephyu Kyiksagaing Targwa 
House material   
Bamboo 0 0 10 0 5 3
Wood 71 85 57 67 40 64
Brick 0 0 0 0 5 1
Combination 29 15 33 33 50 32
Household assets   
None 5 20 9 5 0 8
TV 57 75 76 83 100 78
Fridge 0 0 0 11 0 2
Phone 0 0 0 5 0 1
Bicycle 90 65 86 78 95 83
Trishaw 5 0 0 0 0 1
Motorbike 33 55 43 44 45 44
Car 0 0 0 5 5 2
Truck 5 0 0 0 0 1
Household facilities   
Water in house 100 95 95 100 100 98
Water in community 0 5 5 0 0 2
Government electricity 5 0 38 89 40 33
Own electricity  5 0 5 0 0 2
Private electricity 5 0 14 0 0 4
Total no. farmers 21 20 21 18 20 100
 

In this study, household assets are taken to represent uncommon (luxury) items for rural 

people in Myanmar and vehicle ownership. The most popular household assets were 

televisions, bicycles and motorbikes. Almost 80% of farmers, including all farmers from the 

Targwa village tract, owned televisions. Only one farmer owned a telephone and two owned 

refrigerators. Most (83%) of the farmers owned bicycles and 44% of farmers owned 

motorbikes. One farmer from Auto owned a truck and just two farmers owned cars. Eight 

farmers across the five village tracts did not own any uncommon household assets. 

 

Household facilities are defined as water and electricity. Almost all farmers (98%) had access 

to water in the house. One third of the farmers in the five village tracts also had access to 

government-supplied electricity. Just 6% overall accessed either private supply or had their 

own supply. There was no electricity supply at all in the Hlaing village tract and very little in 

the Auto village tract. All households had external toilets. 

 

Borrowing money (financial loans) 

Ninety-eight percent of the interviewed farmers had existing loans from several providers 

(Table 2.23). All farmers, however, indicated that they could borrow money whenever 

necessary. Ninety-five percent of the farmers received an annual low-interest (5% interest rate 



Chapter 2. Household livelihoods survey 

 38

per annum) loan from the government for rice production. Seventy percent of the farmers also 

carried loans from commercial money lenders (10–20% interest rate per month). A smaller 

number of farmers (16% across the five village tracts) borrowed money from relatives. Very 

few farmers from Auto and Kyiksagaing received financial support (no-interest loan) from a 

non-government organisation (NGO). Although the interviewed farmers from Hlaing did not 

have loans from relatives or NGOs like other village tracts, they all had loans from the 

government and commercial money lenders. 

 

Table 2.23 Proportion of interviewed farmers accessing loans from the listed sources in 
each of the village tracts in Taikkyi township. 

 
Village tracts

All farmsAuto Hlaing Joephyu Kyiksagaing Targwa 
Government 86 100 95 100 95 95 
Commercial 57 100 52 72 70 70 
Relative 24 0 29 6 20 16 
NGO 14 0 0 11 0 5 
Total no. farmers 21 20 21 18 20 100 
 

Support mechanisms for farmers 

Farmers were asked about the support mechanisms that were available to them and whether or 

not they used them. Data are presented in Table 2.24. Only one-third of farmers accessed 

technical training, mainly from the government. On average, two-thirds of farmers received 

no technical training. There were differences amongst the village tracts. Ninety percent of 

Targwa farmers received no training, compared with 38% of the farmers from Joephyu. 

Farmers from the other three village tracts were somewhere in-between. 

 

Table 2.24 Percentages of farmers that received the various sources of technical, 
information and financial support, for each of the village tracts in Taikkyi township. 

 
Village tracts

All farms Auto Hlaing Joephyu Kyiksagaing Targwa 
Technical training    
Government 10 40 19 6 10 17
Company 10 0 14 0 0 5 
Government + Company 5 10 29 17 0 12
None 76 50 38 78 90 66
Information support    
Government 24 35 10 39 40 29
Company 10 10 10 11 10 10
Government + Company 52 15 52 39 35 39
Gov’t + Company + NGO 0 10 0 0 0 2 
None 14 30 29 11 15 20
Financial support    
Government 67 90 86 78 95 83
Government + Company 0 0 5 0 0 1 
Government + NGO 19 0 0 22 0 8 
NGO 10 0 0 0 0 2 
None 5 10 10 0 5 6 
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Total no. farmers 21 20 21 18 20 100

 

There was better access to information with only 20% of farmers across the five village tracts 

accessing none. As with the technical training, the government was the principal source of 

information. As discussed previously, almost all farmers accessed financial support (loans), 

mainly from the government. For the farmers in these five village tracts, the NGOs were an 

insignificant source of technical training, information and finance. 

 

2.4 Discussion 

Taikkyi Township is an important area for monsoon rice production and is representative of 

the rainfed lowland rice systems in that region of Myanmar. Information and data used in this 

study were collected from various sources, including secondary data. Key information used 

for planning the survey was obtained from informants including heads of villages, farmers 

and extension workers. Detailed information about demographics, farm characteristics, 

production data and other socio-economic variables were obtained using farm-level 

interviews with structured questionnaires. Farmers’ perceptions about soil fertility and 

nutrient management practices were also recorded. 

 

The information in this chapter demonstrates the large differences amongst farmers, farms, 

farming practices and farmer household characteristics across the five village tracts of Taikkyi 

township. This section presents in summary the key findings of the chapter. The farm and 

farmer characteristics for the sampled population were generally representative of the region. 

 

2.4.1 Farmers’ characteristics 

According to the survey results, many farmers in the study area were more than 50 years old. 

This would be the consequence of young people either migrating to urban areas for better job 

opportunities (Dixon et al. 2001) and/or lack of interest on their part in pursuing farming 

activities. Traditionally, males head the households and are more likely to take on official and 

social responsibilities, while females are more focused on the duties of the family and farm; 

consequently almost all of the interviewed farmers were males. The household head is the 

legal owner of the land and other household property and considered to be the decision maker. 

However, it does not necessarily follow that it is the household head who decides everything, 

especially in relation to farming activities (Mugwe et al. 2008). As only one female farmer 

participated in the project, the impact of gender on perceptions and behaviour was not 
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explored. Taking a broader view of the household than just rice farming, it would be useful to 

explore gender roles in the household, especially with regard to income generation and unpaid 

household labour (Mendoza 2004). 

 

The surveyed farmers’ education varied between none (illiteracy) and university trained. 

However, only a small number of farmers were at these two ends of the spectrum. Most of the 

surveyed farmers were primary school graduates who did not continue their education beyond 

that level to high school level. This is in accordance with a recent review (Haefele et al. 2004) 

which stated that rainfed lowland farmers’ education levels are generally low in Asia. Many 

publications have stated the importance of education for rural people to improve their 

livelihoods and reduce poverty (Dixon et al. 2001, Samal et al. 2006, Erenstein & Thorpe 

2011), although higher levels of education are not always correlated with performance 

measures such a grain production (Wijnhoud et al. 2003). 

 

Overall the surveyed farmers were very experienced in their occupation as farmers. With the 

exception of the farmers from Joephyu, they were more focused on farming than on other 

activities. 

 

2.4.2 Farm characteristics 

There are very few large sized land holdings across the village tracts and there is a large 

variation in farm size. About 95% of the farms were less than 10 ha, 60% less than 5 ha, and 

about 20% less than 2 ha. Although Dixon et al. (2001) reported the continuous decline of 

average farm size in the developing countries, Myanmar’s national average farm size 

remained the same during the period from 2003 to 2010, according to the data from Myanmar 

Census of Agriculture 2003 and 2010 (MOAI 2013). Although most of the interviewed 

farmers owned land, there were still a few landless farmers in this study. Whether they owned 

or leased land, all farmers cultivated crops on that land, with a small number of differences in 

farming practices and perspectives between those who owned and leased land. Depending on 

their location and underlying soil characteristics, village tracts had different proportions of 

each land type (Table 2.8). All except Hlaing had reasonably high areas of favourable land, 

which is the one most suitable for rainfed rice cultivation. 

 

Water availability for the farms was an important factor determining cropping patterns 

(Egashira & Than 2006, Naing et al. 2008). Different crops grown in the different village 
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tracts mainly depended on their soil types and the availability of water. For example, most of 

the interviewed farmers from Joephyu relied only on rain water for their crops. Therefore, 

they were more likely to engage in off-farm activities than those in the other village tracts 

where they could access irrigation water. This means Joephyu farmers could earn less money 

from farming as they were less likely to be able to diversify cropping, so they have been 

forced to seek off-farm income, either in paid employment or in establishing their own 

business. Since summer rice and mung bean were economically important crops for the 

farmers, every interviewed farmer grew them and variations across the area depended on each 

farm’s soil type and on water availability (Kyi & Doppler 2011, Ranga Rao et al. 2011). 

 

2.4.3 Farming practices 

Many farmers in this study relied on the draft power of cattle for their farming activities as 

well as for transportation for their farm inputs and products. Cattle were allowed to graze on 

farm lands after crop harvesting, and were fed rice straw and other crop residues from the 

farms. Smaller animals – pigs, chickens and ducks – are raised for food. According to the data 

from Department of Agriculture, Yangon Division (DoA 2010), Taikkyi township has the 

highest number of cattle (both cows and buffalos) amongst the townships in Yangon Division. 

This situation is common in many parts of Asia, where livestock production is very important 

for livelihoods by providing manure, food and materials for home consumption and 

generating income (Devendra & Thomas 2002). Livestock are a valuable asset for farmers in 

Myanmar (LIFT 2012), and this situation is likely to continue to be important, at least in the 

immediate future (Devendra 2002). 

 

Mechanisation of agricultural production was still low in Taikkyi township compared to other 

townships of Yangon Division (DoA 2010). The low level of mechanisation was reflected in 

high cattle ownership as the cattle are used to power and support agricultural labour. Most of 

the surveyed farmers in this study were still using only cattle for cultivation purposes. Some 

farmers used both cattle and machinery for ploughing and harrowing. A few interviewed 

farmers who did not own cattle either used only machinery or hired cattle from other farmers 

for land preparation. 

 

The use of machinery has rapidly increased in some regions, but mechanisation is still limited 

in some areas of rainfed lowland systems of Asia (Haefele et al. 2004). This is mainly due to 

the farmers’ financial situations as well as other factors such as the availability of equipment 
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and farmers’ perceptions on their value (see in Chapter 5). Machinery ownership was used as 

a proxy wealth indicator in farmers livelihoods surveys (LIFT 2012, Mariano et al. 2012, 

LIFT 2014). Nevertheless, all farmers in this study used fully manual transplanting and 

harvesting process. The LIFT report (2012) described how the lack of machinery was one of 

the major production constraints for farmers in Delta region of Myanmar. The lack of 

mechanisation and labour saving technologies means that the labour requirements for rice 

farming remain high. Zorya (2014) estimated that labour use for rice production is 104 

days/ha for Myanmar compared with 78 in India, 48 in Cambodia, 23 in Vietnam and just 10 

days/ha in Thailand and China. 

 

2.4.4 Farmer household characteristics 

The survey showed that income from rice alone was not enough to support the family in many 

cases. This is a common scenario for lowland rice farming families in the region (Samal et al. 

2006, Wijnhoud 2007, Newby et al. 2013). Off-farm income made up a high proportion of 

what contributed to total household income and it is an important factor contributing to 

farmers’ livelihoods. Other research indicates that it is increasingly common that off-farm 

income to be higher than rice income and that off-farm income can improve farmers’ 

livelihoods (Dixon et al. 2001, Wijnhoud et al. 2003, Samal et al. 2006). 

 

Even though there were some differences in farm and household characteristics between 

village tracts (especially Joephyu and Kyiksagaing), house construction materials were similar 

in both villages. Most people have televisions, even in Hlaing where, at the time of the 

survey, there was no access to electricity and a battery was required. Farmers from 

Kyiksagaing seemed to be richer due to their possession of material goods such as 

refrigerators, telephones and cars (Enlightened Myanmar Research & World Bank 2014). 

Conversely, the interviewed farmers from Hlaing were more likely to be poorer than the 

others because of poor road access, no electric gird connection and the highest indebtedness 

from commercial money lenders (Table 2.23) (San et al. 2013). Although the interest rate of 

government loans was very small compared to that of commercial money lenders, farmers 

reported that they were only allowed to borrow USD25/ha from the Agricultural Development 

Bank, which is a small amount and is not sufficient for all farm expenditure. Therefore, most 

of the interviewed farmers took loans from the other providers with higher interest rates to 

purchase agricultural inputs or to cover unexpected costs like medical expenses. Generally, 



Chapter 2. Household livelihoods survey 

 43

farmers took out a loan before and during cultivation of the crops, so they could pay off their 

debt after harvesting the crops (LIFT 2012). 

 

The level of training and information support for farmers was probably limited, patchy and 

under-resourced. This issue was one of the major limitations for crop productivity addressed 

by the interviewed farmers (Chapter 5) and is a widely noted issue for small-holders in 

developing countries (Heong et al. 2002, George et al. 2005, Murray-Prior et al. 2011), 

including Myanmar, where the number of farmers receiving crop production training has 

declined significantly during the last few years (San et al. 2013, LIFT 2014). According to the 

survey results, there was noticeably less training in Targwa than in Joephyu as the former was 

more distant from the Taikkyi town area, and the latter was near the DoA Taikkyi office. 

 

2.5 Conclusion 

The rainfed lowland rice farmers interviewed in Taikkyi were very experienced in their 

occupation of farming, but they had generally low levels of education. About 95% of the 

farms were less than 10 ha, and about 20% were less than 2 ha. Soil type (e.g. sandy or 

alluvial) and water availability were key determinants for decisions about cropping patterns 

and intensity of production. There was a widespread lack of mechanisation, with all farms 

using manual labour for transplanting and harvesting, as well as other farm management 

tasks. This results in a continuing high labour demand, and a reliance on cattle for draft power 

on the farms. Farmers interviewed also reported a lack of access to affordable credit and that 

effective training and extension services were limited or non-existent. 

 

An overview of rainfed lowland rice production systems was presented in this chapter, 

including central agronomic matters such as farming practices and cropping patterns, as well 

as household livelihood information related to demographic and socio economic conditions. 

In Chapter 3, more specific data about soil fertility management, monsoon rice yields and 

general farm management was used to determine the productivity and profitability of the 

rainfed lowland rice production systems in the study area and what demographic and 

agronomic factors are linked to farm performance. In Chapter 4, nutrient inputs, outputs and 

balances of the selected subset of fifty farms are described and analysed with respect to 

demographic and agronomic factors. Farmers’ knowledge and perceptions about soil fertility, 

nutrient management and crop production are described and contextualised in Chapter 5. 
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Chapter 3. Productivity and profitability of rainfed, lowland monsoon rice 

production 

 

3.1 Introduction 

Rice is the staple food of Myanmar and the largest and most economically important crop, 

accounting for 30% of total area planted, about 40% of gross agricultural output and 13% of 

GDP. About 8 Mha of paddy rice is harvested annually, producing a national total of 16–18 

Mt. Of this, about 1.0–1.3 Mt is exported each year, worth about USD400 million to the 

national economy (World Bank 2014a). 

 

Recently published figures give a national average yield of 2.5 t/ha in Myanmar (World Bank 

2014a), and monsoon rice yields in the Bago Division from 2.2 t/ha for rice-rice systems to 

3.1 t/ha for rice-legume systems (ACIAR 2014). With average rice yields in other South and 

South-East Asian countries ranging from 2.9 to 5.6 t/ha (FAO 2015), it is clear that Myanmar 

has the potential to increase its productivity in rice production, and there is some expectation 

that increased rice exports could stimulate economic growth and poverty reduction throughout 

Myanmar (World Bank 2014b). 

 

The productivity from rainfed lowland rice is generally lower than for irrigated rice, with a 

mean for the Mekong region of 2.5 t/ha (Fukai & Ouk 2012, World Bank 2014a). It is 

noteworthy that these figures are similar to regional yield estimates of 2.3 t/ha from over 15 

years ago (Dobermann & Fairhurst 2000). Wade et al. (1999b) reviewed the rainfed lowland 

rice systems and found that yields were less than half that of irrigated rice, but more than 

double the yield of upland rice. The bio-physical conditions experienced on farm are central 

constraints to agricultural productivity. Unfavourable and variable climate are common issues 

that limit rice yields (Dobermann & Fairhurst 2000). Many studies have noted that erratic 

rainfall, severe drought and prolonged flooding have a significant influence on the grain yield 

in rainfed lowland rice systems (Wade et al. 1999b, Haefele & Konboon 2009, Fukai & Ouk 

2012). Indeed unfavourable weather was noted as the primary constraint among farmers in 

Myanmar in certain years, for example when the monsoon season started late, or when 

localised flooding occurred (LIFT 2014). 
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Low soil fertility also affects rice yields in Myanmar, spanning a variety of physical and 

chemical issues (Van Lynden & Oldeman 1997, Win 2006). Biological soil fertility is also 

poorly addressed, for example there is little use of Rhizobium inoculants (Ranga Rao et al. 

2011). Low soil organic matter levels contribute to reduced nutrient and water holding 

capacity and greater vulnerability to erosion. The availability of major nutrients in rice 

growing regions are very low to moderate (Win 2006). 

 

Nevertheless, in many soil types increases in grain yields are possible with appropriate 

nutrient management (Wade et al. 1999a, Haefele et al. 2004, Fukai & Ouk 2012). However, 

low and/or unbalanced fertiliser applications may be practiced by farmers, and the associated 

decline in soil fertility is a common problem in rainfed rice systems (Khunthasuvon et al. 

1998, Dobermann & Fairhurst 2000, Fukai & Ouk 2012). Risks related to climatic variation 

can make investment in fertilisers unreliable where the costs of effective fertiliser and soil 

conditioning inputs are considered prohibitive, or availability is limited (Naing et al. 2008). 

The current consumption of fertiliser nitrogen (N) in Myanmar varies between 50,000 and 

80,000 tonnes annually. According to FAOSTAT figures, this contrasts strongly with other 

countries in south and south-east Asia, for example, Myanmar’s consumption of fertiliser N is 

0.6% that of India and 7% that of Thailand and Vietnam (FAO 2015). These high-level data 

are supported by local research in Myanmar which report that mineral fertiliser applications 

are insufficient, especially in the monsoon rice production season (Naing 2004, Thein 2004, 

Thwe 2006, Win 2006). Current recommended fertiliser rates for rainfed lowland rice 

production is usually given for a broad area and it is not as applicable for farmers trying to 

improve productivity under specific field conditions (Haefele et al. 2006, Haefele & Konboon 

2009). Dobermann and White (1999) suggested that research in farmers’ fields, using their 

knowledge and experience, is important for providing specific recommendations for nutrient 

management in rainfed lowland rice systems. 

 

A range of socio-economic factors are closely interlinked with these bio-physical constraints, 

preventing farmers with limited household resources, training and institutional support from 

achieving greater productivity and thus profitability. These issues are common for many 

developing countries (World Bank 2014a). At the household level, the lack of basic resources 

such as money, credit, equipment, machinery are a fundamental concern (Kyi & Doppler 

2011). In Myanmar, farmers report that the lack of money or access to credit, limits their 

capacity to invest in inputs needed to increase yields, with the low rate of fertiliser usage, due 

to cost and availability, being an obvious and pertinent example (LIFT 2014). Limited 
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education and training opportunities and increasing urbanisation (and its consequent reduction 

in farm labour availability) also hinder the development of human resources in the household 

and local communities (Newby et al. 2013, Enlightened Myanmar Research & World Bank 

2014). More broadly, market access (Naing et al. 2008), lack of infrastructure (Zeigler & 

Puckridge 1995), low prices (LIFT 2012, Newby et al. 2013), and complex and bureaucratic 

export processes for rice and other commodities (Ksoll et al. 2013) act as constraints. 

 

Publications on the economic performance of rice production systems in Myanmar are 

uncommon or weak (Zorya 2014), and often data are only available as unpublished theses or 

conference papers (Kyi & von Oppen 1999, San et al. 2005, Aung et al. 2010, Kyi & Doppler 

2011, San et al. 2013). San et al. (2013) reported a number of demographic and household 

factors that influence farm technical efficiency (a measure of economic performance), 

including farm size, farmer age, education level, extension visits, credit usage, and fertiliser 

applications. In an economic study of rice farming in the Ayeyarwady Delta, use of urea 

fertiliser was found to be of primary importance compared with factors such as high-yielding 

rice varieties and irrigation (Kyi & von Oppen 1999). 

 

Several of these authors used gross margin analysis to evaluate the performance of farmers 

(Kyi & von Oppen 1999, San et al. 2013, Kyi & Doppler 2011, Zorya 2014). In a national 

project analysing the economic performance of rice farming, gross margins varied from 

USD33/ha for dryland farms in Sagaing to USD537/ha for rainfed rice in Southern Shan 

State. Gross margins for rice production sites closer to my study area, the alluvial areas of 

Bago Region were about USD364/ha (Zorya 2014). A study of the effect of diversified rice-

based farming systems on resource use efficiency and profitability in Myanmar found that 

farm income was significantly greater for farms with higher crop diversification (Kyi & 

Doppler 2011). 

 

In order to document and analyse the current situation faced by farmers with rainfed rice 

production systems, surveys of 100 farm households were conducted during the monsoon rice 

season of 2010 to collect data on household livelihoods, farm and farmer characteristics, as 

well as the productivity and profitability of monsoon rice particularly related to nutrient 

management in Taikkyi Township, Yangon Division of Myanmar. Taikkyi Township was 

selected as a research site for this study because it characterises, in terms of land forms and 

post-monsoon crops, rain-fed lowland rice production in the Ayeyarwady delta, the most 

important rice production region of Myanmar. Details of the household livelihoods and farm 



Chapter 3. Productivity and profitability of monsoon rice production 

 47

and farmer characteristics were presented in the previous chapter. This chapter presents an 

analysis of the survey data relating to yields and profitability, addressing the questions: 

1. How do key demographic characteristics and agronomic factors affect the productivity of 

rainfed rice-based farming systems in Taikkyi Township? 

2. How do key demographic characteristics and agronomic factors affect the profitability of 

rainfed rice-based farming systems in Taikkyi Township? 

3. What are the primary drivers of productivity, and hence, profitability of these farming 

systems? 

 

3.2 Materials and Methods 

Details of the area of the study, soil types and typical cropping systems, networking and 

farmer selection and survey methodology including data processing and analysis can be found 

in Section 2.2 of Chapter 2. Yields, inputs, prices received, household income and costs of 

production of both monsoon rice and the post-monsoon crops are for the previous 2009–10 

season. 

 

3.2.1 Gross margin analysis 

The income received by farmers for their monsoon rice (Section 2.3.4 of Chapter 2) gives an 

indication of the cash income, but this does not account for the economic value of the 

monsoon rice crop they have grown. The use of harvested rice within the household for home 

consumption, seeds for subsequent seasons and trading for labour, means that cash sales may 

be very low or even zero, masking the actual productivity of a given farm. An alternative 

method of assessing farm economic performance is gross margin analysis (NSW DPI 2007). 

Gross margin analysis facilitates the evaluation and ranking of technical and economic 

efficiency of the farmer’s management of crops and livestock. It can be used to compare the 

gross profitability of similar enterprises amongst different farming groups. Gross margin 

analysis was used in this study to quantify the economic impact of nutrient inputs and crops, 

as well as for identifying cost-effective and uneconomic options for rice farmers. 

 

The gross margin (GM) of an enterprise is defined as the enterprise gross return (GR) minus 

the variable costs (VC) attributable to that enterprise. Thus: 

 GM = GR – VC, where 

 GR = yield  price received, and 
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 VC = quantity of input  input price. 

Eight farms had no rice sales (that is, all rice produced was used for home consumption, seed 

or labour payments) and therefore did not report a price for rice sold. Instead, the average 

price of the other farms (USD164) was used for those eight farms. All income and costs are 

reported in USD, converted from Myanma Kyat (MMK) at the rate of USD1 = MMK1,000. 

 

To measure the extent to which farmers use their rice harvest for earning cash income as 

opposed to non-market uses such as home consumption or trading for labour, the proportion 

of harvested rice that was sold was calculated using the formula, Sales (%) = (RI / GR)100, 

where RI is the cash income from rice sales and GR is the gross return (yield  price 

received). Farms which sold all their rice had a Sales value of 100% and those which sold 

none had a Sales value of 0%. 

 

3.2.2 Data processing and analysis 

The data were entered into an Excel file, and double-checked for any errors by (i) randomly 

selecting of the records and checking for typing mistakes, and (Lambers et al. 1998) plotting 

all variables to identify possible outliers of erroneous values. The relationships between 

yields, gross margins, farming practices and socio-economics were evaluated using analysis 

of variance (categorical variables) and linear regression (numerical variables). All analyses 

were conducted with R software version 3.1.0 (R Core Team 2015). Statistical assumptions 

(e.g. normality) for these methods were tested and found to be satisfactory. Data were tested 

for significant differences at P=0.05 (Goldstein & Healy 1995). Unless noted otherwise, 

column graphs show the raw data points (displayed using the farm code number) with 

columns representing means and the errors bars representing the 95% confidence intervals 

(Afshartous & Preston 2010). 

 

3.3 Results 

3.3.1 Household and farm characteristics, farming practices and monsoon rice 

yields 

Different household and farm characteristics and farming practices impacted the productivity 

of the monsoon rice. Figure 3.1 shows the monsoon rice yield (t/ha) of the interviewed 

farmers across the 5 village tracts. The overall average yield was 2.5 t/ha, with a large 
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variation of 0.8 to 4.1 t/ha. Yields were relatively consistent in the Auto and Kyiksagaing 

village tracts but more variable within Hlaing, Joephyu and Targwa (P=0.51). 

 

The average yield (t/ha) in descending order for the village tracts was Kyiksagaing 3.0, 

followed by Auto 2.8, Hlaing 2.7, Joephyu 2.2 and finally Targwa 2.0 (Figure 3.1). Data 

analysis indicated that correlations between rice yields and both interviewed farmers’ gender 

(P=0.62) and age (P=0.39) were not significant. 
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Figure 3.1 Monsoon rice yield for each of the five surveyed village tracts in Taikkyi 
township. 
 

The education level of the interviewed farmers had a positive significant effect on monsoon 

rice yield (P=0.006) (Figure 3.2). Almost all of the most educated farmers (degree holders 

and high school level education) produced monsoon rice yields of >2.5 t/ha. The lowest 

yielding crops were associated with the lower education categories, i.e. no formal, primary 

and middle school education. The significance of the correlation doesn’t necessarily imply 

cause and effect. 
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Figure 3.2 Effects of education level of the farmer on monsoon rice yields in the 
surveyed village tracts of Taikkyi township. 
 

Relationships between various farm and household characteristics and monsoon rice yield are 

presented in Table 3.1. Monsoon rice yields were positively correlated with the percentage of 

farmed land considered favourable for rice production, denoted ‘favourable land’, whilst at 

the same time negatively correlated with unfavourable land types, which were split into two 

categories ‘late sowing land’ and ‘sandy land’. The correlation between flood-prone land 

areas and rice yields were non-significant. Farms with predominantly sandy soil (50% or 

more of their actively farmed area) had significantly lower yields than those with 

predominantly non-sandy soils (P=0.001), with sandy soil farms averaging 1.7 t/ha for 

monsoon rice and non-sandy soil farms averaging 2.4 t/ha. 

 

Table 3.1. Relationship between various farm and household variables and monsoon rice 
yield (t/ha). Slope coefficients and r2 are shown for significant (P<0.05) factors only. 
Variable P value Slope r2 
Favourable land (% of farmed land) 0.05 0.001 0.04 
Late sowing land (ha) 0.02 -0.009 0.05 
Sandy land (% of farmed land) < 0.001 -0.001 0.14 
Legume area (% of farmed land) < 0.001 0.009 0.24 
    
Irrigation area (% of farmed land) 0.08   
Monsoon rice growing area (ha) 0.09 (0.791)   
    
Household size (people) 0.76   
Flood-prone land type area (ha) 0.43   
Farming experience (years) 0.31   
1 removing two extreme values with a large monsoon rice growing area makes this variable non-
significant 
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The proportion of cultivated land used for legume production prior to the monsoon rice crop 

was positively correlated with monsoon rice yields (P<0.001). The slope indicates that rice 

yields increase at a rate of 90 kg/ha for every 10% increase in legume area (Figure 3.3). 
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Figure 3.3 Effects of legume cultivation on monsoon rice yields in the surveyed village 
tracts of Taikkyi township. The relationship is described by y = 0.009x + 2.17 (r2=0.24). 
 

The total farm area used for monsoon rice cultivation was negatively correlated (P=0.09) with 

yield due to effects of two large farms of >30 ha each (see Chapter 2, Section 2.3.2). The P 

value was recalculated as 0.79 with the removal of one of these data values. The proportion of 

cultivated area that was irrigated had a weakly positive correlation with yield (P=0.08). 

Correlations between monsoon rice yield and household size and farming experience were not 

significant (P>0.10). 

 

Effects of the previous land use on monsoon rice yields are shown in Figure 3.4. Legumes, 

either alone or in combination with rice or horticultural crops, produced the highest yields. 

The lowest rice yields were on land that had either been fallowed or had been used for 

horticulture. 
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Figure 3.4 Effects of previous land use on monsoon rice yields in the surveyed village 
tracts of Taikkyi township. 
 

3.3.2 Fertiliser usage and monsoon rice yields 

A variety of fertiliser types and frequencies of application were utilised by the farmers with 

variations across the 5 village tracts (Table 3.2 and Table 3.3). Most (92%) of the interviewed 

farmers across the 5 village tracts and all from Kyiksagaing applied cattle manure as a 

fertiliser. Eighty-three percent used manure from their own cattle, that is, at no cash cost, 9 

farmers purchased manure and 8 farmers did not apply any manure to their fields. The highest 

application rate of manure was in the Auto village tract (average of 968 kg/ha) with Targwa 

the lowest (413 kg/ha). More than 60 % of the farmers applied compost with the highest 

applications (both amount and % of farmers) in Joephyu. There was no cost for compost 

because it was collected from the farm and it’s household. A small number (18%) of the 

interviewed farmers used commercial organic fertiliser for their monsoon rice, although the 

average amount was just 14 kg/ha. 

 

Almost all (96%) of the farmers applied urea to their monsoon rice crops at an overall average 

of 55 kg/ha (equivalent to 25 kg N/ha). Just 13 farmers across the 5 village tracts applied urea 

at the recommended DoA rate or higher, which is 100 kg urea/ha (equivalent to 46 kg urea 

N/ha). The maximum recorded rate of urea application was 268 kg/ha for an Auto farmer. 

Even though every interviewed farmer from both the Auto and Targwa village tracts used 

urea, application rates in Auto were double those for Targwa.  
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Triple super phosphate (TSP), a source of phosphorus (P), was not widely used by farmers, 

although there were differences in usage amongst the village tracts. Highest was at Targwa 

with 30% of farmers using TSP, compared with just 5% of farmers at Hlaing. Rates of 

application were also generally low, varying between 2.4 and 7.1 kg/ha with an overall 

average of 4.6 kg/ha. One farmer from Kyiksagaing applied TSP at the very high rate of 62 

kg/ha. No farmer used muriate of potash for monsoon rice production, but about one third of 

the interviewed farmers used compound fertiliser which contained potassium (K). 

Formulations of the compound fertilisers were either 10:10:5, 13:5:7 or 15:15:15 for N:P:K. 

The amount and farmer usage of mineral fertilisers was highest at Kyiksagaing followed by 

Auto, and lowest in Targwa. One farmer used no mineral fertiliser on the monsoon rice 

because he relied on the residual effect of fertilisers from the previous watermelon crop. 

 

Table 3.2 Average amount of fertiliser used in monsoon rice production in the surveyed 
village tracts of Taikkyi township and the percentage farmers within each village tract 
using that type of fertiliser. 
Fertiliser type Auto Hlaing Joephyu Kyiksagaing Targwa All farms
 kg/ha (%) kg/ha (%) kg/ha (%) kg/ha (%) kg/ha (%) kg/ha (%)

Manure 968 (91) 905 (80) 767 (91) 805 (100) 413 (95) 773 (92) 
Compost 419 (67) 376 (65) 729 (91) 555 (61) 287 (85) 474 (74) 
Organic 14 (19) 14 (10) 25 (38) 16 (22) 0 (0) 14 (18) 
Urea 62 (100) 54 (90) 59 (95) 74 (94) 30 (100) 55 (96) 
TSP1 4.7 (14) 2.5 (5) 2.4 (10) 6.8 (17) 7.1 (30) 4.6 (15) 
Compound2 15 (29) 5.4 (20) 11 (19) 58 (67) 20 (25) 21 (31) 
TSP1 = triple super phosphate; Compound2 = blended mineral fertilisers. 

 

Frequencies of fertiliser applications of farmers varied from 0 to 5 times across all fertiliser 

types (Table 3.3). Most of the farmers applied the organic, TSP and compound fertilisers only 

once and urea twice. 

 

Table 3.3 Frequency of fertiliser application during monsoon rice season. 
Fertiliser type Range Average
Manure 0 – 2 1 1.59 
Compost 0 – 2 0.91 
Organic 0 – 3 0.34 
Urea 0 – 5 1.93 
TSP 0 – 2 0.19 
Compound 0 – 4 0.40 
1 except one farmer who applied small amount of manure 30 times 

 

The contributions of different fertiliser types to total N, P and K applications during monsoon 

rice cultivation are presented in Table 3.4. For the purposes of the N, P and K budgets, it was 

assumed that legume residues were a form of N fertiliser. Legumes can fix as much as 400 kg 

N/ha under ideal conditions of growth and N2 fixation (Herridge et al. 2008b). More 

commonly 60–150 kg N/ha is fixed because of nutritional and edaphic constraints (Nguyen et 
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al. 2002, Ladha & Reddy 2003). Much of the N contained in the legume crop will be removed 

from the field as grain and residues at harvest, leaving only the legume N that had been 

deposited in the soil from decomposing roots and shed leaves and petioles. It was assumed 

that N inputs from the previous legume crop were 40 kg N/ha, a value which was scaled by 

the % area of the rice land under legumes (see Tables 2.11–2.13). The nutrient composition of 

the key elements (N, P and K) in manure and compost are provided in Chapter 4. 

 

The major sources of N for monsoon rice were urea (45%) followed by legume residues 

(28%) then manure (16%). About half of the N inputs were from mineral fertilisers and half 

from organic fertilisers. Eighty-three percent of farmers applied <15 kg N/ha and 45% applied 

<5 kg N/ha. Low rates of mineral fertilisers were used for P and K (16% and 6%, 

respectively), with reliance on manure (74 and 76%, respectively) and compost (10 and 18%, 

respectively) instead. 

 

Table 3.4 Sources of fertiliser N, P and K applied to monsoon rice in the surveyed village 
tracts of Taikkyi township. Values shown are percentage of total applied for each 
element. 

Fertiliser type Nitrogen (%) Phosphorus (%) Potassium (%)
Manure 16 74 76 
Compost 7 10 18 
Organic fertiliser 0 0.2 0 
Legume residues 28 0 0 
Urea 45 0 0 
Triple super phosphate 0 6 0 
Compound (blended mineral fertiliser) 4 10 6 

 

Effects of N, P and K inputs on monsoon rice yield were all positive (P≤0.001) (Table 3.5). 

The correlations were based on input of the three nutrients from all organic and inorganic 

fertiliser sources including legume residues. 

 

Table 3.5 Relationship between monsoon rice yields (kg/ha) and the input of key 
nutrients N, P and K from all fertiliser types including legume residues. 
Element P value Slope r2 
Nitrogen < 0.001 9.80 0.26 
Phosphorus < 0.001 17.5 0.13 
Potassium 0.001 15.1 0.10 
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3.3.3 Relationship between productivity (yield) and profitability for monsoon rice 

production 

Cash income 

Income from the 2009 monsoon rice crop varied according to the village tracts (Table 3.6). 

This is the cash income from sales of monsoon rice excluding home consumption and used to 

pay for labour, rather than the economic value of the harvested rice (gross return, discussed in 

the “Gross margin analysis” section below). The farmers from the Kyiksagaing village tract 

had the highest monsoon rice income, whilst those from Targwa and Joephyu the lowest. 

Incomes for the other village tracts were intermediate. The income per unit area was very low 

for farms in Targwa and highest for Hlaing and Joephyu. Farms in Kyiksagaing had the 

highest overall income from monsoon rice, as was its income per area. 

 

Table 3.6 Average cash income from monsoon rice production of farmers in the 
surveyed village tracts in Taikkyi Township (data for the year 2009). 
 Auto Hlaing Joephyu Kyiksagaing Targwa All farms

Total farm 
income (USD) 

451 413 385 506 350 419 

Income per area 
(USD/ha) 

110 149 138 111 64 115 

 

Prices received for the monsoon rice were between USD0.03 and USD0.23 per kg, with an 

average of USD0.12/kg (median = USD0.11/kg). Prices were not significantly affected by 

most demographic and farm management variables, except farmer age (P=0.001) and 

education (P=0.009), and village tract was marginally non-significant (P=0.059). Younger 

farmers (20–34 years old) received more than older farmers (≥35 years old) (USD0.20 and 

0.16/kg respectively) and farmers with a degree qualification received the highest prices for 

their monsoon rice, followed by those that completed high school, and those with no formal 

education, primary school or middle school got the lowest prices (USD0.20, 0.17 and 0.16/kg 

respectively). Farmers in Hlaing (USD0.15/kg) had lower prices than those in Joephyu, 

Kyiksagaing and Targwa (average USD0.17/kg), and farmers in Auto received an 

intermediate price (USD0.16/kg). 

 

There was a positive and significant correlation between yield and income for monsoon rice 

(P<0.001, r2=0.54) (Figure 3.5). The variation around the line of best fit is due to differences 

in prices received and proportions of rice consumed in the household rather than being sold. 
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Figure 3.5 Relationship between monsoon rice yield and cash income derived from 
monsoon rice in the surveyed village tracts of Taikkyi township. The relationship is 
described by y = 169.4x - 139 (r2=0.54). 
 

The contribution to income of household activities beyond monsoon rice production varied 

between households (Chapter 2, and Figure 3.6). Most of the interviewed farmers relied on 

their monsoon rice crops and other non-monsoon crop production to maintain household 

income. A smaller proportion of farming households relied on off-farm income (some quite 

heavily, e.g. family members working in Singapore). In addition, a very small proportion 

engaged in other non-cropping farm activities such as commercial dairy production and duck 

raising, to supplement household income. 
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Figure 3.6 Frequency distributions (% of total) for the proportion of income derived 
from various sources. 
 

Income from the monsoon rice and income from other crops were positively correlated with 

monsoon rice yield (Table 3.7). Although off-farm income made the greatest contribution to 

household incomes (Chapter 2), it had no significant relationship with the monsoon rice yield. 

 

Table 3.7 Relationship between various sources of income (USD/ha) and monsoon rice 
yield (kg/ha). Slope coefficients and r2 values are shown for significant factors only. 

Income source (USD/ha) P value Slope r2

Monsoon rice < 0.001 0.17 0.54 
Other crops 0.021 0.30 0.05 
    
Other farm 0.573   
Off-farm 0.666   

 

Across the 100 farms, there was a positive correlation (P=0.007) between monsoon rice yield 

and total household income (Figure 3.7). This suggests that monsoon rice production had an 

influence on the household income. Three households had exceptionally higher incomes due, 

in all cases, to high incomes from monsoon rice and other crops that they grew (e.g. summer 

rice and mungbean). 
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Figure 3.7 Monsoon rice yield in relation to total household income in the surveyed 
village tracts of Taikkyi township. The relationship is described by y = 0.000053x + 2.31 
(r2=0.08). 
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Costs 

Cash costs associated with monsoon rice production are included in this section. There were 

also a number of undocumented costs, such as for cattle hire, food for cattle, family labour, 

and daily food provided for labour, which were not included. Table 3.8 shows the breakdown 

of costs associated with the monsoon rice production. Across the five village tracts, the cost of 

monsoon rice production was highest in Hlaing (USD220/ha) and lowest in Auto 

(USD147/ha). Cultivation costs, involving ploughing, harrowing, transplanting, irrigating and 

weeding, were the highest, representing 21–45% of total production costs and 34% across all 

village tracts. Targwa had the highest cultivation cost due to additional fuel cost compared to 

other village tracts. Harvesting costs, that is, harvesting, threshing, drying, storing and 

transporting, were 18–32% of total costs with an overall average of 26%. Fertiliser costs were 

11–24% with an overall average of 18%. Crop protection costs, i.e. pesticides and fungicides, 

were almost zero. In this study, labour costs refer to hired labour used for farming tasks that 

could not be done by the farmer or the family and did not include the labour costs for rice 

transplanting and harvesting, which are included in the cultivation and harvesting categories. 

Kyiksagaing had the highest labour cost due to relying on more hired labour, and most of the 

labour was paid in cash which was higher than paying in-kind. Of the interviewed farmers, 30 

paid labour in cash, 47 paid in-kind (paddy rice) and 23 farmers did not use hired labour. 

 

Table 3.8 Breakdown of costs (% of total) of monsoon rice production in the surveyed 
village tracts of Taikkyi township. 
Activity Auto Hlaing Joephyu Kyiksagaing Targwa All farms
Cultivation 33 38 34 21 44 34 
Harvesting 27 32 24 18 26 26 
Fertilising 22 11 20 24 13 18 
Crop protection 1 0 1 0 0 0 
Labour 17 19 21 37 17 22 
       
Total costs (USD/ha) 147 220 168 201 157 178 

 

The relative cost of the various fertiliser types used in monsoon rice production are presented 

in Table 3.9. The interviewed farmers spent 20% on organic fertilisers and 80% on mineral 

fertilisers. For the latter, the major part of that cost was for urea. Average total fertiliser costs 

ranged between USD13/ha and USD52/ha across the five village tracts with an overall 

average of USD32/ha. 

 

Table 3.9. Breakdown of cash costs (%) for the various fertiliser types used in monsoon 
rice production in the surveyed village tracts of Taikkyi township. Total fertiliser costs 
in the final row are in USD/ha. 

% of total Auto Hlaing Joephyu Kyiksagaing Targwa All farms
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Manure 0 0 34 8 11 14 
Compost 0 0 0 0 0 0 
Organic (commercial) 4 3 7 8 5 6 
Total organic fertiliser 4 3 41 16 16 20
       
Urea 83 89 49 50 54 60 
TSP 2 1 2 4 8 3 
Compound 11 7 7 30 22 17 
Total mineral fertiliser 96 97 59 84 84 80
       
Total fertiliser costs 
(USD/ha) 

30 13 42 52 22 32

 

The relationship between monsoon rice yield and money spent by farmers on fertiliser inputs 

was significant (P<0.001, r2=0.13) with an increase in yield of about 9 kg/ha per USD/ha 

spent (Figure 3.8). Although the general shape of the response in Figure 3.8 suggests a 

possible non-linear relationship, transforming fertiliser costs to log values gave a similar P 

value and regression coefficient (r2). 

Total fertiliser costs (USD/ha)
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Figure 3.8 Relationship between the cost of purchased fertiliser and monsoon rice yield 
in the surveyed village tracts of Taikkyi township. Fertilisers sourced on farm (e.g. 
manure and compost) are not included. The relationship is described by y = 0.0088x + 
2.27 (r2=0.13). 
 

The regression of monsoon rice yield against overall production costs was positive and 

significant (P=0.004, r2=0.08), with a yield increase of 2.2 kg rice grain for every extra USD 

spent. However, monsoon rice income and costs were not correlated (P=0.32, r2=0.01), 

presumably due to home consumption and use of the rice as cash equivalents for bartering. 
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Gross margin analysis 

The gross return (yield  price) and variable costs of monsoon rice production were used to 

calculate gross margins (Figure 3.9). There were large differences amongst the 100 surveyed 

farmers (mean = USD242/ha, ranging from USD-305/ha to USD552/ha) and amongst the 

village tracts (P=0.05). Average gross margins were highest in Auto and Kyiksagaing, and 

lowest in Hlaing and Targwa. Excluding one very low value (Farm 36 in Targwa, Figure 3.9), 

the overall mean gross margin was USD247/ha and USD219/ha for Targwa. 
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Figure 3.9 Average gross margins (USD/ha) for monsoon rice for each of the surveyed 
village tracts of Taikkyi township 
 

Relationships between household and production variables and monsoon rice gross margins 

are presented in Table 3.10. There were no significant relationships between monsoon rice 

gross margins and many of the socio-economic factors and fertiliser input costs. Interestingly, 

gross margins were not correlated with the farmer’s education level or with years of farming 

experience. However, gross margins were positively correlated with the proportion of 

favourable land and area with previous legume crops. Increasing the proportion of favourable 

or prior legume land by 10% was associated with a USD8/ha increase in the gross margin. 

There was a weak negative correlation with the proportion of sandy land. Total household 

income was positively correlated with monsoon rice gross margin, with a USD1/ha increase 

in gross margin for an increase of USD100 in household income. 

 

Table 3.10 Relationships between gross margins for monsoon rice (USD/ha) and 
household characteristics, farm and farming practices, different types of inputs and 
various sources of incomes. Slope coefficients shown for significant factors only. 
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Variable P value Slope r2 
Favourable land type area (% of farmed land) 0.006 0.79 0.07 
Sandy land type area (% of farmed land) 0.055 -0.41 0.04 
Legume area (% of farmed land) 0.027 0.82 0.05 
Total household income (USD) 0.007 0.01 0.07 
    
Education level 0.862   
Farming experience (years) 0.980   
Age (years) 0.252   
Household size (people) 0.754   
    
Irrigation area (% of farmed land) 0.513   
Monsoon rice growing area (ha) 0.974   
    
Fertiliser N input (kg/ha) 0.725   
Fertiliser P input (kg/ha) 0.882   
Fertiliser K input (kg/ha) 0.827   
Total fertiliser costs (USD) 0.237   
    
Other crop income (USD) 0.321   
Other farm income (USD) 0.298   
Off-farm income (USD) 0.339   

 

Gross margins for monsoon rice production were positively correlated with rice yield 

(P<0.001) (Figure 3.10). The regression equation indicates an increase of USD138/ha for 

each tonne/ha increase in grain yield. Excluding Farm 36, the fitted equation becomes y = 

126x – 75 (r2=0.46). 
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Figure 3.10 Gross margins for monsoon rice in relation to monsoon rice yield. The 
relationship is described by y = 138x – 108 (r2=0.47). 
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Figure 3.11 shows the extent to which farmers use their rice harvest for earning cash income 

as opposed to non-market uses. Eight farmers did not sell any of their monsoon rice, about 

85% of the farmers sold at least half their rice, and 10 farmers sold at least 90%. The average 

proportion of rice sold was 66% (median = 69%). 
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Figure 3.11 Frequency distribution of the proportion of rice harvest sold (%). 
 

3.4 Discussion 

The results of the study showed the impact of the different socio-economic and bio-physical 

factors and farming practices on the productivity and profitability of the monsoon rice. 

Among the various factors, some have potential to improve the monsoon rice production but 

there are others which are likely to remain ongoing limitations for rice production. 

 

3.4.1 Factors affecting grain yield 

The average monsoon rice yield of this study (2.5 t/ha) was lower than that reported for 

Taikkyi township (3.6 t/ha) Yangon Division (3.6 t/ha) and officially for Myanmar (4.1 t/ha) 

(MOAI 2013). However, it was the same with the USDA figure of 2.5 t/ha and the Mekong 

region average yield (2.5 t/ha) for rainfed lowland rice (Fukai & Ouk 2012, World Bank 
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2014a). Moreover, similar rice yields were observed in the Greater Mekong region by Wade 

et al. (1999a), Wijnhoud et al. (2003), Thwe (2006) and Haefele and Konboon (2009), 

reporting average grain yields of 2.2 to 2.5 t/ha overall. 

 

Across the village tracts, Auto and Kyiksagaing had relatively better performance and 

consistency in monsoon rice production when compared to other village tracts. However, the 

monsoon rice yields varied within Hlaing, Joephyu and Targwa because there were different 

land types within those village tracts. Likewise, Naing (2004) reported a wide range of rice 

yields in lowland of Myanmar of 1.8 to 6.7 t/ha. Favourable soil types, legume rotations and 

better socio economic conditions may cause the village tracts to differ in monsoon rice yields. 

 

In almost all cases, the demographic and household characteristics of the interviewed farmers 

were not correlated with monsoon rice yields, including common explanatory variables such 

as farming experience (Mariano et al. 2012). While it seems sensible that increased 

experience would lead to improved productivity, factors such as attitudes to risk and market 

orientation of the farmer can produce opposite effects. For example, there may be an 

unwillingness or decreasing willingness to adapt over time from the more experienced 

farmers when compared with less experienced farmers (Sheikh et al. 2003), or greater 

attention to non-cropping or off-farm income-earning activities (Chang & Wen 2011). Level 

of education was correlated with productivity, with a generally positive relationship between 

education level and monsoon rice yields with farmers who had education above high school 

level attaining higher than average monsoon rice yields. Again it is possible that increased 

education could lead to either increased productivity, for example through improved 

knowledge and uptake of superior agronomic methods (Chang & Wen 2011), or decreased 

productivity, through a shift in focus from farming to other economic activities (Manivong et 

al. 2014). The inconsistency in the predictive ability of common demographic and household 

variables in the literature (e.g. Wijnhoud et al. 2003) may be related to the scale of the data. 

Instead of the usual household level data, plot level data may be more useful in understanding 

farmer decision-making (Noltze et al. 2012). 

 

From farmers’ interviews and farm observations, the present study found farmers cultivated 

monsoon rice using different approaches to management and inputs depending on land type, 

previous crop and fertiliser history. The proportion of land suited to late sowing or with sandy 

soil had a negative effect on the monsoon rice yield, while the proportion of favourable land 

was associated with increased yield. These land types are obvious drivers of productivity, and 
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this is especially relevant where the use of fertilisers is low (Haefele & Konboon 2009). 

Wijnhoud et al. (2003) reported that farmers involved in rainfed lowland rice production in 

northeast Thailand used variable applications of inputs and different management practices 

within their farms. In order to manage scarce resources where fertiliser application rates are 

very low, farmers may be applying it only on seedbeds or in paddies where crop growth is 

considered to be poor (Pandey 2001). Dobermann and Fairhurst (2000) suggested that this 

strategy is related to the diversity of on-farm toposequences, while Fukai and Ouk (2012) note 

that the influence of toposequence position on soil physical and chemical characteristics is not 

always consistent, and that detailed investigation is needed when making decisions about 

fertiliser requirements. 

 

Several agronomic factors were found to be correlated with monsoon rice yield. Of particular 

importance were the positive effects of previous legume crops and the use of mineral and 

organic fertilisers. These are discussed in the following sections. 

 

3.4.2 Importance of legumes 

Among the various cropping patterns used by the interviewed farmers in this study, the largest 

rice yields followed legumes crops, either alone or combinations of legumes-rice or legumes-

horticulture. Previous cropping with either horticultural crops or fallow had lower yields. 

Rice-rice also had good yields, potentially due to the residual soil nutrient effect from the 

summer rice which typically receives more fertiliser inputs than the monsoon rice 

(Dobermann & Fairhurst 2000, Naing 2004). The correlation of rice yield and land planted to 

legumes indicated that, for every 10% increase in land sown to legumes there is a 90kg/ha 

increase in yield. 

 

Numerous studies have demonstrated that legumes can enhance soil fertility through 

biological N fixation for the subsequent crops (Senaratne & Gunasekera 1994, Peoples et al. 

1995, Ha et al. 2002, Hiep et al. 2002, Nguyen et al. 2002). The yield benefit to rice 

following legumes can be similar to that of urea-N applied at 30 to 60 kg N/ha (Senaratne & 

Gunasekera 1994, Dobermann & Fairhurst 2000). Becker and Johnson (1999) found that 

regardless of the variety of legume, the location or management practices, legume cultivation 

has potential to sustain the rice yield in the intensive cropping systems. However, sound 

agronomic practices are needed to ensure reasonable soil N inputs from legumes (Ladha & 

Reddy 2003), and factors such as residue quality and management will also influence the 
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magnitude of the residual effects on subsequent crops (Schulz et al. 1999). Although using 

legumes to produce nitrogen is a common strategy, some farmers don’t grow them due to a 

lack of water rights, inappropriate soil type and different local farming styles (Ladha & Reddy 

2003). 

 

In the context of low use of external fertiliser inputs by the interviewed farmers, the finding 

that legume rotations had a positive influence on the monsoon rice production in this study is 

critical. This is similar to findings of Naing (2004), who reported that the rice-legume 

cropping pattern is vital for the rice farming systems of Myanmar, and Kyi & Doppler (2011) 

who noted the value of legumes in diversified rice cropping systems. Where farmers have low 

capacity or willingness to buy mineral nitrogen fertilisers, or where such inputs are not 

available, reliance on legumes crops provides an income source as well as a necessary boost 

to soil N (Peoples et al. 1995). Farmers recognised the importance of legume rotations for 

their soil and, therefore, their household income. Several interviewed farmers stated that they 

relied on income from their legume crops for their household income. 

 

3.4.3 Nutrient management 

It is well known that application of mineral fertilisers and organic manure are vital for crop 

production and that the timing, fertiliser type and application rate are important factors for 

maintaining or increasing rice yields (Wade et al. 1999a, Haefele & Konboon 2009). The 

review by Fukai and Ouk (2012) noted that actual fertiliser use by most of the rainfed lowland 

rice farmers in the Mekong region is still very low, although the rice crop may get some 

benefit from residual nutrients from previous crops, including high value crops which use 

high amounts of fertilisers. Dobermann and Fairhurst (2000) noted that risk factors such as 

uncertain climate and abiotic stress lead farmers to use low levels of inputs in rainfed lowland 

rice systems. The increasing cost of fertilisers and the lower net return are additional concerns 

for farmers in Laos (Newby et al. 2013). 

 

In the current study, fertiliser application rates were low compared with recommended rates in 

Myanmar (Naing et al. 2008) and rates used in neighbouring countries (Dobermann & 

Fairhurst 2000). A small number of the farmers applied urea and only one farmer applied 

triple superphosphate up to the rate recommended by the local DoA (pers. comm., DoA 

office, Taikkyi township, 2010). No farmers in this study applied a specific potassium 

fertiliser, although several applied compound fertilisers containing K. Fertilisers were 
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normally applied in a single application at the start of the growing season (prior to 

transplanting), although urea was applied in up to five split doses (average = 1.9) during the 

season, suggesting that some farmers were aware of the advantages of split applications of N 

fertiliser (Linquist et al. 2007). 

 

Most of the interviewed farmers used a considerable amount of manure and compost (which 

are usually free) in their monsoon rice cultivation. About 50% of applied N was from organic 

sources, and a very high proportion of applied P and K were from on-farm or local organic 

fertilisers (94% and 94% respectively). The application of organic-based inputs such as 

manure can increase grain yield (Khunthasuvon et al. 1998, Haefele et al. 2010) and, 

crucially, can also increase farming system resilience to water stress even under rain-fed 

conditions (Fukai & Ouk 2012). The use of manure and compost can reduce input costs for 

the farmers, thus managing risk (Linquist et al. 2007), but obtaining sufficient volumes may 

be difficult and more labour is needed to handle the bulky organic fertilisers (Fukai & Ouk 

2012). Although commercial organic fertilisers are very new on the market in Myanmar, the 

farmers used them more than TSP due to the lower cost. However, it was observed that the 

commercial organic fertiliser used in the study area did not always have nutrient composition 

labels on the bags. 

 

While Linquist et al. (2007) found that applying on-farm residues can be a sustainable 

approach to increasing productivity for resource-poor farmers in Laos, it is generally 

acknowledged that increasing crop productivity will rely on the use of mineral fertilisers with 

high analysis (compared with commonly available organic fertilisers) (Vanlauwe & Giller 

2006, Zingore et al. 2007b, Dobermann 2012). In the current study, monsoon rice yield was 

positively correlated with N application but not P and K inputs. This is probably because of 

the low application rates of P and K overall, and the very small inputs of mineral P and K 

fertilisers. However, there are several important challenges facing farmers and other relevant 

stakeholders such as government agriculture departments, non-government organisations 

operating in farming communities and the increasing number of commercial players entering 

the market. 

 

For many farmers in Myanmar, there is little financial capacity to buy fertilisers, and access to 

credit is limited (LIFT 2014, World Bank 2014a). The physical availability of high quality 

fertilisers is likely to be more difficult in the more remote villages than in the more accessible 

ones (Pandey 2001). Once purchased, the correct use of mineral fertilisers is essential to 
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ensure an economic return on investment. The agronomic efficiency of fertilisers will largely 

depend on water availability, which is closely linked to soil type (Fukai & Ouk 2012). 

Improved irrigation infrastructure is therefore a co-requisite for increased fertiliser usage in 

many locations (Bell et al. 2001). The need for crop protection from pests and diseases is a 

further threat to the potential productivity benefits of increased fertiliser use (Heong et al. 

2002), although current issues with crop protection in rice production in Myanmar may be 

considered moderate and localised (Naing et al. 2008). There also is a close link between 

cultivar performance and farm conditions (soil fertility, climate, water management). Hence, 

increases in fertiliser inputs should be implemented in association with the adoption of 

responsive rice cultivars (Pandey 2001, Linquist & Sengxua 2003). As these constraints are 

addressed over time, and as mineral fertiliser application rates increase, there are likely to be 

concerns about pollution of groundwater and eutrophication of water bodies (Bell et al. 2001). 

 

In addition to the economic and agronomic factors influencing the cost effectiveness of 

externally sourced fertilisers, broader contextual issues impact the successful adoption of 

increased fertiliser usage. An overarching institutional challenge for increasing yields and 

profits amongst Myanmar rice farmers is the lack of research and extension. Compared to the 

other countries in the region, there has been little research in Myanmar on the fertiliser and 

soil management practices of farmers, and their links to yield and profit. Myanma investment 

in agricultural research is currently about 20% of the value of its regional counterparts and the 

extension systems are generally under-performing and under-resourced (MSU & 

CESD/MDRI 2013). In this context, addressing the technical and structural issues for 

profitable rice production in most parts of Myanmar appears to have been unsuccessful so far 

(Cho & Boland 2003, Enlightened Myanmar Research & World Bank 2014). There is an 

awareness in Myanmar of the need to provide workshops, training programs and other support 

for smallholder farms to enhance economic performance and farm efficiency by improving 

farmer knowledge, for example through selecting suitable rice varieties and fertilisers (San et 

al. 2013). However, it is expected that the low level of research and extension will improve 

gradually as the country adopts more open policies (World Bank 2014a) and with the 

establishment of programs such as the Irrigated Rice Research Consortium’s Myanmar 

Outreach Program (Yi et al. 2010). 

 



Chapter 3. Productivity and profitability of monsoon rice production 

 68

3.4.4 Profitability (gross margin analysis) 

Monsoon rice yield was significantly correlated with cash income even though some 

interviewed farmers could not sell their rice because they had no surplus beyond their home 

consumption requirements, seed for later planting, and in-kind payments for labour. The 

farmers received variable prices for their rice, depending on the time of selling and the 

market. Several factors exacerbate price variations in Myanmar’s rice market which can 

inhibit farmers’ supply response and discourage investment in purchased inputs and 

diversification into high-value crops (World Bank 2014b). 

 

Monsoon rice yield had a positive relationship with total household income. Because of farm-

level variability, the various sources of household income did not correlate individually with 

gross margin, although those incomes substantially contributed to the total household income. 

While eight farmers did not sell any of their harvested monsoon rice, about 85% sold at least 

half their rice, and 10 farmers sold at least 90%. This demonstrates that a large majority 

farmers use most of their rice harvest for earning cash income as opposed to non-market uses, 

and that very few were fully disengaged from the market. Research in north-east Thailand 

found that, while many poorer households had a greater reliance on rice production, many 

farms with relatively high off-farm and non-rice farm income had a higher total production of 

rice (Wijnhoud et al. 2003). In less developed Laos, Newby et al. (2013) reported that most 

lowland rice farmers were largely subsistence farmers, separating the links between 

productivity and household income. The close proximity of Taikkyi township to the large city 

of Yangon (~60 km), and a greater population density, means that markets are easy to access, 

and opportunities for off-farm income are more common, thus reducing the likelihood of 

households being highly subsistence-oriented. 

 

The average cost of monsoon rice production was USD178/ha, which is less than half of the 

national average of USD478/ha in 2009 (DoA 2010). However the national figures included 

full costing for family and hired labour. The high cost of cultivation and harvesting found in 

this study were due to high labour costs which mainly related to the labour shortage in the 

study area. Similar problems have also been reported for Myanmar and the neighbouring 

countries of Laos and (north-east) Thailand (Naing 2004, Wijnhoud 2007, Newby et al. 

2013), where difficult circumstances for agricultural production have meant that more mobile 

members of households seek paid work in towns and cities. Although labour costs were 

higher than regional competitors in South and South-east Asia, agricultural labour wages in 
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Myanmar are significantly lower, USD2.4/day compared with about USD 4.4/day in 

Cambodia and India, USD 9/day in Vietnam, and USD 16.5/day in Thailand (Zorya 2014). 

 

The average gross margin for monsoon rice for the interviewed farmers was USD242/ha. 

Most income was from monsoon rice and other crops, and mixed cropping was positively 

correlated with income, partly reflecting increased yield from prior legume crops. Soil type 

and the use of legume rotations were significant determinants of profitability, with farms in 

sandy areas having lower gross margins and farms on favourable land or a prior legume crop 

having higher gross margins (Table 3.10). National data on the economic performance of rice 

farms lists gross margins varying from USD33/ha in Sagaing to USD537/ha in Southern Shan 

State. Sites closer to this study area (the alluvial areas of Bago Region) had gross margins of 

about USD364/ha, and other relevant agroecological zones (“fresh water” land in the 

Ayeyarwady delta and “river area” land in Sagaing) had gross margins of about USD256/ha 

(Zorya 2014). The lower gross margins in the research data may be due to differences in the 

items used to calculate gross margins (such as variable costs) or to actual lower performance 

due to soils types, market access to inputs and agronomic expertise. 

 

About 80% of fertiliser costs were from mineral fertilisers, despite them being a small 

proportion of the nutrients applied compared with organic-based fertilisers. The bulk of the 

organic fertilisers were locally sourced, usually at no cost. With the low profitability recorded 

here, the strategy of increasing mineral fertiliser use to improve yields would therefore appear 

to be quite risky (Linquist et al. 2007, Newby et al. 2013). In contrast, increasing fertiliser 

costs (and total costs) was positively correlated with yield and income, suggesting that the 

investment in fertiliser was advantageous, as expected from other field trials in Myanmar 

(Aye et al. 2009). 

 

Gross margins were found to be negatively correlated with age and positively correlated with 

education. Due to the association between yield and gross margin, the discussion in section 

3.4.1 is relevant: increased age/farming experience may be related to less attention by the 

farmer or household to monsoon rice farming (Sheikh et al. 2003), and increased education 

levels can lead to greater agronomic expertise (Chang & Wen 2011). In this study, farm size 

was not correlated with economic performance. However, smaller farms in Myanmar have 

been reported to have higher productivity (San et al. 2013), but lower returns to land and 

labour (Zorya 2014), suggesting greater efficiencies on larger farms (San et al. 2013). 
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3.5 Conclusions 

The primary drivers of productivity were the use of legumes in the farming system and the 

application of locally available organic-based fertilisers such as manures and compost. Soil 

type also influenced productivity with sandy soils and area with late sowing having lower 

yields, possibly due to a combination of lower water holding capacity and lower nutrient 

retention capacity. The application rates of mineral fertilisers was very low, especially for 

sources of P and K. Farmers demonstrated some awareness of good fertilisation practices, e.g. 

through the use of split applications for urea. 

 

The drivers for profitability were closely aligned with those of productivity. In general very 

few demographic and household variables were correlated with productivity or profitability, 

with the exception of education. Increased levels of education were consistently associated 

with greater yields and higher gross margins. Agronomic factors improving the profitability 

were fertiliser usage (largely based on cost of mineral fertilisers) and the use of more 

favourable soil types. Gross margins were slightly lower than rice gross margins reported in 

other research conducted in Myanmar, and with data from neighbouring countries. This may 

be due to differences in the determination of variable costs and actual economic performance 

due to soil types, farming expertise and market factors such as fertiliser and labour costs. The 

low rate of fertiliser use suggests that many farmers are risk averse due to very small amount 

of return (USD0.08/ha for every USD spent on fertiliser) and low ceiling on affordable credit. 

The moderate importance of off-farm income may imply that households are seeking to 

improve their financial situation by focusing on activities outside the farm. 

 

This study of productivity and profitability has identified several opportunities and constraints 

for monsoon rice farmers in the study area. In the context of low fertiliser application rates 

and low gross margins, a further question emerges about the bio-physical sustainability of 

these rainfed lowland rice farms. In the next chapter, this question will be explored through 

the use of nutrient budgets for the key nutrients, N, P and K. 
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Chapter 4. Field-level soil fertility, monsoon rice yield and N, P and K 

balances 

 

4.1 Introduction 

Maintaining and improving rice yields is an important strategy for building the economy in 

Myanmar and for providing a sustainable source of income for householders in the region. 

Rainfed lowland rice-based farming is the major land use system of the Ayeyarwaddy Delta 

region in the lower part of Myanmar. This region produces more than half of the country’s 

rice crop of 16–18 Mt from a sown area of 8 Mha (World Bank Report 2014). However, 

productivity lags behind many of Myanmar’s neighbours. Average rice yields of other South 

and South-East Asian countries, e.g. Thailand, Vietnam, Indonesia, India etc., range from 2.9 

to 5.3 t/ha (FAO 2015) compared with average yields of 2.5 t/ha for Myanmar (World Bank 

Report 2014). Recent assessments in Daik Oo Township (Bago Division) found that monsoon 

rice yields varied from 2.2 to 3.1 t/ha, depending on whether the preceding crop was rice or a 

legume (ACIAR 2014). Data from the 100-farm survey of the Taikkyi Township in Chapter 3 

indicated average monsoon rice yields of 2.5 t/ha, which supported data in both the World 

Bank Report (2014) and the Annual Report of ACIAR-IRRI Project (ACIAR 2014). The 

lower yields in Myanmar are partly due to the low and unbalanced fertiliser use by farmers, 

insufficient nutrient management planning and extension support from the government, 

together with increasing the population pressures in the region causing changes in land use 

patterns (Win 2006). Most of the farmers in lowland Myanmar used less than the 

recommended N fertiliser rate and most of them do not apply any P and K, particularly for the 

monsoon rice (Naing 2004, Thwe 2006). Moreover, most of the fertiliser recommendations 

rely on blanket values and do not differentiate according to region, soil types, cropping 

patterns or field-specific requirements (Dobermann et al. 2003). 

 

At the national level, rates of fertiliser (N, P and K) application by Myanmar farmers are 

reported to be very low compared to neighbouring countries of South and Southeast Asia 

(FAO 2015). For example, in 2010 Myanmar consumed 0.05 Mt N, 0.009 Mt P and 0.009 Mt 

K compared with Thailand’s 1.6 Mt N, 0.5 Mt P and 0.5 Mt K (FAO 2015). However, there is 

little recently published information on specific fertiliser usage in Myanma farming at the 

field (paddy) level. Given the recommended fertiliser rates by the Myanmar DoA of 85-26-30 
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kg NPK/ha to achieve a yield of > 5 t/ha (Naing 2004, Thwe 2006), there is a need to evaluate 

nutrient effects on yield and on the sustainability of the rice-production systems.  

 

Do farmers have nutrient management strategies when growing monsoon rice or do they 

apply fertilisers at rates they can afford with little understanding of short- and long-term 

effects on productivity, profitability and land sustainability? On-farm surveys and biophysical 

research are tools to explore farmers’ nutrient management practices in diverse biophysical 

and socioeconomic conditions (Dobermann & White 1999). Additionally, nutrient budgeting, 

even partial balances, can be a useful method for acquiring information on productivity and 

sustainability of farming systems. Nutrient budgeting can be used to determine the rate of 

change in soil nutrient stocks, thereby providing crucial information to identify problematic 

land use practices (Bindraban et al. 2000). Examination of nutrient budgets, in association 

with socio economic surveys, should provide an understanding of farmers’ decision making in 

soil fertility management in the study area of Taikkyi Township, Yangon Division, Myanmar 

(Ramakrishna et al. 2004, Wijnhoud 2007). 

 

There are several types of nutrient budgets that can be used, depending on to the purpose and 

opportunities for data acquisition. Watson and Atkinson (1999) and Oenema and Heinen 

(1999) distinguished three basic types of nutrient budget: farm-gate budget (the amount of 

nutrients in all materials that enter and leave the farm via the farm-gate); soil surface budget 

(all nutrients that enter the soil via the surface and that leave the soil via crop uptake); soil 

systems budget (all nutrient inputs to and outputs from the soil, including nutrient gains and 

losses within and from the soil). The soil systems budget is the most detailed budget, and the 

farm-gate budget is the simplest. 

 

A full soil systems nutrient budget includes all possible types of inputs and outputs. For 

example, inputs would include inorganic and organic fertilisers, deposition from rainfall and 

sediment, and inputs of N biological N2 fixation. Outputs include crop removal, leaching and 

gaseous losses (Dobermann & Fairhurst 2000). Clearly, the resources required to measure and 

account for all the inputs and outflows are large and beyond the capability of the majority of 

research groups. For that reason, farm-gate and soil surface budgets are most commonly used 

for understanding nutrient flows and for developing management strategies (van Eerdt & 

Fong 1998, Oenema et al. 2003). Of these two approaches, farm-gate budgets are easier to 

construct, and uncertainties smaller, than soil surface budget. Therefore, the former is 
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preferable for policy implementation and for use as an environmental performance indicator 

(Oenema et al. 2003). 

 

A partial nutrient budget approach was used by Wijnhoud et al. (2003) to examine the critical 

components of the sustainability of the rainfed lowland rice-based systems in Northeast 

Thailand. Partial nutrient balances can be calculated by subtracting field- or farm-level 

outputs from field- or farm-level inputs (Dobermann & Fairhurst 2000, Wijnhoud et al. 2003). 

The excluded variables are often difficult to measure or estimate accurately, and tend to be 

relatively minor components of a full budget. Partial nutrient balances are likely to be more 

positive than full nutrient balances, due to greater under-estimation of the losses than under-

estimation of the inputs (Oenema et al. 2003). However, they should be interpreted carefully, 

with local and expert knowledge about relevant site characteristics (e.g. topography, soil type, 

nutrient dynamics) being important in this regard (Wijnhoud et al. 2003). 

 

In the previous two chapters werepresented the demographic, household, farm and monsoon 

rice data from the initial 100-farmer survey, undertaken in the Taikkyi Township, Yangon 

Division, Myanmar. Taikkyi Township was selected as a research site for this study because it 

is typical of the diversity of land types and cropping patterns of lower Myanmar (Chapter2). 

 

It can be hypothesised that the current rice-based farming systems in Taikkyi Township do 

not have sustainable nutrient management strategies due to the limited use of fertilisers. This 

chapter reports on research with a subset of 50 farmers from the full cohort of 100 farmers 

(Chapters 2 and 3) to determine their nutrient management strategies for 50 single fields of 

monsoon rice. Given the project aims and resourcing, the farm-gate nutrient budgeting 

approach was used, with a partial budget based on variables that were relatively straight 

forward to determine. A farmer survey was also conducted to collect additional data about 

household livelihoods, farm characteristics, nutrient management and cropping patterns. In 

addition, soil and rice grain samples were analysed for their nutrient contents. The general 

aims of this research were to: 

1. Determine through sampling and analysis, the soil fertility status of the 50 monsoon rice 

fields; 

2. Determine through sampling and analysis the 50 monsoon rice yields at the field-level; 

3. Calculate partial nutrient budgets for nitrogen (N), phosphorus (P) and potassium (K) based 

on farmer-reported inputs and outflows and measured soil and crop variables; 
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4. Investigate the relationships between nutrient budget outcomes and soil fertility, farming 

practices and socio-economics; and 

5. Develop recommendations for nutrient management for rice production in the study area. 

 

4.2 Materials and methods 

4.2.1 Site descriptions 

As described in Chapter 2, Taikkyi Township is one of the 18 townships in the Yangon 

Division, situated to the north of the Yangon city area (17°10′–17°40′ North and 95°40′–96°0′ 

East) (Figure 4.1). There are 78 village tracts in this township, five of which were involved in 

this study – Auto, Hlaing, Joephyu, Kyiksagaing and Targwa. One hundred farmers from the 

five village tracts were selected for the household livelihoods and farm production surveys 

(Chapters 2 and 3). From this group, individual monsoon rice fields belonging to 50 farmers 

were selected for the nutrient budgeting study reported in this Chapter (Table 4.1). The 

locations of the fields are shown in Figure 4.1. 

 

Table 4.1 Distribution of selected farmers in the study area of Taikkyi Township, 
Yangon Division, Myanmar. 

 
Village tracts  
Auto Hlaing Joephyu Kyiksagaing Targwa All farms

Farmer interviews 21 20 21 18 20 100 
Field surveys 9 7 14 8 12 50 

 

4.2.2 Sampling methods 

Sampling of the 50 monsoon rice fields and crops was conducted during May–December 

2010, commencing prior to land preparation and rice transplanting with completion after 

harvesting of the rice crop. A field assistant was hired for both the soil and the plant sampling 

and processing. Each of the 50 farmers was willing to assist during this time. Related 

biophysical, socio-economic and farm management data from the selected 50 farmers were 

accessed from the main 100-farmer household livelihoods survey for statistical analysis. 
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Figure 4.1 Map of Taikkyi Township showing the spatial distribution of the 50 
individual monsoon rice crop fields sampled in the nutrient budget study 
 

Soil sampling 

Soil samples were collected from the 50 monsoon rice fields for analysis of soil nutrients and 

other soil characteristics. Soil corers (Figure 4.2) were hired from the Department of 

Agricultural Research (DAR) Yezin for soil sampling purposes. A Global Positioning System 



Chapter 4.  Field-level soil fertility, monsoon rice yield and N, P and K balances 

 76

(GPS) receiver was used to record the latitude and longitude information for individual soil 

samples. The initial sampling GPS information was later used to locate sampling points when 

the same fields were sampled following grain harvest. 

 

 

Figure 4.2 Tool used for soil sampling. 
 

In May 2010, prior to land preparation and rice transplanting, the surface 15-cm soil from 

each of the 50 fields was sampled using an auger. Soil samples were collected at five random 

places, one from each corner of the field at 1 m distance from the edge and one from the 

centre, then bulked and thoroughly mixed. The same sampling procedures were followed after 

the rice harvest during October–November 2010.  

 

All 100 soil samples were air dried, ground into a powder and sieved (2 mm), then placed in 

plastic boxes and sent to the University of New England (UNE), Armidale, Australia, by air 

courier in December 2010 for laboratory analysis. 

 

4.2.3 Farmer survey and field observations 

Information recorded from interviews of the 50 farmers included area of the sampled rice 

field size, land type, ownership status, cropping history, rice variety, land preparation and 

transplanting details, farm management practices and fertiliser and irrigation inputs (see 
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Appendix 2). There were weekly visits to these 50 farms and also to the 50 other farms from 

the livelihoods survey that were not involved in the nutrient budgeting exercise. Data 

collection lasted 8 months. 

 

4.2.4 Yield measurements and grain sample collection 

At crop maturity, five x 0.1 m2 quadrats (one from each corner of the field at 1 m distance 

from the edge and one from the centre) were cut approximately 15 cm above the ground using 

a PVC pipe frame to define the quadrat. Total fresh weight, straw weight and grain yield were 

determined for each sample (Figure 4.3). 

 

To determine grain and straw dry weights, harvested samples were dried in the sun for a 

number of days to achieve weight constancy. Subsequently, all grain samples were carefully 

packed in labelled plastic bags and sent to UNE by air courier in December 2010 for 

laboratory analysis. 

 

 

 

Figure 4.3 Sampling and measuring grain yield. 
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4.2.5 Laboratory analysis of soil and grain samples 

Soil and plant samples from the fifty monsoon rice fields were analysed at the UNE soils 

analytical laboratory using standard procedures during May–July 2011. 

 

Soil 

In the laboratory, soils were assessed for pH, total C, total N, phosphorus (P), exchangeable 

cations (calcium [Ca], magnesium [Mg], sodium [Na] and potassium [K]). The soil samples 

were air-dried, ground and passed through 0.5 mm sieve prior to analysis. Soil pH and EC 

were measured in a 1:5 soil:water suspension using the electrode method. Samples of 10 g 

soil were placed in jars and mixed with 50 ml deionised water, tumbled for one hour and 

allowed to settle for 20–30 min. Readings for pH were then taken from a pH meter (Rayment 

& Higginson 1992). Soil carbon (C) and total N (0.3 g samples) were analysed by combustion 

(950°C) using a TruSpec Carbon and Nitrogen Analyser (LECO Corporation). 

 

The Colwell method was used to estimate available P in the soils (Hazelton and Murphy 

2007). Samples (0.4 g) were tumbled with 40 mL 0.5M NaHCO3 extraction solution at pH 8.5 

for 16 h at 25°C. The solution was then filtered using a Whatman No. 42 paper into clean 

glass vials. The filtrate was analysed by an automated colorimetric procedure using Malachite 

Green as the colouring reagent (Motomizu et al. 1983). 

 

A procedure adapted from Rayment and Higginson (1992) was used for analysis of 

exchangeable cations (Ca, Mg, Na and K). Samples (2 g) of soil were tumbled in 40 mL 1 M 

NH4Cl adjusted to pH 7.0 (using 20% NH4OH) for 1 h, then filtered using a Whatman No. 42 

paper. The filtrate was analysed using an Inductively Coupled Plasma Optical Emission 

Spectrometer (ICP-OES) (Vista MPX-radial, Varian P/L) for the exchangeable cations. The 

raw data values from the ICP-OES (µg/mL) were converted to the commonly-used cmolc/kg 

by multiplying by 0.100 for Ca, 0.167 for Mg, 0.051 for K and 0.087 for Na.  

 

Grain 

The harvested rice grain samples were de-husked, oven-dried for 3 d at 80°C to constant 

weight then ground to pass through a 0.5 mm sieve. The sieved grain samples (0.25 g) were 

analyzed for % C and N by combustion (950oC) using a TruSpec Carbon and Nitrogen 

Analyser (LECO Corporation). Sealed Chamber Digestion (SCD) was used for measurement 
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of grain P, S, K, Na, Mg, Ca and trace elements (Anderson and Henderson 1986). For this, 0.2 

g samples were mixed with a 2 mL 7:3 (v/v) mixture of HClO4 and H202 in tubes for a 

minimum 2 h pre-digestion at room temperature. Following pre-digestion, 1 mL H202 was 

added to each tube, the tube sealed then placed in a warming oven at 80°C for 30 min. After 

cooling, an additional 1 mL H202 was then added to each tube, the tube capped then left for 1 

h digestion. The digests in the tubes were then made up to 25 mL prior to analysis using an 

Inductively Coupled Plasma Optical Emission Spectrometer (ICP-OES) (Vista MPX-radial, 

Varian Pty Ltd., Australia). 

 

4.2.6 Nutrient budgeting 

4.2.6.1 Calculating N, P and K inputs 

Inputs of N, P and K were in the form of animal manure, compost, mineral fertilisers, 

commercial organic fertilisers and, in the case of N, fixed N in the residues of the previous 

legume crop. The concentrations of N, P and K in animal manure, mainly cow dung, were 

assumed to be 1.2%, 2.0% and 2.1% respectively (Brown 2008). Compost nutrient 

concentrations were assumed to be 0.84% for N, 0.45% for P and 0.82% for K (Hartz 2009). 

Nutrient compositions of the mineral and commercial organic fertilisers were as labelled. 

Nitrogen contributed by the previous mung bean and ground nut crops to monsoon rice was 

estimated to be 40 kg N/ha (Senaratne & Gunasekera 1994, Dobermann & Fairhurst 2000, 

Thomas et al. 2004). 

 

4.2.6.2 Calculating N, P and K outputs 

The N and C concentrations of the rice grain samples were determined using dry combustion 

(LECO Corporation) and ICP-OES for K. The mineral contents of rice straw removed from 

the fields with the harvested grain were calculated using concentration values of 0.65% for N, 

0.1% for P and 1.4% for K, based on various literature sources and field measurements 

(Dobermann & Fairhurst 2000). 

 

4.2.7 Data processing and analysis 

All collected data were double-checked for any discrepancies and missing data then 

categorised and entered into an Excel file. The relationships between nutrient budget 

outcomes and soil fertility, farming practices and socio-economics were evaluated using 

analysis of variance (categorical variables) and linear regression (numerical variables). All 
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analyses were conducted with R software version 3.1.0 (R Core Team 2015). Statistical 

assumptions (e.g. normality) for these methods were tested and found to be satisfactory. Data 

were tested for significant differences at P=0.05 (Goldstein & Healy 1995). 

 

4.3 Results 

4.3.1 Soil fertility in the monsoon rice fields 

Table 4.2 shows the average values for soil pH and major elements before sowing and after 

harvesting the 50 monsoon rice crops. Predictably, there was little change in these variables 

between the two samplings. There were differences, however, amongst the five village tracts. 

Elemental concentrations were generally highest in Kyiksagaing, followed by Hlaing and 

Auto with lowest in Joephyu and Targwa (Table 4.2). 

 

Table 4.2 Average values for the measured soil variables in the 50 monitored fields 
across the five village tracts in Taikkyi township before sowing and after harvesting the 
monsoon rice crop. 

Soil variable 
Sampling 
time 

Auto Hlaing Joephyu Kyiksagaing Targwa All 
farms 

pH 
Before 5.7 5.5 5.4 5.6 5.0 5.4 
After 5.6 5.6 5.5 5.9 5.0 5.5

Carbon (%) 
Before 0.67 0.71 0.59 0.82 0.74 0.69 
After 0.77 0.76 0.67 0.78 0.78 0.75 

Nitrogen (%) 
Before 0.077 0.074 0.065 0.085 0.077 0.075 
After 0.088 0.081 0.067 0.081 0.082 0.079 

Phosphorus 
(µg/g) 

Before 14 22 9 35 11 16 
After 16 25 10 39 9 18 

Potassium 
(cmolc/kg) 

Before 0.10 0.12 0.09 0.10 0.10 0.10 
After 0.14 0.13 0.10 0.15 0.10 0.12 

Calcium 
(cmolc/kg) 

Before 4.0 4.0 2.4 4.6 2.1 3.2 
After 4.4 4.4 2.4 5.5 2.2 3.5 

Magnesium 
(cmolc/kg) 

Before 4.34 3.67 2.17 4.18 2.67 3.17 
After 4.68 4.01 2.17 5.18 2.51 3.51 

Sodium 
(cmolc/kg) 

Before 0.24 0.18 0.14 0.23 0.30 0.22 
After 0.20 0.27 0.10 0.19 0.21 0.19 

 

Relationships between the two samplings were all positive and highly significant (P < 0.001) 

(Figure 4.4). The ranges of values amongst the 50 fields were substantial. For example, soil 

C:N ratios, calculated from the soil C and soil N values, ranged between 5.7 and 11.6, with an 

average of 9.3. Soil pH ranged 4.4–6.4 units, soil C 0.3–1.4 %, soil P 1.6–154.9 µg/g, soil K 

0.6–9.2 µg/mL (equivalent to 0.03–0.47 cmolc/kg), soil Ca 0.9–83.8 µg/mL (equivalent to 

0.08–8.4 cmolc/kg), soil Mg 0.2–70.4 µg/mL (equivalent to 0.04–11.8 cmolc/kg), and soil Na 

0.4–9.1 µg/mL (equivalent to 0.03–0.79 cmolc/kg). 
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A correlation matrix of the eight soil variables, averaged across the two samplings, indicated 

significant correlations (P < 0.001) for soil C and soil N, K, Ca, Mg and Na. The correlation 

between soil C and soil P was weak and non-significant (P>0.05). Soil pH and soil Ca were 

well correlated (P<0.001) as was soil P and soil Ca (P<0.001). 
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Figure 4.4 Correlations of the soil variables sampled before and after the monsoon rice 
crop in the 50 monitored fields across the five village tracts in Taikkyi township. The 
raw data (○) is shown with the linear regression () and the correlation coefficients 
(R2). 
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4.3.2 Elemental analysis of harvested rice grain 

Average values for the elemental concentrations of the harvested monsoon rice grain for each 

of the village tracts are presented in Table 4.3. Overall grain %C was very consistent. Values 

varied slightly amongst the village tracts with N, P, K and Mg concentrations tending higher 

in the Kyiksagaing, Auto and Hlaing village tracts and grain Ca higher in Joephyu and 

Targwa. There were no consistent trends amongst the village tracts for the other elements. 

 

Table 4.3 Average elemental values for grain harvested from the 50 monitored fields of 
monsoon rice across the five village tracts in Taikkyi township. 
 Auto Hlaing Joephyu Kyiksagaing Targwa All farms

Carbon (%) 44.0 43.9 44.2 44.1 44.0 44.0 
Nitrogen (%) 1.34 1.42 1.32 1.39 1.37 1.35 
Phosphorus (%) 0.28 0.28 0.25 0.29 0.26 0.27 
Potassium (%) 0.22 0.22 0.21 0.23 0.21 0.22 
Sulphur (%) 0.11 0.11 0.11 0.11 0.11 0.11 
Calcium (%) 0.06 0.06 0.07 0.06 0.07 0.06 
Magnesium (%) 0.13 0.12 0.11 0.13 0.12 0.12 
Sodium (%) 0.05 0.05 0.05 0.05 0.05 0.05 
Aluminium (mg/kg) 21.3 22.5 22.5 25.0 20.0 22.5 
Boron (mg/kg) 7.50 7.50 7.50 5.00 6.25 7.50 
Copper (mg/kg) 3.75 5.00 6.25 5.00 5.00 5.00 
Iron (mg/kg) 22.5 26.3 30.0 41.3 30.0 30.0 
Manganese (mg/kg) 25.0 25.0 31.3 28.8 25.0 27.5 
Zinc (mg/kg) 28.8 30.0 30.0 30.0 36.3 31.3 

 

4.3.3 Monsoon rice grain yields 

The relationship between farm yields, determined from farmer responses in the livelihoods 

survey (Chapter 2), and yields from the harvested individual fields was positive and 

significant (P<0.001, R2=0.32) (Figure 4.5). However, there was substantial variability around 

the line of best fit and the 1:1 which would have reflected errors in determinations of both 

farm-level monsoon rice yields and yields from the selected fields as well as bias in selection 

of the field for sampling. There was however, an overall consistency between the farm yields 

and the individual field yields. Across the 50 farms, the average monsoon rice yields was 2.41 

t/ha (whole farm) versus 2.67 t/ha for the individual fields. Ranges in yields were 0.77–4.12 

t/ha (whole farm) and 0.68–4.70 (individual fields). 

 

Yields varied across the five village tracts with highest yields at Kyiksagaing and Hlaing and 

lowest at Joephyu (Figure 4.6). The rankings were similar to those for the 100-farm survey 

(see Chapter 2). The low yields at Joephyu are consistent with the generally low nutrient 

status of the soils (Table 4.2) and the moderately high percentage of sandy soils (Table 2.8). 
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Figure 4.5 Relationship between monsoon rice yields in the monitored fields (field-level) 
and farm-level monsoon rice yields across the five village tracts in Taikkyi township. 
The solid line is the linear regression described by y = 0.46x + 1.19 (R2=0.33); the dashed 
line is the 1:1 line. 
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Figure 4.6 Variation in monsoon rice yields of the monitored fields for each of the five 
village tracts of Taikkyi township. The mean and 95% confidence intervals are 
presented and the numbers indicate the data points using the farm identifier codes 
 

Regression analysis and ANOVA were used to test relationships between the various 

demographic, economic and farm management variables recorded in the two written surveys 

(Appendices 1 and 2) and field-level monsoon rice yields. The analyses were the same as 

those carried out for farm-level monsoon rice yields in Chapter 3. These analyses indicated 



Chapter 4.  Field-level soil fertility, monsoon rice yield and N, P and K balances 

 85

that the significant and non-significant drivers for individual-field rice yields were very 

similar to the drivers for whole-farm rice yields and are therefore are not repeated here. 

 

Linear relationships between the 8 soil variables and field-level monsoon rice yields (kg/ha) 

are presented in Table 4.4. Strongest correlations were yield and soil pH, soil P and soil Ca. 

Yield was weakly correlated with soil C and N. There was no correlation of yield with soil K.  

 

Table 4.4 Linear relationships between soil variables (average of the two samplings, i.e. 
pre-sowing and post-harvesting) and monsoon rice yield (kg/ha) across the 50 monitored 
fields in the five village tracts of Taikkyi township. Slope coefficients are given for 
factors significant at P ≤ 0.10. 
Soil variable P value Slope R2 
pH 0.02 732 0.09 
Carbon (%) 0.10 914 0.03 
Nitrogen (%) 0.07 10,710 0.05 
Phosphorus (µg/g) 0.02 14.2 0.09 
Potassium (cmolc/kg) 0.48   
Calcium (cmolc/kg) 0.01 178 0.12 
Magnesium (cmolc/kg) 0.08 99 0.04 
Sodium (cmolc/kg) 0.05 1,635 0.06 

 

Quadratic regression analysis was applied to the relationships between the measured soil 

variables and monsoon rice yields in order to estimate the value for each of the variables that 

coincided with maximum yield. The equations and yield estimates are shown in Table 4.5. For 

soil pH, the relationship was linear and maximum yields coincided with the highest measured 

levels of soil pH. For the remaining variables, average concentrations were 44–80% of the 

estimated values for maximum yield. 

 

Table 4.5 Quadratic relationships between soil variables (average of the two samplings, 
i.e. pre-sowing and post-harvesting) and monsoon rice yield (kg/ha) across the 50 
monitored fields in the five village tracts of Taikkyi township. Also shown are the soil 
variable values at maximum rice grain yield. 
Soil variable Regression equation R2 Value for max. yield 
pH Relationship linear for pH 4.4–6.4  6.40 
Carbon (%) Y = -4.121x2 + 7.57x – 0.41 0.18 0.90 
Nitrogen (%) Y = -342x2 + 71.4x – 0.62 0.18 0.10 
Phosphorus (µg/g) Y = -0.0014x2 + 0.063x + 2.13 0.06 22.0 
Potassium (cmolc/kg) Y = -40.9x2 + 18.7x + 1.32 0.25 0.23 
Calcium (cmolc/kg) Y = -0.101x2 + 0.87x + 1.26 0.36 4.50 
Magnesium (cmolc/kg) Y = -0.041x2 + 0.49x + 1.74 0.24 5.60 
Sodium (cmolc/kg) Y = -13.27x2 + 11.7x + 1.19 0.30 0.45 

 

Organic and mineral fertiliser inputs for the 50 monsoon rice fields ranged 0–117 kg/ha for N, 

0–60 kg/ha for P and 0–36 kg/ha for K. Average inputs were 20 kg N/ha, 8.3 kg P/ha and 6.2 

kg K/ha. Total N inputs, i.e. fertiliser N + legume N, was positively correlated with the field-
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level monsoon rice yields (Table 4.6); the correlations between fertiliser N, P and K inputs 

and yield were not significant. Fields that had grown legumes prior to the monsoon rice crop 

produced, on average, 3.1 t/ha compared to yields of 2.5 t/ha for fields that did not have a 

previous legume crop (P=0.05). 

 

Table 4.6 Relationship between fertiliser inputs (kg/ha) and monsoon rice yields (kg/ha) 
across the 50 monitored fields in the five village tracts of Taikkyi township. 
Inputs (kg/ha) P value Slope R2 
Fertiliser N 0.25 5.5 0.01 
Fertiliser N + legume N 0.046 7.6 0.06 
Fertiliser P 0.38 9.3 0.00 
Fertiliser K 0.68 7.0 0.00 

 

4.3.4 Nutrient balances: nitrogen 

Nitrogen in applied manure, compost, urea, compound fertiliser, commercial organic fertiliser 

and residues from the previous legume crop, if grown in the same field, were the inputs for 

the N budget calculations in Table 4.7.Nitrogen removed from the field with the harvested 

rice grain and straw were the N outputs. Nitrogen balances (kg/ha) were also calculated. Total 

N inputs and sources of N varied amongst the village tracts (P=0.015). Inputs were highest at 

Hlaing (60 kg N/ha) and lowest at Joephyu and Targwa (21–22 kg N/ha). The average N input 

across all fields was 33 kg N/ha. Legume residues were a major source of N for farmers in 

Auto and Joephyu, in contrast to the farmers in Hlaing and Targwa with their reliance on urea. 

The overall use of organic sources of N, rather than mineral sources, was highest for the 

Joephyu farmers (68%) and lowest for the Targwa farmers (23%).  

 

The relativity of N outputs in grain and straw for the village tracts was very similar with 70–

77% of N in grain and 23–30% in straw. However, total N outputs varied substantially, from 

38 to 62 kg N/ha, reflecting the grain yield data (see Figure 4.6). All average N balances for 

the village tracts were negative (range of -2 to -32 kg N/ha), with no significant differences 

amongst the village tracts (P=0.766), because of the large variations in N balances within the 

village tracts (Figure 4.7). The average N balance across all 50 fields was -17 kg N/ha. The 

largest negative N balance was for Targwa because of the combination of low inputs and high 

outputs (yield). Fifty percent and 44% of farms in Hlaing and Auto, respectively, had positive 

N balances but only around 24% had positive balances in Joephyu, Kyiksagaing and Targwa 

(Figure 4.7). 

 



Chapter 4.  Field-level soil fertility, monsoon rice yield and N, P and K balances 

 87

 
Table 4.7 Nitrogen inputs, outputs and balances for monitored fields of monsoon rice in 
each of the five village tracts in Taikkyi township. The contribution of each component 
is given as a proportion of the total inputs and outputs for each village tract. 
 Auto Hlaing Joephyu Kyiksagaing Targwa All farms 
   
Total inputs (kg/ha) 35 60 21 43 22 33
 % inputs 
Manure 3 1 8 8 6 5 
Compost 2 2 5 12 1 5 
Organic fertiliser 0 0 0.2 0 0 0.04 
Urea 35 53 32 42 58 44
Compound fertiliser 9 5 0 3 19 7 
Legume residue 51 38 54 35 16 39 
  
Total outputs (kg/ha) 45 62 38 61 54 50
 % outputs 
Rice straw 23 27 29 28 30 28
Rice grain 77 73 71 72 70 72 
       
Balance (kg/ha) -10 -2 -17 -18 -32 -17
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Figure 4.7 Nitrogen balances (kg/ha) for monitored fields of monsoon rice in each of the 
five village tracts of Taikkyi township. The mean and 95% confidence intervals are 
presented and the numbers indicate the data points using the farm identifier codes. The 
dashed line indicates a balance of zero. 
 

The frequency distributions for N inputs, outputs and balances are presented in  
Figure 4.8. Nitrogen inputs were generally very low with 30% of farmers not using N 

fertiliser, about 50% applying <25 kg N/ha, and about 30% of farmers using 25–75 kg N/ha. 

Nitrogen outputs were approximately normally distributed around the median of 51 kg N/ha. 

Nitrogen balance was slightly left-skewed from a normally distribution, with a median of -22 

kg N/ha. 
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Figure 4.8 Frequency distributions (%) for N inputs, N outputs and nutrient N balance 
(kg/ha) across the 50 monitored fields of monsoon rice in the five village tracts of 
Taikkyi township. 
 

Nitrogen balances increased with increasing N inputs from applied organic and inorganic 

fertilisers and legume residues (P<0.001, R2=0.74) (Figure 4.9). Inputs of >50 kg N/ha tended 

to result in positive N balances. 
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Figure 4.9 Relationship between N inputs and N balance across the 50 monitored fields 
of monsoon rice in the five village tracts of Taikkyi township. The solid line is the linear 
regression described by y = 0.878x – 46.0 (R2=0.74). The dashed line indicates zero N 
balance. 
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There was a significant negative relationship (P<0.05, R2=0.09) between N outputs (in grain 

plus straw) and N balances (Figure 4.10). The N balance declined by about 0.6 kg/ha for each 

kg N harvested in grain and straw. The values that together form a straight line along the 

lower edge of the data in Figure 4.10 were from fields with zero or near-zero N inputs. 

Therefore, for these fields, the N balances are entirely influenced by amounts of N removed. 

Of the two output components, straw and grain, N balances were significantly and negatively 

correlated with straw N removed (P<0.01, R2=0.16) but not grain N removed (P=0.13, 

R2=0.05). Nitrogen balances and grain yields were also not significantly correlated (P=0.14, 

R2=0.05). 
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Figure 4.10 Relationship between N removed in grain and residues and N balance across 
the 50 monitored fields of monsoon rice in Taikkyi township. The solid line is the linear 
regression and is described by y = -0.566x + 10.8 (R2=0.09). The dashed line indicates a 
balance of zero. 
 

Almost all demographic, economic, farm management and soil variables were non-

significantly (P>0.05) correlated with the monsoon rice N balance. However, there was a 

significant negative relationship (P=0.01, R2=0.13) between the field size and N balance. One 

farm used 117 kg of N/ha on a 0.32 ha field. Removing this point changed the P level to 

<0.001 and increased the slope of the regression. 
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The effect of the previous crop on N balance for the monsoon rice crop was significant 

(P=0.01) (Figure 4.11). Pooling the non-legume crops and comparing with mung bean was 

also significant (P=0.001), with average N balances of -28 kg N/ha without a prior legume 

compared with 6 kg N/ha with a legume. Interestingly, N balances did not differ for monsoon 

rice after a fallow or summer rice. 

 

Soil pH (average of the two soil samplings) was significantly correlated with N balance 

(P<0.05, R2=0.10). The regression analysis indicates an increase in the N balance of 27 kg/ha 

for every unit increase in soil pH. Nitrogen inputs and outputs were also positively and 

significantly related to soil pH. Inputs were increased by 38 kg N/ha for each unit increase in 

soil pH (P<0.01, R2=0.22), whilst outputs, i.e. grain + straw, were increased by 11 kg N/ha for 

each unit increase in soil pH (P<0.05, R2=0.07). 
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Figure 4.11 Effect of previous crop on N balances of the 50 monitored fields of monsoon 
rice in Taikkyi township. Numbers indicate the data points using the farm identifier 
codes, and the mean and 95% confidence intervals are presented. 
 

Nitrogen balances were negatively correlated with soil C (P<0.05, R2=0.12) (Figure 4.12). 

Nitrogen inputs declined by 28 kg/ha for each unit increase in soil C whilst outputs increased 

by 23 kg/ha for the same unit increases in soil C. Nitrogen balances were also negatively 

correlated with soil N (P<0.05, R2=0.09) (data not shown). Soil N and soil C levels were 

highly correlated when sampled before (R2=0.86) and after the monsoon rice crop (R2=0.84). 
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Figure 4.12 Relationship between % soil carbon (average of values before and after the 
monsoon rice crop) and N balances of the 50 monitored fields of monsoon rice in 
Taikkyi township. The solid line is the linear regression described by y = -51.7x + 19.7 
(R2=0.12). The dashed line indicates a balance of zero. 
 

4.3.5 Nutrient balances: phosphorus 

Phosphorus inputs from fertilisers, outputs in grain and straw and balances for the 50 

monsoon rice fields are summarised in Table 4.8. Total P inputs and sources of P varied 

amongst the village tracts (P<0.05). Inputs were highest at Kyiksagaing (16 kg P/ha) and 

lowest at Joephyu (4 kg P/ha). The average P input across all fields was just 8 kg/ha. The 

average input of P across all fields was almost equally spread between animal manure and the 

two types of mineral fertiliser. At Joephyu, 100% of P input was from organic sources in 

contrast to Auto where the inputs from organic sources were just 19% of the total. 

 

Table 4.8 Phosphorus inputs, outputs and balances for monitored fields of monsoon rice 
in each of the five village tracts in Taikkyi township. The contribution of each 
component is given as a proportion of the total inputs and outputs for each village tract. 
 Auto Hlaing Joephyu Kyiksagaing Targwa All farms 
   
Total inputs (kg/ha) 10 7 4 16 8 8
 % inputs 
Manure 16 14 78 35 28 32 
Compost 3 10 16 18 2 10 
Organic fertiliser 0 0 6 0 0 1 
Triple super phosphate 50 31 0 39 17 31 
Compound fertiliser 31 45 0 8 53 27 
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Total outputs (kg/ha) 9 11 7 12 10 9
 % outputs 
Rice straw 18 23 24 22 25 23 
Rice grain 82 77 76 78 75 77 
       
Balance (kg/ha) 1.4 -4.2 -3.2 3.6 -2.3 -1.2
 

The P outputs (sources and total amounts) varied less than for the inputs (Table 4.8). 

Harvested grain accounted for 75–82% of outputs with an average of 77%. Actual amounts 

varied between 7 (Joephyu) and 12 kg P/ha (Kyiksagaing), with an overall average of 9 kg 

P/ha. The difference amongst the village tracts for P balance were non-significant (P=0.68) 

(Figure 4.13). Although the overall average P balance was negative (-1.2 kg/ha), average P 

balances of Auto and Kyiksagaing were positive at 1.4 and 3.6 kg/ha, respectively. 
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Figure 4.13 Phosphorus balances (kg/ha) for monitored fields of monsoon rice in each of 
the five village tracts of Taikkyi township. The mean and 95% confidence intervals are 
presented and the numbers indicate the data points using the farm identifier codes. The 
dashed line indicates a balance of zero. 
 

The frequency distributions for P inputs, outputs and balances are presented in Figure 4.14. 

One-third of the farmers did not use any P fertiliser and about 90% of the farmers used ≤20 kg 

P/ha. Just 5% of farmers applied >40 kg P/ha. Phosphorus outputs were approximately 

normally distributed (reflecting the yield distribution), while P balances were normally 

distributed around a median of -4 kg P/ha, after excluding a few farms that had P balances of 

about 40 kg P/ha or more. 
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Figure 4.14 Frequency distributions (%) for P inputs, P outputs and nutrient P balance 
(kg/ha) across the 50 monitored fields of monsoon rice in the five village tracts of 
Taikkyi township. 
 

There was a very strong correlation between P inputs and P balance (P<0.001, R2=0.91), with 

positive P budgets only achieved when fertiliser P applications were >10 kg/ha (Figure 4.15). 

The relationship between the P balance and the P removed in the grain + straw was not 

significant (P=0.17, R2=0.04). 
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Figure 4.15 Relationship between P inputs and P balance across the 50 monitored fields 
of monsoon rice in the five village tracts of Taikkyi township. The solid line is the linear 
regression described by y = 0.97x – 9.2 (R2=0.91). The dashed line indicates zero P 
balance. 
 

There were no significant relationships between P balances and other demographic, 

socioeconomic, farm management and soil variables. 
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4.3.6 Nutrient balances: potassium 

Potassium inputs from fertilisers, outputs in grain and straw and balances for the 50 monsoon 

rice fields are summarised in Table 4.9. Total K inputs and sources of K varied amongst the 

village tracts (P<0.05). Inputs were highest at Kyiksagaing (11 kg P/ha) and lowest at 

Joephyu, Hlaing and Targwa (4–5 kg K/ha). Average K input across all fields was just 6 

kg/ha. Also, across all fields about 70% of the K inputs were from organic sources and 30% 

from mineral fertiliser. As was the case for P, 100% of K inputs at Joephyu were from organic 

sources in contrast to Auto where inputs from organic sources were just 29% of the total. 

 

Table 4.9 Potassium inputs, outputs and balances for monitored fields of monsoon rice 
in each of the five village tracts in Taikkyi township. The contribution of each 
component is given as a proportion of the total inputs and outputs for each village tract. 
 Auto Hlaing Joephyu Kyiksagaing Targwa All farms 
   
Total inputs (kg/ha) 8 4 5 11 5 6
 % inputs 
Manure 22 27 69 50 50 45
Compost 7 34 24 45 6 24 
Organic fertiliser 0 0 7 0 0 1 
Potash 51 0 0 0 0 12
Compound fertiliser 20 40 0 6 44 18 
  
Total outputs (kg/ha) 26 42 27 43 40 35
 % outputs 
Rice straw 82 87 87 86 87 86 
Rice grain 18 13 13 14 13 14 
  
Balance (kg/ha) -18 -38 -22 -32 -35 -29

 

Harvested straw accounted for 82–87% of outputs with an average of 86%. Harvested grain 

accounted for just 14% of outputs, on average. Actual amounts varied between 26–27 (Auto 

and Joephyu) and 40–43 kg K/ha (Targwa, Hlaing and Kyiksagaing), with an overall average 

of 35 kg K/ha. Differences amongst the village tracts for K balance were non-significant 

(P=0.10) (Figure 4.16). The average K balances for the five village tracts varied from -18 to -

38 kg/ha, with an overall average of -29 kg K/ha. 
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Figure 4.16 Potassium balances (kg/ha) for monitored fields of monsoon rice in each of 
the five village tracts of Taikkyi township. The mean and 95% confidence intervals are 
presented and the numbers indicate the data points using the farm identifier codes. The 
dashed line indicates a balance of zero. 
 

The frequency distributions for K inputs, outputs and balances are presented in Figure 4.17. 

About 75% of farmers applied <10 kg K/ha to their monsoon rice. The remainder applied <25 

kg K/ha, except for one farmer who applied >30 kg K/ha. The K outputs were normally 

distributed around a mean of 35 kg K/ha (median = 32 kg K/ha), whereas the K balance was 

normally distributed around a mean of -28 kg K/ha (median = 32 kg K/ha). 
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Figure 4.17 Frequency distributions (%) for K inputs, K outputs and nutrient K balance 
(kg/ha) across the 50 monitored fields of monsoon rice in the five village tracts of 
Taikkyi township. 
 

The K balances were less negative, with increasing inputs of K (P<0.001, R2=0.21), with >30 

kg K input/ha required for a positive K balance (Figure 4.18). Just one field had a positive K 
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balance; it was the only field to which potash fertiliser was applied. There was a very strong 

negative relationship between K removal in the harvested grain + straw and the K balance 

(P<0.001, R2=0.75) (Figure 4.19). 
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Figure 4.18 Relationship between K inputs and K balance across the 50 monitored fields 
of monsoon rice in the five village tracts of Taikkyi township. The solid line is the linear 
regression described by y = 0.92x – 34.1 (R2=0.21). The dashed line indicates zero K 
balance. 
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Figure 4.19 Relationship between K removed in grain and residues and K balance across 
the 50 monitored fields of monsoon rice in Taikkyi township. The solid line is the linear 
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regression and is described by y = -0.98x + 5.4 (R2=0.75). The dashed line indicates a 
balance of zero. 
 

There were no significant relationships between K balances and other demographic, 

socioeconomic, farm management and soil variables. 

 

4.4 Discussion 

4.4.1 Effects of soil fertility on yield 

While some soils are suitable for rainfed lowland rice production (Fukai & Ouk 2012), such 

as the alluvial soils in many delta regions, other soils in rainfed lowland areas have poor 

fertility and yield potential for rice (Dobermann & Fairhurst 2000, Wijnhoud et al. 2003, 

Haefele et al. 2010). Therefore, soil type is a key overarching factor affecting the nutrient 

requirements and/or management for these rice growing systems (Dobermann & Cassman 

2002). Among the five village tracts in my study, Hlaing and Kyiksagaing have favourable 

soil and better soil fertility, which led them to be more productive than Auto, Joephu and 

Targwa. For example, the Hlaing village tract is situated beside the Hlaing river and has richer 

alluvial soil because of the regular flooding. In addition, the farmers in Hlaing and 

Kyiksagaing tended to use more N fertilisers in particular (Table 4.7). In contrast, Joephyu 

had the lowest yields of the five village tracts due to the higher proportion of sandy soil 

leading to lower initial soil fertility, and this was coupled with a lower investment in the use 

of fertilisers by the farmers (Tables 4.7–4.9). 

 

The field yields showed a positive significant correlation with the whole farm yields, with 

productivity being higher in the individual fields (2.67 t/ha) compared with the whole farm 

(2.41 t/ha). The small upward bias in yields may represent better management practices in the 

selected fields, rather than average management practices for the farmers surveyed. Also, 

yields of the individual fields were directly measured by the researcher so it was likely to be 

more accurate and less prone to grain losses during the harvesting process than the whole 

farm yields (Norman et al. 1995). 

 

There were significant positive correlations for rice yields of the 50 selected fields and the soil 

parameters measured. This is expected from knowledge that better soils tend to produce better 

crops due to superior soil moisture and nutrient holding abilities (Haefele and Konboon 

2009). However, it has been reported that soil test values and yields in unfertilised fields are 
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not necessarily well correlated (Wade et al. 1999a, Dobermann et al. 2003), and that rainfed 

lowland rice yield response to applied nutrients are not always reliable (Wade et al. 1999a). 

Naing et al. (2008) reported the common fertility management approaches of Myanmar rice 

farmers were to apply fertiliser either in seedbeds only, with the aims of ensuring good early 

vigour and localised soil fertility improvement, or based on observed deficiency signs in the 

crops due to the high fertilisers cost. Generally, farmers manage individual fields differently 

within their own farm according to the soil type, land use, fertilisation history (Ramakrishna 

et al. 2004), toposequence (Fukai & Ouk 2012) and resource endowment (Zingore et al. 

2007a). Farmers with fields near the village reported that they had higher yields with lower 

inputs. They believed that this was due to greater inputs from nutrient flowing onto their 

fields after rainfall events. Farmers elsewhere have also reported that they modified their 

nutrient management program to allow for increased nutrient inputs from water flows 

(Wijnhoud et al. 2003). 

 

General reviews (Yoshida 1981, Fageria et al. 2003) and empirical research in South and 

South-East Asia (Wade et al. 1999a, Linquist & Sengxua 2003, Boling et al. 2004, Naing et 

al. 2008) have indicated that, besides water, N is commonly the most yield limiting factor for 

lowland rice production. According to Hazelton & Murphy (2007), soil total N were very low 

to low levels (<0.05 = very low, 0.05-0.15 = low) (Wade et al. 1999a, Hazelton & Murphy 

2007) in all village tracts, both before and after the monsoon rice crop. We found that the 

application of N fertiliser supplemented with N from the previous legume crop produced the 

greatest nutrient response to yield whereas P and K fertilisers did not (Table 4.6 and Figure 

4.9). However, insufficient N fertiliser application was common among the survey 

participants due to high prices of mineral N, risk minimisation strategies, and the lack of 

availability of mineral N fertilisers and organic N sources such as manure (Naing et al. 2008, 

Thwe 2006, Win 2006, Haefele et al. 2010, Fukai and Ouk 2012). In this situation, fertiliser 

management and recommendation could be more site-specific (Boling et al. 2008) rather than 

a uniform recommended rate, since soil conditions differed considerably across the township 

and even within farms. Pasuquin et al.(2014) reported that site-specific nutrient management 

(SSNM) strategies can improve yields, nutrient use efficiency, and profitability. Specifically, 

the partial maintenance approach can address crop needs at a given location by attempting to 

balance the higher financial costs of a full maintenance approach and the risk of critical 

nutrient depletion in a zero input approach (Buresh et al. 2010). 
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Soil N addition through legume biological nitrogen fixation (BNF) is an alternative N source 

for lowland rice production (George et al. 1992), rather than potentially expensive mineral 

fertilisers. Legumes grown prior to the monsoon rice have been shown to enhance soil fertility 

and increase grain yields (Ladha et al. 1996). The rice crops that followed a preceding legume 

crop, mainly mung bean which is the common grain legume in the pre-rice crop niche 

(George et al. 1992), produced higher yields than the crops that followed a non-legume crop 

or fallow (Table 4.6 and Figure 4.11). These trends were consistent with the whole farm 

scenario (Chapter 3). Similar findings were also reported by Thein (2004), who examined the 

effect of cropping systems on rice yield in Myanmar. In that study, rice yields following a 

legume were about 0.5 t/ha higher than the non-legume rotation fields. However, while Naing 

et al. (2008) reported an increase in the prevalence of rice-legume cropping systems across a 

large part of central Myanmar (possibly due to marketing opportunities), they also found that 

rice yields from rice-legume crop rotations were not significantly different to rice yields in 

double rice cropping. This is contrary to the findings of our research and by Thien (2004) and 

may be due to the weaker statistical design of their paired farm sampling approach. 

 

In soils sampled in this study, soil C concentrations were low (<1.5%) (Landon 1991) in all 

village tracts before and after the monsoon rice crop. Low soil C can limit several key soil 

characteristics such as water holding capacity, nutrient cycling and availability, structural 

properties and biological activity (Hartemink 2006, Drinkwater & Snapp 2007), and this can 

be especially important in the largely low-input systems found in the study area (Haefele et al. 

2011). The current reliance on organic fertilisers (principally manures) by the survey 

participants may be preventing further decreases in soil C. While there is a move towards 

greater use of mineral fertilisers to increase yields (Sommer et al. 2013), such a change need 

not come at the expense of lower usage levels of organic inputs. A considerable body of 

research for various crops in different continents has noted the benefits of combining both 

fertiliser types, providing a useful soil management strategy that may balance yields, costs 

and longer-term soil fertility more effectively (Steiner et al. 2007, Zingore et al. 2007a, Aye 

et al. 2009, Saikia et al. 2015) as opposed to nutrient management strategies that focus on the 

key macro-nutrients, N, P and K. 

 

Soil samples were generally acidic with average pH values of 5.4 across the five village tracts. 

Available P levels varied between the five village tracts; Joephyu and Targwa were low, Auto 

and Hlaing were between low to medium while Kyiksagaing was high (Wade et al. 1999a, 

Hazelton & Murphy 2007). Overall, exchangeable K was very low in the study area (Wade et 
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al. 1999a). According to a national soil survey in Myanmar in 1992, N was deficient in most 

of the rice growing regions, and most paddy soils in Yangon were low in P and low–very low 

in K (Win 2006). The soil samplings and analysis before and after the monsoon rice crop were 

generally consistent (Table 4.1 and Figure 4.4). The average R2 between samples taken before 

and after the monsoon rice crop was 0.77 for all the soil variables, and four of the eight 

variables had an R2 greater 0.86. This consistency suggests that the sampling strategy and 

laboratory analyses provide reliable estimates of the nutrient levels in the fields studied. 

 

4.4.2 Nutrient balances 

In this study, partial nutrient balances were estimated for major nutrients (N, P and K) of the 

monsoon rice crop based on nutrient flows that were managed directly by farmers. The NPK 

nutrient inputs from mineral and organic fertilisers, manure, compost and legume residue N 

were different between the village tracts. While some of the 50 farmers mainly relied on 

mineral fertilisers, some relied more on organic sources such as manure, compost, legumes 

residue and others obtained from both mineral and organic sources. Average NPK uptake in 

grain and straw in this study were consistent with those found by Win (2006). 

 

Although a few farmers applied N more than the recommended rate, many farmers applied 

less and some did not apply any N fertiliser. The N fertiliser application rate varied 

substantially amongst the farmers’ fields (Table 4.7, Figures 4.8 and 4.9). Also, most farmers 

did not apply any P and K to the monsoon rice (Tables 4.8 and 4.9). A few farmers applied 

about the recommended rate and very few farmers applied very high amounts of P and K. The 

NPK fertiliser recommendation rates of the Department of Agriculture, Taikkyi Township for 

monsoon rice are 48-20-28 kg NPK/ha, which is higher in N and P than the rate suggested by 

the International Rice Research Institute of 40-26-12 kg NPK/ha (IRRI nd) and 40-12-10 kg 

NPK/ha for northeast Thailand (Haefele & Konboon 2009). 

 

Fertiliser decisions for the monsoon rice crop may have been based on the soil types on the 

farm, recent farming practices (e.g. a prior legume crop or earlier N inputs) and prevailing 

prices for fertilisers. The application of organic residue such as rice straw and hulls improve 

the yield response to fertiliser inputs as well as inherent soil nutrient supply (Linquist et al. 

2007). There were other reasons that many farmers were reluctant to use mineral fertiliser on 

their monsoon rice such as lack of money to buy inputs and perceptions of declining fertiliser 

quality (see more details in Chapter 5). 
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While all village tracts had negative N balances, Hlaing had nearly neutral (almost zero) N 

balances due to much higher rates of fertiliser use and a stronger focus on urea as a source of 

N compared with compost and manure. In some cases, farmers in Hlaing used N rates which 

exceeded the recommended N rate for the monsoon rice in the region. According to the 

survey, most of the Hlaing’s farmers focus on farming rather than any other business (Chapter 

2). Moreover, they attained high yields and their soils were also relatively fertile, responding 

well to applied N fertiliser (Wade et al. 1999). Hence, Hlaing farmers were more motivated 

than farmers from the other village tracts to apply N fertilisers.  

 

Confirming the important role of legume rotations in traditional farming systems (George et 

al. 1992), positive N balances were recorded in the monsoon rice fields that had grown mung 

beans as the previous crop, whereas negative N balances were recorded for those fields 

previously in fallow or in summer rice (Figure 4.11). It is now well established that BNF from 

legumes or other N2-fixing sources such as Azolla increase rice yields and decrease the 

requirements for fertiliser N (Peoples et al. 1995). Moreover, this system is profitable for 

farmers and helps to reduce the rate of declining soil N levels. Several studies (Ladha et al. 

1996, Becker & Johnson 1999, Thein 2004) reported grain yield increases when in rotation 

with legume crops in lowland rice production systems. Besides from these benefits (increased 

rice yield and improved soil fertility) from the legume rotations, legumes improve the 

socioeconomic situation for farmers due to the high price that can be achieved for the legume 

product (Naing 2004, Thwe 2006). The application of P fertiliser to the legume also enhances 

the N produced in the rice-legume cropping system (Kirk et al. 1998). Cyanobacteria 

biofertiliser has been shown to provide 20–30 kg equivalent of biologically fixed N/ha per 

rice season (Herridge et al. 2008b, Thwe et al. 2014). Therefore, further evaluation of this N 

source and its possible inclusion in nutrient budget calculations is warranted.  

 

The N balances were negatively correlated with soil C and soil N. Higher soil C levels were 

associated with higher N outputs in grain and residues and with lower N inputs as fertiliser. In 

contrast, positive N balances have been linked to farming practices that enhance soil C. In the 

context of the 50 monsoon rice farmers in this study, it is possible that they were recognising 
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the better soils with higher soil C (and therefore higher N1), and choosing to fertilise less or 

not at all in those fields (Rego et al. 2003, Wijnhoud et al. 2003). 

 

Hlaing had higher soil P levels than that of Auto, Joephyu and Targwa, however it had lower 

P balances than the other village tracts. It can be expected that negative P balances would be 

related to lower soil P levels (Gadermaier et al. 2012). Greater P fertiliser inputs are likely to 

lead to higher P balances, thus producing positive yield trends that were attributed to the 

increasing P availability of the soil (Saleque et al. 2004), although this is not always the case 

(Wijnhoud et al. 2003). Oelofse et al. (2010) reported a wide range of P balances (-13 to 558 

kg/ha) for different cropping systems in China, Brazil and Egypt, and the only site with a 

negative P balance (i.e. soy-corn in Jilin, China) also had good inherent soil fertility. The lack 

of correlation between soil fertility and P balances in Taikkyi may be due to farmers not 

fertilising because they perceived that soil fertility levels were considered adequate (i.e. not 

yield limiting) and the expenditure not worthwhile (Chapter 5).The results indicated that the P 

balances were strongly influenced by P inputs but no clear relationship with P outputs, partly 

because the concentration of P in the straw and grain removed is relatively small (Dobermann 

& Fairhurst 2000). 

 

Unlike P, the K balances for the monsoon rice crops in Taikkyi were related to K outputs, but 

not K inputs. Even though average P and K inputs were similarly very low, K balances were 

more negative. The concentration of K removed in the straw is especially high and this has a 

strong effect, via yield, on the K balances (Wihardjaka et al. 1999). Rice straw removal was 

negatively correlated with N and K balances, but not with P balance. The long-term effect of 

straw removal is greater for K than for P (Dobermann & Fairhurst 2000), although variations 

in initial soil fertility may have also influenced our results (Zingore et al. 2007a). The high 

concentration of K in rice straw highlights the value of residue retention and incorporation for 

K availability for subsequent crops (Hoa et al. 2006), especially legumes with a high K 

demand (Fageria et al. 2003).  

 

We found that zero or very low K inputs led to strongly negative K balances. Fageria et al. 

(2003) note that many soils used for rice production can be cropped for extended periods 

without needing K fertiliser to maintain crop production, and Hoa et al. (2006) stated that the 

                                                 
1 The correlation for soil N and soil C at the start and end of the monsoon rice crop for all farms was R2 = 0.86 

and 0.84 respectively. 
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response to added K fertiliser is often low therefore fertiliser recommendations may only be 

given for N and P. However, this results in soil K mining in Asia (Hoa et al. 2006), with 

negative K balance creating a potential soil fertility risk (Wang et al. 2008). Potassium 

balances are likely to be positive if soils are fertilised with both organic and inorganic 

fertilisers (Saleque et al. 2004). Gadermaier et al. (2012) also reported that the application of 

manure improves soil K in organic farming. A further consideration for rainfed lowland rice 

systems is that K balances can be more negative in transplanted rice (as in Taikkyi) than 

direct seeded rice, possibly due to increased solubilisation of ‘non-exchangeable’ K pools in 

the direct seeded rice soils (Wihardjaka et al. 1999). Internal soil nutrient cycling processes 

were not measured in this project, although this is an important area for investigation. 

 

Unlike inputs and outputs of the three individual nutrients measured, the NPK balances were 

not different amongst the village tracts, although there were large variations in NPK balances 

within the village tracts. Generally, farmers in this study applied far less than the 

recommended fertiliser rates and therefore tended to have negative NPK balances. Haefele et 

al. (2004) reported negative partial NPK balances in Laos, though positive partial NPK 

balances were found in northeast Thailand (Wijnhoud et al. 2003) in lowland rice production 

systems. However, both studies did not include the BNF from legume crops that was included 

in this study, and they conducted farm-level partial nutrient budgets whereas we conducted 

field-level nutrient budgets. Zingore et al. (2007a) observed that field-level balances were 

close to zero or negative, while farm-level balances were mostly positive according to 

different types of calculations. In addition, farm-level nutrient balances were positively 

correlated with yield (Cortez-Arriola et al. 2014), but there was no correlation between NPK 

balances and grain yield in this study. Single year (or single crop) nutrient budgets only 

provide an indication of the potential changes due to management practices for that time 

period (Burkitt et al. 2004, Ramakrishna et al. 2004). Alternatively, direct measurements of 

soil nutrient status give an indication of the longer-term effects of management practices 

(Bünemann et al. 2006, Nguyen et al. 2008). 

 

High inputs in developed countries result in positive soil nutrient balances, although many 

authors also warn that excess nutrients are a risk to the environment (Wang et al. 2008, 

Cortez-Arriola et al. 2014). Lower inputs in developing countries tends to result in a depletion 

of soil fertility (Bindraban et al. 2000), and this depletion poses a threat to global food 

security and agricultural sustainability (Tan et al. 2005). When making decisions about soil 

fertility management, farmers and their advisors must therefore stike a balance based on soil 
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types, preferred crop rotation options, the economics of fertilisers and crop prices, and views 

about sustainability. 

 

In addition, particularly in on-farm research, it is difficult to measure organic nutrients inputs 

(e.g. manure, compost and crop residues), especially in low-data environments (Ramakrishna 

et al. 2004). The shortcomings of partial nutrient balances calculation include the inaccuracy 

in estimation of inputs (particularly manure and compost volumes and nutrient 

concentrations), incorrect or inappropriate default values, and the exclusion of non-managed 

inputs (e.g. sedimentation, cyanobacteria N) and outputs (e.g. leaching, volatilisation) in 

nutrient budget calculations. 

 

4.5 Conclusions 

This study investigated soil fertility status, rice yields, and partial nutrient budgets of 50 farms 

producing rainfed monsoon rice in Taikkyi Township. The nutrient budgets were calculated 

based on the managed inputs and crops produced, and the relationship between nutrient 

balances and other variables were analysed. Although a large number of demographic, socio-

economic, farm management and soil test values were recorded for the farmers, their rice 

fields and their farms, we found very few significant correlations with N balance and other 

survey variables, and even fewer significant correlations for P and K balances. Similarly 

Wijnhoud et al. (2003) found no strong relationships between nutrient balances and a suite of 

other survey data due to the complexity and variability of the systems they studied.  

 

The results of this study show that farmers currently use low and unbalanced fertiliser 

application, leading to widespread negative nutrient balances. In some cases, we found a 

negative nutrient balance with a good crop yield, even though inputs were not high, 

suggesting a strong reliance on ‘mining’ the required nutrients from the soil. This has long-

term implications for soil fertility decline in the study area and, by inference, many other parts 

of Myanmar. Straw removal was strongly related with N and K balances, therefore, retention 

of crop residues are needed to replace those nutrients. Presumably, the carbon in crop residues 

is also important for ongoing soil functioning. Grain yields were improved with N fertiliser 

application (organic and inorganic) and rotation with legume crops.  

 

Due to the diverse conditions on each farm, short-range variations may create problems in 

scaling-up data to wider regional or national levels. Farmers’ knowledge and perception about 
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soil fertility and fertilisers, driven by their personal circumstances and experiences, have a 

major influence on nutrient management decisions. Such aspects will be discussed in more 

detail in the next chapter. 
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Chapter 5. Farmers’ knowledge and perceptions about soil fertility 

management and production constraints in rainfed, lowland monsoon rice 

farming 

 

5.1 Introduction 

Rice-based rainfed lowland systems are the major farming systems in Myanmar. However 

rice yields remain low. Most of the rainfed lowland rice farmers use small amounts of 

fertiliser (Haefele et al. 2010) and they generally do not use the fertiliser rates recommended 

by local or regional agriculture agencies. Rather, the farmers develop their own calculations 

for fertiliser use based on their experience (Wijnhoud et al. 2003, Thwe 2006, Haefele & 

Konboon 2009), with consideration for soil types, recent cropping history, financial and 

labour resources, prevailing economic conditions and risk avoidance levels (Newby et al. 

2013). 

 

This traditional type of nutrient management strategy is widespread among small-holders 

globally, and blanket fertiliser recommendations are of limited relevance to heterogeneous 

small-holder farmers (Haefele et al. 2006). For example, nutrient management practices 

amongst small-holder farmers in Zimbabwe depend on their resource endowment (principally 

related to soil type), management history and current household resources (Zingore et al. 

2007a). In order to improve productivity and resource use efficiency, site-specific nutrient 

management (SSNM) techniques have been developed for rainfed lowland rice production 

(Pingali et al. 1998, Dobermann & White 1999, Buresh et al. 2010, Inthavong et al. 2014). 

However, intensive farmer training and support is usually needed, requiring substantial 

investment and institutional innovation (Huang et al. 2015). Even then, SSNM methods may 

be adopted sequentially and partially (Khanna 2001). 

 

To develop the capacity of farmers to intensify or otherwise alter their nutrient management 

strategies, there is a need to understand their knowledge of and perceptions about crop 

nutrition. With such an understanding, extension activities are more likely to be effective (San 

et al. 2013). Many authors note the importance of farmers’ knowledge and perceptions in 

decision-making about crop nutrient management (Dobermann & White 1999, Haefele & 

Konboon 2009, Fukai & Ouk 2012). Previous studies have been conducted using participatory 
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rural appraisal (PRA) techniques to assess farmers’ perceptions of soil fertility status, soil 

fertility problems and their soil fertility management practices (Desbiez et al. 2004, Hedlund 

et al. 2004, Farouque & Takeya 2007, Tesfaye et al. 2011, Maro et al. 2013). 

 

Farmers in the mid-hills of Nepal identified more than 60 indicators to evaluate and monitor 

their soil fertility, which included observations of soils and crop vigour in their fields, and 

these were more reliable and complete than soil fertility classification by researchers (Desbiez 

et al. 2004). Hedlund et al. (2004) also found that farmers’ perceptions about soil fertility 

were linked with the whole farming system targeted to crop yield. Farouque and Takeya 

(2007) indicated that the farmers’ perception and awareness about soil fertility and nutrient 

management were different according to their education, experiences and exposure to 

extension services. Poor extension support may also limit to farmers’ knowledge and 

experience of farmers (Haefele & Konboon 2009). 

 

In Myanmar, only a limited number of published and unpublished reports on agriculture, e.g. 

Naing et al. (2008), LIFT (2012) and LIFT (2014), are available and those are more focused 

on information about constraints for crop production and farming systems rather than 

identifying the soil fertility problems addressed by local farmers. Twenty years ago, Zeigler 

and Puckridge (1995) identified the major constraints facing the rainfed lowland rice 

production systems of South and Southeast Asia, and they remain relevant today (Fukai & 

Ouk 2012). There were biophysical constraints such as storms, water availability, drought, 

cultivars, weeds and socioeconomic constraints such as lack of inputs, credits, markets and 

labour shortage. Moreover, soil types and nutrient management were also important factors 

for increased productivity in rainfed lowland rice ecosystems (Fukai & Ouk 2012). 

 

Information about farmer perceptions is considered important as it gives a more practical view 

of the results presented in the previous empirical chapters. The aim of the research presented 

in this chapter was to investigate farmers’ views about soil quality and nutrient management 

and to identify the perceived strengths and weaknesses of current monsoon rice production in 

the region. With such data, the inferred explanations for farmer behaviour (e.g. low fertiliser 

use due to risk avoidance) made in Chapters 3 and 4 can be understood more explicitly. 

Specifically, the research sought to address the following questions among the Taikkyi rice 

farmers participating in the project: 

 

1. What are the perceptions of farmers’ regarding soil fertility evaluation and management? 
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2. What are the perceptions of farmers’ regarding the advantages and disadvantages of 

different fertiliser types? 

3. What are the perceptions of farmers’ regarding the effectiveness of common farming 

practices on rice crop productivity? 

4. What are the farmers’ perceptions about the main constraints for increasing monsoon rice 

production? 

 

5.2 Materials and methods 

A survey of 100 farmers was conducted during the monsoon rice cultivation season in 2010 in 

Taikkyi Township, Yangon Division of Myanmar, to collect data about household 

livelihoods, farm characteristics, nutrient management and cropping patterns by using 

structured questionnaires (Appendix 1). The selection of study area and farmers, and a 

description of the data collection methods are given in Chapter 2. The results from the last 

section of the household livelihood survey, “Farmers’ knowledge and perceptions section” 

(Chapter 2, Section 2.2.3), were used in this chapter. 

 

Farmers were firstly asked about their understanding of soil fertility and how it affects crop 

productivity. Next, what farmers consider to be the use of inorganic, organic and plant 

residues for nutrient management was explored. Then, farmers were asked to evaluate their 

farming practices and list the major constraints for monsoon rice production. Subsequently, 

farmers’ intentions to continue monsoon rice farming and the reasons for this were 

considered. Farmers were also asked to suggest solutions intended to improve nutrient 

management and crop productivity. Finally, farmers were requested to provide a summary of 

general farming constraints and overall suggestions, expectations and comments. One farmer 

was not able to complete the last section of the questionnaire relating to perceptions and 

attitudes. Therefore the sample size (n) for this chapter is 99. 

 

5.3 Results 

5.3.1 Farmers’ understanding of soil fertility and its effects on crop productivity 

The characteristics that farmers consider to be important markers of soil fertility could be 

classified into three major groups: chemical, physical and biological characteristics. Many 

farmers described more than one characteristic and some provided mixed answers which 

spoke to the next question about soil fertility effects on crop productivity. More than half of 
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the interviewed farmers (60%) explained soil fertility by soil chemical characteristics mainly 

focusing on soil type. They generally stated that “different soil types are good for different 

crops”. Other indicators such as soil pH, nutrient deficiency, percent of organic manure, 

legume rotations, presence of alluvium and nutrient depletion due to intensive cropping were 

also reported. Although none of the surveyed farmers in this study had tested their soil 

through laboratory analysis in the past, many farmers indicated a willingness to analyse their 

soil in the laboratory. 

 

Almost one-third of the farmers described soil fertility by referring to physical characteristics 

especially soil texture. Five percent of farmers were aware of soil profiles, for example, “the 

top soil has fertility”. Tillage, drainage, soil colour and surface levelling were also reported by 

3%, 2%, 1% and 1% of interviewed farmers, respectively. Only a small number of farmers 

(5%) reported that disease and anaerobic conditions were related to soil biology. 

 

Generally, all interviewed farmers recognise the effects of soil fertility on crop productivity, 

though they reported a range of views these effects (Table 5.1). The importance of fertiliser 

inputs were mentioned by almost two-thirds (61%) of the interviewed farmers. Amongst that 

group, one farmer with a graduate-level education stated that “if the soil has NPK, micro and 

macro nutrients, and neutral pH, it is good for crops”. Two people said too much fertiliser 

could be bad for the rice crop. Furthermore, about 13% of farmers specifically referred to the 

importance of organic fertilisers such as manure, and two reported the benefits of crop 

residues. One third of the farmers stated that the soil quality or type was an important factor in 

crop productivity, with most simply affirming that soil type is strongly linked with productive 

capacity: “good soil, good production; poor soil, poor production”, or even just “they are 

linked”. 

 

The interviewed farmers stated that plots near villages were better because of drainage from 

the village. The value of legume rotations for building or maintaining soil fertility was 

mentioned by only 9% of the farmers, for example “due to mung bean, rice is good”. Tillage 

for soil preparation and climate (especially soil moisture) were mentioned by a few farmers as 

being important factors for crop production. 

 

Table 5.1. Perceptions about the determinants of soil fertility and crop production. 
Reasons Number of responses 

(n=99) 
Fertiliser inputs 61 
Soil quality or type 34 
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Organic fertiliser specifically mentioned (e.g. manure, crop residue) 13 
Rotations (e.g. legume crops, livestock) 9
Tillage for soil preparation 6 
Climate (e.g. soil moisture) 5 
 

5.3.2 Perceptions about the use of inorganic fertilisers for nutrient management 

Almost all of the interviewed farmers (95%) considered that inorganic fertilisers were 

beneficial for nutrient management. The most commonly recognised benefits of inorganic 

fertilisers were increased production (94%), followed by increased grain quality (18%) and 

reduced pests and diseases (5%). Twenty-eight percent of farmers who stated that inorganic 

fertilisers increased production also reported that benefits were short-term only, with no 

apparent residual benefits for the next season. Of the interviewed farmers, 11% reported that 

excessive use of inorganic fertilisers increased soil acidity, reduced grain quality and 

increased pest and disease incidence. This indicated the farmers’ awareness that inorganic 

fertilisers only provide short-term benefits and that investments must be repeated every year. 

The few farmers who did not consider inorganic fertilisers to be beneficial reported similar 

concerns. Those farmers stated that inorganic fertilisers were “just good for the short-term”, 

that is, they did not build soil fertility in the longer term, unlike organic fertilisers, and that 

inorganic fertilisers could have negative implications for soil acidity and disease incidence. 

Two farmers believed the combination of inorganic and organic fertilisers would provide 

greater overall benefits. 

 

Most interviewed farmers (93%) relied only on their own calculations for determining the 

appropriate inorganic fertiliser rate for their monsoon rice crop (Table 5.2). Three percent 

used their own methods as well as the government (DoA) fertiliser recommendations, and 

another 2% used their own methods as well as commercial (private agrochemical company) 

recommendations. Only two farmers used DoA recommendations for fertiliser rates, one of 

whom is a farmer whose land is used for experimentation and as a demonstration farm by the 

DoA. 

 

Table 5.2. Determining inorganic fertiliser rates used by interviewed farmers 
Basis for determining fertiliser rates Interviewed farmers (%, n=99) 
Own calculations only 93 
Own calculations plus DoA1 recommendations 3 
Own calculations plus commercial recommendations 2 
DoA recommendations only 2 

1 DoA = Department of Agriculture 
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5.3.3 Perceptions about the use of organic fertilisers for nutrient management 

Ninety-six percent of the interviewed farmers recognised the benefits of using organic 

fertilisers. These benefits were further classified into two categories being soil benefits and 

plant benefits. The majority of the farmers believed that application of organic fertilisers 

improved their soils’ physical conditions (72%) and chemical conditions (63%), while 

biological conditions (one farmer) and the long-term nature of the benefits (38%) were 

recognised by less of the interviewed farmers. Farmers who were positive about organic 

fertiliser application commonly stated that "organic fertilisers can fix soil fertility that has 

been destroyed by excessive use of inorganic fertilisers”. However, other farmers also 

indicated that they “cannot be without inorganic fertiliser to maintain crop yields” and that the 

labour needed for management and handling can be high. 

 

In terms of the benefits to plants, two-thirds of the interviewed farmers (67%) believed that 

crop yield was increased following application of organic fertiliser, followed by improved 

plant health (36%) and grain quality (35%). Many farmers acknowledged the multiple 

benefits of using organic fertilisers. 

 

All the interviewed farmers relied on their own calculations for determining the appropriate 

organic fertiliser rate for their monsoon rice crop. Six percent of the farmers also used 

commercial recommendations as well as their own methods, one farmer used the DoA 

fertiliser recommendations alone and another farmer used their own plus both commercial and 

DoA recommendations. 

 

5.3.4 Perceptions about the use of plant residues for nutrient management 

About half of the interviewed farmers (46%) practiced the incorporation of plant residues in 

their fields for nutrient management. Respondents who used this method mentioned that plant 

residues, i.e. green manures and crop and weed residues, improved soil fertility and reduced 

the need for fertilisers (16%), or provided both crop and soil benefits (15%), or increased 

plant health and crop yield (11%). The major types of plant residues used in the farmers’ 

fields were mung bean (30%), weeds (18%) and ground nut (3%). The reasons the farmers 

gave for not using plant residues were lack of knowledge (18%), labour cost for harvesting 

and handling (5%) and inconvenience to the farming system (3%). 
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5.3.5 Effectiveness of farming practices on crop productivity 

An assessment was made about farmers’ views of the effectiveness of specific farming 

practices on crop productivity. Almost half of the interviewed farmers (44%) were satisfied 

with their current farming practices. For those respondents, effective input use and careful 

management were the most common factors mentioned for improving crop productivity. The 

farmers identified proper water usage and suitable fertiliser applications at correct rates as the 

major factors in the effective use of inputs. Careful management activities involved 

appropriate land preparation and tillage, transplanting seedlings at suitable density, timely 

weed management, being hard working and persistent, as well as being involved in all 

farming operations and giving clear instructions to employees. Those farmers were also very 

observant, referring to observation of “soil colour change by experience” to indicate improved 

soil fertility. The other indicator mentioned by this group was they were also open to learning 

from other people, e.g. from more experienced farmers, media, etc. 

 

One-third (33%) of the interviewed farmers were not content about their farming practices for 

several reasons: limited resources or inputs, financial hardships, cropping constraints and 

management related problems. Details of those problems were similar to the production 

constraints which are described in the next section. Likewise, 23% of respondents who were 

unsure about the effectiveness of their farming practices also described similar problems as 

those farmers who expressed discontent. In addition, this group of farmers reported about lack 

of modern technology, training and information sources, all of which led to poor farming 

practices. 

 

5.3.6 Major constraints for monsoon rice production systems 

The constraints identified by the majority of interviewed farmers (80%) for monsoon rice 

production could be classified into five major categories: labour (36), finance (34), machinery 

(18), climate (18) and agronomy (14), and several farmers nominated more than one 

constraint (Table 5.3). Only 20% of farmers responded that there were no major constraints. 

The most important problem perceived by the farmers was the shortage of labour for their 

farming operations, especially in the transplanting and harvesting periods. As well, they found 

it difficult to control employees, as young people often preferred to work off-farm in the 

nearby industrial area with its more stable income. The farmers also claimed that the low 

prices for produce led to lack of capital for inputs, mainly fertilisers and machinery, to 

facilitate simpler, faster and more productive farming operations. Farmers explained that even 
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though fertiliser prices were currently high, the fertiliser quality was thought to be low. The 

limited amount of organic fertiliser to build soil fertility, insufficient water for irrigation and 

high fuel prices were all mentioned among the financial constraints impacting the farmers. 

 

Weather is becoming a common challenging factor for the farmers in monsoon rice 

production because of early season drought, unpredictable rainfall and flooding at harvest 

time. Agronomic constraints such as low quality seed stock and lack of locally adapted 

varieties, inability to control pests and diseases and lack of draft cattle for farming operations 

were also reported. Moreover, poor soil fertility, especially of sandy soils, and uneven land 

levelling were mentioned as problems related to low yields. 

 

Table 5.3. Perceived major production constraints for monsoon rice production. 
Factor Number of responses (n=99) 
Labour 36 
Finance 34 
Machinery 18 
Climate 18 
Agronomy (seed, crop 
protection, cattle) 

14 

 

5.3.7 Intention to continue monsoon rice farming 

Almost all of the farmers (96%) intended to continue monsoon rice farming into the future for 

a range of different reasons. About half of them (46%) decided to continue producing 

monsoon rice following traditions they grew up with, specifically mentioning “parents 

inheritance”, “will do up to die”, and “born and brought up with farming”. Another 21% of 

the farmers were planning to continue from their interest in farming, making comments like: 

“value and love soil and farm”. Others lack skills or qualifications to undertake other 

occupations, so “no other skills rather than farming” was reported by 16% of farmers. About 

10% of the farmers explained their rationale for continuing monsoon rice farming as being 

related to food security, stating “farming can feed the family”. Very few farmers (4%) 

indicated they will continue monsoon rice production for business purposes. 

 

Four farmers reported that they did not intend to continue farming for quite different reasons. 

These included plans to go overseas for work to generate income, being too old, therefore 

planning to lease the land out to another farmer, planning to convert the farm to an orchard 

and having no capital to continue farming. 
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5.3.8 Improving nutrient management and crop productivity 

When farmers were asked to provide suggestions for improving current nutrient management 

and crop productivity, every farmer was willing to answer and many provided more than one 

answer. In terms of improving their nutrient management, about two-thirds (68%) of the 

interviewed farmers mentioned fertilisers. Of those, 32% planned to use organic fertilisers, 

24% planned to use inorganic fertilisers and 12% planned to use both. Thirteen percent of 

farmers desired to level the land, ploughing well and turning the soil upside down because the 

sub soil was considered good for rice. However, those activities required heavy machinery 

which famers could not afford to access. Other agronomic factors for increasing crop 

production were proper irrigation, crop rotation, and the use of composite farming (livestock 

or duck-rice-fish system). Reliable roads to access the farm anytime, was also needed. There 

was also a perceived need for technical information (e.g. soil tests, fertiliser calculations), 

training and support. 

 

In terms of improving crop productivity, 21% of the interviewed farmers commented about 

tillage and the importance of “careful land preparation and the desire to have machinery to 

make preparation quicker”. Plans to use a combination of both organic and inorganic inputs 

were mentioned by 17% of the farmers. About 6% of the farmers specifically indicated plans 

to use quality seeds and new varieties and to ensure that seedlings were transplanted evenly 

and quickly. Fourteen percent of farmers referred to the need for modern technology, proper 

irrigation, general agronomic practices, the use of pesticides, expanded farmed area, crop 

rotations and increased labour force for improving crop productivity. 

 

Farmers were asked to list the sources of information and materials and where they can access 

them. With this question, farmers found it difficult to separate nutrient management from crop 

productivity. Therefore, they were asked to list information and materials for both together. 

About one-third (30%) of the interviewed farmers reported that they had received farming 

information and expertise from government. Farmers further expected to receive new 

technology from the government and they stated that “technology support is better than 

finance”. However, other farmers complained that extension staff have only a knowledge of 

theory and they do not know about the farmers’ farms, therefore farmers preferred 

information about technologies and practices from experienced neighbouring farmers. 

Otherwise, they anticipated they would get information from the agrochemical companies. In 

addition, farmers also mentioned the importance of market information which was directly 

linked to their profit or loss in monsoon rice production. 
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Most of the farmers reported that inputs such as fertiliser, manure, machinery and irrigation 

were managed by themselves. Generally, the government provided loans and small amount of 

fertiliser which were inadequate for the farmers’ needs. Farmers mentioned that “government 

should give sufficient loans to farmers”. 

 

5.3.9 General constraints for rice-based farming in the region 

General constraints for rice-based farming systems identified the number of responses by the 

interviewed farmers were mostly related to finance (61), labour (16) and agronomic problems 

(8) (Table 5.4). Issues of less importance were government policy (6), lack of modern 

technology (6), lack of machinery (5), lack of cattle (5) and marketing issues (3). About 20% 

of the interviewed farmers did not mention any constraints for their rice-based farming 

systems, a similar cohort to those who did not report any major constraints for monsoon rice 

production in particular. Interestingly, climate was not mentioned as a general constraint by 

anyone, even though 18 interviewed farmers said that it was a production constraint for 

monsoon rice production system (Table 5.3). Perhaps, amount of rainfall received, drought 

and flood mostly effect the monsoon rice production rather than other subsequent crops. 

 

Table 5.4. Perceived general constraints for rice-based farming systems. 
Factor Number of responses (n=99) 
Finance 61 
Labour 16 
Agronomy (organic fertiliser, water, seed) 8 
Policy 6 
Lack of technology 6 
Lack of machinery 5 
Lack of cattle 5 
Market (e.g. variability, lack of information) 3 

 

5.4 Discussions 

5.4.1 Perceptions about soil fertility 

Several factors can increase the likelihood of farmers being knowledgeable about soil quality 

indicators, including demographic factors (e.g. experience, education), bio-physical issues 

(e.g. farm location, topography) and socio-economic variables (e.g. access to information, 

land tenure) (Tesfahunegn et al. 2013). It was clear from this survey of monsoon rice farmers 

of Taikkyi Township that the farmers had a strong understanding of the meaning of soil 

fertility and the influence of soil fertility management on crop productivity. Farmers assessed 
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their soil fertility according to the three major soil characteristics, chemical, physical and 

biological, though the biological aspects were less well understood (Hedlund et al. 2004). 

Most of the farmers identified soil fertility by soil type and soil texture, and knew that “the 

top soil has [the] fertility” (participant farmer). Only a small number of interviewed farmers 

described soil colour when they explained their perceptions of soil fertility for this study. 

However, this was contradicted by other comments suggesting that changes in soil colour 

were an indicator of improved soil fertility, and broader findings that small-holder farmers are 

aware of the value of colour in assessing soil productivity (Desbiez et al. 2004, Karltun et al. 

2013). In a study of farmers' perceptions of soil quality indicators in the USA, an accuracy of 

more than 75% was recorded for the majority of soil indicators evaluated (Liebig & Doran 

1999). The recommendation from that US study, that “agriculturalists should seek out 

farmers' knowledge of soil characteristics as a first iteration to point-scale evaluation of soil 

quality”, remains pertinent for Myanmar farmers 25 years later. 

 

The interviewed farmers evaluated the current soil fertility status on their farms and 

differentiated the more productive plots from the less productive plots as reported by 

Wijnhoud et al. (2003) in neighbouring Thailand, and by Zingore et al. (2007a) in Zimbabwe. 

Both the interviewed Taikkyi Township farmers and farmers from Northeast Thailand 

(Wijnhoud et al. 2003) observed that farms near villages were more fertile due to the 

wastewater inflow from the households, while farmers from Zimbabwe (Zingore et al. 2007a) 

observed that farms near households were more fertile due to the large application of nutrients 

compared with more distant farms. 

 

5.4.2 The value of fertilisers 

The value of fertilisers was very well recognised, with 95% of farmers considering inorganic 

fertilisers to be important for rice productivity. Many noted that the nutrients supplied by 

mineral fertilisers were essential for higher yields. However, some farmers noted that the 

nutrient benefits were only short-term, or that excessive fertilisation can lead to soil acidity or 

secondary pest and disease issues (Schiller et al. 2001). Tesfaye et al. (2011) demonstrated 

that farmers from Ethiopia accepted that long term use of inorganic fertilisers may not benefit 

broader soil fertility. 

 

Organic fertilisers, whether commercial or farm-produced, were also perceived to be a critical 

part of nutrient management (De Costa & Sangakkara 2006, Zingore et al. 2007a). Farmers 
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mention both the benefit of soil fertility development, as well as the benefits for plant growth 

(Hedlund et al. 2004). The soil chemical and physical effects were recognised more than the 

soil biological effects. Farmers were aware that organic fertilisers had limited nutritional 

benefit to plants, and they could incur considerable labour costs for handling and application 

(Dobermann & Fairhurst 2000, Haefele et al. 2004, Mekuria et al. 2013). Many interviewed 

farmers recognised the benefits of using both inorganic and organic fertilisers, reporting that 

organic fertilisers improve both soil fertility and plant growth while inorganic fertilisers 

increased only crop production. An attitude expressed by farmers was to “feed the soil, not the 

plant”, an approach echoed in other farmer case studies in the Greater Mekong region 

(Hedlund et al. 2004). 

 

Perceptions about the use of plant residues for nutrient management were less clear among the 

farmer respondents. While there was awareness of soil benefits from conserving or applying 

plant residues (Whitbread et al. 2003), there was also a lack of technical knowledge (for 

example, which materials and pre-processing was suitable) and labour was a further constraint 

(Bijay-Singh et al. 2008). Cover crops and other plant residues were considered by some to be 

an inconvenience for the farming system (Ali 1999). In addition to returning crop residues to 

the soil, most of the surveyed farmers retained some crop residues for animal fodder, although 

Linquist et al. (2007) found that the application of plant residues to soil was an effective way 

to improve crop productivity for resource-poor rainfed lowland rice farmers. 

 

In the case of legumes, the value of legume rotations for building or maintaining soil fertility 

was mentioned by only 10% of the farmers, even though about 70% of the interviewed 

farmers grew legumes as a pre-monsoon crop (Chapter 2) and the use of legume as a rotation 

crop significantly improved productivity and profitability for monsoon rice (Chapter 3), and 

also confirmed in Myanmar by Thein (2004). In other questions in the survey, however, 

farmers linked legume rotations, especially mung bean, with improved soil fertility and rice 

yield (Herridge et al. 2008a). 

 

The interviewed farmers relied on own their calculations to determine mineral and organic 

fertiliser rates for their crops, with very little reliance on government or commercial 

information sources for nutrient management planning. No farmers in the current study used 

soil tests, although many were aware of the use and benefits of soil testing (Pasuquin et al. 

2014). Respondents were aware of recommendations by government and commercial 

organisations about application of fertiliser, but those were considered to be unaffordable, and 
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“a waste of money” compared with the possible economic return (Chapter 3). Risk avoidance 

is a universal situation common in developing countries. In north-east Thailand, rainfed 

lowland rice producing farmers are already modifying current fertiliser recommendations 

based on their experience (Wijnhoud et al. 2003, Haefele & Konboon 2009). 

 

5.4.3 Effectiveness of farming practices 

The survey results showed that farmers’ crop management is well adapted to their 

environment and the context of agriculture in Myanmar (Egashira & Than 2006, Win 2006, 

Naing et al. 2008). Farming practices which farmers considered valuable for improving 

productivity included specific activities such as preparatory tillage, appropriate seedling 

density, supply of adequate water, and systems-level strategies such as effective input use, 

timely crop protection and integrated animal husbandry (Fageria et al. 2003, Fukai & Ouk 

2012). The value of fertilisers for yield gains was strongly noted by farmers at the field scale 

and the whole farm scale, while equally strongly noting the difficulties in acquiring and using 

fertilisers efficiently and cost-effectively (Haefele & Konboon 2009). Less half of the farmers 

thought their farming practices had a positive effect on crop productivity, giving a sense of a 

real or imagined (or both) lack of ability to grow monsoon rice. 

 

Almost all the farmers expressed a clear intention to continue growing monsoon rice in the 

future, mostly for tradition, but also for preferred lifestyle, food security for the household, or 

a lack of other vocational opportunities. Only four farmers were motivated by business 

purposes to continue rice farming. Various reasons were offered for ceasing rice farming 

including retirement, working overseas, lack of money and planting an orchard. Food security 

was also a concern for the rice lowland farmers in Laos (Newby et al. 2013) and more broadly 

across the Mekong region (Fukai & Ouk 2012). A review of rice-farming households in 

mainland South-East Asia stated that the future was not one of agricultural decline but of farm 

and livelihood diversification, with household diversification occurring on- and off-farm 

(Cramb 2014). 

 

5.4.4 Socio-economic constraints for increasing monsoon rice production 

It is noteworthy that 20% of the interviewed farmers said that they did not perceive any 

constraints for monsoon rice production. Allowing for a degree of response bias, it is 

reassuring that a proportion of the farmers are satisfied with their agricultural performance. 
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For many of the farmers however, there are very serious issues limiting their agricultural 

productivity and profitability. This is not just the case in Taikkyi. The constraints for 

increasing rice production are similar throughout Myanmar (MSU & CESD/MDRI 2013, 

LIFT 2014, World Bank 2014b) and the Greater Mekong region (Fukai & Basnayake 2001, 

Robins 2014) and in many cases, the problems are global (Pretty et al. 2010, UNCTAD 

2013). 

 

Farmers perceived various constraints for rice production, of which financial concerns (61%) 

and labour shortages (16%) were the most important, followed by agronomic problems (8%). 

The low ranking of agronomic constraints which is the focus of so much agricultural research 

and development effort (Beintema et al. 2012), again shows that farmers have a sense of 

confidence about managing on-farm issues. Their largest concerns lie outside the fields and 

paddies, in areas that are beyond their direct control and which foreign and domestic aid 

interventions often have difficulty addressing, such as access to finance, infrastructure 

building and policy adaptation (MSU & CESD/MDRI 2013). 

 

Low prices for produce, and increasing prices for key inputs such as fuel, were listed by 

farmers as constraints that created a lack of capital for investment in technologies to increase 

production (e.g. fertilisers, machinery). Although low prices were not mentioned as a major 

constraint by Myanmar farmers in the LIFT survey (2012), the associated poor socio-

economic conditions for farmers were observed. Similar problems were reported by Newby et 

al. (2013), who describe farmers in Laos selling rice immediately after harvesting to pay off 

debt, so they received low rice prices. Farmers in this study explained that the price for paddy 

rice also depends on government policy (Kurosaki 2005). As a result, some farmers sought to 

diversify their income (Kyi & Doppler 2011, World Bank 2014b) by applying more effort to 

their orchard than their farmed fields. Besides poor cash flow, low ceiling on affordable credit 

and the lack of government grants or loans mean that farmers have little scope for adopting 

modern technology and intensifying their farming system in order to increase yields and 

therefore income. 

 

Farmers consistently indicated the significance of labour shortages throughout the survey 

process. The lack of labour occurred in the most demanding periods such as transplanting and 

harvesting, potentially resulting in lower rice yields and greater harvest losses. Farmers 

reported that labour scarcities were because young people worked in nearby industrial zones, 

and/or migrated to urban centres such as nearby Yangon or abroad to Thailand, Malaysia and 
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Singapore (LIFT 2014). Newby et al. (2013) found that reduced farm labour availability led 

to increased farm wages in Lao PDR. Labour shortages in many rural areas in south-east Asia 

are a serious constraint for rice production (Haefele & Konboon 2009, Manivong et al. 2014, 

Bell et al. 2015) and for the diversification of rice-based cropping systems (Fukai & Mitchell 

2014). 

 

An additional set of contextual constraints mentioned by farmers is related to information and 

farmer capacity (Cho & Boland 2003). In general, the farmers reported a major lack of 

technical information, little or no training activities, ineffective extension services, and few 

relevant policy settings to support local farm production. Farmers preferred sourcing 

information about technologies and practices from experienced neighbouring farmers, not 

extension staff. Otherwise, they anticipated sourcing information from the agrochemical 

companies. The positive correlation between extension visits and farm efficiency scores in 

Myanmar (San et al. 2013) provides some evidence that extension can sometimes be 

effective. Relevant policy support could be provided in the form of water management 

schedules, industry development initiatives, communication training for extension staff or 

infrastructure building programs (Cho & Boland 2003, World Bank 2014a). There is an 

opportunity for non-government agencies and private businesses to quickly take on roles in 

information generation and supply, farmer training, and industry coordination (e.g. supporting 

grower groups) (Cho & Boland 2003, MSU & CESD/MDRI 2013, Kramol et al. 2015). 

 

5.4.5 Bio-physical constraints for increasing monsoon rice production 

Agronomic and infrastructure issues reported by farmers were somewhat typical of the 

literature for rainfed lowland rice farmers in the Greater Mekong region (Fukai & Ouk 2012). 

In addition to fertilisers, water and climate, several minor issues were raised such as low 

quality seeds, lack of locally adapted varieties and an inability to control pests and diseases, as 

reported by other research in Myanmar (Thein et al. 2003, Naing et al. 2008). 

 

According to Naing et al. (2008), the most important on-farm constraints for rice production 

in Myanmar are low rates of inorganic and organic fertiliser (including manure) use. But, we 

found no single factor be the most important constraint for rice production (Chapter 2, 3 and 

4). From this study, a suggested solution to counteract declining soil fertility and rice yields is 

the use of a combination of organic and inorganic fertilisers in order to improve and maintain 

soil fertility and increase rice yields. However without prior knowledge of soil fertility, some 
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fertiliser may be wasted on soil where it is not needed, and some responses to fertiliser might 

be limited by deficiencies that are not being treated, together leading to low returns on 

investment. Nevertheless, farmers used little mineral fertiliser due to financial constraints, 

limited access to fertilisers, and low capacity to use the mineral fertiliser efficiently (Zeigler 

& Puckridge 1995). 

 

Water is another key limitation for the intensification and diversification of rice-based 

farming systems (Wijnhoud et al. 2003, Fukai & Mitchell 2014). Farmers in the current 

survey noted that significant yield losses can occur due to early season drought, flooding 

during the season and unpredictable rainfall in the post-harvest period. Drought is one of the 

major constraints for rainfed lowland rice production in Asia (Zeigler & Puckridge 1995, 

Boling et al. 2004, Fukai & Ouk 2012). Within this context, climate is a continuing limiting 

factor for rainfed lowland rice farmers in the study area, although some new patterns may be 

emerging in response to climate change, such as increased temperatures and delayed onset of 

the monsoon rains, which may affect plant phenology and pest and disease levels (Naing et al. 

2008, MSU & CESD/MDRI 2013). 

 

Only a small number of the surveyed farmers owned machinery for farming operations 

(Chapter 2). Therefore, the lack of machinery was one of the major limitations for monsoon 

rice production as well as for general farming activities. This is particularly important given 

the labour shortages and high cost of labour. According to LIFT (2012) survey results, lack of 

mechanical power for tillage was the common constraint for crop production for 25% of 

farmers from the delta region of Myanmar. This was directly related to the farmers’ economic 

situation. Many farmers in this study were willing to use small machinery for better 

performance and increase crop productivity (Fukai & Mitchell 2014). 

 

Unreliable road conditions during the monsoon season are not only problematic between 

farms and villages, but also within farms (Enlightened Myanmar Research & World Bank 

2014). Access to individual fields can be very difficult. Many farmers complained this was 

also one of the constraints to application of manures and other organic residues in their farms, 

because they are bulkier than inorganic fertilisers. Hence, farmers claimed that the 

government should have programs for road improvement to help economic development. 

 



Chapter 5. Knowledge and perceptions about soil fertility management and production constraints 

 122

5.5 Conclusion 

Many of the farmers were capable of evaluating soil fertility and had a practical 

understanding of key soil chemical and physical characteristics such as pH, colour and 

texture. This was demonstrated through their ability to see changes in soil fertility and 

categorise the fields on their farm based on the soil productivity potential. Farmers were 

mostly aware of the value of different fertiliser types, especially the greater productivity 

capacity of mineral fertilisers and the greater soil-building characteristics of organic 

fertilisers. But increased adoption of high analysis inorganic fertilisers is limited due to 

financial constraints and a lack of training to maximise the return on investment for fertilisers. 

Technologies to improve nutrient use efficiency such as soil tests and computer-based nutrient 

management systems appear to be currently unsuitable in the study area. Legumes were 

widely used by farmers with a direct benefit of improving rice yields, but explicit recognition 

or perhaps acknowledgement of the nutritional benefits from legumes was not widespread. It 

is quite possible that the Taikkyi Township farmers grow legumes as a cash crop without 

appreciating their value in improving the N supply to following rice crops. The participating 

farmers were modest about their farming skills, but they expressed good knowledge of the 

main factors that contributed to their monsoon rice yields, including a range of specific 

farming practices and as well as various whole farm strategies for increasing the resilience 

and productivity of their farmland. 

 

Several socio-economic factors profoundly constrained production. Financial limitations, 

mostly related to low and volatile prices, and low ceiling on affordable credit that forces 

farmers onto high-interest rates loans from the commercial money-lenders, were the major 

concern for farmers, with implications for adapting or intensifying their farming enterprise. 

Labour shortages, especially at peak times like transplanting and harvesting, is an already a 

serious issue that is very likely to increase in places such as Taikkyi, with close proximity to 

alternative work opportunities in outer urban industrial areas or in Yangon itself. Farmers also 

reported the lack of useful agricultural information, insufficient extension services (raising 

questions about the potential of commercially-based extension providers), and the lack of 

policy and supporting mechanisms for promoting agricultural productivity and profitability. 

Bio-physical issues raised by farmers were largely related to crop agronomic factors, such as 

fertilisers, crop protection, water management and coping with climatic variations. With 

decreasing farm labour, there is greater pressure for farmers to mechanise where possible. 

However, the lack of machinery and other agricultural technology was also mentioned by 

farmers, not just due to financial constraints, but also due to the lack availability, training and 
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maintenance. Inadequate infrastructure such as roads remains an on-going challenge for 

farmers, traders and others in the supply chain. 

 

Most constraints for rice production are typical of developing countries in south-east Asia and 

elsewhere. However, no single factor does the most important constraint in this study. They 

all linked each other, for example, labour (becoming scarce), mechanisation (needed to 

replace labour, but is costly) and profitability of rice (profit is needed to fund mechanisation, 

and this is related to productivity and markets. Therefore, we could suggest if farmers might 

pool resources to buy and share equipment which could probably solve the labour issue in one 

way. Addressing all constraints will require a combination of approaches from community-

driven activities to national policies and programs over a long period of time, with multi-

stakeholder involvement including farmers, government, civil society and business. 
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Chapter 6. General conclusions 

 

My aim in this project was to determine the key factors affecting grain yields and profitability 

of rainfed (monsoon) lowland rice in a township area of the Ayeyarwady delta in the north of 

the Yangon Division, Myanmar. With the country now undergoing a number of social, 

political and economic transformations (Perry 2007, World Bank 2014a), there is a need to 

acquire a realistic understanding of the opportunities and threats faced by monsoon rice 

farmers. Their production of monsoon rice provides the family’s basic food supply as well as 

cash income. Higher domestic production of rice in conjunction with increased rice exports 

could also stimulate economic growth and poverty reduction at the national scale (World 

Bank 2014a). In addition to quantifying the bio-physical aspects of the monsoon rice 

production systems in the study area, especially the central issue of soil fertility management, 

this project also sought to document and analyse the perceptions of farmers about their 

farming and the socio-economic pressures they face. Such knowledge may help with the 

planning of agricultural and regional development programs by government, international aid 

donors, civil society and businesses (MSU & CESD/MDRI 2013). 

 

6.1 Productivity of rainfed lowland monsoon rice production in Taikkyi 

township 

From my 100-farmer/farm survey, I established that the average monsoon rice yield in the 

study area (village tracts of Auto, Hlaing, Joephyu, Kyiksagaing and Targwa in Taikkyi 

township) was 2.5 t/ha, with a range from 0.8 to 4.1 t/ha. This is fairly typical of yields in 

low-input rice production systems throughout the Greater Mekong region where yields of 2.2–

2.5 t/ha are widely reported, and yields as little as 1.0 t/ha also possible (Wade et al. 1999a, 

Wijnhoud et al. 2003, Haefele & Konboon 2009, Fukai & Ouk 2012, World Bank 2014a). 

 

The results from Chapter 2 (‘Household livelihoods’) indicated that about 95% of the farms 

were less than 10 ha in size, and about 20% were less than 2 ha. These farms are not 

especially small by Myanmar standard (Enlightened Myanmar Research & World Bank 

2014), and there was no relationship between the area farmed and the monsoon rice yields or 

gross margins, nor with the nutrient balances. This is in contrast with other data from 

Myanmar that indicated smaller rice farms to be more productive with greater overall 
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technical efficiency (San et al. 2013), but with lower returns from land and labour costs 

(Zorya 2014). Other work suggests that larger farm size tends to be correlated with increased 

adoption of new technologies (Mariano et al. 2012). Regardless of the different efficiencies of 

scale, the farm sizes are generally small, and this itself means that the returns from improved 

technology for crop production alone may only result in relatively small increases in 

household incomes and food security (Harris & Orr 2014). This limitation on intensification 

or diversification imposed by farm size will also apply to access to low-interest rate credit 

from government and markets, further constraining opportunities to improve household 

incomes. Nonetheless, for the individual farm family, sustained improvements in crop yields 

and profits will certainly have beneficial outcomes. 

 

A suite of demographic and household characteristics of the interviewed farmers and their 

households was not correlated with monsoon rice yields in almost all cases. Like Wijnhoud et 

al. (2003), the respondents and their farms were very variable, and common predictors of 

performance were not useful in predicting variations in monsoon rice yields. Most of the 

farmers were more than 50 years of age and there were relatively few young farmers. These 

statistics may highlight a future problem, which is a shortage of farmers. As stated above, 

Myanmar is undergoing substantial social changes, with many of the young people from the 

countryside moving away from their family homes and farms seeking education and work. 

 

I determined a positive relationship between education level of the farmers and monsoon rice 

productivity with higher yields produced by farmers with an education above high school 

level (Chang & Wen 2011). Although most participating rice farmers in Taikkyi had low 

levels of formal education, they were very experienced in their occupation of farming 

(average of 20 years across the five village tracts). Their farming expertise was confirmed in 

Chapter 5 (‘Farmers’ knowledge and perceptions’), when farmers demonstrated good 

knowledge of soil assessment (e.g. texture, colour, pH), short and long term benefits of 

different fertiliser types, and the efficient use of locally available nutrient sources such as 

legume rotations and manures and composts. Farmers were aware of the potentially greater 

productivity from applying mineral fertilisers and the potentially greater soil-building 

functions of organic fertilisers. The farmers also expressed good knowledge about specific 

farming practices and various whole farm strategies for increasing the resilience and 

productivity of their farmland. They were constrained however by their ability to purchase 

mineral fertilizers, largely because of lack of cash or cost of credit but also because of lack of 

availability. 
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The primary drivers of productivity identified in the Chapter 3 (‘Productivity and 

profitability’) were the use of legume rotations in the farming system, the application of 

locally available organic-based fertilisers such as manures and compost and, importantly, the 

quality of the soil on their farms. The low average yields at Joephyu (2.2 t/ha) were in part 

due to the large percentage (32%) of land that was sandy and very low in nutrients (compared 

to average of 8% for the other four village tracts).  

 

The correlation of rice yield and land planted to legumes indicated that, for every 10% 

increase in land sown to legumes there was a 90 kg/ha increase in yield. The finding that 

legume rotations had a positive influence on the monsoon rice production in this study is 

critical in the context of low use of external fertiliser inputs (Naing et al. 2008). In cases 

where farmers have a low capacity or willingness to use mineral N fertilisers, or where they 

are not available, reliance on legumes provides an income source as well as a boost to soil N. 

Legumes were widely used by farmers in my study (average of 80% for mung bean at Auto, 

Hlaing, Joephyu and Kyiksagaing), except at Targwa village tract (25%). Interestingly, 

Targwa was one of the two low-yielding village tracts with an average monsoon rice yield of 

just 2.0 t/ha (the other being Joephyu). Also interesting was the fact that the farmers were 

reluctant to explicitly acknowledge the soil fertility and rice-yield enhancing benefits of the 

legumes. It is possible they grow legumes as a cash crop without appreciating their value in 

improving soil N for the following rice crop, although it is just as likely that the cash value of 

the legumes just ranked higher in their minds. Compost and manures were also important 

inputs in this study and elsewhere (e.g. Mekuria et al. 2013), although their availability may 

decline in the future if the use of livestock declines (Giller et al. 2006) or there are alternative 

uses for crop residues (e.g. energy generation, input for high value crops) (Insam et al. 2015). 

Across the 100 farms, 45% of N inputs were from urea and 26% from legume residues. For P, 

74% was from manure and 10% from compost and for K the major sources were also manure 

(76%) and compost (18%).  

 

The application rates of mineral fertilisers were very low, especially for P and K. Farmers 

demonstrated some awareness of good fertilisation practices, for example through the use of 

split applications for urea. Risk factors such as climate variability, high fertiliser costs, 

concerns about fertiliser quality and fluctuating rice prices discourage farmers from increased 

use of mineral fertilisers in these rainfed lowland rice systems. In order to be effective, and 

thus manage farmers’ risk aversion, increases in fertiliser inputs will need be associated with 



Chapter 6. General conclusion 

 127

reliable access to irrigation water, the capacity to management pests, diseases and weeds, and 

the adoption of responsive rice cultivars with a reliable target market (Fukai & Ouk 2012). 

 

6.2 Profitability of rainfed lowland monsoon rice production in Taikkyi 

township 

The average gross margin for monsoon rice was USD242/ha. Most household income was 

from monsoon rice and other crops. Income from rice alone was not enough to support the 

family in many cases. Instead, income from off-farm activities appears to be increasingly 

important for sustaining household livelihoods. This is becoming a common scenario for 

farming families in the region and globally (Cramb 2014). A large majority of farmers in my 

study (85%) used at least half of their harvested rice for earning cash income rather than non-

market uses, indicating that very few farmers were completely disengaged from the market. 

Taikkyi township is also relatively close (~90 km) to the large city of Yangon, so 

opportunities for off-farm income are common, thus reducing the likelihood of households 

being highly subsistence-oriented. 

 

The profitability drivers were closely aligned with the productivity drivers. Again, very few 

demographic and household variables were correlated with profitability, with the exception of 

a positive correlation for education and gross margin (as it was for productivity). In terms of 

agronomic practices, fertiliser usage and favourable soil types improved profitability. The low 

rate of fertiliser use suggests that many farmers are risk averse (Chang & Wen 2011, MSU & 

CESD/MDRI 2013). Fertiliser costs were positively correlated with income, suggesting that 

the investment in fertiliser was beneficial, although increasing mineral fertiliser is potentially 

risky given the high proportional cost (80% of all fertiliser costs). 

 

Several important constraints pose serious limitations to increasing rice yield and income in 

the short to medium term. Credit and labour were the primary concerns for the farmers in 

Taikkyi. Most of the farmers used credit providers with higher interest rates due to the low 

ceiling on affordable government loans but more lenient lending practices, to get capital to 

purchase agricultural inputs, i.e. fertilisers. The relaxation of bank regulations and reform of 

the state-owned banking sector have been proposed to assist with the development of the 

Myanmar economy, including agriculture (OECD 2015), and local micro-finance may help in 

addressing the lack of affordable credit among farmers (Duflos et al. 2013). 
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Accessing labour at critical times, i.e. land preparation, transplanting and harvesting, was 

problematic as well as being expensive. This problem can only intensify in the future as the 

demand for labour in other industries and in other countries increases. Thus it is likely that, as 

a result of the increased competition for labour, available labour will become even more 

scarce and more expensive. In recent communications with local DoA staff, it was reported 

that most monsoon rice fields in Taikkyi are now being planted by broadcasting and only a 

small number of fields are transplanted due to the labour shortage. In 2010, almost all 

monsoon rice fields were transplanted. Mechanisation offers the most obvious solution to the 

labour problem but will be constrained by a lack of available capital and credit, and the 

training and maintenance needed for optimum use of the technologies. 

 

6.3 Sustainability of rainfed lowland monsoon rice production in Taikkyi 

township 

Chapter 4 (‘Soil fertility and nutrient balances’) investigated soil fertility status and partial 

nutrient budgets. The average organic + mineral inputs were 33 kg N/ha, 8 kg P/ha and 6 kg 

K/ha. Average nutrient (input – output) balances were -17 kg /ha for N, -1.2 kg/ha for P and -

29 kg/ha for K. The low inputs of fertilisers, particularly mineral fertilisers, meant that 

farmers were producing relatively low yields and not maintaining soil fertility. Potassium was 

especially concerning due to the large removal of that element in rice straw (Tan et al. 2005). 

Despite a significant reliance on organic fertilisers, soil carbon levels were low, presumably 

limiting soil water holding capacity, nutrient cycling, structural development and biological 

activity (Haefele et al. 2011). 

 

Given the important contribution of legumes to the N balance, the continued use of legumes 

should be encouraged and an expansion of area targeted. This may be possible given the high 

prevalence of legume crops already in Myanmar, and their current contributions to the 

national economy (MOAI 2013). The retention of crop residues will also be important for 

boosting soil carbon and preventing losses of macronutrients, particularly K, in the soil 

(Linquist et al. 2007). 

 

Investment in agricultural research and extension in Myanmar is about 20% of the levels of its 

regional counterparts and the extension systems are generally under-resourced and therefore 

under-performing. Farmers reported that effective training and extension services was 

extremely limited and that this was a major limitation for improving crop productivity in 
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Myanmar (San et al. 2013). There is an awareness of the need to provide workshops, training 

programs and other support mechanisms, and that the low level of research and extension may 

improve gradually as the country adopts more open policies (World Bank 2014a). Other 

contextual issues such as inadequate infrastructure (e.g. roads, electricity, supply-chain 

facilities) and poorly targeted policy measures are further challenges for farmers, traders and 

others in the supply chain. 

 

Tackling the limitations described above will require a combination of approaches from 

‘bottom-up’ community-driven activities to ‘top-down’ national policies and programs over a 

long period of time, with input and involvement from farmers, government, civil society and 

business. However there are strong incentives in place and that is the ever-increasing demand 

for food at the local, national and international scales. If supply does not meet demand, there 

is likelihood that prices will rise and benefits will flow on to the farmers. The risks are that 

skills and commitments to farming that currently exist in communities like the Taikkyi 

township of Yangon Division, Myanmar, will be lost as a younger generation leave the home 

villages to seek work elsewhere. 
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Appendix 1. Farmer household survey 
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Appendix 2. Farm soil survey 
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Appendix 3. Farmer household survey – Information sheet (English) 
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Appendix 4. Farmer household survey – Information sheet (Burmese) 
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Appendix 5. Farmer household survey – Consent form (English) 
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Appendix 6. Farmer household survey – Consent form (Burmese) 

 

 




