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Abstract 

There is growing evidence of multiple links between human health and the practice and 

products of agriculture through a complex set of factors including environmental change, 

exposure to a variety of natural and human-origin stressors, social position, changing 

behavior, occupation, and access to services. However, in policy initiatives, agriculture 

and health are often pursued in an unconnected manner. In India’s context, this has 

immense significance as nearly seventy percent of the total population is involved 

directly or indirectly with agriculture. The need to be aware of the health implications is 

therefore especially important.   

The objective of the study was to examine the changing agricultural scenario in 

India and the consequences for health. A survey was carried out in 2009, in six villages in 

Karnataka state, India.  The data were collected by in-depth interviews, focus groups 

discussion, participant observation, laboratory tests (mercury and pesticide residues in 

rice, and nitrate and fluoride in groundwater) and secondary materials.   

India has undergone a rapid transformation in agriculture and has achieved 

remarkable success in food production. The nation has followed the strategies of the 

popular ‘Green Revolution’, including promotion of high yielding seeds, monoculture, 

extensive use of agrochemicals and large scale management of land and water resources.  

Modern agriculture has improved the socioeconomic and nutritional status of the 

population. However, the traditional coarse cereals and pulses have been replaced by 

mill-polished less nutritious rice. Extensive mechanization of agriculture activities has 

meant reduced physical stress, but fatal accidents and injuries have increased 
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considerably. Along with already existing malnutrition, overweight/obesity has emerged 

as a new public health challenge. The changing landscape with much standing water and 

extensive use of nitrogen and phosphate fertilizer has augmented the mosquito 

population, resulting in greater incidence of vector borne diseases such as malaria and 

Japanese encephalitis. Agrochemicals, fertilizers and pesticides, are applied in excess and 

often in an irrational manner, without following any norms. Drinking water is 

contaminated with nitrate and fluoride. Rice samples contain pesticide residues and 

mercury.   
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Chapter 1 

Agriculture, environment and human health 

Modern agriculture and the consequences for the environment 

Famines have been an integral part of human civilizations. Natural disaster, pestilence, 

and war were the main causes of famines and these took innumerable lives, decimated 

entire societies and changed the direction of normative history in many parts of the 

world. Until the mid-nineteenth century perhaps, mass migration was the only viable 

solution to escape the onslaught of starvation death. However, the industrial revolution 

and the tremendous growth of science and technology have enabled humans to prevent or 

at least to reduce the occurrence of famines.  

At the beginning of twentieth century, the scarcity of food on account of poor 

production was the key concern with regard to widespread famine and starvation. In 

response, in the last half century there have been enormous and purposeful strides to 

promote a scientific and technocentric approach, in order to ensure a quantum leap in 

food production. In fact, the success has been so remarkable that several countries could 

transform themselves from net food importers to net food exporters of food despite high 

population growth (Feldman et al., 2008). Perennial experiences of devastating famines 

became merely historical facts in several parts of the world. This remarkable success, 

popularly known as the ‘Green Revolution’, originated in the western countries, but the 

impact was so far reaching that many countries in Asia and Latin America also opted for 

similar strategies: the promotion of high yielding seeds, monoculture, extensive use of 

agrochemicals and management of land and water resources on a mammoth scale. 

Accompanying the changes in agricultural practice, there has been the simultaneous 
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evolution of new forms of institutional set-ups, creating a more conducive environment to 

encourage this paradigm shift in food production (vanLoon et al., 2005; Lipton, 2005).     

The environmental consequences of the green revolution, however, have emerged 

as a major challenge if humans are to sustain food production. It is estimated that around 

1.9 billion hectares (ha) of land and 2.6 billion people are affected by land degradation 

often related to the new technology. Currently around 70% of freshwater withdrawal 

globally (2700 km3 annually) is attributed to irrigated agriculture, and in some cases 

improper water use has resulted in salinity of the soil. It is estimated that agriculture 

contributes about 60% of global emissions of methane
 
and about 50% of nitrous oxide 

emissions – both major greenhouse gases. The traditional multifunctionality of 

agriculture has been ignored by modern agriculture and the ecosystem functions that 

mitigate the environmental impacts are not given adequate attention. It is ironic that there 

are growing numbers of instances where loss of soil fertility, soil erosion, land 

abandonment, deforestation and breakdown in agroecological functions have resulted in 

declining crop yields (IAASTD, 2008). Due to lack of adaptation capacity, it is the poor 

and marginalized section of the community, who bear the brunt of the environmental 

damages. Modern agriculture has also caused massive loss of farm employment, erosion 

of small farm based agriculture and the rise of large or corporate farms; as a consequence, 

these have resulted in migration of erstwhile farm workers. Many of them have crossed 

national borders illegally to find work in foreign countries where they face all kinds of 

exploitation. It is argued that any initiative of mass poverty reduction, particularly in an 

agrarian society, initially depends upon widespread growth of farm productivity and at 

the same time employment generation. In other words, science promoting modern 
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agriculture needs to see productive employment creation in agriculture as a benefit, not a 

cost (Lipton, 2005). 

It is observed that modern agriculture practices are not only environmentally 

unsustainable, but also, as the high input costs demonstrate, may well be a factor in 

explaining low incomes among farmers, despite high yield. According to Wilson, the 

high costs are not limited to human and natural capital costs; rather there are additional 

burdens associated with (usually unaccounted) externalities - the expenses due to 

pollution, adverse health impacts, and disabilities. The enormous environmental costs 

derive from high fertilizer cost due to declining soil fertility, high usage of pesticides due 

to proliferation of pests (triggered by decimation of natural predators of pests and also 

their growing resistance to pesticides) and cost of protective measures (for example, from 

exposure to pesticides during application). In addition to that, agricultural pollution 

affects other production processes such as fisheries and forestry which in the past have 

often been integrated with agriculture (Wilson, 2000).  

 

Agricultural scenario in India 

In 1961, Norman Borlaug, the father of green revolution, visited India to pitch the use of 

hybrid seeds as the only way to solve the nation’s alarming food crisis (Jain, 2009). Since 

then, India has undergone a rapid transformation in the field of agriculture. A recent 

analysis of India’s agriculture shows that from 1962/65 up till 2003/06 the gross cropped 

areas (44 major crops) have increased by approximately 15% (Table 1). During the same 

period the total irrigated cropped area increased by 2.15 times (Table 2). There has 

simultaneously been a tremendous increase in agriculture inputs, for example, the number 



 4

of tractors and pump sets and fertilizer consumption have increased by 56, 22 and 34 

times respectively (Table 2) (Bhalla & Singh, 2009).  

 
Table 1: Growth of gross cropped (44 crops) areas (000 hectares) since the beginning of 
the green revolution 

Year 1962-65 1970-73 1980-83 1990-93 2003-06 
Areas  151 315 156 622 165 698 168 817 173 718 

 
Table 2: Growth of use of various agriculture inputs since the beginning of green 
revolution 

Inputs 1962 1982 1992 2003
Tractors (per 10 000ha) 3 37 86 167
Pump sets (per 10 000ha) 5 49 79 111
Fertilizer consumption (kg/ha) 4 44 91 136
Percent of cropped area irrigated 19 29 36 41

ha – hectare 
  

The green revolution did increase the yield and total production of some crops 

such as rice, wheat, plantation crops, massively augmenting India’s gross food grains 

output.  However, Bhalla & Singh’s study shows that other important traditional crops 

such as coarse cereals and protein-rich crops like pulses and groundnuts have shown 

consistently negative growth in area cultivated and only limited growth in production 

(Table 3) (Bhalla & Singh, 2009).   

 
Table 3: Compound annual growth rates of area, production and yield of major crops 
(1962-2006) 

 

 
Nevertheless, the green revolution could brought millions of people out of 

poverty; the proportion of persons below poverty line in rural India has declined from 

Crops Area Production Yield 
Rice 0.42 2.16 1.74
Wheat 1.66 4.63 2.92
Coarse cereals -0.97 0.85 1.84
Pulses -0.13 0.5 0.63
Groundnuts -0.26 0.82 1.09
Plantation crops 2.17 3.68 1.48
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53.1% in 1977/78 to 27.1% in 1999/00 (Mohan, 2006). But like elsewhere in the world, 

India has also started witnessing several negative consequence of the new agriculture. 

Overexploitation of water, soil salinity (due to excessive and improper use of water), soil 

erosion and declining nutrients, resistance to pesticides and dependency of farmers on all 

forms of material support needed for modern agricultural practice are the major pressing 

issues faced by India’s agriculture sector. To retain productivity, farmers are compelled 

to boost fertilizer and pesticide inputs in subsequent cropping cycles, thus increasing the 

potential for secondary problems to occur. Furthermore, as a majority of the farming 

community lives at the subsistence level, the incremental costs of inputs sometimes place 

them in a position of irrecoverable indebtedness. Thus, the poor farmers face two major 

challenges, adverse environmental health outcomes and economic burdens, which 

together act in a vicious cycle (Hawkes & Ruel, 2006). The exclusive emphasis on some 

specific cereals such as rice and wheat has resulted in price distortions and changing 

consumption patterns. In the southern region of India, there has been a substantial decline 

in the share of area under the traditional highly nutritious coarse cereals. Table 4 shows 

that there has also been a widening gap between per capita expenditure of cereal and 

non-cereal items (Mohan, 2006).  

 
Table 4: Share of cereal and non-cereal items in total monthly per capita expenditure on 
food: rural and urban areas (%) 

  1969-70 1987-88 1993-94 1999-00 
Cereals 56 41 38.3 37.3

Rural Non-cereals 44 59 61.7 62.7
Cereals 36.6 26.5 25.7 25.7

Urban Non-cereals 63.4 73.5 74.3 74.3
  Furthermore, there has been an important institutional change with regard to 

agricultural credit distribution. The role of cooperatives has been significantly reduced 
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and the commercial banks (and also regional rural banks) have emerged as the big players 

supplying funds, often less equitably (Table 5) (Mohan, 2006).  

 
Table 5: Share of institutions in direct agricultural credit (disbursements) (%) 

 Co-operatives Regional Rural Banks Commercial Banks 
1970s 79.5 2.3 21.0
1980s 55.9 5.3 38.9
1990s 51.5 6.2 42.3
1999-00 39.5 6.9 53.5
2000-01 39.2 8.0 52.6
2001-02 37.9 7.8 54.1
2002-03 34.0 8.7 57.2
2003-04 30.9 8.7 60.3

 
This shift has a profound influence on economic security and decision-making for 

farmers, particularly the small landholders. High interest rates and the stringent lending 

policies of the commercial banks have made farmers more vulnerable and all too often 

this has led to extreme consequences such as suicide due to crop failure and the mountain 

of debt. In 2007, 16 632 farmers committed suicide in India with nearly two-thirds 

occurring in five states: Maharashtra, Andhra Pradesh, Karnataka, Madhya Pradesh and 

Chhattisgarh (Jain, 2009). 

In spite of the negative consequences, M.S. Swaminathan, an internationally 

renowned agricultural scientist, who spearheaded India’s green revolution, has justified 

the promotion of productivity driven agriculture. According to Swaminathan, had not the 

productivity levels been substantially increased through the pathways of the green 

revolution, India would now need 80 million hectares more land to produce food grains at 

the present level. However, Swaminathan has admitted that the pitfalls of modern 

agriculture due to not adhering to the best scientific principles have caused damage to the 

very ecological foundations essential for sustainable advances in productivity. He speaks 
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of a ‘doubly green revolution’ that takes into account that a) productivity enhancement 

should concurrently address the conservation and improvement of soil, water, 

biodiversity, atmosphere, renewable energy sources, b) the need to address not only the 

‘famine of food’ but also the ‘famine of livelihood’ (Swaminathan, 2006; Kesavan & 

Swaminathan, 2008). 

Despite the tall claims of high production and economic improvement due to the 

green revolution, its role to ensure accessibility to nutritionally adequate diets for the less 

well off population is debatable. In fact, Mahal & Karan point out that the standard 

measures of head-count poverty in developing countries, such as the expenditure required 

to purchase a minimal basket of food items, or the purchase of food items required to 

achieve a minimal level of nutritional energy defined in calories, requires further 

attention. These yardsticks are commonly used to measure the success of the green 

revolution. Increases in income are often associated with more diverse diets, richer in fat 

content, meat, processed food and sweeteners, with potentially adverse health 

consequences (Mahal & Karan, 2008). On the other hand, price disparity and non-

availability frequently leads to inadequacies in nutritional food intake among the poor 

(Mohan, 2006). Mahal & Karan have used linear programming methods, indicators of 

nutritional adequacy (calories, proteins, fat, iron, calcium, beta-carotene, riboflavin, 

thiamin, niacin, vitamin C and zinc) from the Indian Council of Medical Research 

(ICMR) and household expenditure survey data from the National Sample Survey 

Organization (NSSO) to construct a more realistic set of poverty lines for India. The 

poverty ratios have been calculated for 1993–1994 and 1999–2000 on the basis of 

nutritional adequacy poverty lines and compared to official estimates of poverty based on 
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energy requirements. The study result shows that nutritional adequacy poverty lines are 

higher than official poverty lines, particularly in rural areas (Mahal & Karan, 2008). 

Although many initiatives have been taken to improve yield and production of 

crops, India’s net gain in agriculture is still lower than that of several other Asian 

countries, including China. Nin-Pratt et al. of the International Food Policy Research 

Institute (IFPRI) have recently made a comparative analysis of agricultural productivity 

growth of China and India. The study shows that although accelerated growth of 

agriculture of China began somewhat later than in India, it soon clearly outperformed 

India. In terms of inputs, productivity, yield, international trade; China has shown 

impressive growth (GDP growth rate has been almost twice that of India’s). The authors 

explain that more fundamental institutional and policy reforms in China greatly 

benefitted agricultural development. On top of this, transformation of the manufacturing 

sector in China further fuelled growth in agriculture. Currently less than 10% of China’s 

population remains below the poverty line (one dollar per day) compared with more than 

one-third of India’s population (Nin-Pratt et al., 2010). 

The most recent round of the National Family and Health Survey (NFHS, 

2005/06) in India has found an increase in wasting among children over the last 6 years, 

and high anemia rates among both adults and children. The prevalence of underweight in 

children in India (48%) is almost twice as high as the average prevalence for the sub-

Saharan African countries (25%). Environmental factors also affect the growth and 

development of children. The risks of food contamination, diarrheal diseases, and 

malnutrition are higher when a household does not have access to an improved water 

source (Arnold et al., 2009, pp.7, 26-29). On the other hand, malnutrition (particularly 
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micronutrient deficiency) in children enhances the vulnerability to diarrheal diseases 

(Walker & Black, 2010). Analysis of trends by the National Institute of Nutrition (NIN) 

suggest that intake of micronutrients, such as vitamin A, iron, calcium and riboflavin in 

India have either declined after the mid-1980s, or fluctuated around levels below those of 

recommended daily allowances (Krishnaswamy et al., 2000). In rural areas, half of young 

children are stunted, almost half are underweight, and one out of every five is wasted. 

Stunting is an integrative indicator of the long-term effects of malnutrition and it is not 

influenced by recent dietary intake or diarrheal disease (Arnold et al., 2009).  

The Food and Agriculture Organization (FAO) has defined food security as “a 

situation that exists when all people, at all times, have physical, social and economic 

access to sufficient, safe and nutritious food that meets their dietary needs and food 

preferences for an active and healthy life”. In its commentary on the definition, the FAO 

has emphasized the demand side of the issue and the problems of access to food by 

vulnerable people (FAO, 2002). Based on this definition, it can be assumed that the 

nation is far from achieving the goal of food security, a goal that was established in the 

early 1960s. 

 
Agriculture and health 

Although in policy initiatives, agriculture and health are often pursued in an unconnected 

manner, there is growing evidence of multiple links between human health and the 

practice and products of agriculture. Agricultural producers, systems and outputs are 

associated with human health through a complex set of factors including environmental 

change, exposure to a variety of natural and human-origin stressors, social position, 

changing behavior, occupation, and access to services (including health and social 
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security) (Hawkes & Ruel, 2006). Yet, health considerations almost always play an 

insignificant part in decisions made by the farmers in their agriculture activities. 

Likewise, the health sector hardly reaches out to the agriculture sector. Given that nearly 

70% of India’s people are involved directly or indirectly with agriculture, the need to be 

aware of health implications is especially important.  

In its millennium ecosystem assessment, the World Health Organization (WHO) 

has discussed the linkages between agricultural practice and human health in the larger 

context of ecosystems. Farmers and their families are constantly and directly exposed to 

health risks posed by agricultural activities and some of these risks have influences 

beyond the rural communities (WHO, 2005). There is a two-way relation between 

agriculture and health: agriculture affecting health and health affecting agriculture. 

Healthy life and productive agriculture are both essential to fight against poverty 

(Hawkes & Ruel, 2006). Health is an important component of sustainable development 

and therefore, failure to adequately foresee, plan and manage the negative environmental 

and health impacts arising from agriculture undermines the sustainability of many 

initiatives and can worsen poverty (McCartney et al., 2007). 

 
Environment and food production 

Adequate production of foods is one of the main determinants of its availability, 

accessibility, affordability and ultimately consumption. Low production of foods in the 

context of modern agriculture is related to a mismatch or inappropriate use of essential 

inputs (seeds, agrochemicals, and irrigation), and unforeseen incidences, such as natural 

disasters (drought, flood).  
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Maintaining environmental health is essential to sustain agricultural productivity 

and thus becomes essential in supporting good human health. The College of Agriculture 

and Life Sciences, Cornell University has analyzed the extent of soil damage due to 

modern agriculture in US. Indeed, soil erosion from farmland has threatened the 

productivity of agricultural fields. It shows that on an average, ten times as much soil 

erodes from agricultural fields as is replaced by natural soil formation processes1. 

Erosion of soil significantly affects crop productivity because it removes the surface 

soils, containing most of the organic matter, plant nutrients, and fine soil particles, which 

help to retain water and nutrients available to plants. On the other hand, the subsoil tends 

to be less fertile, less absorbent, and less able to retain pesticides, fertilizers, and other 

plant nutrients. The negative effects of soil erosion on farm productivity have been 

countered by increasing use of fertilizers. Unfortunately, often farmers find that the short-

term costs of implementing erosion control measures far exceed the immediate economic 

benefit to the farmer. Therefore such shortsighted cost-benefit analyses fail to take into 

account the long-term losses of fertility and water-holding capacity of the soil and thus 

the crop productivity. Up to a certain point, increased fertilization and irrigation will 

compensate for the lower soil fertility, but in due course of time the land productivity will 

reach the point of no return (Trautmann et al., 2008). Use of pesticides often gives rise to 

resistance in harmful pests and contributes to elimination of beneficial insects and other 

animals which are natural predators (Bale et al., 2008; Thomas, 1999). Yet for most 

farmers, due to fear of losing crops, it is unthinkable to cultivate with out accessing 

                                                 
1 It is estimated that it takes approximately 300 years for 1 inch of agricultural topsoil to form and therefore 
soil that is lost is essentially irreplaceable. The extent of erosion depends on soil type, slope of the field, 
drainage patterns, and crop management practices. The effects of the erosion vary; areas with deep organic 
loams are better able to sustain erosion without loss of productivity than are areas where top soils are 
shallower (Trautmann et al., 2008).   
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pesticides. As a consequence, most modern agriculture has made farmers completely 

dependent on all forms of external inputs to maintain productivity and their livelihood.  

Poor soil quality also has direct connections with the nutritional inadequacy 

experienced by many poor people. Improper use of macronutrient fertilizers (nitrogen, 

phosphorus, and potassium), decreased use of organic manure and crop residues, 

intensive cultivation and irrigation can also induce micronutrient deficiencies in soil. 

Most frequently in intensive cropping, zinc deficiency appears first, followed by 

deficiencies of iron, manganese, boron, and molybdenum. The severity of these 

deficiencies depends on other soil conditions and crop grown (Nayyar et al., 2001). Eight 

hundred million people in the world have diets insufficient in energy, while a much 

greater number, some two billion, suffer from micronutrient deficiencies (Hawkes & 

Ruel, 2006). Study shows that micronutrient deficiencies in soils are causes of 

deficiencies in food and fodder crops, and eventually in animal nutrition, and in human 

nutrition as well. This positive relationship between low soil micronutrient contents and 

the occurrence of human deficiencies is commonly related to iodine, selenium, iron and 

zinc (Nubé & Voortman, 2006). Some specific crops can also be responsible for direct 

adverse effects on human health. For example cassava is one of the most important 

tropical food crops and it has high content of cyanogenic glycosides. High intake of 

cyanide from the consumption of insufficiently processed cassava is responsible for a 

number of neurological diseases and iodine deficiency disorder (IDD) (Okafor, 2004). 

IDD can result in goiter and serious mental retardation of the children (WHO, 2003).  

Agro-biodiversity provides essential services needed by healthy environments and 

sustainable livelihoods and could be more effectively utilized to improve diets and 
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nutrition. A biodiverse system is comprised of the cultivated plants and animals that form 

agriculture, the wild foods and other products collected by rural populations within 

traditional subsistence systems, other wild vegetation and organisms such as pollinators 

and soil biota. In fact, before the emergence of modern industrial agriculture, most farms 

were rich in biodiversity. In the present age, agro-biodiverse systems tend to be found 

more in low-income than in high-income countries, among indigenous communities and 

small-scale farmers. Some forms of modern agriculture are gradually eroding the 

centuries old practices that promote biodiversity (Hawkes & Ruel, 2006). 

It is estimated that between 1980 and 2002, climatic warming and rainfall changes 

have cost about 2.5% of the total annual global food production of wheat, maize and 

barley. Australia, a major and reliable grain exporter, has in some years turned into a net 

grain importing country due to severe drought in 2001/02 and 2007/08 (Butler 2009). In 

2004, the International Rice Research Institute (IRRI) reported that rice grain yield had 

declined by 10% for each 1°C increase in growing-season minimum temperature in the 

dry season (IRRI, 2004, Peng et al., 2004). The study conducted by IFPRI shows that due 

to climate change, the yields of both rain-fed and irrigated crops will be affected, in most 

cases adversely. Among all the major crops, irrigated rice, wheat and maize will be the 

worst affected. It is ironic that these crops are widely promoted in the green revolution. 

On average, yields of major crops in developed countries are predicted to be less affected 

than those in developing countries. Within the regions of the developing nations, South 

Asia will be particularly hard hit by climate change and almost all crops are predicted to 

have a significant yield decline (Nelson et al., 2009). 
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Nutrition 

The fetal origins hypothesis of various non-communicable diseases in adulthood 

theorizes that some disorders originate through developmental plasticity, whereby 

malnutrition during fetal life, infancy and early childhood permanently change the 

structure and function of the body, a phenomenon known as programming. It is now a 

proven fact that the state of early growth is a significant risk factor for the development 

of a group of chronic diseases that include coronary heart disease, stroke, type-2-diabetes 

and hypertension. Barker et al. (2009) reviewed the paths of pre- and postnatal growth of 

a Helsinki birth cohort comprised of more than thirteen thousand men and women born in 

the city during 1934-1944. They found that there was a connection between children who 

later develop coronary heart disease, stroke and type-2-diabetes and slow growth during 

fetal life and infancy followed by a rapid increase in body mass. Barker et al. argue that 

people who were small at birth seem vulnerable to later disease due to reduced functional 

capacity of some vital organs, such as the kidneys and pancreas, responsible for 

maintaining blood pressure and insulin responses respectively (Barker et al., 2009). Some 

previous studies conducted elsewhere also observed hypertension and type-2-diabetes 

that were associated with low birth weight and excess weight in adult life (Hales et al. 

1991; Lithell et al., 1996; Eriksson et al., 2000). The fetal origins hypothesis is very 

relevant in the context of agriculture and health in India and other low income countries, 

because it might explain a recently identified rising trend in coronary heart disease, 

stroke, type-2-diabetes and hypertension. In these countries, many of the population were 

born at times of chronic food scarcity and starvation but in later years had access to more 

abundant food supplies. In some ways this observation appears to be paradoxical, as the 
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dominant theory supports the idea that higher incidence of these diseases is always found 

among persons who have been affluent throughout their lives. Changing epidemiology of 

such non-communicable diseases is an emerging public health challenge. 

In the analyses of 90 303 women in 26 Indian states provided by the Indian 

National Family Health Survey (1998/99), under-nutrition and over-nutrition in epidemic 

proportions were found in impoverished and affluent households respectively 

(Subramanian & Smith, 2006). According to Anoop Mishra, a noted diabetes specialist 

and nutritionist, the Indian population is subject to several dietary imbalances: low intake 

of monounsaturated fats (MUFA), n-3 Polyunsaturated Fatty Acid (PUFA) and fiber, and 

high intake of fats, saturated fats, carbohydrates and transfatty acids. Being inexpensive 

and easily available, hydrogenated oil (Vanaspati) with high trans fat content is widely 

consumed by middle and low socio-economic households in rural India. It is suggested 

that the various nutrient imbalances are associated with insulin resistance, and high blood 

lipids (precursor for cardiovascular diseases) found in the Indian population. High-

carbohydrate meal consumption was reported to cause postprandial elevated blood 

glucose and blood triglyceride. Inadequate maternal nutrition in pregnancy, low birth 

weight and childhood catch-up obesity may be important factors in developing 

hypertension, cardiovascular diseases and diabetes (experience from the Helsinki birth 

cohort study). India’s rural people are known for their traditional frugal diets, although 

there is an increasing prevalence of cardiovascular diseases due to changes in diets and 

lifestyle. The Indian vegetarian diet is low in n-3 PUFA but this can be compensated by 

addition of several low-cost vegetarian dietary items containing n-3 PUFA, such as, green 

leafy vegetables, rajmah (kidney beans), bajra (Sorghum vulgare) and channa (black 
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gram). These food items are widely available at low cost in India (Misra et al., 2009; 

Misra & Khurana, 2008). Unfortunately, the production of these coarse cereals and pulses 

has been diminishing since the beginning of the green revolution (Table 3). Mishra et al’s 

observation is based on a review of recently published research articles, which are 

essentially focussed on urban India. As the vast majority of the people live in rural areas, 

there is a dire need to explore the changing scenarios in rural India as well. 

 
Food borne diseases and food safety 
 
Millions of adults and children suffer from food-borne diseases, particularly in 

developing countries. Globalization has made the possibility of preventing food-borne 

diseases more challenging due to possible multiple outbreaks sourced in a single location. 

Food-borne illnesses originate from a wide variety of microbiological and chemical 

hazards, and they are essentially introduced during agricultural production.  

The intake of chemically- and biologically-contaminated food can pose serious 

health risks. Zoonotic pathogens are transmitted from animals (poultry and cattle) to 

humans. All serious zoonotic diseases are linked to animal production practices; some 

common examples are salmonella, campylobacter, E. coli, and bovine spongiform 

encephalopathy (BSE), severe acute respiratory syndrome (SARS) virus, and highly 

pathogenic avian influenza. In intensified production situations, as the animals are kept in 

very crowded conditions, they are at risk of various forms of infections, which can be 

passed to humans as well. Zoonotic pathogens can also enter the human food chain when 

crops are treated with inadequately composted animal manure. Vegetables and other 

horticultural crops can be a potential source of foodborne pathogens if inadequately 

treated or inappropriately applied wastewater is used in irrigation (Hawkes & Ruel, 
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2006). Chemical contamination issues are also important. A study conducted in three 

Indian states shows extensive use of hazardous pesticides in cabbage and cauliflower 

cultivation (Weinberger et al., 2009). Likewise, large quantities of hazardous pesticides 

are used in vegetable cultivation in China. It was found that older, less educated 

unspecialized vegetable farmers who received less training and had a poor understanding 

of vegetable safety were more likely to use highly toxic pesticides (Zhou & Jin, 2009). 

Despite the ill effects of pesticides known to farmers, it is very difficult to restrain them 

from sometimes excessive application due to perceived economic benefits of ensuring the 

survival of the crop. An ecological economics analysis in Brazil shows that for maize, the 

costs of acute pesticide poisoning could represent just 64% of the benefits of using them. 

If some risk factors are eliminated by using basic safety procedures, the cost may reach 

8% of the benefits of the use of these products. The authors predicted that if the current 

trend of pesticide use continues, in ten years the costs of acute poisoning could reach 

around 85% of the benefit of using insecticides and herbicides for maize (Soares & Porto, 

2009). 

The presence of mercury in rice is an emerging issue in several rice cultivation 

areas worldwide. Interestingly, the sources of mercury are usually not related to mercury- 

containing agrochemicals; rather the very nature of rice’s uptake mechanism is believed 

to be responsible for contamination. Typically the landscape of a rice field is 

characterized by prolonged retention of water resembling a wetland. In a study, 

conducted by the United States Geological Survey in wetlands and rice fields of 

California to explore mercury uptake by mosquito fish (Gambusia affinis) it was found 

that bioaccumulation of methylmercury (MeHg, the more toxic form of the element due 
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to its high absorption and bioaccumulation capacity) in fish was greater in rice fields than 

in permanent wetlands. The authors concluded that rice fields flooded to a shallow depth 

were potential hotspots for MeHg bioaccumulation (Ackerman & Eagles-Smith, 2010). 

Guizhou province of China is known for mercury mining and coal based thermal power 

plants, which are potential sources for mercury in the atmosphere and water. Zhang et al. 

found high MeHg in the rice samples and in human hair collected from the province. 

According to them, paddy soil is a suitable environment for sulfur-reducing bacteria and 

this in turn is favorable for the Hg-methylation processes. Also the phytochelatins, small 

peptides that detoxify heavy metals in rice plants, can sequester inorganic mercury, but 

not MeHg. These observations suggest that MeHg produced in the paddy soil might be 

easily be taken up in the rice plant (Zhang et al., 2010a; 2010b).  

 
Ecological change - vector borne diseases 
 
Risks of vector-borne diseases2 (VBDs) are enhanced by some types of environmental 

modification or changes due to agricultural practices. Water logging in paddy cultivation 

often causes a spurt in mosquito breeding leading to high transmission or epidemics of 

VBDs. McKenzie & Townsend reviewed research articles on the response of VBDs to 

major changes in global nutrient cycles. The authors argue that widespread use of 

nitrogen fertilizer and cultivation of leguminous crops along with burning of fossil fuels 

have dramatically changed the global N-cycle in the last few decades. Pathogens that 

cause malaria and schistosomiasis involve intermediate hosts (mosquitoes and snails) 

                                                 
2 Vectors are the transmitters of parasitic or infectious disease-causing organisms that carry the pathogens 
(such as Malaria, Dengue, Filaria, Lyme’s disease, Japanese Encephalitis) from one host to another. These 
are considered to be invertebrate animals, usually arthropods (like mosquitoes), however, vertebrates can 
also act as vectors, including foxes, raccoons, and skunks, which can all transmit the rabies virus to humans 
via a bite. Arthropods may affect human health either directly by bites, stings, or infestation of tissues. 
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whose growth and reproduction depend on primary producers in their respective 

environments. Nitrogen additions cause greater plant growth and/or changes in plant 

species composition, which in turn augment the vector population, with cascading 

consequences for the risk of disease. Also, increased N loading to the environment is 

often associated with that of phosphorus (P) and a combined increase in both N and P is 

highly likely to drive eutrophication and associated significant ecological change, adding 

to the growth of vector populations (McKenzie & Townsend, 2007).  

Several villages in the Thar Desert of north-west India encountered an 

unprecedented malaria epidemic that claimed numerous lives during late 1992. Sickness 

and death were more severe than expected as the villagers were not previously exposed to 

malaria. According to Tyagi & Yadav of the Desert Medicine Research Centre, extensive 

changes in physiography of the desert on account of construction of three canal systems 

for irrigation were mainly responsible for the malaria epidemic. The extensive irrigation 

through a network of tributaries measuring over 10,000 km in length has transformed a 

large part of the desert into productive agricultural farmland and brought major changes 

in landscape, soil composition, moisture and micro-climates – collectively producing 

favorable ground for mosquito breeding (Tyagi & Yadav, 1996). The Indian Council of 

Medical Research (ICMR) has reported a very high malaria incidence in the command 

area of the Upper Krishna Project (southern India), one of the largest river valley 

irrigation projects recently built in the country (Subbarao et al., 1999).  

Japanese Encephalitis (JE) is a mosquito-borne, viral disease that affects mostly 

children. The JE virus primarily infects birds (cattle egrets and pond herons) and swine 

and they are the natural reservoirs of the virus. A study of JE outbreaks in Gorakhpur 



 20

district of Uttar Pradesh showed higher sero-conversion rates in children residing in 

villages with herons when compared with villages without herons. This leads to a 

connection with paddy cultivation because rice fields support waterfowl, especially egrets 

and herons that are the potential reservoirs of JE virus. Construction of irrigation canals 

and dams in order to enhance rice cultivation in the district were conducive for the 

breeding and survival of the JE vectors especially Culex tritaeniorhynchus 

(Arunachalam, 2008). As a separate but related issue, those rural people who rear pigs 

virtually co-exist with these animals and thus, chances of infecting humans increase 

because pigs are the amplifier vertebrate hosts of the JE virus (Arunachalam, 2008). 

Frogs are natural predators of mosquitoes and when a frog is removed from the 

ecosystem, the delicate ecological balance is disrupted. This is, in fact happening in India 

as the animal is easy victim to toxic agrochemicals and in this sense can be seen as an 

indicator species to measure the health of the environment. Due to rapid expansion of 

modern agriculture the population of frogs has declined rapidly with a corresponding rise 

in the mosquito population (Agoramoorthy, 2009; Mann et al., 2009). 

 

Occupational hazards 

In 2000, the International Labour Organization (ILO) estimated that half of the world 

labour force was employed in agriculture and around 1.3 billion workers are engaged in 

agricultural production worldwide. The ILO has opined that agriculture is one of the most 

hazardous sectors (along with mining and construction) in both the developing and 

industrialized countries. Hazards associated with agriculture are, however, more 

pronounced in the less developed countries as there is much greater labour participation 
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in the agriculture sector (around 60%, against 10% in developed nations). According to 

ILO estimates for 1997, around half of the total fatal workplace accidents worldwide 

were among agricultural workers. The increasing use of machinery and of pesticides and 

other agrochemicals has aggravated the risks. Agricultural machinery such as tractors and 

harvesters are responsible for the highest frequency of injury including fatality. Exposure 

to various toxic pesticides and other agrochemicals constitute another important 

occupational hazard which may result in poisoning and, in certain cases, work-related 

cancer and reproductive impairments and in some cases death (ILO, 2000). A recent 

study in south India provides such evidence of acute adverse health outcomes associated 

with intensive use of pesticides: dermatological manifestations, respiratory distress, 

burning of eyes (Chitra et al., 2006). Rising global temperature has posed a new threat to 

agricultural laborers who spend considerable time in outdoor activities (Kjellstrom, 2009; 

Patz et al., 2005). There is a need for a detailed study on the extent of illness of farmers 

due to prolonged exposure to sun and heat stress. 

A household based study in Nepal by Atreya shows that the probability of falling 

sick from pesticide-related symptoms is significantly higher among individuals who 

apply pesticides compared to individuals in the same household who are not directly 

exposed. The predicted annual cost of illness due to pesticide application was nearly eight 

times higher compared to the population who were not directly exposed. Moreover, 

individuals frequently treat symptoms due to pesticide related illness as unrelated to 

pesticide exposure and accept these as part of their agricultural life, and thus, 

underestimate their effects. The author suggests that due to the limited use of pesticides 

and the low level of the health costs (as compared to other countries in the region) the 
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farmers underestimate the effects of pesticides on humans and hence do not pay adequate 

attention to safety precaution. The author cited a similar study conducted in the southern 

Indian state of Kerala, where the calculated annual health care costs of pesticide use are 

around US$ 36 per applicator, much higher than in Nepal (Atreya, 2008). 

Due to improper recording and notification, official data on the incidence of 

occupational accidents and diseases of agricultural laborers are grossly underestimated. 

Also compared to workers in other sectors, agricultural workers are under-protected. In 

several countries agriculture is not recognized as an industry and hence agriculture 

laborers are deprived of various welfare schemes available only for mainstream industry 

workers. The most vulnerable groups are those who work in family owned subsistence 

agriculture, daily labourers in plantations, seasonal and migrant workers, women workers 

and child labourers. These groups are more exposed to occupational hazards than other 

agricultural workers, and are among the lowest paid. In addition, migrant workers may 

encounter language and cultural difficulties at work and in their daily lives, and find it 

difficult to communicate properly with health officials.  

Perhaps the most challenging task of addressing the occupational health 

perspectives of agriculture is its very complex and heterogeneous nature. Agriculture is 

not limited to agronomy; rather it is also associated with other activities, such as crop 

processing and packaging, irrigation, pest management, grain storage, animal husbandry, 

construction and domestic tasks. Most agricultural laborers in a country like India live in 

abject poverty and in extremely primitive conditions and are often dispersed in remote 

areas where communication is poor (ILO, 2000). The existing limited and rudimentary 

rural health services in developing countries, such as in India, make the situation even 
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worse for the agricultural laborers. India’s abysmal performance in the health sector due 

to weak fundamentals like under nutrition, poor sanitation and hygiene, gender 

inequality, low public expenditure, unregulated privatization of health care make 

agriculture workers especially vulnerable to adverse outcomes (Ashtekar, 2008). In India, 

with public health spending accounting for less than 20% of total health spending and 

with personal out of pocket expenditure amounting to 98% of all private health 

expenditure, health and healthcare access is not only poor but also highly inequitable 

(Duggal, 2009). In summary, the existing health approaches have shown themselves to be 

largely ineffective in reaching marginalized members of rural communities (ILO, 2000).  

According to the WHO, pesticide ingestion is the most common method of 

suicide worldwide (Bertolote et al., 2006). An estimated 300 000 people commit suicide 

by ingestion of pesticides each year (Gunnel et al., 2003). Annual accidental deaths and 

suicides record of 2006 reported 22 000 pesticide suicides in India, accounting for 20% 

of all suicides (National Crime Records Bureau, 2006). A study from Warangal in the 

southern Indian state of Andhra Pradesh revealed the case fatality rate for pesticide 

ingestion was 22.6%. In other words more than one in five persons who attempt to 

commit suicide by consuming pesticides die (Rao et al., 2005). In the last decade, an 

unprecedented increase in farmer’s suicide was witnessed, particularly in the states of 

Andhra Pradesh and Maharashtra in India due to crop failure and the debt trap that 

follows. A study conducted in the Khammam district of Andhra Pradesh showed that 

availability of pesticide in the household is the major determinant of its ingestion to 

commit suicide. Authors compared the two sets of villages, ones where pesticide is used, 

and others that follow non-pesticide management (NPM). They found that there was a 
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sharp decline in suicides in the NPM villages; however, a detailed psychosocial analysis 

is needed before reaching a final conclusion (Vijayakumar & Babu, 2009).  

A review study conducted by Peiris-John et al. found adverse effects of low levels 

of organophosphates (OPs, widely used in India for insect control) on human 

reproduction. There was evidence of impaired fertility due to a reduction in semen quality 

and possibly lower testosterone levels in exposed males. Impairment of fetal growth and 

development due to prenatal exposure to OPs was found. The authors also suggested that 

OP exposure has a greater impact on fetal and infant growth and development, than on 

adults when exposed to the same concentrations of pesticides (Peiris-John et al., 2008). 

Similarly, a Canadian study implicated exposure to herbicides cyanazine and dicamba 

during the pre-conception period with a significant increase in birth defects among male 

offspring.  However, the authors conclude that, due to the large number of parameters 

estimated and the low number of pregnancies exposed in these two categories, this 

association might be due to chance and suggested further investigation with larger 

samples (Weselaka et al., 2008). 

 

 

 

 

 

 



 25

Agriculture practice and adverse health outcome in India: current state of 

knowledge and the research context 

There has yet been no comprehensive picture of the impacts of agriculture on human 

health in the Indian context. The existing information is essentially scattered and 

disconnected. There is therefore a need to know the complex dynamics of current 

agriculture practices, the extent of adverse health outcomes, and coping mechanism that 

are available and used by the rural community.  

There are several reasons for the need for research on impacts of agriculture 

practices on human health in India’s context. First of all, India is an agriculture based 

society and nearly seventy percent of the total population is directly or indirectly engaged 

in agricultural activities. Considering the enormous population and widespread poverty 

and deprivation, the number of people vulnerable to agriculture practice and 

consequences is likely to be alarmingly high. The diverse nature of culture, topography, 

climatic conditions and varied agricultural practices is unique to India and provides a 

major challenge in examining the relations between agriculture and health. The review of 

literature has shown that there are intricate causal relations between agricultural practices 

and diseases, not limited to biomedical dimensions, rather adhering to more 

interdisciplinary perspectives.  

For this reason, any study of this subject and recommendations emanating from it 

must take into account many aspects of the biogeophysical and human settings. This 

thesis attempts to do this by examining the dynamics between agriculture and human 

health in three agroecological areas of southern India.   
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Chapter 2 

Conceptualization of problem, study area and population,  

methods of investigation 

Objectives 

The proposed research was carried out with the following objectives: 

• To compare the environmental health impacts of older and newer paradigms of 

agricultural practices in six closely related villages in the southern Indian state of 

Karnataka 

• To examine the differences with regard to adaptation strategies needed to tackle 

the uncertainty and negative environmental health consequences 

• To recommend policy initiatives that support best practices in agriculture and 

related environmental management, required to promote sustainable good health 

and wellbeing  

Concept of environmental health 

It is important to note that instead of ‘health’, the concept of ‘environmental health’ was 

incorporated due to its greater relevance in this interdisciplinary study. The WHO defines 

health as a state of complete physical, mental and social well-being and not merely the 

absence of disease or infirmity. The definition was adopted and signed in 1946 by the 

representatives of 61 member states and entered into force on 7 April 1948 (WHO, 2003). 

Since then, this has been the most widely accepted definition and is used extensively 

around the world. However, this definition is seemingly very general and often loses its 

relevance due to emergence of more complex health scenarios, which could not have 
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been anticipated earlier. For one thing, the definition of health by the WHO is unable to 

address the complex trajectories of adverse health outcomes due to various agriculture 

practices. Therefore the study has adopted WHO’s definition (1993) of environmental 

health, which states ‘environmental health’ comprises of those aspects of human health, 

including quality of life, that are determined by physical, chemical, biological, social, 

and psychosocial factors in the environment (WHO, 1993). Precisely, it encompasses the 

assessment, correction, control and prevention of those environmental factors that can 

potentially affect health and creates health-supportive environments (Prüss-Üstün & 

Corvalán, 2006). In fact, J.M. Last, a renowned epidemiologist from University of 

Ottawa, has defined environment in the context of health in the Dictionary of 

Epidemiology, All that which is external to the human host. Can be divided into physical, 

biological, social, cultural, etc., any or all of which can influence health status of 

populations (Last, 1995). Smith et al. (1999) gave a more inclusive concept of 

environment (Figure 1) (Smith et al., 1999). Prüss-Üstün & Corvalán state that according 

to this definition, the environment would include anything that is not genetic, although it 

could be argued that even genes are influenced by the environment in the short or long-

term (Prüss-Üstün & Corvalán, 2006).  
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Figure 1: Inclusive definition of environment (adapted from Smith et al., 1999) 
 
 

Agriculture and health: conceptual framework 

Figure 2 diagrammatically shows the conceptual framework of complex relations among 

various inputs of agriculture practice, impacts on environment and eventually on human 

health. The framework is based on the literature review carried out for the research. 
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Figure 2: Conceptual framework of agriculture and health links 
 
 

Hypothesis 

Modern agriculture has improved food security and the nutritional status in rural India; 

however, changing ecology, use of agrochemicals and change of behavior have posed 

new challenges to the population’s health. Existing inequality and inequity have 

prevented people from lower socioeconomic status from gaining benefits of the new 

agriculture paradigm and thus disparity has further widened and eventually made them 

more vulnerable to diseases. Output-driven modern agriculture is unsustainable in terms 

of productivity, ecology, food quality and human health. 
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Selection of study areas and background (demographic and agriculture) 

Selection of state – Karnataka  

Karnataka has a long history of construction and use of large river-based irrigation 

systems, integrated with high-input agricultural practices. At the same time, there is 

coexistence of more traditional systems (low input in dry land or organic) in the adjoining 

areas providing an opportunity for the researcher to undertake a comparative study. 

Queen’s University has been associated with a number of agriculture-related 

collaborative research projects in Karnataka over the past thirteen years. 

 

Brief background of the Tungabhadra River project (TBP) 

The Tungabhadra dam was built across the Tungabhadra River in the state of Karnataka 

in 1953. The name Tungabhadra was derived from twin rivers – Tunga and Bhadra, 

which originate in western range and join at Kudali village of Shimoga district and 

further downstream joins the Krishna River in the state of Andhra Pradesh (Figure 3). 

The TBP project was conceived to provide water for irrigation in the drought prone areas 

of Koppal, Bellary and Raichur districts of Karnataka and Anantpur, Cuddapah and 

Kurnool districts of Andhra Pradesh. A total of five canals irrigate approximately 355 

000 hectares of land in 597 villages of Karnataka. The irrigation has changed the 

cropping pattern of the command area putting more emphasis on water intensive rice and 

sugarcane which have replaced the traditional dry land crops like sorghum, maize, and 

millet. The irrigated area is now well known for high input agriculture due to extensive 

use of agrochemicals, apart from TBP water. Over the decades, heavy use of water for 
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irrigation has changed the local ecosystem. Total 96 215 hectares (around 27% of total 

irrigated areas) of lands are affected by water logging, salinity and alkalinity (CADA).  

 
Figure 3: Tungabhadra river basin and location of dam (TB Dam) and showing two of the 
irrigation canals 
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Selection of district – Koppal  

Koppal district was selected due to the coexistence of modern and traditional agriculture 

practices. The southern part of the district belongs to the head end of the command area 

of the TBP and the rest is rain fed (dryland) area (Figure 4, next page). Other reasons for 

selection of this district were the presence of the Agriculture Research Station (ARS) and 

Agriculture Science Centre (locally known as Krishi Vigyan Kendra or KVK) on the same 

campus at Gangavathi taluka/county (noted later). The ARS, which has been operational 

for decades under the aegis of the University of Agricultural Sciences, Dharwad 

(Karnataka) has extensive research experience pertaining to agricultural development and 

management. The KVK was set up in 2004 and serves as a link between scientists and the 

farming community. KVK operates under the University of Agricultural Sciences, 

Raichur (Karnataka). Thus Koppal has a unique advantage over the other districts in 

northern Karnataka. The demographic profile of Koppal district is discussed below 

(Table 6).  

Table 6: Demography of Koppal district (1981, 1991, 2001) 

 1981 census 1991 census 2001 census 
Male 376 236 483 701 626 026
Female 371 986 474 377 591 470
Total 748 222 958 078 1 193 496
Rural 626 709 810 007 995 224
Urban 121 513 148 071 198 272
Scheduled Castes 148 775 185 209
Scheduled Tribes 160 474 59 828 138 588
Density 
(persons/km2) 113 166

Sex ratio (females per 
thousand males) 981 945

Growth rate (%) 29 25
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Figure 4: Koppal district showing four talukas, location of the Tungabhadra dam and the 
left bank irrigation canal. Due to the downward slope, the lands located in southeast of 
the canal are irrigated and areas to the northwest still follow dry land agriculture. 
[Dam -             Canal -             ] 
 
 

Selection of taluka (county) – Gangavathi 

Out of four talukas (taluka is similar to a county in Canada) of Koppal district, 

Gangavathi was selected for the study. Gangavathi is the only taluka which encompasses 

three agroecological areas: 1) high input agriculture at the head end of the command area, 



 34

2) dry land area in northwest of the canal, c) the irrigated ‘ancient’ area3 known for some 

measure of organic farming. The presence of three major agriculture practice areas in a 

single county helped to eliminate the effects of some confounders, such as diversities 

with regard to local culture, topography, soil characteristics, and climate which are also 

determinants of agriculture practice and environmental health. The total area of 

Gangavathi is 132 131 hectares and it has a total of 149 villages. The taluka is situated in 

the north–eastern dry zone of the state (15°15′ N latitude; 76°31′ E longitude and altitude 

of 419 meter above mean sea level) and the soil of the site is clay in texture (clay, silt and 

sand 47.6, 29.5 and 22.9%, respectively) having an infiltration rate of 14 mm h−1 (Rajak 

et al., 2006). Moreover, the presence of the ARS and KVK in Gangavathi was logistically 

advantageous. Table 7 shows crops cultivated in Gangavathi in various seasons. Paddy 

(rice) is the major crop and it is essentially cultivated in the irrigated areas. Due to the 

intensive agriculture practice and economic development, the proportion of poverty is 

relatively low in Gangavathi (Appendix A1). The proportion of canal irrigation is higher 

in Gangavathi taluka compared to the rest of Koppal district while more groundwater 

(bore well) irrigation is found in the other three talukas (Appendix A2). Farmers of the 

rain fed areas of Gangavathi also use groundwater for irrigation. In terms of land use 

pattern, Gangavathi has higher forest coverage than in the other talukas (Appendix A3).  

 
 
 
 

                                                 
3 The ancient area is a historical region known for the famous Vijayanagara Kingdom. The kingdom was 
established in 1336 AD and this area was the centre of major economic and political activities of the 
kingdom. One of the kings built a canal system for irrigation and security reasons. The water from the 
Tungabhadra river still flows and continues to be used for irrigation. Past research, conducted by UAS 
(Dharwad) and Queen’s University have documented practices of traditional/organic and low input 
agriculture in the ancient areas. 
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Table 7: Crops and cropping systems in Gangavathi (2004-05) 

Kharif (Monsoon) Rabi (Winter) Summer 
Area (ha) Area (ha) Area (ha) Name of crops 

Irrigated Rain fed Irrigated Rain fed Irrigated Rain fed 
Cereals             
Rice 33260 9196 
Hybrid Sorghum 1559 2417 1498 331
Maize 10 341 155 78 
Foxtail millet 2306  
Pearl Millet 210 15138  
Wheat 191  
Rabi Sorghum 6233  
Pulses    
Pigeon pea  1263  
Cow pea 706 154 
Green gram  1715 63 
Horse gram  483 100  
Bengal gram 1037 171 
White bean 789  
Oilseeds     
Groundnut 174 364 1948 
Linseed 1979  
Niger 396  
Sunflower 6036 3429 120 6825 1826 
Safflower 799  
Cotton 317 2576 1450  
Castor 537  
Sugarcane 17 40 

 
Table 8 shows the productivity of the crops grown in Gangavathi in 2003-04. 

Productivity of rice is higher than other crops and hence farmers are encouraged to grow 

it extensively. Also the productivity of each crop is higher in the irrigated area.  
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Table 8: Productivity (quintal* per hectare) of crops in Gangavathi (2003-04) 

Kharif (Autumn) Rabi (Spring) Summer 
Productivity (q/ha) Productivity (q/ha) Productivity (q/ha) Names of Crops 
Irrigated Rain fed Irrigated Rain fed Irrigated Rain fed 

Cereals            
Rice 71.81 54.37 
Hybrid Sorghum 7.63 3.07 0.29 0.18  
Maize 36.00 30.00 
Foxtail millet 17.59  
Pearl Millet 7.44 4.33  
Wheat 0.21 0.04  
Pulses   
Pigeon pea 1.60  
Cowpea 0.62 5.98 
Green gram  0.46 6.5 
Horse gram  1.47 0.19  
Bengal gram 6.72  
White bean 0.50  
Oilseeds     
Groundnut 21.8 17.38 15.68 
Linseed 3.17 5.50 
Niger 0.50  
Sunflower 9.48 1.90 0.92 0.53 15.9 
Safflower 0.10  
Cotton 4.08 0.34 0.03  
Castor 0.95  
Sugarcane 80 

* one quintal is 100 kg 
 
 

Selection of villages and population 

The list of villages in Gangavathi was provided by the taluka agriculture department and 

six villages were randomly selected from the three agroecological areas (Figure 5). The 

villages were: Herur and Bapureddi camp from the head end of command areas, 

Venkatagiri and Gaddi from the dryland area, Anegundi and Tirumalapur from the 

ancient area. In each selected village, a list of households was obtained from the local 
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village authority. The list also included landholding status for each household. The 

landholding was defined by four different categories (based on the criterion followed by 

the Government of Karnataka) (Table 9).  

 
 
 
 
      
 Figure 5: Location of study villages in Gangavathi taluka 
 
 
 

   High input village of head end of the command area 
   Dry land village           Ancient area village 
Dam -             Canal -               Taluka boundary -  
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Table 9: Landholding category (in hectares), used for the study 

Landholding category Irrigated area Non-irrigated area 
Landless 0 0 
Small farmer <1 <2 
Medium farmer 1-2 2-4 
Large farmer >2 >4 

 
By referring to the list of households, 10 households were randomly selected from each 

landholding category. Therefore a total of 40 households were selected from each village 

making a total of 240 households from the 6 study villages.  

 

Primary data collection protocol 

Study period, local research support 

The duration of the field study was four months (May 2009 to August 2009), which 

included study design and field primary and secondary data collection. The research was 

conducted with collaborations from the University of Agricultural Sciences, Dharwad 

and the University of Agricultural Sciences, Raichur. Five field researchers were 

appointed for primary and secondary data collection. KVK-Gangavathi provided all 

logistical support including boarding and lodging for the main researcher and the field 

researchers. The field researchers helped to translate the recorded conversations, made in 

the local language (Kannada), to English and acted as interpreters in daily interactions 

with the villagers. However, the government officials from health, agriculture and other 

departments were fluent in English and the main researcher did not encounter any 

difficulty in communication. 
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Household survey along with broad research questions 

A structured schedule was developed and pretested before final approval. Prior to the data 

collection, the schedule was properly explained to the field researchers and they were 

given full field orientation. This approach helped to minimize problems with 

interpretation of the questions. The schedule was developed with the help of senior 

agriculture scientists of the agriculture universities (Appendix A4).  

The entire schedule was broadly divided into two sections: a) general identification, 

socioeconomic status, agriculture and environment, b) health and nutrition. The first 

section was completed by asking the senior adult male in the household, while health and 

nutrition were completed by asking the female household members as they are the 

primary care-givers in terms of family health. The schedule was a combination of single 

and multiple response questions and the average duration of each household survey was 

around 60 to 90 minutes. 

The broad research questions related to: household economy, cropping and 

agriculture practices including inputs, risks in agriculture and coping mechanisms, 

perception of best agriculture practices, impacts on ecology, household energy, nutrition, 

common diseases of men, women and children and coping mechanisms, water and 

sanitation, safety precautions on agrochemical management, vector borne diseases, 

occupational hazards, and animal health. 

As an integrative measure of nutritional status of the adult male and female 

respondents of the households, Body Mass Index4 (BMI) was used and thus, during the 

household surveys, height (m) and weight (kg) of both respondents were measured.  

 
                                                 
4 BMI = Weight (kg) / [Height (m)]2 
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Individual interviews of other persons involved with agriculture and health 

Government officials (health, agriculture, and teachers), private practicing physicians, 

pesticide traders, village heads (panchayat leader), preschool child care givers 

(Anganwadi) were also interviewed. As with the household interviews, these too were 

recorded with prior permission (based on an orally presented form approved by the 

General Research Ethics Board (GREB) of Queen’s University) from each interviewee. 

Broad questions on relevant issues were asked to all the interviewees and they were 

encouraged to give more descriptive responses so as to obtain more in-depth 

perspectives. The duration for these interviews ranged between 30 to 70 minutes. 

However, the interviews for the health and agriculture officials continued for longer 

duration due to narration of rich information. The interviews were carried out at all 

administrative levels, including in villages, in taluka and in district headquarters. 

Interviews of some key informants and academicians of the agricultural universities were 

carried out in New Delhi, Dharwad and Raichur.   

 

Focus group discussion with broad research questions 

In each village (except Tirumalapur) we held focus group discussions involving 

(separately) landless laborers, women from landless households and large farmers. We 

also arrange a focus group discussion with health officials in Koppal district headquarters 

and in Herur, with village council members (panchayat) and child development workers 

(anganwadi). The number of participants and durations of each discussion ranged from 6-

12 persons and 30-60 minutes respectively. 
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Laboratory analysis 

A total of 20 water samples were collected for analysis for nitrate and fluoride. Attempts 

were made to collect these from the major water sources within the six study villages. In 

order to analyze for a range of insecticides/herbicides/fungicides, fifteen rice samples and 

one straw sample were collected from the head end and the ancient areas. Water samples 

were analyzed for nitrate and fluoride, by ion chromatography at the VIMTA laboratory5 

(an internationally accredited laboratory) in Hyderabad, India. In the same laboratory, 

eight rice samples were analyzed for a suite of pesticides by standard methods using GC-

MS and LC-MS. The remaining seven rice samples and one straw sample were brought 

to Queen’s University for analysis of Endosulfan and mercury. Endosulfan was analyzed 

by GC-MS and mercury by cold vapour atomic absorption spectroscopy.  

 

Walk-through survey 

In order to gain an overall impression, the study villages were initially observed by a 

walk-through survey. With the help of local key informants and the field researchers, the 

main researcher carried out surveys on general ecology, water and sanitation facilities, 

housing and overall quality of life. Often informal interactions with the villagers helped 

to clarify several queries. 

 
 
Secondary data collection 

Extensive secondary data were collected related to health, agriculture and socioeconomic 

status, and climate change from the relevant sources.  

                                                 
5 Details of the analytical procedures followed are available from VIMTA Laboratory website:  
http://www.vimta.com/html/food_agriculture.html  
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Data analysis 

Before the analysis of the household data from the filled out schedules, the entire input 

was codified and entered in a spread sheet. Most of the data were analyzed by measuring  

and comparing proportions. During interpretation of issues, both quantitative and 

qualitative data were used. 
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Chapter 3 

Agricultural practice and ecology 

 
Three agro-ecological regions – land use, water sources, demography 

Throughout the study region, the majority of the land (except in the ancient area, where 

there are numerous rocky hills covered with scattered natural vegetation) is utilized for 

agriculture purposes. The remainder is used for housing, roads and a small proportion for 

animal grazing. In particular, there are some scrubby wasteland patches in the dryland 

area. 

Almost all the agricultural land in the head end and ancient areas and one fourth 

of the agriculture land in the dryland area are irrigated (Table 10). The rest of the dryland 

area is dependent on rain. The head end is the beneficiary of the TBP canal system and 

the ancient area sources water from the eight-century old canal and also directly from the 

Tungabhadra river.  

 
Table 10: Agroecological area and irrigation in the study villages 

Agroecological area and 
the villages 

Geographical 
area (Ha*) 

Agriculture 
land (ha) 

Irrigated area (ha) (% of 
total agriculture land) 

Herur 931 820 801 (97.7%)Head 
end Bapureddi 

camp 
384 254 254 (100%)

Venkatagiri 1109 502 150 (29.9%)Dryland 
Gaddi 554 506 126 (24.9%)
Anegundi* 755 214 214 (100%)Ancient 
Tirumalapur* 280 32 32 (100%) 

* Large parts of the ancient area is covered by historical monuments and ruins 
(Source: Panchayat) 
 
As mentioned in the previous chapter, a total of 240 households were surveyed in the 

study villages; this constitutes 9.5% of the 2538 households (Table 11).  
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Table 11: Agro-ecological regions and demography (population and households) of the 
study villages 

Population Agro-ecological regions and 
the villages Males Females 

Total 
Population 

Total 
Households 

Herur 2672 2558 5260 925Head end 
Bapureddi camp 809 779 1588 316
Venkatagiri 1109 1093 2202 364Dryland 
Gaddi 223 324 547 102
Anegundi 1740 1757 3497 768Ancient 
Tirumalapur 134 139 273 63

Total 6687 6650 13337 2538
(Source: Panchayat) 
 
 
Caste 

Parts of this study describe health outcomes as they relate to economic status and, in the 

Indian context, there is frequently a close connection between wealth and caste.  In the 

Gangavathi taluka the General and Other Backward Caste (OBC) categories (Census 

2001) make up about 70% of the population while Scheduled Castes (SC) and Scheduled 

Tribes (ST) contribute 16.4% and 13.8% respectively to the total. Table 12 shows that the 

majority of the large landholding categories belong to General followed by OB castes.  

On the other hand, landless categories are mostly from the SCs and STs. Historically, 

General caste people own much of the arable lands while the SC and ST population 

served the General caste as laborers or artisans. This legacy of social and economic 

backwardness still continues. The OBC category is a comparatively recent concept, 

carved out of the General caste population. Some recent proactive policies of the 

government, have enabled the lower castes to make limited improvements in their 

economic condition. 
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Table 12: Caste-wise distribution (proportion) and landholding in the survey villages 

 
 
 
 
 
 

(Source: household survey) 
(OBC – Other backward caste, SC – Scheduled Caste, ST – Scheduled tribe)  
 
 
Literacy 

Government data shows that levels of literacy6 for the population living in the head end 

(58.4%) and ancient area (52.3%) are higher than those in the dryland area (41.1%) 

(Census 2001). The economic condition of these irrigated areas are relatively better than 

in the dryland regions and this provides better access to high-quality education. Table 13 

shows that literacy among male heads of household improves with higher socioeconomic 

condition. A similar trend has been noticed among the spouses of the male head of the 

households as well; however, literacy rates are lower among females (Table 14).  

 
Table 13: Literacy of male heads of the households and landholding 

Land holding Illiterate Primary Secondary 
Higher secondary 
& above 

Landless (60) 41 13 4 2
Small (58) 37 12 7 2
Medium (59) 18 22 13 6
Large (59) 8 19 22 10

(Total respondents in parentheses) (Source: household survey) 
 
 
 
 
 
 

                                                 
6 According to the National Literacy Mission, Government of India, literacy is defined as acquiring the 
skills of reading, writing and arithmetic and the ability to apply them to one's day-to-day life. 

  Land holding 
Caste Landless Small Medium Large 
General Caste 14.1 18.9 30.2 36.8 
OBC 19.0 30.2 28.6 22.2 
SC&ST 47.1 30.0 12.9 10.0 
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Table 14: Landholding and literacy of spouses of male heads of the households 

Land holding Illiterate Primary Secondary 
Higher secondary 
and above 

Landless (59) 49 8 1 1
Small (57) 39 13 4 1
Medium (59) 28 17 10 4
Large (59) 19 20 17 3

(Total respondents in parentheses)  (Source: household survey) 
 
The analysis signifies that appropriate public awareness program needed to promote 

health must take into account that the majority of the poor household members are 

illiterate or only primary educated and the condition is even worse for women, who are 

the main care givers. Women’s backwardness in education is a result of traditional gender 

discrimination and lack of opportunity. Fortunately, in recent years there has been a 

marked improvement in girls’ enrolment in the schools located in the rural areas. 

According to women from landless families of Bapureddi camp, there is now ‘no gender 

discrimination’ as far as access to school education is concerned and also discrimination 

as practiced in the past is undesirable in the current social context. They opine that there 

is a need to send their children to school to make them more intelligent and confident. 

 

Socioeconomic status - household assets, livestock, farm machinery, women in the 

workforce, migration  

Assessment of socioeconomic status in rural India is very difficult due to the role of 

caste, complex economic relations, uncertainty and multiple sources of wealth. In an 

agrarian society such as this area, landholding is, however, the major determinant of 

socioeconomic position. In addition, assessment of personal valuables often validates and 

complements the role of landholdings as an assessment tool for socioeconomic status. 
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Table 15 shows that personal valuables become more available to those with medium and 

large landholdings. Bicycles, TVs and cell phones are the basic high priority personal 

valuables across all classes, although large and medium farmers seek and own much 

more. Motorcycles, cars, and refrigerators are additional priorities for the larger farmers 

and also for some medium farmers. This desire to accumulate high cost possessions is 

evidence of changing values in what was previously a conservative rural society. It also 

indicates that for any future health communication, media (TV) can play a very important 

role. 

 
Table 15: Distribution of personal valuables and landholding 
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Landless 32 2 0 19 1 15 2 1 16
Small 50 7 1 37 2 28 4 2 24
Medium 56 19 0 37 6 41 5 8 46
Large 60 42 12 43 20 49 10 21 52

* Total respondents from each landholding category is 60 
(Source: household survey) 
 
Not surprisingly, the economic status of households in irrigated areas is better than in the 

dryland area (Table 16). 

Table 16: Distribution of personal valuables and agroecological area 
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Head end 69 33 8 57 16 60 7 14 58
Dryland 61 13 1 39 1 34 6 5 41
Ancient 68 25 4 49 12 50 8 13 48

* Total respondents from each agroecological area 80, (Source: household survey) 
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Livestock holding is another source of wealth and besides providing economic security 

also fulfills the household needs for milk, meat, and manure. Because buying and 

maintenance of livestock requires regular availability of financial resources, poor farmers 

may have difficulty in possessing them. Table 17 shows the percentage of households 

owning the three common types of livestock and average numbers held. Except for the 

case of poultry, the proportion of ownership of livestock rises with increase in 

landholding.  

Table 17: Livestock holdings related to land holdings 

Average number of livestock per household 
Land 
holding 

Households 
with livestock 
(%) Large animal 

Medium size 
animals Poultry 

Landless 33.3 1.2  2
Small 61.7 2.4 8.3 3.3
Medium 63.3 2.9 11.3 5
Large 76.7 4.7 14.3 3.5

(Source: household survey) 
(Large animals – cows, buffaloes, bullocks, Medium animals – goats, sheep, hogs)  
 
 

Table 18 shows that the proportion of households owning livestock is highest in the head 

end of the irrigated area, followed by the dryland and the ancient areas. This is true also 

of large animals. This is because of the higher proportion of rich population in head end 

and also due to the availability of more fodder from rice cultivation. However, the greater 

average number of medium size animals in the dryland area is due to its vegetation, 

particularly the widespread presence of bushes and shrubs that are suitable for rearing 

goats and sheep. Less poultry was kept in the ancient area than in the other two 

agroecological regions, possibly due to the high human population density. The 

vulnerability to specific zoonotic disease (such as bird flu or swine flu) can be assessed 
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by the presence of particular livestock. For this reason, during the avian influenza 

pandemic, the head end area was kept under surveillance by the district health authority. 

Table 18: Livestock holdings related to agroecological area 

Average number of livestock per household Agroecological 
area 

Households 
with livestock Large animal Medium size Poultry 

Head end 68.8 4.0 4 5.3
Dryland 61.3 2.7 12.4 4
Ancient 40.0 2.9   2.5

(Source: household survey) 
 
 

Farm machinery is an integral part of modern agriculture and such machines are most 

common in the head end due to their frequent use in high-input rice cultivation (Table 

19). Water pumps are used to irrigate rice during the season when canals become dry 

before the onset of monsoon rains or to irrigate the rice nursery. However, in the ancient 

area, water flows throughout the year and hence the requirement for water pumps is far 

less than in the other two agricultural practice areas. Moreover, banana horticulture, the 

second most common type of agriculture in the ancient area, further reduces the need for 

water. In the dryland area, water pumps are used to provide light irrigation for a variety 

of crops including, occasionally, rice. Pesticides are used in all agriculture practice areas, 

although intensity varies as will be described later. Small portable (16 L capacity) 

pesticide sprayers are found in all villages, but high-power sprayers are also used in the 

head end.  This sprayer can cover a large land area and is particularly appropriate for a 

monoculture crop like rice. Landless households do not posses any form of agriculture 

machines.  
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Table 19: Agroecological area and ownership of farm machines 

Agroecological 
area* 

Ownership 
of total 
farm 
machinery Tractor Thrasher 

Water 
pump 

High 
power 
pesticide 
sprayer 

Head end (60) 21 15 2 12 7
Dryland (60) 11 5 0 10 0
Ancient (60) 7 7 0 1 0

* Total sample size, excluding landless  
(Source: household survey) 
 
 

Table 20 shows that it is the large and medium farmers who own most farm machines. 

Besides being used for work on their own land, these farmers also do custom work for 

others in the community, in this way contributing further to their household economy.  

Table 20: Landholding and ownership of farm machines 

Land holding* 

Ownership 
of total 
farm 
machinery Tractor Thrasher 

Water 
pump 

High power 
pesticide 
sprayer 

Small (60) 1 1 0 0 0
Medium (60) 10 4 0 6 2
Large (60) 28 23 2 17 5

*Total sample size, excluding landless 
(Source: household survey) 
 
 

There is an inverse relation between women’s participation in the (non-domestic) 

workforce and landholding size. Large farmers tend to hire (often female) labour for 

much of their work while women of small farm families do much of the work themselves. 

It is important to note that the women who are involved in the workforce are also 

engaged in household activities, activities that may be shared with adolescent daughters. 

Women’s participation as wage earners is similar in all areas. The 2001 census shows 

that the proportions of women doing work outside the domestic sphere in the ancient, 
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dryland and head end areas are 32.3%, 29.9% and 27.6% respectively. The present survey 

indicated a somewhat larger proportion in the dryland (Table 21). In the dryland area the 

scope for working in agriculture is limited and therefore several women work in 

hazardous mining areas of the surrounding districts to support their families.  

Table 21: Women’s participation in work outside the home 

Women’s participation 

 

Only 
Household 
activities 

Agricultural 
activities Others 

Total 
number of 
women 
engaged in 
workforce 

Total 
respondents 

Land holding 
Landless (60) 22 19 18 37 59
Small (60) 34 6 13 19 53
Medium (60) 36 17 7 24 60
Large (60) 48 6 4 10 58
Agroecological area  
Head end (80) 52 18 4 22 74
Dryland (80) 45 14 17 31 76
Ancient (80) 43 16 21 37 80

(Source: household survey), total respondents in parentheses 
 
 

Migration to nearby towns and cities is common among the landless and small farmers 

and, due to lack of economic opportunities, this is especially common from the dryland 

region (Table 22).The migration is often seasonal and related to the lack of job 

opportunities in their own villages. This can have serious impacts on public health, 

particularly related to high risk sexual behavior resulting in sexually transmitted diseases 

such as HIV/AIDS. It also comes in the way of routine immunization for children and 

antenatal care for pregnant women. Furthermore, migration is related to vector borne 

diseases, for example malaria (discussed in detail later). People living in the dryland 

often migrate to mining areas, known to be high malaria endemic zones. The migrant 
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workers contract infections and carry the malaria parasite. After returning to their own 

villages they become potential source of disease to others in the communities.  

Table 22: Migration and landholding and agroecological area 

Place for migration 

 Migration Big cities 
Small 
towns/mining both 

Land holding 
Landless (60) 26 7 17 2
Small (60) 20 3 16 1
Medium (60) 9 4 4 1
Large (60) 6 1 3     0 
Agroecological area  
Head end (80) 12 4 8 0
Dryland (80) 34 7 21 4
Ancient (80) 15 4 11 0

(Source: household survey), total respondents in parentheses 
 
 
Agriculture practices  

The district level agriculture data compiled by the district Agricultural Technology 

Management Agency (ATMA) show that close to 80 % of the irrigated areas near 

Gangavathi taluka are used for rice cultivation. The rest are planted mostly in sunflower 

and sorghum. The major crops of the dryland area in Gangavathi are sorghum, pearl 

millet, foxtail millet, a variety of pulses, sunflower and cotton (ATMA, 2006).  

 The cropping pattern of the study villages coincides with and adds to the 

Gangavathi taluka data in the ATMA report. For example, mono crop cultivation (rice) is 

found throughout the head end and the ancient areas (Table 23). However, horticulture 

(banana) is also commonly practiced in the ancient area. More crop diversity is found in 

the study villages of the dryland area. Farmers there grow traditional coarse cereals, such 

as pearl millet, sorghum and maize, oil seeds (peanut, sunflower), and pulses (red gram, 
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pigeon pea). This multi crop cultivation has influenced their food consumption pattern 

(particularly cereals) in the dryland area (described later).  

Table 23: Cropping pattern in three agroecological area 
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Head 
end (60) 60 2 0 1 0 0 0 0 0 0 0 3 0
Dryland 
(60) 4 46 16 23 21 2 0 12 1 1 2 51 15
Ancient 
(60) 55 2 5 1 0 0 31 0 0 0 2 2 1
  119 50 21 25 21 2 31 12 1 1 4 56 16

(Source: household survey), * respondents are the landed farmers 
 
 

The ATMA report and the survey data show that banana is the major horticultural crop in 

Gangavathi taluka. Other fruit crops that are much less widely grown in the area are 

papaya, guava, pomegranate, coconut and sapodilla. Tomato, egg plant, green chilies and 

onions are the major vegetable crops (ATMA 2006).  

The major reason for more horticulture (particularly the cultivation of banana) in 

the ancient area is its centuries old tradition. The majority of the fruit and vegetable 

growers are large and medium size landowners (Table 24). Although there is only one 

example, but it is important to note that one landless household is involved in very small 

scale horticulture in the limited space beside his home. Some horticulture products such 

as pumpkins, bitter gourd, and ridge gourd can be grown on the thatched roof of a village 

dwelling. Some vegetables such as pepper, eggplants do not require large land areas to 
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fulfill the household need. Also, unlike rice, the water requirement for horticulture is 

much less. Usually vegetables are not widely grown on large fields. Some farmers grow 

vegetables on less than half an acre of land, mostly to cater to their own needs. Most of 

the vegetables which are available in the market are grown in the nearby talukas. 

Table 24: Farmers involved in horticulture  

Agroecological 
area (respondents) 

Number of farmers 
involved in 
Horticulture Land holding 

Number of farmers 
involved in 
Horticulture 

Head end (80) 9 Landless (60) 1 
Dryland (80) 6 Small (60) 6 
Ancient (80) 35 Medium (60) 15 
  50 Large (60) 28 
    50 

(Source: household survey) 
 
 

Financial management  

Financial management of agriculture practices is a very complex matter and is important 

in determining crop selection, yield and sustainability. Borrowing from external sources 

plays a major role in the life of farmers at all levels (Table 25). Large farmers rely to 

some degree on their own personal savings and supplement this with bank loans. State-

regulated banks are also encouraged to offer some support to smaller farmers; however, 

corruption, local political influence and complex paper work are frequent disincentives 

that sometimes prevent the farmers from taking advantage of the support. In practice, 

therefore, small farmers may not have ready access to credit from the banks and they 

resort to borrowing from traders and landowners (if the land is under lease). The interest 

rates charged by these traders and landowners are invariably substantially higher than the 

same by government banks and thus the small farmers often fall prey to a vicious debt 
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trap. Moreover, financial dependence on the traders is usually tied to a requirement to 

follow the trader’s advice on selection of crops, use of agrochemicals, selection of 

granary to store the newly harvested crops and time for selling the grains in the market. 

Small farmers therefore have little option to decide independently on agricultural inputs 

and practices in general.  

Table 25: Major financial sources for agricultural practices and landholding 
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Small (60) 32 3 28 45 1
Medium (60) 37 2 32 37 2
Large (60) 44 1 45 33 0

*Total sample size, excluding landless, ** For leased lands (Source: household survey) 
 
 

Risks 

Agriculture in the study area encounters multiple risks, which are often important 

determinants of the crop yield. Table 26 shows that the major risks throughout the area 

are crop failure due to pest and diseases (70%), followed by drought (45%), financial 

problems (41%) and non-availability of irrigation water (38%). According to scientists at 

KVK, monoculture and the improper use of agrochemicals are factors responsible for 

frequent pest infestations. Rich farmers generally use the strategy of treating the affected 

crop by application of newer varieties of pesticides. Smaller farmers, however, are 

constrained financially and therefore face lower yields or even crop failure with obvious 

financial consequences.  
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Table 26: Various risks in agriculture and the positive responses 
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Positive 
responses 96 11 150 81 10 89 18 17 0 2 5 2 1

%* 45 5 70 38 5 41 8 8 0 1 2 1 0.5
* Total respondents 215. (Source: household survey) 
 
 

The nature of risks varies according to the agroecological area. Drought is most important 

in the dryland area (Table 27). In Gaddi, for example, the farmers are able to irrigate for 3 

to 4 months by using groundwater from bore wells. The rest of the time, agriculture is 

rain fed and crop yields essentially depend on the timing and quantity of precipitation. An 

apparently paradoxical response from the farmers living in the head end area is that they 

complain about the non-availability of water more than do farmers in the dryland area. 

The same is true of farmers living in the ancient area even though they have had a 

relatively assured water supply for many centuries. This is, however, somewhat 

understandable as both head end and ancient area require intensive irrigation for the 

paddy crop and yield is very sensitive to timely irrigation. 

Despite the extensive use of pesticides, crop failures due to pests and diseases are 

more common in the head end and ancient areas where there is lush growth of sensitive 

crops like rice. Pest infestation is lowest in the dryland area due to cultivation of 

traditional varieties of coarse cereals which are naturally more pest resistant. 
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Table 27: Four major risks in agriculture and agroecological area 

Agroecological area 
(respondents) Drought 

Crop failure 
due to pest / 
diseases 

Non-
availability of 
water 

Financial 
problem 

Head end (67) 4 56 32 9 
Dryland (76) 58 43 22 39 
Ancient (72) 34 50 26 40 

(Source: household survey) 
 
Resources needed to manage agricultural risks are obtained either by borrowing money, 

selling property (land, house, ornaments, and other valuables), demonstrating or 

protesting in front of the local administration and migration to search for alternative 

employment. At the same time, many farmers take no action and remain silent (Table 

28). Borrowing money or selling property is used as ways to repay debts and/or to 

maintain household expenditure. Crop loss due to drought is also managed by borrowing 

money although migration is an option, and some farmers take no action and thus suffer 

the consequences. Agitation or protest, demanding compensation from the local 

government, is a frequent response to pest or disease related crop failure. It is interesting 

to note that the agitations are usually led by large farmers as they are more organized, 

assertive and have extensive links with the local administration.  

Table 28: Responses to agricultural risks 
Major agriculture risks 

  
Actions Drought 

Crop failure due 
to pest / diseases 

Non-availability 
of water 

Financial 
problem 

Borrowing money 42 27 15 66 
Selling property 1 0 3 0 
Agitation/protest 2 66 7 1 
Migration 10 6 0 6 
No action 32 12 44 9 

* Total respondents 206. (Source: household survey) 
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There have been a few cases of suicide, often by consuming pesticide, in the study 

villages, although none of them have been declared as the results of crop failure. 

According to the villagers, the common cause of suicide is harassment by money lenders 

and/or fear of legal action by the bank. Because of the diverse economic challenges, it is 

common that people are obliged to obtain money from multiple sources including friends, 

relatives and neighbors, unlike borrowing from a single money lender as was done in the 

past. Often, even if the debt can be partially or fully paid, very little is left to maintain 

their families. As a result, victims feel utterly humiliated, and commit suicide as the only 

resort.  

Livestock provides some measure of financial security to farmers. But 

unfortunately, there are few initiatives by local cooperative societies to provide livestock 

to landless farmers, in order to keep their economy more stable. According to a member 

of the agricultural marketing committee (a government initiative to facilitate the 

distribution of agriculture inputs and selling of crops) who is also a local leader in 

Bapureddi camp, betterment of economic conditions of the landless laborers results in 

less out migration and subsequently more participation in the local labor markets, i.e. in 

their own villages. This in turn contributes to development of the rural economy. He 

believes in community oriented development, rather than a top down approach. He has 

cited the comparison between his village and the neighboring Herur. Due to unity of 

purpose and collective actions, people living in Bapureddi camp have managed to 

improve their living conditions in terms of better water and sanitation facilities, livestock 

management, promoting entrepreneurship and sharing knowledge. On the other hand, due 

to internal conflicts and lack of collective decision-making, Herur has been suffering 
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from fragmentation of the community, and poor implementation of various government 

schemes. A few years ago, people living in Bapureddi camp decided to share 30% of the 

total cost of the World Bank supported project on water and sanitation and road 

development, but did not require payment by the very poor people. The village society, 

which is funded by the large and medium farmers, bore the entire shared cost. 

Climate change  

Climate change is something that the farmers are aware of and is essentially characterized 

by them as rising temperature, shortening of winter, and erratic (more or less) rainfall. 

Due to deforestation and soil erosion the daytime temperature of the rocky terrain in 

dryland area gets hotter and soil moisture disappears faster than previously. On the other 

side, according to one local agriculture scientist high temperature is beneficial due to 

faster germination, growth of plants and flowering, which in turn reduces the cropping 

period and cost as well. However, most farmers opine that due to erratic rainfall, the 

seeds are more prone to fail to germinate leading to crop failure and indebtedness. 

Insufficient rain can be managed in an irrigated area if canal- or groundwater is available 

for irrigation, but this is frequently not the case. In recent years, the TBP command has 

not been receiving adequate water during the lean period (pre-monsoon) and therefore the 

farmers depend upon the groundwater if they can afford to use pumps. Even when 

available, due to frequent power failures the pumps can not always be operated when 

needed. As the Tungabhadra is a rain fed river, less rainfall in the up stream basin 

severely affects the storage of water in its reservoir. The farmers, particularly the small 

and medium farmers, have inadequate adaptation capacity to counter the water shortage 

as a result of climate change. 
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 Too much rain at the wrong time can also be a problem. When there is untimely 

heavy rainfall such as in the later stages of crop growth, this too can affect the yield. The 

extreme flooding that occurred in October 2009 is a catastrophic example resulting in 

almost total crop loss. 

Despite the challenges posed by climate change, there has been no attempt to 

grow climate resistant crops such as traditional coarse cereals in the irrigated area and 

farmers continue to grow the conventional paddy.  

During the household survey, the majority of farmers indicated that they believed 

climate change to be a serious threat to agriculture. Around 70.7% of the farmers, 

irrespective of landholding status and agroecological area, think that there is perceivable 

change in weather and 76.6% of them believe that this change has negative consequences 

for agriculture production. The majority of the farmers attribute frequent pest and fungal 

infestations to climate change. An example is the very high incidence of Brown plant 

hopper (BPH) compared to the past. Farmers’ observation was that infestation usually 

happens during prolonged cloudy periods without rain, which is believed to be more 

common now-a-days due to the climate change.  

The opinions of the farmers match with the last 21 years (1988 to 2008) of 

climate data collected from the local meteorological centre. These data show that there 

have been rising or declining trends of average monthly maximum and minimum 

temperature during each month. The apparently greatest trend was the rise in minimum 

temperature in both winter and summer (details in Appendix A5). There has also been 

significant fluctuation of rainfall in this period making rice cultivation more vulnerable 

(Table 29). While the 21 year time period of these measurements is insufficient to claim 
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statistical significance of the trends these preliminary data are worthy of follow-up 

investigations.  

 The case of rice may be particularly important. Rice is a climate sensitive crop, 

requiring water from the beginning of cultivation (preparation of nursery) till the ripening 

period and afterwards a rain free period is needed till harvesting. Therefore, lack of rain 

or irrigation till maturation of crop or rainfall after maturation of crops has negative 

impacts on the rice yield. Table 29 shows that during the last two decades, the monsoon 

crop has been vulnerable due to frequent very low rainfall in July and August (sometimes 

almost a drought-like situation) and high rainfall in the October maturation period. On the 

other hand, the winter crop is also vulnerable due to high rainfall in the April maturation 

period. It is interesting to note that the farmers in the dryland area have not noticed any 

perceivable change of yields of their typical coarse grain and other traditional crops due 

to climate change. In fact, according to the local agricultural scientists, changing climate 

would affect rice much more than the traditional dryland land crops.   

Table 29: Climate change (average monthly rain fall from 1988 to 2008) and 

vulnerability of rice cultivation 

Months Changing 
rainfall 

Rice cultivation Vulnerability 

Jul Lower Low rainfall affects paddy growth 
Aug Lower Low rainfall affects paddy growth 
Sep Higher  
Oct Higher High rainfall affects mature paddy 
Nov Lower 

Monsoon crop 
planting 
 
 
harvest  

Dec No change  
Jan No change  
Feb No change  
Mar No change  
Apr Higher 

Winter crop 
planting 
 
 
harvest High rainfall affects mature paddy 

May Higher   
Jun Higher   



 62

The changing agricultural scenario  

Labour 

Shortage of agricultural laborers is an emerging problem affecting agricultural activities 

in all three areas. The problem is greatest for labor-intensive crops which cannot be 

managed by machine: horticulture and also in some parts of the agronomic activities such 

as preparing the nursery for rice seedlings and weeding. Recently, cultivation of 

vegetables has been significantly reduced in some places due to the labour shortage. 

According to the landed farmers, despite offering wages at the regular rate (Rs 70-80, 

equivalent to $2 for a few hours work), the laborers do not show any interest to work in 

the field. Rather, they prefer to migrate to the bigger cities or to work in local non-

agriculture activities such as in road construction. The land owners allege that laborers 

demand more money even for a few hours job and hence the cost of cultivation has 

escalated. The recently introduced National Rural Employment Guarantee scheme 

(NREG) has further exacerbated the labour shortage. The landed farmers complain about 

financial mismanagement in NREG, such as distribution of Rs 80-90 as a wage to each 

laborer even without any work. Political pressure has made it mandatory for the local 

administration to create jobs for people living below the poverty line and to distribute 

wages at a rate fixed by the government. This has taken a toll on agriculture due to non-

availability of laborers on time. According to the large farmers, in future they will have to 

depend more on machines in all agriculture activities, starting from preparation of land, 

planting, irrigation (using sprinklers), spraying agrochemicals, and harvesting. In fact, 

some landed farmers revealed that the process of intensive mechanization has already 

begun and they have been getting trained by the manufacturers to operate the machines. 
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Several farmers in the head end area now operate their own farm tractors, power tillers, 

planters etc. The landless laborers, however, share different opinions with regard to 

NREG. As, this scheme guarantees a job for only 100 days, they prefer to work in the 

mining area of the surrounding districts which offer better wages for an entire year.  

 

Sources of agricultural support 

There is a communication gap between the farmers and the agricultural officials and 

scientists that could adversely affect the prospects of agriculture in coming years. 

Farmers complain of inadequate attention and respect from the officials. They also blame 

the government for supplying inferior quality seeds (low germination), fertilizer and 

pesticides. There is no proper mechanism to verify the quality of the seeds at the time of 

distribution and many farmers believe that branded seeds from large companies are more 

reliable. Often the farmers eat the government supplied seeds and plant seeds, procured 

from the market.  

The Raitha Samparka Kendra (RSK) or Farmers’ Interaction Centre is an 

initiative of the state government to provide up-to-date information to the farmers on 

crops, irrigation, cultivation practices, technologies and markets. However, farmers are 

not satisfied with the RSK due to its inefficiency in disseminating essential information, 

tardy response to questions and corruption such as the need to bribe in order to get 

subsidized agriculture inputs. Delayed and/or scanty supply of inputs severely affects 

cultivation and compels the farmers to buy from private companies. The government is 

supposed to provide subsidy to these companies in order to make the products affordable 

to the farmers and bring down the cost of production. However, due to procedural and 
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bureaucratic delays the subsidy does not reach the companies on time and farmers get 

deprived of timely benefit. Ultimately it becomes necessary for the farmers to buy 

expensive products sold by private suppliers in the open market, and thus the cost of 

production goes up significantly. 

 

Crop selection 

Although farmers in the head end have expressed their willingness to consider alternative 

crops to avoid rice, which has high input cost and uncertainty; there is no such initiative 

actually being witnessed so far. Rather, recent rising of the price of rice and an 

unpredictable market for other crops have further encouraged the farmers to engage in 

paddy cultivation. It is interesting to note that, in the original plan for the TBP, it was 

proposed that only single rice cultivation in a year would be permitted with traditional 

crops being grown in the winter season. But, the farmers started rice cultivation twice a 

year due to the assured water supply, good market and attractive profit margins and 

indeed lack of enforcement of regulations, and eventually this practice became the norm 

in the head end. Sugarcane was a regular crop, but due to declining demand in the local 

market, the farmers shifted to intensive rice cultivation. At one point, some farmers tried 

to grow sorghum but they unfortunately incurred a loss of Rs 6,000 per acre. The peanut 

is also not considered to be a suitable crop due to poor yield and lack of profitability. 

Now, rice cultivation is under threat due to a dwindling water supply in the TBP canal. 

The declining water carrying capacity of the reservoir caused by silt deposition and 

irregular precipitation now limits the period of water flow in the TBP canals to 8 instead 

of the earlier 11 months. The current practice is for farmers to begin receiving water 
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several weeks after the beginning of the usual sowing season and therefore, in order to 

manage the water shortage, they use bore well water for the nursery and other initial 

preparation of the field. The cost of production has subsequently gone up significantly 

and farmers are totally dependent on credit. According to the large farmers, only those 

who own more than 100 acres of land are comfortably self sufficient.  

 

Financial support 

Government bank loans are not sufficient to cover all the needs of the farmers; therefore, 

they borrow money with high interest rates from private money lenders. The private 

banks and money lenders require return within a stipulated period and, as in the current 

situation only rice assures an adequate profit, banks are not willing to support production 

of any alternative crops. In other words, private money lenders and the banks do not want 

to take any risk and refuse support for more sustainable agricultural practices, such as 

crop rotation. Another reason for the people to borrow money from the private money 

lenders is that the transaction is much simpler than the complex bureaucratic procedures 

of the banks. Moreover, the private money lenders lend money according to the actual 

market price of the land, which is significantly higher than the government’s valuation. 

Typically the government bank takes several weeks to release money and the amount is 

decided according to the officially rated land price. In the end, farmers obtain less money 

after more effort from government banks.  
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Agro-chemical use 

There is no reliable village or taluka level information on use of agrochemicals. While 

the local agriculture authority is supposed to maintain records, often traders sell 

agrochemicals without bills and do not maintain proper accounts. The widespread 

distribution of private players makes taluka-wide record keeping very difficult.  

 

Pesticides 

Compared to the dryland, farmers in the irrigated area use a greater variety of insecticides 

and the variety increases with farm size (Table 30). High application rates are more 

common among the large farmers and also in the head end area. In the dryland area, 

pesticide applications are relatively low in terms of both types and doses. For example, 

Buprofezin, the most widely used insecticide, is used in double the recommended dose in 

the head end area while in dryland and ancient areas, it is used at 25% and 10% more 

than the recommended dose respectively. Interestingly small and medium farmers use 

Buprofezin at higher application rates than do large farmers. According to one agriculture 

scientist of KVK, small and medium farmers are more afraid of crop loss than large 

farmers and do not want to take any risk, and therefore they apply insecticides at higher 

rates.  
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Table 30: Average number of insecticide types used by the farmers  

 Average number of pesticide types used 
Agroecological area  
Head end 3.1 
Dryland 1.4 
Ancient 2.2 
Land holding   
Small 2.4 
Medium 2.8 
Large 3.1 

(Source: household survey) 
 
 
Table 31 provides data about application rates for Buprofezin, Endosulfan, Phorate, 

Monocrotophos and Imidacloprid, the most widely used insecticides in rice cultivation in 

the three agroecological area. Use of each type of compound by individual landed 

farmers is compared with its recommended dose as prescribed by the University of 

Agriculture Sciences, Dharwad. Buprofezin and Imidacloprid are used in high doses in 

paddy cultivation. Average uses of Buprofezin and Imidacloprid are 71.3% and 73% 

higher than their respective recommended doses. However, Monocrotophos, Endosulfan 

and Bufrofezin and Deltamethrin combinations are more often used in lower than the 

recommended doses. Phorate is usually used at near the recommended rate. Both high 

and low application rates are harmful due to development of resistance. In fact, use of a 

high dose is of greater concern as it leads to development of resistance and multiplication 

of the stronger pests. Moreover, high use of pesticides enhances possibility of 

contamination in the food chain. 
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Table 31: Major insecticides used in rice cultivation with respect to recommended doses 
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Buprofezin 
Thiadiazinan +71.3 

(+41.5, +101.1) 7 59 6 72

Imidacloprid 
Chlorinated analog 
of nicotine 

+73 
(+14.8, +131.2) 4 13 4 21

Monocrotophos  
Organophosphate -26.8 

(-45.4, -8.2) 6 4 32 42

Phorate  
Organophosphate +6.7 

(-7.8, +21.2) 39 4 2 45

Endosulfan 
Organochlorine -24.3 

(-38.6, -10) 11 6 35 52
Bufrofezin + 
Deltamethrin 

Thiadiazinan + 
pyrethroid ester 

-28.1 
(-46.3, -9.9) 0 1 12 13

Methyl 
parathion 

Organophosphate +9.6 
(-16.7, +35.9) 9 3 1 13

(Source: household survey) 
 
 

On average, farmers in all three agroecological area use approximately two different 

fungicides in their agronomic activities (Table 32).  

Table 32: Average number of fungicide types used by the farmers 

 Average number of fungicide types used 
Agroecological area 
Head end 2.0
Dryland 2.0
Ancient 1.7
Land holding  
Small 2.2
Medium 1.7
Large 2.0

(Source: household survey) 
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Tricyclazole, Hexaconazole, and Carbendazim are the most widely used fungicides. 

Average rate of Carbendazim application is 78.6% above the recommended dose. On 

average Hexaconazole is used according to its recommended dose while, Tricyclazole is 

applied in lower amounts (Table 33). 

 
Table 33: Major fungicides used in rice cultivation with respect to recommended doses 
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Tricyclazole Triazoles 
3.6 

(-7.6, 14.8) 6 13 33 52

Hexaconazole Triazoles 
1.9 

(-1.7, 5.5) 37 2 1 40

Carbendazim  Benzimidazole 
78.6 

(46, 111.3) 11 16 0 27

Mancozeb 
Ethylenebisdithiocarb
amate 

-13.2 
(-84.5, 58.1) 3 1 9 13

Isoprothiolane Dithiolane 
12.1 

(-3.8, 28.1) 9 2 0 11
(Source: household survey) 
 
 

Use of herbicides is comparatively less common than that of insecticides and the 

fungicides and these are generally used only by large and medium farmers (Table 34). 

Butachlor and Pretilachlor are the major herbicides and both are used in lower than the 

recommended doses (Table 35). 
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Table 34: Herbicides used in paddy cultivation 

 Number of farmers use herbicide 
Agroecological area 
Head end 16
Dryland 1
Ancient 10
Land holding  
Small 4
Medium 10
Large 13

(Source: household survey) 
 
Table 35: Major herbicides used in rice cultivation with respect to the recommended 
doses 
Herbicide Herbicide type Herbicide use (with respect to 

recommended dose) (95% CI) 
Butachlor Chloroacetanilide -46.1  

(-77.1, -15.1) 
Pretilachlor Chloroacetanilide -31.3  

(-0.9, -61.7) 
(Source: household survey) 
 
 

Monocrotophos and endosulfan are the major pesticides used in sorghum cultivation and 

both are used in lower than the recommended doses (Table 36). 

Table 36: Major pesticides used in sorghum cultivation with respect to the recommended 
dose 

Uses (number of respondents) 
Name of 
pesticide 

Fungicide use (with respect to 
recommended dose) 

Following 
recommended dose Higher Lower 

Monocrotophos -23.3 4 1 10
Endosulfan -23.6 3 1 5

(Source: household survey) 
 
Use of more varieties of pesticides is most often found in high end area and by the large 

farmers. However, small and medium farmers sometimes apply at higher rates than is 

done by large farmers. In general, most farmers do not carefully follow the recommended 

dose and therefore irrational uses of pesticides are commonly noticed. Pesticides, such as 
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Endosulfan, that are banned in many other countries are also commonly used in the study 

area. 

 

Fertilizer 

Nitrogen 

The average rate of nitrogen application in rice cultivation in the head end is more than 

double the recommended dose (Table 37). In contrast, in the ancient area where rice is 

also the most important crop, nitrogen use is less than the recommended dose. 

Interestingly, an earlier study (in 2001) in the same TBP project area found that yields 

were comparable in the two areas (vanLoon et al. 2005. pp.259-266). Landholding wise, 

average use of nitrogen is higher among the medium and small farmers than among the 

large farmers. According to the agriculture officials, as with pesticides, small and 

medium farmers are concerned about low yield with the financial consequences and 

hence they do not want to take any sort of risk. Therefore they apply excessive quantities 

of nitrogen fertilizer in an attempt to ensure top yields. This overuse of nitrogen use has 

public health consequences as it increases the nitrate level in surface drainage and 

groundwater. 

Table 37: Nitrogen use (with respect to recommended dose) in rice cultivation 

 Nitrogen fertilizer use (95% CI) 
Agroecological area 
Head end 129.8 (95.5, 164.1)
Dryland* -21
Ancient -11.8 (-27.9, 4.3)
Land holding  
Small 59.2 (12, 106.3)
Medium 70.8 (22.5, 119.2)
Large 25.6 (-0.5, 51.7)

* Two respondents (Source: household survey) 
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Other nutrients 

Phosphorus and potassium are also extensively and excessively used (two and three times 

more than the recommended doses respectively) in rice cultivation in the head end (Table 

38). Similar to nitrogen, especially higher doses of phosphorus are applied by small and 

medium farmers. Zinc (an important, but less well-known nutrient for rice) is more used 

in the ancient area and the majority of the users are the large farmers probably due to its 

high cost and greater awareness).  

Table 38: Phosphorus, Potassium and Zinc use in rice cultivation  

 Fertilizer use (with respect to recommended dose) 
Agroecological area Phosphorus Potassium Zinc 
Head end 102.2 190.4 0.4
Dryland -0.4 -11.7 -64
Ancient 5.8 84.3 24.2
Land holding    
Small 69.4 124.9 -51.9
Medium 40.8 95.5 -28
Large 35.7 146.2 70.1

(Source: household survey) 
 
 

Table 39 shows that nitrogen and phosphorus fertilizer uses in sorghum cultivation are 

lower than the recommended doses, while, potassium use is more than the recommended 

dose. 

Table 39: Fertilizer uses in sorghum cultivation with respect to the recommended doses  

Nitrogen Phosphorus Potassium
-17.5 -9.2 31.9

(Source: household survey) 
 
 

It is clear that only a small proportion of farmers actually follow the norms pertaining to 

appropriate use of agrochemicals. There are several factors responsible for this improper 
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use, such as ignorance, lack of faith in the recommended dose, influence of traders and 

indeed the cost factor for lower dose. In making decisions about pesticide and fertilizer 

use, usually farmers learn from peer educators like the neighboring farmers rather than 

following the literature provided with each agrochemical container. While launching any 

new pesticide compound, companies train the landed farmers and in turn, they instruct 

their laborers on its mode of use. My interaction with a local pesticide trader in 

Bapureddi camp reveals that he is one of the widely trusted information providers in the 

village. He sells agrochemicals and seeds to the farmers, buys crops after harvesting and 

sells them to the mills. He also provides loans to the farmers. In all these activities he has 

a profound influence over the farmers. Although he is from a farmer family, he has no 

formal training in pesticide use and the safety precautions that are required. Due to his 

well established business and his influence in the local community the sales 

representatives of all pesticide industries visit him with their newer products and 

demonstrate them in front of him along with groups of farmers. Usually he sets up the 

meeting between the farmers and the company representatives. The purpose is ostensibly 

to inform the farmers regarding the indications and the recommended dose for the newer 

molecules. The product literature is read out or distributed among the educated farmers. 

However, during our interview his ignorance was readily exposed when questioned about 

the literature information. It appears that this reliance of farmers on poorly informed 

commercial personnel is widespread. The alternative source of information is Krishi 

Vigyan Kendra or KVK. It is interesting to note that its role is to train farmers before 

introduction of new pesticides, but its influence is gradually waning. According to the 

scientists of KVK, it is unethical if this government institution is bypassed by companies 



 74

when they approach the farmers directly and provide information that may have been 

obtained without appropriate field testing and approvals. Yet this is the common practice 

in the TBP area. 

The pesticide trader also treats the farmers if they are accidentally exposed to 

pesticides and other lethal agrochemicals. He gives injections of atropine (although he is 

not licensed) to all the pesticide-exposed persons and refers them to the nearest hospitals. 

Despite being a trader of synthetic agrochemicals, he believes that the future of India’s 

agriculture is dependent on bio-fertilizers and bio-pesticides. However, the efficacy of 

these bio-produced materials is always doubted by the farmers. The trader believes that if 

the government is ready to take the risk at the initial phase of promotion of alternative 

bio-compounds, by providing a subsidy, the farmers may take the initiative to use them. 

Currently, some private companies are in the process of testing the bio-fertilizers (based 

on extracts of neem leaf and seeds and nitrogen fixing bacteria) and bio-pesticides in 

some villages in the district.  

 A plant breeder at KVK blames the multinational companies for causing genetic 

erosion through neglecting promotion of traditional varieties of seeds. In fact, production 

and sale of all the major varieties of seeds are controlled by a handful of large companies. 

He also equally blames the local people for this current state of affairs neglecting 

traditional varieties and growing only newer crops. He gave an example of foxtail millet 

(siteria) which is a local coarse cereal and very easy to grow. But its cooking needs some 

extra effort compared to rice and hence people are not interested in buying it and thus 

farmers are also losing interest in its cultivation. Now, eating rice is considered as a status 

symbol and therefore its demand is high, which encourages the farmer to produce it. 
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Added to this, in the Public Distribution System (PDS) which is meant for the 

impoverished population, only rice is considered so that consumers have no other choice. 

Due to poor production and lack of government support, the prices of traditional crops 

are higher than rice. A retired agriculture scientist, currently a private rice seed grower, 

says that it is the economy which determines its cultivation. He explains: the average 

yield of rice is 45 bags (1 bag = 75 kg) per acre of land. Considering that the input cost is 

Rs 13 000 to Rs 15 000 per acre and the selling price for the 45 bags is around Rs 45 000. 

This yield can then provide a comfortable income, of Rs 30 000 per acre provided the 

market price remains stable.  

The retired scientist observed that recently the pesticide requirement in rice 

production is relatively less. He explains that due to water scarcity in the intercropping 

period, the land becomes dry for 3 to 4 months, which results in the death of pests in the 

field due to lack of host or food. Moreover, the availability of better quality pesticides 

further reduces pest infestations. Fertilizer use, however, has increased substantially. He 

supports a popular notion among farmers that the University recommendations of 

pesticide and fertilizer use are not practical. He also admits that, despite less pest 

infestation, farmers often spray indiscriminately. Sometimes farmers spray pesticide even 

without the presence of any pests, fearing future infestation. Currently, the average costs 

of fertilizer and pesticide are around Rs 3 500/ha and Rs 2 000/ha respectively. As is 

evident, the excessive use of agrochemicals results in unnecessary escalation of input 

costs. In this regard, the University could play a very important role to educate the 

farmers. In spite of these problems rice production remains preeminent in the head end 
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and ancient area mainly due to the stable strong selling price. Farmers are not confident 

enough to consider alternatives.   

 

Agriculture and Ecology (concept of best agriculture practice, institutional 

involvement, soil health, changes in environment, vector population) 

Concept of best agriculture practice  

The farmers were asked about their perception of best agriculture practices (Table 40). 

Large numbers consider aiming for high yields, or high profits and promotion of high 

yielding seeds are the major criteria for the best agriculture practice. It is interesting that, 

overall, approximately equal numbers felt that high input of fertilizer and low input of 

fertilizer were indicators of best practice (see below). Organic cultivation is the least 

preferred choice due to its low yield and uncertainty with regard to crop protection from 

pests, organic certification and market price. However, there was considerable support for 

practices that reduced fertilizer use. 

 In the head end area, high input of fertilizer is an important criterion for best 

agriculture practice while in the dryland area, low input of fertilizer is more important. 

Compared to smaller farmers, those with large holding are perhaps more aware and prefer 

apparently more environmentally sound practices, such as, pest resistant seeds, low inputs 

of pesticides and environmental management. Otherwise, there are no significant 

differences across the landholdings.  
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Table 40: Perception of best agriculture practices as stated by the farmers  
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Agroecolo
gical area                   
Head end 
(63) 30 5 13 11 17 34 8 16 13 8 29 13 3 6
Dryland 
(67) 49 5 12 23 13 24 13 29 11 7 18 1 0 3
Ancient 
(69) 47 9 5 46 26 24 12 26 34 17 35 15 17 0
Land 
holding                   
Landless 
(24) 13 0 4 7 5 10 4 5 7 5 9 3 0 0
Small  
(55) 38 2 10 23 12 19 8 19 14 7 22 5 3 0
Medium 
(60) 35 9 9 26 17 18 5 20 14 7 28 11 12 3
Large 
(60) 40 8 7 24 22 35 16 27 23 13 23 10 5 6
Total 
(199) 126 19 30 80 56 82 33 71 58 32 82 29 20 9

Total respondents in parenthesis  
(Source: household survey) 
 
Institutional involvement to promote more sustainable practices 

According to agricultural scientists at KVK, in the past farmers used almost no synthetic 

pesticides and incidence of pest manifestation was also very low. During that period, 

barnyard manure was the only available fertilizer. In essence, farmers in the past were 

farming organically. At present, however, chemical pesticides and fertilizers have 

become integral parts of modern agriculture practices. Numbers and types of pests have 

gone up significantly and they have become resistant to common chemicals, resulting in 
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more dependence on newer types of pesticides. With changing practices, the yield of rice 

has increased from 20-25 bags to 55-60 bags per acre. The major drawback of organic 

farming is its low yield, which is almost 50% less than that for conventional farming. 

Despite long term benefits of organic farming, it is difficult to motivate farmers toward 

its practice due to low yield. Some large farmers have started organic farming, essentially 

for their own use but leaving the majority of their land for conventional farming. 

Conventional farmers argue that there is no conclusive evidence of negative impacts of 

pesticide laced foods on health or in other words there are no perceivable health benefits 

due to organic foods. They see the major drawback of bio-pesticides as their 

ineffectiveness and slow action, unlike chemical pesticides which act faster. Getting the 

right amount of bio-pesticide is also difficult. Bio-pesticides that involve release of 

natural predator insects in the fields are an example. It takes time to produce eggs of the 

insects and often the concerned suppliers cannot provide sufficient quantity unless 

ordered well in advance. There is also social prestige associated with high yield and 

ongoing competition among the farmers discourages interested farmers from growing 

organic. One large farmer narrated how once he had been ridiculed by his neighbors for 

poor yield due to organic cultivation. Perhaps the compromise solution is to look for low 

chemical input technologies. To this end, the team of scientists at KVK has developed a 

new variety of rice seeds named Gangavathi Sona, which are believed to be more pest 

resistant and needs less input of pesticide to obtain the same yield.  

 In the irrigated area, timely sowing of seeds and release of water can prevent pest 

infestations, fungal infections and in turn, will reduce the use of agrichemicals. Delayed 

sowing can lead to increased infection. Late release of water from the reservoir might 
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lead to drying of the land with consequent crop loss. There is therefore a need for good 

communication between farmers, scientists and the irrigation department.  

Often pesticides are sprayed during the mid day which is not an ideal time, as 

high daytime temperature leads to faster evaporation of the chemical. Moreover, the pests 

hide within the plant or under the soil during the daytime and therefore pesticides cannot 

reach them in quantity sufficient to kill them and eventually they become resistant to that 

chemical. The ideal time to kill pests is the early morning, when they emerge and become 

active. Another example of need for timely spraying is paddy blast, a fungal disease 

which produces thousands of spores (conidia) from mid-night to early morning. 

Therefore, spraying fungicide during that period is the most effective mode of practice. 

Because of lack of knowledge and non-availability of agricultural laborers, the 

recommended spraying timetable is rarely followed. 

As previously noted, crop rotation and mixed cropping or alternate cropping are 

not usual practices in the irrigated area; however, this is the usual practice in the dryland. 

According to the KVK scientists, due to the absence of a community-based approach to 

agrochemical use and the extensive monoculture, insect and fungal infestation spread 

quickly across vast areas of the landscape. As successful agriculture is a collective action 

of the farming community, individual initiatives often have only a minimal effect. Crop 

rotation is a very important step for reducing pest infestation. The latent period of pest 

survival enhances greatly if the host remains unchanged. Crop rotation leads to change of 

host and the existing pests can no longer survive. In fact, crop rotation is an important 

part of the cheaper, manageable, and environment friendly Integrated Pest Management 

(IPM) strategies. IPM methods are related to traditional Indian practice which ensures 
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most effective pest management. Although IPM is both low chemical input and low cost 

agriculture, due to pressure and influence of the traders and the pesticide companies, the 

farmers use pesticides considering them as the most viable remedy. Overuse of pesticides 

leads to mutation of the organisms into more resistant forms. This in turn leads to a need 

for higher doses or a different chemical. Choosing inappropriate pesticides can also have 

unexpected and sometimes disastrous consequences with regard to environmental or 

human health. Endosulphan, a commonly used insecticide kills the honey bee and 

therefore indirectly affects pollination. Sometimes farmers spray pesticide just before 

harvesting; this serves no purpose and is harmful to human health.  

 There is a recommended value of plant density for rice seedlings in paddy 

plantations.  Typically 50 to 60 seedlings are planted per square meter of land. 

Sometimes, however, farmers plant seedlings very densely, believing that will bring 

higher yield.  The seedlings are planted in a bunch and in one bunch; there should be 3-4 

seedlings. However, some farmers plant 7-8 seedlings in a single bunch, sometimes even 

more than 10. There are some serious negative implications arising from this practice; for 

one thing it becomes very difficult to spray pesticide evenly to all the plants and therefore 

plants located in the inner part of the bunch remain infested with the pests and become 

the potential sources for surrounding plants as well. Confounding this, the middle 

seedlings do not get adequate sunlight and nutrition and eventually become more 

susceptible to pests. 

Despite the importance of institutional support, the present limited initiatives 

provided by scientists are not encouraging. Only proactive roles of the institutions can 
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ensure the best agriculture practices – ones that are feasible, environmentally appropriate 

and also sustain profits for the farmers.  

 

Soil health 

Salinity of soil is a major soil health problem due to extensive irrigation, stagnation of 

water in the rice fields and poor drainage. Saline soil reduces the crop yield significantly 

and eventually the land becomes non-viable. Around 15% of the soil in the head end has 

already become seriously saline and the affected area is increasing each year. 

 The household survey shows that most farmers are aware of soil health, but the 

majority of them believe it has remained unchanged over the last decades. According to 

some, pesticides and fertilizers have caused deterioration in soil health. These perceptions 

are less commonly held in the dryland where there is generally less application of any 

agrochemicals and there is less awareness of issues surrounding them (Table 41). About a 

quarter of the farmers attribute soil quality deterioration to improper irrigation (Table 42) 

and, not surprisingly, most of them live in the two irrigated areas (Table 41). It is 

important to note that the statements of respondents are based on their own observation 

and sharing experiences with other farmers in day to day interactions in their respective 

villages. 
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Table 41: Perception of change in soil health due to agriculture practice  
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Deteriorated 28 35 3 5 20
Unchanged 32 26 14 17 18Head end  

(72) Improved 0 0 0 1 0
Deteriorated 25 15 3 5 6
Unchanged 40 45 26 28 28Dryland  

(71) Improved 1 4 0 1 0
Deteriorated 35 31 2 3 14
Unchanged 31 35 15 25 22Ancient 

(67) Improved 0 1 0 0 0
Total respondents in parentheses (Source: household survey)  
 
Table 42: Perception of change in soil health due to agriculture practice 

  Pesticide Fertilizer Crop 

Agri 
Machine/ 
tools Irrigation 

Deteriorated 88 81 8 13 40
Unchanged 103 106 55 70 68
Improved 1 5 0 2 0

Total respondents 210 (Source: household survey) 
 
 

Perceptions on changes in environment 

Farmers were asked their opinion on impacts of modern agriculture on the environment. 

Around 73% of the respondents claim recognition that agriculture has definite negative 

impacts on environment (Table 43). There is a need to explore further why there is 

limited recognition especially in the highly vulnerable head end, despite the higher level 

of education there. 
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Table 43: Perception of negative impacts of modern agriculture practice on local 
environment and agroecological area 

Agroecological area   Change in environment due to agriculture 
Yes 48
No 23

Head end (78) Not Known 7
Yes 56
No 20

Dryland (79) Not Known 3
Yes 68
No 11

Ancient (79) Not Known 0
Respondents in parentheses, total respondents 236, (Source: household survey) 
                                         
 

Further exploration revealed that the largest numbers of the perceived environmental 

changes are hotter climate and drought (due to lack of rain), followed by deforestation 

and water shortage (in irrigation canals and underground) (Table 44).  

Table 44: Changes of environment due to agriculture practice 
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28 3 95 37 147 37 4 2 30 20 13 
Total respondents 172, (Source: household survey) 
 
 

Problems related to pesticide - death of wild animals, insects and birds and sickness of 

the cattle - use are also recognized by many (Table 45). Some farmers have observed 

dead birds, snakes, rats and frogs in the field after application of pesticides. According to 

a large farmer who was a former employee of a pesticide factory, the widely used 
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organophosphate insecticide Phorate, is responsible for sickness and death of cattle. He 

observed that if cows eat contaminated grass and leafy plants surrounding paddy fields 

after pesticide spraying, they often fall sick. He also reported that there have been a 

number of cases of abortion and early death of calves, which he attributes to chronic 

pesticide exposure. Further, his observation was that due to repeated abortions, the cows 

become overweight and the yield of milk declines significantly. Now, many cows 

successfully deliver a calf only once in 2 to 3 years. Other farmers also observed cases of 

the death of cows and buffaloes in their respective villages supposedly due to eating 

contaminated green fodder. Veterinarians have informed them of the possible roles of 

both insecticides and fungicides in contaminating grazing land for cattle, but abnormal 

sicknesses and death continue to occur.  

As before, the lowest perception of these kinds of adverse environmental effects 

was in the head end area, known for highest pesticide use. This observation was further 

corroborated in focus group discussions with the farmers in the head end where there was 

markedly less awareness of environmental issues than in the ancient and even dryland 

regions.  

Table 45: Perception of negative impacts of pesticides on local ecology  

 
      Insect/ 
crustacean Birds Rat  Frog  Snake 

Wild 
bushes / 
trees 

Agroecological area  
Head end (69) 38 40 38 54 56 3
Dryland (66) 47 47 58 62 65 3
Ancient (68) 67 64 67 68 65 5
  152 151 163 184 186 11

Respondents in parentheses, total respondents 203, (Source: household survey) 
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When asked about strategies needed to protect the environment, a variety of approaches 

were put forward - tree plantation, increase awareness, better water management and 

agriculture practices, sanitation and waste management, and drainage (Table 46). Once 

again, there was substantially greater awareness among farmers in the ancient area, and 

notably limited awareness in the head end. There was greater recognition by the medium 

and large farmers. Very few respondents in any category attributed any value to 

population control. 

Table 46: Opinions of the farmers regarding most significant features of environmental 
protection 
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Agroecological area  
Head end (65) 58 18 20 8 19 5 23 19
Dryland (68) 66 17 37 1 21 2 23 26
Ancient (74) 74 28 42 3 33 1 50 45
Land holding  
Landless (40) 38 10 14 1 12 1 12 9
Small (50) 48 14 26 1 15 1 20 19
Medium (57) 55 16 29 3 20 1 30 25
Large (60) 57 23 30 7 26 5 34 37
   198  63  99  12  73  8  96  90

Respondents in parentheses (Source: household survey)  
 
 

According to an organic farmer (a retired civil engineer of the state irrigation department) 

who currently lives in his native village in the head end, wild animals, like snakes and 

owls are rapidly becoming extinct. Earthworms are also becoming rare as a result of 
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excessive application of fertilizers and pesticides and also due to prolong stagnation of 

water in rice cultivation, which creates an anoxic environment. Thus the natural support 

system to maintain soil fertility by the earthworms has been jeopardized. According to 

him the organic soils are loose and soft, and therefore support healthy plant root systems. 

He is very confident about the future of organic farming and is gradually expanding his 

land farmed in this way. He believes that organic farming is good for the nation’s 

economy, as it can save precious foreign currency by reducing the import of pesticides 

and fertilizers. He admits that the lower yield of organic crops is the major drawback but 

simultaneously it ensures the restoration of land fertility for the future generations. He 

fears that if the current trend of pesticide and fertilizer use continues, within 10 to15 

years, the irrigated areas will turn into totally barren land. He laments the goals of many 

farmers who want to become rich faster by making quick money and this attitude drives 

them to follow high chemical input practices. He follows a set of agricultural practices 

promoted by a scientist from the neighboring state of Maharastra. He claims that it is 

based on an ancient Indian text that uses manure, and cow urine as a bio-fertilizer. The 

technique is very simple: mixing manure with cow’s urine and keeping them in a drum 

for weeks. During irrigation, the newly formed biofertilizer (known as jeevan-amrita – 

nectar for immortal life) is mixed with water and spread on the field; this is done at least 

5 to 6 times for the whole cultivation period. He claims that the biofertilizer attracts 

natural insects which kill the pests and increases earthworm populations. He also uses a 

bio-pesticide based on an extract of neem tree leaves and claims that ever since he has 

started using it, no pest infestation has been observed. He is passionate about his current 

practice of organic farming since it gives self reliance and confidence, as all the inputs 
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are produced on his land. He hopes that this initiative will transforms farmers from 

chronic dependency on commercial enterprises and the global economy toward being 

independent individuals. He opines that there is a need to encourage associations of 

organic food producers and for support from the government regarding certification. 

According to a promoter of organic cultivation in the ancient area, registration for organic 

certification is very expensive (Rs 7000/ac/y) and cumbersome and thus farmers are 

discouraged from applying for it. Another challenge of organic farming is contamination 

from air-borne pesticide and pesticide-containing water from surrounding lands.  

 

Vector population (mosquito)  

84.5% of the farmers are firmly aware of the linkage between the mosquito population 

and agriculture practice. The majority of them link it with rice cultivation and water 

logging in the field and irrigation canals (Table 47). There is awareness also that animal 

rearing can be linked with the mosquito density. In particular, Japanese encephalitis (JE) 

transmission needs hogs as intermediate hosts and their rearing is becoming common in 

many villages. Thus these changes in agroecology contribute to rising mosquito 

populations and then to the transmission of the related vector borne diseases. 

Table 47: General perception of the links between mosquito population and agriculture 
practice 
Standing water in the 
field due to rice 
cultivation 

Water logging in the 
irrigation canals 

Animal rearing Deforestation 

186 185 141 2
Total respondents 240, (Source: household survey) 
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There is no individual piped water supply in each house and women collect water from 

the public distribution system, shared by several households in the villages. Due to a 

scarcity of drinking water and limited time-bound delivery, people store water in large 

containers, which also act as potential places for mosquito breeding. According to the 

district entomologist, for cattle feeding the villagers use open water tanks made with 

locally available stone bricks. The inner surfaces of the tanks are rough and favorable for 

the growth of algae and then mosquito larvae, which thrive on the algae. The eggs of the 

mosquito can remain dormant for 6 months, even if the tanks are kept dry. The eggs hatch 

after return of a favorable environment when tanks are refilled with water. Regular 

scrubbing would be necessary to ensure killing of mosquito eggs. However, people 

cannot be asked to empty the tank repeatedly because of the irregular supply of water. 

The entomologist suggests filtering the water and then covering the tank to prevent entry 

of the mosquitoes for laying eggs on the water surface, but this procedure is not followed. 

During water scarcity in the late months of the dry season, the chances of mosquito 

breeding in the tanks are even greater, due to more storage of water. Among all the study 

villages, Anegundi, which is located on the bank of the Tungabhadra River, is the most 

notorious with regard to the mosquito problem and malaria. The entomologist says that 

the small ponds of water along the river are believed to be the main mosquito breeding 

grounds. During the rainy cropping season, the mosquito population increases 

significantly. Heavy use of nitrogen and phosphorus fertilizer causes heavy growth of 

algae, resulting in a high population of mosquitoes and this contributes to increased 

incidence of vector borne diseases such as malaria and Japanese encephalitis (the vector 

mosquito that specifically breeds in the rice field). During the field survey, a number 
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artificial collection of water bodies were observed nearby rice fields full of thick 

vegetation filled with swarms of mosquito larva (See field photos in Appendix A6 & A7) 

 In terms of land holdings, there are only minor differences in opinion regarding 

the links between mosquito population and agriculture practice (Table 48) except that 

landholders are found to be more knowledgeable than landless farmers perhaps due to 

better access to information.   

Table 48: Landholding and general perception of the links between mosquito population 
and agriculture practice 

Causes 

Land holding 

Water 
logging in 
canals 

Standing 
water in 
rice field 

Animal 
rearing 

Deforestati
on  

Responded 
positively on 
agriculture and 
mosquito linkage 

Landless (60) 39 45 29  47
Small (59) 47 45 35  49
Medium (60) 48 48 33 2 52
Large (60) 51 48 44  54
  185 186 141 2 202

Respondents in parentheses, total respondents 239, (Source: household survey) 
 
 

Awareness regarding links between agriculture practices and mosquito population is 

highest in the ancient area where the issue is more evident (Table 49). In the dry area, 

there is lack of knowledge, probably due to low rice cultivation. In fact, most malaria 

cases in the dry area may be due to migration to the nearby high endemic mining area.  
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Table 49: Agroecological area and general perception of the links between mosquito 
population and agriculture practice 
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Wet (79) 59 71 29   73
Dry (80) 50 40 45 1 53
Ancient (80) 76 75 67 1 76
  185 186 141 2 202

Respondents in parentheses, total respondents 239, (Source: household survey) 
 

When asked about the current trend in the mosquito population, over 90 % of respondents 

claimed that it is growing (Table 50). Most attribute this to water stagnation in canals and 

rice fields and animal rearing. All of the respondents from the ancient area attributed the 

increase to water in the irrigation system. The somewhat lower response from the dryland 

is again likely related to the limited water supply and lack of paddy cultivation.  

Table 50: General perception of the rising mosquito population 
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Land holding    
Landless (60) 46 43 31 2 0 0 51
Small (60) 54 49 36 0 0 0 55
Medium (60) 53 47 36 1 1 1 56
Large (60) 55 47 43 0 0 0 56
Agroecological 
area  

  

Wet (80) 64 71 31 1 1 0 74
Dry (80) 64 39 46 1 0 0 64
Ancient (80) 80 76 69 1 0 0 80
  208 186 146 3 1 0 218

Respondents in parentheses, total respondents 240, (Source: household survey) 



 91

As the most effective means to control problems connected with mosquitoes, the majority 

of the population are reactive, relying only on mosquito nets and household repellents 

(Table 51). While water logging is recognized as the main reason for the growing 

population, few recognized its prevention as a legitimate proactive mitigation strategy, 

perhaps due to lack of faith in public health measures. It was somewhat more common 

that larger compared to small and landless farmers would acknowledge the value of 

prevention strategies. Due to the nature of the problem and the specific ecosystem, 

farmers from the ancient area gave relatively more stress on prevention of water logging, 

although nets and repellents remained their top priorities. 

Table 51: Opinion on mosquito control and landholding and agroecologic area 
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Landless (54) 1 49 28 6 0 0
Small (58) 4 55 29 6 3 1
Medium (60) 5 54 39 14 4 1
Large (60) 7 56 48 23 5 3

Agroecological 
area 

  

Wet (77) 3 65 50 14 2 5
Dry (76) 0 73 37 14 5 0
Ancient (79) 14 76 57 21 5 0
  17 214 144 49 12 5

Respondents in parentheses and total respondents 232, (Source: household survey) 
 
 

Agricultural practice and ecology 

Almost the entire extent of agriculture land in the head end and ancient area is irrigated. 

The farmers of the head end grow rice as the exclusive crop, while the dryland is 

characterized by greater crop diversity. Due to intensive agriculture, good yield and an 
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assured support price for rice, the economic condition of the head end farmers is better 

than those in the other two areas. The dryland is the most impoverished region in 

Gangavathi taluka due to poor agriculture and in response, seasonal out-migration is 

common. Farmers in the head end area invest more in agriculture in terms of buying high 

yielding variety seeds, agrochemicals and they make extensive use of machines. The 

result is healthy yields of rice and a substantial income for anyone with medium or large  

holdings of land. The economic advantage of the large farmers is further benefited by the 

possession of livestock. Due to the dry terrain and water scarcity, the main livestock in 

the dryland are goat and sheep, which thrive on naturally grown shrubs and bushes. This 

plus the meager yields of a variety of traditional crops provides the typical farm with, at 

best, a subsistence income. 

Credit and loans are the main financial resources for agriculture. For the most 

part, the current system of financing in agriculture benefits only the large farmers in 

terms of receiving low interest loans from government banks. Small farmers usually 

depend on private money lenders and traders. Ironically, the high interest demanded by 

these private money lenders results in a vicious cycle of debt trap and crop failures can 

have devastating consequences for the small and even the medium farmers in the dryland 

area. Throughout the taluka, pests, drought and water shortage are the major threats to 

crop production. Climate change is, however, another emerging threat to agriculture in 

the study area, particularly in rice cultivation. Untimely rain, and prolonged drought 

appear to be increasing and this will have serious consequences in terms of the rice yield. 

The current private financial system in agriculture is so strongly controlled by a few 

influential people, that the farmers do not have the freedom of choice to select crops, 
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agrochemicals, storage and time and place of sale in the market. Borrowing money to 

maintain one’s livelihood is the commonest response for crop failure, followed by 

agitation or protest for compensation. For laborers and small farmers, migration often 

becomes the only viable solution. Although recent government policy provides 

immediate economic security for poor laborers by means of a guaranteed jobs scheme, it 

has further complicated the dynamics of labor relations in agriculture and eventually 

encourages the large land holders to adopt a more mechanized system.  

There is irrational use of agrochemicals due to lack of awareness and a poor 

regulatory mechanism and indeed prevailing uncertainty in crop production and desired 

yields. Lack of institutional support, coercive finance mechanisms and poor adaptation 

capacity compel small farmers to depend on excessive amounts of agrochemicals, albeit 

this adds to further input cost. Irrational agrochemical use is mostly witnessed in the head 

end. High yields and profits are the major driving forces behind current agriculture 

practices and hence all the agriculture related activities have focused on them only. 

Therefore, the concept of agricultural sustainability has not been given priority by any 

farmers (except by a small number of organic farmers). The farmers, however, have 

noticed some serious ecological impacts from use of agrochemicals such as deaths of 

wild animals, landscape change causing water stagnation and eventually mosquito 

breeding. 
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Chapter 4 

Food Intake, Nutrition, Food and Water Safety  

– Role of Agriculture Practices 

 
This chapter describes the roles of agriculture practices on food intake patterns and 

nutritional status of the study population. It also explores the association between 

nutritional status, gender, and landholding differentials. In addition, it addresses 

childhood nutrition and contamination of rice and drinking water due to pesticides, 

mercury, nitrates and fluoride. 

  

Food intake, sources 

Over the past few decades, there has been a significant change in the food consumption 

pattern in the study area. Earlier, the basic diet involved traditional coarse cereals such as 

sorghum, millet, and maize as staple foods while rice was taken only occasionally. The 

Dryland climatic zone was not an ideal place for paddy cultivation and hence rice was not 

easily available from local sources and as well was not accessible to many people due to 

its high cost. After construction of the Tungabhadra dam and development of the 

irrigation system; however, rice cultivation became the principal crop among the farmers 

living in the head end of the command area. Since that time, rising demand and high 

profit for rice as compared to the traditional coarse cereals has encouraged farmers to 

shift to paddy cultivation so that rice has gained preeminence. Moreover, institutional 

support such as bank loans and easy availability of other inputs has made rice the most 

attractive option for most farmers. According to agriculture scientists at Gangavathi, it is 
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an undeniable fact that large seed companies have played a major role in promoting high 

yielding rice seeds by applying various attractive marketing strategies at the local level 

and lobbying at the higher policy level. As modern rice cultivation requires a kind of 

package that includes high yielding seeds, fertilizer, pesticides, machinery and irrigation, 

the role of government and large corporations cannot be overestimated.  

On the other hand, coarse cereals have lost state patronage in terms of a similar 

nature of institutional support. In part, because there is no such strong lobby to promote 

the coarse cereals, their cultivation has declined and these grains have gradually 

disappeared from the regular meals of the local people. In addition, discussion with the 

women revealed their preference of rice over the coarse cereals, owing to simpler 

cooking with less requirement of fuel and indeed also to a sense of pride attached to rice 

as a regular meal. They unanimously expressed that cooking rice is easier than making 

bread out of sorghum flour. Cooking sorghum bread uses more firewood and gathering 

the biomass is very difficult, particularly for the women. On the contrary, rice does not 

require much fuel to boil; even a few pieces of dried cow dung cakes are sufficient for a 

small nuclear family and these are easily available in the community.  

 Perhaps one of the biggest blows against the coarse cereals has been the public 

distribution system (PDS). The PDS was set up to ensure food security for the poor 

people and rice (along with wheat) was selected as the major food grain to be supported. 

Farmers are allowed to sell rice to the public system at a good rate, while entitled 

households generally obtain the grain from the PDS at a very low price (~Rs 3/kg). This 

indeed enables poor families to provide daily meals. But this further reduces the demand 

for coarse cereals and discourages farmers from pursuing their cultivation. In fact, 
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although in the open market the rate for purchase of rice is high (~Rs 22/kg), the coarse 

cereals such as sorghum are even more costly (~Rs 25/kg) and they are less readily 

available. The government-modified market forces therefore strongly influence the 

population to buy one specific food in preference to another, while disregarding 

important factors such as tradition and the nutritional value of the food. Over time this 

has changed the food preferences of the younger generation, who now consider rice to be 

an essential food of the daily diet. It is apparent that reemergence of coarse cereals in the 

foreseeable future will be impossible, until appropriate multi-pronged institutional and 

educational measures are taken.  

 Discussions with members of the local communities provided interesting related 

information. The villagers, particularly the middle aged population who have had the 

experiences of eating the coarse cereals in early phases of their adulthood, believe that 

the traditional grains used to give more physical strength and vigor. On the other hand, it 

was felt that, even after eating an adequate quantity of rice, they do not get the expected 

strength and they become hungry sooner. Some villagers have narrated that in the past, 

they could work till noon after having breakfast with coarse cereals. In this regard, mill-

polished rice is an inferior form of food, as stated by several farmers. In order to make 

rice white, shining and attractive, it is repeatedly polished and this is what is available in 

the market. During this process of milling (i.e. removal of husk and brown outer coating) 

essential nutrients, including vitamins, proteins and fibers (bran) are also removed. 

Current market mechanisms for rice production, processing and marketing are controlled 

by a handful of big traders and this close control virtually disallows traditional forms of 

the nutritionally much superior hand-pounded rice. Due to its lack of fiber, the mill 
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polished rice is absorbed and digested quickly. An analysis by the National Institute of 

Nutrition /Indian Council of Medical Research (NIN/ICMR) shows that milled rice 

contains lesser quantities of essential nutrients, including protein, fat, minerals, fibers, 

calcium, phosphorus, iron, and carotene (Table 52). In summary, mill polished rice can 

essentially provide immediately-available energy mostly from carbohydrate with only 

limited amounts of important nutrients. Coarse cereals such as millet, sorghum and maize 

are always prepared in unpolished forms and the table shows that they have a greater 

proportion of protein, and other nutrients even than hand-pounded rice (National Institute 

of Nutrition, 2005). 

Table 52: Nutritive value of rice, millet, sorghum and maize (per 100 gm of edible 
portion) 
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Rice 
(milled) 

6.8 1.09 0.5 0.6 0.2 78.2 345 10 160 0.7 0 8

Rice 
(hand 
pounded) 

7.5 NA 1 0.9 0.6 76.7 346 10 190 3.2 2 NA

Millet 
 

11.6 1.86 5 2.3 1.2 67.5 361 42 296 8 132 45.5

Sorghum 
 

10.4 1.66 1.9 1.6 1.6 72.6 349 25 222 4.1 47 20

Maize 
 

11.1 1.78 3.6 1.5 2.7 66.2 342 10 348 2.3 90 20

(Source: National Institute of Nutrition, 2005) 
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Folic acid facilitates iron absorption from the gut, and deficiency of iron or folic acid in 

the diet contributes to iron deficiency anemia. Deficiency of calcium and phosphorus 

affects bone mineralization and development.  

 Due to the limited availability of alternative sources of protein, and other essential 

nutrients in the typical diet of northern Karnataka; many people may suffer from 

deficiencies of various types. Resumption of regular consumption of traditional cereals 

might reduce the existing nutrition gaps associated with mill-polished rice. The National 

Institute of Nutrition study shows that in rural India, around 70% of total daily nutrition 

comes from only cereals.  

 Further aggravating the dietary problems is the situation with regard to 

vegetables; people earlier consumed cheaper local vegetables like drumstick and others 

that could be grown on the field peripheries. But due to deforestation, expansion of 

human habitats and agriculture lands; the naturally grown green vegetables are becoming 

rare now. Moreover, commercial cultivation of vegetables is not widely practiced in the 

district (ATMA 2006).     

 Table 53 shows that irrespective of socioeconomic status, approximately two 

thirds of daily cereal consumption is fulfilled by rice. As far as landholding size is 

concerned, there is no apparent link with rice consumption. It is found, however, that the 

nature of local agriculture significantly influences the food consumption pattern. Rice 

consumption is the highest in the head end (80.1%), followed by the ancient area 

(70.4%). In the dryland land area, due to cultivation of traditional cereals, rice 

consumption is less (53.4%). Nevertheless it is interesting to note that while the farmers 

in the dryland area produce very little rice (see previous chapter) it still contributes over 
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half of the cereal consumption in the daily diet, proving its growing influence even in non 

rice-growing areas. It is clear that people living in the dryland area must spend a 

considerable proportion of their earning to buy rice (except those, who are the 

beneficiaries of the PDS).  

Table 53: Average percentage of rice in total cereal consumption 

 Percent (95% Confidence Interval) 
Land holding  
Landless 68.1 (63.0, 73.2)
Small 69.0 (64.6, 73.5)
Medium 69.2 (64.9, 73.6)
Large 66.3 (61.5, 71.0)
Agroecological area 
Head end 80.1 (75.6, 84.5)
Dryland 53.4 (51.0, 55.8)
Ancient 70.4 (68.0, 72.9)

(Source: household survey) 
 
 

A comparison of rice consumption between the two study villages of the head end 

provides an interesting insight into the role of tradition in determining dietary 

preferences. These two villages of the head end have distinctly different socio-cultural 

characteristics: Herur, an old village inhabited by the local Kannadiga people (language 

spoken Kannada), Bapureddi camp, a recently-built village (~40 years) developed by the 

Telegu people (language spoken Telegu) who migrated from the neighboring state of 

Andhra Pradesh. Rice is a traditional staple diet for the Telegu population and they 

continue to follow the same tradition in their adopted state. The household survey shows 

that despite changing pattern of food habit, rice consumption of the farmers living in 

Herur is lower (68.7%) than Bapureddi camp (93.1%) (Table 54).  
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Table 54: Average percentage of rice in total cereal consumption in two villages of the 
head end 

Village Percent (95% Confidence Interval) 
Herur 68.7 (63.6, 73.9)
Bapureddi camp 93.1 (90.1, 96.2)

(Source: household survey) 
 
As agriculture in all the villages focuses on food grains, they are not self sufficient in 

terms of other food crops. Therefore, purchasing from the local market is a common 

practice. In addition, poor farmers must rely on the government sponsored public 

distribution system (PDS). Although, the medium and large farmers are not entitled to get 

benefits of the PDS, due to corruption and administrative loopholes in the system, the 

resources are misused by them. The fact that over half the large farmers use this resource 

is especially noteworthy. Not surprisingly, use of the PDS is highest in the dryland area 

due to poor production of foods and consequent higher levels of poverty (Table 55). 

Reliance on one’s own produce is greater among the medium and large farmers. 

Table 55: Sources of household food supplies 

 Own product PDS Market 
Land holding    
Landless (60) 2 57 58 
Small (60) 44 60 58 
Medium (60) 52 39 56 
Large (60) 53 34 54 
Agroecological area  
Head end (80) 49 40 77 
Dryland (80) 49 74 77 
Ancient (80) 53 66 72 

Total respondents 240 (Source: household survey) 
 
 

According to the landless laborers, despite extremely low wages in the past, they did not 

encounter frequent food scarcity, as provision for food was always a part of the contract 

with the landowners. The Minimum Wages Act came into force in 1948; however actual 
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uniform minimum wages were fixed in 1996. Subsequently it was revised according to 

the consumer price index. Now landowners abide by rules by paying only minimum 

wages (i.e. Rs 80 per day (~Can$ 2)). As a consequence, although the act ensured 

minimum wages and provided a legal safeguard against exploitation by the landed 

farmers, it has made the landless agriculture laborers more vulnerable to food insecurity. 

Cash alone cannot ensure food due to its fluctuating value and the non-availability and 

escalating costs of other household expenditures, such as health. Moreover, in the past, 

agriculture practice was essentially manual and labor intensive; therefore work was 

relatively assured throughout the growing seasons. 

 

Nutritional status 

In the present study there was limited scope to measure actual consumption of items of 

the daily meals of individuals. As an integrative indicator of nutritional status of the 

population, however, Body Mass Index or BMI was measured in the field during the 

household survey. Table 56 indicates the association between average nutritional status 

and socioeconomic status. Average BMI improves with higher socioeconomic status.  

Table 56: Average nutritional status (Body Mass Index) of adult males and females and 
landholding 

 BMI (95% CI) 
Land holding Male Female 
Landless 20.3 (19.6, 21.1) 19.7 (18.7, 20.7)
Small 21.9 (21.1, 22.7) 22.1 (20.9, 23.3)
Medium 22.2 (21.3, 23.1) 21.6 (20.5, 22.7)
Large 23.3 (22.2, 24.4) 23.1 (21.8, 24.3)

(Source: household survey) 
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Table 57 shows that the average BMI of both males and females is higher in the two 

irrigated area compared with the dryland. Note, however, that these analyses are based on 

aggregate values and there are important individual differences hidden in the averages. 

Table 57: Average nutritional status (Body Mass Index) of adult males and females and 
agroecological area 

 BMI (95% CI) 
Agroecological area Male Female 
Head end 22.6 (21.8, 23.4) 22.5 (21.4, 23.6) 
Dryland 20.8 (20.1, 21.5) 20 (19.2, 20.9) 
Ancient 22.4 (21.5, 23.2) 22.3 (21.2, 23.3) 

(Source: household survey) 
 
 

Table 58 shows that the number of persons with low BMI (<20 or nutrition deficiency) 

decreases and the number with high BMI (>25 or over weight) increases with rising 

socioeconomic status. But there are surprising exceptions as well. One is the interesting 

observation of the presence of obese (BMI>30) persons in the low socioeconomic status, 

countering the popular notion of always associating this problem with the affluence. 

Numbers of both low and high BMI are higher among women, irrespective of 

socioeconomic conditions. 

.Table 58: Nutritional status of adult males and females (nutritional deficiency, over 
weight including obese, only obese and normal nutritional status) and landholding 
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Landless (60) 34 5 1 21 37 5 1 18
Small (60) 18 9 0 33 24 15 5 21
Medium (60) 16 11 1 33 24 10 4 26
Large (60) 14 19 2 27 17 21 6 22
 82 44 4 114 102 51 16 87

Total respondents 240 (Source: household survey) 
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The number of low BMI (both males and females) is much higher in the dryland 

compared to two irrigated areas (Table 59). Also, unlike the head end and the ancient 

areas, the number of persons with low BMI in the dryland surpasses the number with 

normal BMI, which clearly indicates the existence of a very high level of food insecurity. 

The number of high BMI persons is larger in the head end, but the ancient area is not far 

behind. Table 58 and 59 show that, as with landholdings females are more vulnerable to 

both high and low BMI than are males.  

Table 59: Nutritional status of adult males and females in the agroecological area 
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Head end (80) 20 19 1 41 29 25 6 26
Dryland (80) 41 8 1 31 46 10 4 24
Ancient (80) 21 17 2 42 27 16 6 37
 82 44 4 114 102 51 16 87

Total respondents 240 (Source: household survey) 
 
 

Comparing the two villages in the head end, Table 60 illustrates that low BMI (both 

males and females) is greater in Herur while overweight/obesity (both males and females) 

is greater amongst the heavy rice consumers in Bapureddi camp. Once again, it is 

interesting to note that there is more nutritional deficiency and overweight/obesity (in 

both the villages) among women compared with their male counterparts. In Bapureddi 

camp, the number of overweight and obese females is larger even than those having 

normal weight. Relative risks of high and low BMI of males and females of these two 

villages are analyzed below (Table 60). 
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Table 60: Nutritional status of adult males and females in the two head end villages area 
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Herur 16 4 0 20 18 8 2 14
Bapureddi camp 4 15 1 21 11 17 4 12
 20 19 1 41 29 25 6 26

(Source: household survey) 
 
Interviews with a wide range of people in the villages provided important additional 

information about the nutritional status of different groups in the various communities.  

The landless laborers of Bapureddi camp opined that they did not have any major 

problems of household food security and that they were able to eat sufficient basic foods 

regularly. They were also able to accumulate some personal savings which help them to 

procure adequate food during the lean seasons. They send their children to the 

government school, which has a mid-day free meal program, and continue their education 

as long as finances allow. The children as well as adults usually eat food two or three 

times a day. The strong community feeling prevents the poor from falling short of basic 

food requirements.  

In contrast, the landless laborers of Herur eat only once in a day during the lean 

period. If there is little food left for the entire households, the parents keep it for their 

children and drink more water after their meal in order to suppress hunger. If there is lack 

of food intake for longer periods, several parents noted that their children suffered from 

frequent diarrhoea. These landless families frequently resort to borrowing money in order 

to purchase food especially during seasons of limited employment. It is common for the 

women to work as maids in houses of rich families. Sometimes they are provided with 
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leftover food and rice instead of money as all or part of their wages.  According to these 

women, they prepare food at home and if nothing is left after the children and women 

have eaten, the males drink tea outside and remain starved for the whole night. They 

lament that there is no choice but to suffer, as alternative financial means do not exist in 

the village. This kind of chronic shortage of food typically lasts for about a month during 

the time before harvest. Some poor families manage chronic food shortages by working 

outside the village. In recent years, there are fewer job opportunities in Herur, partly due 

to mechanization of agriculture as well as to the high population Earlier the work load 

was more intensive and the landed (especially large) farmers hired laborers from this and 

other villages. Migration has become the only choice left for landless laborers and they 

either go to nearby small towns or the big cities, depending upon the available 

opportunities, typically mining, building construction and stone polishing.  

The situation of food security in the dryland villages of Venkatagiri and Gaddi is 

more widely precarious, as the landless laborers do not get regular work for more than 

half the year. As food production in the dryland area is not intensive, they also must rely 

to a greater degree on the market and due to high price and low purchasing capacity, 

actual consumption by all family members turns out to be very low.  

Food security in the ancient villages of Anegundi and Tirumalapur is similar to 

that in the head end, although it was found to be better than in Herur. Food consumption 

in the large farmers’ households is mostly balanced; however, anecdotal evidence 

indicated that there was high consumption of oils and salty food in their regular diets. 

According to a number of large farmers and the physicians, the principal causes of 

obesity in rural India are less physical work and high fat intake. The problem is especially 
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evident among women. Due to the conservative nature of the society and lack of 

opportunity, the women from the large landholding households remain at home, resulting 

in very limited physical activities. The ability to keep regular maids for domestic chores 

and recently the entry of modern household gadgets, such as washing machines, cooking 

ranges, mixers etc. have reduced further the scope for physical activities. The role of non-

nutritional factors such as intake of oral contraceptives cannot be ruled out; however, 

these issues were beyond the scope of this research. 

 

Comparisons of relative risks leading to high or low BMI  

The above discussion indicates that there were some significant differences in relative 

risk related to malnutrition – either over- or under-nutrition. Detailed data on gender, 

landholding, agroecological area-wise distribution of nutritional status are provided in 

Appendix A8. 

 

Comparisons between villages and agroecosystems 

Table 61 shows that persons in the prosperous rice-eating community of Bapureddi camp 

were much more likely to be obese than those in the nearby head end village of Herur, 

and conversely the risk of under nutrition was considerably greater. 

Table 61: Relative risks of high and low BMI in males and females in two villages of the 
head end area 

Bapureddi camp vs. Herur 
Relative 
Risk 

95% CI 

Males with high BMI in Bapureddi camp and Herur 3.75 2.48-5.67
Males with low BMI in Herur and Bapureddi camp 4.00 2.7-5.93
Females with high BMI in Bapureddi camp and Herur 2.13 1.44-3.15
Females with low BMI in Herur and Bapureddi camp 1.64 1.11-2.42

(Source: household survey) 



 107

It was not surprising to find that under nutrition was more common in the dryland 

compared with the situation in the head end villages (Table 62). 

 Table 62: Relative risks of high and low BMI in males and females in the dryland and 
the head end areas 

Dryland vs. Head end 
Relative 
Risk 

95% CI 

Males with low BMI in dryland area and head end area 2.05 1.6-2.63
Females with low BMI in dryland area and head end area 1.59 1.23-2.04
Males with high BMI in Head end area and dryland area 2.38 1.59-3.54
Females with high BMI in Head end area and dryland area 2.50 1.79-3.5

(Source: household survey) 
 
 

There was little difference between risks of under- or over-nutrition when comparing the 

head end and the ancient areas. The exception was that a larger number of females in the 

head end were found to be overweight and obese (Table 63). 

Table 63: Relative risks of high and low BMI in males and females in the ancient and the 
head end areas 

Ancient vs. Head end 
Relative 
Risk 

95% CI 

Males with low BMI in Ancient area and Head end area 1.05 0.71-1.55
Females with low BMI in Head end area and Ancient area 1.07 0.77-1.49
Males with high BMI in Head end area and Ancient area 1.12 0.74-1.68
Females with high BMI in Head end area and Ancient area 1.56 1.11-2.2

(Source: household survey) 
 
 

Comparisons of BMI data between the ancient and dryland areas showed results that 

were similar to those when the other irrigated area, the head end, was compared with the 

dryland (Table 64). 
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Table 64: Relative risks of high and low BMI in males and females in the ancient and the 
dryland areas 

Dryland vs. ancient 
Relative 
Risk 

95% CI 

Females with low BMI in dryland area and ancient area 1.70 1.33-2.18
Males with low BMI in dryland area and ancient area 1.95 1.52-2.51
Males with high BMI in ancient area and dryland area 2.13 1.38-3.26
Females with high BMI in ancient area and dryland area 1.60 1.02-2.5

(Source: household survey) 
 
 

Comparisons between males and females 

In all agroecological areas, it was observed that women faced a greater risk both of 

under-nutrition and also of over-nutrition (Table 65 and 66). 

 Table 65: Gender wise relative risks of low BMI in three agroecological area 

Females vs. males 
Relative 
Risk 

95% CI 

Females and males with low BMI in head end area  1.61 1.18-2.18 
Females and males with low BMI in dryland area  1.12 0.84-1.5 
Females and males with low BMI in ancient area 1.29 0.92-1.8 

(Source: household survey) 
 
Table 66: Gender wise relative risks of high BMI in three agroecological area 

Females vs. males 
Relative 
Risk 

95% CI 

Females and males with high BMI in head end area  1.32 0.93-1.86
Females and males with high BMI in dryland area  1.25 0.7-2.24
Males and females with high BMI in ancient area  1.06 0.69-1.64

(Source: household survey) 
 
 

Comparisons between groups of differing economic status 

It was thought that some of the nutrition status data could be explained in part by 

considering economic status. Tables 67 and 68 show that, the relative risk of under-

nutrition generally increases going from large landholders to landless farmers. 

 



 109

Table 67: Landholding wise relative risks of low BMI of males 

Landless / small / medium / large landholders 
Relative 
Risk 

95% CI 

Males with low BMI in landless and small landholders 1.89 1.43-2.49
Males with low BMI in small and medium landholders 1.13 0.74-1.70
Males with low BMI in medium and large landholders 1.14 0.73-1.78

(Source: household survey)  
 
Table 68: Landholding wise relative risks of low BMI of females 

Landless / small / medium / large landholders 
Relative 
Risk 

95% CI 

Females with low BMI in landless and small landholders 1.54 1.16-2.05
Females with low BMI in small and medium landholders 1.00 0.69-1.45
Females with low BMI in medium and large landholders 1.41 1.0-2.0

(Source: household survey) 
 
 

It was not surprising also that relative risk of being overweight or obese increases in both 

men and women going from landless to large farmers (Table 69 & 70).  

Table 69: Landholding wise high BMI of males 

Landless / small / medium / large landholders 
Relative 
Risk 

95% CI 

Males with high BMI in small landholders and landless 1.80 0.98-3.3
Males with high BMI in medium and small landholders 1.22 0.71-2.11
Males with high BMI in large and medium landholders 1.73 1.17-2.55

(Source: household survey) 
 
Table 70: Landholding wise high BMI of females 

Landless / small / medium / large landholders 
Relative 
Risk 

95% CI 

Females with high BMI in small landholders and landless 3.00 1.92-4.68
Females with high BMI in medium and small landholders 1.50 0.95-2.36
Females with high BMI in large and medium landholders 2.10 1.46-3.02

(Source: household survey) 
 
The analyses show that irrigated land and amount of land are key factors in determining 

nutritional status. Therefore initiatives to improve food production and accessibility and 

availability of food needs to be strengthened. However, the changing agriculture 
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paradigm has contributed in overweight/obesity, particularly in the head end and the 

ancient areas. Females are more vulnerable to nutrition deficiency and excess as well. 

 

Childhood nutritional status 

Based on available government data, childhood malnutrition at the community level was 

analyzed. Childhood malnutrition is measured using the Indian Academy of Pediatrics’ 

(IAP) classification. Taluka level data reveal the presence of a high level of malnutrition 

(more than two thirds of the total population) among preschool children (<6 years) (Table 

71). There are no apparent gender based differences, except that the proportion of those 

showing the most severe form of malnutrition (Grade III & IV) is much higher among the 

female children. 

In the present household survey we found that 78.6% of the female respondents 

have noticed a gradual deterioration of nutritional status of children and development of 

unhealthy food habits. According to local child care (Anganwadi) workers, children from 

illiterate families are more malnourished than those from literate families. It is not the 

availability of food that solely determines provision of good nutritious food, appropriate 

knowledge can improve the quality of food. Men usually have less knowledge of good 

and healthy food, as women are the primary caregivers and meal providers. 
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Table 71: Childhood nutrition status of Gangavathi taluka 

Nutritional status 
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0-3 years        

Male 2351 2470 2446 66 4982 7333 67.9 
Female 2341 2411 2071 119 4601 6942 66.3 
3-6 years    
Male 1840 1907 1553 53 3513 5353 65.6 
Female 1680 1882 1583 75 3540 5220 67.8 

(Source: Integrated Child Development Scheme (ICDS), Gangavathi, Government of 
Karnataka) 
[Note: Indian Academy of Pediatrics Classification of childhood malnutrition is a common tool, used to 
measure the protein-energy malnutrition of children in India. It uses anthropometric indices: the child's 
weight is compared to that of a normal child (50th percentile) of the same age. It is useful for population 
screening and public health evaluations. It is measured as ‘% of reference weight for age = ((child weight) / 
(weight of normal child of same age)) * 100’. The grades are – Normal: >80%, Grade I: 80-71%, Grade II: 
70-61%, Grade III: 60-51%, Grade IV: <50%.] 
 
 

Table 72 shows the nutritional status of preschool children in the study area. These data 

were collected from one preschool child care and education centre (Anganwadi center) 

within each study village. Among the age group of 0-3 years, around two thirds of the 

children were found to be undernourished although, perhaps surprisingly, the under 

nutrition level of males was somewhat lower in the dry area. The 3 to 6 year age group 

evidenced similar levels of malnutrition except that about half of the males were found to 

be adequately nourished. Most notable was that in all agroeological area there was 

substantially greater malnutrition among females in this age group. 
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Table 72: Malnutrition rate among the preschool children and agroecological area 
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0 to 3 years (Males) 
Head end 41 52 39 2 134 69.4
Dryland 22 16 14 52 57.7
Ancient 33 39 22 94 64.9
0 to 3 years (Females) 
Head end 43 46 51 140 69.3
Dryland 18 15 24 1 58 69.0
Ancient 33 30 21 84 60.7
3 to 6 years (Males) 
Head end 33 39 37 109 69.7
Dryland 35 22 17 74 52.7
Ancient 46 25 20 91 49.5
3 to 6 years (Females) 
Head end 25 39 45 2 111 77.5
Dryland  17 16 13 2 48 64.6
Ancient 25 42 30 97 74.2

(Source: Integrated Child Development Scheme (ICDS), Gangavathi, collected from 
ICDS centres of six study villages) 
 
 

The feature that the fraction of undernourished children in the relatively prosperous head 

end was consistently high deserves some consideration. One explanation might be the 

economic backgrounds of these children. Many well-to-do landholders and even medium 

landholders choose to send their children to newly built private day care centres in 

preference to the government run child care centres. These centres are well equipped in 

terms of physical infrastructure but do not offer the standard mid-day meal program. In 

the dryland and ancient areas, no such private centres are available and children of all 

socio-economic groups attend the government centre and benefit from the modest but 

nutritious meal provided there. Unfortunately, there was little scope for obtaining 
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accurate information of children’s economic background from the existing records. The 

above observation was shared by an Integrated Child Development Scheme (ICDS) 

supervisor, who oversees number of ICDS centres at Gangavathi taluka. Although further 

research is needed to confirm the cause of this apparently paradoxical picture, it is 

undeniable fact that the proportions of malnutrition across the agroecological area are 

very high. This opens up issues regarding equity, accessibility, governance and 

knowledge. It shows that agriculture development has little impact on the overall food 

security including the children from poor families and even those from the more wealthy 

backgrounds.  

 

Food and water safety 

A total of 15 rice samples and 1 straw sample were collected to assess if there were 

measureable levels of any pesticide residues. Five samples were collected from the 

ancient area and the rest (including the straw) were from the head end. Eight samples 

were analyzed for Bufrofezine, Butachlor, Carbofuran, Chlorpyriphos, Endosulfan, 

Monocrotophos, Phorate, and Propiconazole at a certified laboratory in India. Two 

samples from the head end gave positive results – two insecticides (Buprofezine, 

Chlorpyrifos) and one fungicide (Propiconazole) (Table 73). The other 6 samples (3 each 

from the ancient and the head end areas) showed levels of all the parameters to be below 

the level of quantification (BLQ i.e. 10 µg/kg). It is important to note that all the rice 

samples were harvested at least 3 to 4 months prior to their collection and pesticides were 

applied at least one month prior to their harvesting (as stated by the farmers with no 

method of verification). Despite the prolonged time lag between sample collection and 
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analysis, the presence of toxic agrochemicals in the rice samples is clear indication of the 

use of high dosage during their application.  

Table 73: Pesticide contents of two rice samples where measurable residues were found 
Sample collection area Pesticide with level (µg/kg) 

o Buprofezine - 35 
o Chlorpyrifos - 100 
o Propiconazole - 13 
Others – BLQ* 

Head end 
 

o Buprofezine - 28 
o Chlorpyrifos - 45 
o Propiconazole - 29 
Others – BLQ* 

* BLQ – below limit of quantification, (Source: Vimta labs, Hyderabad, India) 
 
 

The remaining 7 samples (including one straw sample) were brought to the Analytical 

Service Unit (ASU), Queen’s University to analyze for Endosulfan7 and also for total 

mercury assessment. The detection limit for analysis of Endosulfan is lower at the ASU 

than in the lab in India and hence the samples were shipped to Canada. On the other 

hand, services of the Indian labs were sought to analyze the levels of the 

organophosphate (OP), as this analysis was not readily available at ASU. Measureable 

levels of Endosulfan were found in all samples and the results are given in Table 74.  

R.C. Srivastava of the Center for Environment Pollution Monitoring and 

Mitigation (India) conducted a study in two of India’s cities (Bhopal and Lucknow). He 

showed that through breast milk, infants consumed 8.6 times more Endosulfan than the 

average daily intake (ADI) levels considered safe by the WHO. According to Srivastava, 

the high level of pesticides in the breast milk was a reflection of the mother’s 

consumption of food, drink, vegetables, fish etc. containing excessive levels of 

                                                 
7 Endosulfan is an organochlorine pesticide that has been banned for use in many countries but is widely 
used for insect control in rice crops in India 
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Endosulfan (Srivastava, 2003). The Agency for Toxic Substances and Disease Registry 

(ATSDR), which operates under the Center for Disease Control (CDC), USA has 

recommended no more than 0.1–2.0 ppm (i.e. 100-2000 µg/kg) Endosulfan on raw 

agricultural products (Agency for Toxic Substances and Disease Registry, 2000). 

Comparing the ATSDR’s recommended value, results of the rice and straw sample 

analysis are considerably lower (Table 74). Ingestion of large amounts of Endosulfan 

can cause convulsions and other nervous system effects, occasionally leading to 

death.  On the other hand, there is little known about the long term effects of exposure to 

small amounts of this chemical. However, the presence of Endosulfan in all the rice and 

straw residues is a serious environmental health concern – rice because of its heavy 

human consumption and straw because it is used as fodder for cattle. Therefore, the 

presence of Endosulfan in straw indicates the vulnerability of livestock and humans as 

well, through the food chain. Even lower concentrations of Endosulfan can pose a 

potentially serious threat to children’s health due to its bioaccumulation property, and 

placental transfer affecting fetal development, and indeed through secretion of breast 

milk affecting early childhood growth. 

Table 74: Endosulfan in rice and straw samples and agroecological area 
Samples Agroecological area Level (µg/kg) 
Straw Head end 27
Rice Head end 8
Rice Head end 10
Rice Head end 8
Rice Head end 8
Rice Head end 7
Rice Ancient 6
Rice Ancient 13

(Source: Analytical Service Unit, Queen’s University) 
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The results of the analysis for total mercury in the samples that had been analyzed for 

Endosulfan are provided in Table 75 (p.117). The probable sources of mercury are two 

coal based power plants located within 120 km of the field area and/or a number of brick 

kilns close to the study villages. Studies in China and some other countries have shown 

the presence of mercury in rice as its uptake by the plant is higher than several other crop 

species. This is due to the fact that it is grown in submerged soils, a reducing 

environment, in which the mercury is present in forms that can be readily assimilated by 

the plant. Moreover, in rice around one fifth of total mercury is present in methyl form, 

which is more toxic than its metallic form (Zhang et al. 2010b). According to the Joint 

FAO/WHO Expert Committee on Food Additives (JECFA), the Provisional Tolerable 

Weekly Intake (PTWI) for pregnant women for methylmercury (MeHg) in order to 

protect the developing fetus from neurotoxic effects is 1.6µg/kg bodyweight per week 

(World Health Organization, 2004; 2007).  

 

For persons in the TBP area, a theoretical (conservative) estimation of weekly uptake of 

MeHg   = [(Average mercury concentration in rice (from table 75).(Average rice 

consumption in rice- producing villages in rural India, citing NIN, 2005 report).(Average 

proportion of MeHg in total Hg, citing the study by Zhang et al. 2010b).(7 

days)]/(Average body weight of women in reproductive age group (16-44 years) in the 

study area (in kg)) 

= [(38.3µg/kg).(0.5kg).(0.20).(7days)]/(50kg) 

= 0.54µg/kg/week  
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This figure is lower than the JECFA recommended value. However there are several 

uncertainties in this estimation. First of all, evidence shows the rice consumption in the 

study area is higher than the average in India (particularly in the ancient and the head end 

areas). The presence of Hg in straw also indicates its additional exposure through milk 

and other animal products. As mentioned in the study by Zhang et al. 2010b, the highest 

proportion of MeHg in total Hg in rice was 40%. The highest mercury level in a rice 

sample was 58µg/kg (see Table 75). 

 

Therefore, using these less conservative values the theoretical estimation of weekly 

uptake of MeHg 

= [(58 µg/kg).(0.5kg).(0.40).(7days)]/(50kg) 

= 1.6µg/kg/week  

 

This is equivalent to JECFA recommended PTWI value. These findings are very 

important and many aspects of the issue deserve more detailed study. There may be some 

vulnerable households who have exceeded the recommended value. 

Table 75: Mercury concentration in rice and straw samples 

Samples Agroecological area Mercury (µg/kg) 
Straw Head end 21
Rice Head end 47
Rice Head end 45
Rice Head end 37
Rice Head end 26
Rice Head end 28
Rice Ancient 27
Rice Ancient 58

(Source: Analytical Service Unit, Queen’s University) 
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Carrying out a detailed toxicological analysis would require a comprehensive and long-

term investigation. Exposure analysis in the context of the diverse field area is a very 

complex process due to multiple sources and portal of entry (ingestion, inhalation, skin 

contact, placental transfer). However, the study has opened the possibility of further 

scope for research on these issues. For instance, a detailed analysis of food intake and 

contamination levels would give clearer picture of body burden and prediction of adverse 

health impacts.  

 Table 76 shows fluoride and nitrate levels in the major water sources within the 

study area. These water sources supply almost 90-95% of the total population living in 

the villages. As per the Bureau of Indian Standards, the permissible limits for fluoride 

and nitrate are 1.5 mg/L and 45 mg/L respectively (Bureau of Indian Standards, 1991, 

2009). The WHO’s guideline value for fluoride and nitrate are similar - 1.5 mg/L and 50 

mg/L respectively (World Health Organization, 2008). Average fluoride levels in 

groundwater samples of the ancient, the dryland and the head end areas are 2.15, 2.07 and 

2.18 mg/L respectively, in every case above the permissible limit. Overall average 

fluoride level is 2.13 (95% CI 1.4-2.8). Fluoride presence in the groundwater can also be 

a future food safety issue in the areas. The growing uncertainty of irrigation water and 

rainfall are driving the farmers to rely more upon the underground source, which in turn 

might contaminate the crops with high levels of fluoride. Average nitrate levels of 

groundwater samples of the ancient, the dryland and the head end are 7.13, 38.6 and 28.5 

mg/L respectively. Although nitrates fertilizer is heavily used in the head end, the 

average groundwater nitrate level was lower than that in the dryland, known to be a 

region where nitrogen fertilizer use is generally quite low. As all the samples were 
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groundwater, a detailed knowledge of underground flows and dilution effects would be 

required to understand the significance of the differences within and between 

agroecological regions. Nevertheless, the very high values found in some sources are 

another serious health concern.  

Table 76: Analysis of water for fluoride and nitrate (permissible limits F-1 – 1.5mg/litre, 
NO3

-1 – 45mg/litre) 
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A Underground Motor and piped supply 2.4 <0.1
A Underground Hand pump 2.2 <0.1
A Surface (River) Motor and piped supply 1.1 08.7
A Underground Motor and piped supply 2.4 <0.1
A Underground Hand pump 1.6 19.8
D Underground Motor and piped supply 2.1 39.6
D Underground Motor and piped supply 2.4 38.9
D Underground Hand pump 2.5 56.8
D Underground Hand pump 1.7 57.6
D Underground Hand pump 2.3 46.2
D Surface (Pond) Direct use 1.5 20.4
D Underground Motor and piped supply 1.4 10.6
H Underground Motor and piped supply 2.5 16.6
H Underground Hand pump 1.5 49.2
H Underground Hand pump 2.2 08.0
H Underground Hand pump 2.3 06.2
H Underground Hand pump 2.0 13.2
H Underground Hand pump 2.2 52.8
H Underground Motor and piped supply 2.4 26.4
H Underground Hand pump 2.3 12.6

A – Ancient area, D – Dryland area, H – Head end 
 
Nature of agriculture practice is one of the key determinants of availability, accessibility 

and affordability of food in the local community. Therefore it plays a key role in food 

intake. Farmers in the ancient and the head end areas grow mostly rice and its 

consumption is also subsequently higher than in the dryland area, which predominantly 
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grows rainfed crops. But it is interesting to note that these areas are in very close 

proximity to each other and therefore the eating pattern of the people living in dryland 

area are influenced by the culture and values of the irrigated areas. As a consequence, 

rice is emerging as a major staple food in the dry area, even though very few farmers 

grow it. Promotion of rice through the PDS has played a major role in changing food 

habits, particularly among the poor. The changing agriculture paradigm and economic 

development improved the quantum of food consumption, albeit compromised the 

nutrition quality and its balanced combination in the irrigated areas. On the other hand, in 

dryland area due to lack of development and poverty, food consumption is visibly low 

and the disparity in food intake has been clearly reflected by nutritional status 

differentials across the landholding and agroecological area. Possession of agriculture 

land is an important determinant of household food security, as evidenced by nutritional 

status differentials between landless and small farmers. Existence of malnutrition, 

particularly among children along with the rise of overweight and obesity, which is 

explicitly visible among the wealthy households, have thrown a big challenge for the 

policy makers. Explicably, aggressive and irrational use of agrochemical adds further to 

environmental health threats by contaminating food and water. In particular there are 

potential risks to humans from the presence of pesticides, fluoride, nitrate and mercury in 

food and/or in water. 
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Chapter 5 

Adverse Health Outcomes and Roles of Agriculture 

 
 

The major challenge of conducting any health related research in rural India is to obtain 

access to reliable information, particularly if the study is based on retrospective data. 

Poor government health services and highly privatized albeit unregulated health care are 

to be blamed for improper record keeping. In addition, illiteracy and lack of awareness in 

the community have further contributed to non-availability of health information at the 

household level. In this regard, the study villages are not exceptions. For these reasons, a 

more direct approach was undertaken in order to maximize the information gain. To 

achieve the desired information, community perception of the illnesses, their dynamics 

and the treatment seeking behavior were given central importance during the household 

surveys, focus group discussions and individual interviews. To supplement the primary 

data, it was also found that some key health issues have been properly documented in the 

health facilities. Therefore, attempts were also made to seek those relatively more reliable 

data to incorporate in the study.  

 

Health problems – men, women, children 

The major illnesses cited by adult males are mainly non-specific symptoms, such as 

fever, weakness, and joint problems (Table 77).   
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Table 77: Perception of illnesses of the adult males  
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Land holding   
Landless (54) 5 9 29 7 30 50 2 0 1
Small (59) 2 13 40 7 38 54 6 0 2
Medium (56) 0 18 32 9 32 52 2 1 3
Large (59) 3 16 33 6 39 51 3 1 5
Agroecological area   
Head end (74) 1 17 33 5 27 61 7 2 8
Dryland (74) 1 17 36 3 50 70 5 0 0
Ancient (80) 8 22 65 19 56 61 1 0 3
Total 10 56 134 29 139 207 13 2 11

Respondents in parentheses, total respondents 228, (Source: household survey) 
 
 

Except for cancer, diabetes and heart attack, there was no reliable health documentation, 

such as prescriptions or lab investigation reports to substantiate the past illnesses of the 

local population. The more serious illnesses were usually treated by specialized doctors 

in big cities and the prescriptions are well written along with appropriate investigation 

reports, diagnoses and medical advice. Although, there is no clear relation between 

landholding and the various illnesses, it appears that diabetes and heart attack (ischemic 

heart diseases) are more commonly found among the medium and the large farmers. 

However, the table also shows that the perceived illnesses of the landless farmers may be 

relatively few, which seems to be unusual and thus further exploration is needed. In the 

ancient area, diarrhoea, gastritis, joint problems, breathing problems, weakness are 
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considerably and unexplainably more common. Cancer, diabetes and heart attack are 

most frequent in the head end area.  

Like adult males, adult females also had similar perceptions regarding illnesses 

such as fever/cold, weakness, and joint problems (Table 78). Low reporting of 

gynecological problems by the women might be due to their hesitation to share with the 

male researchers. In the ancient area, diarrhoea, gastritis, joint problems, breathing 

problems, and weakness are comparatively high among women (the trend is very similar 

to males counterparts). Likewise, cancer, diabetes and heart attack among females are 

found mostly in the head end. There are no definite explanations for low reports of joint 

problems and weakness in the head end (both males and females). As well, high reporting 

of the same illnesses along with diarrhoea, and breathing problems in the ancient area 

could not be explained. Possible reasons for the large number of reported cases of joint 

problems and weakness in some area might be the presence of higher levels of fluoride in 

the drinking water, but with the current body of knowledge of contamination in the study 

area, the link between fluorosis and the symptoms is inconclusive. There is a need for a 

more detailed examination and evaluation of the apparently high prevalence of some 

illnesses in specific geographic area.  
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Table 78: Perception of illnesses of the adult females  
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Land holding    
Landless (57) 5 6 29 4 32 50 4 0 2 3
Small (59) 1 11 36 4 41 55 4 0 2 0
Medium (59) 1 15 28 5 37 49 3 1 2 1
Large (58) 1 13 36 5 39 49 4 0 4 0
Agroecological area    
Head end (75) 1 14 32 5 27 58 6 1 8 2
Dryland (78) 2 14 35 1 54 70 7 0 0 2
Ancient (80) 5 17 62 12 68 75 2 0 2 0
 8 45 129 18 149 203 15 1 10 4
Respondents in parentheses, total respondents 233 (Source: household survey) 
 
 

Diabetes, heart attack and cancer are mostly reported from the medium and large 

landholders. Diabetes has become a newly emerging disease in the study villages. 

According to the farmers, the disease was virtually unknown in the past. Growing obesity 

is almost certainly one of the factors causing rising numbers of diabetes cases. This could 

be related to the abruptly changing diet pattern along with the lack of physical activities. 

According to the local government doctor, out of 45 to 50 adult patients who visit daily in 

his outpatient department, at least 5 cases have either diabetes or hypertension or both. 

The doctor measures random blood glucose levels, and he has made it mandatory for 

urine glucose estimation of all the patients, aged above 40 years. Urine glucose level was 

free for all the patients. After witnessing a growing number of hypertension and diabetes 

cases from poor families, the doctor no longer considers these diseases as associated with 

rich persons only.  
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 The major illnesses of children (as stated by their mothers) are fever/cold, 

weakness, and diarrhoea (Table 79) and these are relatively limited in number. Local 

pediatricians regularly see several cases of Japanese encephalitis and malaria during the 

post monsoon season.  

Table 79: Perception of illnesses of the children (as stated by their mothers)  
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Land holding         

Landless (50) 0 6 4 9 49 1 0 0
Small (55) 1 6 0 7 54 1 1 1
Medium (48) 0 5 0 6 47 2 0 0
Large (49) 0 4 0 13 46 1 0 0
Agroecological area   
Head end (63) 1 8 3 13 58 5 1 1
Dryland (69) 0 4 0 9 69 0 0 0
Ancient (70) 0 9 1 13 69 0 0 0
Total 1 21 4 35 196 5 1 1

Respondents in parentheses, total respondents 202 (Source: household survey) 
 
 

Government reports show a consistently higher infant mortality rate in the dryland area 

compared with the head end (Table 80). According to health workers and local 

physicians, the lack of work opportunities for women in their own villages has played a 

negative role in access to public health services, including antenatal care and child care, 

particularly immunization. Due to lack of agricultural activities during much of the year 

in the dryland area, poor people are compelled to migrate to other districts, resulting in 

interruption of regular health check-ups for the children. It is very difficult to organize 

routine immunization among the migrant population, so the children remain 
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unimmunized and eventually become vulnerable to various infectious diseases, with 

resulting high morbidity and even fatality. Moreover, the unfamiliar environment is 

another barrier to seeking prompt medical care for the migrant workers. 

Table 80: Infant mortality rate of the dryland and the head end areas in three consecutive 
years 
  2007-08 2006-07 2005-06 
Dryland 44 53.3 43.4
Head end  31 35.9 36.2

(Source: government data collected from Taluka hospital at Gangavathi) 
 
 

According to a pediatrician practicing in Gangavathi town, at the beginning of his 

professional career, childhood malaria was rarely diagnosed. But now malaria cases 

among children are not unusual and he gets regular cases during the season, particularly 

from the ancient area. According to him, both Plasmodium vivax and Plasmodium 

falciparum malaria are common. According to the local pediatricians and general 

physicians, childhood obesity has also seen a rising trend and this is due to changing food 

habits. Now children are eating foods containing high quantities of salt and fat and are 

less engaged in regular physical activities, such as sports. While these features are 

predominant in the urban areas, there are also growing numbers of this type of 

malnutrition cases from the surrounding villages. The concerned doctors most often 

blame the village people for not being concerned with the preparation of proper nutritious 

foods for their children. One physician attributed malnutrition to the serving of milk 

without solid food. This statement reveals insensitivity of the medical fraternity regarding 

household food insecurity, instead blaming the victims. For one thing, milk consumption 

in the dryland area is very low, due to limited production and high cost. These issues of 
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poor food production in that area coupled with abject poverty cause many cases of 

malnutrition; yet this remains unnoticed by some local doctors.  

 On a more positive side, several villagers believe that the overall condition of 

childhood nutrition has improved due to the school nutrition program, improved 

sanitation and general health awareness. Previously, village sanitation was poor and 

parents used to send their children to school without proper dress and the general health 

condition was very poor. In recent years, the villages have become relatively clean, most 

children have proper clothing and parents take adequate care, resulting in fewer illnesses. 

According to one Anganwadi worker, unlike the past, severely malnourished children are 

no longer noticed in the area. Nevertheless, the statistics in the previous chapter counter 

these arguments. A recent federal government document and those of several 

international organizations have warned of the existence of a high number of 

malnourished children in rural India despite the experience of the highly acclaimed green 

revolution (Arnold et al., 2009). In summary, although there appear to be some limited 

improvements in the general health of children in recent years, the situation is far from 

satisfactory and further improvements in diet and general health care are still required. 

The fact that there are no significant differences in the occurrence of common childhood 

illnesses across landholding and agroecological area indicates some measure of equity. 

Some anomalies regarding more common illnesses among large farmers’ children and in 

the irrigated areas are intriguing and need further evaluation. 

 A leading senior gynecologist at Gangavathi has observed a gradual decline of the 

age of menarche from 13-14 years to11-12 years. Many young girls are not 

psychologically developed to manage menstruation at such an earlier age. In fact, she has 
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diagnosed a few cases of menarche even at the age of 10 years. She suspects the roles of 

modern food, pesticides and stress are affecting the endocrine system of the young girls. 

She has further cited that some global studies have shown a drop in the average age of 

menarche by 3 months every 10 years. Also she has observed growing male infertility in 

this area. She suspects that current food habits and tobacco might be contributing factors 

to low sperm count and male infertility.  

 

Choice of health practitioners and expenditure on health care 

As all three agroecological areas are well connected with Gangavathi town 

(administrative head quarters of Gangavathi taluka), the travel cost and travel time are 

seemingly not the determinants of treatment seeking behavior of the community. The 

majority of farmers and their families prefer doctors who are practicing in private clinics 

at Gangavathi with government physicians in the rural hospitals8 as next choice (Table 

81). Due to financial constraints, the landless farmers more frequently seek treatment 

from the government hospitals in the rural area and taluka. Large farmers, on the other 

hand, more often try to avoid government hospitals, particularly at the taluka level, due to 

lack of faith in the state run health system. They choose to visit government run rural 

hospitals for minor illnesses or for initial treatment of any emergency care but then shift 

to private hospitals in Gangavathi run by trained doctors or to the government run district 

                                                 
8 The doctors practicing in private clinics are mostly trained in western medicine either in government or 
private medical colleges. Doctors in government hospitals are mostly trained in western medicine; 
however, recently the health department has started recruiting the physicians, trained in Indian systems, 
such as Ayurveda, Unani and Siddha. This policy is essentially as a result of apathy of the physicians 
trained in western medicine to join rural health services. Except surgical operations, these newly recruited 
doctors are allowed to prescribe western medicines as well. In fact, the currently appointed physicians in all 
the rural hospitals of the three agroecological areas are trained in Ayurveda.    
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health headquarters. Surprisingly, a significant number of farmers in the head end also 

chose to use untrained (nonregistered or without any certificate) doctors. Their 

confidence in these informal practitioners is all the more surprising in that the cost of 

treatment by them is almost as high as in the private clinics with trained doctors at 

Gangavathi. Accessibility of the government health care facility is also a major factor 

determining the choice of suitable doctor. The government’s rural hospitals in dryland 

and ancient areas are located beside the main roads and thus accessible to the study 

villages. On the other hand, the primary health centre of the head end area is located in a 

remote village, which is not easily reachable by people living in Herur and Bapureddi 

camp. Rather it is more convenient for them to consult an untrained doctor in their 

respective villages or directly visit private clinics in Gangavathi town. In fact, both these 

villages are well connected to Gangavathi. The focus group discussions in several 

villages revealed a belief that the quality of services of government hospital in the head 

end area did not have a good reputation while their counterparts in the dryland and the 

ancient areas claimed otherwise. The government doctors and health workers of these 

two agroecological areas are more proactive and closely linked with community.  
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Table 81: Choice of health practioners 

Rural Taluka District 
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Land holding 
Landless (60) 39 0 9 20 49 1 0 1
Small (60) 36 1 8 10 55 0 0 2
Medium (60) 38 0 8 6 55 0 1 3
Large (60) 33 0 8 5 57 1 0 7
Agroecological area 
Head end(80) 1 1 26 13 69 2 1 3
Dryland (80) 76 0 2 15 67 0 0 7
Ancient (80) 69 0 5 13 80 0 0 3
Total 146 1 33 41 216 2 1 13

Respondents in parentheses, total respondents 240, (Source: household survey).  
Ind. Syst. – Ayurveda, Unani and Siddha 
 
 

In the ancient area, the government doctor, who has been trained to practice traditional 

Indian medicine (Ayurveda), has undertaken to promote herbal medicine in the 

community. He has established a herbal garden containing 30 species of plants inside the 

hospital premise and dispenses herbal medicine to the patients accordingly. In fact, there 

is a separate position in the hospital called Aragya Mitra (friend who cures), who is 

specialized in dispensing herbal medicine. According to him the herbal medicine is very 

popular, particularly to treat skin diseases, such as scabies, leucoderma etc.  

 Treatment expenditures are managed by spending personal savings and/or by 

borrowing from relatives, neighbors or money lenders (Table 82). As would be expected, 

the number of farmers managing treatment expenditure only by borrowing is greater 

within the landless category. On the other hand, meeting treatment expenditure only by 
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using personal savings is more from the large landholding category. Despite the 

availability of free treatment in the government hospitals, there is poor infrastructure and 

the insufficient supply of medicines in these hospitals compels patients to purchase them 

from private chemist shops and/or pay for investigations at private laboratories. 

According to the small and landless farmers in Herur, about half of their income is spent 

on health and one-quarter each for children’s education and food and clothing. 

Table 82: Expenditure on health 

 Personal savings only Borrowing only Both 
Land holding 
Landless (60) 3 23 34
Small (60) 4 9 47
Medium (60) 8 10 42
Large (58) 18 1 39
Agroecological area 
Head end (79) 17 27 35
Dryland (80) 8 9 63
Ancient (79) 8 7 64
  33 43 162

Respondents in parentheses Total respondents 238, (Source: household survey) 
 
The possible reason for more ‘borrowing only’ in the head end area is due to reliance on 

expensive private health care due to poor quality of government run rural primary health 

care facility and its inaccessibility as well.  

 

Adverse health outcomes related to work, pesticides 

Adverse health outcomes related to work  

The major occupational hazards due to farm activities are cut injuries, sun stroke, eye 

injuries, animal bites and pesticide exposure (Table 83, p.133). Cut injuries usually occur 

during the operation of farm tools or machines and most are of relatively minor nature. 
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Occasional accidents such as deep cuts with profuse bleeding require immediate medical 

attention.  

 According to large and medium farmers in the head end, ever since sickles have 

been gradually replaced by the heavier machines, there is a decline in minor cut injuries 

and a rise in major injuries including some fatal accidents. Statements from some 

surgeons, practicing at Gangavathi support this opinion and show that accidents due to 

the use of farm machines are becoming more common in the head end. Modern 

agricultural machine manufacturers are expected to provide some training for the users 

before handing over the new products. Due to lack of regulation, however, the farmers 

usually do not receive any form of training regarding safety practice. A renowned 

surgeon has narrated that one of his close relatives met a fatal injury after being hit by a 

tractor driven by his own brother. The victim was working in the field when the mishap 

occurred. He also has reported three cases of genital mutilation in the last year due to 

farm machine related accidents. Another surgeon also encountered four cases of complete 

avulsion of the penis after the farmers’ clothing became entangled in a threshing 

machine. The traditional loose-fitting clothing (dhothi) are not appropriate for operating 

the new types of machines, the loose ends of the cloths can easily be caught in the fast 

moving machine and the sudden forceful pulling takes away the skin of scrotum and 

penis. Unfortunately, acceptable alternate clothes are not available for the farmers and 

indeed there is a lack of awareness related to this problem.  

Power-run modern machines are generally operated by the owners or by 

experienced and trustworthy laborers. During the operation of threshing machine, 

multiple persons are engaged, such as the driver, the farmer (who rents the machine from 
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the original owner) and the laborers. Most of the laborers are women. Injuries due to 

modern agro-machinery are new public health challenges in developing countries and 

need multiple initiatives in order to reduce disability and fatality. The problem is one that 

can only become more severe as mechanization becomes more and more common. 

 Table 83: Major occupational hazards due to farm activities 
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Land holding 
Landless (60) 47 0 7 27 15 8 0
Small (59) 52 2 13 33 14 7 1
Medium (60) 52 1 17 31 13 10 1
Large (60) 52 2 9 32 15 9 3
Agroecological area 
Head end (80) 50 2 20 34 21 25 5
Dryland (79) 74 3 19 40 7 4 0
Ancient (80) 79 0 7 49 29 5 0
 Total 203 5 46 123 57 34 5

Respondents in parentheses, total respondents 239 (Source: household survey) 
 
 

Even though machine-based agriculture is becoming increasingly common, traditional 

harvesting methods are still widely used, especially in the ancient and dryland areas. 

Table 83 shows that cut injuries, usually on legs and arms/hands, occur frequently in 

these regions and this relates to the use of sickles and machetes used when harvesting 

crops such as banana, sorghum, and maize.  

 Minor eye injuries due to a foreign body like a straw fiber or small husk of rice 

are common at the time of rice harvesting. These minor problems are usually managed by 

fellow laborers or family members but occasionally medical intervention is required. 
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Snake and scorpion bites are common in the dryland and head end areas of major habitat 

loss leading to confrontation of these species with humans. On the other hand, the ancient 

area has abundant free space, either in the hilly terrain or the area reserved by the 

archeological department and this helps to minimize animal-human conflict (Table 83). 

Sunstroke or heat-stress occurs due to prolonged stay in the field during the day time in 

summer. For heat stress, people generally do not seek any medical help except if the 

person faints or collapses, a very rare occurrence. 

 

Pesticide use, precautions and adverse impacts 

Awareness with regard to pesticide-related adverse health impacts is greater in the head 

end due to their extensive use, often in high application rates, and to past experiences of 

untoward consequences due to exposure. In the dryland area where pesticide use is much 

less, the awareness level is lowest. In terms of landholding size there is little difference in 

the level of awareness (Table 84). 

Table 84: Awareness of adverse health impacts of pesticides  

 Yes No 
Agroecological area   
Head end (80) 68 12
Dryland (79) 47 32
Ancient (80) 53 27
Land holding   
Landless (60) 42 18
Small (59) 39 20
Medium (60) 45 15
Large (60) 42 18
 168 71

Respondents in parentheses Total respondents 239, (Source: household survey) 
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Across the landholdings, husbands or other adult male members share major 

responsibilities for pesticide spraying (Table 85). In practice this activity is often 

described as a joint activity of the landholders and the laborers. While landholders 

usually supervise the preparation aspects, such as the dilution of pesticide with water, the 

laborers are essentially engaged in actual spraying in the field. Sometimes land owners 

accompany the laborers to the field to supervise the spraying activities as well. This is the 

common practice among medium and large farmers but small farmers usually spray their 

own lands. Therefore, the vulnerability to pesticide exposure is apparently less among 

those landed farmers. Participation of women in pesticide spraying is not very common, 

but during the focus group discussion at Herur, the landless women reported that they 

sometimes helped their husbands in mixing pesticide with water. They do this by fetching 

water and may also assist with mixing the pesticide. Participation of children could not be 

confirmed due to the ‘hush-hush’ approach by both laborers and landholders, in order to 

avoid any kind of legal consequences. But several farmers have spoken of this practice 

and also stated that children (usually above 14/15 years) are often involved in weeding, 

particularly if their schools remained closed. Some have stated that school dropouts 

regularly participate in agriculture activities. There is a possibility of pesticide exposure 

among the children, if the agrochemicals were sprayed shortly before weeding.  
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Table 85: Persons involved in pesticide spray 

 
Husband/adult 
male members 

Female 
members  Adolescent  labour  

Agroecological area 
Head end 63 1 4 21
Dryland 66 1 0 5
Ancient 66 0 1 19
Land holding  
Small 52 1 1 4
Medium 45 0 1 18
Large 42 1 2 23

(Source: household survey) 
 
 

Participation of laborers and others in pesticide spraying is remarkably more in the head 

end and the ancient areas due to their more intensive applications. Farmers usually do not 

store the chemical, but purchase the required amount only one day prior to spraying. 

While preparing and spraying pesticides in the fields, proper safety practices are almost 

never followed. Washing hands after use and keeping the children away from mixing and 

spraying are the most common safety precautions (Table 86). Farmers bury the empty 

bottles and cover the leftover pesticide in a polythene bag and keep it in a raised place or 

store it underground, in order to avoid any accidental exposure by children. Other 

important personal safety measures are rarely followed, such as covering the face and 

hands and proper clothing to cover the full body while pouring and spraying pesticides. 

The farmers justify their improper precautionary measures by stating that the 

conventional safety measures are not suitable for the hot and humid climate. Covering the 

whole body leads to profuse sweating and disturbance of vision due to contact of eyes 

with sweat from the forehead. Therefore, handling pesticides with bare hands and 

minimal clothing is more preferable. Interestingly, the laborers do have their own 



 137

perception of safety measures including restraining from smoking or chewing tobacco 

during and just after pesticide spraying until hands have been washed. They believe that 

smoking tobacco during spraying might lead to fainting. They also believe that there 

would be fewer exposure related problems if pesticides are applied in the early morning. 

If sprayed in the afternoon, they claim to experience more respiratory problem which 

sometimes turn serious and require immediate medical intervention. The usual practice is 

therefore spraying in the morning and bathing after completion, washing their clothes 

properly, and using a spoon rather than fingers for eating on the day of spraying. Some 

farmers maintain separate clothing (pants and shirts) for spraying pesticide and not 

reusing them until they have been washed. After spraying they remain in the open to 

avoid further sweating and irritation and prefer to sleep outside their house. A common 

practice in the local area is to eat jaggery (unrefined brown sugar made from palm sap) 

and onion to avoid any uncomfortable feeling after spraying.  

 
Table 86: Mode of protective measures during pesticide spray and number of respondents 
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172 85 39 37 32 31 12 6
Total respondents 183, (Source: household survey) 
 
Table 86 shows that even these limited precautions are not followed by the majority of 

users of pesticides and despite heavy use of pesticides, the existing safety precautions are 

least followed in the head end (Table 87). On the other hand, in the ancient area more 
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people follow the safety procedures. Also, the number of farmers following practices of 

organic farming is greater in the ancient area, which could further reduce the risk. The 

safety precautions followed by the landless laborers are the worst among all. Some large 

farmers prefer to monitor the pesticide application of the laborers as any mishaps would 

amount to an extra financial burden for them.  

Table 87: Safety practices followed during pesticide spraying 

 Yes No Organic farming 
Agroecological area 
Head end (78) 39 39 0
Dryland (78) 62 15 1
Ancient (79) 68 5 6
Land holding  
Landless (57) 39 18 0
Small (58) 37 17 4
Medium (60) 47 11 2
Large (59) 46 12 1

Respondents in parentheses, total respondents 235 (Source: household survey) 
 
 

According to the farmers; traders, company sales persons and neighbors are the major 

providers of information about new pesticides and proper practice (Table 88). Before 

launching any new product, the concerned company demonstrates it to farmers in their 

respective villages. Especially in the head end, the manufacturing companies are 

gradually taking the role of direct information providers to the farmers and the role of 

agriculture officials has been found to be less significant. In fact, some companies use 

direct marketing to the large and medium farmers with a plan that their experience will 

trickle down to smaller landowners. The survey revealed that the farmers rarely refer to 

the product safety literature that gives information about mixing procedures and 

management of spillage. It is interesting that in the ancient area, it appears that 

agriculture officials and media/literature play a greater role in providing information and 
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farmers use their experience to supplement their knowledge base. It appears that some of 

these farmers take the safety precautions more seriously than those in other parts of the 

study area.   

Table 88: Pesticide use and safety information providers and agroecological area 
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Agroecological area         
Head end (77) 34 38 11 11 23 5 3 10
Dryland (70) 40 38 11 16 15 15 0 0
Ancient (67) 35 54 6 22 22 2 0 0

 Respondents in parentheses, total respondents 214, (Source: household survey) 
 
The farmers shared several adverse impacts experienced due to exposure to pesticides 

during their application in the field. The common symptoms of direct contact are itching, 

irritation of skin, burning sensation of eyes and experience of giddiness. A few instances 

of unconsciousness were reported. Farmers are not aware of any specific diseases due to 

pesticides exposure. However, they noted several common symptoms believed to be due 

to chronic pesticide exposure (Table 89).  

Table 89: Adverse health impacts due to pesticide exposure during application 
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131 60 56 38 17 7 3 2 1
Total respondents 168, (Source: household survey) 
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In the focus group discussions, farmers denied any incidence of accidental pesticide 

poisoning. During individual household surveys, however, several farmers candidly 

talked about incidences of suicide, homicide and accidental exposure in their villages. In 

fact, several such responses came specifically from the head end, possibly due to heavy 

use and easy access to pesticides. When they are in a group, it appears that the people 

behave like a unified village community and hence do not reveal their negligence and 

ignorance regarding safety and embarrassing incidences such as suicides. According to 

some farmers, persons involved in irregular spraying (gaps of more than 2 years or more) 

encounter more physical discomfort than persons involved in regular spraying. If this 

perception is true, it might be linked with development of rising tolerance among the 

regular sprayers. A locally recommended first response to minor symptoms related to 

pesticide poisoning is to drink buttermilk; more serious symptoms require a visit to the 

hospital. Most farmers have expressed that for any form of acute pesticide exposure, they 

would prefer a private doctor at Gangavathi, and otherwise a government doctor at the 

rural hospital.    

 

Vector borne disease, treatment seeking, vector control 

Around 98% of farmers expressed that mosquitoes are a major problem in their 

respective areas. The majority of them are aware that malaria and chikungunya are the 

main mosquito-borne diseases, followed by dengue. Despite reports of several cases of 

Japanese encephalitis (JE), none of them reported it to be an existing vector-borne disease 

(Table 90). According to the government doctors, because symptoms of JE are similar to 

ordinary viral fever, it is impossible to confirm clinically without specialized tests and 
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thus many cases remained undiagnosed. Moreover, media attention on a recent out break 

of dengue and chikungunya has diverted attention from other relatively uncommon 

vector-borne diseases, such as JE. 

Table 90: Perception of diseases transmitted by mosquitoes and agroecological area 

 
Malaria Dengue Japanese 

Encephalitis 
Chikungunya 

Agroecological area 
Head end (67) 61 18 0 40
Dryland (78) 70 10 0 69
Ancient (80) 80 14 0 75
  211 42 0 184

Respondents in parentheses, total respondents 225 (Source: household survey) 
 
 

Malaria and JE are clearly connected to agriculture practice, as the vectors prefer to breed 

in flooded agriculture fields (particularly the Culex mosquito – vector for JE virus, also 

Anopheles mosquito – vector for malaria) or open ditches, distributaries of the irrigation 

canal (see field photos in appendix A6, A7), dug wells, and ponds that are scattered 

throughout the area. Dengue and chikungunya are transmitted by the Aedes mosquito, 

which prefers to breed in small artificial collections of water, such as in flower pots, 

overhead water tanks, abandoned plastic cups and other containers, and water tubs used 

for cattle. Therefore, this particular mosquito species breeds very close to human 

settlements.  

 The detailed environmental dimension of malaria and JE is complex, involving 

more than water. Other confounding issues are land use pattern, vegetation, presence of 

natural reservoirs (herons, pigs for JE), climate (rainfall, temperature, humidity) and 

human population mobility.  
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Malaria 

According to the survey data, malaria incidence occurs in the order ancient > dryland > 

head end. Gangavathi taluka public health data, however, show that the annual incidence 

rate of malaria is higher in the dryland areas than in the head end areas. The month-wise 

incidence shows a distinct seasonal variation in the dryland area, while in the head end 

the variation is comparatively less (Figure 6). It is important to note that is the climate is 

the same in these two areas, as they are very closely located (~10-15km). In the dryland 

area, malaria incidence increases from pre-monsoon to monsoon period (May to 

September). Year long stagnation of water due to irrigation in the head end area and 

growth of vegetation in the water bodies act favorably for mosquito breeding in all 

seasons. Heavy use of fertilizer (nitrogen and phosphate) causes thickening of the green 

vegetation which becomes a good source of nutrition for the mosquito larva (see field 

photo in appendix A7). Therefore, malaria incidence remains relatively stable through out 

the year as stated by the district entomologist. But why do some data suggest that malaria 

is greater in the dryland than in the head end? According to some doctors and the district 

entomologist, heavy use of pesticide might be one reason for a relatively lower mosquito 

population in the head end area as compared to the dryland area. But a comprehensive 

entomological study is needed to prove this. Hospital data show that in the head end area, 

incidence of malaria in Herur is higher than Bapureddi camp possibly due to poor 

drainage and stagnation of water. In fact, the walk through surveys of both villages 

revealed a greater number of potholes filled with stagnated water and numerous mosquito 

larva in Herur. The community in Bapureddi camp is more proactive in maintaining 

general hygiene and cleanliness. Between the two irrigated areas, the malaria problem is 
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greater in the ancient area. There, the land use and the landscape patterns, such as 

standing of water in paddy fields and vegetation in the water are very similar to the head 

end area, hence the annual entomological profile. But in addition there are numerous 

small water bodies along the bank of Tungabhadra river, which provide further favorable 

mosquito breeding grounds. In fact, Anegundi has been well known as a malaria endemic 

area for decades.  

 
Monthwise malaria incidence in 2008
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Fig 6: Month wise malaria incidence of dryland and head end (2008) 
Source: Gangavathi Taluka hospital 
 
 

Japanese Encephalitis 

The public health report of the taluka (see appendix A9) shows that incidences of JE from 

2001 to 2007 are essentially confined to the irrigated paddy field areas. Rice cultivation 

and JE links has already been established elsewhere. The Culex mosquito prefers clear 
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stagnant water of rice fields for breeding. The presence of artificial water bodies filled 

with vegetation could provide nutrition for both Culex and Anopheles larvae, depending 

upon their location. Possibly the water bodies located nearby the rice fields enhance the 

population of Culex. However, this can be confirmed only after a comprehensive 

entomological survey. Similarly the broken or poorly maintained distributaries of the 

irrigation canals can serve as breeding grounds for both species as stated my district 

malaria officer. Indeed, the Anopheles mosquito, which transmits malaria, prefers dirty 

standing water and perhaps that might be the determinant of predominance of specific 

species (i.e., either Culex or Anopheles). Standing water of rice fields enhances the 

growth of crustaceans and other insects, which in turn attracts herons and egrets to settle 

(see field photo in appendix A10). These birds are known to be a reservoir for the JE 

virus. Also the presence of swine plays an important role by acting as the hosts. 

Nowadays, people are encouraged to rear hogs and sell their meat to big city hotels. This 

practice has become common due to the assured profit with minimum investment and 

maintenance. People from a specific caste (Korawar) are largely responsible for keeping 

swine and selling the pork. Earlier, this community used to live in the city only, but 

recently they have moved into nearby villages of the irrigated areas where they are 

continuing their traditional business (see field photo in appendix A10). This combination 

of change of landscape, land use pattern and human behavior has contributed to the 

occurrence of JE. 
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Cancer 

The following cancer data were collected from a cancer hospital in Hubli district (close to 

Koppal district). Being an apex hospital, it provides vital information concerning cancer 

cases throughout the region. However, record keeping has not always been proper and 

hence it is difficult to predict or comment on the trends of various cancers form past to 

present. The 2008 hospital record shows that out of total 169 reported cases from Koppal 

district, 51 have been from Gangavathi taluka. Among females, cervix is the most 

frequent site for cancer. Average age of cancer cervix is 50 years (95% CI = 46-54). 

Among males, Esophagus is the most frequent site for cancer (Table 91).   

Table 91: Major cancers of Koppal district (2008) 
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Male (87) 1 22 8 1 4 5 2
Female (82) 15 37 14 1 5 1 1

Total cases in parentheses, (Source: Hubli cancer hospital) 

 

Chewing or smoking tobacco is believed to be the main cause for esophageal cancer in 

the region. A senior oncologist with more than three decades of clinical experience links 

local prevalence of esophageal cancer with food habits. According to him, the traditional 

form of bread (roti) made from sorghum flour is allowed to become very dry in order to 

preserve it for weeks. Poor people prepare these rotis in a large quantity and keep them in 

a large sack or on an open shelf. They then eat them with chili powder and chili paste. He 

has observed that while eating this dried roti, its sharp margin injures the soft mucous 
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membranes of the esophagus. Eventually regular eating of sorghum roti might cause 

chronic erosion, leading to esophagitis (inflammation of esophagus) and this might turn 

into fibrosis, dysplasia (pre-cancer stage) and ultimately cancer. He and his team 

published an article in early 1980s proposing this hypothesis. He cites a similar type of 

causal relation that relates to a high incidence of esophageal cancer in Iran (highest in the 

world) and countries in the littoral area around the Caspian Sea which is probably due to 

consumption of a similar type of maize bread (Deka et al., 1978; Mahboubi et al., 1973). 

Another cancer specialist attributes esophageal cancer to the role of fungus, grown on the 

dried rotis. According to him, aflatoxin produced by fungal growth might be responsible 

for esophageal cancer. Possibly a combination of injury of the esophagus, chronic 

irritation of the eroded part by tobacco, chilies and other spices along with aflatoxin 

might all play a role in precipitating cancer development.  

The general opinion regarding cancer trends is that there is a decline of cervical 

cancer and emergence of breast cancer as a major malignant disorder. While there is 

some idea that increasing breast cancer incidence may be related to direct and food-based 

exposure to pesticides, this hypothesis cannot be proven with the limited data available.  

 

Household energy and health 

In the past, firewood and agriculture waste (including dried manure) were the main 

sources of household energy for cooking. Emission of toxic fumes like CO, NOx and 

volatile organic carbon (VOC) compounds by burning biomass is known to have serious 

deleterious health impacts for the women who are involved in cooking and also for young 

children, who remain closer to their mothers. Over the last two decades, however, with 
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increasing wealth associated with agricultural sophistication supported by government 

policies, there has been gradual shift with regard to household cooking fuels (Table 92).  

Table 92: Change of proportion of sources of household energy (cooking) in last 20 years 
in three agroecological area (all data as percentages) 
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Solar 0 0.7 0.7 0 0 0 0 0 0
Electricity 0 1.5 1.5 0 1.7 1.7 0.7 1.4 0.7
LPG 4.1 22.8 18.7 0 2.6 2.6 5.0 16.8 11.8
Kerosene 13.9 12.5 -1.4 7.0 6.1 -0.9 2.8 3.5 0.7
Firewood 63.9 48.5 -15.4 70.2 67.8 -2.3 54.6 50.3 -4.3
Agri waste 18.0 14.0 -4.1 22.8 21.7 -1.1 36.9 28.0 -8.9

LPG – Liquefied Petroleum Gas, a healthier option, (Source: household survey) 
 
 

There is a substantial increase in liquefied petroleum gas (LPG) use and simultaneous 

decrease in use of unhealthy fuels, such as firewood and agricultural waste in all areas, 

but most significantly in the more prosperous irrigated farming communities. Despite the 

significant change, firewood still remains the major cooking fuel in all three 

agroecological area. It is mostly large and medium farmers who managed to shift to LPG 

and electricity over the last two decades. Landless laborers remain highly vulnerable due 

to lack of financial capacity to access the healthier choice and poor ventilation in their 

houses. Most kitchens are enclosed and poorly ventilated and the smoke accumulates in 

the room. The poor landless and small farmers (invariably women) complain about 

burning sensation of eyes and cough due to smoke while cooking. Sometimes the women 

faint due to partial suffocation and are treated with splashing of water by household 

members or neighbors. As far as the energy source for lighting is concerned, the majority 
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of households now use electricity. However, it was observed that the use of kerosene 

lamps is still high in landless households as the majority cannot afford to pay the power 

bill. Also due to frequent power failure, most households use kerosene lamps as a 

necessary alternative. 

 

Water and sanitation and hygiene 

The major sources of water in the study villages are hand pumps and piped water (Table 

93). In addition, many families collect water from irrigation canals, dug wells, ponds, 

streams and the river for domestic use. Piped water is either groundwater or river water 

supplied through a village pipeline. In the ancient area, river water is the main source 

either by pipeline or, for households near the river, water is collected directly from it. In 

the head end and dryland areas, groundwater is directly supplied to the communities by 

pipeline. The piped water supply is managed by the local village authority and it is 

believed to be more hygienic than the hand pumps and other sources. Hand pumps are 

more common in the head end. Some are owned by individual households and others are 

shared by multiple households. 

Table 93: Sources of water for domestic use 

  
Hand 
pump 

Dug 
well 

Pond Stream River Piped 
water 

Canal 

Land holding 
Landless 24 2 1 0 4 50 11
Small 17 1 0 1 6 50 8
Medium 15 7 0 0 17 48 12
Large 14 2 1 0 16 44 11
Agroecological area 
Head end 49 7 2 1 2 44 38
Dryland 5 1 0 0 0 78 4
Ancient 16 4 0 0 41 70 0
  70 12 2 1 43 192 42

(Source: household survey) 
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According to the farmers, the quality of currently supplied piped water is better than in 

the past due to prior filtration and/or chlorination. In the past, people used to drink the 

river water without any purification. Usually chlorination is the mode of treatment and 

bacteriological quality is monitored. Around 61% of the farmers believe that water 

quality is regularly monitored by the respective panchayat offices. Focus group 

discussions with farmers and interactions with the local leaders revealed that the people 

living in Bapureddi camp (head end), Gaddi (dryland) and Tirumalapur (ancient) are 

more confident of getting regular potable water. Some people living in Herur and 

Anegundi, however, complained about irregular monitoring of the water quality. This 

contrasting picture essentially reflects the issues pertaining to local leadership and 

organizational capacity. However, in the study there was little scope to verify the 

statements of the farmers by personally visiting the sites where water treatment took 

place. 

 People often talked about gradual decline of water flow in the river. Earlier, there 

was continuous flow of water and people used to obtain it for irrigation and other 

purposes throughout the year. Now, due to upstream removal of water to support 

intensive agriculture, water flow has reduced significantly and hence, people depend on 

groundwater, particularly during the dry season. However, the groundwater level too has 

started declining due to its extensive use. For instance, in Gaddi, earlier people used to 

get water after digging merely four feet. Currently, it is difficult to get water even by 

sinking pipes more than 300 feet. Although the statement regarding this massive change 

could not be verified, the local agricultural officials have admitted the rapid decline of the 

water table due to its extensive use in agriculture. People in Gaddi therefore obtain 
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additional water from near by hills by channeling the rainwater to a small canal to supply 

the households.  

 Several government hospital doctors have mentioned that the improvement of 

water quality resulted in better health for the population. They stated that incidence of 

epidemics of waterborne diseases with high casualty rates is not common nowadays 

mostly due to improvement of the water supply and prompt action taken by the local 

authorities. The doctors also acknowledged that the proactive roles of media, 

improvement of communication in the remote rural areas and rising awareness in 

community have played important roles to curb any outbreak of water-borne illness. In 

spite of official initiatives to improve the water supply, the analysis of health records of 

the peripheral health facilities has revealed a number of reports of diarrhoea epidemics in 

the study villages over the past several years. This indicates that serious quality issues 

related to the water at the household level still persist. According to the health officials, 

by and large the epidemics are related to the contamination of piped water either at its 

source or during delivery through the supply line, and to unsatisfactory treatment 

methods. This indicates that there needs to be further household purification to ensure 

good health. Most households (53.3%) do not purify the water before drinking and the 

rest usually use only simple household filters. The major reasons for not filtering or 

otherwise purifying the water are lack of awareness and lack of resources although many 

people attribute the relative clarity of piped water to purity. Water purification at the 

household level is largely practiced only by the more prosperous large farmers (Table 

94). Water purification is also more widely practiced in the ancient area probably due to 

high awareness. Moreover, the river is the main source of water in the ancient area and it 



 151

is well known for fecal contamination. Therefore, many people do not take any risk and 

are willing to spend limited resources to ensure purified water.  

Table 94: Purification of water at home 

 Purify water at home 
Land holding 
Landless (60) 19
Small (60) 21
Medium (60) 27
Large (60) 43
Agroecological area 
Head end (80) 35
Dryland (80) 24
Ancient (80) 51

Respondents in parentheses, (Source: household survey) 
 
 

The water quality analysis revealed serious fluoride contamination of groundwater, 

although many farmers are not aware of it. However, several of them have noticed the 

link between prolong use of groundwater and development of joint pain, a typical 

symptom of chronic exposure to fluoride. Hence, many of them, for instance in 

Bapureddi camp, prefer to drink canal/river water, despite it being microbiologically 

unfit. Even some children below 15 years of age feel joint pain if they have been drinking 

groundwater for more than 2 months. People have noticed that the pain subsides within 8-

10 days after shifting back to canal/river water. While the description of these symptoms 

are consistent with what is known to occur after prolonged consumption of high fluoride 

water, there are several other causes of joint pain, such as arthritis, which need to be ruled 

out before definitively linking the symptoms with fluoride contamination of groundwater.  
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Sanitation practices 

Public and private toilets are increasingly available in the study villages. Nevertheless, 

despite the improvements economic conditions, large numbers (around 60%) of the 

population, even from higher socioeconomic status, prefer open-field defecation (Table 

95).                                                                                                                                                                  

Table 95: Sanitation practices 

 
Own 
toilet  

Open 
field  

Public 
toilet 

Own + 
open 
field 

Open 
field + 
public 
toilet 

Own + 
open + 
public 
toilet 

Land holding 
Landless (50) 3 48 2 4 3 0
Small (55) 9 41 1 3 5 1
Medium (48) 18 37 0 1 3 1
Large (49) 33 16 1 2 8 0
Agroecological area 
Head end (63) 35 30 4 8 3 0
Dryland (69) 2 67 0 0 11 0
Ancient (70) 26 45 0 2 5 2
Total 63 142 4 10 19 2

(Source: household survey) 
 
 

Open field defecation is a more common practice in the dryland area than in the other two 

areas due to limited resources and also to lack of awareness. In the head end and ancient 

areas, ownership of toilets is higher, especially among medium and large landowners. 

Recently the government has introduced various schemes to promote provision of a toilet 

for each household. The major challenges in actualizing these schemes are the lack of 

space, the cultural hesitation to accept a toilet within one’s own premise and the need to 

promote a sharing attitude that will encourage a collective action within the household to 

keep the toilet clean. Nevertheless, in response to these challenges, more and more 

families have shown interest in having their own toilets. Around 74% households believe 
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that there is definite improvement of sanitation these days and around 95% gives credit to 

the government initiative. Another pressure to move away from open field defecation is 

evidenced by 28% of households who believe that due to intensive agriculture and 

deforestation there is lack of privacy. As a result there is a growing urgency, particularly 

among women, to have one’s own toilet.   

 Proper hygiene practices including basic issues like hand washing after defecation 

are important indicators for health promotion and a healthy lifestyle. However, in the 

study area, we found a dismal scenario and one that needs attention. Around 67% of all 

the respondents wash hands after defecation with plain water only (Table 96). The study 

shows that proper hygiene through washing with soap and water is more prevalent in the 

head end, presumably due to better socioeconomic conditions and awareness. In this 

regard the worst scenario is in the dryland area. Despite having better environmental 

awareness, an unexpected finding was that personal hygiene in the ancient area was 

worse than in the head end.  

Table 96: Practices of hygiene  

 
With 
water only 

With 
water and 
soap  

With 
water and 
clay 

With 
water & 
sometimes 
soap 

With 
water & 
sometimes 
clay 

Land holding 
Landless  44 7 2 2 5
Small  48 10 0 2 0
Medium  44 11 1 3 1
Large  24 29 0 6 0
Agroecological area 
Head end 30 37 3 6 4
Dryland 69 5 0 3 2
Ancient  61 15 0 4 0
Total 160 57 3 13 6

Total respondents 239 (Source: Household survey) 
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Substance abuse, behavior, HIV/AIDS 

Many people in the study area believe that economic prosperity due to agricultural 

development is a mixed blessing for the community. During interaction with the 

villagers, several persons expressed their worry about the growing incidence of substance 

abuse, mostly alcohol but also narcotics. Around 33% of the farmers, who responded to 

the specific query on substance abuse, believe that the current trend in substance abuse 

can be partly attributed to agricultural development. Rising incomes and changing 

behavior among certain sections of the farming community are blamed by many for this 

dangerous trend. Farmers of the head end area complained about this growing menace in 

their own areas. Farmers of the ancient area seem to be less worried about the current 

trend, which might be ironical, because the area is famous for tourism, which is popularly 

believed to be a major factor for growing substance abuse. However, there is a need to 

explore the detailed nature of this problem which is looming large in rural India.  

Apart from substance abuse, HIV/AIDS is another emerging health issue. 

According to the concerned official in the Voluntary Counseling and Testing Centre 

(VCTC) at the taluka office, there is high proportion of HIV/AIDS in the rural area. This 

finding contradicts the popular notion of considering HIV/AIDS as an urban disease due 

to high risk sexual behavior and narcotics abuse, commonly known as urban phenomena. 

But due to taboos and fear of social isolation, many suspected persons avoid the VCTC 

and the actual trend cannot be determined, given the limited information. According to 

the official, the growing incidence of HIV/AIDS in rural areas is believed to be due to 

risky sexual behavior of the poor migrant laborers and also of the rich farmers who visit 

tourist spots that are known for prostitution.  
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Animal health 

The major health problem faced by cattle is foot and mouth disease. Farmers from the 

dryland area report higher incidence of the disease, probably due to limitations in animal 

care. Table 18 of the previous chapter shows that the proportion of households owning 

livestock is the highest in the head end and probably better care has resulted in lower 

incidence of diseases. Farmers from the head end area usually prefer to access private 

veterinarians in spite of the high cost. But farmers from the dryland area generally seek 

the free treatment available in the government hospital. Farmers across all the 

agroecological area spend personal savings for treatment of their cattle, but borrowing is 

also required by many, especially among those holding limited or no land (Table 97).  

Table 97: Sources of treatment cost for livestock diseases 

 Savings Borrowing 
Agroecological area 
Head end 35 30 
Dryland 43 24 
Ancient 30 14 
Land holding 
Landless 10 13 
Small 23 19 
Medium 30 22 
Large 45 14 

(Source: household survey) 
 
 

In the majority of households, husbands or adult males are the main animal care givers, 

followed by the adult female family members and children of the agriculture laborers. If 

the number of livestock is large, adult laborers are hired specifically to care for them. Use 

of antibiotics is a very common practice for any suspected infection. In fact, often the 

livestock owners insist that the doctor prescribe stronger medicines including antibiotics 
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to ensure a speedy recovery. This sense of urgency is essentially driven by the economic 

interest of the owners. Hence, instead of being banned for routine prescriptions, bovine 

hormones such as oxytocin are widely promoted to enhance higher yields of milk, despite 

there being well-known consequences on the health of the animals. In fact, the survey 

reveals that in both the head end and the dryland, around 60% of the livestock owners 

admit to bypassing rules and using antibiotics on a regular basis, while one fifth of the 

owners use bovine hormones. Epidemics of livestock, particularly of poultry are not 

uncommon in the area. Around 13% of the animal owners admitted having knowledge of 

epidemics, although they were not reported to the concerned authority, fearing serious 

economic loss due to culling (a preferred method to contain the spread of infection). 

Rearing animals is beneficial for agriculture and around 90% of the owners used animal 

waste as farm yield manure (FYM). Another negative feature, however, is that 87% of 

the farmers dispose of the dead animals in the open field irrespective of the cause of their 

deaths. This is a very serious issue, as unsafe disposal of dead animals could pose serious 

health consequences. 

According to both a government veterinary doctor and also a private practitioner, 

excessive use of fertilizers and especially pesticides are responsible for several illnesses 

of the cattle. They observed that the reproductive systems of the animals are commonly 

and seriously affected due to extensive use of agrochemicals. For one thing, irregular 

menstruation and abortion are more commonly found in this area. Moreover, the sperm 

count of bulls is also negatively affected, likely by the agrochemicals.  

The government veterinarian also has noticed an altered taste of milk in the head 

end. In that area, the animals suffer from more types of diseases as evidenced by 
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increasing frequency of cases that he has examined. In the dryland area, where animals 

graze in the open pasture land, incidences of disease are fewer. In the high end area, there 

is less available free grazing land due to high intensive agricultural practice. Either the 

animals graze in the field after harvesting with a high probability of being exposed to 

pesticide from the left over dry straw or they are kept in barns and fed with the same 

contaminated straw.  

A serious problem has arisen with the natural avian populations in this and other 

parts of India. Dichlofenac sodium (a pain killer) has been widely used for the last seven 

years as an anti-inflammatory agent for veterinary purposes. But this has a massive 

impact on the population of eagles and vultures which are natural scavengers. The 

residues of the medicine present in dead animals’ flesh kills these birds. Now, it is rare to 

find vultures and eagles which previously were abundantly visible in the villages. 

 

Health and agriculture links: convergence of observations 

Good health depends on a complex web of causal factors and, in an agrarian society, 

agriculture is a major determinant. If health of individuals is viewed from an 

environmental health perspective, the roles of agriculture practices become more explicit. 

In other words, these environmental health perspectives are not limited to the occurrence 

of diseases, which are determined by the agriculture practices per se, but also by the 

coping mechanisms followed for maintaining a healthy environment, lifestyle and 

treatment seeking. Lack of proper information in the health facilities and paucity of 

published literature are major challenges in establishing links between agriculture 

practices and environmental health in India. The population survey, however, has 
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revealed some key outcomes, which are very much apparent in the present context, such 

as vector borne diseases, and occupational health issues.  

The new agricultural paradigm has brought remarkable transformation in the dry 

semiarid landscape, pattern of land use and livestock management. This has enabled an 

increase in agricultural production but has also augmented the existing mosquito 

population and as a consequence several diseases. Mechanization of agriculture without 

proper safety practices has resulted in high incidence of injury and even death. If this 

unregulated trend of introduction of machines continues, fatality and permanent disability 

might take on epidemic proportions. Despite having adequate knowledge of risks 

associated with the pesticide application, actual safety practice is unimaginably low and 

the poor laborers bear the brunt of these hazards. The study has also revealed 

vulnerability differentials of other environmental health issues, albeit there is a need for 

further exploration to establish the strength of association. The previous chapter has 

mentioned coexistence of under and over nutrition. Being overweight and obese are 

newly emerging health risks, which have already generated rising trends in diabetes and 

cardiovascular diseases. This epidemiological transition will add significant burden on 

the household economy and productivity as well.  

Changes of household energy (cooking and lighting) sources are not directly 

related to agriculture practice; however, economic development of certain sections of the 

farming community has enabled them to access cleaner fuels. At the same time, the 

production of farm manure and agriculture ‘waste’ continue to be used in an improper 

manner and these cause health hazards especially for women and children. With the 

application of appropriate technology, these materials can serve both provision of cleaner 
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fuels and manure as a green fertilizer. There is an urgent need to improve the water and 

sanitation in the villages. Proper sanitation will cut the vicious cycle of contracting 

infection of waterborne diseases due to contamination of water and soil. In fact, the 

lesson learned from the recent episodes of diarrheal diseases is that the existing water 

purification facility cannot ensure potable water at the end users if sanitation is not 

improved. Some affluent farmers have been able to build their own toilets but it is the 

agriculture laborers who are most exposed to poor sanitation. Contamination of water by 

harmful chemicals, such as nitrate, fluoride and probably pesticides has added a new 

dimension to the population risk. Zoonosis has no boundaries and diseases of a growing 

number of livestock can be a potential threat to humans. Moreover, exposure to harmful 

agrochemicals by livestock is a potential threat to human health.  

The new paradigm of agriculture has affected the very social fabric in rural India. 

Lack of opportunity in the villages has compelled a large number of laborers to migrate. 

On the other hand, rapid prosperity of large and medium farmers has encouraged their 

exposure to the outer world. Both are enticed to adapt high risk behavior, resulting in 

growing cases of substance abuse and HIV/AIDS. 
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Chapter 6 

The new agriculture paradigm and emerging  

environmental health threats 
  
Since the Tungabhadra Project became operational in 1952, there has been a rapid 

transformation in agriculture practice in the command areas. Traditionally, this area of 

low rainfall had been known for rain fed crops but the assured provision of canal water 

has encouraged farmers to grow rice, a water-intensive crop. Despite its high input cost 

and risks associated with the variable yield, institutional support and market forces have 

made rice cultivation very popular in the head end of the project command area. Geo-

morphologically the study villages in the dry and the wet areas are very similar; over the 

past decades, however, the new agricultural paradigm has brought significant changes not 

only in the landscape but in the society as a whole. The impacts of modern agriculture are 

not confined to the head end; rather perception of new development and its practice have 

also started influencing the ancient and the dry areas. The present study has unfolded 

changes that have been taking place in the human and natural environment of this part of 

Karnataka on account of modern agriculture. In turn, these changes have an important 

and growing influence on human health. The study gives a broad perspective of 

agricultural practices and their impacts on environmental health in a selected population. 

In doing this, some of the complex dynamics connecting various factors and outcomes 

are examined. Based on what has been found here, a number of important areas that 

require more research and in depth analysis are identified.  
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Social change 

After provision of irrigation, the migration of Telegu farmers from the adjacent state 

influenced the original Kannada farmers to practice regular rice cultivation. Intensive rice 

cultivation in the head end has remarkably improved the local economy. Economic 

prosperity has increased the overall literacy level. There has been definite improvement 

in quality of life in terms of possession of household assets and livestock. At the same 

time there remains continuing and growing inequity and inequality in resource generation 

and its distribution within the society. At present, the existing landed farmers have been 

able to reap the benefits of the development while little has been gained by landless 

persons. In some ways, the disparities in the irrigated areas have reached an 

unprecedented level.  

In the head end, the rich farmers, those with large landholdings, have significant 

influence over the local political institutions, and eventually in decision making. 

Therefore their interests have been given high priority in local and state governance. For 

example, the current practice of twice a year cultivation of rice is against the original plan 

of the TBP. However, neither the local politicians nor government officials dare to over 

turn this unsustainable practice. At present, the choice of crops and necessary inputs, 

credits, processing, storage and marketing are all largely determined by a handful of very 

influential rich farmers. Added to this, the corporate sector - mill owners, traders, 

pesticide manufacturers and others - are also playing a major role in decision making 

either in disguise or openly. It appears that the roles of government institutions have been 

gradually taken over by a small number of private players. The conditions of small 

landholders are highly precarious in terms of freedom of choice and economic 
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independence. Many of them are virtually trapped by the vicious cycle of indebtedness, 

clearly a consequence of the activities of money lenders, mill owners and the traders. In 

this study, no credible evidence of suicide among the farmers due to crop failure was 

obtained. However, several unconfirmed reports have indicated growing numbers of 

suicides and it is well known that Karnataka is one of a few states having high incidence 

of farmers’ suicides. Several environmental activists blame modern agriculture and 

corporate control of the entire agriculture enterprise for this growing menace. Current 

welfare measures, such as the National Rural Employment Guarantee (NREG) Act have 

provided only limited benefits and in fact have created new problems such as non-

availability of agriculture labourers when needed. Anecdotal evidence shows that 

apparently the quality of life of the women has improved in terms of educational 

attainment and health status. Yet, surprisingly, both the census report and field survey 

show that the participation of women in the workforce is the lowest in the head end as 

compared to the traditional dry and ancient areas. It is worth noting that the entire 

community of large farmers cannot be blamed for the current problems in the agriculture 

sector. Rather, they are also the victims of rapid social transformation, which has 

generated new forms of consumption based expectation, aspiration, and status. Output 

driven unsustainable agriculture is presently the only available means to maintain their 

social position. In other words, the alternative choices, such as more biodiverse, lower 

input farming will not be an attractive viable solution in the current institutional set up. 

The condition in the dry land is the least satisfactory among all the three agro-

ecological areas. The farmers are dependent on rain for most of their agriculture. 

Although the input costs associated with rain fed crops are comparatively smaller, low 
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yield and poor support price mean that traditional crops are often non-viable options, 

particularly for the small landowners. Lack of employment opportunities in agriculture 

compels the landless laborers to migrate to towns and to mining areas in the western part 

of the state. Participation of women in work in the hazardous mining areas is particularly 

high. This annual cycle of migration has a significant influence over maternal and child 

health, particularly in routine issues of antenatal and post natal check up and 

immunization. In some agriculturally advanced states, in-migration is a common 

phenomenon. For example, the state of Punjab, known as epicenter of the green 

revolution, attracts thousands of migrant laborers from backwards states like Bihar and 

Jharkhand. In Punjab, agriculture is highly mechanized, however, some activities are still 

labour intensive and the state always faces shortage of home grown laborers (unlike in 

northern Karnataka) due to general prosperity and shifting to other lucrative occupations 

in the country and abroad. Therefore, the created labour demand is filled up by importing 

from other states and often the basic minimum safety norms and rights are flouted (Singh 

et al., 2007; Singh, 1997).  

As far as development is concerned, the ancient areas lie between the head end 

and the dryland. Previously this region was known for low input and some organic 

farming and there was an emphasis on diverse cropping and crop rotation. But, similar to 

the head end, here also there has been gradual transformation to high input agriculture. 

Nevertheless, there are a number of farmers who remain active in organic farming.  

All the areas encounter multiple risks in agriculture, although their nature varies. 

Despite the availability of irrigation facilities and high inputs of pesticides in the head 

end, scarcity of water and pest infestations are always perceived as threats to the farmers. 



 164

In some years and seasons, the perceptions are borne out. Drought is the major threat in 

the dry areas. The adaptation capacity to manage the risks by the small landholders is 

limited to borrowing money or to seasonal migration.  

 

Individual behavior 

Diet type is changing in tandem with the local cropping pattern. Rice production has 

almost completely altered the traditional diet, which was based on coarse cereals. In 

addition to that, economic development, market forces and changing behavior based on 

media and other influences have resulted in more sugar, oil and salt consumption. 

Regular eating of mill polished rice, which is poorer in nutritional quality as compared to 

the coarse cereals, has become a status symbol. Even in the dry areas, where little paddy 

is grown, rice has become half of the total daily cereal consumption. Interestingly, 

complete reliance on rice is not always well accepted by the people who previously 

experienced the benefits of coarse cereals. However, the non-availability and high price 

of sorghum and millets are major reasons for their reduced consumption. Changing diet 

has taken its toll by increasing the prevalence of overweight and obese men and women. 

Excessive weight is not confined to affluent families. Although not as common, this 

seemingly unprecedented trend is observed in the poor families as well. Coexisting with 

over-nutrition, malnutrition remains a major problem, particularly among the poor. It is 

interesting to note that, women, compared to men, are the more common victims of both 

over- and under-nutrition. Among the affluent women, it is likely that more household 

amenities and lack of physical activities have also contributed to the higher prevalence of 

over weight and obesity.  
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There is growing evidence of diabetes, hypertension and coronary artery diseases 

in the study villages. High fat and salt intake with resulting weight gain is blamed for the 

new forms of public health challenges. In part also, malnutrition during early childhood 

may have a contributory role on the high prevalence of diabetes and related disorders. 

The famous Helsinki study has shown that adults, who had experience of nutritional 

deficiency in early developmental stages, are more likely to become obese and suffer 

from diabetes. In the study villages, many adults had encountered food shortages in their 

early childhood (before or during the early phase of the provision of irrigation) and then, 

later due to agricultural development, the diet pattern significantly changed to higher 

calorie intake. There is a need of further study to prove the relevance of this hypothesis in 

the TBP area. Diabetes in India has already reached an epidemic level and the country is 

known as diabetic capital of the world (Misra & Khurana,  2008; Misra, et al., 2009). 

Cervix and esophagus are the most frequent sites for cancers among females and 

males respectively. The local oncologists have noted a rise in breast cancer among rural 

women and chronic exposure to agrochemicals in food is one possible etiological factor. 

Tobacco is the most important causal factor for esophageal cancer; however, a certain 

type of local traditional food (i.e., dried sorghum bread along with chili) might further 

precipitate its incidence.  

Rising income and changing behavior are believed to be reasons for substance 

abuse, which is an increasing trend in the head end. Lack of opportunity either due either 

to poor agriculture or growing mechanization results in migration of agriculture laborers 

and also small farmers. High risk sexual behavior of the migrant male population is 

believed to be the major cause of a rising trend in incidence of HIV/AIDS. On the other 
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hand, economic prosperity of the large and medium farmers and their changing values 

may have led to indulgence in high risk sexual behavior as well. A national level study 

(including Karnataka) shows that there is growing epidemiologic evidence of high 

HIV/AIDS incidence. The number of cases from rural areas is gradually surpassing those 

in the cities essentially due to high risk sexual behaviour of labourers who regularly 

migrate from rural areas to urban areas (Singh, et al., 2010; Munro, et al., 2008).  

 

Ecological changes 

Rice cultivation in the wet areas has changed the landscape from typical semi-arid to 

moist land with an abundance of vegetation. Moreover, aggressive use and overuse of 

fertilizers has further augmented vegetative growth in the artificial shallow water bodies 

meant for the irrigation. This changing ecology now provides a conducive environment 

for mosquito breeding, particularly for the Culex species, which is the vector for Japanese 

Encephalitis. Rearing hogs in the villages has further enhanced circulation of the virus in 

the ecosystem. In fact, government health records show prevalence of the disease 

exclusively in the wet areas. Additionally, old and dilapidated distributaries of the canal 

in the head end impede the normal flow of the water and pools of water remain stagnant 

throughout the year, also favoring breeding of mosquitoes. Availability of this surface 

water during most of the year results in continuous breeding of mosquito in the head end 

area and hence, malaria incidence remains high and stable throughout the year. On the 

other hand, malaria in the dry areas is essentially imported by migrant laborers from the 

nearby mining areas and its incidence follows the typical seasonal trend. Epidemiology of 

vector borne diseases elsewhere in India is also associated with agricultural development, 
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for example frequent malaria outbreaks in the desert state of Rajasthan due to canal 

irrigation and change of local landscape resulting from inundation in the catchment areas 

(Tyagi & Yadav, 1996).  

In the head end and to some degree in the ancient area, indiscriminate use of 

pesticides poses a threat to ecology and human health. Both an overdose and also using 

them at lower than the required concentration can develop resistance within the pest 

population. The positive laboratory results for pesticide residues in the rice grain samples, 

even several months after harvesting, confirms the extensive and irrational use of 

pesticides. These data also expose the results of unregulated agrochemical marketing, 

promoted by the nexus of manufacturers and local traders. The presence of pesticide 

residues in straw shows that livestock and wild animals are not spared the harmful 

impacts of agrochemicals. There is a need for much additional analytical and health data 

and for evaluation of the long term impacts of the agrochemicals on population health.   

The presence of nitrate and fluoride in groundwater is another emerging 

environmental health issue. The growing reliance on groundwater for drinking as well as 

some irrigation, has made the people vulnerable. Mercury too may be a growing issue. 

Rice, as it is grown in a submerged soil, has the ability to take up mercury in the 

bioavailable methylated form. Analysis of a small number of rice samples has indicated 

the presence of mercury at levels that could be a potential threat for neurological and 

intellectual development for the rice eating population, particularly children.  

Organic farming is deprived of state patronage and remains an insignificant 

practice as compared to the conventional farming. Poor yields, lack of appropriate 

support price, cumbersome and expensive certification procedures are the main stumbling 



 168

blocks to promotion of organic farming. In fact, the concept of sustainable agriculture is 

not yet appealing to the majority of the farmers. However, environmental activists like 

Vandana Shiva argue that for sustainability of agriculture, organic farming is the key. She 

also refutes that low yield and profit are impediments in promoting this practice. 

According to her, as compared to modern mono-cropping, organic farming with mixed 

cropping brings more sustained yields and more profits due to substantially lower cost of 

inputs (Shiva & Pandey, 2006).  

Rice is one of the most climate sensitive crops in the world. The study has shown 

early evidence of changing climate in terms of irregular precipitation. If these suggested 

trends are sustained, there could be a major threat to crop yield and significant changes in 

agricultural practice may be required. In this regard the traditional rain fed crops are 

relatively more climate resistant.  

Biomass remains as the major cooking fuel in all the agro-ecological areas. Its use 

means that women (along with the young children) are exposed to highly hazardous air-

borne toxic particulates and gases. This is especially problematic in the dryland where 

these traditional fuels are most widely used. Due to improvement of economic status in 

the head end and ancient areas, food preparation is more and more done using 

compressed cooking gas and there is a substantial decline in the use of biomass as a fuel.  

Despite the rapid transformation of agriculture in the head end, the perception of 

environmental change in that area is lower than in the ancient and dryland areas. In 

particular, people living in the ancient area have better understanding of the ecological 

impacts of agrochemicals and environmental management. Persons from the ancient 
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areas place emphasis on tree plantation, better water and agriculture management and 

awareness generation as activities needed to protect the environment.  

 

Occupational health 

Introduction of new types of agricultural machinery has mechanized many agricultural 

operations. At the same time, this has clearly posed some new and unprecedented public 

health challenges, particularly in the head end where mechanization is most common. 

Serious forms of injuries are now regular phenomena. Poor regulations along with the 

lack of awareness have increased the risks of fatality. Farmers from all categories are at 

risk, but the landless laborers are particularly vulnerable to this type of occupational 

hazard due to direct exposure and lack of social security. Mechanization has also created 

a major threat to the job security of the agricultural laborers in their own villages and 

adds to the pressure for migration.  

Exposure to pesticides during their application is a common problem faced by the 

farmers, particularly the laborers in the wet areas. Appropriate safety practices are 

virtually non existent and also many farmers justify the practices of not following norms. 

Child labor is clandestinely practiced and thus they can be additional victims of the 

agrochemicals. A very recent study conducted in the state of Punjab has found extensive 

DNA damage among farmers who are exposed to pesticide during application (Abhishek, 

et al., 2010). This study further strengthens the arguments pointing to examples of 

pesticide related cancers and endocrine disorder among the farming community in India. 

Easy availability is also linked with high incidence of suicide by consumption of 

pesticide (Vijayakumar & Babu, 2009). 
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It is an undeniable fact that food production is a key to food security. And food 

security for every citizen was the driving force for promotion of technocentric agriculture 

practice. The provision of irrigation in hundreds of thousands of hectares of land in 

northern Karnataka has indeed increased the agricultural productivity of that area. 

Nevertheless, this study shows that the current mode of agricultural practice is not 

sustainable in that the new technologies have created significant changes in the 

environment that generate environmental health challenges. These challenge are 

exacerbated by  the widening disparity and lopsided growth that is occurring at the micro 

level.  

Experiences elsewhere in the world have proved that environmental sustainability 

is fundamental to lasting progress in every field of human endeavor. Therefore, we need a 

comprehensive and context specific sustainable development plans based on evidence 

based extensive studies. Despite the limitation of the study, the lessons learned can be 

well utilized in developing future policy frameworks that are focused on improving 

population health. Overweight and obesity in rural India as an emerging challenge has 

been shown in the study. There is a need to promote affordable healthy diets that 

emphasize items such as full bran rice, lesser intake of semi-processed and salty food, 

adequate intake of pulses and vegetables. Awareness alone, however, is not sufficient, 

unless some changes are made at the institutional level, such as incentives to cultivate 

coarse cereals and pulses. Additional attention should be paid to the small farmers as they 

live at a subsistence level and are more vulnerable. It is important to note that 

institutional change can not be brought about overnight as the damages that have been 

done to the ecology are immense and growing, and a long term systematic plan is needed 
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to undo these. Similarly, ecological management is also required to manage vector borne 

diseases. Improvement of drainage systems, biological methods of vector larval control 

(parricidal or larva-eating fish in rice fields and other water bodies), management of 

water bodies by regular cleaning of vegetation can effectively reduce mosquito breeding 

and the larva population. This strategy would supplement ongoing mosquito control and 

case treatment in the health facilities. There should be proper regulation on selling, 

training and use of agricultural machines to stop serious injuries and deaths. More power 

should be given to the regulatory authorities for effective management of natural 

resources such as canal water. The dwindling flow of the river cannot be restored, as it is 

an outcome natural precipitation, but existing available water can be effectively used if 

silting and wastage is minimized. The equitable and judicious use of this scarce resource 

must be actively promoted. Effective adaptation strategies are key to sustain agriculture 

in the wake of climate change – strategies such as the development and promotion of 

drought resistant rice and other crops. Current management of agrochemicals is 

uncoordinated and largely neglected and needs to be streamlined by effective leadership 

of agriculture extension centres such as KVK under the guidance of the Agricultural 

University. Here as well, the regulatory authorities should be strengthened so that they 

replace unethical practices of the agrochemical and seed companies. 
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Appendix A1- Demographic Information of Koppal district 

Categories 
No. (in 

000,000) 

Workers 
No. (in 

000,000) 
  

SI. 
No. 

Name of 
the Taluka 

Population 
(As per 
2001 

census 
Total) 

% of 
Literacy 

Male 
No. 

Female 
No. Rural Urban 

SC ST Agri. Non-
Agri. 

No. Of Below 
Poverty Line 

families 

1 Gangavathi 405076 41 203774 201302 303679 101397 0.57 0.34 0.421 1.066 50598 
(61.11%) 

2 Koppal 313898 46.5 159114 154784 249640 64258 0.43 0.12 0.317 0.821 37627 
(65.64%) 

3 Kustagi 239259 34 120704 118555 218079 21180 0.24 0.08 0.354 0.53 30490 
(70.21%) 

4 Yelburga 235263 36 118434 116829 223826 11437 0.30 0.05 0.33 0.602 31206 
(66.25%) 

 
 
 

Appendix A2 - Information on rain fed and irrigated area of Koppal district 
 

Irrigated area (source wise) 
Lift Well Borewell Tank Canal SI. 

No. 
Name of the 

Taluka 
Rainfed area 

(ha) % of rainfed area 
Area % Area % Area % Area % Area % 

1 Gangavathi 50767 50.00 0 0 4977 5.00 7473 7.40 0 0.00 38339 37.60 
2 Koppal 67799 71.00 400 0.4 4582 4.80 16518 17.30 100 0.10 6132 6.40 
3 Kustagi 84347 82.40 0 0 2475 2.40 15327 15.00 200 0.20 0 0.00 
4 Yelburga 92048 81.50 0 0 4600 4.10 16021 14.20 200 0.20 0 0.00 
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Appendix A3 - Information on Land use pattern of Koppal district 
 

SI. 
No. 

Name of the 
Taluka 

Geographical 
Area 

Cultivatable 
Area 

Cultivable 
waste 

Current 
Fallow Forest 

Land put to 
non agri. 

Use 

Land under 
misc. 
Plantation 

Barren& 
uncultivable land 
(waste land) 

1 Gangavathi 132131 93566(71.00) 560 17972 14482 7680 0 4651 
2 Koppal 136755 93481(68.00) 629 8203 10779 20401 210 6792 
3 Kustagi 135779 95861(71.00) 811 28188 4110 7626 0 2361 
4 Yelburga 147830 106813(72.00) 767 21046 80 3163 0 2825 
  Total 552495 389721(70.50) 2767 75409 29451 38870 210 16629 
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Appendix A4 – Schedule (Household of Farmer) 
Serial No: 
Name:    Age:  Caste (Gen/OBC/SC/ST): 
Name of the village: 
Male:  Height:    Weight: 
Female:  Height:     Weight: 

SOCIOECONOMIC STATUS, AGRICULTURE AND ENVIRONMENT 

1. Household members: 

Male (adult)  Female (adult)  

Child (male)  Child (female)  

2. Head of the household (mark with √): 

Husband  Wife  

Father  Mother  

Other (specify)    

4.  Other occupational activity (multiple) (mark with √): 

Activity  H W C C C   

Household activities        

Secondary agricultural activities        

Maid        

Service (specify)        

Business (specify)        

Study        

Others (specify)        

H-husband, W-wife, C-children (mention gender F for daughter, M for son. Add extra column if 

needed 

5. Household asset  

Livestock and number 

Bullock  Cow  

Buffalo  Goat  

Sheep  Poultry  

Farm machinery (mark with √) 

Tractor (          ) Thrasher (           ) Irrigation pump (       ) Others (specify)(      ) 

Personal valuables and number 

Two wheeler  Four wheeler  

Bicycle  Refrigerator  

TV  Radio  

Telephone  Mobile  
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Appendix A4 – contd. 
6. Educational status (mark with √): 

 H W C C C   

Illiterate        

Primary level        

Secondary level        

Higher secondary level        

Graduation or above        

H-husband, W-wife, C-children. Add extra column if needed 
6. Land holding (operational) (either in acre or hectare): 

 Own land Lease in  Total  
Irrigated    
Un-irrigated    
Total     

7. Cropping pattern (mark with √): 
Kharif Rabi 

Paddy  Paddy  

Pearl millet (bajra)  Wheat  

Ground nut  Sunflower  

Sunflower   Groundnut  

Red gram  Sorghum  

Cotton  Others (specify)  

Banana    

Others (specify)    

9. What are the major risks in agriculture (rank them) and mitigation strategy/coping strategy 
(mark with code) 

Risks Rank Mitigation measures/coping strategy* 

Drought    

Flood   

Crop failure due to pest   

Non-availability of water   

Non-availability of fertilizer, seeds etc   

Financial problems   

Power shortage   

Low food price   

Over production   

Violence    

Others (specify)   

* Code: Borrowing money – 1, Selling property – 2, No action – 3, Agitation/protest – 4, 
Migration – 5, Others (specify) – 6. 
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Appendix A4 – contd. 
8. How do you manage the expenditure of agriculture (seeds, fertilizer, pesticide, labour) 

(multiple responses) (mark with √): 

Personal savings  Borrowing from trader  

Owner of the land*   Other (specify)  

Borrowing from bank    

(* If respondent is landless and cultivates other’s land) 

10. Have you ever migrated to towns/cities or male members migrated: ________Y/N 

11. If yes, where: ______________________ 

12. Do you have kitchen garden: _____________Y/N 

13. If yes, what do you grow (enumerate): ____________ 

14. Do you own or share pond: _________________Y/N 

15. If yes, do you use in fish production: ________________Y/N 

16. If yes, do you sell fish in market or eat or both: ____________________ 

17. Agrochemicals use (next page) 
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Kharif Rabi 

Insecticide Insecticide 

Name Crop Dose  Frequency  Remarks* Name Crop Dose  Frequency  Remarks* 

          

          

          

          

          

          

Fungicide Fungicide 

          

          

          

Herbicide Herbicide 

          

          

          

Fertilizer Fertilizer 

          

          

          

          

          

• Compare with the recommended dose, calculate pesticide used based on volume and conc. of spray given to crop 
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Appendix A4 – contd. 
18. Do you practice horticulture (fruits, flower) _________Y/N 

19. If yes, mention the varieties 

20. What are the challenges in horticulture (enumerate) 

21. How do you define best agriculture practices (multiple responses) (mark with √): 

High Yield  Low input of fertilizer  

Sustained yield  Low input of pesticide  

Ever increasing yield  Low input of irrigation  

Profit  High input of fertilizer  

Pest resistant seeds  High input of pesticide  

High yielding seeds  High input of irrigation  

Environmental management  Others (specify)  

22. How agriculture practices is linked with soil health (mark with code) 

 Soil health 

Pesticide  

Fertilizer  

Crop  

Machine/tools  

Irrigation   

Other (specify)  

* Code: deteriorated – 1, unchanged – 2, improved -3 

23. How agriculture practices is linked with biodiversity (mark with code) 

 Biodiversity  

Pesticide  

Fertilizer  

Crop  

Machine/tools  

Irrigation   

Other (specify)  

* Code: insect - 1, birds -2, rat -3, frog -4, snake -5, wild bushes/tress -6 

24. Have you noticed any change in environment due to modern agriculture 

______Y/N/NK 

 

 

 

 

 



 188

Appendix A4 – contd. 
25. If yes, enumerate 

More water logging  More deforestation  

More flood  More loss of fish  

More drought  More loss of traditional fruits  

More water shortage  Less birds  

More hot  Eutrophication (chocking of 

nalas due to weeds) 

 

26. How to protect your environment (multiple responses) 

Plantation of tree  Better cooking fuel  

Better drainage   Better water management  

Awareness  Better agriculture practice  

Population control  Other (specify)  

Cleanliness (sanitation and waste)    

27. Sources of energy in households and trends in last 2 decades (mark with √) 

Cooking Lighting Agriculture Source 

Past  Now Past  Now Past  Now 

Solar       

Electricity       

LPG       

Kerosene       

Firewood       

Agri waste       

Others (specify)       

28. Have you noticed any perceivable climate change in last two decades (rain & temperature) 

___Y/N 

29. If yes, are they affecting agriculture production _______Y/N/NK 

30. If yes, mention how 

31. Are local climate change linked with illness _______Y/N/NK 

32. If yes, mention how 
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Appendix A4 – contd. 
NUTRITION AND HEALTH 

33. What are your common items in regular meal (consumption pattern per month per 

household) 

 Monthly consumption (kg)  Monthly consumption 

Rice, chura  Meat  

Sorghum  Egg  

Bajra  Fruit  

Pulse  Milk, curd  

Vegetables  Hot beverage   

Fish  Others (specify)  

34. Where do you get major food (rice, pulses) from (multiple responses) (mark with √): 

Own product  Purchase from market  

Public distribution system (PDS)  Others (specify)  

35. Is there any change of trend in childhood nutrition in last decade _____Y/N/NK 

36. If yes what are changes 

37. Is current agriculture practice responsible for childhood nutrition _____Y/N/NK 

38. If yes, how 

39. Where do you seek treatment for any illness of your family (multiple response), rank them 

 Village Taluka District 

MBBS (Govt)    

MBBS (private)    

Other system (ayurveda, homeopathy, unani)    

Quacks (RMP)    

Spiritual healer    
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Appendix A4 – contd. 
40. What are the major health problems in different age groups (rank them) 

Adult male Adult female Children 

Diarrhoea  Diarrhoea  Diarrhoea   

Gastritis  Gastritis  Breathing problem  

Joint problem  Joint problem  Weakness  

Breathing problem  Breathing problem  Fever  

Weakness  Weakness  Giddiness/vertigo  

Fever  Fever  Convulsions   

Giddiness/vertigo  Giddiness/vertigo  Swelling of body  

Convulsions   Convulsions   Others (specify)  

Swelling of body  Swelling of body    

Others (specify)  Gynecological/birth    

  Others (specify)    

 

41. How do you manage the cost of expenditure of treatment (multiple responses) rank them 

Personal savings  Selling properties  

Borrowing   Others (specify)  

42. What are the major health problems cause absenteeism in farm activities (rank them) 

Diarrhoea  

Gastritis  

Joint problem  

Breathing problem  

Weakness  

Fever  

Giddiness/vertigo  

Convulsions   

Swelling of body  

Gynecological/birth  

Others (specify)  

 

43. What are the drinking water sources (multiple responses) and rank them 

Hand pump  River  

Dug well  Piped water  

Pond  Canal  

Stream / nala  Others (specify)  
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Appendix A4 – contd. 
44. Do you purify water at home _____________Y/N 

45. If yes how (mark with √) 

Boil  Alum   

Filter  Chlorine  

Others (specify)    

46. If no, why (mark with √) 

No resources  Already filtered  

Not aware  No need as water visible cleared  

Not availability of filters, alum, Cl   Others (specify)  

47. Is water quality monitored regularly ________Y/N/NK 

48. If yes, what sources are monitored 

49. Do people get adequate quantity of water _________Y/N 

50. If no, why 

51. Who are the major sufferers of water scarcity 

52. Is agriculture practice (irrigation) is responsible for current crisis of water 

_____Y/N/NK 

53. Is there any change of water level of borewell/dugwell in the area ____Y/N 

54. Has current agriculture practice affected access to water for other household activities 

(washing, bathing etc) ______Y/N 

55. If yes, how 

56. Where do you go for defecation (multiple response) (mark with √) 

Own toilet  Public toilet  

Open field  Others (specify)  

57. Do you wash your hand after defecation _____________Y/N 

58. If yes how (mark with √) 

With water only  With clay  

With soap  Others (specify)  

59. Has there any effort to improve sanitation practice ____Y/N 

60. If yes, what are those 

61. Has the intensive agriculture practice resulted in difficulty in privacy in sanitation practice 

___Y/N 

62. Is current agriculture practice responsible for childhood diseases _____Y/N 

63. If yes, how 

64. Do you know about pesticide related health problem/s ___________Y/N 
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Appendix A4 – contd. 
65. If yes, enumerate (mark with √) 

Skin disease (itching)  Gastritis  

Breathing problem  Others (specify)  

Weakness     

66. Who is mostly involved in pesticide spray (multiple response) (mark with √) 

Husband/adult male members  Non specific  

Female members   Others (specify)  

Adolescent (15-20 years)    

67. Do you follow safety practice while handling pesticides ____________Y/N 

68. If yes, enumerate (mark with √) 

Cover face while pouring   Washing hands after use  

Using gloves while pouring  Use dry cloths to wipe the spillage  

Covering face and hands while 

spraying 

 Aware of right concentration  

Aware of safety precaution 

mention in literature 

 Others (specify)  

Keeping away from children    

69. Have you heard of any accidents or mishaps due to pesticide ________Y/N 

70. If yes, enumerate (mark with √) 

Homicide (murder)  Accidental consumption  

Suicide  Others (specify)  

71. Where do you seek treatments if any accident due to pesticide occurs (mark with √) 

 Village Taluka District 

MBBS (Govt)    

MBBS (private)    

Other system (ayurveda, 

homeopathy, unani) 

   

Quacks    

Spiritual healer    

Others (specify)    

72. Who is the main information providers on pesticide (mark with √) 

Neighbors  Panchayat  

Trader   Local doctor  

Agriculture official  Others (specify)  

Media/literature    

73. Do you have problem of mosquito ____________Y/N 
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Appendix A4 – contd. 
74. Do you know the diseases transmitted by mosquitoes (mark with √) 

Malaria  Encephalitis  

Dengue  Chikungunya  

Others (specify)    

75. Do you know any link with mosquito and agriculture __________Y/N/NK 

76. If yes, enumerate (mark with √) 

Water logging  Population migration  

Rice cultivation    

Animal rearing  Others (specify)  

Deforestation     

77. Have you seen increasing trend in mosquito population ___________Y/N 

78. If yes, why (mark with √) 

Water logging  Population migration  

Rice cultivation    

Animal rearing  Others (specify)  

Deforestation     

 

79. How to prevent mosquito biting (mark with √) 

Insecticide spray  Awareness   

Mosquito net  Ointment   

repellent  Others (specify)  

Prevent water logging    

 

80. Where do you go in malaria, high fever (mark with √) 

 Village Taluka District 

MBBS (Govt)    

MBBS (private)    

Other system (ayurveda, 

homeopathy, unani) 

   

Quacks    

Spiritual healer    
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Appendix A4 – contd. 
81. What are the occupational hazards among the farmers (rank them) 

Accidents   Cut injury   

Animal bites  Pesticides exposure  

Sun stroke  Foreign substance inhalation  

Eye injury  Others (specify)  

82. Who are most vulnerable to occupational hazards among the farmers (rank them) 

Adult agriculture laborer  Women  

Adolescent agriculture laborer 

(15-20 years) 

 Others (specify)  

83. Is there any specific cropping, related to more occupational hazards ________Y/N 

84. If yes, what are they and how 

85. What are major health problems the livestock have (animal specific) 

86. How do they manage the health problem of livestock 

87. Is there any report of use of antibiotics for animal diseases _________Y/N/NK  

88. Is there any report of bovine hormones for more milk production _________Y/N/NK 

89. Is there any recent report of epidemics of livestock _________Y/N/NK 

90. If yes, what are they 

91. Is there any poultry or animal farms _____Y/N/NK 

92. How are the animal wastes managed (animal specific) 

93. How do you dispose off carcass of animal died of disease 

94. Who is in the households mainly manage / care the animals (animal specific) 

95. What preventive measures are taken by animal handlers if animals become sick (mark 

with √) 

Household treatment  

Local healers  

Treatment by veterinary doctor  

96. How do they manage the expenditure of animal health (sources and animal specific) 

97. Has economic development due to agriculture development resulted in more alcohol and 

smoking _____Y/N/NK 

98. If yes, how 
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Appendix A5 – Average change of monthly average temperature 
(maximum and minimum in C°) and rainfall (mm) from 1988 to 2008 
 
 Average change 

in maximum 
temperature (C°) 

Average change 
in minimum 
temperature (C°) 

Average change 
in rainfall (mm) 
 

JUL 0.0828 0.1036 -2.3268 
AUG 0.0422 0.0765 -4.4034 
SEP 0.0018 0.0365 3.9789 
OCT -0.0199 -0.0090 0.5123 
NOV 0.0460 -0.0686 -1.5566 
DEC 0.1001 -0.0425 -0.2286 
JAN 0.0431 0.0759 -0.0059 
FEB -0.0231 0.0040 0.1362 
MAR -0.0085 0.0237 0.2998 
APR -0.0173 0.0535 1.6086 
MAY 0.0102 0.0855 2.2000 
JUN 0.0469 0.0651 1.2170 
Change in temperature or rainfall is that defined by regression analysis of the 21 year’s of 
data 
(Source: Agriculture University, Raichur, Karnataka) 
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Appendix A6 - Broken distributor with standing water – suitable place 
for mosquito breeding (both Anopheles & Culex) 

 
 

Young adult mosquito 
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Appendix A7 – Artificial collection of water for rice cultivation, water 
body is full of vegetation suitable for mosquito breeding (particularly 
Culex) 
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Appendix A8 – Gender, landholding, agroecological area wise 
distribution of nutritional status 

 

 
 
 
 
Appendix A9 - Japanese encephalitis (confirmed) in Koppal 
Taluka PHC¶ 2001 2002 2003 2004 2005 2006 2007
Gangavati Sriram Nagar 1             
  Hoskhera 1             
  Mustur     1     1   
  Anegundy     1       1
  Gangavati town     1       1
  Karadagi     3   1     
  Budhugumpa             1
Koppal Ginigera 1     1     1
  Hitnal 1       1     
  Indergi       1       
  Kukumpalli         2     
  4   6 2 4 1 4

¶ All PHCs are located in the irrigated areas (except Indergi and Kukumpalli). Indergi and 
Kukumpalli are dry areas but several farmers use groundwater for rice cultivation. There is a 
gross under reporting of the cases due to poor diagnostic facilities 
 
 

  BMI 
 High (>25) Normal (20-25) Low (20<) 
Male 
Landless 5 21 34 
Small Farmer 9 33 18 
Medium Farmer 11 33 16 
Large farmer 19 27 14 
Head end 19 41 20 
Dryland 8 31 41 
Ancient 17 42 21 
Total 44 114 82 
Female 
Landless 5 18 37 
Small Farmer 15 21 24 
Medium Farmer 10 26 24 
Large farmer 21 34 5 
Head end 25 26 29 
Dryland 10 24 46 
Ancient 16 37 27 
Total 51 87 102 
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Appendix A10 – An Egret in rice field and a swine moving freely in a 
head end village (both are potential reservoirs for Japanese Encephalitis 
virus) 
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