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ENVIRONMENT AND
SUSTAINABLE DEVELOPMENT
[bookmark: bookmark2][bookmark: bookmark3]6.1 Agriculture in Nepal
Agriculture is an art, science and industry of managing the growth of plants and animals for human use. In a broad sense, agriculture includes cultivation, growing and harvesting crops, breeding and raising livestock, bee keeping, dairying, and forestry. Agriculture is related to production of food. Humans produce food to run their life. In most cases, they produce crops with animal husbandry, fisheries, tree crops, fruits, etc. The raw materials needed to produce cotton and silk are also produced from agriculture. Sugar, jute, floor, and biscuit industries also depend upon agriculture for raw materials.
Modem agriculture depends heavily on engineering and technology, and on the biological and physical sciences. Irrigation, drainage, conservation and sanitary engineering, each of which is important in successful farming, are some of the fields requiring the specialized knowledge of agricultural engineering.
Agriculture chemistry deals with other vital farming concerns such as the application of fertilizers, insecticides and fungicides, soil make-up, analysis of agricultural products and nutritional needs of farm animals.
Plant breeding and genetics contribute immeasurably to farm productivity.
Genetics has also developed a science of livestock breeding. Hydroponics, a method of soilless gardening in which plants are grown in chemical nutrient solutions, may help meet the need for greater food products and nutritional needs of farm animals.
Nepal is divided into terai, hill and mountain geographical regions extending from east to west. The plain area ranges from 60 to 300 metres in height. It covers about 23 percent of the total area of Nepal and accommodates about 47 percent of the country’s population. About 40 percent of the land here is suitable for cultivation. It is the most productive area of the country and the bulk of

the country's food grains is produced in this region. This area supplies the surplus food products to the deficit areas of the hills and mountains of Nepal. Hill region is situated between the altitude of 610 metres and 4,877 metres from sea level. It covers about 42 percent of the total land area. About one-tenth of its area is suitable for cultivation. The people living in higher altitudes of this region have the occupation of animal grazing cottage industry and cultivation of cereal crops. The people of lower altitudes cultivate cereals and cash crops. The farming system of this area is based on the terrace system[image: ]
The mountain belt is the northernmost strip that ranges from 4,877 to 8,848 metres above sea level. Its coverage is about 35 percent of the total area. Out of this, about 2 percent is agricultural land. It is hardly suitable for agricultural farming. The people of this area mostly farm sheep and yaks.
The main economic source of Nepal is agricultural production. Due to harsh topography, limited land is available for agriculture. The cultivated land in Nepal is 20 percent. The pressure of population has been increasing and that has been affecting the use of land. Consequently, it has resulted in low productivity of the land. About 8 1 percent of the total population has been employed in agriculture. The agricultural sectors supply the raw materials to the other sectors as well. The contribution of agricultural production in the industries is about 75 percent.
6.2 Sustainable Agricultural Development
Environmental degradation and depletion of natural resources has been a process rather than an event. In the past, the natural resources were always considered as limitless free resources in the Earth. However, the concept of sustainable agricultural development is now seen as a process of development that could reconcile the conflicting interest of development and environmental security.
Global change (climate change, land use change, land cover change and biodiversity loss, biological invasion) has directed a shift in the pattern of agricultural development towards sustainable resource management. Environmental issues such as global warming, acidification of soil and water, drastic decline in the quality of air, water and soil, exploitation of natural resources, and desertification demand a variety of skillful methods for agricultural and economic development. Furthermore, the issues relevant to conservation of natural resources have to be addressed



differently, depending upon the ecological, social, economic and cultural framework of the concerned society.
Sustainability is a dynamic process. Various factors such as topography, needs and expectations of people, markets and transportation facility, technology and innovations influence the sustainability of agriculture. The changes in these factors force change in the prevailing agricultural practices. Consequently, they affect the implementation process of sustainable principles of agriculture. Therefore, individual farmers should modify their production options with due considerations to the various aspects of their bio-physical and socio-economic phenomena. In this context, food insecurity, lack of employment opportunities, and poverty are some of the challenges that affect the sustainable development of agriculture. The conservation of natural resources and protection of the environment are some of the main fields of actions that are interrelated with the process of implementing the principles of sustainable agriculture. Farmers should be able to make a sustainable living from the agricultural resources that exist around them without causing environmental degradation of the resource base. Efforts should be made for the attainment of the following goals for sustainable agricultural development:
(i) Food security should be ensured in the country. It can be done through ensuring an appropriate and sustainable balance between self-sufficiency and self- reliance.
(ii) The human resource of the country should get opportunity in acquiring the required training/skill and ultimately in getting employment. Income generation programmes should be expanded to the rural parts of the country along with the urban areas for poverty alleviation.
(iii) Natural resources are the basic sources of the country that should be conserved, various environmental programmes relevant to the local content should be implemented effectively with a view to protect the environment. In this process public participation should be encouraged to carry out initiatives in environmental conservation.
[bookmark: bookmark4][bookmark: bookmark5]6.3 Innovative Eco-technology in
[bookmark: bookmark6][bookmark: bookmark7]Agriculture
Environment-friendly, eco-friendly, and nature-friendly are adjectives used to refer to goods and services considered to inflict minimal harm on the environment.
Definition of organic agriculture: “Organic agriculture is a production
system that sustains the health of soils, ecosystems and people. It relies on eC010gical processes, biodiversity and cycles adapted to local conditions, rather than the use of inputs with adverse effects. Organic agriculture combines tradition, innovation and Science to benefit the shared environment and promote fair relationships and a good quality of life for all involved. " International Federation of organic Agriculture Movement (IFOAM) Eco-innovation is a term used to describe products and processes that contribute to sustainable development. Eco-innovation is the commercial application of knowledge to elicit direct or indirect ecological improvement.
It is often used to describe a range of related ideas, from environment-friendly technological advances to socially-acceptable innovative paths towards sustainability. The most common usage of the term "eco-innovation" is to refer to innovative products [image: ]and processes that reduce environmental costs. It includes the conservation of natural resources by controlling soil erosion, landslides, flood, etc. This is often used in conjunction with eco-efficiency and eco-design. Many industries have been developing innovative technology in order to work towards sustainability.



(a) Permaculture: Permaculture is about designing sustainable human settlements. It is a philosophy and an approach to land use which weaves together the microclimate, annual and perennial plants, animals, soils, water management, and human needs into intricately connected and productive communities. It is a system designed for creating a sustainable human environment dealing with plants, animals, buildings and infrastructures. The infrastructures include water, energy and communications. It deals with these elements and makes an effort to establish relationships when they are placed in the landscape.
Permaculture is a philosophy of working with nature rather than against it. Under this philosophy, thoughtful observations are given to all the functions of plants and animals which are treated as a whole. It intends to use the diversity of the landscape as a strength to be used positively. Thus, the aim of permaculture is to create systems that are ecologically sound and economically viable. It helps to fulfill our needs but does not exploit or pollute the environment. This system is sustainable in the long-term.
Permaculture takes care of the values related to the natural systems and considers the wisdom contained in traditional farming systems and modem scientific and technological knowledge. It is based on ecological models but creates a cultivated ecology. It designs the land system to produce more human and animal food than nature generally produces.
Permaculture embraces a three-fold ethics:
(1) Care of the Earth: Care of the Earth deals with the care of all the living and nonliving things .It includes soil, species and their varieties, the atmosphere, forests, micro-habitats, animals and water. It also includes harmless and rehabilitative activities, active conservation, and ethical and frugal use of resources.
(ii) Care of people: People make up a small part of the total living systems of the world. We should take care of our basic need for food, shelter, education, employment and convivial human contact. If we can provide our basic needs, we need not indulge in broad-scale destructive practices against the earth.
(iii) Utilization of surplus time, money and materials: We can contribute together to generate surplus time, money, and energy to achieve the aims of earth and for the care of people. It also means that we can extend our influence and energies to help others as well as taking care of our basic needs and designing our systems to the best of our ability.
The core of permaculture is a design which sets up the relationship between different elements. The design component must be placed properly to enable them to function efficiently. The following are the principles of permaculture:
(a) Relative location deals with every element such as houses, ponds and roads, which should be placed in relationship to another.
(b) Each important function is supported by many elements.
(c) Emphasis is placed on the use of biological resources over fossil fuel resources. (d) Energy recycling on site taking both fuel and human energy is taken into
consideration.
      (e) Natural plant succession is used and accelerate  to establish favourable sites and soils.
    (f) Polyculture and diversity of beneficial species for a production and interactive system is promoted.
   (g) Permaculture is used as a natural pattern for achieving the best effects.

 (b) Agroforestry: Agroforestry is an integrated approach of using the interactive benefits from combining trees and shrubs with crops and/or livestock. It combines agricultural and forestry technologies to create more diverse, productive, profitable, healthy and sustainable land-use systems.
In agroforestry systems, trees or shrubs are intentionally
used within agricultural systems, or non-timber forest products are cultured in forest settings. Knowledge, careful selection of species and good management of trees and crops are needed to optimize the production and positive effects within the system and to minimize negative competitive effects.
(c) Analog forestry: Analog forestry draws design input from traditional models as well as from the natural forest successional dynamics. When an ecosystem is designed to be analogous to the indigenous climax state, the efficiency and dynamics of the natural processes can be replicated. These quasi-natural forests are designed to mimic the structural and functional aspects of indigenous forests and are referred to as analog forests.
(d) Forest farming: Forest farming constitutes an ecological approach to forest through efforts to find a balance between conservation of native biodiversity and wildlife habitat within the forest and limited, judicious utilization of the forest's varied resources. The intentional introduction of native or native-related species for use as botanical, medicinal or food products is accomplished by utilizing the existing forest ecosystem to aid in support of their growth.
(e) Forest gardening: Forest gardening is a food production and land management system based on woodland ecosystems by substituting trees (such as fruit or nut trees), bushes, shrubs, herbs and vegetables which have yields directly useful to humans. Making use of companion planting, these can be intermixed to grow on multiple levels in the same area, as do the plants in a forest.
(f) Home garden: Home gardens are found in humid areas. They use inter-cropping to cultivate trees, crops, and livestock on the same land. In mid-hills and terai of Nepal, they are the most common forms of land use (for example, combined farming of coconut, black pepper, cocoa and pineapple).


[bookmark: bookmark10][bookmark: bookmark11]Vermi-compost:
Vermi-compost is the product or process of composting utilizing various species of worms, usually red wigglers, white worms, and earthworms to create a heterogeneous mixture of decomposing vegetable or food waste, bedding materials, and vermicast. Vermicast, similarly known as worm castings, worm humus or worm manure, is the end-product of the breakdown of organic matter by a species of earthworm.
[bookmark: _GoBack]Vermi-compost contains water-soluble nutrients. This is an excellent, nutrient rich organic fertilizer and soil conditioner. The process of producing vermi-compost is called vermi-composting.
[bookmark: bookmark12][bookmark: bookmark13]6.4 Sustainable Development and Industry
Industry is the backbone of the country. Among the modem industries were large manufacturing plants, including many public sector operations. The major manufacturing industries produced jute, sugar, cigarettes, beer, matches, shoes, chemicals,
cement, and bricks. The garment and carpet industries, targeted at export production, have grown rapidly since the mid- 1980s whereas jute production has declined. Industrial estates were located in Lalitpur, Balaju, Hetauda, Pokhara, Dharan, Butwal, and Nepalganj. The government provided the land and buildings for the industrial estates, but the industries themselves were mostly privately owned. The concerned organizations are not conscious on the degradation of the environment as the development of the industries. The pollution generated through the industries creates many problems. Due to the imbalance of the environment, the country is listed as a poor country. The most of the effluents generated from the industries, e.g. organic, inorganic chemicals, gasses, liquid, solid effluents, are directly disposed to the rivers, streams, forests, and barren lands. Various national and international organizations, consumers, and journalists are forcing not to do so.
1. Major Environmental Problems within Industrial Districts
The studies showed that pollution has been causing a deterioration of environment, even though the industrial development of Nepal is occurring at a relatively slow rate and the average consumption of energy is very low when compared with usage pattern of most other countries in Asia. Many studies were done on the environmental issues in the industrial districts and the studies concluded that the following problems exist: air pollution, water pollution, land pollution, sound pollution, solid waste, and effect on health of living beings.
For the sustainable development of the industry we should follow the key points given below:


2. [bookmark: bookmark14][bookmark: bookmark15]Use of Renewable Raw Materials
Petroleum and natural gas reserves are getting smaller and smaller. It is thus a real waste to bum up these valuable resources for heat or transportation, especially as coal (black gold) is also the most important starting material for the chemical industry. The raw materials used in the industry should be clean, sustainable and natural. It should not destroy the beauty of natural environment. Due to the lack of consciousness on environment pollution, the customers are forced to face many problems. For example, the enzymatic extraction of cellulose from wood by-products produces sugar glucose, which is then fermented to form ethanol. This ethanol can then be used as a “biological” fuel for vehicles. Under different reaction conditions, the fermentation of glucose produces glycerol. Glycerol is also a highly promising starting material for the synthesis of fuels and other organic compounds, as a team of scientists from the USA and Brazil have discovered.
3. Industrial Wastes	
During the process of production and processing in industries wastes like organic,	
inorganic, chemical gases, liquid and solid effluents also form as by-products. In such	
process the technology of reducing the effluents from sources should be used. The waste water produced from beverage production industry, leather industry, and carpet dyeing industry should be managed by treating it in a waste water treatment plant. The pieces of leather may be reused in preparing various types of goods. After all, the wastes should be disposed in proper places. The solid wastes should be reused as far as possible. Biodegradable substances should be collected in a dumping site so that compost fertilizers could be made from them. It is also essential to make people aware of solid waste management. After all 3-R (Reduce, Reuse and Recycle) methods should be used.
4. [bookmark: bookmark18][bookmark: bookmark19]Human Resources
In order to develop the industry sustainably, the human resources should be developed, promoted, and mobilized. The continuous use of knowledge and technique of skilled human resource makes the environmental consideration possible in industrial sector.
5. [bookmark: bookmark20][bookmark: bookmark21]Social Welfare and Environmental Conservation
The continuous operation of the industry affects the human health directly or indirectly. So, a fraction of the income from the industry should contribute to the social development and environmental conservation. The contribution makes the people positive towards the industry.
6. [bookmark: bookmark22][bookmark: bookmark23]Use of Renewable Energy
The priority should be given to the renewable energy in sustainable development of industry. The general renewable energy includes wind power, hydropower, solar energy, biomass, biofuel, natural gas and geothermal energy. Clean energy should be used in sustainable development of industry and energy should be used minimum so far as possible. New and emerging renewable energy technologies are cellulosic ethanol, ocean energy, enhanced Geothermal Systems, experimental solar power and artificial photosynthesis.
7. [bookmark: bookmark24][bookmark: bookmark25]Use of Non-renewable Energy
Natural resources such as coal, petroleum, oil and natural gas take thousands of years to form naturally and cannot be replaced as fast as they are being consumed. Eventually natural resources will become too costly to harvest and humanity will need to find other sources of energy. So, these resources should be used minimum to balance the environment.
6.5 Application of Eco-friendly Techniques in Industry
1. Environmental Management System (EMS)
An environmental management system is the process used by an organization to manage, review, correct, and improve the organization's approach to industry. Employees are asked to consider how they affect the environment every day. An EMS offers a structured way to incorporate environmental considerations into day-to-day operations; it promotes continual improvement of the environment and human health.
Environmental management system is used to confirm the continuous availability of the quality environment by reducing the negative impact on environment. This minimizes the use of raw materials, general energy or alternative energy to increase industrial production of goods. It promotes the sustainable use of natural resources. It also promotes to reduce the effluents and toxic gases come out during production of the industrial goods. After the implementation of the EMS in the industry, environmental monitoring and evaluation as well as environmental auditing is done on its progress.
Bilbao of Spain is one of the finest and modern cities of the world. With a population of not less than a million, Bilbao is a thriving metropolis. Bilbao takes pride of its excellent network of transportation based on renewable energy. The roads and railway lines are superbly maintained with latest technologies and connect the city with other major cities of the country. Subway systems lessen the environmental impact of travel by carrying many people in large vehicles. This causes the reduction of about 46,000 metric tons of carbon dioxide (C02) mixing in the atmosphere. It also supports in environmental conservation as well as save economy on purchasing fossil fuels like petrol, diesel, kerosene, etc.



[bookmark: bookmark26][bookmark: bookmark27]2. Cleaner production method
Most of the industrial effluents spread either directly or through an aqueduct. Hence, the introduction of an effluent into any natural stream is only through laminar sublayer, where the flow is practically longitudinal, which does not permit any axial mixing. This is the only reason why a large number of fish are found dead with the input of concentrated amount of effluent whether it is organic or inorganic. A suitable arrangement for disposal of effluents could be made away from the riverbank in order to check the possibility of killing of living beings. Hence, there should be proper disposal of industrial effluents at appropriate points in the receiving stream so that it can go a long way to fully utilize the assimilation capacity.
The term ‘Cleaner Production’ was defined by UNEP in 1990 as: "The continuous application of an integrated environmental strategy to processes, product and services to increase efficiency and reduce risks to human and the environment.
 Cleaner production continuously applies integrated and preventive strategies to processes, products an services. This increases efficiency and reduces risks to humans and the environment. Cleaner production specifically works to advance:
(a) Production Efficiency - through optimization of productive use of natural
resources( materials, energy, water) at all stages of the production cycle,
( b) Environmental Management - through minimization of the adverse impacts of industrial production systems on nature and the environment, and
(c) Human development-through minimization of risks to people and communities, and support to their development.
The cleaner production method includes the following points:
· Reduction of pollution from the source during the production of materials,
· Reuse and recycle of various wastes produced from the production of the materials through modem technology,
· Minimum use of energy or use of alternative energy to reduce pollution,
· Use of latest technology and machines to ensure quality and optimize production, and
· Use of safety measures by workers while at work.
The Ministry of Environment is actively promoting waste minimization efforts like cleaner production technique and energy efficiency in Nepalese industries with the cooperation of industry association as public-private initiatives. This is an ongoing program and an excellent tool to minimize and prevent the wastes being  produced at the source itself. At the same time, it addresses the energy aspects of the operation through efficiency perspective and occupational health and safety issues of the organization and the resource consumption such as water consumption. This program started from 2012 for which four small scale industries were selected as demonstration projects. The demonstration project was launched with the cooperation of industry associations such as Paper, Carpet, Pashmina and Wool dyeing industry associations. Thus, in the context of the direct involvement of the industrial stakeholders in reducing the pollution, clean production method could be a ray of hope in the conservation of environment and management of eco-friendly technique in industries.
3. Biotechnology
Biotechnology is a field of applied biology that invol.es the use of living orgasms and bioprocesses in engineering. Technology, medicine and other field requiring bio- products Biotechnology also utilizes these products for the manufacturing purpose.

Modem use of similar terms includes genetic engineering as well as cell/tissue culture technology.	
The United Nations Convention on Biological Diversity defines biotechnological as any technological  application that uses biological systems, living organism or derivatives thereof, to make or modify products or processes for specific use.	
In the last decade of the 20th century, Nepal witnessed several biotechnology derived products in the market as follows:
· Human healthcare products,
· Seeds and plants of high yielding variety of agricultural and horticultural c
· Food products and drugs,
· Improved livestock, and
· Animal healthcare products.
4. Tissue Culture
 Tissue culture is the growth of tissues and/or cells separate from the organism. This is typically facilitated through the use of a liquid, semi-solid, or solid growth medium, such as broth or agar.
In modem usage, tissue culture generally refers to the growth of cells from a tissue of a multi-cellular organism in vitro. These cells may be cells isolated from a donor organism or primary cells. The term tissue culture is often used interchangeably with cell culture. This process is used to produce thousands of plants by the tissues/ cells of a single plant In Nepal, tissue culture is introduced successfully m potatoes, banana, fruits, crops and animals. By using genetic engineering, more productive as well as nutritious nee crop could be produce.
Similarly, waste water may be treated by using bio-chemical process. In Dhulikhel hospital the bio-chemical process is used to treat waste water. During that interval of time 0997 -2000) it was observed that the major pollutants such as total suspended solids (TSS) biochemical oxygen demand (BOD), organic pollutants, and ammonia-nitrogen had a removal percentage of more than 95%. Similar technology is used m other areas as biochemical treatment plant to treat waste of  water.

SUMMARY

· Agriculture practices mainly depend on human activities, which are related to natural environment. Natural environment includes climate, land, water, living things, etc.
· Farming system is a complex inter-related matrix of soil, plants, animals, implements, power, labour, capital and other inputs.
· Agriculture is an art, science and industry of managing the growth of plants and animals for human use.
· In a broad sense, agriculture includes cultivation, growing and harvesting crops, breeding and raising livestock, bee keeping, dairying, and forestry.
· Fanning systems and crops vary widely depending upon altitude and climatic conditions.
· As the climate is very cold in the mountainous region, the agriculture production is very low. In mid-hills, the soil structure and the climate is medium type, so the agriculture production is also medium. The terai region is quite productive because of the structure of the soil. So the terai region is also known as the storehouse of food.
· Physically the country is divided into four ecological strata: the southern terai plain, the southern mountain range, the central hill complex, and the northern great Himalayas.
· Agriculture business is an important source of national income. Agriculture production such as rice, sugarcane, jute, tobacco, potato, oilseeds, fruits and vegetables fulfills the needs of the country. These crops are produced usually in terai and inner valleys of the mid-hills. Slope lands of eastern hills are suitable for tea farming.
· The modem agriculture system includes cereal crops, pulses, animal husbandry, fisheries, bee-keeping, vegetable fanning, etc. Agriculture development is related to natural environment as well as human-made environment.
· There is cold climate in the mountain region and it is less useful for agriculture activities. The hills include a huge part of agriculture land which is extensively cultivated. Terai is Nepal’s richest economic region in terms of both farm and forest lands.
· Fertilizer is a type of natural or synthetic chemical substance or mixture used to enrich soil so as to promote plant growth.
· Vermi-compost is the product or process of composting utilizing various species of worms to create a heterogeneous mixture of decomposing vegetable or food waste, bedding materials, and vermicast.
· An environmental management system is the process used by an organization to manage, review, correct, and improve the organization’s approach to industry.
· Biotechnology is a field of applied biology that involves the use of living organisms and bioprocesses in engineering, technology, medicine and other fields requiring bio-products.
· Tissue culture is the growth of tissues and/or cells separate from the organism. This is typically facilitated through the use of a liquid, semi-solid, or solid growth medium.





EXERCISE
A. Write short answers of the following questions.
l. What percent of the people depend on agriculture in Nepal?
2. Write an environmentally sound technology used in agriculture.
3. What is vermi-compost?
4. Write eco-friendly techniques adopted for sustainable development of an industry.
B. Answer these questions.
1. What is meant by agriculture? What are the different areas of agriculture? Give examples.
2. "Nepal's agricultural production is characterized by diversity in farming systems due to differences in agro-ecological topography." Clarify this statement giving examples.
3. Mention any four changes in agriculture pattern in Nepal.
4. Mention any four points of importance of agriculture system to a nation.
5. "The development of agriculture system promotes the economic development of our country."
6. Describe briefly in what way the agriculture development provides the opportunity of employment.
7. Why should we reduce the use of pesticides in agriculture?
8. Write any four key points necessary for the sustainable development of the industry? 
9. What is the environmental management system? Discuss in brief how the environmental management system contributes to the environmental safety from industrial pollution.
C. Write short notes on:
l . Effect of technology on agriculture development
2. A complete fertilizer
3. Overuse of land
4. Livestock as an important component of our farming system
5. Biotechnology
6. Tissue culture.
Project Works
I. Visit an agricultural field around your home or school. Discuss in your group and with local people how the sustainable management system could be developed on the agricultural field? Prepare a report on it and present it in your class.
2. Observe an industry in your surroundings. Find out whether there is the use of ecofriendly technique or not. If not, which technique could be suitable for sustainable development of the industry? Discuss in your group and with the concerned authority. Write a report on it and present it in your class.
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