Introduction 
All over the world, farmers especially small and marginal work hard but do not make money, because there is very little left after they pay for all inputs. The prosperity of any country depends upon the prosperity of farmers. This in turn depends upon the adoption of improved technology and judicious allocation of resources. Human race depends more on farm products for their existence than anything else since food and clothing – the prime necessaries are products of farming. Even for industrial prosperity, farming forms the basic raw material. The majority of the farmers are cultivating their lands just for the sake of cultivation without the backup of full scientific and technological backup. They are satisfied whatever they are getting finally. To make the farming economically viable, and environmentally sound and sustainable a holistic all around approach is required to be inculcated. To meet the multiple objectives of poverty reduction, food and nutrition security, competitiveness and sustainability, several researchers have recommended the farming systems approach to research and development. A farming system is the result of complex interactions among a number of inter-dependent enterprises/components, where an individual farmer allocates certain quantities and qualities of four factors of production, namely land, labour, capital and management to which he has access (Mahapatra, 1994). Farming system approach is a powerful tool for natural and human resource management in developing countries such as India, Ethiopia. It is a multidisciplinary whole-farm approach and can be effectively employed in solving the problems of small and marginal farmers.
The Ethiopian economy is predominantly rural and agricultural and the declining trend in size of land holding poses a serious challenge to the sustainability and profitability of farming. Under theyear after year declination of soil fertility and under the ever increasing of population, it is necessary to integrate land based enterprises like fishery, poultry, apiary, field and horticultural crops, etc. within the bio-physical and socio-economic environment of the farmers to make farming more profitable and dependable. No single farm enterprise is likely to be able to sustain the small and marginal farmers without resorting to integrated farming systems (IFS) for the generation of adequate income and gainful employment year round. Farming systems approach, therefore, is a valuable approach to addressing the problems of sustainable economic growth for farming communities in Ethiopia.  The basic aim of IFS is to derive a set of resource development and utilization practices, which lead to substantial and sustained increase in agricultural production (Kumar and Jain, 2005). Integrated farming systems are often less risky, if managed efficiently, they benefit from synergisms among enterprises, diversity in produce, and environmental soundness.
Farming system definition and importance
Different scientists have defined a farming system differently. However, many definitions, in general, convey the same meaning that it is strategy to achieve profitable and sustained agricultural production to meet the diversified needs of farming community through efficient use of farm resources without degrading the natural resource base and environmental quality. Relatively recent definitions include: 
• Farming system is a resource management strategy to achieve economic and sustained agricultural production to meet diverse requirements of farm livelihood while preserving resource base and maintaining a high level of environment quality (Lal and Miller 1990). 
• Farming system is a set of agro economic activities that are interrelated and interact with themselves in a particular agrarian setting. It is a mix of farm enterprises to which farm families allocate its resources in order to efficiently utilize the existing enterprises for increasing the productivity and profitability of the farm. These farm enterprises are crop, livestock, aquaculture, agro forestry and agri-horticulture (Sharma et al 1991). 
• Farming system is a mix of farm enterprises such as crop, livestock, aquaculture, agro forestry and fruit crops to which farm family allocates its resources in order to efficiently manage the existing environment for the attainment of the family goal. (Pandey et al1992). 
• Farming system represents an appropriate combination of farm enterprises (cropping systems, horticulture, livestock, fishery, forestry, poultry) and the means available to the farmer to raise them for profitability. It interacts adequately with environment without dislocating the ecological and socioeconomic balance on one hand and attempts to meet the national goals on the other (Jayanthi et al 2002).
 In general, there are three important components of a farming system (whole farm business) viz., 
(i) crop component (cereals, pulses, oilseeds, sugar, fibre, vegetable, fruits, agroforestry etc.) usually taken up in the main crop fields 
(ii) animal component (cattle, goat, sheep etc.) usually taken up within the homestead and
(iii)  homestead farming (biogas, post-harvest, value added products, grinding, splitting of pulses) which include other allied activities taken up within the homestead. 
Each of the above components may have one or more of several activities or processes. Thus selection, production/cultivation and /or rearing of the activities within a farm will determine the nature of farming system being practiced in any situation. Nevertheless, the kind of activities (crop or animals) included under each component depend on their suitability, adaptability, marketability and ability to satisfy the needs of a farm family. The experience of the farmer and his predecessors (father and forefather) over years enable them to select the activities under each system. In fact, the farmer has been experimenting with the crops and the crop varieties or species and animal types or breeds knowingly or unknowingly over years before finally incorporating these in the farm plan. Therefore, basically it is a case of simulation and experimenting with crops and animals before incorporating them in any system. Once a system is identified its adoption will primarily depend on availability of different types of limited resources at the disposal of the farmer.   
Utilization of inputs without impairing the quality of environment is the main objective in the farming system approach. Therefore, it is clear that farming system is a process in which sustainability of production is the objective. The overall objective is to evolve technically feasible and economically viable farming system models by integrating cropping with allied enterprises for irrigated, rained, hilly and coastal areas with a view to generate employment and income from the farm.
Classification of Farming Systems
 Many farms have a general similarity in size, products sold and methods followed. When farms are quite similar in kind and production of the crops and livestock that are produced and methods and practices used in production, they may be grouped together. On the basis of the share of gross income received from different sources and comparative advantage, the farming systems may be classified as follows: 
· Classification of Farming Systems- According to size of farm
1. Collective Farming: It includes the direct collection of plant products from non-arable lands. It may include either regular or irregular harvesting of uncultivated plants; honeying and fishing usually go hand in hand with collection. Actual cultivation is not needed. The natural products like honey, gum, flower etc are collected. Such plant products may be collected from forestry area. 
2. Cultivation Farming: In this system, farming community cultivates the land for growing crops and rearing livestock.
i) Small Scale Farming: In this type, the farming is done on small size of holding and other factors of production are small in quantity and scale of production is also small. 
Advantages: 
a) Intensive cultivation is possible.
 b) Labour problem do not affect the production.
c) It is easy to manage the farm.
 d) There is less loss due to natural calamities like frost, heavy rainfall and diseases. 
e) Per unit output increases. 
Disadvantages: 
a) Small- scale farming cannot take advantages of various economic measures.
 b) Cost of production per unit is more.
 c) Mechanization of agriculture is not possible. 
d) Farmer does not get employment round the year.
ii) Large scale farming: When farming is done on large size holding with large amount of capital, large labour force, large organization and large risk is called large- scale farming. In other words, when the factors of production are large in quantity, the kind of farming is said to be large.  For example, In India 40 to 50 hectares land holding may be said large scale farming but in countries like America, Canada and Australia even 100 ha farms are also called as small farms.
Advantages: 
a. Production is more economical as cost of production per unit is less.
 b. Higher production per unit area.
 c. Better marketing of agricultural products is possible. Processing, transportation, storage, packaging of produce is economical. 
d. Costly machine like tractor, combined harvester can be maintained on the farm.
 e. Subsidiary occupation such as dairy, poultry, beekeeping based on maintained on the farm. 
f. Proper utilization of factors of production is possible. 
g. Research work is possible.
 Disadvantages: 
a. If demand of produce decreases and production exceeds the market demand, there will be more loss to the large farm.
b. Due to natural calamities like frost, drought, flood, insect-pests and diseases or other influences the large farm will suffer a lot.
 c. It will be difficult to manage large scale farm.
· Classification of Farming Systems- According to Production of Land, Labour and Capital Investment 
The farmer on a given plot of land obtains more or less definite quantity of production/yield of a commodity/commodities during any particular time. If he wants to increase his output, he can either  
 i) bring more land under cultivation or
      ii) apply more labour and capital to the same piece of land.
a) Intensive Cultivation: In intensive cultivation more labour and capital are used in the same piece of land. In other words land remains fixed in quantity while other factors are increased. If the same land is rare due to population pressure, while labour and capital are comparatively cheap, intensive cultivation is preferred than extensive cultivation. 
The application of intensive cultivation method depends mainly upon- 
i) Increasing population and 
ii) Technical improvement.
 In the earlier stages of development population was small and technical knowledge of agriculture was also limited hence extensive method was adopted but, as population increases intensive cultivation become necessary and improvement in technology make its adoption possible. 
b) Extensive Cultivation: When more area is brought under cultivation to increases the output it is termed as extensive cultivation. In extensive cultivation land is chiefly available but availability of other factors increases less proportionately. A cultivator wishing to increases his output may follow either intensive method or extensive method but the selection of these two methods is based on cost. Extensive cultivation if raise the additional output more cheaply than intensive cultivation, extensive method of cultivation will be useful. If on the other hand intensive cultivation seems to be the cheaper method farmer will naturally adopt it. If land is cheaper and it can be had at a normal cost while labour and capital are comparatively costlier, extensive cultivation will be cheaper method of obtaining increased output. In early times when land was plentiful extensive cultivation was followed. The extensive and intensive cultivation go side by side in a country for a certain period of time and afterwards intensive cultivation may become more important method. In most of the countries extensive and intensive methods of cultivation generally go hand in hand.
· According to the Value of Products or Income or Comparative Advantages: 
Specialized Farming:
The farm in which 50% or more income of total crop production is derived from a single crop is called specialized farming. The farm in which only single crop is cultivated for selling in the market.
Advantages: 
1. Better use of land: More profitable to grow crops on land best suited to it 
2. Better marketing: it allows grading, processing, storing, transporting and financing the produce. 
3. Less equipment and labour.
 4. Costly and efficient machinery can be kept: A wheat harvester/thresher can be maintained in a highly specialized wheat farm.
5. The efficiency and skill of the labour increased: Specialization allows a man to be more efficient and expert at doing a few things.
 6. Farm records can be maintained easily.
 7. Intensity of production leads to relatively large amount of output.
 8. Better management: fewer enterprises on the farm are liable to be less neglected and sources of wastage can easily be detected. 
Disadvantage: 
These disadvantages of specialization are evident when the farmer realizes that “all his eggs are in one basket”.
1. There is greater risk: When failure of crop and decreasing market price of the product, demand in market of product.
 2. It is not possible to maintain soil fertility-lack of crop rotation.
 3. The productive resources i.e. land; labor and capital are not fully utilized.
 4. Irregular income of the farm as they get income only once or twice in a year.
 5. Proper Utilization of resources is not possible. 
6. By product of crop are not property utilized, as numbers of livestock’s are less in number. 
7. Due to specialization of a single enterprise, the knowledge about other enterprises vanishes.
 8. Does not help in supplying all the food needs of the family members of the farmer.
Mixed farming: Mixed farming is one where crop production is combined with the rearing of livestock. The livestock enterprises (cows, buffaloes, sheep goat, and fisheries) are complementary to crop production; so as to provide a balance and productive system of farming. In mixed farming at least 10% of its gross income must be contributed by livestock activity. The upper limit is 49% under Indian conditions. So the farm on which at least 10 to 49% income is found from livestock is called mixed farm. In mixed farming cow and buffaloes are included with crop production.
 Advantages: 
1. It offers highest return on farm business, as the byproducts of farm are properly utilized. 
2. It provides work throughout year.
3. Efficient utilization of land, labour, equipment and other resources.
 4. The crop by products such as straw, bus, fodder etc. is used for feeding of livestock and in return they provide milk. 
5. Manures available from livestock maintain soil fertility. 
6. It helps in supplying all the food needs of the family members. 
7. Intensive cultivation is possible.
 8. If one source of income is lost he can maintain his family from other source of income.
 9. Milk cattle’s provide draft animals for crop production and rural transport. 
10. Mixed farming increases social status of the farmer.
In Ethiopia the livestock is much closely connected with agriculture because animal power is the main source of power in agriculture. FYM is the main source for maintaining soil fertility and animals make good use of subsidiary and by-products on farms and in turn they provide milk under such circumstances mixed farming will most suit in Indian conditions.
 Disadvantages:
 1. Indigenous method of cultivation is used till now.
 2. Draft and milch animals should be sold when they fail in production. 
3. Healthy calf should be reared to replace age old animals. 
Required of Mixed Farming: 
i) Complicated management practices. 
ii) Sound cropping scheme.
iii)  Good cattle in suitable number. 
iv)  Transport facility. 
v)  Marketing facilities. 
Ranching: A ranch differs from other type of crop and livestock farming in that the livestock graze the natural vegetation. Ranch land is not utilized for tilling or raising crops. The ranchers have no land of their own and make use of the public grazing land. A rancher occupies most of the time of one or more operators. Ranching is followed in Australia, America, and certain parts of India.
 Dry Farming: Farmers in dry land, which receives 750 mm rainfall or even less than that struggle for livelihood. The major farm management problem in these tracts, where crops, which are entirely dependent upon rainfall and the conservation of, soil moisture is needed. 
Dry Farming Involves the Adoption of the Following Practices: 
a) Timely preparation of the land to a condition in which it is best able to receive and conserve the available moisture.
 b) Time and proper inter culturing during growth of the crop.
 c) Improving the water holding capacity of the soil by the profitable application of organic manure. d) Use of such implements as is capable or rapidly breaking of the surface of the soil.
 e) Building of fields.
 f) Use of optimum seed rates. 
g) Thinning of excess plant populations.
 h) Mixed cropping.
Environmentally sustainable dry land farming systems emphasizes conservation and utilization of natural resources. Agronomic practices of conservation, tillage and mulch farming, rotational cropping, use of legumes and cover crops for improving soil fertility and suppressing weeds and efficient uses of cattle manure are some of the components of sustainable farming system.
· Classification of Farming System-According to Water Supply
i) Rain Fed Farming: Agriculture mainly depends on the rainfall in most part of the country.  Rain fed farming is very risky system of farming where the success of the crop depends on the cycle of the monsoon. Timely rainfall is the prerequisite of this farming. The uneven rainfall is quite detrimental to crop production. 
Characteristics of Rain Fed Farming: 
1. Crop and varieties, which can withstand moisture stress should be cultivated.
 2. Kharif crops are sown after receiving monsoon.
 3. Not possible to adopt improved methods of cultivation only one or two crops are grown. 
4. Crops rotation is not followed. 
5. Soils of these areas are deficits in nutrient. 
6. Mixed cropping should be practiced and adopt deep-rooted crops. 
7. Short duration varieties fit well in rain fed areas. 
8. The crops that are tolerant to drought should be cultivated. 
9. Soil moisture should be preserved by mulching, FYM application.
 10. Soil erosion which may be called “Creeping death” of the soil is a worldwide problem, so necessary measures should adopt to keep the soil productive. 
Principles of relevant components of environmentally sustainable farming systems should include. 
1. Reduce soil erosion and improving soil conservations. 
2. . Inclusion of legumes and cover crops in crop rotations.
3. Agro-forestry as an alternate land use system and 
4.  Judicious use of organic waste. 
ii) Irrigated Farming: The crop can be grown throughout the year; moisture is not a limited factor. Characteristics:
 1. The round the year cropping pattern becomes possible. 
2. Intensive cropping is possible. 
3. Production can be increased by proper utilization of productive resources. 
4. Crop rotation can be executed properly due to adequate irrigation facility. 
5. Manuring is safely done in irrigated crop.
6. The field experiment is possible, because of timely irrigation facility.

· Classification According to Type of Rotation
I) Type of Rotation: The world rotation has two meanings according to the time period involved. There is long term alteration between various types of land use such as arable farming, tree farming, grassland use etc. In this rotation means the sequence of this basic type of land use on a given field. Within arable farming there is also the term crop rotation which means the short- term sequences of different arable crops on one field. 
a) Lay System: In this system, several years of arable farming are followed by several years of grassed and legumes utilized for livestock production.
 i) Unregulated Lay Farming: In this system natural vegetation grasses, bushy growth on pasture is allowed to grow during the period of fallow. This is an improved managed pasture. 
ii) Regulated Lay System: During the period of fallow, certain types of grasses are grown or planted. These are the well managed pasture with fencing and adopting rotational grazing system. 
b) Perennial Crop System: The crop which covers the land for many years e.g. Tea, Coffee, sugarcane. In some cases tree crops (oil palm, rubber) are alternated with fallow in other with arable farming, grazing etc.
· Farming system according to Intensity of the Rotation
II) Intensity of the Rotation: It is denoted by “R”, simple and appropriate criteria for classification, which gives the true relationship between crop cultivation and following within the total length of one cycle of utilization.  
R=  x 100
The length of the cycle is the sum of the number of years of arable farming. 
The number of fallow years “R” indicates the production of the area under cultivation in relation to a total area available for arable farming. 
a) Shifting cultivation: R< 33%. In the case there is more number of years of fallow than actual cultivation. 
b) Lay or fallow farming: In this case R< 66% and 33% 
c) Permanent cultivation: In this large area is cultivated and small area is left fallow. R> 66%. 
d) Multiple cropping: where R = > 100%. If R= 150% means 50% area is under two crops in a year. If R = 300% means three crops in a year are being grown.
· Classification According to Degree of Commercialization
Depending Upon the Produce Sold in the Market for Earning Money: 
a) Commercialized Farming: More than 50% of the produce is for sale. 
b) Partly Commercialized Farming: More than 50% of the value of produce is for home consumption. c) Subsistence Farming: Virtually there is no sale of crop and animal products, but used for home consumption. Subsistence farming is a type of farming where the farmers of our country cultivate the crop in their land for the livings. Hence, the holding is small in size; so improved method of cultivation is not possible. They fail to meet the total requirement. They reared cattle, poultry, along with crop cultivation in limited land to meet their requirement.
· Classification According to Degree of Nomadic, Cropping pattern and Implements
a) Total nomadic: In this system, the animal owners do not have permanent place of residence. They do not practice regular cultivation. Their families move with the herds.
b) Semi nomadic: Animal owners have a permanent place of residence, while supplementary cultivation is practiced. However, for long periods of time, they travel their herd to distant grazing areas.
c) Transhumant: Means seasonal migration of livestock to suitable grazing ground or it is the situation in which farmer with a permanent residence sends their herd with herdsman for long period of time to distant grazing areas. 
d) Partial nomadic: Farmer has permanent residence and who have herds at their disposal, which remains in the vicinity.
 e) Stationary animal husbandry: Occurs where the animals remain on the holding or in the village throughout the entire year.
· Classification According to Cropping and Animal Activities:
Paddy based farming 
Fruit based farming 
Livestock based farming etc.
In this system classification according to the leading crops and livestock activities of the holdings e.g. Paddy holding, coffee banana holding. Rice-Jute holds, Sugarcane farming.
· Classification According to Implements Used for Cultivation:
Spade farming: manual labour is used. 
Moe farming or hoe farming: Bullock power is used for cultivation. 
Mechanized or tractor farming: Power operated implements are used for cultivation e.g. plough, tractor.
Concept of sustainability in farming systems
· Definitions of sustainable agriculture 
 The term sustainable agriculture has been variously defined (Benbrook, 1990; 1991; Crews et al., 1991; Parr, 1991; Powers and McSorley, 2000). Most current definitions emphasize maintenance of ecosystem productivity and an adequate food supply for all people, preservation of environmental quality, and conservation of nonrenewable resources and biological diversity. Food safety, economic, and social components are often included.
The word "sustain," from the Latin sustinere (sus-, from below and tenere, to hold), to keep in existence or maintain, implies long-term support or permanence. As it pertains to agriculture, sustainable describes farming systems that are "capable of maintaining their productivity and usefulness to society indefinitely. Such systems must be resource-conserving, socially supportive, commercially competitive, and environmentally sound.
" Under Food, Agriculture, Conservation, and Trade Act of 1990 (FACTA, Washington, DC,), "the term sustainable agriculture means an integrated system of plant and animal production practices having a site-specific application that will, over the long term: 
• satisfy human food and fiber needs; 
• enhance environmental quality and the natural resource base upon which the agricultural economy depends; 
• make the most efficient use of nonrenewable resources and on-farm resources and integrate, where appropriate, natural biological cycles and controls; 
• sustain the economic viability of farm operations; and 
• enhance the quality of life for farmers and society as a whole." 
Wendell Berry has simply said, “A sustainable agriculture does not deplete soils or people." Over time, the International Alliance for Sustainable Agriculture and an increasing number of researchers, farmers, policy-makers and organizations worldwide have developed a definition that unifies many diverse elements into a widely adopted, comprehensive, working definition: A sustainable agriculture is ecologically sound, economically viable, socially just and humane. These four goals for sustainability can be applied to all aspects of any agricultural system, from production and marketing to processing and consumption. Sustainable agriculture involves farming systems that are environmentally sound, profitable, productive, and compatible with socioeconomic conditions (J. Pesek, in Hatfield and Karlen, Sustainable Agriculture Systems).
Ecological sound: the core concerns are to reduce negative environmental and health externalities, to enhance and use local ecosystem resources, and preserve biodiversity. More recent concerns include broader recognition for positive environmental externalities from agriculture.
Economic viability: Essential to this perspective is that there be a positive net return, or at least a balance, in terms of resources expended and returned. Ignored in current accounting are numerous subsidies that make agriculture appear economically viable, and hidden costs such as loss of wildlife and health care costs from chemical exposure. In addition to short-term market factors relating to supply and demand, real viability requires an understanding of a number of other considerations, including relative risk and qualitative factors (security, beauty, satisfaction), which are often ignored in economists' models because they are difficult to quantify. Asked Leopold, "Do economists know about lupines?" 
Social Justice: The system must assure that resources and power are distributed equitably so that the basic needs of all are met and their rights are assured. This requires equitable control of resources and full participation. Whether in the field, market or voting both, all people must be able to participate in the vital decisions that determine their lives. Access to land is necessary in order for a majority of the world's population to escape poverty and grow the food it requires. As important as equitable land tenure is the availability of adequate resources to succeed in this effort, including capital, technical assistance and market opportunities. At the same time, the rights of landless farm workers and the urban poor must be recognized.
Humaneness: Agriculture must embody our highest values (kindness, mercy, sympathy) in all aspects from respect for life to the protection of diverse cultures. Humans clearly have an interdependent relationship with animals- from their physical labor and companionship to their invaluable recycling of organic matter and provision of food- but too often animals are seen only as objects to be exploited. Humane agriculture must be based on a fundamental respect for animals and recognition of their rights. Cultural roots are as important to agriculture as plant roots. Without strong communities and vibrant cultures, agriculture will not flourish.
Basic Features and Concepts of Sustainable Systems
• The need to maintain or improve soil quality and fertility. This is often attained by increasing the organic matter content of the soil, and by minimizing losses from soil erosion. 
• Production programs are designed to improve the efficiency of resource utilization. This will result in the most cost-effective use of water, fertilizers, and pesticides.
 • An attempt is made to improve internal nutrient cycles on the farm, which will reduce the dependence on external fertilizers. 
• Efforts are made to improve biological diversity on the farm. This will result in improved natural suppression of pests, and may also help to improve internal nutrient cycling within the farm. 
• Farm management and marketing programs are designed to minimize overhead costs and to increase returns, often by following alternative marketing schemes.
Differences between modern and sustainable agriculture
	Particulars
	Sustainable agriculture
	Modern agriculture

	Plant nutrients 
	Farmyard manure, compost, green manures, bio-fertilizers and crop rotations are used
	Chemical  fertilizers are used 

	Pest control
	Cultural methods, crop rotation and biological methods are used
	Toxic chemical are used 

	inputs
	High diversity, renewable  and biodegradable inputs are used
	High productivity and low 
diversity chemicals are used 

	Ecology
	Stable ecology
	Fragile ecology

	Use of
 resources
	The  rate of extraction from forests, fisheries, underground water sources and other renewable resources do not exceed the rate of regeneration 
	The rate of extraction exceeds the 
rate of regeneration. Felling,
deforestation, over grazing and
 pollution of water- bodies

	Food quality
	Food materials are safe
	Food materials contain toxic residues.



Sustainable agriculture substantially differs from modern day chemical based agriculture. The differences are summarized in Table above. The main differences between the two are that in modem agriculture, synthetic fertilizers containing N P K are used to enrich the soil and chemical pesticides are used to control pests whereas in sustainable agriculture farm made farmyard manure, compost, green manure and bio-fertilizers are used. Sustainable agriculture also involves agro-forestry and multi-level cultivation and integrated animal husbandry. Crop production and animal husbandry have to be employed as an integral system for sustainable agricu1ture to succeed.
Farmers shallhave taken into consideration applying the principles and practices to the whole farm system within a philosophy of continuous improvement, starting with the crop or livestock in scope. The following headings and bullets summarize the sections and objectives when applied to a whole farm system.
Sustainable Farming Systems 
• Are varieties suited to the local climate, soil, pests & diseases being grown? 
• Nutrients – how is crop nutrition calculated? How are nutrients stored considering environmental/safety risks? 
• Pest management – Are all key pests known? Is IPM applied? Are pesticides stored safely & securely? Economic sustainability
• Is yield increase possible? Is food safety and food quality understood? Is the farm system diverse enough? Is there access to market information? 
 • Is group use of equipment or group purchasing an option? Social Sustainability
 • Social & Human capital – including farm workers – Are workers treated fairly? Is training a priority? • Local community /economy - Is there a positive impact in the local community from the farm system?
Environmental sustainability 
• Soil fertility/soil loss – how is soil fertility maintained, is soil erosion an issue? 
• Water – Is total water use for irrigation known? How is irrigation amount calculated? Is the water source for irrigation sustainable? Are the impacts of fertilisers and pesticides considered? 
• Biodiversity – Are there natural habitats on farm? Are rare species of plant/animal threatened by growing the crop?
 • Energy – Are the major energy inputs known? How can their impact on climate change be reduced? • Waste – Are the principles reduce, reuse, recycle, dispose understood? Are pesticides/fertilisers disposed of safely?
1.1 The Art and Science of sustainable agriculture
1.2 Sustainable Agriculture: Principle and Practice
1.3 Objectives of Sustainable Agriculture 
1.4 Benefit of Sustainable Agriculture 
1.5 Elements of Sustainability 
Achieving Sustainability




1.1 Art and science of sustainable agriculture/ sustainable farming/ 

Agriculture is a science of farming. Scientific principles are employed to find ways of making it as efficient possible. Through scientific principles plants and animals are transformed genetically and most favorable environment is provided to harvest higher yields of good quality with least expense of energy. The scientific principles of various branches viz. soil science, genetics and plant breeding, entomology, plant pathology, microbiology, agricultural engineering etc. were employed in agriculture. Agriculture like any other science is a body of truths synthesized, systematized and arranged in such a way as to show the operation of general laws and principles. 
Agriculture is an art which embraces knowledge of the way to perform the operation of a farm in a skillful manner. The physical and mental skills are involved in agriculture. The skills may be acquired through years of experience viz. ploughing, stacking hay bundles, handling animals, sowing, transplanting, driving a tractor etc. Mental skills are those involved in decision making for example when to plough the land, selection of appropriate crops, seed selection etc. Agriculture is a business: agriculture is no longer a way of living or subsistence agriculture where production is intended to meet the home requirements. Agriculture is intended to earn more income. Land, labour, capital are judiciously used. Like in any industry the farming industry should forecast the demand, tailor the production with demand to earn more profits. It involves processing, value addition, transportation, packing, storage in scientific way. Knowledge of employee and employer relationship or human resource management, export and imports, taxation, customs, tariffs and trade are required. All these aspects demand business knowledge in addition to the production and managerial skills. Traditional agriculture is no longer relevant for success in agriculture. Commercial Agriculture or Corporate Farming, Agri-Business Development Corporations demand entrepreneurs in agriculture rather than technologists alone. Producers aim to ensure that the safety and quality of their products will satisfy the highest expectations of the food industry and consumers. In addition, on-farm practices should ensure that crops are produced under sustainable economic, social and environmental conditions.
Assignment1 
Do the assignment individually
Why it is a science?
Why it is an art?
1.2 principles and practices of sustainable agriculture
The principle of sustainability implies the use of resources at rates that do not exceed the capacity of ecosystems to replace them. By definition, dependency on non-renewable inputs is unsustainable, even if in the short term it is necessary as part of a trajectory toward sustainability. There are many difficulties in making sustainability operational.
Making the transition to sustainable agriculture is a process that requires a series of steps. In this process, three issues should be recognized.
First, we must be aware that agroecosystems are ecologically complex units where soil, water, air, wildlife, insects, pathogens, plants and humans interact. When farmers make management decisions, they influence interactions among crops, livestock, beneficial organisms, pests and the physical environment. While biological and ecological considerations play a role in these decisions, so do a number of economic, social and legal considerations. To achieve sustainability, farmers should be aware of the short-, mid- and long-term consequences of these management decisions. In a sustainable farming framework, external inputs such as synthetic fertilizers and pesticides may supplement ecological processes, but should not supplant them. In this context, producers should be aware of the importance of ecological processes such as nutrient cycling, crop-weed competition, host-parasitoid and predator-prey relationships in determining crop yields and system stability in the design of sustainable farming systems.
 Second, because of the ecological complexity of agricultural systems, sustainable farming requires the adoption of a systems-level and interdisciplinary perspective. As with any system, farms consist of a set of parts acting in coordination to achieve desired actions or results for the whole. In addition, a farm exists in a landscape where adjacent land use and community objectives should be considered. Consequently, one should clearly define the goals of the production system and search for the actions that will achieve those goals. 
Finally, sustainable farming aims at maximizing many ecosystem services including yields, clean water and air, the presence of wildlife and other organisms valued by society, carbon sequestration, and recreation. Clearly, these goals can compete with each other at times. Thus, achieving sustainability must, in reality, be considered an optimization process that engages all participants including farmers, laborers, policy makers, retailers, consumers and researchers. For example, better water quality in an agricultural ecosystem can reduce the cost and need for drinking water treatment of those living in the region as well as more distant communities. Likewise, water is one of the most valued resources for livestock, so saving and protecting water quality can enhance livestock production.
The road to sustainability is long and complex. Each farm represents a unique combination of biological, climatic, soil and management conditions such that no single “silver bullet” exists to secure sustainability. However, there are principles that will help farmers move in the direction of more sustainable agroecosystems.
 Among them: 
• Use water and nutrients efficiently 
• Keep soil covered throughout the year 
• Reduce or eliminate tillage in a manner consistent with effective weed control 
• Diversify your farming enterprise to spread agronomic and economic risk
• Rotate crops to enhance yields and facilitate pest management 
• Use cover crops and green manure and/or animal manure to build soil quality and fertility 
• Protect water quality
 • Develop ecologically-based pest management programs
 • Integrate crop and livestock production 
• Increase energy efficiency in production and food distribution
 • Maintain profitability 
Designing an economically viable, sustainable and productive modern agricultural system is based on enhancing the health of the land and rural communities and concentrating on long-term solutions rather than short-term treatment of symptoms.
"Today, sustainable farming practices commonly include:
 • crop rotations that mitigate weeds, disease, insect and other pest problems; provide alternative sources of soil nitrogen; reduce soil erosion; and reduce risk of water contamination by agricultural chemicals
 • pest control strategies that are not harmful to natural systems, farmers, their neighbors, or consumers. This includes integrated pest management techniques that reduce the need for pesticides by practices such as scouting, use of resistant cultivars, timing of planting, and biological pest controls • increased mechanical/biological weed control; more soil and water conservation practices; and strategic use of animal and green manures 
• use of natural or synthetic inputs in a way that poses no significant hazard to man, animals, or the environment.
"This approach encompasses the whole farm, relying on the expertise of farmers, interdisciplinary teams of scientists, and specialists from the public and private sectors."
Sustainable agricultural practices are intended to protect the environment, expand the Earth's natural resource base, and maintain and improve soil fertility. Promote environmental stewardship. Enhance quality of life for farm families and communities. Increase production for human food and fiber needs.
Let us see various methods or practices of Sustainable farming in detail:
1. Make use of Renewable Energy Sources: The first and the most important practice is the use of alternate sources of energy. Use of solar, hydro-power or wind-farms is ecology friendly. Farmers can use solar panels to store solar energy and use it for electrical fencing and running of pumps and heaters. Running river water can be source of hydroelectric power and can be used to run various machines on farms. Similarly, farmers can use geothermal heat pumps to dig beneath the earth and can take advantage of earth’s heat.
2. Integrated pest management: Integrated pest management a combination pest control technique for identifying and observing pests in the initial stages. One needs to also realize that not all pests are harmful and therefore it makes more sense to let them co-exist with the crop than spend money eliminating them. Targeted spraying works best when one need to remove specific pests only. This not only help you to spray pest on the selected areas but will also protect wildlife from getting affected.
3. Crop Rotation: Crop rotation is a tried and tested method used since ancient farming practices proven to keep the soil healthy and nutritious. Crop rotation has a logical explanation to it – the crops are picked in a pattern so that the crops planted this season replenishes the nutrients and salts from the soil that were absorbed by the previous crop cycle. For example, row crops are planted after grains in order to balance the used nutrients.
4. Avoid Soil Erosion: Healthy soil is key to a good crop. Age old techniques like tilling the land, plowing etc still work wonders. Manure, fertilizers, cover crops etc also help improve soil quality. Crop rotations prevent the occurrence of diseases in crops, as per studies conducted. Diseases such as crown rot and tan spot can be controlled. Also pests like septoria, phoma, etc can be eliminated by crop rotation techniques. Since diseases are crop specific, crop rotation can work wonders.
5. Crop Diversity: Farmers can grow varieties of the same crop yielding small but substantial differences among the plants. This eases financial burdening. This process is called crop diversity and its practical use is on a down slide.
6. Natural Pest Eliminators: Bats, birds, insects etc work as natural pest eliminators. Farmers build shelter to keep these eliminators close. Ladybugs, beetles, green lacewing larvae and fly parasites all feed on pests, including aphids, mites and pest flies. These pest eliminators are available in bulk from pest control stores or farming supply shops. Farmers can buy and release them on or around the crops and let them make the farm as their home.
7. Managed Grazing: A periodic shift of the grazing lands for cattle should be maintained. Moving livestock offers them a variety of grazing pastures. This means they will receive various nutrients which is good for them. The excreta of these animals serves as a natural fertilizer for the land. Change of location also prevents soil erosion as the same patch of land is not trampled upon constantly. Also by grazing in time and mowing the weeds can be gotten rid of before they produce more seeds and multiply.
8. Save Transportation Costs: Targeting the sales of the production in the local market saves transportation and packaging hassles. It also eliminates the need of storage space. Therefore, when stuff is grown and sold in local markets, it makes a community self-sufficient, economically sound, saves energy and doesn’t harm the environment in any way.
9. Better Water Management: The first step in water management is selection of the right crops. One must choose the local crops as they are more adaptable to the weather conditions of the region. Crops that do not command too much water must be chosen for dry areas. Irrigation systems need to be well planned otherwise they lead to other issues like river depletion, dry land and soil degradation. One can also build rainwater harvesting systems to store rainwater and use them in drought prevailing conditions. apart from that municipal waste water can be used for irrigation after recycling.
10. Removal of Weeds Manually: Farmers having small farms can use their hands to remove weeds from crops where machines can’t reach or where crops are too fragile. This is quite a labor intensive task and is not suitable for large farms. Apart from this, a farmer also has the option to burn the old crops so that weeds do not produce seeds and destroy rest of the crops. However, that will cause pollution in air and can also affect the environment.
Sustainability of environment, social, economic and farming system in general do have different principles and practices based on the item considered.  Let us principles and practice based on the items present. 
Sustainable Farming Systems 
Item- Site selection and management
Principles -When planning and managing the farm activities, be aware of the site history (previous land use). -When planning and managing the farm activities, properly take into account the site specificities (such as topography, neighboring activities, ecological and social conditions).
Recommended Practices 
- A risk assessment shall be undertaken for new production sites considering the following:  Taking into account the prior use of land e.g. historical/archaeological remains, any soil pollution issues or land change from forest to agricultural land, availability and quality of water resources, pest disease and weed levels and the potential impact of the production on adjacent crops and the adjacent area.  Sites should be checked against any off site contaminant (e.g. invasive species) or pollution risk and protected against those through adequate buffer zones when necessary.
 -A risk assessment shall be undertaken for on-site/off-site impacts considering the following:  
Soil erosion (storm events or dust from cultivation), water pollution (soil, from storing or applying nutrients, or pesticides or storage of fuel or waste storage/disposal), pesticide drift, natural habitat destruction, archaeological sites, tourist sites, hunting/poisoning or rare/endangered species, worker welfare, health & safety at work, food safety.
· Item -Sustainability management system
· Principles
 -Maintain a functioning sustainability system on the farm, geared towards continuous improvement.
· Record reliable information on farm inputs and techniques used on the farm.
· Take the opportunity of accessing valuable information and support services to continuously improve the farm overall sustainability.
· Recommended practices 
- Records (Records belong to the farmers and shall only be disclosed with their approval.)  Reliable information on the following shall be recorded: - Yield - Varieties grown - Fertilisers applied, pesticides applied, irrigation applied - Gross Margin (if feasible) - Soil analysis  Reliable information on the following should be recorded:- Biodiversity   - Techniques used   - Energy use Reviewing results 
- Existing records and practices shall be examined critically by the farmer in order to improve the overall sustainability of the farm.  The farmer shall ensure that the all people working on the farm are aware of the relevance of their specific responsibilities and contribution to the economic, social and environmental sustainability of the farm.
· Reliable information on the following shall be recorded: - Varieties grown - Fertilisers applied, pesticides applied, irrigation applied - Soil analysis - Techniques used - Energy use
· Regular advice shall be sought by farmers on a variety of issues, including: - How to get access to improved arable and vegetable production technologies, tools and best practices - How to access and use instruments and tools (e.g. financial planning) for improved financial management - Information about the market, sales and production of the product in order to better meet market requirements, and tools to optimise his/her economic return.  When sought, advice and information should be taken from reliable sources, e.g. qualified agronomists, training courses, farming magazines, and/or suitable internet sites.
· Item - Planting material
· Principles- Consider the farm’s structure & local situation when choosing planting material.
· Recommended practices - Variety choice and use shall consider the following: 
· Resistance or tolerance to commercially important pests and diseases, adapted to local conditions and meet customers specified requirements. 
· Growing of any genetically modified plants for consumption must comply with all the regulations in place for both countries of production and consumption, and checked if they are accepted by direct customers and consumers.
· Varieties are planted at the optimal time of the season.
· Invasive species should not be planted 
· Seed/Tubers/bulbs are true to type and the quality is checked before use and is traceable to source. 
· Records are kept of the variety name, batch number and seed vendor.
· Item-  Integrated crop management
· Principles
· Use rotation practices for annual crops as an important tool of integrated crop management and as a diversified source of income for the farm.
· Use specific cultivation techniques to maintain or improve the physical and biological characteristics of the soil as well as to reduce mineralization and leaching of nutriments. 
· Balance fertilization in order to provide the appropriate allowance of nutrients to the crops, taking into account release from other sources such as organic manures, soil organic matter etc. 
· Avoid using sludge. If sludge is used though, manage it very carefully on the basis of proper risk assessment.
·  Protect crops against pest, diseases and weeds with as little as possible reliance on pesticides. In particular, strive to use Integrated Pest Management (IPM) systems.
·  Chose, handle and store agricultural inputs with great precaution as per label instructions.
· Recommend practices – 
· Rotation of crops shall be considered.
· Whether rotation is or is not possible farmers shall record on a regular basis suitable indicators of soil health these could be for example: stable or increasing yield, stable or reducing fertiliser/pesticide inputs, stable or increasing organic matter levels, stable soil nutrient levels. 
· The planning of the crop shall take into account the previous crops protection against pests and diseases
· Farmers should use diverse crop rotations and seek to employ these whenever possible to maintain condition, minimize risk of nitrate leaching and reduce pest and disease development.
· If soil conditions allow, chopping and incorporation of crop residues as well as organic manure or compost shall be used to help improve soil fertility by increasing organic matter content, improving nutrient and water retention and reducing erosion.
· A cropping/nutrient management plan. should consider the following: 
· The nutritional requirements of the crop to deliver the quality and yield for customer requirement.
· Soil types mapped for the farm so as to be used to plan nutrient requirements for rotations. 
· Soil chemical, biological composition analysis – to ensure nutrient availability is understood as effected by pH, organic matter or clay/sand content.
· Application rates of either mineral or organic fertilizers applied in accordance with national and local legislation (e.g. nitrate sensitive areas) and meet the needs of the crop as well as maintaining soil fertility. Rates based on a calculation of the nutrient requirements of the crop and on regular analysis of nutrient levels in soil, plant or nutrient solution.
· A simple nutrient input/output balance using best available information, considering nutrient inputs, crop returned to the soil and crop off-take with the harvested part of the crop.
· Planting of catch crops to capture nitrates.
· Untreated sewage sludge shall not be applied to land used to grow crops. 
 Any use of treated sewage sludge on land destined for agricultural use shall be very carefully managed in accordance with national and local legislation. 
 Farmers shall check whether their customers allow the use of treated sewage sludge.
· The IPM system shall consider the following: 
· Responsibilities are clearly assigned for planning and carrying out pest control. 
 Choice of crop/variety appropriate for the location as well as disease and pest resistance
· Use of cultural and physical controls: crop rotations (e.g. mechanical weeding), biological controls (e.g. beneficial insects)
· Regular visual inspections, thresholds or other recognized prediction systems to be used to avoid unnecessary application of pesticides.
· Use of selective pesticides (insecticides, fungicides, herbicides) rather than broad spectrum Rotation of pesticide active ingredients to reduce resistance.
· Use of engineering/application techniques e.g. seed dressings, to improve targeting of pesticide application. 
· Potential yield and quality loss must be assessed in determining treatment levels. Management tools (e.g. weather forecasts, crop stress) to be used before treatment to assess the risk.e.g. insecticides that only control the pest species, not the predators.
· Pesticides shall be used as follows: 
· The crop protection product utilized is appropriate for the target pest and nationally registered in the country of use. 
· Only using treatments legally approved in country of production, which also comply with destination country maximum residue level (MRL) legislation.
· Use must not exceed maximum authorized doses, comply to label recommendations and must conform to pre-harvest intervals. 
· Effective instructions are provided and measures taken, including use of appropriate equipment (e.g. Personal protective Equipment (PPE)), to protect health and safety of farm workers who handle or are exposed to agrochemicals. Instructions should highlight the legal aspects, use, storage, environmental and safety aspects and other precautions.
· Spray equipment must be maintained and calibrated on a regular basis.
· Surplus spray mix and washings must be disposed of according to local legislation and prevent surface and groundwater contamination. 
· Non target areas should be protected with appropriate measures (e.g. buffer strips). 
· Pesticide Storage Crop protection products shall be stored safely and securely considering the following: 
· Pesticide containers shall be disposed off properly and not be reused. Ideally, they shall be punched and taken off the farm by official companies or burned at high temperatures with secure and proven techniques.
· Storage facilities must be constructed of suitable materials, well ventilated, well lit and located where risks to the environment or human health are minimised in case of fire, spillage, flooding or other emergencies. 
· Separate storage from living quarters, food, feed, fertiliser, fuel and waste. 
· Areas where pesticides are handled and stored are designed such that spillages can be contained and do not reach the environment or pose a risk to human health. 
· Pesticide contaminated equipment (e.g. sprayers, PPE, measuring equipment) is stored and handled as specified by the manufacturer, separately from food, feed, living quarters and food preparation Fertilizers shall be used as follows: 
· Fertilizers are only applied to the intended crop area, non crop areas should be protected 
· Procedures are in place to deal with accidents and spillages. 
· Measures to avoid nitrogen and phosphate being lost to the environment, e.g. avoid rainy periods, avoid frozen, cracked, water logged, compacted soils, or the application technique such as split applications, incorporation or direct injection.
· Application equipment is maintained and calibrated on a regular basis.
· All fertiliser should be recorded and records should include: crop name, location of application, date of application, product trade name, operator name, and product quantity. and consumption areas).
  A record kept of pesticides currently in the store.
 Fertiliser Storage
 Fertilisers shall be stored safely and securely considering the following: 
· Storage and all products stored must comply with national and local legislation. 
· Storage facilities must be constructed of suitable materials (e.g. liquid fertilisers have different storage requirements to solids) and located where risks to the environment or human health are minimised, in case of fire, spillage, flooding or other emergencies. 
· Fertilisers must not be stored with pesticides or fuel.
· A record kept of fertilisers currently in store. 
Fuel Storage 
Fuels shall be stored safely and securely considering the following:
· Storage facilities are constructed of suitable materials and located where risks to the environment or human health are minimised, in case of fire, spillage, flooding or other emergencies. 
· Fuel must not be stored with pesticides and fertilisers.
Economic sustainability
· Item - Safety, quality and transparency
· Principles - Ensure the safety, quality and transparency of the products throughout the production methods and storage facilities.
· Recommended practices – 
Food Safety & Quality 
Farmers shall ensure they understand their role and responsibilities for ensuring food safety and quality and are familiar with the principles of Hazard Analysis and Critical Control Points (HACCP). Typical (but not exhaustive) crop Safety and Quality Hazards are listed: 
· Biological 
· Pathogenic bacteria e.g. E.coli, Salmonella, Fungal toxins, Plant toxins – e.g. glycoalkaloids from solanaceous weeds
· Fungal bodies or plant berries e.g. ergot, nightshade 
· GMO modified material
· Fungal moulds and bacterial rots (spoilage) 
· Plant diseases 
· Insects 
· Animal or Human matter – e.g. faeces (e.g. temporary post harvest storage contamination from birds/rodents) 
· Chemical
· Pesticide residues – e.g. exceeding MRLs, or using pesticides not permitted in origin or destination country. 
· Nitrate levels – certain leafy crops such as spinach
· Heavy metal levels e.g. Pb, Cd 
· Mineral oils – lubricants, hydraulic oil, diesel
· Composition – e.g. protein, sugars, oil
· Dry matter content 
· Physical 
· Glass, Metal, Stones, Wood
· Extraneous vegetable matter (EVM) – contamination with other plant parts
· Foreign EVM – contamination with plant parts not from the crop
· Physical damage and blemishes
· Size/shape 
· Colour 
· Soil contamination
· Traceability
· The farmer shall consult with the customer as to the level of traceability and chain of custody required. (For example: This may be to the field, farm, farm store or co-operative level.)
· Item - FinancialStability
· Principles - Seek to achieve long-term stability of the farm income for proper investments and workforce payment.
· Recommended practices - The farm’s forward business plan shall take in to consideration the following:  
· market characteristic how diverse are the income streams (i.e. heavily reliant on one crop, or balanced over a number) 
· customer demand (What are customers plans? Are there different ways of working together?)
· optimal yields 
· profit (gross margin calculations understanding variable costs) 
· current capabilities and resources (land, skills, workforce) 
· investments necessary for continuous improvement plan/change management 
· fixed overhead costs (labour, machinery depreciation, land rent, energy, maintenance)
· Item-  Market
· Principles - Seek to get organised and to select efficient trading channels in order to optimize benefits.
· Recommended practices 
-  Farmers shall negotiate in open and honest terms with their customers (optimum in quantity and quality), and try to develop long-term trading relationships with them.
· Farmers may consider getting organised in groups, to better access support services and improve the position in bargaining prices for crop inputs (e.g. seed, fertilisers, fuel, pesticides, machinery, technical advice)
· Farmers shall liaise with customers on the optimum timing of harvesting/crop deliveries to ensure efficient trading channels and the best price for and share of the product value.
· Farmers should actively seek feedback from direct customers on how to increase ‘value’ for each other.
· Item- Diversification
· Principles- Seek to diversify the farm into other farming activities or/and possible non-farming activities if appropriate, in order to increase farm income and to reduce risk linked to market price fluctuations.
· Recommended practices -
- Farmers shall assess the diversity of sources of income considering the following:
· Is income dominated by one crop
· Are there alternative crops would could be grown on the farm, either for on-farm consumption or to be sold externally?
· Is development of non-farming activities feasible. 
· Are customers a source of innovation?
Social Sustainability
 It is recognized that the majority of the farms are family run and family labour helping on the farm is often an essential component for the sustainability of the farm. In these circumstances, some of the principles might not fully apply. In any case, farms should comply with their national labour legislation.
· Item-  Working conditions
· Principles- 
· Provide a cordial and pleasant working environment, free of any type of discrimination and free of disciplinary practices.
· Farm workers and their families (if applicable) have access to suitable sanitary, housing and transportation infrastructures and services.
· Provide recognised employment relationship to workers based on national law and practice.
· Ensure that workers’ working hours comply with national and local laws. Overtime performed during peek season is acceptable but duly compensated.
· Ensure that wages and benefits received by workers comply as a minimum with local and national legislation.
· Ensure that working conditions comply with applicable laws as well as international Conventions and Recommendations related to occupational health and safety.
· Do not use any form of forced labour.
· Allow workers to form and join unions of their choice and to bargain collectively.
· Do not use child labour.
· Seek to assure children access to adequate education as well as to support the education of farm employees and workers.
· Recommended practices-
· Discrimination on the basis of ethnic groups, national origin, religion, disability, gender, sexual orientation, worker organisations or political affiliation with regard to contracts, compensation, training, promotion, dismissal or retirement of its personnel should be strictly prevented.  Same rights and obligations should be conceded to women and men. consistent with in-country cultural practices and balanced with international Convention
· Employees and workers should not be asked to leave deposits or identity cards behind. 
· Employees and workers should have the right to freely practice their religion or fulfil their needs relating to race, national origin, religion, disability, gender, sexual orientation, membership in worker organisations or political affiliation. 
· Decent working conditions and dignity should be provided to all workers regardless of their employment status.
· Behaviour, including gestures, language, and physical contact that is of a sexually abusive, coercive and threatening nature must be prevented.
· Workers and their families should be provided with suitable sanitary facilities and drinking water in sufficient amounts  Workers and their families, living on the farm, should have access to medical treatment, nutrition and accommodation  Suitable and hygienic facilities should be provided for the preparation, storage and consumption\
· Workers should be encouraged to know their status and, consequently, their respective rights and obligations under law.  Working contracts or other appropriate working relationships should be established, in accordance with national law.  Temporary workers should be managed in a way that is as close as possible with those applied to permanent employees.
· Daily working hours for registered employees should not exceed the maximum number of hours set by national regulations.  Registered employees should be conceded for every six working days at least one day of rest, covered by their salary.  Overtime work shall be demanded only in exceptional circumstances over a short-term period due to the business cycle, notably during the harvest season. Overtime should be compensated adequately.  Registered employees who have worked at the farm for more than one year should have a period of paid leave (in line with local law and conventions).
· Wages and benefits of permanent employees should meet or exceed the minimum required under local and national laws.  Workers, especially temporary ones, should be provided with clear information about the payment that they receive for their work.  All employees and workers should receive remuneration in accordance with their tasks and abilities while having equal work opportunities.  Employees and workers should be able to receive wages in legal tender/ currency. Compensation with merchandise, vouchers, tokens or any other symbolic means may be agreed upon with the employee or worker without creating any form of dependency.  Deductions should not be made from wages for disciplinary purposes
· Actions should be promoted on the farm, which help prevent accidents and injuries of farm employees and workers during their duties. This equally refers to accidents and injuries of farm employees and workers as well as their families when living on the farm.  Access should be guaranteed to hygienic bathrooms and potable water for all employees and workers.  Activities should be promoted for the prevention of diseases, like vaccination, orientation in aspects of personal hygiene.
· Forced labour of any type must neither be used nor supported.
· Employees and (family) workers should have the right to form and join associations of their own choice without previous authorisation.  Employees and workers should be entitled to collective bargaining.  Labour organisations should be allowed to conduct their activities if employees and workers wish so.  Workers’ representatives should not be discriminated against.
· Child labour shall neither be used nor supported.  For cultural and socio-economic reasons, children under the minimum working age referred by national laws are allowed to help their parents with crop production. It shall be ensured that they are not forced to work, do not work long hours and are not exposed to hazardous or heavy work.  The individual situation of the children involved should be considered in relation to all actions implemented in order to eliminate child labour. All measures taken shall be designed to actually improve the living conditions of the individual child.  Young workers under the age of 18 should not be exposed to situations in the workplace that are hazardous, unsafe or unhealthy, even more so than any other workers.
· Children below the work minimum age referred by national laws, living permanently or temporarily on the farm, should participate in educational programmes comparable with the formal school system.  Education programmes for workers’ children who are at school age should be promoted.
· Item – Training
· Principles- Support the training of farm employees and workers on all aspects of sustainable agricultural practices.
· Recommended practices - Make sure all people are sufficiently trained to carry out their tasks and their responsibility shall be well determined.  Choose competent sources for advice and interventions.  Knowledge and awareness of charters for good agricultural practice and guidelines should be promoted.
· Item - Local economy
· Principles - Contribute to provide economic benefits to local communities.
· Recommended practices - Farmers should consider the following:  Being active members in their community e.g. engaging and consulting with schools, churches, local government. Understanding the community’s needs and therefore the mutual benefits between the farm business and the local community.  Farmers should look to collaborate with the local community on aspects of improving environmental protection, health and safety linked to farm business impacts on the local community.  Preference given to local communities with regard to recruitment of permanent and temporary personnel, thus contributing to the build-up of sustainable livelihoods.

Environmental Sustainability
· item –Soil
· principle - Maintain good soil fertility and prevent damage to the environment, soil erosion and pollution.
· Recommended practices
· Cultivation methods and equipment shall consider the following:
· Soil type 
· Cultivation is timed to match soil conditions, i.e. should be avoided when soil is wet 
· Farmers avoid cultivation of steeply sloping fields, follow contours with operations for soil preparation as much as possible or use terracing
· All cultivation equipment is regularly checked and maintained, including tyre pressures. 
· Appropriate methods, e.g. planting hedges, using cover crops is used to maintain soil in steep areas
· Minimal cultivation techniques - is considered to reduce compaction and loss of soil organic matter. For those soil types where minimal cultivation techniques are not appropriate or where tenacious weeds occur, some rotational ploughing may be necessary.
· Item – water
· Principles
· Properly manage and optimise water use
· Properly manage the use of inputs and release of wastewater in surrounding water sources.
· Recommended practices
· The Farm enterprise activities shall not knowingly deplete available water resources, beyond the recharge capacity of the watershed/catchment, by direct abstraction and consider the following: 
· An assessment of the hydrologic characteristics of the soil should be performed before adopting any irrigation system. Overall, soil water is managed by drainage maintenance in wet climates and by soil moisture conservation practices, e.g. rainwater harvesting, mulching, in dry conditions. 
· Water harvesting in balance with all catchment users requirements should be promoted.
· Advice on abstraction should be sought from water authorities or a relevant consultant. Water extraction licences, where held, are complied with. An irrigation management system shall be used to ensure that: 
· Irrigation is only used when it can enhance the yield and quality of crops produced.
· Timing and amount of irrigation is tailored to crop requirements. 
· Irrigation takes into account predicted rainfall and evaporation, using either daily rainfall records or weather forecasts to plan irrigation schedules)
· The most efficient and commercially practical water delivery system is used. In addition, water saving practices should be adopted and water should be re-used or re-cycled where possible. 
· Irrigation water quality is monitored and managed where necessary 
· Irrigation water usage records are maintained.
· The Farm enterprise activities shall protect surface and ground water from direct and indirect pollution considering the following:
· Untreated sewage water shall not be used for irrigation Sources of water are carefully and regularly assessed for their microbial, chemical and mineral content, and properly managed in accordance with the assessment results.
· The use of inputs as well as release of wastewater is properly managed in order to preserve surrounding water sources 
· Manures and fertilisers are stored in a clean, dry location (preferably under cover), where there is no risk of contamination of watercourses, and separate from nursery stock; they are not be applied to water logged, steep or frozen ground where there is a risk of run-off. 
· Buffer zones adjacent to waterways are planted, maintained or restored, preferably with native species.

· Item – Biodiversity
· Principles- Maintain or enhance biological diversity on the farm.
· Recommended practices –
· Farmers are encouraged to have a biodiversity action plan for their farm which includes:
· A map of the location of areas or features important to biodiversity on and around the farm 
· An assessment of any particular biodiversity issues on and around the farm
· Details of how provision is made for wildlife habitats and food sources through hedges, field margins, extensive pasture, etc. 
· Details of measures to protect important biodiversity features or areas
· A practical plan to make progress in an area of conservation/protection/education
· A periodic review to assess biodiversity improvements 
· The biodiversity action plan should also consider the following for guidance: 
· The farm environment is enhanced for locally important, rare or endangered species by providing appropriate habitats and adopting appropriate cultural practices, and reducing the negative impact of operations such as using agrochemicals, ploughing, grass cutting and hedge cutting.
· Areas of higher ecological value located on the farm are protected via the minimisation of human intervention and the implementation of measures for the conservation of biodiversity, soil, water, flora and fauna. In particular, field margins and buffer zones is maintained and dominated by native species.
· Restoration of vegetation is encouraged in degraded areas that have been prone to loss of fertility or soil erosion, preferably by using native species.
· Farmers are also encouraged to create biodiversity habitats, e.g. field margins or beetle banks, that may encourage natural enemies of pests and hence contribute to their control by biological rather than chemical means.
· Item- Air
· Principles - Preserve or improve the air quality.
· Recommended Practices
· The farmer shall identify all sources of emissions which effect air quality. The following should be considered as potential sources: 
· Manure storage
· Waste storage
· Burning waste 
· Pesticide application. 
· Manure application 
· Dust from harvest or cultivation
· Machinery exhaust fumes
· Noise pollution from machinery particularly at night If sources are identified that effect the quality of air on a regular basis, mitigation plans shall be put in place.
· Item -Climate change
· Principles- Minimize adverse impacts on the global environment and climate change.
· Recommended Practices-
· The farm shall strive to minimise greenhouse gas emissions: 
· By reducing the use of non-renewable sources of energy and increasing the use of renewable sources of energy, and by optimising the use of energy-intensive inputs, e.g. inorganic fertilisers.
· Item – Energy
· Principles- Properly chose and use energy resources.
· Recommended Practices- 
· The farm should assess the different energy requirements on farm and implement practices to: 
· Avoid wasting energy, e.g. by combining field operations and optimising haulage distances 
· Avoiding unnecessary operations and use appropriate machinery and equipment 
· Increase the use of renewable energy and fuels on-farm
· Record and monitor fuel usage
· Item-Waste
· Principles
-Use crop by-products as much as possible on the farm.
- Properly handle, and if possible recycle waste generated by the farm.
· Recommended Practices
- The farm shall continuously reduce, reuse and recycle the quantity of waste and by-products of harvesting and processing, e.g. by composting organic debris on-farm and re-using it for soil conditioning (where there is no risk of disease transmission).
- Untreated farm sewage water and other farm effluents shall not be used on the farm nor be discharged into natural superficial waters.
· Treated sewage shall be spread in the field only under proper climatic and biological conditions, as per national and local legislation.
· Inorganic waste that is not recyclable, including chemical and toxic substances shall not be burned. They shall be handled appropriately.
· Used containers which have held hazardous substances, e.g. crop protection products and antimicrobials, shall be disposed of in a proper manner, and never used to store water, food or feed.
· All waste storage shall be assessed for risks considering the following: 
· Location of store
· Does the store need to be secure 
· Capacity of the store
· Is the store purpose built to contain the waste (e.g. is bunding required)
· Storage of waste is segregated (e,g, hazardous from nonhazardous, waste is not stored with non-aste)
· Procedures are in place to contain spills
· A waste management plan is recommended, which: 
· Identifies all potential waste streams within the business
· Identifies hazardous and non-hazardous waste
· identifies the measures in place to reduce, reuse and recycle waste as well as to prevent pollution
· outlines emergency action procedures in order to minimise the risk of pollution from accidents concerning hazardous waste.
1.3 Objectives of Sustainable Agriculture 
Objectives of Sustainable Agriculture
· Make best use of the resources available
· Minimize use of non-renewable resources
· Protect the health and safety of farm workers, local communities and society
· Protect and enhance the environment and natural resources
· Protect the economic viability of farming operations
· Provide sufficient financial reward to the farmer to enable continued production and contribute to the well-being of the community
· Produce sufficient high-quality and safe food
1.4 Benefits of sustainable agriculture
There are many benefits of sustainable agriculture, and overall, they can be divided into human health benefits and environmental benefits. In terms of human health, crops grown through sustainable agriculture are better for people. Due to the lack of chemical pesticides and fertilizers, people are not being exposed to or consuming synthetic materials. This limits the risk of people becoming ill from exposure to these chemicals. In addition, the crops produced through sustainable agriculture can also be more nutritious because the overall crops are healthier and more natural.
Sustainable agriculture has also had positive impacts of the environment. One major benefit to the environment is that sustainable agriculture uses 30% less energy per unit of crop yield in comparison to industrialized agriculture. This reduced reliance on fossil fuels results in the release of less chemicals and pollution into the environment. Sustainable agriculture also benefits the environment by maintaining soil quality, reducing soil degradation and erosion, and saving water. In addition to these benefits, sustainable agriculture also increases biodiversity of the area by providing a variety of organisms with healthy and natural environments to live in.
Sustainable agriculture is an approach of farming that includes a wide range of methods of ranching and farming, which result in the benefits for farmers, their families, the environment, and farm animals. The methods involved in sustainable agriculture produces food, which is healthy for users, causes no harm to the environment, humanitarian for workers, and treats animals with respect. It also gives financial benefits to the farmers, and boosts up the rural communities.
1. Contributes to environmental conservation.
The environment plays a major role in fulfilling our basic necessities of life. It is therefore out duty to return some of these things back so that our future generations may not remain deprived. Sustainable farming helps in putting back some of these things back to the environment. This helps to replenish land and other resources like soil, water, and air to make them sufficiently available for the coming generations.
2. Prevents pollution.
When sustainable farming is carried the waste so produced remains inside the farmers’ ecosystem. Thus it cannot in any way cause pollution or buildup in the external environment.
3. Reduction in cost.

Sustainable agriculture minimizes the use and cost of purchasing fossil fuel and reduces the transportation costs. This helps in reducing the overall cost involved I the process of farming.
      4.Biodiversity.
Sustainable agriculture results in biodiversity as the farms produce different kinds of animals and plants. Plants are seasonally rotated about the fields, which results in enriched soil, prevention of diseases and outbreaks of pests.
      5.  Beneficial for animals.
Animals are cared for, treated humanely and with respect. All animals living in the farm are facilitated to exhibit their natural behaviors like grazing, pecking or, rooting. This helps them to grow in a natural way.
6. Economically beneficial for farmers.
When farmers engage themselves into sustainable agriculture they receive a fair wage for their effort. As a result their dependence on government subsidies is reduced, thereby strengthening the rural communities.
7. Social equality.
When sustainable agriculture is practiced workers are offered competitive salaries and benefits. They are treated with humanity; provided with safe work environment, food and proper living conditions.
8. Beneficial for environment.
Sustainable agriculture decreases the use of non-renewable environmental resources and is thus quite beneficial for the environment. This special type of agriculture and farming technique makes utmost use of the environment and that too without causing any harm to it. Products obtained do not contain any inorganic chemicals like insecticides and pesticides. All these factors make sustainable agriculture a preferred choice of farmers all over the world.
In short, benefits of sustainable agriculture
a) Production
b) Incomes and food security
c)  Soil and water conservation, on-farm biodiversity and crop health
d) Resilience to natural disasters and climate change
e) Lower greenhouse gas emissions
f) Community empowerment
g)  Regeneration of rural economies and labour impacts
1.5 Elements of sustainability 
A time element is fundamental to the concept of sustainability, due to the dynamic nature of agro ecosystems, and the most credible systems are those which are intergenerational or maintained for an even longer time period (Christensen et al., 1996; Ellis and Wang, 1997).
The most important elements of sustainable agriculture are: 
• Diversification: cultivating a wider range of crops; introducing mixed systems of crops, livestock and aquaculture; and increasing biodiversity 
• Nutrient recycling (‘waste’ from one sub-system is used as input for another) 
• Maximum use of renewable, locally available resources (such as seeds) 
• Low-external-input/organic soil and crop management techniques, enabling a reduced reliance on, or complete avoidance of, synthetic fertilisers and pesticides 
• Greater emphasis on farmer/community knowledge and their leadership of production and marketing strategies and technological development 
• Collective responses to shared problems. 
Therefore, one of the key characteristics of sustainable agriculture relates to the use of external inputs: this model is ‘low external input’ in that it involves a reduced reliance on, or complete avoidance of, environmentally harmful external inputs, notably chemical fertilisers and pesticides. Organic farming – that is farming that avoids all use of synthetic fertilisers, pesticides and pharmaceuticals – is one type of sustainable agriculture.
In many respects, sustainable agriculture’s biggest single input is knowledge: more specifically, knowledge of how to maximise the use of low-cost technologies and locally available materials for the benefit of the production system and the environment – for example, cultivating crops alongside trees to improve soil health and water retention rates (agroforestry), or replacing pesticides with natural pest control techniques. It is not an insular approach in that its impact is greatest when there is collaboration with agricultural research establishments, government extension services and – especially for marketing purposes – with other small producers. At the same time, it seeks to reinvigorate and build on traditional practices that have been forgotten or devalued in an era of external input-dependent agriculture.




















Chapter 2 
Cropping Systems: 
Cropping systems, an important component of a farming system, represents a cropping pattern used on a farm and their interaction with farm resources, other farm enterprises and available technology, which determine their makeup.

It is defined, as the order in which the crops are cultivated on a piece of land over a fixed period or cropping system is the way in which different crops are grown. In the cropping systems, sometimes a number of crops are grown together or they are grown separately at short intervals in the same field. 
Cropping system: Cropping system is a land use unit comprising soils, crop, weeds, pathogen and insect subsystems that transform solar energy, water, nutrients, labour and other inputs into food, feed, fuel and fiber. The cropping system is a subsystem/component of farming system. It represents cropping patterns used on a farm and their interaction with farm resources, other farm enterprises and available technology and environment (physical, biological and sociological) which determine their makeup. Cropping pattern means the proportion of area under various crops at a point of time in a unit area. It indicates the yearly sequence and spatial arrangement of crops and fallow in an area. Crop sequence and crop rotation are generally used synonymously. Crop rotation refers to recurrent succession of crops on the same piece of land either in a year or over a longer period of time. Component crops are so chosen so that soil health is not impaired
Cropping Pattern: It is the pattern of crops for a given piece of land or cropping pattern means the proportion of area under various crops at a point of time in a unit area or it indicated the yearly sequence and spatial arrangements of crops and follows in an area.
The term cropping system refers to the crops and crop sequences and the management techniques used on a particular field over a period of years. This term is not a new one, but it has been used more often in recent years in discussions about sustainability of our agricultural production systems. Several other terms have also been used during these discussions:
Difference between cropping pattern and cropping system 
	Cropping pattern
	Cropping system

	Crop rotation practiced by a majority of farmers in a given area or locality. 
	Cropping pattern and its management to derive benefits from
 a given resource base under specific environmental conditions. 

	Type and management of crops in time and space.
	The cropping patterns used on a farm and their interaction with 
farm resources, other farm enterprises and available
 technology which determine their make up. 

	Yearly sequence and spatial arrangement of crops or crops and fallow on a given area. The proportion of area under various crops at a point of time in a unit area 
	Pattern of crops taken up for a given piece of land, or order in 
which crops are cultivated on a piece oland over a fixed period, associated with soil, 
management practices such as tillage manuring and irrigation 


Double-cropping
Double-cropping (also known as sequential cropping) is the practice of planting a second crop immediately following the harvest of a first crop, thus harvesting two crops from the same field in one year. This is a case of multiple cropping, which requires a season long enough and crops that mature quickly enough to allow two harvests in one year. 
Intercropping is the presence of two or more crops in the same field at the same time, planted in an arrangement that results in the crops competing with one another. 
Mono-cropping, or monoculture, refers to the presence of a single crop in a field. This term is often used to refer to growing the same crop year after year in the same field; this practice is better described as continuous cropping, or continuous mono-cropping. 
Relay intercropping is a technique in which different crops are planted at different times in the same field, and both (or all) crops spend at least part of their season growing together in the field. An example would be dropping cover-crop seed into a soybean crop before it is mature. l Strip cropping is the presence of two or more crops in the same field, planted in strips such that most plant competition is within each crop rather than between crops. This practice has elements of both intercropping and monocropping, with the width of the strips determining the degree of each. 
Crop rotations, as a primary aspect of cropping systems, have received considerable attention in recent years, with many people contending that most current rotations are unstable and (at least indirectly) harmful to the environment and therefore not sustainable. Many proponents of “sustainable” agriculture point to the stability that accompanied the mixed farming practices of the past, in which livestock played a key role in utilizing crops produced and in returning manure to the fields. Such systems can still work well, but reduced livestock numbers, fewer producers, and increased crop productivity have meant that such systems are likely to work well for a relatively small segment of Illinois agriculture.
Planting pattern
 Planting pattern influences crop yield through its influence on light interception, rooting pattern and moisture extraction pattern. Different planting patterns are followed to suit different weed control practices and cropping systems. Plant geometry refers to the shape of plant while crop geometry refers to the shape of space available for individual plants. Crop geometry is altered by changing inter- and intra-row spacing.
Square planting 
It is reasonable to expect that square arrangement of plants will be more efficient in the utilization of light, water, and nutrients available to the individual plants than in a rectangular arrangements. In wheat decreasing inter-row spacing below the standard 15-12 cm i.e. reducing rectangularity, generally increases yield slightly. In crops like tobacco, inter-cultivation in both directions is possible in square planting and helps in effective control of weeds. However, square planting is not advantageous in all crops. Groundnut sown with a spacing of 30 x 10 cm (3.33 plants/ha) give higher pod yield than with same amount of population in square planting. Pod yield is reduced either by increasing rectangularity or approaching towards square planting. 
Rectangular planting 
Sowing the crop with seed drill is the standard practice of stand establishment. Wider inter-row spacing and closer intrarow spacing is very common for most of the crops, thus attaining rectangularity. This rectangular arrangement is adopted mainly to facilitate intercultivation. Sometimes only inter-row spacing is maintained and intra-row spacing is not followed strictly and seeds are sown closely as solid rows. 
 Miscellaneous planting arrangements 
Crops are sown with seed drills in two directions to accommodate more number of plants and mainly to reduce weed population. Crops like rice, finger millet are transplanted at the rate of 2-3 seedlings/hill. Transplanting is done either in rows or randomly. Skipping of every alternate row is known as skip row planting. When one row is skipped, and the population is adjusted by decreasing intra-row spacing, it is known as pared row planting. It is generally resorted to introduce an intercrop.



































Chapter 3 Crop husbandry 
· Crop husbandry is the field management of crops for desired produces with acceptable good productivity
· Crop husbandry consists series of cultural practices which are being modern or traditional
· Modern crop husbandry runs crop production with modern cultural practices applying the highest level of technologies in each steps of production
· Modern crop husbandry reaches the level of precision agriculture where all required inputs and practices are applied precisely as their optimum recommendations 
· Modern crop husbandry is by and large for commercial purpose and is much interested with attaining the highest productivity and quality to compete both the local and international markets, as well as, to maximize the profit margin  
· Field cultural practices are aiming at altering external crop factors in favour of crops good growth, development and harvests
· Application of improved technologies makes respective cultural practices more effective and efficient than traditional practices
· Cultural practices include the whole range of practices from site selection and land preparation to harvesting, threshing and storing of crops
· A full package of crop husbandry under open field condition includes the following main cultural practices:
· Site selection
· Land clearing and preparation
· Soil organic matter management
· Soil and water conservation
· Irrigation and water management
· Cropping system planning
· Seeds and seeding
· Commercial fertilizers application
· Cultivation and weeding
· Pests management
· Harvesting and threshing
· Drying and storing 
· Cleaning, grading and curing
· Value addition & processing
· Packing and labeling
· Marketing 
3.1 Tillage and Land Preparation
Tillage:- it is the manual or mechanical manipulation of the soil to provide a medium for proper crop growth and establishment. It is also changing soil’s condition/position with tools for man’s benefit.  
3.1.1 Purposes of tillage 
There are several purposes of tillage, the major ones are:- 
1. Land leveling. Land is leveledfor several purposes. 
2. Seed bed preparation. For proper germination to occur, the seed must make good contact with the soil to be able to imbibe (absorb) moisture which promotes good germination and establishment of germinating seeds or seedlings. 
3. Incorporating organic matter and soil amendments. Stubble left after crop harvesting can be mixed to improve its physical characteristics. Fertilizer, organic and inorganic, and soil amendments such as lime, may be added to the soil during preparation prior to seeding.  
4. Weed control. Weeds compete with crop plants for growth factors and may harbor diseases and insect pests. Weeds are controlled at various stages in crop production.
5. Improve soil physical conditions. Tillage can be used to break up the hard pan for root growth and development (root penetration).  
6. Erosion control.  Tillageprovides a rough soil surface to impede the actions of the agents of soil erosion (conservation tillage). 
7. Shaping the soil.  To create raised beds for planting or to create furrows for irrigation.
8. Aeration of the soil
9. Moisture conservation 
3.1.2 Types of tillage
· Tillage activities based on the period of operation
· On season tillage: tillage operations for raising the crop in same season are known as on season tillage which may be of two types. i.e. preparatory and intertillage.
· Off season tillage: tillage operations carried out before the main season are known as off season tillage which may include deep plowing to control weeds, insects, etc.
Examples: summer tillage, winter tillage or fallow tillage before the main cropping seasons.
Preparatory tillage: are cultural operations carried out after harvest of the previous crop and before sowing and planting of the succeeding crop. These include primary/plowing and secondary tillage/harrowing operations. 
Primary tillage/plowing: This is initially done to open the compact or hard soil. During the primary tillage, the soil is inverted, weeds are uprooted and the stubbles are incorporated into the soil. The depth of tillage varies from 10-30 cm. During this operation, the soil is cut, lifted, shattered, twisted, inverted and sheared for further plowing.
Intertillage: are tillage operations that are carried out for manipulating the soil after the seed is planted or young plants have emerged. The objective is to control the weeds and to have dust mulch in the soil surface.
Secondary tillage/Harrowing: aretillage operations that are carried out after primary tillage. The main objective is to prepare the seed bed. Soil is stirred and clods are broken, weeds are removed and seed bed is prepared. Secondary tillage normally includes harrowing, raking and leveling. Various types of implements are used for these operations. Ex. Cultivators, harrows, clod crushers and levelers.
· Tillage activities according to the degree of soil stirring/ number of activities.
1. Conventional tillage. The tillage system that leaves less than 15% of the soil covered with plant residue by clearing or remove the remain plant materials on the soil surface. There are two types of tillage operation :
a. Plowing /primary tillage/. The mechanical manipulation of the soil that produces a rough finish unsuitable for seeding; usually precedes secondary tillage.
b. Harrowing /Secondary tillage/. The mechanical manipulation of the soil that produces a finer tilth for preparing a seedbed; usually follows primary tillage.
The conventional tillage has benefits which include the following:
· Even though tillage may cause compaction, it is the most convent method of managing soil compaction when it occurs.
· It is easier to apply fertilizers and perform the agronomic operations when the land is clean.
· The lack of crop residue on the soil surface reduces the opportunity for overwintering / over summering/ of pests.
The conventional tillage has limitations including the following:
· Creates favorable conditions for soil erosion 
· Soil compaction. Creating a plow pan due to excessive and repeated use of primary tillage implements at the same depth places pressure on the soil.
· It is expensive 
· Soil organic matter loss. Soil organic matter decreases over time.

2. Conservation tillage: entails practices in which some crop residue remains on the soil surface after the operation. The chief goals of this tillage practices are to reduce soil erosion and conserve moisture. There are different types of conservation tillage practices that vary in the degree of soil disturbance and the amount of crop residue on the soil surface like no tillage, mulch, strip, minimum tillage and ridge tillage. 
Conservation tillage has benefitsthat include the following. 
1. Reduces soil erosion from wind and water.
2. Reduces soil compaction.
3. Soil infiltration and moisture conservation is high because of a large amount of crop residue.
4. Reduce cost of tillage.
5. Soil temperature moderation.
6. Increase soil organic matter over prolonged periods of no tillage.
The following are Conservation tillage practices.
2.1. Stubble mulch farming: This retains/maintains crop residues on the soil surface.
              Problems associated with residue mulches
· Reduce soil temp: this low temp may delay crop establishment
· Sanitary problems: can be a good source of inoculums (vectors, insects, diseases, weeds)
· Phytoxic substances: that may be produced by microorganisms when the surface residues are increased. Crop yields are reduced by the microbial decomposition of the residues and it was assumed that the production of the short-chain aliphatic acids (acetic acids and others) can be at least partly responsible for the problem.

           Benefits of residue mulches 
· reduce erosion
· maintain temp
· reduce ETP /Evapotranspiration/
2.2. Minimum tillage: can be defined as a method aimed at reducing tillage to the minimum (less than the normal operation) necessary for ensuring a good seedbed, rapid germination, satisfactory crop stand and favorable growing conditions.
The benefitsof Minimum tillage:
· Prevent the soil from excessive fineness. This will inturn protect the soil from erosion.
The limitations of minimum tillage include the following:
1. Dependence on chemicals. Drastically reduced soil stirring means chemical are depended upon in the operations for weed control.
2. Higher risk of insect pests and pathogens in early crop establishment because of soil-borne pathogen sand soil surface insects.
3. The higher soil moisture increases the chance of leaching of water –soluble bases and then tends towards acidity over time.
4. Crop residue impedes/hinders the application of fertilizer.
5. High levels of herbicide use increase the opportunities for the development of herbicide resistance and also new weed problem may emerge under conservation tillage.
2.3. No tillage/ Zero tillage/
This relies completely on herbicides for weed control throughout the cropping season. No tillage requires no seed bed preparation other than opening a soil for seed placement. Sod (a straight line made to place a seed) and Slot (any type of hole made for putting a seed on the ground) are under zero tillage types.
The benefits of Zero tillage include:
· Because weeds are controlled by chemical means, all crop residues remain on the surface there by improving water infiltration; reduce water losses by evaporating and reducing erosion.
· Soil moisture conservation esp. on dry lands
· Prevention of wind and water erosion
· Crop residues serve as a mulch
· Proper soil structure is maintained and hence water holding capacity of the soil is increased.
· Saves fuel
· Time is saved in land preparations 
The limitations of Zero tillage include:
· Abundance of weeds if chemicals or herbicide is not available
· Bold up of disease/insects like termites, etc.
· Hard pan creation
· Requires high level of management
· Poor crop stand establishment
· Soil temp reduction
· No decomposition of the organic matter since no oxidation
1.3. Factors affecting tillage
· Moisture status of the soil
· Crops to be grown
· Soil temp status

1.4. Time, Depth and Intensity of tillage
Time: Early plowing has a distinct advantage over late plowing as it gives more opportunity to kill weeds. Early plowing may help in getting the soil granulated at the time of sowing. Plowing operations should be carried out at appropriate soil moisture conditions to improve the physical condition of the soil. Plowing dry soils with a hard consistency may lead to clods formation, a plastic consistency development. There is an optimum moisture range for each soil for the most effective plowing. This moisture range is called “Friable consistence”. It is important to plow the field with in the moisture range of friable consistence. This will help in achieving maximum granulation with minimum energy input.
Depth and Intensity: The purpose of tillage is to control weeds and conserve soil moisture. Deep plowing gives better response in fields infested with weeds. This is also practiced to incorporate the residues, particularly in sandy soils; incorporation of residues in the deep layer having fine texture may improve the chemical properties of the soil.
Under dry land conditions, deep plowing improves soil moisture content. It is important to practice deep plowing for long duration, deep rooted crops. Root crops generally respond to better to deep tillage than shallow rooted crops. 
Deep cultivation is important to break the compact layers at layer at the bottom of the rooting zone. Compaction occurs due to use of tractors in wet conditions. Chiseling up to 75 cm helps to break sub soil compaction. Sub soiling or deep plowing helps to break the soil compaction and increase water absorption and root penetration, resulting in improved plant growth.
1.5. Tillage implements
Tillage implements may be categorized into several groups depending up on source of power used and the purpose for which they are used. 
1. Based on source of power used
The implements on the basis of source of power used have been classified into 3 categories, namely, hand-operated tools and implements, animal drawn and tractor-drawn implements.
a. Hand-operated tools and implements: These are operated by muscles of human-beings with a pulling/pushing motion. But because of limited power of man, these tools are used for small scale and lighter jobs. Man-operated tools are spade, axes, shovels, hand hoes, rotary weeders and rotary hoes.

b. Animal-drawn implements: These are generally walking type or riding type. Walking type implements have no provision for the operator to sit. He has to walk behind the implement to control it and drive the animal. All the indigenous plows, cultivators, harrows and seed-drills are examples of this category.
c. Tractor-drawn implements: These are operated at higher speed, cover a larger width and penetrate deeper than implements operated by animals. These may be either of the trailed, semi-mounted or mounted type.
2. Based on purpose for which they are used

a. Primary tillage implements
Plows- These are implements used for opening and loosening the soil. In addition to plowing, it is used for sowing crops, interculture and earthing-up and harvesting of underground parts of crops.
b. Secondary tillage implements
These implements are used for secondary tillage like harrows, cultivators, rollers.
Harrows- are used to prepare the land by breaking clods, cutting weeds, pulverizing the soil and covering the seed and smoothening the surface.
1.6. Modern concepts of tillage
Conventionally it is thought that land should be prepared thoroughly with repeated plowing but the modern concept emphasize minimal cultivation to reduce the time loss for tillage operations to reduce loss of soil and water erosion and also to reduce energy in terms of fuel. The concept is known as “conservation tillage” involving minimum and zero tillage. The objective of this type of tillage is to reduce loss of soil and water compared to conventional tillage. 





3.3 Seeds & Seeding

Seed is the living link between parents and its progeny. Biologically,seed is a ripe, fertilized ovule anda unit of reproduction of flowering plants. Agronomically, a seed, seed material or propagule is the living organ of crop in rudimentary form used for propagation. It may be described as a plant embryo in dominant state surrounded by food supply and seed coat. A good crop stand and establishment depends on the quality of seed planted and the condition under which the seed was planted. It can be any part of the crop from which a new crop will grow.
Characteristics of quality seed 
Quality seed ensures uniform crop stand establishment with uniform vigor and population of seedling per unit area. Selection of good seed is, therefore, of prime importance for remunerative farming. 
a. Maturity – immature seeds fail to germinate
b. wholesomeness- injury, cracking or breakage of seed will result in reduced germination.
c. Disease/insect damage- Their presence reduces germination and affects the crop performance.
d. Foreign matter- sand and weed seeds availability.
e. Viability and germination test
    - Use of petridish/paper for germination test.
· The seed should be of adaptable  crop variety or hybrid fitting into the cropping system
· Seeds have good yielding ability 
· Seed should be pure ( true to type) with high germination percentage,
· It should be free from seed borne diseases , insects and insect eggs,
· Seeds should be Resistant to crop disease and pests.
· They should be  materially well-developed, large, plump, bold, uniform in size, shape, color with proper test weight, 
· seed should be free from noxious, objectionable or satellite weed seeds, and 
· The seed should be as fresh as possible or of proper age. Seed quality index indicates the vigor of seed germination.
Cultivar Selection 
The state of cultivar (varieties/hybrids) is dynamic and new varieties are constantly appearing as others go out of race. Farmers aiming at high yields on a regular basis should, therefore, review his selection of cultivars annually. Cultivar selection depends up on several factors:
· Yielding potential of the cultivar,
· Quality to satisfy consumer preference,
· Resistance to major pests and diseases,
· Photoperiod sensitivity, Environmental adaptability, Yield stability, and  
· Maturity( duration) 
3. Time of planting/sowing
Different crops are grown at different seasons depending up on their climatic requirement. Planting crops at proper time increases growth, development and yield of crops due to suitable environment available to the crop at its growth stages.  
Sowing/planting the crops at a right time is quite important. Early sowing may be one of the most cost effective ways of increasing crop yields. Since it costs no more to plant early than late, yields can be increased significantly by earlier planting without incurring any additional cost of production.

Planting/sowing time is influenced by: 
1. Rain fall (moisture)
Rain fall or the availability of moisture is one of the principal factors which determine when a crop should be planted. On a seasonal basis, the crop should be planted at a time when there will be enough rainfall to see it to maturity or full establishment. For this reason, the planting of long duration annual crops must occur at the beginning of rainy season so that the crop has entire rainy season for crop growth for short season crops like maize, planting may be delayed till later in the rainy season, as long as the crop can complete its growth and development before the onset of dry season.
2. Temperature 
Temperature influences the time of planting. In the temperate regions, this aspect is crucial, but in the tropics it assumes appreciable importance only at high altitudes, where planting should be done when the soil is warm enough to permit rapid germination. In other parts of the tropics, especially in the drier regions, excessively high temperatures may adversely affect seedling emergence. Each crop plant has its own temp range. i.e. its minimum, optimum and maximum temp for growth. 
3. Day length
The crop should normally be planted at a time that will permit the appropriate photoperiod to exist at the flowering or tubering stage. If a crop is short day then its planting should be adjusted in such a way that at flowering stage days should be short. 
4. Occurrence of disease and insect pests
This may also influence the planting time. The strategy is usually to adjust the time of planting so that the crops are on the field during the time when diseases and insect pests are less prevalent.
5. Marketing
Considerations may also influence the planting time. This is particularly true for vegetable or other perishable crop products. Planting is so adjusted that when crop is ready for harvesting then its demand in the market should be highest so that farmers can get best price. Normally early planting gives better price but requires more care.
6. Cropping system 
The place of a crop in a rotation or in an intercropping system may determine at what time of the cropping cycle it is planted.
7. Availability of labor and Equipment 
The availability of labor and equipment may also affect the planting time. In some crops where labor requirement is more, sowing time will depend on its availability.
8. Time to maturity
The time of sowing also depends upon the duration i.e. the time b/n sowing and maturity. The time should be so adjusted that the crop fits well in the cropping system. Early planting may expose crop establishment if unexpected adverse weather (e.g. frost) occurs. Late planting, similarly may produce low yields because of the loss of part of the growing seasons. 
Seed placement and spacing
Broadcasting: - random seed distribution is called broadcasting; small sized seeds are difficult to plant individually. Most field crops are seeded in this way. For example: wheat, oat, teff, rice, etc. 
     Advantages
a. Rapid seeding 
b. Suitable for small seeded crops that are difficult to plant separately.  
      Limitations
a. Uneven seed establishment 
b. Require high seeding rate to make up for potential losses
c. Seeds may not germinate (not covered ) 
Row planting: - it entails more accurate spacing between seeds in a row and between rows. It is a patterned (structured) distribution. This can be dibbling (with space) or drilling (with no space).
Drilling:- seeds are uniformly dropped in the furrows at a definite row interval but no spacing b/n plants.  Ex. Teff
Dibbling:- individual seeds are put in the hole, made at predetermined space and depth.
Ex. Maize, Cotton, Castor, etc.
      Spacing between and with in rows         - between rows = row spacing
                                                                      - with in row =    plant spacing
Advantages 
a. Facilitate management practices/cultivation, fertilization, pesticide application, harvesting)
b. Uniform of stand 
c. To economize or optimize seeds and land resources. 
 Seeding rate  
Plant population: - is defined as the number of plants per unit area. Optimum numbers of plants are required per unit area to utilize efficiently the available production factors such as water, nutrients, light and CO2 for gaining better yields. Seed rate plays a vital role in ensuring the presence of required number of plants per unit area. The seeding rate should be estimated as closely as possible for optimum crop stand establishment. Over seeding causes intense competition among plants whereas under seeding results in under utilization of resources and reduce crop productivity.  

Seed rate of a particular crop is influenced by soil productivity, climate (high seed rate in wet climate), crop use (maize for silage has high seed rate) and germination ability of the seed.
Factors influencing plant population/seed rate
1. Size of the cultivar: - the crops/varieties having tillering characteristics require less seed rate as compared to non-tillering. Dwarf cultivars require more seed than the tall ones because if plant population of tall cultivars is more than they are subjected to lodging.
2. Size of the seed: - if the size of the seed is small, more seed is required as compared to the larger ones.
3. Amount of moisture available: - if the moisture status of the soil is good, less seed amount is required because germination will be good in such condition as compared to poor moisture status.
4. Fertility status of the soil: - if the fertility status of the soil is good for vigorous growth, less seed rate is required.
5. Number of crops grown together: - when more number of cropsare proposed to be grown together, more seed rate is required so that efficient utilization of resources can be achieved as different crops have varying rooting depth.
6. Sowing method: - broadcasting method of sowing requires more seed rate as compared to row sowing. Dibbling requires least seed rate. In nursery raising and transplanting also less seed rate is required. 
7. Germination capacity of the seed: - if the seeds have more germination capacity, less seed is required.
8. Sowing time: - if sowing is delayed, more seed rate is required as compared to timely sown crops, because germination and growth of late crop is not as good as of timely sown crop.  
Relationships of spacing, seed rate and plant population
If spacing b/n rows and plant is more, the seed rate required is less and plant population will become less.
Example: Maize = 25-30 kg/ha, spacing 75 cm b/n rows × 30 cm b/ plants
    Sorghum = 5-10 kg/ha, spacing 50-75 cm b/n rows × 15-20 cm b/n plants 
Calculation of plant population: - if maize is planted at 75 × 30 cm, then area occupied by a single plant will be = 0.75 m × 0.3 m = 0.225 m2
i.e.  for 1 plant = 0.225 m2
          ?            = 1 ha (10000 m2)                 = 44,444 plants/ha.
 (
  
    
Calculation of seed rate
S    
Seed rate (kg/ha)
 = 
Area to be sown (m
2
) × test weight of seed (kg) × 10000
                                   1000 × germination% × purity%× spacing (m
2
)
)The seed rate of a crop depends upon spacing, seed size, seed weight, germination% and purity%. Therefore, the seed needed to plant an area is estimated as:  



For e.g. calculate quantity of a certain seed required for sowing of 1 ha of land in kg/ha if:
1. Spacing = 60 × 25 cm2
2. Germination = 90%
3. Purity = 90%
4. Test weight of the seed = 250 gm
Then seed rate of a given seed = 10000 m2× 250/1000 kg × 10000 	 =        20.57 kg/ha
1000 × 90 × 90 × 60 × 25/10000 m2
 Depth of seeding/sowing
Depth of sowing is another factor affecting proper seed germination and good plant stand. Uneven and improper depth of seeding results in uneven plant stands on growth, development and yield of crops. It is, therefore, essential to sow the seeds of different crops at proper depth. The optimum depths of sowing of different crops depend up on:-
a. Seed size. Crops having bigger size sown at deeper depth while smaller seeds sown at shallower depth. Example: deeper for maize than for teff.
b. Soil moisture content. In relatively dry weather seeds sown deeply to contact with moist soil. Example: deeper if the soil is dry.
c. Soil type. Seed placement in heavy (clay) soils should be shallow and deep in light (sandy) soils. The optimum depth of sowing of most of the common cultivated crops generally ranges 3-5 cm. Example: deeper for sandy than clay
3.2 Irrigation & Drainage
Irrigation is the artificial application of water to soil for the purpose of crop production. Irrigation water is supplied to supplement the water available from rainfall and the contribution to soil moisture from ground water. In many areas of the world, the amount and timing of rainfall are not adequate to meet the moisture requirement of crops and irrigation is essential to raise crops necessary to meet the needs of food and fiber. The increasing need for crop production for the growing population is causing the rapid expansion of irrigation throughout the world. Water being, a limited resources, its efficient use is basic to the survival of the ever increasing population of the world.
Factors considered in conservation and development of water resources   
· The availability of water
· Quality of water
· Location
· Distribution
· Variation in its occurrence
· Climatic conditions
· Nature of the soil
· Competing demands
· Socio-economic conditions
Our aim today is to increase agricultural production per unit volume of water, per unit area of cropped land, per unit time. 
Irrigation and Drainage
· Definitions
· Irrigation is the artificial application of water to the soil for the purpose of supplying the moisture essential for plant growth.
· Drainage is the means by which soil and sub-soil water is controlled in and removed from the root zone in relation to the health and vigor of the crop.
· Soil –plant –water relationships
· It relates to the properties of soils and plants that influence the movement and retention of water in the soil and its use by the plants.
· Water is essential to the life, growth and development of plants.
· Soil provides room for water to be used by plants
· The rate of entry of water into the soil and its retention, movement and availability to plant roots are greatly influenced by the physical properties of soil.
·  Soil – water relationships
· two forces hold water in the soil pores against the force of gravity
I. Adhesive force – is the mutual attraction between the soil solids and the water molecules i.e. water molecules adhere to soil particles
II. Cohesive force – attraction of water molecules for each other
· These combined forces cause water films to be held on the surface of the soil particles.
· The force with which water is held in soil is measured, as the force required dislodging the water from the soil.
· Terms like suction/tension are used to describe this force.
· Forces of water retention are measured in bars of suction/pressure 
     i.e. 1 atmosphere = 1.013 bars
Example: One bar suction moisture content of soil means that at least one bar is required to remove the most loosely held water from that particular soil.
· Based on this force, soil moisture of a soil can be classified in the following ways:
· Water saturation
· when all the available pore spaces in the upper part of the soil are filled with water the soil is said to be water saturated
· it is at its maximum water retention capacity
· the tension of water at saturation capacity is almost zero and is equal to free water
· this type of water is unfavorable for plant growth – because water logging and the exclusion of oxygen from the root environment
· Field moisture capacity (FMC)
· When only the micro-pores are filled with water soil it is referred as FMC 
· This situation exists one to three days after the soil has been thoroughly wetted by rain or irrigation
· This is the upper limit of available moisture ranges in soil
· Its soil moisture tension ranges from 1/10 to atmosphere in sandy soils to 1/3 atmosphere in clay soils  
· Permanent wilting point (PWP)
· The lower limit of water available at which permanent wilting of a particular plant occurs
· At this point, the film of water around the soil particles is held so tightly that roots in contact with the soil can not remove the water at a sufficient rapid rate to prevent wilting of the leaves 
· Its soil moisture tension ranges from 12 – 18 atmosphere
· The widely accepted value for PWP is 15 atmosphere
· Available Soil Moisture
· The difference in moisture content of the soil between FMC and PWP
· This is the moisture which can be stored in the soil for subsequent use by plants
Measurement of soil moisture 
·  Measuring of soil moisture is important for:
· scheduling of irrigation
· estimating the amount of water to supply in each irrigation 
· estimating water loss through evapo-transpiration
· The principal methods of measuring soil moisture are:
· Measuring the amount of water in a given amount of soil
· Measuring the stress or tension under which the water is held by the soil
·  Plant–water relationships
· water is absorbed by the plant roots and lost by the leaves during transpiration
· it is the balance between water intake and loss which is important
· sources of water loss
·  Evapo-transpiration (ET)
· Consumptive use (CU) – the total water lost by ET and the water used by the plant to build plant tissue
· Both CU and ET are influenced by:
· Climate (temperature, radiation, wind velocity, humidity)
· Lengths of growing season
· Stage of development of the plant
· Type of foliage and nature of leaves 
· Water requirement (WR): - is the quantity of water, regardless of its source, required by a crop in a given period of time for its normal growth under field conditions at a specific place
· Water requirement includes:
· The losses due to ET and CU
· The losses during the application of irrigation of water
· The quantity of water required for special operations such as land preparation, transplanting
· Therefore, water requirement (WR) = ET and/or CU + Application losses + Special needs, i.e. WR is a demand for water
· The supply of water comes from the following sources
· Effective rainfall (ER)
· Irrigation water (IW)
· Soil profile contribution (S)
· Therefore, water supply = ER + IW + S
Irrigation requirement and scheduling 
· The irrigation water need of a certain crop is the difference between 
· The crop water need
· The effective rainfall and the water contributed from the soil profile
· A farm’s irrigation water requirement depends on:
· The irrigation needs of the individual crops
· The size of the area where the crop is planted
· Losses in the farm water distribution system
· Net Irrigation Requirement (NIR): - the amount of irrigation water required to bring the soil moisture level in the effective root zone to field capacity.
· Gross Irrigation Requirement (GIR): - the total amount of water applied through irrigation, i.e. NIR plus losses in water application and other losses.
· GIR in field can be calculated as:
      GIR = NIR/IE, where IE = irrigation efficiency
Example if the net amount of irrigation is 10cm and the irrigation efficiency is 70% then the gross amount of water to be applied to the field is 10/0.70 = 14.29cm.
· Irrigation efficiency: - is the percentage of irrigation water that is stored in the soil and available for CU by crops. It indicates how efficiently the available water supply is being used. 
·  The principal factors influencing irrigation efficiency are:
· the design of the irrigation system
· the degree of land preparation
· the skill and care of the irrigator
· Irrigation frequency: - the number of days between any two subsequent irrigations during periods without rainfall.
· Criteria used for scheduling irrigations include:
· When the water content at FMC is about 50% or
· The plant water status (leaf wilting, fruit drop, etc )
· Irrigation scheduling is important for the following reasons:
· Economic reasons
· Social reasons
· Ecological reasons
· Agricultural reasons
Methods of irrigation
· Irrigation methods vary in different parts of the world and on different farms in the same area because of differences in 
· Soil 
· Topography 
· Water supply 
· Crops type 
· Costs incurred, etc.
· Based on these factors, there are 4 main irrigation methods.
1. Surface irrigation
2. Overhead/sprinkler irrigation
3. Sub-surface irrigation
4. Drip/trickle irrigation
Field drainage systems
· The basic aim of field drainage is to assist land to get-rid of water from the upper layers of the soil in a manner that will maintain the conditions which provide aeration, warmth and adequate moisture within the root zone of the crop.
· Field drainage systems comprise:
· Surface drainage
· Underground drainage 
· Drainage benefits agriculture by:
· Facilitating early plowing and planting
· Lengthening the crop growing season
· Providing more available soil moisture and plant food by increasing the depth of the root zone soil
· Helping in soil aeration
· Decreasing soil erosion by increasing water infiltration into soils
· Favoring the growth of soil micro-organisms
· Assuring higher soil temperatures
3.4 Crop protection
Agricultural pests are one of the most limiting factors of crop production in Ethiopia. A pest is any organism which harms man or his property or is likely to do so. It is estimated that insect pests, disease and weeds reduce 1/2 of the food produced in the world at the time of growing, transporting and storing of crops.  Insect pest and diseases account about 35% yield reduction. 


Weeds
Weeds are defined as any plants growing where man does not want them. Weeds encompass all types of undesirable plants, such as trees, bushes, broad- leaved plants, grasses sedges, aquatic plants, and parasitic flowering plants. 
 The following types of weed damage have been found:
· Compete the crop for essential plant nutrients, moisture and light
· Create harvest problem 
· Reduced  quantity and quality of  plant and animals products
· Serve as alternative host for diseases causing agents and insects
· Losses from increased cost of production.
· Reduced land value and limited crop choice.  
· Reduction of yield
Only in some ways may weeds be beneficial:
· Weeds reduce soil and nutrient losses from erosion and leaching when the land is bare of crops. 
· Weeds provide feed and cover for wild life and
· Weeds add organic matter into the soil. 
  Weed control methods
I. Preventive methods: land preparation, seed cleaning, field sanitation, proper quarantine, and regulation of contaminated crop seeds.   
II.  Crop competition:    to be competitive or smoother crop, the crop must be vigorous and fast growing. 
III. Physical:  hand-weeding, tillage, mowing, burning, hoeing, flooding, and mulching.
IV.  Biological methods: 
a. Natural enemy (fungus or insects , vertebrates) 
b. Resistance species (allelopathy) 
V. Chemical methods: using herbicides. Herbicides may be classified based on:
Nature of damage /Selectivity/
a. Non selective herbicides: kill all plants when applied at adequate rates e.g. 2, 4-D
b. Selective herbicides: kill or stunt weeds in a germinations or growing crop without       harming the crop e.g. Gram axon. This can be broad leaf and grass leaf types.
· Site of action
a. Contact herbicides 
b. Systemic herbicides
c. Soil acting herbicides
· Time of application
a. Pre-planting- application before planting. Can be fumigants or others.
b. Pre-emergence- systemic herbicides e.g. soil- acting herbicides 
c. Post-emergence – selective herbicides e.g. sprays of 2, 4-D in cereals.
It is very important to know which weed flora or weed species occur in a given area in order to establish appropriate weed control program. Important weed species of cultivated land in Ethiopia are Amaranthus, Cuscuta, cyperus species, Digitaria, Avena, Orobanche, Striga hermonthica etc. 
Insect pests 
Insects- are arthropods that have small size, three body regions (head, thorax and abdomen), three pairs of legs, a pair of antenna and they feed by mandibles.  Most insects are beneficial, others are considered as the most common crop pests.
a.  Beneficial insects: Pollinators (e.g. Bees, wasps), Parasitoids (e.g. Tricograma on stalk borer), and Predators (e.g. Lady Bird beetle on aphids).
b. Harmful insects: Field pests (e.g. army worm), Storage pests-(weevils, flour moths), and Vectors (leaf hopper, aphids). 
The major economic insect pests of cereals and pulses in Ethiopia are African boll worm, cereal stem borer, Red teff worm, sorghum chafer, wello bush cricket, Aphids, Army worm, weevils, flour moths, etc.
Plant diseases 
Disease is harmful deviation from the normal function of physiological process of an organism. Crop diseases cause yield reduction. Plant disease may be classified into two categories on the basis of causal agent: 
a. Abiotic (non-infectious) disease: caused by environmental factor and thus non-infectious. E.g. abnormal levels of growth requirement (high, low or extreme).
b. Biotic (Infectious) disease: - caused by pathogen and can be transmitted. The organisms are fungus, bacteria, nematodes, viruses, parasitic higher plants. 
The interaction between the causal organism (Pathogen), host and certain factors within the environment and these factors form what is called Disease triangle. Disease will occur only when the pathogen interacts with a susceptible host under favorable conditions. 
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The presence of a pathogen alone is not sufficient to cause a disease. The most serious crop diseases in Ethiopia are: Rust, Smut, Leaf blight, Root rot, powdery mildew, Damping off, etc.
Control measures: 
Exclusion of pathogen (quarantine), Eradication of pathogen, Use of resistance variety, and protecting susceptible host uses these various methods either separately or in combination (Integration).
Integrated Pest Management (IPM):  is a pest management strategy that is socio-economic context of farming systems, the associated environment and the population dynamics of the pest species, utilizes all suitable techniques and methods in as compatible manner as possible, and maintains the pest population level below those causing economic injury. The economic injury level is the lowest population density that will cause economic damage. The ultimate objective of IPM is to reduce dependence on chemical control as the main input for crop protection. 
Components of IPM
1. Quarantine measures: are enforcement of laws against establishment of exotic pests by exercising phyto-sanitary inspection at points of entry to an area of interest.
2. Host plant resistance. resistant cultivars 
3. Cultural control- refers to the use of management practices that make the environment less favorable to pest reproduction, dispersal and/ or survival .e.g. time of panting, site selection, crop rotation, seeding and planting methods, crop residue and alternative host destruction, tillage practices and appropriate cropping system, fertilizer and water management.
4. Mechanical and physical control methods- these methods are measures that are taken to destroy pests or make the environment less favorable for their entry, reproduction, dispersal and/or survival. These methods include manual collection and destruction of insect pests, mechanical exclusion of pests by means of nets, ditches, fences and traps.
5. Interference methods- the use of semio chemicals, the sterile insect and use of insect growth regulators are loosely grouped together under the common idea of interference methods.
6. Biological control methods- use of natural enemies namely predators, parasites, and pathogen to maintain the density of pest species at lower densities than could occur in their absence.  
7. Chemical control - refers to the use of pesticides for the control of agricultural pest.
8.    Botanical and animal products- use available botanical and animal products are very important for controlling of pests. This integrated pest management strategy should be reached to crop producers/ growers through extension service.  
3.6 Crop harvesting and Storage
Harvesting: It is the processes of collecting various plant products whenever they are ready for utilization or marketing. Or it is the removal of the entire plant or economic portion of the plant after maturity from the field. The economic product may be grain or seed in cereals and pulses. The portion of stem left on the field is called stubble. Straw comprises the dried stalks or stem and other parts of various crops, from which seed has been threshed in ripe or nearly ripe stage. In maize and sorghum, the plant part that remains after separating the ear is referred to as stover. 
Maturity and time of harvest 
Time of harvesting has a profound influence on yield and quality of the crop produced. A crop should be harvested at proper stage of maturity, i.e. either at physiological maturity or at complete maturity. Crops harvested before physiological maturity or at over maturity are usually affected adversely. Hence, harvesting should be done when the grains are fully mature and dry.   
If a crop is harvested early or in pre-mature stage, both yield quantity and quality are reduced. Such crops produce unfilled, underdeveloped, shriveled grains or shrinkage of grains, low in test weight and starch content. Grains of such crops are high in moisture content and are subjected to be infested with insects and diseases. Their germination %age is also reduced.      
On the other hand, over ripening or delayed harvesting results in shattering of grains from pods and ears. They germinate in standing crop even before harvesting during rainy season and break during processing. Therefore, crops should be harvested at the correct time to get good quality grains and higher yield. The best time to harvest a crop depends up on: type of economic yield, utilization of product, storage methods, moisture content and environmental factors.
Physiological maturity: the stage of development of the product at which maximum dry weight has been attained by the plant and consequently no gains in product yield can occur with increased production inputs. Hence, at physiological maturity translocation of photosynthates to economic parts (grain) is stopped. The translocation of carbohydrate to seed is stopped due to the formation of abscission layer between rachis and seed.  
Hence, no further increase in dry matter takes place in seed. In most crops after physiological maturity, there is reduction in moisture content of grains and it drops up to 20%.
It is advantageous to harvest the crops at their physiological maturity, which can be judged by external symptoms of crops like: 
· yellowing of leaves
· drying of pod 
· bursting of grains or pods
· black layer formation in maize and sorghum
· turning of green pods to brown or black in pulses
· Bleaching/lightening of peduncle beneath in pearl millet, etc. 
Harvest at complete maturity: - Complete maturity generally occurs 4–7 days after physiological maturity. During this period of 7 days, the grain moisture is reduced to a desirable level. The stage of harvesting a product to obtain peak quality and quantity is determined by the producer.  In determinate plants, time of maturity and date of harvesting can be decided easily since all plants mature at the same time but for the indeterminate crops, it is slightly difficult. At a given time, on indeterminate crops flowers, immature and mature pods or fruits can be seen. If harvesting is delayed for allowing the immature pods to mature, the grains from mature pods may shatter. Hence, to avoid such losses in indeterminate crops, periodical picking of mature pods should be done. The methods of Harvesting can be done by collecting grains and pods of various cereal and pulse crops manually or mechanically.    
External symptoms of physiological maturity of some crops 
	crop
	Symptoms

	Wheat
	Complete loss of green color from the glumes occurring 1-6 days before physiological   maturity.  

	Barley
	Loss of green color from the glumes or from peduncle

	Maize
	Black layer formation at the point of attachment of the cob with the kernel 

	Sorghum
	Black layer formation in the placental region of the grains 

	Soybean
	Loss of green color from leaves 


Harvest-maturity symptoms of some grain crops
	crop
	Symptoms

	Rice
	Hard and yellow colored grains

	Wheat 
	Yellowing of spikelets

	Sorghum
	Yellow colored ears with hard grains

	Pulses
	Brown colored pods with hard seeds inside pods

	Groundnut 
	Pods turn black from light color. Dark colored patches inside the shell. Kernels will become red or pink and on pressing the kernels, oil is observed on fingers.


Criteria for harvesting of some crops
	crop
	Criteria for harvesting 

	Rice
	(1) 32 days after flowering 
(2) green grains not more than 4 - 9% 
(3) Milky grains less than 1%
(4) Moisture content of grains less than 20%
(5) 80% panicles straw colored and grains in lower portion of panicle in hard dough
     stage. At least 5 hills are to be studied at maturity. 

	Sorghum
	(1) 40 days after flowering
(2) Grain moisture content less than 28%  

	Maize
	25 - 30 days after tasselling

	Wheat
	(1) About 15% moisture in grain
(2) Grains in hard dough stage 

	Millet
	(1) 35 days after flowering
(2) Less than 22 – 25% moisture in grain
(3) Husk color turns pale yellow



Post-harvest operation
Threshing- this is separating seeds from plants or ears. In cereals, the stover and grains are separated and in pulses, seeds are separated from pods. For storage, the harvested produce is generally allowed to dry in the sun for a few days.  
Winnowing-  this is done after threshing. It is a process of separating grains from chaff. Generally winnowing is done when wind is blowing, because husk or chaff is lighter than grain, chaff is blown away and grain is separated.     
Drying - Moisture content of grain at the time of harvesting is about 18– 20%. Moisture for safe storage is 12% for most of the cereal crops. Drying is a process by which moisture content from the grain is reduced to a safe limit. In sun drying, the produce is spread on a hard floor or threshing yard about 10 cm in thickness and is allowed to dry by solar energy.
Storage – harvesting of crops is seasonal, but consumption of the food grains is continuous. The market value of the produce is generally low at harvesting time. Therefore, it is necessary to store the produce for different periods. Several factors affecting storage of food grains are moisture content, quality of produce, climatic and storage conditions. The most important factor deciding the stability of the produce is moisture content of grains. Higher moisture content of grains results in severe attack of insects and microbes in addition to heating and germination. Grains with high moisture content respire at higher rate than dry seeds. When the moist seeds are stored, the moisture from the upper layers moves downwards, deteriorating the grains in the lower layers. Sometimes moist grains may even germinate and become unfit for consumption. Moisture content for safe storage of grains of most crops is about 14%. Among the climatic factors influencing storage of food grains, temp., light and relative humidity are the most important ones. Respiration of grains increases with increase in temp. Temp. also influences metabolism, growth, development, reproduction behavior and distribution of insects.     
It is very important factor specially in horticultural crops, due to the fact that, their produce is highly perishable and not storable for a longer time, since they continue their respiration (exchange of gases) and transpiration (water release) processes even after harvest, all the expense of their own reserve food and mixture . 
Important condition for safe grain storage:- 
· Low moisture content of products (8-15%)
· Low temperature in the store  to suppress pathogens and insects 
· Good aeration to facilitate moisture loss
· Appropriate protection of the product from rain, insect pest and rodents 
The storage structure and grain containers should be well treated and properly cleaned.
Moisture content of some grain crops for safe storage  
	Crops 
	Moisture content (%)

	Rice
	14

	Wheat, barley, maize, pulses, sorghum and pearl millet 
	12

	Coriander, chillies and fenugreek 
	10

	Groundnut pods, rapeseed and mustard 
	6
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Chapter. 4 Major Field Crops Grown in Ethiopia
4.1 Cereal crop production (maize, sorghum, tef, wheat, and barley)
MAIZE (Zea mays L.) 
Maize, also known as corn, is an important grain crop of the world.  It ranks second, following wheat, in the world production of cereal crops.
Adaptation
Maize has a remarkable adaptability to a wide range of environmental conditions.  It is adapted to so wide a range of climates that this plant is now more extensively distributed over the earth than any other cereal crop.  It is grown from 480N to about 400S latitude all over the world.  Similarly, it is grown from below sea level to altitudes of about 4,000 meters.
The minimum temperature for germination is 100C.  Germination and especially emergence will be far more rapid and uniform at temperatures above 160C.  At about 200C, maize usually emerges 5-6 days after sowing.  Excessively high temperatures and low air humidity at the time of pollination have adverse effects on pollination and fertilization, causing reduced seed-set.  If soil moisture is also low at the time, the exertion of the silks is delayed and seed-set is still further reduced.  The critical temperature affecting yields appears to be around 320C.
The best maize regions are those which receive an annual precipitation of 600 to 1000 mm, except where the crop is irrigated.  
The ideal soil for maize is a deep, medium-textured, well-drained, fertile soil with a high water-holding capacity.  Clayey and sandy soils are not very conducive for its growth.  However, maize is grown on a wide variety of soils and gives high yields if the crop is well managed.  Maize can be grown in soils with a reaction of between pH 5.5 and 8.0, although the optimum range is 5.5 to 7.0. 
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Intercropping is adopted where maize is grown as a rain-fed crop, and this is the practice with many traditional.   Under such conditions, one or more crops such as groundnut, pigeon peas, and haricot beans can be intercropped with maize. In eastern Ethiopia, it is intercropped with sorghum, coffee, and ‘chat’. 
Fertilization
Maize has a high demand for nitrogen, and this is often the limiting nutrient in maize production.  To obtain maximum returns from the fertilizer application, fertilizers should be applied in rows, preferably to one side & below the seed, but not in direct contact with it. The placement of fertilizers in rows promotes rapid & uniform growth, especially when the soil is cool and wet.  The application of fertilizers in rows also hastens maturity. 
Weed control
Inefficient weed control is one of the main factors causing the low average yields of maize. The period between emergence and tasselling is the most critical period for weed competition in maize. Weeding is done by hand, with small hand tools or a hand hoe, or by tractor-mounted cultivator.  Cultivation controls the weed growth but it also injures the roots of the crop.  Chemical methods may also be adopted to control weeds.  This can be done either by applying a suitable herbicide in a pre-or post-emergence application, or both.  
Harvesting
The most suitable time to harvest is after the plants attain physiological maturity..  The time of physiological maturity can be accurately determined by the development of the black layer at the point of attachment of the grain to the cob.  From this stage onward, ripening consists of moisture loss, which may be quite rapid if the weather is dry.  
Storage
Grain is a living embryo and gives off heat, water and CO2.  The rate at which grain lives is governed principally by temperature, moisture content and the availability of oxygen.  By adjusting these parameters, grain can be stored for a longer period.  This is generally done by drying the grain to desirable moisture content (11-14%). The storage of grain calls for protection against damage by insects, mites, mould, bacteria and heating brought on by the action of bacteria.  The most important single factor in the storage of grain is the moisture content, as the activities of harmful organisms are discouraged by low moisture content. Storage is also improved if the grains are free of cracked kernels and foreign matter which provide food for insects and obstruct air movement through the pile of grain.  In the tropics the drying of grain is not a problem as it can be dried in the sun and air. Stored grain should be protected from rain and ground moisture, and the storage container should be rodent-proof, insect-proof and should seal tightly.
Some research recommendations for maize in Ethiopia
	1. Improved varieties: Jibat (AMH851), ZAMA, Kello-1, Melkassa-6Q, Melkassa-7, Agar, etc. (Some of these varieties might not be out of production and there might be other released varieties. Therefore, you need to contact any of the research centers or the National Maize Coordination at Bako Agricultural Research Center.  Such contact will also help to get other information related to maize production)
	2. Planting date: Lowland – Mid-June; Mid altitude - Mid April - Mid May; Highland - Mid March - Mid April
	3. Seed rate: 25 - 30 kg/ha; Spacing: 75 cm (b/n rows) x 30 cm (b/n plants)
	4. Fertilizer: Mid altitude:69-92 kg N/ha & 30-44 kg P/ha;Highland:80-20 kg N/ha & 30-44 kg P/ha,.
SORGHUM (Sorghum bicolor (L.) Moench)
Sorghum is the fifth most important world cereal, following wheat, maize, rice and barley. Sorghum, because of its drought resistance, is the crop of choice for dry regions and areas with unreliable rainfall.  
Adaptation
Sorghum is adapted to a wide range of ecological conditions and can be grown under conditions that are unfavorable for most of the cereals.  It is essentially a plant of hot and warm countries.  Sorghum withstands extreme heat better than other crops.  It can tolerate hot and dry conditions but can also be grown in areas of high rainfall.  It is, however, prone to frost. Although sorghum is a crop of the plains, it is grown even up to an elevation of 2,400 m.  The optimum temperature during the growing season ranges from 27-320C. The minimum and maximum temperatures for growth are 150C and 400C, respectively.  Extremely high temperatures during the grain formation period reduce the seed yield.  Sorghum is well adapted and widely grown where the annual rainfall varies from 400 to 700 mm.  Its cultivation is limited to tracts with rainfall of about 1,000-mm as maximum.  Its great merit is its drought resistance.  
Sorghum is grown successfully on many types of soils, except for rough, stony or gravelly soils.  In the wet season the highest yields are obtained on heavy soils, but in the dry season it does best on sandy soils.  It can be grown with a wide range of soil pH from 5.0 to 8.5 and tolerates salinity better than maize.  It can be grown on soils too poor for many other crops.
Cropping systems
Sorghum follows other crops readily in rotation, but care should be taken in the choice of crop to follow sorghum, as sorghum greatly impoverishes the soil.  Generally the yield of a crop grown after sorghum is much lower.  The depressing effect of sorghum is least noticeable in legumes and most pronounced with cereals.  
Fertilization
Sorghum has been found to respond well to added fertilizers.  The fertilizer requirements and practices vary widely between countries, depending on local climate, the fertility status of the soil, the economic conditions of the farmer, whether or not the crop is irrigated, and the cultivar sown.  Indigenous long season sorghum cultivars are well adapted to poor soils under low plant densities, but lack the genetic potential for rapid growth and the efficient utilization of available light and water in fertile soils. 
Weed control
The control of weeds is important in the early stages but when sorghum has become well established it can tolerate weeds better than most crops. Two well-timely weeding are enough.  
The parasitic Strigais the most serious weed and should be removed before it sets seeds.  The minute seeds of striga are produced in enormous numbers and can remain viable in the soil for many years, particularly under dry conditions.  The seeds can only germinate when stimulated by a substance from the host root and must not be more than 1 cm away from it.  Use of Striga resistance sorghum varieties is the best control method. 
Harvesting and threshing
Harvesting should be done when the grains are fully mature and dry.  The time to maturity varies greatly among cultivars, some early types taking only 100 days, while late ones take 120-150 days. Some cultivars took more than 240 days to mature.  Some cultivars may be ratooned to produce a second crop.  Timely harvesting is necessary for optimum results.  Generally, harvesting should be done when the moisture content of the grain is below 14%.
Storage
For safe storage, the moisture content of the grain should not exceed 12%, but even at this level the grain may be spoiled if it is mixed with broken pieces of stems and leaves, which usually contain more moisture than the grain. 
Some recommendations for sorghum in Ethiopia
     1. Improved varieties:  High altitude areas: Chiro, Muyra1, Muyra 2 & Chelenko. Mid-Altitude Areas:  IS-9302, IS-9323, and Baji.  Low altitude areas: 76 T1 No. 23, Gambella 1107, Meko, Teshale, Seredo (for Bird prone areas),  ESH-1, ESH-2, for Striga prone areas Gubiye and Abshire, Birhan, etc.  (Some of these varieties might be out of production and there might be other released varieties. Therefore, you need to contact any of the research centers or the National Sorghum Research Coordination at Melkassa Agricultural Research Center.  Such contact will also help to get other information related to sorghum production)
       2. Planting dates: Highlands- Mid April to Early May; Midlands- End of April to Mid May; Lowland- Early June to late June
       3. Seed rate: 5 - 10 kg/ha ; Spacing: 50-75 cm (b/n rows) x 15-20 cm (b/n plants)
       4. Fertilizer rate: Highland : 69-92 kg N/ha and 46-92  kg P/ha. Mid-altitude:    50 kg N/ha and 75 kg P/ha Low-altitude: 46 kg N/ha and 46 kg P/ha.
TEFF (Eragrostistef (Zucc.)
 Ethiopia is the only country in the world that grows tef as a cereal crop. It occupies 27.7% of the cultivated land in Ethiopia and it is preferred to any other grain. It is ground into flour and used to make a type of pancake called `Injera' which forms a basic diet. Tef contains hardly any gluten and so cannot make leavened bread. Major tef growing regions are: Shoa, Gondar, Gojam, Kaffa, Wellega, Wollo and Illubabor. It is grown as fodder in southern Africa, Kenya, India and Pakistan. Its straw is extremely palatable to livestock.
[bookmark: _Toc331836071][bookmark: _Toc331882340][bookmark: _Toc331882418][bookmark: _Toc331883461]Adaptation
[bookmark: _Toc331836072][bookmark: _Toc331882341][bookmark: _Toc331882419][bookmark: _Toc331883462]Tef can be grown in altitudes ranging from 300-2800 m, but best performance occurs at an altitude ranging from 1700 - 2400m. Both black and light soils can be used for production, but bulk of the production comes from black soils. A surface crust should not form as this will kill off the delicate young plant.
Cultural practices
[bookmark: _Toc331836073][bookmark: _Toc331882342][bookmark: _Toc331882420][bookmark: _Toc331883463]The seed bed is carefully prepared by ploughing about four times and is subsequently harrowed and leveled. The seed is broadcast at a seed rate of 25-30 kg/ha, after which it is covered by driving sheep or cattle over the land or by using a bunch of twigs. As the seedlings are small and delicate, early and careful weeding is essential. The crop is planted in July and August and matures in about four months. As the seeds shatter, harvesting should take place when the panicles become greyish in color. Yields can vary from 3 to 30 quintals/ha, but 10 quintals/ha is considered to be a good yield. Lodging is the major one agronomic problem in teff.
Diseases and Insects
Tef is considered to be the healthiest crop. The seeds can be stored for many years without being seriously damaged. Rust is an important disease. Grasshopper, Army Worm and Thrips are important insect pests.
Some research recommendations for tef in Ethiopia
	1. Improved varieties:  Lakech, Simada, Kena, Dima, Ajora, DZ-01-354, DZ-01-99, DZ-01-196, DZ-01-787, DZ-Cross-37, DZ-Cross-44, DZ-Cross-82. (Some of these varieties might not be out of production and there might be other released varieties. Therefore, you need to contact any of the research centers or the National Teff Research Coordination at Debrezeit Agricultural Research Center.  Such contact will also help to get other information related to tef production)
	2. Planting time: Early July to early August
	3. Seed rate: 25-30 kg/ha
	4. Fertilizer: 40-60 kg N/ha; 26 kg P/ha
WHEAT (Wheat aestivum L)
Wheat is one of the important cereals of the world.  It is the number one cereal of the temperate regions of the world, which are climatically very suitable for its cultivation. 
Adaptation
Wheat can be grown successfully under a wide range of rainfall and temperature conditions.  It can withstand the cold of the northern areas quite well; it grows successfully in hot climates if the humidity is not too high.  It is not well adapted to areas where warm, humid conditions prevail, largely because such conditions favor the rapid development of diseases.
Because most wheat is produced on dry land, the availability of moisture is a major factor in wheat production.  Both the amount and distribution of precipitation are of prime concern to wheat producers.  Where wheat is grown with irrigation, the distribution of natural precipitation is not critical.  Wheat requires 250-750 mm of annual precipitation. 
Sowing
The optimum time for sowing is decided by several factors, the most important of which is the temperature during the growing season. For high-yielding, short-stature cultivars, a seed rate of 100-125 kg/ha has been found desirable.  Where, due to climate, early growth is restricted or the growing season is short, a higher seed rate (more than 125 kg/ha) is recommended.
Fertilization
In general, wheat responds well to the application of phosphate, except on soils of medium-to high-available P status.  Even on such rich soils, a low dose of P2O5 (20 kg/ha) may give a sizeable response.  However, for high-yielding cultivars on soils where the P status is not very high, a dose of 40 kg/ha can safely be applied. 
Weed control
 The thick sowing of wheat in narrow row spacing does not permit mechanical weeding.  Under intensive farming, where the time factor is very important, the use of chemicals is the only suitable method of controlling weeds.
Harvesting 
The wheat crop usually ripens about 30 days after the blooming of the florets.  The kernels are completely filled when they reach the dough stage, at which time the leaves, stalks and spikes begin to lose their green color and become golden yellow.  From this stage onwards, ripening consists of the gradual loss of moisture of the kernels.  When completely air-dry, the moisture of the kernels averages about 10-12%.  At this moisture level, the grains can be stored safely. 
Storage
Drying to 10% moisture content and thorough cleaning of the grains are the first requirements for safe storage of wheat in the tropics.  Protection from storage insect pests is particularly important.  For this, storage structures and grain containers, including the bags, should be well treated with insecticides.  Fumigation of the grain soon after storing is equally important.
Some recommendations in Ethiopia for Bread Wheat
1. Improved bread wheat varieties: Inseno-1,Bolo,Qulqullu (ETBW-4621), GASSGY, MENZE, MILLENNIUM, Dereselgne, 6290 Bulk, 6295-4A, ET-13, Dashen, HAR 407, HAR 416, etc. (Some of these varieties might  be out of production and there might be other released varieties. Therefore, you need to contact any of the research centers or the National Wheat Research Coordination at Kulumsa Agricultural Research Center.  Such contact will also help to get other information related to Wheat production)
	2. Sowing date: June to end of July
	3. Seed rate: 150 kg/ha, 20 cm between rows (drilled)
	4. Fertilizer: 60-90 kg N/ha, 26 kg P/ha 
Information on Durum wheat can be obtained from Debrezeit Agricultural Research Center
Improved durum wheat varieties:  Hitosa, Denbi, Werer, Tate, FLAKIT, Oda, Selam, etc.
BARLEY (Hordeum vulgare L.) 
Barley is a major source of food today for large numbers of people living in the cooler, semi-arid areas of the world where wheat and other cereals are less well adapted. Barley is the most important grain used in the brewing of beer:
Adaptation
 It is grown throughout the more temperate regions of the world.  It thrives well in a cool climate, and withstands more heat under semi-arid than under humid conditions. The optimum temperatures for germination and emergence are 15-200C.  Although germination may take place even at 20C, emergence is very slow at such low temperatures.  Temperatures as high as 400C during ripening are reported to have caused less damage to barley than to wheat.  As barley matures earlier (90-120 days) than wheat, it may escape excessively high temperatures during grain formation. Barley is more drought-resistant than wheat and can be grown in a region of even minimum rainfall (200-250 mm). The soils suitable for wheat are also suitable for barley, i.e. well drained loams and clay loams.  Barley is generally grown on less fertile soils, the best ones being reserved for wheat.  It is grown on soils with a pH higher than 6.0. Barley is very susceptible to water logging.
Types of barley: The cultivated barleys are classified into three species, on the basis of the fertility of the lateral spikelets, viz. 6-row barley 2-row barley and 4- row or irregular barley.
Cropping systems
Barley does well when grown in rotation with maize or any leguminous crop.  
Fertilization
Fertilization must be balanced with the expected available moisture to ensure the highest yields and an efficient use of fertilizers.  The dose of fertilizer also depends on the purpose for which the barley is grown.  When barley is grown for food or feed, it is desirable to apply fertilizer at higher rates than when barley is grown for malting because the amount of protein in the grain is not as critical in feed barley as it is in malting barley.  The protein content of malting barley must be low.
Weed control
Barley is better adapted to compete with weeds than wheat, as the barley plants grown faster and the stands are thicker than those of wheat.  Under rain-fed conditions, however, weeds can cause much damage.  The weeds that commonly compete with wheat are also a problem in barley. 
Harvesting 
In all the developed countries barley is harvested by combine, whereas in other countries the crop is harvested by hand sickle.  If barley is to be combine harvested, it should be full mature and the moisture content of the grain should be 14% or less so as to assure safe storage.  Threshing is an important operation in barley production, especially when it is grown for malting.  Barley with more than 4% broken kernels is not acceptable as top grade malting barley.
Some recommendations for Barley in Ethiopia
	1. Improved varieties:  Food barley: TILLA, AGEGNEHU, GUTA, GABULA, Bentu, Desta, ,IARH 485, AHOR, HB42, Ardu 1260B. Malt barley: Kiflu, Haruna Nijo, Beka, etc.  (Some of these varieties might be out of production and there might be other released varieties. Therefore, you need to contact any of the research centers or the National Barley Research Coordination at Holeta Agricultural Research Center.  Such contact will also help to get other information related to barley production)
	2. Sowing date: June 15 to June 30
	3. Seed rate: 100 kg/ha (broadcast), 75-85 kg/ha (Row planting), 20 cm b/n rows
	4. Fertilizer: 60 kg/ha N (food barley), 40 kg/ha (malt barley), 60 kg/ha P (for both)
4.2. Pulse crop production (faba bean, Chickpea field pea, Common bean, lentil and cow pea)
FABA BEAN (Vicia faba)
 It is widely used for food and has high protein content. Due to its nitrogen fixing capacity it is used in crop rotation with the nationally important cereals crops like wheat teff and barely.
Adaptation, Area & production: Faba bean is produced in many regions of Ethiopia. The major producing regions are Tigray, Gondar, Gojjom, Wollega, Wollo, Gamogofa and shoa.  In addition, it is grown in pockets in the rest of the country’s high land and semi-high land regions with altitudes ranging from 1800-3000 m.a.s.l and an average rainfall from 500-9000mm.Currently, the total area under cultivation is estimated to be 369,000 hectares of land from which 4.47 million quintals are produced with an average productivity of this crop in the country is 12.11 qt/ha. 
Improved varieties: Different varieties have been developed for the different agro- ecologies and varieties under production are  Degaga ( R- 878-3) , Holleta  ( BP 1802-1-2 ), Tesfa, Messay, Bulga 70, Kassa, Kuse / 2-27-33/ Nc-58 , CS-20 -Dk, shallo / EHo 11-22-1 ), lalo Dagm  and  wayu.
Fertilization:  100 kg DAP /ha fertizer rate is recommended. 
Soil PH Range: 6-8 and requires well-drained, silt or heavy loam soil. 
Approximately planting time: About the first week of June – the first week of July.
Seed rate:  the seed is row planted 40 cm (b/n rows) x 8 cm (b/n plants) as a seeding rate of 175 kg/ha.
Days to maturity:  100-137
Disease and insects:  Chocolate spot, Root rot, Rust are an important disease and Aphids and Africa boll worm are important insect pests. 
Harvesting:  harvesting should take place when the faba bean change into black at the lower parts and yellowish of the upper parts of the plant. Approximate harvest data 152 day.
Yield (qt/ha):- yields can vary from 20-30 quintals/ha at farmer plot and 40-50 qt/ha at research plot. 
COMMON BEAN (Phaseolus vulgaris L.)
 The term bean is broadly interpreted to include all field and kidney beans of any color, size or shape, as well as lima beans and tepary beans.  There are many species in the genus Phaseolus.  They are: Phaseolus vulgaris L. - common field or kidney or French bean.
Adaptation
Beans are a warm-season crop: the optimum temperature for their growth is about 240C.  They are grown throughout the cooler tropics, but not in hot semi-arid or humid regions.  Field beans required a minimum frost-free period of 140 days, as they are killed by frost.  In general, high temperatures (20-320C) during flowering cause the dropping of buds and flowers, which reduces yields. 
Although beans are a warm-season crop, they do not require an excessive amount of moisture.  Depending on the soil and climatic factors, the requirement is met with 300-600 mm rainfall. Dry weather is required for harvesting, drying and threshing the beans.
Cropping systems
The continuous cultivation of beans in the same field may produce soil-borne diseases.  It is advisable to grow them in long rotations with other crops, such as wheat, maize, sorghum and potatoes.  They are usually intercropped with crops such as maize and sorghum.
Land preparation
When beans are to be grown as a sole crop, the land should be ploughed as early as possible in the season, the crop residues should be incorporated into the soil, and the field left in a suitable condition for the maximum storage of rain. 

Sowing
The time of sowing field beans depends on the soil temperature.  Generally they are planted later than maize and sowing can be delayed until the soil temperature is about 18.50C. The planting depth ranges from 2.5-7 cm depending on the moisture status of the soil at the time of sowing.
Harvesting and threshing
The beans are fully mature when the pods lose their green color.  If the cultivars are non-shattering, harvesting should be delayed until the moisture content of the seed has come down to 10%.  If harvested earlier, the plants are allowed to dry either on the field or at the homestead.  The plants are generally uprooted at harvest. 
Some recommendations for haricot bean in Ethiopia
	1. Improved varieties: Loko,  Dema, ChercHer  Mexican-142, Red Wolaytta, Roba, Awash-1 (Some of these varieties might be out of production and there might be other released varieties. Therefore, you need to contact any of the research centers or the National Lowland Pulses Research  Coordination at Melkassa  Agricultural Research Center.  Such contact will also help to get other information related to bean  production)
	2. Planting time: Mid June to early July (Meher crop)
	3. Seed rate: 45-60 kg/ha  Spacing: 40 cm x 5 cm 
	4. Fertilizer: 25 kg N/ha, 60-70 kg P/ha
FIELD AND GARDEN PEAS (Pisum sativum L.)
Although the pea is an important pulse crop, it is not as important in tropical and subtropical regions as the other grain legumes. Peas and soybeans are grown on a large scale in the temperate and cooler areas of the world.  
Area and Production
Peas are best adapted to cool climates with moderate rainfall.  Moderate temperatures are essential throughout the growing season for successful production. Peas are best adapted to well-drained, clayey loam soils.  They tolerate a moderate soil pH range; the optimum is 6.5 but moderate acidity (pH as low as 5.5) is tolerated.  They do not tolerate waterlogged conditions.
Fertilization
If peas are to be grown in any field for the first time, seed inoculation is necessary.  The seed should be inoculated with an appropriate strain of Rhizobium to ensure effective nodulation.
If inoculated, peas do not need a nitrogen fertilizer.  Occasionally a small dose of 20 kg/ha may be applied to boost early growth.  However, peas have a high requirement of phosphorus, potassium, calcium, magnesium and sulphur.
Weed control
Normally there is not much competition from weeds once the crop is well established, but it is always useful to remove or kill all weeds when the peas are in the very early stages of growth.
Harvesting 
Harvesting should be done when the pods are mature and dry, and when the moisture content of the grain is about 10%.  Harvesting should not be delayed otherwise the pods will shatter.
Storage
The grains should be dried thoroughly before storage and the moisture content should not be higher than 10%.  The grains should also be fumigated before storage.  All the containers and storage structures should be cleaned and treated with an effective insecticide.
Some recommendations for Ethiopia
 BURKITU, Senk, Agrit, Meti, (You need to contact any of the research centers or the National Highland Pulses Research Coordination at Kulumsa Research Center.  Such contact will also help to get information related to bean production).
CHICKPEA (Cicer arietinum L.)
Adaptation
Chick pea is adapted to cool and moderate temperatures during its growing period, but tolerates considerable heat during the fruiting and ripening period.  Light to moderate rainfall is good for the crop, but not heavy rainfall.  Rainfall during the early growth period is more beneficial than during the flowering period.  Frost during flowering and fruiting is very detrimental to the crop. It is grown on a wide variety of soils.  It does not tolerate wet soils.  The most suitable soils are moderate to heavy, well-drained soils, i.e. clay loams and loams.  High fertility in the soil stimulates excessive vegetative growth at the expense of seed production.  Chick pea is notably tolerant to soil salinity.
Cropping systems
Chick pea can be grown either as a sole crop or intercropped with crops such as wheat, barley, linseed and mustard.  Where rainfall distribution permits double cropping, Chick pea follows the principal wet (rainy) season crop such as maize, sorghum or rice.  
Sowing
Where chick pea is grown as a rain-fed crop (which is the usual situation) the optimum sowing time is after the rain has stopped.  Earlier sowing is associated with excessive vegetative growth, causing reduction in the yield of grain.  Late sowing may cause poor emergence of plants because of a shortage of water in the soil.  Row sowing is recommended depending on cultivar, inter-row spacing varies from 25-40 cm and intra-row spacing varies from 15-30 cm.  Chick pea is sown 4-10 cm deep, depending on the moisture status of the soil.
Fertilization
Chick pea does not require nitrogen when naturally or artificially inoculated with root nodule bacteria.  It certainly needs other nutrients, mainly phosphorus, and an application of 40-50 kg P2O5/ha may be recommended.  Where there is a shortage of potassium in the soil, a light dose of 20-30 kg K2O/ha may be applied.
Harvesting
Of the pulse crops, chick pea has the least problem with shattering.  The crop should therefore be allowed to dry completely in the field so that the moisture content of the grain is reduced to about 10%.  If, for any reason, harvesting is done earlier, the harvested material should be left to sun-dry on the threshing floor.  Harvesting is done by pulling the entire plant from the soil.
Some recommendations for Ethiopia 
Improved varieties: Naatolli, Mastewal, Akaki, etc.(You need to contact any of the research centers or the National Chick pea Research Coordination at Debrezeit Agricultural Research Center.  Such contact will also help to get information related to chick pea production).
LINSEED/ Linum usitatissimum /
 Linseed is an annul oil crops. Its industrial use is found to be higher than all other oil crops. It is highest contribution in paint, soap, lubricant and pharmaceutical factories helped to gain international attention. 
Adaptation, Area and production: Linseed stands second next to Nough. Its annual production and area coverage is estimated to be half of that of Noug. In Ethiopia, out of the total area under cultivation 99,000 ha of land is currently with linseed and the annual production is estimated to be 510,000 quintals. Linseed can be grown in altitude ranging 2200-2800 m.a.s.l and rainfall of 800-1200mm. light to moderate rain fall is good for the crops, but not heavy rainfall.
Improved verities: different varieties have been released that are under production are Chilalo, CI -15 25, CI -1652, Geregera (R7-20D), Tolle, and Berene.
Fertilization:    23 P2O5 and 23 N kg/ ha fertilizer rate is recommended. 
Seed rate: 25kg/ ha   
Planting date: early June to July
Days to maturity: length of growing periods is 106-197 days to maturity.
Disease and insect:  Rust and wilt rot are important disease and Africa ball worm and plusia worm are serous insect pests. 
Yield: Yields can vary at farmer field 8-12 and research field 7-25 quintal/ ha. 
LENTIL (Lens culinaris)
Lentil is a widely grown crop in semi-arid regions of the near east, northern Africa and the Indian subcontinent. Although mostly discontinued, lentil was a widely grown crop in southern and central Europe. The major reason lentil is not widely grown in those countries at the present time is the requirement for hand labour to harvest the crop. In these areas, the crop is planted in roughly tilled soils, which are, in some cases, extremely stony. The short plant stature of lentil and the stony fields effectively preclude mechanical harvesting and consequently farmers have relied on hand pulling of the plants. With the advent of mechanical methods of harvesting crops such as wheat, barley, and oats, those crops have gradually replaced lentil. The lentil crop was effectively displaced to more marginal stony lands, which are largely unsuited to mechanical harvesting methods. Poor yields and high production costs in those marginal areas eventually led to greatly reduced areas devoted to the lentil crop. Major research emphasis at the International Center for Agricultural Research in the Dry Areas (ICARDA) in Syria is toward development of tall upright lentil germplasm adaptable to mechanical harvesting. 
COW PEA (Vigna sinensis)
Environmental requirements:
Cowpea is warm-Weather/low land crop.  It requires same climatic conditions as Maize, but needs more heat to mature.  It is very sensitive to cold weather.  It grows best under humid conditions. It can be grown well on light sandy soils and on heavy clays when grown on soils high in fertility, the plants produce a heavy growth of vines but only a small yield of seed. Less vegetative growth and good seed yields are obtained on soils of fair to moderate fertility.  It can tolerate drought.
Propagation: -
Cowpeas are grown from seed.
Chemical composition: - 
The dry pulse contains water 11 % protein, 23.4%, fat 1.3%, carbohydrate 56.8%, Fiber 3.9%, ash 3.6%.
Types and varieties 
1. Short day
2. Day neutral and long day photoperiod varieties
Uses: -
Grown for Hay, seed, pasture, silage and green manuring. 
Germination:
Is epigeal. Germination percentage is high. The seeds remain viable for several years. 
Crop rotation: -  
In tropical Africa cowpea can be grown in either pure stand or in mixture with other crops, such as Maize.
Preparation of the seed bed: 
The soil should be plowed early and harrowed at intervals that are sufficiently close to destroy the weeds as they germinate and start to grow.  If cowpeas are grown as a green manure or catch crop after small grains, the seedbed is prepared by disking only.
Planting: - Cowpeas do best in warm weather; they should not be planted until the soil has warmed up. It is generally planted from May 1 to August 1, depending on climatic conditions and the purpose for which they are to be used. It is advisable to plant cow peas soon after corn planting time if they are to be used for seed or hay. These are always grown from seed and are either broad cast under mixed cropping or sown in rows 2.5cm deep, row spacing 70-90cm. Plant spacing 5-12.5cm. Seed rate when broad cast is 20-30 kg/ha.
Cultivation and management: -  
The time from planting to harvesting varies from 3 months for the faster maturing varieties to 5 months for the slower ones.  The crop is usually hand harvested, the green pods being picked at frequent intervals and the beans as and when they mature. Yields between 440-660 kg/ha are usually obtained. 
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