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MODULE INTRODUCTION
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 Hello! Dear learner, welcome to the module of Introduction to sustainable agriculture. This module is designed to familiar you with the basic concepts and skills of principle and practices of sustainable agriculture, way of cropping and its management, animal production and their management and how to access animal and crop products to market. As a student of natural resource management, acquiring the knowledge, concepts and skills of this module is an essential for both at study and at work place in which you are required to engage in various activities that related to sustainable agriculture. Thus, based on its level of difficulty and order of its contents, this module is divided in to twelve chapters. 

Chapter 1: Looks in to the introduction 

Chapter 2: Deals with cropping systems 

Chapter 3: Emphasize on principles of crop husbandry  

Chapter 4: Deals with major field crops grown in Ethiopia  

Chapter 5: Focus on introduction to animal production 

Chapter 6: Emphasize on livestock production systems 

            Chapter 7: Emphasize on poultry production and management

            Chapter 8: Looks in to apiculture 

            Chapter 9: Looks in to fishery 

            Chapter 10: Focus on Site-specific management of farm and decision support system

            Chapter 11: Focus on Sustainable agri-business and 

            Chapter 12: Emphasize on innovations for sustainable agriculture

You need to work 48 hours to complete this module. The module contains a lot of activities i.e. there are self checks at the end of each chapter and assignment questions at the end of the module. They are designed to assist you to develop knowledge, skill and attitude to the standard required in the workplace. Therefore, you are strongly advised to read and attempt the whole activities provided in the module.
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Course objectives 

At the end of the course, you will be able to: 

· Develop and use reasoning skill for analyzing sustainable agricultural 

· Analyze a variety of technologies to gain information about the organic/sustainable agriculture industry 

· Apply these technologies in the analysis of specific situations. 

· Acquire and use selected techniques to develop sustainable agricultural practices 

·  Know the potential of crops for sustainable agriculture 

· Compare the time and effort needed to use crop products for food and energy as compared to animal products 

· Understand the contribution of different cropping system to improve the health of ecosystem 

· Enable to understand the livestock resources available and how these resources are being managed and combined in order to produce various livestock products without harming the environment 

· Enable to understand the relationship that exists between livestock production and its environment 

· Equip how to establish friendly relationship between the various farming practices and its environment so as to make the system sustainable 

· Become acquainted with all types of problems, measure and means to develop sustainable agricultural practices 

1. INTRODUCTION 

Objectives: - This chapter is designed in such a way that learners can be able to:

· Develop and use reasoning skill for analyzing sustainable agricultural 
Become acquainted with all types of problems, measure and means to develop sustainability.

· able agricultural practices
· Analyze a variety of technologies to gain information about the sustainable agriculture industry

1.1. The Art and Science of sustainable agriculture

Session Objectives: - after completing this session learners are expected to:

· [image: image21.emf]Define what Agriculture and sustainability mean.
· Have basic concept on sustainable Agriculture as an art and a science.
Introduction 
Agriculture has changed dramatically, especially since the end of World War II. Food and fiber productivity soared due to new technologies, mechanization, increased chemical use, specialization and government policies that favored maximizing production. These changes allowed fewer farmers with reduced labor demands to produce the majority of the food and fiber in the many country. Although these changes have had many positive effects and reduced many risks in farming, there have also been significant costs. Prominent among these are topsoil depletion, groundwater contamination, the decline of family farms, continued neglect of the living and working conditions for farm laborers, increasing costs of production, and the disintegration of economic and social conditions in rural communities. "Sustainable agriculture is the efficient production of safe, high quality agricultural products, in a way that protects and improves the natural environment, the social and economic conditions of farmers, their employees and local communities, and safeguards the health and welfare of all farmed species."
Agriculture is an art, a science, an industry and a management of growth of plants and animals are compulsory for human use. In a broad sense agriculture includes cultivation of the soil, growing and harvesting crops, breeding and raising livestock, dairying, and forestry, poultry Farming; Soil Management. Modern agriculture depends heavily on engineering and technology and on the biological and physical sciences. Irrigation, drainage, conservation, and sanitary engineering each of which is important in successful farming are some of the fields requiring the specialized knowledge of agricultural engineers. Agricultural chemistry deals with other vital farming concerns, such as the application of fertilizer, insecticides, and fungicides, soil makeup, analysis of agricultural products, and nutritional needs of farm animals. Plant breeding and genetics contribute immeasurably to farm productivity. Genetics has also made a science of livestock breeding. 

Hydroponics, a method of soilless gardening in which plants are grown in chemical nutrient solutions, may help meet the need for greater food production as the world’s population increases. The packing, processing, and marketing of agricultural products are closely related activities also influenced by science. Methods of quick-freezing and dehydration have increased the markets for farm products. Mechanization, the outstanding characteristic of late 19th- and 20th-century agriculture, has eased much of the backbreaking toil of the farmer. More significantly, mechanization has enormously increased farm efficiency and productivity. Animals including horses, oxen, llamas, alpacas, however, are still used to cultivate fields, harvest crops, and transport farm products to markets in many parts of the world. Airplanes and helicopters are employed in agriculture for seeding, spraying operations for insect and disease control, transporting perishable products, and fighting forest fires. Increasingly satellites are being used to monitor crop yields. Radio and television disseminate vital weather reports and other information such as market reports that concern farmers. Computers have become an essential tool for farm management.

1.2. Sustainable Agriculture:  Principle and Practice

Session Objectives: This session is organized in such a way that learners can
· Explain basic principles , characterstics and practices of sustainable Agriculture.

What is sustainable agriculture?

The term sustainable agriculture has been used and interpreted in many ways. A common thread running through these definitions is that sustainable agriculture comprises site-specific ranching and farming practices designed to meet current and future needs for food, fiber, energy, and ecosystem services including, but not limited to, soil conservation, clean water and biodiversity. Sustainable agriculture emphasizes production and food systems that are profitable, environmentally sound, energy efficient and improve the quality of life for both farmers and the public.  Is no-till agriculture more sustainable than organic farming? Can a producer use genetically modified organisms (GMO) in a sustainable approach? Which time-frame should be used to assess the success of a sustainable farming system? Is sustainable farming more expensive than conventional farming? The answers to these questions are not black and white. Sustainable agriculture does not rule out one particular technology and it can be applied to large scale operations as well as small and niche market production. In other words, there is no pre-determined body of practices that by itself confers “sustainability.”  For example, the adoption of nitrogen-fixing cover crops, designing integrated pest management systems, practicing organic farming, or implementing reduced or no-tillage systems does not guarantee sustainability. Conversely, sustainable agriculture does not mean the re-adoption of outdated production practices. Responsible use of newly developed technologies may play an important role in developing sustainable farms and ranches.

Therefore, characteristics of sustainable agriculture include:

· Sustains the economic viability of farm operations

· Satisfies human food, fiber and energy needs

· Maintains or enhances the resource base upon which it depends by emphasizing soil conservation, nutrient recycling, biologically based-pest management and biodiversity

· Takes advantage of the knowledge and skills of farmers 

· Is durable and resilient to disturbance, pest outbreaks and market variability

· Makes the most efficient use of nonrenewable resources and on-farm resources

· Integrates, where appropriate, natural biological cycles and pest control tools with production  practices
There are principles that will help farmers move in the direction of more sustainable agro ecosystems. 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
Forces that discourage the adoption of sustainable agricultural practices:

· Agricultural subsidies that favor excessive production of a single commodity

· Economic incentives that reward growers for externalizing environmental costs to the rest of the society. For example, policies that do not penalize water contamination due to pesticide run-off or soil erosion

· Political pressure to minimize environmental restrictions

· Consumers insufficiently or wrongly trained about agricultural issues

· Large populations seeking inexpensive food

Forces acting to re-couple agriculture with ecological integrity:
· Knowledge about the resources and process provided by agriculture such as clean water, soil conservation and recreation. Collectively, these benefits are known as ecosystem services

· Understanding of the impact of agricultural management practices on ecosystem services

· Policies or incentives that pay or reward producers for providing ecosystem services

· Policies that help alleviate pressure on marginal lands

· Public education to inform consumers and those involved in policy making about the environmental costs and benefits of alternative management scenarios
Self check exercise 1/1 
Say True, if the statement is correct and False, if the statement is not correct

------1. Sustainable agriculture not emphasizes on production and food systems that are profitable, environmentally sound, energy efficient and improve the quality of life for both farmers and the public

-----2. Agricultural chemistry deals with other vital farming concerns, such as the application of fertilizer, insecticides, and fungicides, soil makeup, analysis of agricultural products, and nutritional needs of farm animals.
                       Choose the best answer and put on the space provided 
-----1. Which one of the following is not characteristic of sustainable agriculture?

a. Sustains the economic viability of farm operations,
b. Satisfies human food, fiber and energy needs,
c. Takes advantage of the knowledge and skills of farmers, 

d. Is durable and resilient to disturbance, pest outbreaks and market variability,
e. None                 f. C and D


1.3 Objectives of Sustainable Agriculture 

Session Objectives: - after completing this session learners are expected to:

· Understand main aims of sustainability agriculture.

Sustainable farming meets environmental, economic, and social objectives simultaneously. Environmentally sound agriculture is nature-based rather than factory-based. Economic sustainability depends on profitable enterprises, sound financial planning, proactive marketing, and risk management. Social sustainability results from making decisions with the farm families and the larger community's quality of life as a value and a goal. This publication discusses the principles of environmental, economic, and social sustainability, and provides practical examples of how to apply them on the farm. Farming sustainably means growing crops and livestock in ways that meet three objectives simultaneously:

· Economic profit

· Social benefits to the farm family and the community

· Environmental conservation
Economic sustainability
Economic sustainability increasingly depends on selecting profitable enterprises, sound financial planning, proactive marketing, risk management, and good overall management. The income is planned first, and then a planned profit is allocated as the first expense item. The remaining expense money is allocated sequentially where it will do the most good. This sequential allocation requires that the farmer spend no more than necessary to run the enterprise for a year, while preserving the planned profit.

Generally, economic sustainability can be expressed as:
· The family savings or net worth is consistently going up

· The family debt is consistently going down

· The farm enterprises are consistently profitable from year to year

· Purchase of off-farm feed and fertilizer is decreasing

· Reliance on government payments is decreasing
Social sustainability
Decisions made on the farm have effects in the local community. For example, the decision to expand your operation requires the acquisition of your neighbor's farm. To have your neighbor's farm, you must make the decision that your neighbor's farm is more important to you than your neighbor. Other examples of social decisions include: buying supplies locally rather than ordering from out of state, figuring out ways to connect local consumers with your farm, taking a consumer-oriented approach to production and management practices where both the farmer and consumer win, and finding opportunities to ensure that neighboring communities can learn about sustainable food production.

Points in social sustainability are:
· The farm supports other businesses and families in the community

· Income circulate within the local economy

· The number of rural families is going up or holding steady

· Young people take over their parents' farms and continue farming

· College graduates return to the community after graduation
Environmental sustainability
Sustainable agriculture can be viewed as ecosystem management of complex interactions among soil, water, plants, animals, climate, and people. The goal is to integrate all these factors into a production system that is appropriate for the environment, the people, and the economic conditions where the farm is located. Farms become and stay environmentally sustainable by imitating natural systems—creating a farm landscape that mimics as closely as possible the complexity of healthy ecosystems. Nature tends to function in cycles, so that waste from one process or system becomes input for another.
Therefore, environmental sustainability should focus on:

· There is no bare ground

· Clean water flows in the farm's ditches and streams

· Wildlife is abundant

· Fish are prolific in streams that flow through the farm
1.4 Benefit of Sustainable Agriculture 

Session Objectives: - At the end of this session learners are expected to:

· Understand the over all benefit of sustainable agriculture 
Sustainable farming meets environmental, economic, and social objectives simultaneously. Environmentally sound agriculture is nature-based rather than factory-based. Economic sustainability depends on profitable enterprises, sound financial planning, proactive marketing, and risk management. Social sustainability results from making decisions with the farm families and the larger community's quality of life as a value and a goal. This publication discusses the principles of environmental, economic, and social sustainability, and provides practical examples of how to apply them on the farm. Sustainable agriculture is a type of agriculture that focuses on producing long-term crops and livestock while having minimal effects on the environment. This type of agriculture tries to find a good balance between the need for food production and the preservation of the ecological system within the environment. In addition to producing food, there are several overall goals associated with sustainable agriculture, including conserving water, reducing the use of fertilizers and pesticides, and promoting biodiversity in crops grown and the ecosystem. Sustainable agriculture also focuses on maintaining economic stability of farms and helping farmers improve their techniques and quality of life. There are many farming strategies that are used that help make agriculture more sustainable. Some of the most common techniques include growing plants that can create their own nutrients to reduce the use of fertilizers and rotating crops in fields, which minimizes pesticide use because the crops are changing frequently. Another common technique is mixing crops, which reduces the risk of a disease destroying a whole crop and decreases the need for pesticides and herbicides. Sustainable farmers also utilize water management systems, such as drip irrigation, that waste less water. 

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 has following positive expectations: 

· satisfying human needs of food and agricultural material resources; 

· conservation of environment and natural resources; 

· increase efficiency in using of renewable and non-renewable natural resources; 

· Increase economic efficiency of agricultural activities, and the living standards of farmers. 

Natural balance has been severely damaged by human action. Such interventions are: 

· attracting increased amounts of natural resources in economic activity; 

· extension of cultivated areas; 

· massive deforestation for wood and new land for agriculture; 

· intensifying use of pastures; 

· extending the underground exploitation

By creating and developing sustainable farms, the following benefits /effects are obtained: 

· food security for the population; 

· improving human health by providing agricultural products which do not harm human 

 metabolism; 

· raising the quality of life in rural areas; 

· increase the quality of agricultural products; 

· increasing the number of jobs in rural areas; 

· extending the use of advanced technologies, resulting in lower production costs; 

· increase value added in agricultural activities by improving product processing; 

· development of professional skills and knowledge of farmers; 

· Improving rural infrastructure.
1.5 Elements of Sustainability

Session Objectives: - At the end of this session learners are expected to:

· Identify  the elements of sustainability

During the last two decades, the discussion on sustainability has increasingly shifted from being goal oriented to understanding sustainability as a learning process. Indeed, the notion of sustainability as a social learning process is now pervasive in environmental and natural resource literature. However, this particular interpretation of sustainability is relatively new and still subject to many ambiguities. Here, we draw from the insights of human ecology, studies of the adaptation of social-ecological systems, and the emergent ecological sociology to provide a theoretical and normative framework aimed at defining and making operational the concept of sustainability learning.

The word sustainability is derived from the Latin sustinere (tenere, to hold; sub, up). Sustain can mean “maintain", "support", or "endure. Since the 1980s sustainability has been used more in the sense of human sustainability on planet Earth and this has resulted in the most widely quoted definition of sustainability as a part of the concept sustainable development, that of the Brundtland Commission of the United Nations on March 20, 1987: “sustainable development is development that meets the needs of the present without compromising the ability of future generations to meet their own needs. ” Three pillars /elements of sustainability,
                                                  

A diagram indicating the relationship between the "three pillars of sustainability", in which both economy and society are constrained by environmental limits.
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	Venn diagram of sustainable development:
at the confluence of three constituent parts.


The 2005 World Summit on Social Development identified sustainable development goals, such as economic development, social development and environmental protection. This view has been expressed as an illustration using three overlapping ellipses indicating that the three pillars of sustainability are not mutually exclusive and can be mutually reinforcing. The three pillars have served as a common ground for numerous sustainability standards and certification systems in recent years, in particular in the food industry. Sustainable development consists of balancing local and global efforts to meet basic human needs without destroying or degrading the natural environment. The question then becomes how to represent the relationship between those needs and the environment.

A study from 2005 pointed out that environmental justice is as important as is sustainable development. Ecological economist Herman Daly asked, "What use is a saw mill without a forest? From this perspective, the economy is a subsystem of human society, which is itself a subsystem of the biosphere and a gain in one sector is a loss from another. This perspective led to the nested circles figure of 'economics' inside 'society' inside the 'environment'. The simple definition that sustainability is something that improves "the quality of human life while living within the carrying capacity of supporting eco-systems", though vague, conveys the idea of sustainability having quantifiable limits. But sustainability is also a call to action, a task in progress or “journey” and therefore a political process, so some definitions set out common goals and values. While the United Nations Millennium Declaration identified principles and treaties on sustainable development, including economic development, social development and environmental protection it continued using three domains: economics, environment and social sustainability.

How to achieving Sustainability?  

· By sustainable utilization of natural resource,

· Using intensive and sustained farming system,

· Keeping social, economical and environmental welfare of the society,

· Selecting problem areas and find out mitigating measurers , research

· Providing practical oriented training to or awareness to the community,

· Proposing, planning, implementing and monitoring different action plans
Summary

Food and fiber productivity soared due to new technologies, mechanization, increased chemical use, specialization and government policies that favored maximizing production. These changes allowed fewer farmers with reduced labor demands to produce the majority of the food and fiber in the many country. "Sustainable agriculture is the efficient production of safe, high quality agricultural products, in a way that protects and improves the natural environment, the social and economic conditions of farmers, their employees and local communities, and safeguards the health and welfare of all farmed species." Agriculture is an art, a science, an industry and a management of growth of plants and animals are compulsory for human use. The packing, processing, and marketing of agricultural products are closely related activities also influenced by science. Methods of quick-freezing and dehydration have increased the markets for farm products. Mechanization, the outstanding characteristic of late 19th- and 20th-century agriculture, has eased much of the backbreaking toil of the farmer. More significantly, mechanization has enormously increased farm efficiency and productivity. Sustainable agriculture does not rule out one particular technology and it can be applied to large scale operations as well as small and niche market production. In other words, there is no pre-determined body of practices that by itself confers “sustainability.” The 2005 World Summit on Social Development identified sustainable development goals, such as economic development, social development and environmental protection. This view has been expressed as an illustration using three overlapping ellipses indicating that the three pillars of sustainability are not mutually exclusive and can be mutually reinforcing.
Review questions 1

Say True, if the statement is correct and False, if the statement is not correct

-------1. Sustainable development consists of balancing local and global efforts to meet basic human needs without destroying or degrading the natural environment.
-------2. Sustainable agriculture is not benefit the environment by maintaining soil quality, reducing soil degradation and erosion, and saving water.
--------3. Mechanization, the outstanding characteristic of late 19th- and 20th-century agriculture, has eased much of the backbreaking toil of the farmer.
Choose the best answer and put on the space provided
--------1. Which one of the following is not pillars of sustainable development?

a. Economy            b. Society             c. Environment          d. All          e. None

--------2. Which one of the following is important way to achieving Sustainability?  

a. By sustainable utilization of natural resource,

b. Using intensive and sustained farming system,

c. Keeping social, economical and environmental welfare of the society,

d. Selecting problem areas and find out mitigating measurers , research

e. All                        f. A and B

--------3. Which one of the following human action are not factors for damaging natural balance?

a. Attracting increased amounts of natural resources in economic activity; 

b. extension of cultivated areas; 

c. massive deforestation for wood and new land for agriculture; 

d. extending the underground exploitation,

e. All                 f. Nome
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2. CROPPING SYSTEMS
Introduction 


2.1. Definition of Cropping System

The term cropping system is used to describe the pattern in which crops are grown in a given area over a period of time and includes the technical and managerial resources that are utilized. In short, when we talk about the cropping system of a given area, we are not only interested in how those crops are distributed on the field at any given time but also how this distribution changes over time. In addition, the level of management and amount of resource inputs are integral aspects of a cropping system. In other words, cropping system refers to a combination of crops in time and space dimension. It comprises all components required for crop production a particular crop and interrelationship between them and environment.

Classification of cropping system

Cropping systems are classified based on the following criteria

1. The distribution of crops in time, i.e. whether shifting cultivation, continuous cropping, monoculture, or crop rotation is practiced.

2. The distribution of the crops in space on the field, i.e. whether intercropping or sole cropping is practiced.

3. The level of management and resources utilized to produce the crop, i.e. whether the production is intensive or extensive.

4. The type of crop grown, i.e. whether orchard, arable cropping, pasturing, forestry, etc. is practiced.

2.2 Types of cropping systems

 Shifting cultivation

In this system, the farm is not at a permanent location. Instead, a piece of land is cleared, farmed for a few years and then abandoned in preference for a new site. While the new site is being farmed, natural vegetation is allowed to grow on the old site. Eventually, after several years of bush fallows, the farmer returns to the original location. 

Factors necessitating shifting cultivation

· Declining of soil fertility and increasing population. 

· Unusually high incidence of diseases and pests. 

· Social or religious customs may dictate the abandonment of site before its fertility level has become marginal. 

Advantages of burning plant debris
· Simple and inexpensive

· Kills crops pests

· Produce ash that contain Ca, and K that applied to acidic soil.

Disadvantage of shifting cultivation

· Nitrogen and sulphur are converted into oxides and escape to atmosphere

· Beneficial microorganisms may be destroyed, due to this low content of organic matter

· It tends to discourage high level of inputs. Because the farms stays in one location only for a short while, there is no incentive to invest in permanent structures such as store sheds, irrigation and even certain pest control, soil erosion or soil conservation measure that may have a long-term benefits. 
· It requires a great deal of land to maintain the system. 
· Low efficiency in land and labour utilization. 
Continuous cropping

In contrast to shifting cultivation, continuous cropping implies the cultivation of the same piece of land year after year. Fallowing may occur, but it never occurs more than a season or two. It should be supported by technology to solve nutrient and insect pest problem like fertilizer application, chemical application, crop selection etc

Agricultural practices for maintaining soil fertility under continuous cropping 
· Application of fertilizers and other soil amendments in order to boost fertility. 

· Judicious selection of the crops and crop combinations to be grown. Crop rotations and carefully planned intercrop combination are indispensable. 

·  Introducing short term fallow periods in to the cropping cycle. A leguminous cover crop can be planted on the fallow land so as to aid the fixation of nitrogen by legumes during the fallow period and through increasing the soil organic matter content when the fallow crop is ploughed under 

Advantages of Continuous Cropping 
· Land utilization under continuous cropping is extremely efficient. A very high percentage of land is under crops at any given time. 

· It is possible and economically feasible, to erect permanent structures on the farm site. 

Mono-cropping/Sole cropping

Mono-cropping /Sole cropping is a practice of growing one crop variety alone in the field in normal density. It can be monoculture or crop rotation.

a. Monoculture

This is the practice of repetitive cultivating the same type of crop on the same piece of land year after year. For example sugarcane farming 

Advantages of monoculture 
· The main advantage of monoculture is that it permits maximum concentration of production effort on a single target crop.
Disadvantages of monoculture 
·  In monoculture diseases and pests of the particular crop always have their host present, and therefore have the opportchaptery to build up over the years. 

· Monoculture encourages rapid depletion of soil nutrients and destruction of the soil structures. 

· The risk of crop failure is great and ever present. 

b. Crop rotation

It is a system of growing different crop species one at a time in definite sequence (in recurrent succession) on the same piece land, season after season or year after year. 

Bases for farmer decision in selection crops to be grown in crop rotation

i. Adaptation of the crops to a particular soil, climate, and economic conditions. 

ii. Prevalence of weeds, plant diseases, and insect pests may also limit the kinds of crops that can be grown in a locality. 

iii. Legume crops should be involved in the rotation program.

Factors to be considered in deciding the sequence of crops in crop rotation

i. The target crop (the main crop) should be planted immediately after the legumes or fallow period. At this time the fertility of the soil is at its peak and the optimum realizable yield of the target crop is possible. 

ii. Crops which are known to have a high demand for nutrients are also timed for the first season after the fallow. 

iii. Crops which are deep feeders should alternate with shallow feeders. In this way, nutrient removal occurs uniformly from the various soil layers rather than occurring in only one layer. 

iv. Crops that are botanically similar or are likely to be attacked by the same diseases and pests should not normally follow each other in the rotation. For example, Yams should not follow cowpeas in rotation if the root-knot nematode is prevalent, as the nematodes left over from the cowpea crop will severely reduce yam yields. However, if the nematode problem does not exist in the area, yam could conveniently follow cowpeas. 

v. The number of years for which each cycle of the rotation should run is determined by the number of crops in the rotation, the length of their growing seasons and how frequent the farmer can grow the target crop without running into problems of disease and soil fertility. For example, the time interval between the harvesting of the target crop and its being planted again on the same piece of land should be long enough to prevent the carry-over of pathogens in crop residues from one cycle to the next.

Advantages of Crop Rotation 

1. It is an effective means of controlling diseases and pests. The pathogens and pests of a particular crop are more likely to die off when their host crop is followed by a completely different non-host crop. Many insects are destructive to only one kind of crop. The life cycle is broken when crops grown are unfavorable to the development of the insect pest. 

2. Crop rotation is the most effective practical method for controlling many farm weeds. Some weeds are particularly adapted to cultivated crops, the absence of such host crop in the field for many years due to rotation, effectively control the weeds. Rotation may include smother crop as a means of controlling certain weeds.

3. The type of crop rotation where the field is divided into several plots, offers the farmer some insurance against crop failure, and enables him to spread out his labour needs. 

4. Crop rotation is an effective means of reducing erosion in comparison with continuous cropping. Grass legumes mixtures in a rotation have been very effective in the reduction of erosion. 

5. Improve soil fertility

Disadvantages crop rotation
1. The growing of one crop means that the demand for labour occurs in peaks. Labour demand is more evenly spread if many crops are grown simultaneously. 

2. Since each crop occurs on the farm only once every several years, specialized facilities for the target crop, can only be utilized once in several years, a situation which is definitely inefficient. 

 Intercropping

Intercropping is the growing of two or more crops simultaneously on the same piece of land per season or year. It is not necessary to harvest the two crops together. It may be planted together or at different times.

Types of intercropping

a. Row intercropping:-This follows specific arrangement (row planting) E.g. Maize and bean.

b. Mixed intercropping: - two or more crops are mixed up and broadcasted over the field. Example, Wheat and barley, horse bean and pea etc.

c. Relay intercropping: - is growing of two or more crops simultaneously during the part of the life cycle of each.  Succeeding crop is planted before harvesting of preceding crop just after the first crop reached to its reproductive stage, but before harvest. Example, sowing of teff after mid harvest of maize.

d. Strip intercropping is growing of two or more crops simultaneously in different strips wide enough to permit independent cultivation, but narrow enough for crops interact agronomically.

e. Multistoried/multilevel/multi-tier intercropping is the practice of growing different crops of varying height, rooting pattern and duration on the piece of land. 

f. Alley cropping:- is a cropping system in which crops are grown in the trees or shrubs mainly to hasten soil fertility and control soil erosion. In other hands, alley cropping is a form of simultaneous fallow in which quickly growing trees, shrubs or grasses are planted in rows and are regularly cut back; the pruning are used as mulch or worked in to the soil in the alleys between the rows.
Advantage of intercropping

· In a carefully planned intercropping the LER is usually greater than one. This means that there is yield advantage in growing crops together than growing each one separately. This advantage may rise from several sources. 

· The crops may complement one another in their use of field time. The periods of their peak demands for light, water, nutrients and other resources may differ, so that in general there is a more efficient utilization of the resources available. For example, during the two or three month that yam takes to sprout and establish adequately on the field, a quick intercrop of maize or melon would beneficially utilize the field resources during this period.

· The component crop may complement each other in their use of space. For example, an intercrop of a deep rooted crop can exploit various horizons of the soil. 

· An intercrop may be able to utilize resources which the main crop may not be able to utilize or which may even be disadvantageous to it. 

· Certain crops may exert specific beneficial effect on others. For example, plantains intercropped with young cocoa seedlings provide shade for the seedlings. Similarly, in an intercrop of a legume with a cereal crop, the cereal would benefit from the nitrogen fixed by the legumes. 

· By having many crops growing simultaneously on the field the farmer is more or less buffered against failure of one of the crop. 

· Intercropping allows for a more uniform distribution of labor throughout the year. 

· When one component of an intercrop combination fails, the other combinations are able to utilize the resources that would have been available to the failed crop and so yield better than they would have done otherwise. In other words there is yield stability

· The spread of diseases and pests is less rapid than in sole cropping. This is probably because the mean distances between the plants of the same component crops are greater. In many instances, the other component crops are not susceptible to the particular disease or pest afflicting one component and may act as physical barriers to the spread of diseases and pest. 

Disadvantage of intercropping

· Since many crops exist together on the field, it is not possible to tailor production practices to the needs of any particular crop. 
· Control of pests and diseases is particularly difficult because pesticides which have been developed to control a disease on one particular component crop may have deleterious effect on other crops in the combination. 
· It is difficult to mechanize operations such as planting, weeding and harvesting.
Alley cropping

Alley cropping is a cropping system in which crops are grown in the trees or shrubs mainly to hasten soil fertility and control soil erosion. In other hands, alley cropping is a form of simultaneous fallow in which quickly growing trees, shrubs or grasses are planted in rows and are regularly cut back; the pruning are used as mulch or worked in to the soil in the alleys between the rows.

Advantages of alley cropping

· Alley cropping has a positive influence on the physical and chemical properties of the soil.

· It helps to maintain the organic matter status of arable soils

· It may serves as a source of food and energy for the soil microbial population which multiplies rapidly in the presence of easily decomposable organic matter.

· Many alley crops have additional use as sources of food, feed and fuel
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Self check exercise 2/1
Part I: Choose the correct answer from a given alternatives and write your answer on the space provided

_______1. Growing of two or more crops simultaneously in different strips wide enough to permit independent cultivation but narrow enough for crops to interact agronomically is
A. Row intercropping                            C. Mixed intercropping           E. All 

B. Sole cropping                                   D. Strip intercropping 

_______2. Cultivating the same type of crop on the same piece of land year after year is 
A. Mono cropping       B. Monoculture        C. Sole cropping        D. Continuous cropping

_______3. Growing of two or more crops simultaneously during the part of the life cycle of each is

A. Relay cropping      B. Mixed cropping      C. Alley cropping     D. Multi-store cropping
Part II. Give short and precise answer for the following questions 

1. Why people shift their cultivation land from one place to another place after certain years? 

2. What is your baseline in deciding the sequence of crops in crop rotation? 

3. In continuous cropping system soil fertility and insect/disease infestation are very common problem. How do you overcome these problems?  

4. Describe about merit and demerit of intercropping, continuous cropping and mono cropping  
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                                 3. PRINCIPLES OF CROP HUSBANDRY

3.1 Tillage and Land Preparation



Definition and advantages of tillage operation

Before sowing of seeds, the land must be prepared in some fashion to provide an adequate seed bed. Land preparation entails removing vegetation and loosing the soil to facilitate seed germination and root penetration. The land should be in desirable ways to provide an abundance of moisture, nutrient and air for plants and to allow full penetration of plant roots. Tillage is the manual or mechanized manipulation of the soil to provide a medium for proper crop establishment and growth.

Purpose of tillage 

· Conservation of soil moisture:- Important in dry land condition and by controlling weeds which waste most of the available moisture on the fallow land.

· Destruction of weeds-:- avoids weeds harbor, insect pest and disease causing organism by controlling weed infestation.

· Better aeration of the soil:- air is beneficial for micro organisms, for seed germination and root respiration. 

· Pulverization and loosening of the soil:- improve aeration, infiltration and root penetration. 

· Leveling of the soil:- is done to improve surface drainage, for installation of irrigation equipment, or to facilitate the use of farm machineries and equipment. 

· Seed bed preparation:- in order for proper germination to occur, the seed must make good contact with the soil to be imbibe moisture, it is done according to the seed characteristics, especially size.

· Incorporating organic matter and soil amendments to improve the structure of the soil. Fertilizers, organic and inorganic and soil amendments such as lime may be added to the soil during preparation prior to seeding.

· To improve soil physical conditions:- structure, aeration, root penetration etc

· Erosion control:- like  in conservation tillage

· Shaping soil: - tillage is done to create raised beds for planting or to create furrows for irrigation.

Types of tillage (Tillage system)

Tillage systems describe the nature and sequence of tillage operation used in preparing a seedbed for planting. Tillage systems differ in the degree of soil stirring and nature of the finished product. They may be classified into two basic groups, according to the degree of soil stirring;-
1. Conventional tillage

2. Conservation tillage

1.    Conventional tillage

The entire field is stirred up to a depth called the plow depth. It incorporates two basic methods:- clean tillage (in which no debris or plant remains are left on the soil surface) or mulch tillage (some debris (15%) left on the soil surface). In this regard, there are two general operations. Primary and secondary tillage

a. Primary tillage is the mechanical manipulation of the soil that produces a rough finish unsuitable for seeding, usually precedes secondary tillage. The top soil is stirred up to a depth of 15 to 30 cm and inverted, burying the vegetation and debris on the soil surface.

b. Secondary tillage is the mechanical manipulation of the soil to produce a fine tilth for preparing a seed bed, usually follows primary tillage to produce a finer tilth for seeding. It is done to a shallower depth 5-15cm. 
The basic tillage operations are often conducted in a certain sequence: plowing, disking and harrowing.

1. Plowing:- the first step used to inverted top soil to cover stubble & weeds (10 tillage)

2. Disking: - pulverize the clods that remain after plowing (secondary tillage).

3. Harrowing: - an operation that further pulverizes the top soil for the finest tilth for seeding.

Advantage of conventional tillage

· It is the most convenient methods of managing soil compaction when it occurs.

· Easier to apply fertilizer and perform other agronomic operations

· Reduces over summering pest because lack of crop residue over the soil surface.

Disadvantage of conventional tillage

· Erosion problem

· Soil compaction

· Cost of tillage

· Soil organic matter loss by erosion

2.  Conservation tillage (Residue management system)

It is entails the practice in which some crop residues remains on the soil surface after the operation. The chief goals of this tillage are to reduce soil erosion and conserve moisture. The common types of conservation tillage are:- NO tillage (zero tillage), minimum tillage, strip tillage, ridge tillage and mulch tillage

1. No tillage (zero tillage, no till, direct drilling and direct seeding):- A system of cropping whereby a crop is seeded directly into a seed bed not tilled since the harvesting of the previous crop. Describes a practice in which soil disturbance is limited only to the spot where the seed would be placed. Weeds are controlled by non-selective herbicides prior to seeding.
2. Mulch tillage:- It varies but the common objective is to level crop residues to serve as mulch. A variety of implement are used to incorporate a part of the crop residue into the soil, the remainder left on top soil.
3. Minimum tillage:- It involves considerable soil disturbance, though to a much lesser extent than that associate with conventional tillage. Some crop residues are left on the soil surface. It is the growing of crop using only a tillage operation needed to place and cover the seed at proper depth.
4. Ridge tillage:- A small band of soil on the ridge is tilled. The soil from the top of the ridge is mixed with crop residue between ridges. The debris reduces soil erosion and also increases water retention.
Advantage of conservation tillage

· Reduce soil erosion from the wind and water

· Reduce soil compaction

· Applicable to steep slopes

· Reduce cost of tillage

· Moderate soil temperature

· Increase soil organic matter  etc

Disadvantage conservation tillage

· Depend on chemical for weeds control (needs herbicides)

· Cost :- special planter are needed for no tillage

· High risk of insect and pathogen in early crop establishment

· The higher soil moisture increases the chance of leaching water soluble bases

· Crops residue impends the application of fertilizer

· Opportunity of the development of herbicide resistance weed problem.
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Self check exercise 3/1
Part I: Choose the correct answer from a given alternatives and write your answer on the space provided

_______1. One of the following is not a purpose of tillage

A. Conservation of soil moisture                 C. Destruction of weeds
B. Make better aeration of the soil               D. Pulverize and loosen the soil         E. None
_______2. A system sowing crop seed directly into a seed bed without tillage since the harvesting of the previous crop is 

A. Zero tillage        B. Minimum tillage              C. Mulch tillage     D. Ridge tillage 

_______3. One of the following is not correct about primary tillage 
A. It is rough finish tillage that unsuitable for seeding                                           E. All 

B. The top soil is stirred up to a depth of 15 to 30 cm                                           F. None

C. It is an operation that further pulverizes the top soil for the finest tilth

D. It is the first step used to inverted top soil to cover stubble & weeds

_______4. Which one of the following is/are correct about conservation tillage as compared to conventional tillage? 

A. Easier to apply agronomic operations                                                               E. All

B. Reduces over summering pest                                                                          F. None

C. Enhance soil erosion through wind and water

D. Crops residue impends the application of fertilizer 
Part II. Give short and precise answer for the following questions 

1. What is the difference between zero tillage and minimum tillage?

2. Which types of tillage are commonly used around your village? What is the reason?
3.2 Irrigation and Drainage 

3.2. 

Important terms and definitions 

i. Irrigation:- is generally defined as the artificial application of water to the soil for the purpose of supplying the moisture essential for plant growth. Irrigation water is supplied to supplement the water available from rainfall. 

ii. Water requirement (WR):- may be defined as the quantity of water, regardless of its source, required by a crop in a given period for its normal growth and development under field conditions at a specific place. Water requirement includes the losses due to evapo-transpiration (ET) or consumptive use (CU) plus the losses during the application of irrigation water and the amount required for plants. It may be formulated as follows: WR = ET or CU + application losses + special needs. 

iii. Irrigation requirement(IR):- The field irrigation requirement of a crop, therefore, refers to the water requirement of the crop, excluding effective rainfall and the contribution from soil profile, and may be formulated as: IR =WR – (ER+S). A farm irrigation requirement depends on the irrigation needs of the individual crops, their area and losses in the farm water distribution systems, mainly by seepage.

 iv. Net Irrigation Requirement 
This is the amount of irrigation water required to bring the soil moisture level in the effective root zone to field capacity. Thus it is the difference between field capacity and the soil moisture content in the root zone before starting irrigation. 

v. Irrigation Efficiency 
Irrigation efficiency is a measure of the amount of water delivered by irrigation that actually ends up as available water to the plant. 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 skills and care of the irrigator and

· Any factor which causes loss of water will also reduce irrigation efficiency.

Water is lost from the distribution system in several ways, by evaporation, unwanted wetting of banks of delivery ditches, deep percolation, seepage and run-off. These losses can be minimized by 

· Adequate planning of the irrigation system. 

· Proper design of the irrigation method. 

· Proper land preparation. 

· Efficient operation of the system 

vi. Irrigation frequency 
This refers to the number of days between any two subsequent irrigation days during periods of without rainfall. It depends on the consumptive use rate of a crop and the amount of available moisture in the crop root zone. It is a function of crop, soil and climate. Sandy soils are irrigated more often than fine-textured soils.

vii. Irrigation Scheduling 
The number and timing of irrigation vary widely for different crops. There are different factors for scheduling irrigation. 

· Soil water regime in which the water content at field capacity (the upper limit of the regime 100%), at the permanent wilting point 0%. About 50% available water was accepted as the lower limit of the regime and it was taken as a criterion for scheduling irrigation. 

· Climatic parameters play a predominant role in governing the water needs of crops. 

· Plant water status itself. 

Crops Response to Moisture Level at Different Stages of Growth 

It has been found that the water requirements of a crop vary with the different stages of its growth. When water is in abundance, irrigation can be given whenever needed, but when the water supply is limited, it is necessary to take into account the critical stages of crop growth with respect to moisture. The term critical stage is commonly used to define the stage of growth when plants are most sensitive to water shortage. Each crop has certain critical stages at which, if there is a shortage of moisture, yield is reduced drastically. Therefore, when there is a shortage of water, it is better to take care of the critical stages first to obtain increased water use efficiency. 
Table: Critical stages of crop growth in relation to moisture availability.

	Crop 
	Critical periods

	Wheat
	Crown root initiation, heading, flowering, and grain formation

	Rice
	Tillering, heading and flowering

	Maize
	Early vegetative stage, Flowering, and milk ripe stage, i.e. tassel ling to hard- dough stages

	Sorghum
	Seedling, Booting to heading stage

	Groundnuts
	Flowering and pod development

	Cotton
	Start of flowering and during boll development


Drainage

Drainage may be defined as the means by which soil and subsoil -water is controlled in, and removed from, the root zone in relation to the health and vigor of the crop. A soil may need artificial drainage because the water table is high or because of excess surface water. In both cases, all the pore spaces are filled with water and aeration is poor. The result is reduced root development and possibly an accumulation or concentration of ions such as manganese. 

The major sources of excess water that make drainage are: 
· Seepage losses from reservoirs or canals

· Deep percolation loss from irrigated lands

· Flooding of low lands

· Flow of groundwater towards waterlogged lands in the arid region

Benefits of drainage

· Draining cultivatable land promotes a number of environmental conditions in the soil that are favorable to higher plants and the micro flora and fauna. 

· It improves soil aggregation or granulation and thus encourages aeration, better plant root development, biological activity and nutrient uptake. 

· Providing more available soil moisture and plant food by increasing the depth of the root zone soil. 

· It decreases losses of soil nitrogen due to denitrification. 

· Decreasing soil erosion by increasing water infiltration into soils. 

· Leaching excess salts from the soil. 

· Assuring higher soil temperatures. 
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Self check exercise 3/2
Part I: Choose the correct answer from a given alternatives and write your answer on the space provided
_______1. Which one of the following is/are a component of crop water requirements?  

A. Amount of water losses due to evapo-transpiration                                    D. A and C only 

B. Amount of water losses during the application of irrigation water             E. All

C. Amount of water required for plants                                                       F. None

________2. One of the following factors doesn’t affects irrigation use efficiency 

A. Design of the irrigation system                                                               E. All

B. Degree of land preparation                                                                     F. None

C. Skills and care of the irrigator 

D. Any factor which causes loss of water 

________3._________ is the water requirement of the crop, excluding effective rainfall and the contribution from soil profile
A. Irrigation                                                 C. Water requirement                       E. All

B. Irrigation requirement                               D. Irrigation frequency                     F. None

 Part II. Give short and precise answer for the following questions

1. Describe factors that affect irrigation scheduling.

2. What are the purposes of drainage?
3. What are causes of water-logging?
3.3 Seeds & Seeding



       Introduction 

Many field crops are direct seeded in the fields. Field or agronomic crops such as cereal grains, grain legumes and forage crops and oil crops are generally direct- seeded, that is the seed are placed where they will grow and develop to maturity. This is opposite to transplanting, where seedlings are raised in the nurseries and then transplanted to permanent location in the field. Before sowing the seeds on prepared seed bed, proper seeds should be selected. 

Selecting appropriate seeds

Quality seed ensures uniform crop stand establishment with uniform vigor and population of seedling per chapter area. Selection of good seed is, therefore, of prime importance for remunerative farming. 

· 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, colour 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

· Free from other crop seeds

· Should be whole, not broken, crushed, shriveled, rotten etc

· Should contain the required amount of moisture

Crop establishment (Field seeding)

After selecting the appropriate cultivars and preparing the seedbed, the procedure has four major decisions to make towards crop establishment.

1. Depth of seed placement: - If seeds are sown at different depth, germination will be uneven, resulting an uneven crop stand, which will, in turn affect later crop production activities such as harvesting (crop mature unevenly). Depth of sowing is influenced by several factors:-
· Seed size

· Types of seedling emergence

· Soil type/texture

· Moisture status of the soil 

· Economic factor

· Quality of seed bed

· Plant factor or root system

2. Determining optimum sowing time:- Field seeding should be done at the appropriate time. Field cropping is a seasonal operation. Weather conditions are not conducted for cropping all year round. Many crop production regions have a large major cropping season, and a shorter minor cropping season. Time of seeding is especially critical if production is to be rained. The optimal time of seeding is chosen for several reasons. Factors that affect time of sowing are:-
· Optimal soil condition for germination

· Occurrence of disease and insect pest

· Rain fall has a dominant influence in crop production 
· Day length and Temperature

· Market
· Cropping system
· Availability of labor
· Time taken to maturity
3. Deciding recommended seedling rate:-Factors that influence plant population (seed rate) are:-
· Size of the cultivar:- Dwarf, determinate, indeterminate growth habit, tillering, and non-tillering etc

· Amount of moisture available:-most crops are seeded at greater rates under humid or irrigation conditions than under dry land.

· Soil fertility: - on fertile soil high seeding rate is needed than infertile soil.

· Number of crop grown together: - the number of crop grows together, the more rates of seed needed.
· Planting methods: - broadcasting need more seeding rate than other methods.

· Purity percentage

· Germination capacity of the seeds

4. Method of sowing
A. Broadcasting:- the seeds are spread uniformly over well prepared land by plowing or planking. It may be done by hand or mechanically spreader. It is suitable for close planted that do not require specific crop or plant geometry. When the number of plant per chapter area is more important than definite spacing from plant to plant, this is usual method of sowing. 

Limitation of broadcasting:

· When seeds fall at different depths it results in the uneven stand. Seeds at shallow depth emerge early if moisture is available. Seeds fallen deep in the soil may not germinate or may emerge after a considerable period of time and thus there is a lot of wastage of seeds.

· Difficult to manage, like weeding, hoeing, Earthining up etc

· Wastage of fertilizer and seeds

B. Drilling: - is the practice of dropping the seeds in the rows or lines. Furrows at specified distance, covered with soil.
Advantage of drilling

1. Seeds and fertilizer both can be drilled together with the use of seed-cum fertilizer drill

2. Maintain a uniform plant population

3. Reduce seed rate 

4. Reduce plant competition 
Limitation of drilling: -    Require more time, more energy and more cost

C. Dibbling or planting:- It consists of putting or placing individual seed or seed materials in a hole or pit, made at pre-determined spacing and depth by manual or with the use of mechanical dibbler or planter.
Advantage of dibbling

· It is important for bigger sized seeds

· Requires less seeds and gives rapid uniform germination with good seedling vigor.

Limitation:

· It is more laborious, time consuming and expensive compared to both broadcasting and drilling.    
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Self check exercise 3/3
Part I: Choose the correct answer from a given alternatives and write your answer on the space provided

_______1. Which one of the following is/are correct about depth of sowing?

A. Big seeds should be sown deeply than small seeds

B. Seed should be planted deeply in clay soil than sandy soil                             E. All 

C. Seed should be sown deeply in wet soil than dry soil                                   F. None   

D. Epigeal germination should be plated deeply than hypogeal germination type   
_______2. All are correct about seed rate, except 

A. Broadcasting method need more seed rate than drilling method                       

B. Greater seed rates require under humid or irrigation conditions than dry soil.    

C. Fertile soil requires high seed rates than infertile soil                                      E. All

D. Tillering type crop require more seed than non-tillering types                    F. None

_______3. Which one of the following is/are correct about broad casting as compare to drilling & dribbling methods? 

A. Requires less seeds and gives rapid germination                              E. All 

B. Maintain a uniform plant population                                                 F. None

C. Difficult to manage (weeding, hoeing and earthining up) 

D. Reduce plant competition        
3.4 Soil Fertility Management and Crop Improvement



Soil Fertility Management

Soil is the cheapest and only ample source of nutrients which is not able to supply enough nutrients for crop production, if plant nutrients sources are not added from outside from time to time. For proper plant growth a regular supply of plant nutrients especially the essentials ones is necessary. Therefore, a high crop yield can only be achieved through maintaining soil fertility. Some of methods used to maintain soil fertility in soil management practices is:

1. Application of fertilizer – optimum or adequate utilization of fertilizer application is very important in supply of essential nutrients for plant growth. 

2. Organic fertilizer/manure application (manuring) like Farm yard manure, compost, green manure and other concentrated organic materials. 

3. Use of proper and leguminous based cropping system- There are different types of cropping system for maintenance of soil fertility status. For examples shifting cultivation, crop rotation, mixed cropping, inter cropping, alley cropping, cover crops etc.

4. Mulching (increases organic matter and soil organisms)
Crop Improvement

Crop breeders are yet to create a perfect crop variety. Each variety has several weaknesses or defects that curtail maximum yield and quality. The objectives or crop breeding is therefore, to correct these deficiencies while developing new cultivars with higher yield capabilities. First generation hybrids with increased vigor, growth, and reproduction have markedly increased the yields of several crops. Improvements of the following characteristics are considered the objectives of crop breeding: 

· To produced crops that are resistant to common diseases and pest. 

· To produce crops that are resistant to adverse weather condition such as drought, cold, heat and salt. 

· To produce crops that has adaptation to variable photoperiods. 

· To produce crops with adaptation to heavy grazing or frequent cuttings. 

· Crops with enhanced market quality e.g. higher content of fiber, of protein, sugar, starch, or other extractives; better processing quality for textiles, foods, beverages, and drugs, and better color. 

· Seed quality e.g. higher or lower seed-setting tendency, greater longevity, high viability, larger size and non-shattering. 

· Growth habit e.g. more erect or prostrate stems, more or less Tillering or branching, more uniform flowering and maturity, more uniform height, longer life, and better ratio of tops to roots.

· Harvesting quality e.g. stronger, shorter, or taller stalks, erect stalks and heads, non-shattering qualities, easier processing and freedom from irritating awns and fuzz. 

· Productive capacity e.g. greater vigor, higher fertility and faster recovery after cutting. 

· Feeding quality of fodder e.g. palatability, leafiness, hull percentage, nutritive value and texture. 
3.5. Crop Protection



 Introduction 

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 estimated that insect pests, disease and weed reduce half 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 

The term weed is a collative one in its meaning and does not represent a particular botanical family. A plant may be a weed to one person and a plant to another, or a weed in one place, but not in another , or a weed at one time of year and a valuable plant at another season. Weeds are therefore; defined in various ways and the concept of weeds may vary over persons, locations and season or times. 

· Weeds are plants which are grown out of place

· Weeds are the plants other than the crops sown

· Weeds are plants interfere with the objectives of human beings to cultivate specific types of crop.

Generally 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. 

Insect pests

Insecta (insects) are arthropods that have small size, three body regions (head, thorax and abdomen), three pairs of legs , a pair of antenne and they feed by mandibles.  Most insects are beneficial, others are considered as the most common crop pests.

Beneficial insects: Pollinators (e.g. Bees, wasps), Parasitoids (e.g.Tricograma on stalk borer), and Predators (e.g. Lady Bird beetle on aphids).

Harmful insects: Field pests (e.g. army worm), Storage pests-(weevils, flour moths), and Vectors/disease transmitters (leaf hopper, aphids). The major economic insect pests 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 disease 

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:

· Abiotic (non-infectious) disease: caused by environmental factor and thus not infectious. E.g. abnormal levels of growth requirement (high, low or extreme).

· Biotic (Infectious) disease: - caused by pathogen and can be transmitted. The organisms are fungus, bacteria, nematodes and 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 the Disease triangle. Disease will occur only when the pathogen interacts with a susceptible host under favorable conditions. The presence of a pathogen alone is not sufficient to cause disease. The most serious crop diseases in Ethiopia e.g. Rust, Smut, Leaf blight, Root rot, powdery mildew, Damping off. etc.
Weeds, diseases and insect pest control methods

There are different methods that are used to prevent or minimize or control pests from our crops. These are:-

· Preventive methods: prevention is better the interventions/cure/,  it includes using clean seeds, well decomposed organic matter, clear farm land, cleaning irrigation channels, burning the straw in the field and proper quarantine law.  

· Cultural methods:- 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.

· Resistance species/competitive or smoother crop/non attractive cultivars
· Physical:  hand-weeding, tillage, mowing, burning weeds and crop residues, hoeing, flooding, mulching, manual collection and destruction of insect pests, mechanical exclusion of pests by means of nets, ditches, fences and traps.

· Biological methods: use of natural enemies namely predators, parasitoids and pathogen to maintain the density of pest species at lower densities than could occur in their absence.

· Chemical methods: using insecticides, fungicides, herbicides etc. Herbicides may be classified based on:

· Non-selective herbicides: kill all plants when applied at adequate rates

· Selective herbicides: kill or stunt weeds in a germinations or growing crop without harming   the crop e.g. Gram axon, 2,4-D

· Botanical and animal products/organic substances –use available botanical and animal products are very important for controlling of pests. 
· Integrated Pest Management (IPM):  use of two or more than two control methods through integrating. It 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.
[image: image9.png]


Self check exercise 3/4
Part I: Give short and precise answer for the following questions

1. Define the terms weed and disease

2. Describe different methods of pest control and give examples for each methods

3. Describe those conditions that should be fulfilled for disease development

4. Discuss about negative and positive aspects of weeds 
 3.6 Crop harvesting and Storage



Harvesting and Factors should be considered

Harvesting is the processes of collecting various plant produces, whenever they are ready for utilization or marketing. For example, collecting grains and fruits of various crops; picking up cotton fibers, tobacco leaves, flower; digging of root and tuber crops, etc. The best time to harvest a crop depends on: type economic yield, utilization of product, and storage methods, moisture content and environmental factors. 

1. The economic part of product of the crop plant could be the root, leaves, stems, grains or other parts. These plant parts have different times when it is best to harvest them 

2. Utilization: - The economic part may be the same, but on one occasion, it may be desirable to harvest it fresh, while on another, it may be best to harvest it dry. For example, maize may be harvests fresh or dry depending on the intended use.

3. Storage methods:- Harvested products often requires some form of storage at the site of production while awaiting shipment to the market.

For field crops harvesting should be done when the grains fully mature and dry. Early harvesting causes yield loss in quantity and quality due to disease attack and shrinkage of grains where as late harvesting may cause yield reduction due to shattering and lodging and pest attack etc.

Types of maturity and methods of harvesting 

Types of maturity

a. 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. At physiological maturity, translocation of photosynthetic to economic parts (grain) is stopped and moisture content drops up to 20 %. It is advantageous to harvest the crops at physiological maturity, which can be judged by external symptoms of crop s like yellowing of leaves, drying of pod and bursting of grains or pods.
b. Harvest maturity: - The stage of harvesting a product to obtain peak quality and quantity, as determined by the producer. 

Methods of harvesting

Harvesting may be accomplished manually or using machine

1. Manual harvesting: - in most of the developing counties, harvesting is often done manually.   In manual harvesting sickle and scythe are most important tools. In developed counties, certain crops are harvested manually for higher and premium prices i.e. dedicated vegetable and fruits. But manual harvesting is tedious and labor intensive.

2. Combine harvesting:- the mechanical harvesting of a crop product using a combine, that is capable of multiple operations, usually harvesting, shelling and cleaning together. Combine harvester have also several operation, harvesting and threshing in one pass over the field. It designed for small grains, now widely used for other crops (for maize and soy beans).

Storing of the produces

During storing your grain you should have follow the following grain storage principles:-

a) Conditions of the Grains:- Store only clean, unbroken kernels should be selected for storage. Now two other elements can be added to this list. The grain should be dry (low moisture content of products 8-15%) and it should be cool when it is put into storage. 
b) Climatic Conditions: Grain stores best in weather which is dry and cool. Temperature in the store should be low to suppress pathogens and insects and good aeration to facilitate moisture loss. Unfortunately, the weather is not always dry and cool. During the serious rainy season even well dried grain can become wet again if it is exposed to very wet air or rain. Since grain must be stored during all kinds of weather the type of storage method chosen must protect the grain from the worst possible weather conditions. 
c) Store Conditions:- A grain store must perform one task. The store must protect the grain from its natural enemies like mould and fungus, insects, rats, birds, and other animals. To do this a grain store should have the following properties: 
· The store must be dry.

· The store should be cool. 

· The store should keep out the sun. 

· The store should be clean. 

· The store should have no holes or cracks in the roof, walls, or floor.

· The store might need to be treated with insecticide. 
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Self check exercise 3/5
Part I: Give short and precise answer for the following questions

1. Mention factors to be considered before harvesting our crops
2. What is the difference between physiological and harvesting maturity?
3. Describe the advantages and disadvantages of manual and mechanical harvesting
4. Write the principles to be considered during storing of grain products 
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4. MAJOR FIELD CROPS GROWN IN ETHIOPIA
4.1 Cereal crops 



4Sorghum (Sorghum bicolor)

Origin: - East central Africa, in or near Ethiopia or Sudan

Area and distribution

· Sorghum is the 4th in its importance among the cereals being cultivated over an area of about 51million hectare with a production of about 67.3 million tones. 

· Sorghum producing counties are; USA, India, China, Nigeria, Sudan and Argentina.

Economic importance of sorghum

· It is eaten as parched and popped 

· Feed to cattle, poultry and swine

· It is staple food for drier parts of Africa,  India and China

· Used in the form of porridge, Injera and bread

Nutritional value:- it contains 70% carbohydrate, 10-12% protein, 3% fat, 7.4-17% leucine (essential amino acid).
Ecological requirements

· Sorghum is adapted to a wide range of ecological conditions 

· It  produces enough yield under harsh conditions

· It is a crop of hot and warm condition

· It can grow in areas with high rainfall at altitude of 2400m a.s.l.

Rain fall:- An average annual RF of between 600-1000mm could help to grow successfully.

Temperature:- optimum T for germination is about 7-10 oC and for growth is 26-30 oC.

Soil: - Clay loam or loam texture having good water retention capacity. Soil pH is about 6-8.5, tolerate salinity and alkalinity.

Sorghum tolerate drought because

· The above ground plant parts grow slowly until the root system is well developed.

· The waxy coverage of the stem and leaves: - white color leaves that reflect sunlight.

· Rolling of leaves: - cover stomata and reduce surface water evaporation.

· Large numbers of fibrous root systems (dense and deep root).

· The plant remains dormant during the period of drought but resume growth as soon as there is sufficient moisture.

· Have a high resistance to desiccation.

Production Practices: Purchase the seeds from reliable source /certified seeds/. If it is not treated, treat it with Thiram or Agrosan about 3gm per kg seeds.
a. Seed rate: - 12-15kg/ha
b. Spacing: -   12cmx45cm or 15-20cmx50-75cm (in Ethiopia).
c. Depth of sowing: -   3-4cm deep.  
d. Sowing method; -   Broadcasting or row planting
e. Time of sowing: - Under rain fed, onset of rain, delay the first rain may decrease yield

f. Manures and fertilizers
· Highland altitude:-  62-92kg/ha N, and 46-92kg/ha P2O5
· Mid altitude: - 50kg/ha N and 46kg/ha P2O5
· Low altitude: - 40kg/ha N and 46kg/ha P2O5
g. Thinning

· It is done to maintain desired plant population and to ensure the plants at 12-15 cm distance. It is done at two stages:- First thinning is done 10-15 days of planting when second thinning is when crops are 20-25 days old.

· All diseased and insect damage plants should be removed during thinning.

Water management
· Usually sorghum is rain-fed crop, but at flowering and grain filling stages, it requires more water.

Harvesting and threshing

· Most of high yielding hybrids varieties take about 100-115 day to mature.

· Harvest immediately after maturity. 

· Harvest when the grains are hard and 25% moisture.

· Thresh with the help of thresher or hand beating.

· Dry the grain up to 13-15 % moisture.

Yield:- 45-50q/ha under irrigated and 20-30q/ha under rain-fed

Maize (Zea mays L.)

Origin: -Maize originated in Central America and was introduced to West Africa in the early 1500s by the Portuguese traders (Dowswell et al., 1996). It was introduced to Ethiopia during the 1600s to 1700s (Haffangel, 1961).

Area and distribution

· Today, maize is one of the most important food crops world-wide. It has the highest average yield per hectare and is third after wheat and rice in area and total production in the world. 
· In our country maize is among the cereals being cultivated over an area of about 2 million hectare with a production of about 61.6 million tones. 

Uses of maize
· Food (mainly in developing countries) as porridge, Injera, bread and eaten as parched and popped 
· Used for production of  adhesives, clothing, and pharmaceutical tablets, paper and ethanol
· The starch can be converted into sweeteners and used in products such as soft drinks, sweets, bakery products and jams

· The oil from the embryo is used in cooking oils, margarine and salad dressings. 

· The protein, hulls and soluble part of the maize kernel are used in animal and poultry feed.
Nutritional value:- it contains 84% carbohydrate, 10-11% protein, 4-5% fat, 1-2% minerals
Climatic requirement

a. Temperature:- Maize is a warm weather crop and is not grown in areas where the mean daily temperature is less than 19 ºC or where the mean of the summer months is less than 23 ºC. Optimum T for germination is about 16 to 18 ºC. At 20 ºC, maize should emerge within five to six days. 
b. Soil:- Maize plant is sensitive to water logging. Water logging more than 24 hours at early stage can kill the crop. It grows best in deep and loamy soils with a pH range of 5.5 – 7.8.
c. Rain fall:- An average annual RF of between 600-1500mm could help to grow successfully.
Seed and seed sowing

a. Spacing:- Row planting is recommended for maize production. The optimum plant density differs for different varieties depending on plant height, and maturity. For late/medium maturing varieties of mid-altitude sub-humid agro ecology, the spacing should be 70-75 cm x 25-30 cm. 
b. Seed rate: - seed rate of 25 kg/ha is recommended
c. Depth of sowing: -   5-7cm deep.  
d. Sowing method; -   row planting
e. Time of sowing: - Under rain fed, at the beginning of rainfall through considering its maturity time. 

Manures and fertilizers

Application of the whole rate of DAP at planting and split application of urea is recommended. For highland areas, it is recommended to apply urea in three splits: 1/3 at planting, 1/3 at knee height and 1/3 at flowering and for mid-altitude sub-humid areas urea is applied in two splits: half at planting and half at knee height. While, for the low moisture stress area the whole dose of urea is applied at knee height. Generally in our country the recommended nitrogen and phosphorus fertilizers are 50 – 200 kg of urea and 100 -150 kg of DAP per hectare. In addition, well-decomposed manure and compost could be used as source of nutrients. Five t/ha compost plus 50 kg/ha of DAP (applied at planting) and 35 kg/ha urea (top dressed at knee height/Shilshalo) is recommended. Generally, the recommended rate of farm yard manure is 16 t/ha.

Water management

Maize is more sensitive of both excess water and drought conditions than is sorghum. Irrigations should be scheduled to ensure adequate moisture in the soil. Drainage of the maize field is as important as irrigation. 

Weeds and their control 

Maize is very sensitive to weed competition from emergence to flowering stage. Therefore, maize fields should be kept weed free. However, for practical and economic reasons, twice hand weeding (the first one at 25 to 30 days after sowing and the second at knee height) is recommended. In addition, pre-emergence herbicides, primagram or gesaprim, at the rate of 4 – 5 lt/ha supplemented by hand weeding is recommended. Use of lasso-atrazine is also recommended at the rate of 4-5 lt/ha after planting but before emergence of the crop. Rotation or intercropping of soybean with maize is recommended to reduce striga infestation around Pawe. See striga control methods under sorghum. Other disease and insect pests should be controlled at proper time.
Harvesting

· Maize ears can be harvested at relatively high seed moisture content (30-35%) if facilities for artificially heated air drying are available; otherwise harvesting should be delayed until the seed moisture has decreased to about 15%. Early harvest prevents seed losses in the field due to birds, rodents, stalk breakage, and ear rots. Dry the grain up to 13-14 % moisture.
Wheat ( Triticum spp)

Origin:- originated in the valley of Euphrates and Tigris ( covering southern Turkey, North Iraq and near Iran and Syria) Muslim world. Duram wheat is probably originated from Ethiopia and spread to northern Asia, Europe etc.

Area and distribution

· Is most widely cultivated of all cereals, world’s leading of cereal crops, more than 239 million ha and 425.5 million tons of grain followed by rice and maize.

· Production ranks: - Russia, USA, Switzerland, France, Germany etc.
Importance of wheat

· Used for human consumptions bread, cakes, macaroni, spaghetti and breakfast food.
· The flour of wheat forms dough when mixed with water which up on leaving and baking produces porous bread due to glutein which holds the carbondioxide produced during fermentation.
Environmental Requirement

Wheat is high land crop, but also cultivated in low lands (tropical and subtropical regions of the world).

a. Altitude: - 1800-300m a.s.l.
b. Rainfall: - 250-750mm of annual precipitation.
c. Temperature:- For germination 20-25 Co, for tillering 16-20 Co & for development 20-23 Co
d. Soil:-  fertile, well drained, silt and clay loam soils and it is good water holding capacity.


Production Practices 

a. Land preparation:- Land should be cultivated 3 times (Plowing and Harrowing)
b. Sowing methods

· Broadcasting and drilling in the rows

· Depth of sowing 2.5-5cm whereas seed rate is 123-150kg/ha
c. Time of sowing:- It is influenced by the onset of rainy season & soil temperature as well as altitude of the area.

· 2450-2700  m a.s.l:- late may to early June

· 2150-2450 m a.s.l:- in the first half June

· 1850-2150 m a.s.l:- late June to early July.

d. Manure and fertilizer:- 60-90kg/ha N and 26kg/ha P2O5 is applied.
e. Water use

· At crown root initiation it is the critical stage for watering ( first irrigation)

· The second irrigation is at tillering stage (40-45 days after sowing)

· Third irrigation is at late jointing stage (70-75 days after sowing)
f. Weed control
· Use clean seeds  and sowing at clean land

· Early hand weeding:- 25-30 days of sowing

· 2, 4-D against broadleaves weeds1kg/750liters of water.

· For grass weeds: - puma super, dicuran or suffix applied before seed emergence.

Harvesting of wheat

· Harvest at 20-25% moisture because of spike shattering in over ripe wheat

· Harvest manually or with combiner

· Dry for 3 to 4 days on threshing floor

Yields:- 60-75q/ha semi-dwarf & 40-56q/ha normal at farmers’ field with high yielding varieties.

Storage: - store the grain at 12 % moisture.
Barley (Hordeum vulgare L.)

Origin: - cultivated barley is evolved from wild ancestor in the near east. This wild spp is naturally distributed around Syrians plain and Euphrates river basin as a weed around 800BC. 

Area and distribution:- It occupies about 9.4 of the total cereals areas of production and about 7.8% of the total cereals production. It distributed from plateaus of Tibet to Ethiopia, and oasis of Sahara.
Uses of barely

· Used for human consumption in the form of syrup, porridge, injera, kolo etc

· It is palatable and nutritious for animals 2nd in the world next to maize.

· Used for raw materials for industries (malt production) for beer, whisky, etc.

Climatic requirement and soil

Barley is hardy crop that mean can be grown in diverse agro-climatic condition (drought, salinity, alkalinity, rained or irrigated conditions). It requires cool weather during early growth and warm and dry weather at maturity. It also tolerate hot as well as cold compared to wheat.

a. Altitude:- 2200-3000 m a.s.l.
b. Rainfall;- barley can grow even in a regions of minimum rainfall (200-250mm).
c. Temperature:- optimum temperature for germination and emergence  is 15-20 Co.

                         Temperature for vegetative growth is 16-17 Co.
d. Soil;- barley thrives best on well drained, fertile deep , loam soil or clay loam soils. Up to 7-8 soil pH; it gives higher yield than wheat and other cereals crops on moderately saline and alkaline soils.

Agronomic Practices 

a. Field preparation:- One cross cultivation with soil turning plow, followed by planting is enough to get good seed bed for sowing.
b. Seed rate;- 100kg/ha for broadcasting and 75-85kg/ha for row planting.
c. Spacing:- 22.5-25cm by drilling.
d. Depth of sowing:- 4-8 cm deep.
e. Fertilizer application:- For food barley:- 60kg/ha N and 60 kg/ha P2O5 and for malt barley:- 41 kg/ha N and 46kg/ha P2O5
f. Irrigation

· 50% soil moisture gives satisfactory germination of the seed.

· Irrigation at 25% moisture in 15-30cm layer result in higher yields.

· Critical time of irrigation is at tilliering, at flag leaf stage and at grain filling.
g. Weed control:- Using of clean seeds, sowing on clean land, early hand weeding (25-30 days0, 2,4-D against broad leaf weeds( apply after one month of emergence or at 5 leaves stages). similarly all other disease and insect pests should be controlled at proper time. 
Harvesting of wheat

· Harvest at 20-25% moisture because of spike shattering in over ripe barely

· Harvest manually or with combiner

· Dry for 4 to 5 days on threshing floor
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Self check exercise 4/1
Part I: Choose the correct answer from a given alternatives and write your answer on the space provided
_______1. one of the following crops is not a types of cereal crop

A. Sorghum        B. Maize            C. Teff              D. Rice               E. None        

_______2.One of the following cereal crops is more adapt to harsh environment as compare to others

A. Teff              B. Wheat              C. Barley                  D. Sorghum          E. None 

_______3. one of the following crops is very suitable to produce bread, cakes, macaroni, spaghetti and breakfast food

A. Barley                 B. Wheat               C. Teff               D. Maize             E. None

 Part II. Give short and precise answer for the following questions

4. Describe cultural practices of each cereal crops

5. Mention amount of fertilizers that required for maize, sorghum, wheat and barley production 
4.2. Pulse (legume) crops



 Faba bean (Vicia faba)
Uses:- Faba beans are grown for the following main purposes:
1. Harvested when the seeds are tender for use as a vegetable either fresh or after freezing/canning while others harvested when mature and the dried seed eaten later.
2. Faba beans may also be harvested as whole plants for stock food, either hay or silage.
Environmental requirements

Broad beans/faba beans are widely grown in temperate and subtropical countries with good rainfall. During cool seasons, they are also cultivated at higher attitudes in the tropics. The crop is highly susceptible to drought and high temperatures. A field having good drainage-neutral soil on which the same crop was not grown in the previous year (unless the variety of the crop was the same and cerrified) should be selected as a seed plot.
Cultural practices

a. Time of planting:- Faba beans may be sown from mid-June to early July. 
b. Spacing:- Kelly recommended 60 x 12 cm spacing for better results. Wider spacing may also be advantageous in drier areas, and where inter-row cropping is practiced. 
c. Seed rate:- Seed rates of Faba bean vary considerably from 175 to 200 kg/ha for the small-seed cultivars to as high as 250 kg/ha for larger seeded varieties
d. Depth of sowing:- Faba beans should be sown deeper than most crops (8 cm deep). Deep sowing prevents bird damage.
e. Sowing methods:- Broadcasting the seeds followed by plowing to put the seed deep in soil or putting the seed box on the plow are more satisfactory methods than sowing the seed with drillers. 

Pests and their controls

The plants affected by disease like bacterial blight, anthracnose, ascochyta blight, and bean mosaic should also invariably be recovered from time to time as required.

Harvesting and threshing;- 

Faba beans should be harvested when a large percentage of pods are fully ripe and most of the remaining pods have turned yellow. Harvesting should be in before the lower pods become dry enough to shatter. The maturing plant loses its leaves, after which the stem and pods begin to turn black. For windrowing, at least 25% of the pods should have changed color, and for direct combining, it is advisable to wait until up to 90% have changed. The seed moisture content at this stage will be around 30% or less; for direct combining, it should fall below 20%.
Haricot bean (Phaseolus vulgaris L.)
Origin: originated from highlands of Central America
Area and distribution 

· In our country soybean is among the pulse crops being cultivated on an area of about 366,876.94 hectare with a production of about 4,630,084.90 quintals (CSA, 2013)  
Uses of haricot bean
· In traditional dishes, wat (local sauce) and with kocho 
· Fresh beans (mature and green pods) as vegetable for local consumption and export. 
· An important source of protein (22%), vitamins, and minerals such as Ca, Cu, Fe, Mg, Mn, and Zn for human diets, especially in developing countries 
· In the first world countries the nutritional benefits and contribution of beans to healthy human diets is recognized by nonprofit organizations targeting human aliments like cancer, diabetes, and heart disease 
Environment requirement 
The wide range of growth habits among bean varieties has enabled the crop to be cultivated well under different agro-ecological conditions. Early maturity and a moderate degree of drought tolerance have led to the crop’s vital role in farmer’s strategies for risk aversion in drought prone lowland areas of central, eastern, and southern Ethiopia 
a. Altitude:- Common bean has a wide range of adaptation. In Ethiopia, common bean grows well between 1400 and 2200m above sea level 
b. Temperature:- The minimum and maximum mean temperature requirements are 10 and 320C, respectively. Beans do not grow well at low altitudes as high temperatures cause poor seed set. At high altitudes, the growth is slow and beans are sensitive to frost
c. Rainfall:- Areas with medium rainfall ranging from 350mm to 700mm (70 to 100 days) are good with a well-defined rainy season so that harvesting is done in dry weather. Some rain is required for the critical flowering period. Very high rainfall causes flower drop and increase the incidence of diseases. 
d. Relative humidity:- The relative humidity should not exceed 75%.
e. Soils:- Beans can be grown on a variety of soils. I can be grown on light sandy soils to heavy clay soils if they are well drained as beans are sensitive to water logging. pH should be above 5.0. As beans have relatively bigger seeds, they do not need a fine seedbed. 
Agronomic practices

a. Time of sowing;- Delays in sowing reduce potential yield considerably. For any growing areas, the proper sowing time is when conditions are ideal for germination, emergence, establishment, and growth of bean. As they take 75-95 days to maturity at medium altitudes (1000-1700m) and about 110 days at high altitudes (1800-2200m), the sowing should be done about 70 days before the end of the rains at medium altitudes and about 100 days before the end of the rains at high altitudes. Too late sowing will lower the yield.
b. Depth of sowing:-   4-8cm is the proper range to use depending on seed size and soil type. 

c. Spacing:- The seed can be row planted or broadcasted followed by subsequent plowing to cover the seeds. Spacing depends on the size of mature plant; both above ground and below ground, and how the land is used efficiently. For the Central Rift Valley, the spacing between rows should be 40cm, and seeds in the row 10cm apart. 
d. Seed rates:- Seed rate should be chosen to give about 300 to 500 thousand plants per hectare. To achieve this plant population a seed rate of 70 to 100 kg/ha is required for row planting and 110 to 120 kg/ha for broadcasting based on seed size and quality.

e. Fertilizer requirement:- Bean is responsive to N, P and K fertilizer when soil levels are inadequate to support yield levels possible with existing soil moisture and growing season climatic conditions. 50-100kg DAP/ha during planting is required. The small amount of nitrogen will help the plants to get a good start. When the plants are deficient in nitrogen they show leaf yellowing, at this moment, 50-100 kg urea could be applied as top dressing before flowering.

Weeds and their control

Beans do not compete well with weeds, particularly at early stage. Also weeding bean late in the season critically affects bean yields due to mechanical damage. For Bako areas, 80-100% yield loss due to weed was reported. Around Melkassa area, leaving beans unweeded can result in 37-64% yield loss based on soil types. The weeding can be started 2-3 weeks after sowing and continue to about 5 weeks after sowing. To minimize the weed problem and increase the yield of beans, weeding at least once around 30-35 days after emergence is ideal. If the beans are sown in rows weeding should preferably be done by hoeing with a light hoe or by using a row-weeder. Hand weeding will normally be the cheapest and most effective. If enough laborers are not available chemical weed control is possible. In that case use of herbicides such as alachlor (2.92kg a.i./ha) or pendimethalin (1.50 kg a.i./ha/ or flurodifen (2.0kg a.i./ha) after sowing and before emergence of beans is recommended. In areas where perennial weeds such as Digitaria, Cynadon, Cyperus and Launea are a problem, one supplementary hand weeding might be very important.

Harvesting and post harvest handling

Beans can be harvested when all the pods are yellow. Early harvest of colored beans can cause discoloration. The plants are pulled out with the roots and this can preferably be done early in the morning when the plants are slightly moist as this minimizes shattering. The plants are stacked in the field until they are dry or brought to the threshing ground and stacked there for drying. The threshing can be done by oxen or by driving over the plants with a tractor. It can also be done by beating the beans with a stick. After threshing, beans can be cleaned by hand winnowing or by a winnowing machine. As several diseases are carried over from one season to the next on the straw and chaff left in the field and on the threshing ground, a thorough sanitation should be carried out after the bean crop, i.e. all residues should either be fed to cattle within three months after harvest or be burned.
Soybean (Glycine max L.)

Uses of soybean 

· It is an important source of human dietary protein and vegetable oil.

· Animal feed  

· Being a legume crop it also plays significant role in soil improvement in the cropping system by fixing atmospheric nitrogen via symbiotic bacteria. 

· It is also good crop in crop rotation to break the buildup of pests and diseases.
Area and distribution 

· In our country soybean is among the pulse crops being cultivated on an area of about 31,854.75 hectare with a production of about 636,531.01 quintals (CSA, 2013)  
Nutritional value

· The soybean seed on an average contains 40% protein, 20% oil, 35% carbohydrate and about 5% ash. 
Climate requirement 

a. Temperature:- Soybean grows well in warm and moist climate. A temperature of 250- 300 C is optimum for growth and development. 
b. Altitude:- crop grows very well from 300 to 2200m above sea level. 

c. RF:- The crop does well grows when well  distributed average rain fall of 550 to 700mm throughout the growing period. The need for a long growing season and satisfactory soil moisture during flowering and pod filling are very important for higher yield of soybean. 

d. Soil:- It grows best under good soil conditions. A fertile and medium textured soil with pH from 5.5 to 7 is usually best. 

Cultural Practices

a. Seedbed Preparation:- A uniform seedbed with sufficient planting depth and spacing, good germination, weed control and better moisture retention, is a precondition for good yields.
b. Planting Date:- Planting time should be conceding with adequate moisture to satisfy the crop water requirement. Planting time varies depending on growing period areas and maturity period of the varieties. Therefore prediction of harvesting time at dry time is necessary to avoid heavy rain at this time because soybean is easily spoiled if it gets rain at harvest. Early planting when the rain stars recommended using the available water efficiently. 
c. Planting Depth:- The seed depth varies depending on the type of the soil, however, usually 2.5cm-4cm depth for heavy soil; and 4cm-5cm depth for light soil are recommended. 
d. Spacing:- For early maturing varieties 40cm between rows and medium and late maturing varieties 60cm between rows for all maturing groups 5cm between seeds are recommended for proper growth and yield.  
e. Fertilizer Utilization:- Compared to other legume crops, soybean requires higher amount of nitrogen, phosphorus, potassium, magnesium and calcium mineral elements. To yield 1ton/ha, soybean requires about 80 kg nitrogen from the soil. Currently 100 kg/ha DAP is usually applied at the time of planting. 

Weeds and their control
Soybean is very sensitive to weed competition, especially at the beginning of the growing season. A study showed up to 84% yield advantage can be obtained by keeping the crop clean for the first six weeks of growth. Pre-emergence herbicides should be applied immediately following planting (i.e. within 24 hours after planting). Weeds not controlled by the herbicides must be controlled by inter-row cultivation about 3-4 weeks after planting. Two to three hand weeding will also be required.
Diseases and their control

Soybean can be affected by a number of diseases, such as bacterial blight, downy mildew, leaf spot, soybean mosaic virus, many soil borne fungal pathogens and root-knot nematodes. Most of the pathogens transmit through seeds. The use of resistant varieties, clean and healthy seeds, seed treatment with fungicides, appropriate sowing date and good sanitary conditions are an important disease control measures. Appropriate crop rotations should also be practiced to avoid an epidemic outbreak of a disease. 

 Insect pests and their control
Insects such as African ball worm, bean fly, and aphids attack soybean in the field. Some of the insects, such as aphids, often cause serious problem as transmit viruses in addition to their direct damage. Insects can be effectively controlled by insecticides such as endosulphan or dimethiote in an integrated manner with other cultural practices. 
Harvesting: Soybean takes about 4 to 5 months to reach maturity and at maturity leaves turn yellow and drop, the pods become dry and the seeds loose moisture rapidly. When the plant shows such indicators, the seeds should be harvested immediately before pods start shattering to avoid yield and quality losses and for safe handling and storage. After harvesting, pods should be collected and threshed immediately on a clean field and dried on the sun. When the moisture content is less than 10%, seeds should be collected and stored properly.
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Self check exercise 4/2
Part I: Choose the correct answer from a given alternatives and write your answer on the space provided
_______1. One of the following crops is not types of pulse crops
B. Soybean        B. Haricot bean            C. Pea               D. Chick pea               E. None        

_______2.One of the following cereal crops is more adapt to harsh environment as compare to others

B. Pea              B. Bean              C. Chick pea                  D. Soybean          E. None 

Part II. Give short and precise answer for the following questions

3. Describe cultural practices of each legume crops
4. Mention amount of fertilizers that required for faba bean, pea, haricot bean and soybean production 
      5. INTRODUCTION TO ANIMAL PRODUCTION 
Chapter objective: After studying this chapter, the student should be able to: 
· Discuss briefly the history of the domestication of farm animals.
· Explain the history of the origin of farm animals.

· Identify the role of farm animals in food security.

                                  Brainstorming question
· What do you think the role of farm animals in agriculture?
Introduction: Livestock: refers to any breed of population of animal kept by humans for useful, commercial purpose. Livestock includes cattle, poultry, sheep, goat, pigs, equines etc. Livestock production is an important part of agricultural activities. People are dependent upon livestock production for supplies of food, clothing, fertilizer, income and entertainment. The production of livestock involves selection, breeding, feeding, care, and marketing of animals. Success in raising livestock depends on many factors. To be successful in livestock production farmers must have knowledge, skill, capital, land, business mind and patience. They must use the results of research by animal scientists. Research in animal science is carried on by many state universities and agricultural research centers. 
5.1. History and Domestication of animals 

Brainstorming questions
· What will be the reason for farm animal’s domestication? 
· Where do you think the origin of farm animals?
Domestication is adapting the behavior of an animal to fit the need of the people. The Domestication of animals began when early humans had contact with wild animals, which they hunted for food and skins. After a period of time these early Humans began to confine some of these animals to ensure a steadier (regularly) supply of Food and clothing. Before the human race learned to tame and raise animals, it was dependent on hunting and wild plants for food and clothing.
5.2. General role of livestock in Ethiopian agriculture 

                          Brainstorming question
· Why most people do kept livestock animals?
1. Output function 

· Food /meat, milk, egg and their derivatives 

· Non food / skin, hide, horn, hoof

· Reproduction - replacement

Converting Feed into Food: Livestock convert feed grains and roughages into food for human consumption. Ruminants are important because they have the ability to convert large quantities of materials that cannot be used directly for human food into human food. Almost half of the chemical energy in the major cereal crops such as corn, wheat, and rice is found in parts of the plant, such as the stems, which are not used by humans for food. These crop residues can be converted to human food by ruminants. 

2. In put function – manure, work draught power

3. Asset and security- live bank and risk buffering (Protect from impact) 

4. Social and cultural value
Recreation: Horseback riding is a major source of recreation for many people today. Racing is also a popular sport. 
5. Clothing: Livestock provide fiber and skins for the production of clothing. Leather is used for shoes, belts, gloves, and clothing, as well as for other products used by humans. Leather has some characteristics that make it superior to synthetics for the production of clothing. It can allow air to pass through, is more durable, and is warmer than clothing made from synthetics.
5.3. Livestock nutrition 

· What are the main nutrients required by livestock animals?
A nutrient is defined as a chemical element or compound that aids in the support of life. A nutrient becomes a part of the cells of the body. Nutrients are necessary for cells to live, grow, and function properly. Many different kinds of nutrients are needed by animals. In addition, they must have the right nutrients in the proper balance. Too much of one nutrient and not enough of another may result in unhealthy stock and high feed costs. A lack of one or more nutrients may slow normal growth or production. Animals differ in the kinds and amounts of nutrients they need. It is the job of animal nutritionists to determine which nutrients animals need. They make recommendations for feeding each kind of animal based on the results of feeding experiments. Nutrients are divided into five groups: (1) energy nutrients (carbohydrates, fats, and oils), (2) proteins, (3) vitamins, (4) minerals, and (5) water.
Energy Nutrients (Carbohydrates)

The main energy nutrients found in animal rations are carbohydrates. Carbohydrates are made up of sugars, starches, cellulose, and lignin. Carbohydrates are chemically composed of carbon, hydrogen, and oxygen. In a chemical reaction very much like burning, carbohydrates provides energy for the body cells. This energy powers muscular movement such as the heartbeat, walking, breathing, and digestive contractions. Carbohydrates also produce the body heat that helps to keep the animal warm. Extra carbohydrates are converted to fat and stored in the body.
Energy Nutrients (Fats and Oils)
Fats and oils are also energy nutrients. They are chemically composed of carbon, hydrogen, and oxygen. They contain more carbon and hydrogen atoms than do carbohydrates. For this reason, the energy value of fats is higher than that of carbohydrates. In fact, fats have 2.25 times the energy value of carbohydrates. Fats are solid at body temperature, and oils are liquid at body temperature. In animal nutrition, both fats and oils are commonly referred to as fats. Fats are easily digested by animals. They provide energy and body heat. They also carry the fat-soluble vitamins that are in the feed. Fats come from both vegetable and animal sources. Cereal grains such as corn, oats, and wheat range from 1.8 to 4.4 percent fat. Cereal products used in rations, such as brewer’s dried grains, corn gluten meal, distiller’s dried grains, and wheat middling’s, range from 1.1 to 8.2 percent fat. Animal and vegetable protein concentrates range from 1 to 10.6 percent fat. 
Proteins

Proteins are organic compounds made up of amino acids. Amino acids contain carbon, hydrogen, oxygen, and nitrogen. Some amino acids also contain sulfur, phosphorus, and iron. Proteins supply material to build body tissues. The ligaments, hair, hooves, horns, skin, internal organs, and muscles of the animal body are partially formed from protein. Protein is essential for fetal development in pregnant animals. If an animal takes in more protein than it needs, the nitrogen is separated and given off in the urine. The material that is left is converted into energy or body fat by the animal. 

Nonessential amino acids are needed by animals, but are synthesized in the body from other amino acids and therefore do not have to be provided in the ration for either ruminant or non-ruminant animals. Non-ruminant animals cannot synthesize the essential amino acids fast enough to meet their needs; therefore, those amino acids must be provided in their rations. Ruminants can generally synthesize the essential amino acids by rumen bacterial action at a rate sufficient to meet their needs.
Sources of Protein

Animal protein sources are considered to be good-quality proteins since they usually contain a good balance of the essential amino acids. Plant protein sources are usually thought of as poor-quality proteins because they often lack some of the essential amino acids. The amino acid needs of ruminants can be met by feeding proteins from vegetable sources. They can also be met by including urea in the ration. Urea is a synthetic nitrogen source that is manufactured from air, water, and carbon. It is then mixed in the ration to provide nitrogen for the making of amino acids in the rumen.

It is necessary to feed simple-stomached animals protein from sources that provide a balance of essential amino acids. This is done to make sure they get the essential amino acids in their feed. If cereal grains are combined in the right combination, they will provide a balanced ration. Soybean oil meal, for example, is one of the most commonly used protein sources for feeding hogs.

The amount of crude protein (total protein) is the amount of ammoniacal nitrogen in the feed multiplied by 6.25. It may contain materials that are not true protein. Plant protein sources often used in commercial feeds include linseed meal, soybean meal, cottonseed meal, and dehydrated alfalfa meal. Animal protein sources often used are meat meal, fish meal, condensed fish soluble, dried whey, casein, dried milk albumin, and dried skim milk. The synthetic nitrogen source, urea, is also used for ruminant feeds. Not all of the crude protein in a feed is digestible. Thus, the animal cannot use all of it. Some may come from hair, hooves, feathers, or other sources that have a low digestibility. About 60 percent of the crude protein in a roughage ration is considered to be digestible. About 75 percent of the crude protein in a high concentrate ration is considered to be digestible. Digestible protein is approximately the amount of true protein in a feed.
Vitamins
Vitamins are trace organic compounds. In other words, they are needed only in very small amounts by animals. All vitamins contain carbon, but they are not alike chemically. Vitamins are divided into two groups: fat-soluble and water-soluble. Fat-soluble vitamins can be dissolved in fat. Water-soluble vitamins can be dissolved in water. The fat-soluble vitamins are A, D, E, and K. Vitamin A is associated with healthy eyes, good conception rate, and disease resistance. Vitamin D is associated with good bone development and the mineral balance of the blood. Vitamin E is necessary for normal reproduction and muscle development. Recent research suggests that increasing the level of vitamin E alone or in combination with selenium in the diet may help strengthen the immune system of several animal species. Vitamin K helps the blood to clot and prevents excessive bleeding from injuries.

Some sources of the fat-soluble vitamins are green leafy hay, yellow corn, cod liver and other fish oils, wheat germ oil, and green pastures. Vitamin D is produced in the animal’s body if the animal is in direct sunlight part of the day. The water-soluble vitamins include vitamin C and the B-complex vitamins. The B-complex includes many different vitamins. These are: B1 (thiamine), riboflavin, niacin, pyridoxine, pantothenic acid, biotin, folic acid, benzoic acid, choline, and vitamin B12. Vitamin C helps in teeth and bone formation and the prevention of infections. The B-complex vitamins are necessary for chemical reactions in the animal’s body. They help improve appetite, growth, and reproduction.

Sources of Vitamins

Some sources of vitamin C are green pastures and hay. All farm animals seem to produce enough vitamin C in their bodies. Therefore, it does not need to be included as a specific nutrient in their rations. Some sources of the B-complex vitamins are green pastures, cereal grains, green leafy hay, milk, fish soluble, and certain animal proteins. Commercial feeds usually include necessary vitamins in the mixture. Vitamins often included in commercial feeds for ruminants are A, D, and E. 

Minerals

Minerals are inorganic materials needed in various amounts by animals. Minerals contain no carbon. Thus, if a feed were completely burned, the ash that was left would be the mineral content of the feed. Minerals are important in animal feeding. They provide material for the growth of bones, teeth, and tissue. Minerals also regulate many of the vital chemical processes of the body. They aid in muscular activities, reproduction, digestion of feed, repair of body tissues, formation of new tissue, and release of energy for body heat. If there is a lack of a certain mineral in an animal’s ration, this is called a deficiency. For example, without iron in the blood, oxygen could not be carried to the body cells. A deficiency of iron and copper in baby pig rations will cause anemia. The bones and teeth will not form properly if the animal lacks calcium and phosphorus in its ration. Increasing the level of selenium in the diet of calves and swine has increased the antibody response of the immune system. A small increase in the zinc level in the diet has increased the production of white blood cells to fight infections. 

Minerals are divided into two groups. Major minerals are those needed in large amounts. Trace minerals are those needed in small amounts. Major minerals that are often lacking in animal rations are salt (sodium and chlorine), calcium, and phosphorus. It is important to make sure that these minerals are included in the animal’s ration. The ratio of calcium to phosphorus in swine rations should not be greater than 1.5 to 1. The ratio of calcium to phosphorus for ruminants can be as high as 7 to 1. Trace minerals that are necessary for animals include potassium, sulfur, magnesium, iron, iodine, copper, cobalt, zinc, manganese, boron, molybdenum, fluorine, and selenium. Most of these trace minerals are found in common animal feeds. 

Salt and mineral blocks are often used to provide the additional minerals needed in the ration. Monocalcium phosphate, dicalcium phosphate, ground limestone, steamed bone meal, and calcium carbonate are usually included in commercial feeds and mineral supplements to provide calcium and phosphorus.  Salt is guaranteed as the compound sodium chloride (NaCl). 
Water

Water is so common that its importance as a nutrient is often forgotten. However, water makes up the largest part of most living things. The amount of water in an animal’s body varies with the kind of animal, its age, and its condition. In general, the amount of water in animal bodies ranges from 40 to 80 percent. Younger animals have a higher percent of water in their bodies than older animals. Water has many important functions. It helps to dissolve the nutrients the animal eats. It also helps to control the temperature of the animal’s body. Water in the blood acts as a carrier of the nutrients to different parts of the animal’s body. Water is necessary for many of the chemical reactions that take place in the body. A fresh, clean supply of water is necessary for animals to grow and produce profitably. A continuous supply is best for rapid growth and efficient production. If animals do not have a good water supply, they will not make good use of the other nutrients supplied in the ration. Animals can live longer without food than they can without water.

Nutrient requirement of farm animals

· What are the functions of nutrients?

Maintenance: Nutrients in a ration are primarily required for maintaining the life of the animal. The animal must have energy for the functioning of the heart, for breathing, and for other vital body processes. These activities make up what is called the basal metabolism of the animal. Maintenance also includes the use of energy supplied by the ration to keep the animal’s body temperature normal. Protein in the body Tissues breaks down. Protein from the ration is used to repair these body tissues. Minerals and vitamins are continually being lost from the body and are replaced by those in the ration. Certain fatty acids are needed for good health, and must be supplied by the animal’s ration. Water is required for all bodily activities. If the animal is not being fed enough feed, it may need to use its entire ration for maintenance. Thus, it will have none left for other activities, such as growth. Normally, an animal on full feed will use about one-third of its ration for maintenance. Full feed means to give an animal all it wants to eat.
Growth: Nutrients in the ration are used for growth only after the maintenance requirements of the animal are met. Animals grow by increases in the size of muscles, bones, organs, and connective tissues. Animals grow fastest when they are young. The rate of growth slows down as they get older. The larger species of animals usually mature slower than the smaller animals. 
Fattening: Feed nutrients that are not used for maintenance or growth may be used for fattening. Fat is stored in the tissues of the body. Fat stored within the muscles is called marbling. Marbling helps make meat juicy and good tasting. The consumer does not want too much fat. However, the object of fattening is to obtain the right amount of fat in the muscle without getting too much fat. Feeds that are high in carbohydrates and fats are used for fattening. They are less expensive than protein feeds.

Production: Cows, swine, horses, sheep, and goats produce milk to feed their young. Dairy goats and cows also produce milk for human use. Chickens produce eggs. Sheep and goats produce wool and mohair. All of this production requires nutrients. The kind of nutrients needed depends on the kind of production.
Feed classification

Roughages: Livestock feeds that contain more than 18 percent crude fiber when dry are called roughages. Fiber is the hard-to-digest part of the feed. Roughages include hay, silage, pasture, and fodder. There are two general classes of roughages: legume roughages and non-legume roughages. Plants that can take nitrogen from the air are called legumes. These plants have nodules (small swellings or lumps) on their roots that contain bacteria. The bacteria can fix the nitrogen from the air in soil and make it available for use by the plant. This is done by combining the free nitrogen with other elements to form nitrogen compounds. All of the clovers, as well as alfalfa, soybeans, trefoil, lespedeza, peas, and beans, are legumes. Many other less common crops are also legumes. Legumes are usually higher in protein than non-legume roughages. Non legume roughages cannot use the nitrogen from the air. They are usually lower in protein than the legume roughages. Many common livestock feeds are non-legume roughages, including corn silage, sorghum silage, fodders, bluegrass, timothy, redtop, brome grass, orchard grass, fescue, coastal Bermuda grass, common Bermuda grass, and prairie grasses.

Concentrates: Livestock feeds that contain less than 18 percent crude fiber when dry are called concentrates. There are two classes of concentrates: protein supplements and energy feeds. Protein supplements are livestock feeds that contain 20 percent or more protein. They are divided into two groups based on their source. Those that come from animals or animal by-products are called animal proteins. Those that come from plants are called vegetable proteins. Some common animal proteins are tankage, meat scraps, meat and bone meal, fish meal, dried skimmed milk, dried whole milk, blood meal, and feather meal. (Tankage is animal tissues and bones from animal slaughterhouses and rendering plants that are cooked, dried, and ground.) Most animal proteins contain more than 47 percent crude protein. The protein is more variable in quality than protein from vegetable sources. Animal proteins contain a more balanced amount of the essential amino acids than do plant proteins. Thus, animal proteins are sometimes used for balancing rations for swine and poultry. Some common vegetable proteins are soybean meal, cotton seed meal, linseed oil meal, peanut oil meal, corn gluten feed, brewer’s dried grains, and dried distiller ‘grains. Most vegetable proteins contain less than 47 percent crude protein. Soybean meal is used more than any of the other protein supplements for livestock rations. Soybean meal can supply the necessary amino acids to balance a swine or poultry ration with cereal grains. Vegetable proteins can be used as the only protein supplement for ruminants. Non-ruminants, however, may need some animal protein in their ration. Animal proteins give the amino acid balance needed in non-ruminant rations when plant protein sources other than soybean oil meal are used.
Commercial protein supplements: are made by commercial feed companies. They are mixes of animal and vegetable protein feeds. Each commercial supplement is usually made for one class of animal. Feed companies often mix minerals, vitamins, and antibiotics in their protein supplements. Feeding directions must always be followed carefully. Feed supplements with antibiotics in them usually must be taken away from the animal for a period of time (withdrawal period) before the animal is sent to market. This practice is required by law. The antibiotic must not be present in the meat when humans eat it. Livestock feeds with less than 20 percent crude protein are called energy feeds. Most of the grains are energy feeds. Some common energy feeds are corn, sorghum grain, oats, barley, rye, wheat, ground ear corn, wheat bran, wheat middling, dried citrus pulp, dried beet pulp, and dried whey. Corn is the most widely used energy feed. Sorghum grain, oats, and barley are the other commonly used energy feeds.
5.4. Constraints of livestock production and productivity

· What are the main factors contribute for low livestock productivity?

Feed Quality and Quantity: Natural grazing is the major source of livestock feed and in the lowlands livestock production is almost totally dependent on it. However, grazing lands do not fulfill the nutritional requirements of animals particularly in the dry season, due to poor management and their inherent low productivity and poor quality. In the highlands with the rapid increase of human population and high demand for food, pastures are steadily being converted to farmlands. Marginal lands unsuitable for cultivation such as waterlogged, flooded soils and steep lands are left for grazing and their productivity is also very low. Another population associated problem is environmental degradation due to deforestation and overgrazing which have substantially reduced soil fertility and further reduced productivity.
Ecological Deterioration: Gradual encroachment of cultivation into grazing lands is common in both highlands and mid-altitude areas. So many meadows in the flood plains have been converted into croplands. Due to vegetation clearance many steep areas have become vulnerable to wind and water erosion. Important browse that was dry season forage has been wiped out to supply urban fuel and construction wood. Natural grazing land is deteriorating rapidly due to lack of attention and its carrying capacity declining due to high stocking rates especially in pastoral areas of the country. 
Land Tenure/Change of Ownership: In Ethiopia grazing land ownership is thought to be communal, where ethnic groups used to manage grazing lands. However, the federal or regional state can allow private investment in pastoral areas. Besides the loss of grazing land, investment may prevent free movement of pastoralists that crates border conflicts and initiate urbanization. If the nomadic pastoralists' sustainable way of life changes to sedentary farming the tragedy of the commons will become real-unless some adjustment is made.
Drought: One of the most unfortunate characters of Ethiopia’s climate is great variability and erratic rainfall from year to year. Drought is particularly common in the pastoral area where rainfall is unpredictable and unreliable. Nomadic pastoralists have adapted to live with the situation but other factors (listed here) have made them vulnerable to famine.
Soil Fertility: The annual food and livestock feed deficit of the country is attributed directly to soil erosion and nutrient export. About half of the highlands are vulnerable for water erosion and the remainder has been cultivated without conservation measures for thousands of years.
5.5. Livestock improvement 

· How can we improve livestock productivity?
Transforming the traditional production system in to modern production system with commercialization. The following are some the strategies for livestock production improvement. 

· Improvement of Feed
· Genetic improvement 

· Health 

· Marketing 
Summary
Livestock production is an important part of agricultural activities. Our present civilization has its roots in the domestication of animals. To domesticate means to adapt the behavior of an animal to fit the needs of people. The domestication of animals began when early humans had contact with wild animals which they hunted for food and skins. People are dependent upon livestock production for supplies of food, clothing, fertilizer, income and entertainment. Animals differ in the kinds and amounts of nutrients they need. It is the job of animal nutritionists to determine which nutrients animals need. They make recommendations for feeding each kind of animal based on the results of feeding experiments. Nutrients are divided into five groups: (1) energy nutrients (carbohydrates, fats, and oils), (2) proteins, (3) vitamins, (4) minerals, and (5) water. Nutrients in a ration are primarily required for maintaining the life of the animal, growth, fattening and production.  Livestock feeds are classified in to roughages, concentrates and Commercial protein supplements. The main constraints of livestock productivity in Ethiopia are poor quality and low quantity of feed, ecological deterioration, land tenure/change of ownership and drought. But it is possible to improve livestock productivity through improving feed quality and quantity of feed, genetic improvement, health and marketing improvement.
Self check exercise

Part I. True/False
1. Domestication means to adapt the behavior of an animal to fit the needs of people.

2. Some sources of vitamin C are green pastures and hay.

3. Major and trace minerals are usually supplied in commercial feeds.
Part II. Multiple Choices

1. The main energy nutrient found in animal rations is:

A. Proteins     B. Carbohydrates       C. Fats          D. Oils

2. Water does the following in the ration:

A. dissolves nutrients  

B. controls temperature  

C. enhances chemical reaction 

D. all of the above
Completion

1. A chemical element or compound that aids in the support of life is a_____________________.

2. The amount of ammoniacal nitrogen in the feed multiplied by 6.25 is known as ____________

3. When there is a lack of a certain mineral in an animal’s ration, this is called a ____________.
Discussion Questions

1. Name and briefly describe the six functions of animals in our society.

2. List the five groups of nutrients.

3. List five feed sources of carbohydrates in animal feeds.

4. What is the difference in value between animal protein sources and plant protein sources?

5. What is the difference between crude protein and digestible protein?

6. Because simple-stomached animals such as swine cannot digest large amounts of fiber, what must be included in their rations?
What is a nutrient?

7. What are the function of carbohydrates, fats and oils, proteins, vitamins, minerals & water in an animal’s body?
8. List five feed sources of fats and oils.

9. List three plant protein sources and three animal protein sources.

10. Which vitamins are fat-soluble and which are water-soluble?
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                                6. LIVESTOCK PRODUCTION SYSTEM 
Introduction 

Many suggestions have been made for the classification of livestock production system. But none of these classifications provide completely suitable framework for the evaluation of tropical livestock production systems on worldwide basis. Either the criteria used are regional concept or scope or the classification is too complex for the worldwide evaluation purposes. A classification must be simple and be based on universally recognized criteria. 
Objectives: After studying this chapter, the student should be able to: 
· describe livestock production system in Ethiopia

               Brainstorming questions

· What are the livestock production systems in Ethiopia?
6.1. Extensive production systems
Traditional pastoralist and Ranching are systems that have been adopted to exploit the extensive arid and semi-arid regions of the tropical world.
6.1.1. Pastoralism

This is characterized by little or no crop production. In general pastoral system is associated with agro ecological zones that are too dry to sustain crop, no crop agriculture and high mobility in search of grazing and water. Under Ethiopian conditions pastoral system of production are found at altitude below 1500 m.a.s.l and where the annual precipitation is less than 500mm. In this production system livestock are maintained as a primary activity. Fifty percent of household revenue comes from livestock or more than 20% of household food energy is derived directly from livestock or livestock related activities. Range land is the main land resource. 
6.1.2. Ranching

Ranching is an alternative system to various forms of pastoral practices in the different regions of the country. However there have two fundamental differences. In ranching livestock are raised to provide cash income whilst in pastoralist their primary role is to provide food for the family. The other difference is that in ranching the stocking rate has to be adjusted to the carrying capacity of limited pastor area whilst in pastoralist adjustments to carrying capacity are made by moving the livestock to new pastures on the communal grazing Management of livestock in ranching system of production is characterized by grazing with in defined borders and individual tenure system with possibilities of intensified feeding and watering of animals. Ranchers can be differentiated by targeted livestock species and products, although the most common ranching is cattle ranching system, sheep and goat ranching for production of skin, wool and meat also exist and intensity and level of development.
6.2. Semi-intensive production systems 

In this rain-fed system crop agriculture is integrated to a greater or lesser extent with livestock production. The holding are small, the economy is the mixture of semi-subsistence and cash. As it is semi subsistence/semi-commercial it includes mixed farming system in the highland and lowland and agro pastoral system in semi-arid areas.
6.2.1. Crop-livestock production systems

This system is generally found in areas where the altitude ranges between 1500 and 3000 m.a.s.l. The area has adequate rain fall and moderate temperature and is thus suitable for grain production. The integration of crop and livestock is high in most areas. The integration is low in perennial crop-livestock system (Coffee growing areas) in the south Ethiopia where animals are of minor importance. Livestock in general play an important role in food security and food self-sufficiency in this production system. In the cereal based mixed production system livestock are the main cash source for the purchase of agricultural input. Livestock are used as saving and insurance mechanism. Cattle are the dominant livestock species and kept.

Agro-Pastoral System:

This system is characterized by less integration with crop production as compared to crop-livestock production system. Producers under this system have a permanent residence and their movement is limited in terms both distance and duration. The system is characterized by a high degree of dependence on milk and meat production some crop agriculture is practiced around the permanent homestead. This is also low input/low output system. The system is usually practiced below 1500 m.a.s.l but with higher rain fall to support short season crops compared to the pastoral system.
6.3. Intensive production systems

The intensive system is one in which the livestock are fed in confinement with a limited access to land. In most cases they fed high quality feeds and have much more labor, technology and overall attention directed to them. Not all intensive system are fully commercial operations; there are landless families both within and outside urban area who husband livestock under very intensive conditions and sell some part of what is produced. Characterized by high capital investment, Practiced in small area with the use of technologically advanced materials, genetically improved breeds of animals are used, high productivity.

Summary
Many suggestions have been made for the classification of livestock production system. But none of these classifications provide completely suitable framework for the evaluation of tropical livestock production systems on worldwide basis. Either the criteria used are regional concept or scope or the classification is too complex for the worldwide evaluation purposes. While it is complex, livestock production systems are classified in to extensive, semi-intensive and intensive systems.

Self check exercise 

Part I. True/False
1. Agro-Pastoral System is characterized by more integration with crop production as compared to crop-livestock production system.
2. In crop-livestock production systems livestock are used as saving and insurance mechanism.
Part II. Multiple Choices

1. Which one is not true about Pastoral system?
A. it is associated with agro ecological zones that are too dry 
B. it found at altitude below 1500 m.a.s.l 
C. It found where the annual precipitation is less than 500mm 
D. Water logged area is the main land resource
2. Production system is usually practiced below 1500 m.a.s.l but with higher rain fall to support short season crops.
A. Pastoralism   B. ranching   C. Intensive production systems   D. Agro-Pastoral System
Part III. Discussion Questions

1. What is the difference between ranching and pastoralist? 

2. From the intensive, semi-intensive and extensive livestock production systems which one is suitable for Ethiopia? Why?
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              7. POULTRY PRODUCTION AND MANAGEMENT 
Introduction
Poultry: refers to different classes and breeds of   birds that are reared for economic importance.  That is kept for production of egg, meat or both egg and meat. These include domestic chickens, turkeys, ducks, gunea fowl, ostrich, pigeons, pheasants, quails and geese. Poultry is an important farm species in almost all countries. It is an important source of animal protein, and can be raised in situations with limited feed and housing resources. Chickens are ‘waste converters’: they ‘convert’ a scavenged feed resource base into animal protein. They are therefore by far the most important species for generating income for rural families. People raise chickens all around the world under widely varying circumstances. Their main objective is generally the same: maximum production for minimum costs and with minimum risks.

The diet of the populations of the tropical zone is most often protein poor both quantitatively and qualitatively. The majority of the countries in this zone can expect no improvement in this area without an increase in food crops, livestock and fish farming. Among these forms of production, poultry keeping often holds a prominent place in the development plans of many countries. This is for economic and dietary reasons and especially because of preference of the consumers for poultry products and because of the interest of the population in poultry farming.

Good poultry husbandry and management are essential for profitable egg and meat production, growth rate, egg weight, feed intake proportion of second class eggs, egg shell quality, percentage production and mortality rate are the key factors that determine profitability for the farmer. Good poultry management needs that the poultry man should have a wide knowledge of feeding, housing, disease control, record keeping, breeds and breeding. 

Chapter objective: After studying this chapter, the student should be able to:
· Identify and describe the male and female reproductive organs.
· Describe accepted feeding practices for different kinds of poultry.
· Describe approved management practices for different kinds of poultry.
· List housing equipment required for various kinds of poultry enterprises.

          Brainstorming questions

1. How can we improve the reproduction rate of poultry?

2. What kind of management practices should be taken by poultry keepers?

3. What is the importance of placing poultry feeder and drinker inside the house?
7.1. Poultry reproduction 

The male reproductive system

Two testes are located inside the body cavity or (b/n the lungs and the kidneys) are responsible for the formation of sperm cells. Sperm produced by the testes flows by means of tubes to a storage chamber in the cloaca. During mating the rooster mounts the hen and places his cloaca over that of the hen and deposits sperm onto the opening of the female reproductive tract inside her cloaca. During mating the hen would turn the opening of the cloaca upwards, with the inside out, to receive sperm cells. After mating the sperm is stored inside folds of the oviduct and can stay active for at least 2 weeks.
The female reproductive system - consists of the ovary (primary) & the oviduct (secondary). Generally the left ovary and left oviduct are functional while the right ovary and right oviduct are vestigial.

The ovary- The ovary has a few thousand follicles. A follicle contains a future egg yolk. The yolk should be seen as a large egg cell with a lot of food reserves. Not all follicles develop. When a hen is laying eggs, her ovary contains follicles in different stages of development. One or two may be the size of the yolk of a normal egg. Nutrients are needed to make the yolk grow and these nutrients are supplied by the blood, via (tiny) blood vessels. When a follicle is fully developed, it ruptures and releases the yolk. Normally the rupture happens at a place where there are not blood vessels. If this is not the case, then there is some bleeding resulting in blood spots on the membrane that surrounds the yolk.
The oviduct - is basically conduit from the ovary to the cloaca, with individual regions specialized for particular function. In laying eggs the oviduct is between 40 and 80 cm long with an average weight of 40 g. It is a single unit but have five regions, which are infundibulum, magnum, isthmus, uterus and vagina. The oocyte spends varying amounts of time in each section and they have different functions and are of different sizes but they act in concert to ensure that the egg travels smoothly. The egg probably moves by peristaltic action aided by cilia on the inside of the oviduct wall. In addition to specialized cells (tabular-gland ciliated cells) the oviduct contains blood vessels and connective tissues.
The Infundibulum: Site for Fertilization

It is the anterior part of the oviduct. It is 8 or 9 cm long with abroad funnel shaped anterior end (the ampula) and a narrow posterior end (the tabular or chalaziferous). It is limited in movement it functions by grasping (engulfing) the completed ovum at ovulation. In the chalaziferous region (which contains chalaziferous tabular gland distinct from those of the others regions) the yolk probably acquires the outer layer of the vitelline and the chalazae layer of the albumin. The yolk generally spends 15-30 minutes in the infundibulum, which is the probable site for fertilization.

The Magnum: Site for Albumen formation
The inner surface of the magnum is lined with goblet cells that secret albumen. It is albumen secreting region. It is the largest part of the oviduct. It is about 30cm long and while the yolk is passing through it most of the albumen deposited in 2 or 3 hours.
The Isthmus: The two shell membranes are secreted from here
It is about 10 cm length. Glands in the isthmus secret materials out of which the shell membranes are formed. There are two shell membranes, inner and outer one. They lie immediately inside of the shell of the egg and adhere closely to each other, except usually at the large end of the completed egg, where they are separated to form the air- cell. The shell membranes are composed of proteins and porous. The shape of the egg determind while in the isthmus. The egg stays in isthmus for about 74 minutes.
The Shell Gland: Formation of the shell occurs in the uterus (10 cm long)
· The uterus is about 4-5 cm long weighs about 13.5 gm and has very thick walls. 

· Called shell gland and glandular in structure 

· The egg stays in the region for about 18-20 hrs and the synthesis started in the isthmus continue here to complete the formation of the shell.

· Ca from the blood is deposited in the shell by mechanisms still not well understood.

· The thin white is also formed in the uterus. The inner -thick and the inner-thin white each comprises 20-25% of the total white. During formation of outer white layer, the principal addition to egg is water and minerals, largely of Na, K and Ca.

The spermatozoa are stored in tubular glands located in a narrow band approximately 2-5 mm wide immediately posterior to the shell gland and anterior to vagina. 

The Vagina

It is short sigmoidal muscular structure that plays little part in the secretary processes that lead to the formation of the egg. 

In the uterovaginal region are glands for the storage of spermatozoa which, often deposition aggregate in a mass (the sperm nests). The live spermatozoa are available for fertilization for 10 to 20 days and are preserved by the presence of poly glutamic acid and lipids. The spermatozoa are released at oviposition or ovulation but the mechanism for their release is not clear. The sex of the chick is determined by the chromosomes of the ovum.
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7.2. Reproductive difference of Poultry from the other livestock 

· One of the obvious differences between birds is that there is no defined estrous cycle or pregnancy (young are not carried in the hens body) 

· Birds are oviparous and the embryo must have everything it needs when the egg lay. As a result there are significant modifications in the reproductive physiology and anatomy of birds. 

· Only one functional ovary and oviduct, the left develop, the right are formed embryologically. But mammals have two functional ovary and oviduct. 

· Ovulate daily; it occurs 30 minutes after every oviposition but in mammals Ovulate in cycles.

· Embryo develops outside the body, (fertilization in the infundibulum)

· Testes are located inside the male’s body 

· begins with male placing the sperm into oviduct of the female 

· male papillae deposits sperm in cloacal wall of female 

· sperm move up the oviduct to the funnel where the egg is fertilized 

· sperm cells remain in oviduct 2-3 weeks after mating 

· sperm have full fertilizing ability for about 6 days 

· after then - ability of sperm to fertilize egg is decreased 
Poultry management (Brooder, Grower, Layer, Broilers and Breeders management)
Brooding: refers to the period when young chicks require a lot of care. The period ranges from one-day of age to about four weeks in the tropics. During this period supplementary heat is provided for the chicks comfort. It is the most critical period in the life of the birds and there can be more deaths during this short period than throughout the rest of the bird’s lives. Great care must be taken during brooding. There are two methods of brooding chicks namely natural brooding and artificial brooding.

Natural brooding is the method whereby a broody hen takes care of the chicks she hatched. The local fowls are more suitable for natural brooding. A good sized broody hen can brood up to 12 chicks in colder weather and up to 15 during hot weather. The system is suitable for small number of chicks.
Artificial brooding: In this case use is made of equipment and facilities which provide conditions similar to those of the broody hens like adequate warmth, protection against harsh conditions and predators. Proper feeding, watering and veterinary care are provided. The type of brooder used will depend on location and financial resources of the farmer. The most important thing is that the brooder supplies enough heat without fumes which could harm the chicks. Brooder operations in the temperate climate require heating of a whole house. In the tropics heat may be provided to a particular area in the house. Artificial heat sources are (brooders can be made of)
1. Electric brooder (infra-red heat bulbs) 2. Kerosene brooders 3. Hot air hot water or radiant heat. 

Battery brooder: Battery brooders are designed to accommodate large number of chicks in a limited space for short period of time. It is not used to raise chicks to maturity. It is not commonly used in Africa except for research.
Management of chicks from 1 day to 8 week of age: Poor management as well as disease can result in high mortality. Therefore, it is essential to provide proper growing conditions for the chicks. Before the day old chicks are received. Make sure that the following are in order. If it has been used remove old litter. The floor, walls and roofs thoroughly cleaned. All holes and cracks should be patched. Disinfect the house, allow the house to dry. Add at least 5cm litter material for the first time, the litter should be clean and dry.
Cleaning of the house and equipment: Soon after the birds are removed the house should be cleaned, disinfected and made ready for the next batch. After cleaning the house must be left empty for at least 15 days.
Cleaning procedure: Remove all old litter from the house and haul it away from the house, clean the house and disinfect it, clean the equipment, clean and fumigate feed bin, clean areas around the house, Place good litter material on the floor at 5 -10 cm depth, check light ,check water (200c), Check brooder temperature that:1st day=33-340c, 2nd day =320c,  1stweek=300c,2ndweek= 30-250c, 3rd week=8-25 0cand 4th week= 25-20 0c. Every time check the temperature under the brooder canopy. In the absence of thermometer it is possible to estimate the intensity of heat under the canopy by observing the condition of the chicks as follows: When the temperature is too high we see that: The chicks sit with spread out wings and open beaks, sit as far as possible away from the heat source, there is less feed intake, the chicks drink more water and this often cause wet litter. When the temperature is too low we see that the chicks Come close together, are less active, will raise their feather cover and will stay close to the heat source.
Light: The chicks will eat when there is light. As eating must be stimulated especially early in the brooding period artificial lighting is a must. However gradual reduction of the light is recommended.

0-1 week: 23 hours light (including day light)

1-2 weeks: 20 hours (ditto)

2-4 week: 16 hours (ditto), from 4 weeks onward a constant day length of 14 hrs is advisable 

Feeding: When the chicks are day old flat feeders cut out from chick boxes egg trays and flats can be used. As they grow up the feeders should be changed to deeper and longer containers. Shallow drinkers must be used during this period.
Confinement: To confine the chicks around the source of heat source, feed, and water and to prevent drought it is necessary to erect a so called brooder guard around them. A cardboard or any similar material with a height of about 45cm can be used. Space provision will be a maximum of 500 chicks per brooder, 75 chicks per fount, 100 chicks per feeder plate or 50 chicks per egg tray. 

Density at one day, 40-50 chicks per m2, remembers to expand the guard a little every day. Allow 2cm/bird and 7cm /bird feeding spaces of round and long feeders respectively, 1.5cm /bird drinking spaces of round and long drinkers. Standard for heating capacity brooders is 5 kcal/hr. /chick. Males can be recognized at 6-8 weeks of age in unsexed flocks by the following characteristics: Cocks usually have a bigger comb, Cocks stand in a more upright position than hens, in cocks the feathers are more pointed than in hens whose feathers are smaller and rounded.
Causes of early mortality in brooder chicks includes: Hatching mishaps, Chilling, Suffocation & choking, Lack of water & feed, improper housing, Injuries and Diseases. 
Summary of management suggestion: When a wet spot develops around the water point the litter should be removed and replaced with fresh litter. Use all night light to encourage feeding and prevent overcrowding. Teach chicks to eat and drink especially weak ones by dipping their beaks in water and feeding troughs, provide feed continuously. Discard stale and moldy feed and feeders and drinkers must be cleaned daily. Check the lamps daily. Feeding troughs must have lips to minimize feed wastage by spillage and fix spinners to the trough to keep the chicks from perching on the feed trough and thereby polluting the feed with litter and faeces. To prevent cannibalism, debeak the chicks at one day of age but can also be done at three weeks of age. Keep brooding chicks away from older birds or wild birds avoid raising chicks of different age unless it is unavoidable. Do not let visitors to the house or make them step into a foot-dip of disinfectant before entering the house. Make sure that the chicks are vaccinated against some of the killing diseases such as Newcastle disease fowl typhoid, fowl cholera, fowl pox etc. If there are sign such as drop in feed consumption and sign of sickness are noticed report to the veterinarian immediately. Sick chicks should be removed immediately if they are many in number some of them should be placed in isolation room and others should be taken to the laboratory for examination. Dead chicks should be removed immediately and should be thrown into appropriate place. 

Raising Laying Pullets: Replacement pullets for laying flocks may be raised in confinement or on range. The trend is toward confinement rising. Less land and labor is needed for confinement systems. Losses from parasites and predators are lower in confinement production. Pullets may be raised in the same house that is used for brooding, or they may be moved to a growing house. Pullets should be culled when they are moved to the growing house. They may be grown in cages, using one of two systems: partial cage growing or complete cage growing. Partial cage growing is floor brooding for the first 6 to 10 weeks and then moving the pullets to cages. Complete cage growing is brooding and growing entirely in cages. Light affects the age of sexual maturity and the rate of egg production. Thus, increasing day length speeds up sexual maturity, and decreasing day length slows down sexual maturity. If pullets reach sexual maturity too early, they will lay small eggs for several months. Several systems of controlling light during the growing period are used. The basic principle involved is not to grow pullets between 12 and 22 weeks of age under conditions of increasing light. Dark, windowless houses are used in some systems to permit total control of light. Less feed is required for growing pullets on range. However, more labor is required and there are greater problems with disease and predators. Clean range must be used and must be rotated. Birds of different ages should not be mixed on range. Range shelters and shade are needed. Range growing of pullets is better adapted to small flocks than large commercial operations.
Laying Flock Management: Laying flocks may be housed in open-floor systems or caged systems. Smaller flocks often use open-floor systems. The trend in large commercial flocks is toward using some system of caged layers. Laying houses must be cleaned and disinfected before pullets are moved in. The laying house should remain empty for at least 1 week after cleaning before moving the pullets in. The house and equipment should be in good repair and new litter put in the house. Handle pullets gently when moving them to the laying house. They are easily frightened. Moving them in the dark will excite them less. Watch the pullets for a few days to make sure they do not pile up and smother. Nests should be cleaned regularly and new nesting material added when needed. Keep waterers and feeders clean. Keep the litter stirred and add new litter when needed. Do not allow the litter to become wet and caked over. Several types of cages are used for cage laying systems, including single cages, multiple-bird cages, and colony cages. Multiple-bird cages contain 2 to 10 birds. Colony cages contain 11 to 40 birds. Dropping boards are used to catch the manure. Feeding in cages may be done by hand or automatically. Watering may be done by the use of continuous flow troughs, drip nipples, or automatic cups. Laying hens require a minimum of 14 hours of light per day. Many controlled lighting systems use a maximum of 17 hours of light per day. Artificial lighting must be used as the length of available natural light decreases with the season. Several types of lighting systems are used. These include all-artificial lights, morning light, evening light, a combination of morning and evening light, and all-night lighting. Lights are generally controlled by automatic time clocks. All-artificial lighting is used in windowless houses. Morning lighting systems turn on lights 2 to 5 hours before sunrise and turn off at daybreak. Evening lighting systems turn on in the evening. Dimmers are used to prevent a sudden change from light to dark. Morning–evening systems use lights at each end of the day. All-night lighting is generally used only for second-year laying flocks. Low-watt age bulbs are used in this system.
Managing Chickens for Meat Production: Chickens raised for meat production are brooded in the same way as laying chickens. Chickens for meat production are generally raised in confinement, although range can be used. Broilers require 1 square foot (0.09 m2) of space from 2 weeks of age to market. Capons and roasters require 2 to 3 square feet (0.18 to 0.28 m2) of floor space from 10 to 20 weeks of age. Broiler producers usually use lights 24 hours a day. One 60-watt bulb per 200 square feet (18.6 m2) of floor space provides adequate light. No nests or roosts are used in producing meat-type chickens. A capon is a male chicken that has been surgically castrated. Capons produce meat that is tenderer than that produced by broilers. However, they require more labor and investment to produce. 
Breeding Flock Management: Hatching eggs are produced under agreements with a hatchery. The hatchery generally provides the farmer with the breeding stock having the special bloodlines that the hatchery wants produced. Ten to 14 cockerels (males) per 100 pullets should be started. These are later culled down to 8 to 12 cockerels at 10 weeks of age. Leghorn breeds require one cockerel for each 11 to 13 hens at mating time. Heavier breeds require one cockerel for each 8 to 11 hens. Brooding is done in the same way as for laying flocks. Raising the chickens requires the management practices outlined for laying flocks. Breeding stock is often revaccinated for Newcastle disease and bronchitis about 1 month before breeding begins. This gives the newly hatched chicks a temporary immunity to these diseases. Mating begins at least 2 weeks before the eggs are to be delivered to the hatchery. Do not put too many birds in one mating pen. This will reduce the mating. Hatching eggs should be gathered three or four times per day. Gather more often if the weather is very hot or cold. Handle hatching eggs in the same careful way that other eggs are handled. Store hatching eggs at 50°F to 60°F (10°C to 15°C) and at 80 percent humidity. Always pack hatching eggs with the large end up. If eggs have to be held more than 1 week, tip the crate sharply to prevent the yolk from sticking to the shell. Hatching eggs must be fumigated within 2 hours after they are gathered. This will help prevent the spread of egg-borne diseases such as pullorum, fowl typhoid, paratyphoid, Para colon, and navel infection. Formaldehyde or potassium permanganate is used to fumigate the eggs. Chlorine dioxide may be used as a spray or dip instead of fumigation. 
Summary
Poultry: refers to different classes and breeds of   birds that are reared for economic importance.  That is kept for production of egg, meat or both egg and meat. These include domestic chickens, turkeys, ducks, gunea fowl, ostrich, pigeons, pheasants, quails and geese. They are important source of animal protein, and can be raised in situations with limited feed and housing resources. Two testes are located inside the body cavity or (b/n the lungs and the kidneys) are responsible for the formation of sperm cells. Sperm produced by the testes flows by means of tubes to a storage chamber in the cloaca. The female reproductive system - consists of the ovary (primary) & the oviduct (secondary). The ovary has a few thousand follicles. A follicle contains a future egg yolk. The oviduct is a single unit but have five regions, which are infundibulum, magnum, isthmus, uterus and vagina. These five regions have different functions. One of the obvious differences between birds is that there is no defined estrous cycle or pregnancy (young are not carried in the hen’s body). Birds are oviparous and the embryo must have everything it needs when the egg lay. As a result there are significant modifications in the reproductive physiology and anatomy of birds. Good poultry husbandry and management are essential for profitable egg and meat production, growth rate, egg weight, feed intake proportion of second class eggs, egg shell quality, percentage production and mortality rate are the key factors that determine profitability for the farmer. Good poultry management needs that the poultry man should have a wide knowledge of feeding, housing, disease control, record keeping, breeds and breeding.
Self check exercise 

Part I. True/False

1. The thin white is formed in the uterus.
2. It is possible to raise pullets in the same house that is used for brooding.
Part II. Multiple choices

1. It is a site of egg fertilization. 

A. Isthmus    B. Magnum    C. Infundiblum    D. vagina
2. It is a period when young chicks require a lot of care.

A. Brooding    B. laying    C. growing   D. breeding

3. What is the instrument used to measure the temperature inside brooder house.

A. Hygrometer    B. thermometer    C. ph meter    D. isometer
4. The minimum time light requirement of layers is:

A. 17 hours    B. 16 hours    C. 14 hours    D. 10 hours

5. They are parent stocks which are kept for the continuity of poultry generation.
A. Broilers    B. layers    C. growers   D. breeders
Part III. Completion 

1. Eggshell is added in _____________ part of the oviduct.

2. The groups of birds which are kept for egg production are known as ______________.

3. ___________ is a male chicken that has been surgically castrated.

Part IV. Discussion questions
1. Mention the two shell membranes secreted by isthmus.

2. Why supplementary heat sources are needed by day old chicks.

3. Why the poultry house is left empty for 15 days after cleaning and disinfection.

4. Explain the main causes of early mortality of chicks in brooder house. 

5. Why breeders are vaccinating throughout their life? Do you know any method of vaccination? If your answer is yes, explain the method that you know very well. 
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                  8. APICULTURE 
Introduction

Apiculture is a science-based industry, which uses bees as micromanipulators to harvest plant foods from environmental resources that would otherwise be wasted. Beekeeping is the maintenance of healthy colonies of honeybees in hives designed for easy operation for beekeepers and for the removal of beehive products. The majority of bee species are solitary, not social. The term social means that the individual insect lives out its life in a social community, referred to as colony. One characteristics of social bees is that workers produce enzymes (and possibly other secretion) that enable them to make honey, and thus to store a food safe from spoilage, for use in dearth periods. A beekeeper manages his colony so that it produces more honey than it needs and he can then harvest the surplus.

Bees that produce enough honey to be worth harvesting belong to the two sub-families of the family Apidae; Apinae (honeybees) and Meliponinae (sting less bees). Apinae has only one genus Apis, of which Apis mellifera is of much greater economic importance. In general bees depend wholly on plants for their food and therefore both climate and soil determine what plants to grow and flower within the foraging range of bees from the colonies in a region.
Objectives: After studying this chapter, the student should be able to: 
· Describe the current status of beekeeping in Ethiopia.

· Explain the beekeeping system in Ethiopia.

· Distinguish the different honey bee products.

· Identify easily the type of bee castes in bee hive.
                             Brainstorming questions

1. How do you evaluate the past and present status of Beekeeping development in Ethiopia?

2. What are the preconditions that are important in planning and implementing a beekeeping project?

3. Explain the reasons for promoting beekeeping as an agricultural activity.
8.1. Beekeeping in Ethiopia 

Of all the countries in the world, probably none has a longer tradition of beekeeping than Ethiopia. Since the fourth century, during the time of king Ezana, Christianity with strong emphasis on a monastic culture contributed a lot to the intensive growth of beekeeping because of the need for wax for religious ceremonies. In addition the farming community had to supply the nobility and the social elite with honey for making traditional beverages.

According to some estimates Ethiopia, with about three to five million bee colonies, is the country with the highest bee density in Africa. As in many other Africa countries, beeswax is a very important product of beekeeping. Thus, after China, Mexico, and Turkey, Ethiopia is the fourth largest wax producing country with an estimated two thousand one hundred tones per year. According to FAO estimation, the production of honey amounts almost to twenty-one thousand tones per year with this amount Ethiopia is the largest honey producing country in Africa and world wide it stands in tenth place.

The Ethiopian bees are Apis mellifera scutellate, A,m. monticola and A.m. yementica . Generally, Apis m. scutellate is regarded as the Africa bee occurring in altitudes between 500 m and more than 2400m. The gentle race Apis m. monticola of the Afro-alpine zone, which occurs between altitudes of 2400m up to 3400 m in Ethiopia. The drought resistant lowland bee Apis m. yementica is found on the southeastern escarpment and in the southeastern lowlands. Besides to the Apis mellifera races, sting less bees (Trigona spp) are commonly found in medium altitudes up to 2300 m.a.s.l. This bee produces a special honey called Tazma.The tazma bee is a small bee about 10 mm long, having the nest built in cavities in the ground about 1 m deep. It has many characteristics in common with honeybees like storing of honey, using wax for building combs, building up of larger colonies and division of labor. The tazma honey is a liquid with a strong acid flavor. 
Apis m. scutellata is a typical African honeybee, more involved in brood rearing, swarming and wax production and less in honey production. It has a high swarming rate, rapid colony development and a strong tendency to abscond and migrate.

8.2 Types of bee castes

In a bee colony there are two female castes: the queen and the worker, and males: the drones (figure 1).
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Figure 1: Queen (A), drone (B) and worker (C).
 The Queen 
The queen can be recognised by her long abdomen which extends far beyond the tip of her wings in the resting position. Her thorax is larger than that of the worker. Viewed from the front, her head is round. There is only one queen in each bee colony. As soon as there is a second queen there will be a fight which ends with the death of one of the queens, usually the oldest (weakest). The queen is usually the only female which lays eggs. Because a queen produces the most eggs in the first year of her life the best queens are not more than 2 years old. The maximum egg production is 3000 for the western honeybee and 800 for the eastern honey-bee.
Before the queen starts laying eggs she makes a nuptial flight. For this purpose she is driven outside by the worker bees some days after the new hive has been occupied. While in flight she mates with about ten drones. The spermatozoids which she has obtained from the matings are stored and kept alive in a special reservoir (spermatheca) in her abdomen. As long as there are spermatozoids in this reservoir (with successful matings this can be for 3 - 5 years) the queen can lay fertilized eggs. Fertilized eggs develop into females, queens or worker bees. Unfertilized eggs which are laid in larger horizontal cells will produce drones. Some days after the nuptial flight the queen begins to lay eggs. Fertilised eggs are laid in the small six-sided horizontal worker cells and in the round hanging queen cells (figure 2). The queen cannot collect any food herself and therefore has to be fed with a special food from the head glands of the workers.

The queen has a thick, curved sting with which she can kill other queens.
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Figure 2: Part of comb. A: queen cell; B: worker cell.

 The Drone

It can easily identify a drone by its stout shape. A drone is much broader than a worker but shorter than a queen. The abdomen is not pointed. The eyes touch each other on top of the head. Drones have no sting. They cannot collect any food and are fed by the workers. Their task is to mate with a young queen. They die immediately after mating as the male genitals break off at mating, damaging the abdomen. If there is a shortage of food in the colony the drones are no longer fed and after a while they are dragged out of the hive. On the other hand, when much drone brood is present in a colony, it may swarm within a short time.

 The Worker 

A large colony can consist of more than 50,000 workers. Viewed from the front the worker has a triangular shape. The tips of her wings in the rest position cover the end of her abdomen. One segment of her hind legs bears two rows of long hairs between which the pollen is carried. The pollen that covers the bee’s body after her visit to a flower is stored and transported in these baskets. She uses the brushes on her legs to clean the body and to push the pollen into the baskets. The pollen collectors empty the contents of their baskets into the cells of the comb surrounding the brood cell area.

The extended mouthparts together form a tube through which the nectar can be sucked up. The bee transports the nectar in her nectar sac and when she has returned to the colony she passes the contents of this sac to another bee. After the nectar has been passed several times from bee to bee, it is stored in a cell of the comb. During this processing of the nectar the water evaporates and enzymes are added to it which converts complex sugars to easily absorbed simple sugars (glucose andfructose). When the honey is sufficiently concentrated the cell is closed with a wax capping (sealed honey).The workers are equipped with a straight, slender sting which is made up of two small lancets attached to a stiletto. Bee venom is produced in two glands in the abdomen of the bee and is stored in the venom sac. When a bee stings, the venom is pumped into the victim through the sting. When a bee stings a warm-blooded animal (including man) the sting cannot be withdrawn because of the barbs on the lancets and stiletto. The sting apparatus and the venom sac break off when the bee tries to escape and shortly after stinging the bee dies from the damage to its abdomen. If a bee stings you, first kill it because the behavior of this bee will incite other bees to sting too. Then quickly scrape the sting from your skin with a clean nail or another sharp object. Do not pull it out between finger and thumb, because you will force even more venom into your skin.

The younger house bees work within the colony. Depending on the needs of the colony, they perform the following tasks:

·  Cleaning the cells and removing debris and dead bees from the bottom of the hive.

· Feeding the queen, the drones and the larvae which have hatched out of the eggs. This food contains some nectar. The other food component is brood food. This protein-rich product is made in the head glands of the workers. The nurse bees can only produce this food when they are able to consume enough pollen stored in the comb. The queen needs the proteins to produce the eggs, and the drones to produce sperm. The larvae need protein and sugar to develop into adult bees. Within six days a larva increases its weight 1500 times.

· Guarding the flight entrance of the colony.
· Maintaining the temperature of the brood combs (35 °C).
·  Heat is produced by vibrating the thoracic muscles.
·  Producing wax, building combs and sealing the honey and brood cells.
· The wax is made in the wax glands and is passed out through eight porous wax ’mirrors’ in the underside of the abdomen. The wax sets on the surface of the wax plates into transparent wax scales which are taken off with the legs and worked with the jaws.

· Converting the nectar into ripe honey.
When a young bee has been a house bee for about three weeks she starts to make orientation flights. The field bee gets to know the position of all kinds of objects such as a tree, a bush, a house etc. and can therefore always find her way back home. Foragers (field bees) can visit an area with a radius of about 3 km. In practice this means that:

· a bee colony cannot be moved at random. The field bees would return to the old site of the colony. If you want to move the colony a small distance, then move it 50 cm at a time, at intervals of several days. If it cannot achieve your aim in this way, then the colony must be placed outside the flight area, i.e. at a distance of 5 to 6 km, for three weeks, after which time the foragers will have died. Then the colony can be put back in any place within its previous flight area.

· do not make any changes to the hive and the immediate surroundings during the time the young queen makes her mating flights, as she orients herself when flying out on the first mating flight.

· a swarm orients itself on the site of its new home. If the swarm loses its queen, however, the bees will return to their original place.

The bees can either find sources of food on their own (scout bees) or learn about these from other forage bees through the ’bee dance’. These sources of food are plants which produce pollen or nectar. Bees need to be able to gather not only food but also water (mainly to regulate the temperature of the hive). If the bees cannot gather water you must provide them with drinking basins. Put stones in the basins so that the bees do not drown. Bees collect propolis from leaf buds etc. and use it to seal small openings in the hive. The division of labour of the workers described above is not based strictly on age; if you remove the young bees from a colony, the field bees will take over their tasks, and vice versa.

The life span of the workers depends on their degree of activity. If a colony is very active and has a large brood nest to take care of the workers live for about 6 weeks. In periods of rest (summer, the rainy season) when there is no brood (temperate climate) or little brood (tropical climate) this life span is many times longer (up to 6 months).
8.3 Beekeeping Systems

Traditional Beekeeping
Traditional beekeeping is the oldest and richest practice, which has been carried out by people for thousands of years. The farmers in order to produce their bee baskets use cheap local materials like clay, straw, bamboo, false banana leaves, and bark of trees, logs and animal dung. Like in other branches of agriculture, they do not need to invest and they use very few tools, mostly knife. Almost all methods are based on the concept of minimal management. They fix up the beehives and hung them on certain trees. For harvesting they have to climb up the trees to reach the baskets, which were placed in the upper branches, then use a flaming torch to clear the baskets and allow the honey to be collected. During harvesting, the colony will often be destroyed or at least damaged because the honeycomb together with the brood and the pollen is cut out with a knife.
Advantage and Dis-Advantage of local hive 
Advantage
· Hives can be made with cheap local materials.

· It requires little investment

· It doesn’t need skilled man power

· Wax production is high
Dis-Advantage

· Due to narrower spacing of local hive bees can reproduce as much as they need. This results in swarming or absconding

· The quality of honey is less

· The quantity of honey harvest is low

· It is not comfortable to supervise and is not manageable.
Transitional (Intermediate) Beekeeping Systems

Offer a cheap system for bee killers and bee hivers who use fixed-comb hives to make the transition to beekeeping. They provide a relatively simple beekeeping system that is more within the economic and technical reach of most small-scale projects, while still allowing the user to employ the most current beekeeping knowledge. Most intermediate systems sacrifice some honey production for wax production, but wax too is a valuable product.

These beekeeping systems give the user more control over the construction of the hive and limit the need for other equipment. Intermediate technology hives give small farmers an affordable opportunity to learn about bees and beekeeping and to develop the needed expertise and capital to make use of a moveable-frame system later.
Types of Transitional Hives
I) Kenyan Top Bar Hive

· It is fitted with V- Section renewable top bars

· The V-Section forms a starter and there is no need to attach a comb foundation to show where the bees must build the comb.
· The shape of the base is Trapezoidal. Its simple design allows for the use of a wide range of materials: each top bar hive accommodates 27-30 top bars where bees attach their combs. For African races of the western hive bee, the width should be 32 mm; for European races, it should be 35 mm. It is important that the width of the top bar hive be correct so that the bees will construct only one comb per bar. The sides of the hive should be inclined at an angle of 120 degrees to the bottom. This minimizes the combs being stuck to the sides as it follows the similar form in which bees naturally construct their comb. Advantages of the Kenyan top bar hive system over the modern (Langstroth hive) system for small-scale beekeeping include:

__The number of critical dimension areas in the KTBH is far less than in a Langstroth system. Thus, the hive is easy to construct with local level carpentry skills and equipment.

__The wood used in the construction of the KTBH does not have to be of high quality. The KTBH can even be built of reed matting, straw, or old oil barrels.

__An extractor is not needed for the KTB system. 

__Sheets of pressed foundation wax are not needed.

__Because of its low cost and design, it is economical to use with simple management techniques to achieve moderate increases in honey yield.

__This system produces more wax.

__Queen excluder is not needed.
II) Tanzanian Top Bar Hive
· It uses the same top bars as the Kenyans model

· Mud block (chika) hive: It is completely a prototype of Kenyan top bar hive but it is made of block of mud with mould.
· The shape of the base is a rectangular box.
Advantage of Transitional Hive

· It can be opened easily and quickly

· The bees are guided into building parallel combs by following the line of the top bars.

· The top bars are easily removable and this enables the beekeeper to work fast.

· The top bars that hold combs can easily be determined so that opening of the boxes is stared form the empty side.

· The top bars are cheaper than frame hive

· Bees in the top bar hive can easily be controlled when harvesting of while inspecting the colony

· Even with bees it is light and easy to transport 
Disadvantage
· Combs suspended from the top bars are more tending to break off than those, which are built within frames. (Combs are fragile)

· It’s light weight and shape makes it easier to steal.
Improved (modern) Beekeeping System It is a method of beekeeping in which moveable frame hives are used. This system uses moveable frames in several boxes. This system allows for easy manipulation of combs. Both frames (containing combs) and boxes can be easily interchanged for management. Frames containing honey are removed from the hive, the cappings of the cells cut off with a heated knife, and extractor. The empty combs are then returned to the colony for the bees to refill. Honey production is maximized at the expense of wax production with moveable-frame hives. Bees need to produce about eight kilograms of honey to produce one kilogram of wax. Because the empty combs are returned for refilling, honey production is enhanced. Comb foundation, or sheets of beeswax embossed with the dimensions of worker cells are used in the frames. The main function of this is to produce strong comb centered in the frame. Comb foundation also reduces the amount of wax that the bees have to produce, which also increases honey production. Since the combs are attached to the frame on four sides, and the frame usually contains several strands of thin wire to reinforce the comb, hives can be easily moved with little chance of breakage. Therefore, migratory beekeeping can be carried out with moveable-frame hives. In migratory beekeeping, colonies are moved to take advantage of the variations in nectar flow between regions. This effectively increases the period of honey flow for the beekeeper.
A moveable-frame beekeeping system also gives beekeepers the option to produce pollen, royal jelly, or queens in large numbers. The lack of understanding of how to construct and use the inputs is the factor that prevents the economic use of a “high-tech” beekeeping system in most small-scale development situations. The principles of hive management are the same for high-tech beekeeping as for intermediate technology beekeeping. High-tech beekeeping provides for more ease in manipulations and gives more options to the beekeeper. It also calls for a greater investment.

High-tech beekeeping will give greater return for the investment in most beekeeping situations. However, the options of a high-tech system must be fully used to realize such a return. The combination of lack of capital for investment and lack of understanding of timing, organization, and bee biology often makes the success of high-tech beekeeping difficult for small farmers.
A) Types of modern Hive
Frame Hive: - consists of two or more precision made rectangular boxes, with a floor at the base and a cover at the top, each containing a number of movable frames which hold the combs of brood and honey.
There are several types of hives present in the work
1. Langstroth (most commonly used in the world as a whole)

2. Modified Dadant (the 2nd most common type)

3. Zander

Whatever type of hive a beekeeper uses,

-All hive parts, frames and accessories must be compatible, i.e. conform to the same set of dimensions and.

-All hive boxes must have either a top bee space or a bottom bee space
B) Parts of modern Hives
I) Bottom Board:- Forms the floor of the hive

II) Brood box (chamber):- in which the queen lay eggs and brood reared.( a section of the hive used by the bees for brood rearing and storage of their food reserves.)

III) Queen excluder:- It is device( a flat metal or plastic grid) used in the hive to restrict the passage of the queen and drones.

IV) Super: - is a box placed on brood chamber to accommodate frame containing combs of honey.

V. Hive cover and inner cover.

Hive Cover (the roof of hive):- that hangs over the edges of the hive body on which it rests.

Inner cover: - it placed over the top box to enclose the bees within the hive
E) Advantage and Dis-advantage of movable frame hive.

                 Advantage

_ The comb is fixed firmly to the four sides of the frame and thus facilitates easy harvesting.

_ Honey is extracted by means of centrifugal honey extractive which makes it possible to remove the honey without damaging the comb.

_ During hive manipulation; very few bees are crushed between frames.

_ Good quality honey can be obtained

_The quantity of honey obtained is very high

_Inspection of the colony can be possible

_Boxes can be added or reduced according to the population of the colony.

          Dis-advantage

_ It is expensive

_ High degree of craftsmanship (skilled manpower) is required.

_ It requires importing centrifugal honey extractor and other equipments.

_ Low wax production.
8.4 Bee products and their uses

Introduction
Apart from the importance of honeybees as the basis of Agriculture in the pollination of seed, fruit, Vegetable and legume crops, they are also of immense importance to the beekeepers in production of honey, beeswax, pollen, royal jelly, propolis and bee venom. Whatever found in the hive, which have direct or indirect contact with bees are called hive products.

Natural products carried into the hive by honeybees and subsequently processed within the hive are: nectar, honeydew, pollen, propolis and water. Some of them have potential economic value to farmers and others.

Another’s hive products, which are manufactured by bees within the hive, are: beeswax, royal jelly, bee venom and brood (bees). All of them have potential value in bringing economic return to the owners and they have very essential role in human medicine, human diet and in economy building.
Honey

Honey consists mostly (± 80%) of sugars that are readily absorbed by the body. It is therefore an extremely suitable food for children, sick people and those who perform heavy manual labour.

· it can be used as a sweetener for food and drink.
·  it can be used to treat superficial wounds and throat complaints.
·  it is a pleasant-tasting food and an effective medicine.
· it has a high economic value and is therefore a good trade commodity.
Honey Processing 

The primary objective of all processing of honey is simple_to stabilize it. This means to keep it free of fermentation and to keep the desired physical state, be it liquid or finely granulated. The primary operation in the processing of honey is the application and control of heat. If we consider storage to be the application of or exposure to low amounts of heat over long periods, it can be seen that a study of the effects of heat on honey quality can have a wide application.

A recommended temperature for pasteurization of honey is 145oF for 30 minutes. At this temperature diastase has a half-life of 16 hours and invertase only 3 hours. At first glance this might seem to present no problems, but it must be remembered that unless flash heating and immediate cooling are used, many hours will be required for a batch of honey to cool from 145oF to a safe temperature. The damage done to honey by heating and by storage is the same. For the lower storage temperatures, simply a much longer time is required to obtain the same result. It must be remembered that the effects of processing and storage are additive. It is for this reason that proper storage is so important. People who store honey must select conditions that will minimize fermentation, undesirable granulation, and heat damage. Fermentation is strongly retarded below 50 oF and above 100 o. Granulation is accelerated between 55oF and 60oF and initiated by fluctuation at 50o to 55o. The best condition for storing unpasteurized honey seems to be below 50o.
 Pollen and Propolis 

With a simple trap at the flight entrance of the hive it is possible to harvest the pollen collected by the bees. Bees gather an average of 100 to 200 g of pollen per colony per day: 30 to 50 kg per year! It should, of course, only collect a part of this so that does not seriously inhibit the development of the colony. Pollen can contain up to 35% protein. It can be eaten dry or added to other foods. Pollen is sold to the perfume industry and nowadays also for consumption.

Propolis is a resin that bees collect from plants and they use it to cover the inside of the hive. The market trend for propolis is increasing as it has some therapeutic and antibiotic characteristics. A.cerana does not collect propolis.

Pollen must be protected against moisture. It attracts water (hygroscopic) and deteriorates quickly when attacked by fungi. Try to dry pollen in hot weather by spreading it in a thin layer in the shade where a breeze is felt. Store pollen in airtight earthenware pots or closed bottles. Well dried pollen should crack between your teeth like rice.

Beeswax

Wax is used in the manufacture of cosmetics, candles, foundation sheets (for hives), medicines, polishes, etc. There is a good and very stable market for beeswax. Wax production varies from 0.2 - 0.5 kg per hive/year when frames are used and from 0.5 - 2 kg when the honey is pressed and all the combs are melted down.
Bee brood
Bee brood is a potential hive product for local use. It can be used as animal feed or as human food in areas where insects are accepted in the human diet.

Brood is the developing adults of the colony, so only drone brood should be used. Cut out the areas of comb that contain the brood and remove the brood from the comb by shaking or picking it out. Older larvae are easier to remove since the cells do not have to be uncapped. After the brood is removed, the comb can be rendered for the wax. Comb containing brood can also be given directly to chickens. They will remove the larvae and pupae, though thee beeswax will be lost as they destroy the comb. For human food, the brood can be eaten raw or dried, or skewered and roasted.
Royal jelly

Royal jelly is the secretion from the two types of glands that young worker bees (nurse bees) have at their head (hypo pharyngeal glands and mandibular glands). Given an ample supply of royal jelly, the larvae of queen bees grow to large-sized (about three times as big as workers) adults in a shorter period of time. They also livelong and keep a vigorous egg laying capacity since they continue to eat royal jelly all their lives. If you make queen cell cups from plastics and transplant young larvae of worker bees in the colony in the cups, you can artificially produce royal jelly. The quality of royal jelly is mainly based on the content of protein and 10-hydroxy decenoic acid, a unique fatty acid in royal jelly.

Royal jelly is produced by using a queen less colony of bees. A strong colony of young bees is made up by shaking bees from the brood comb of several colonies. Such bees are mostly nurse bees, which have fully developed head glands and thus are good producers of royal jelly. The colony is given plenty of pollen and honey stores, but is it is kept both brood less and queen less. After one day, Frames with bars of artificial cell bases (queen cups) containing one –day-old larvae are given to the colony. Because of the queen less condition of the colony, the young bees are stimulated to rear queens. To harvest the royal jelly, the larvae are removed from the cells after a few days, and the royal jelly scooped out.
Summary
 Apiculture is a science-based industry, which uses bees as micromanipulators to harvest plant foods from environmental resources that would otherwise be wasted. Beekeeping is the maintenance of healthy colonies of honeybees in hives designed for easy operation for beekeepers and for the removal of beehive products. Of all the countries in the world, probably none has a longer tradition of beekeeping than Ethiopia. The Ethiopian bees are Apis mellifera scutellate, A,m. monticola and A.m. yementica . In a bee colony there are two female castes: the queen and the worker, and males: the drones. These castes have their own function in the hive. There are three bee keeping systems such as tradition, transitional and modern systems in Ethiopia. Honey bees are important for the production of honey, beeswax, pollen, royal jelly, propolis and bee venom. Whatever found in the hive, which have direct or indirect contact with bees are called hive products. Natural products carried into the hive by honeybees and subsequently processed within the hive are: nectar, honeydew, pollen, propolis and water. Another’s hive products, which are manufactured by bees within the hive, are: beeswax, royal jelly, bee venom and brood (bees). All of them have potential value in bringing economic return to the owners and they have very essential role in human medicine, human diet and in economy building.

Self check exercise 

Part I: True/False

1. The queen can collect any food herself.

2. It is possible to mate a queen with ten male drones during flight.

3. Drones die immediately after mating with a queen.
Part II multiple choice 

1. It is a small bee 10 mm long, having nest build in cavities in ground about 1 m deep.
A. Apis mellifera scutellate bee

B. Apis mellifera yementica bee

C.   Apis mellifera monticola bee

D. Tazma bee
2. Which one is not true about bee caste?
A. Fertile eggs develop in to females

B. Drones cannot collect any food by themselves.

C. Fertile eggs develop in to males

D. Drones have no sting

3. The advantages of the Kenyan top bar hive over modern (Langstroth hive) system are: 
A. it is economical to use with simple management techniques
B. An extractor is needed 
C. Queen excluder is needed

D. This system produces less wax

4. It is secreted from hypo pharyngeal and mandibular glands of worker bees head.

A. Bee wax    B. royal jelly    C. pollen    D. nectar
Discussion Questions
1. The queen bee is not genetically different from the worker bees but she is made to be different. Explain.

2. If you observe excessive number of drones in a colony, what would you suspect? What would be your management?

3. Describe the mating behavior of a honeybee.
4. Explain the processes by which honeybees make the bee products.

5. What is the primary objective of processing of honey?

12. Discuss the function of worker bees.
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                          9. FISHERY 
Introduction

Fish is an aquatic vertebrate animal, usually possessing gills in the adult stage and having limbs, when present, in the forms of fins. Unlike other commonly recognized groups of animals, the fishes are a diverse assemblage of groups that cannot be recognized by any defining trait (as mammals, for example, can be recognized by the presence of mammary glands or hair). Fishes are usually understood to include the jawless vertebrates such as the lamprey and hagfish; and the shark, ray, chimaera, lungfish, and bony fishes. The latter group includes the forms most commonly known as fish. The word fish is commonly used to refer to an individual animal or to a species, or to fish in general. When referring to two or more kinds or species, the usual convention is to employ the plural fishes.
Fish – diverse group of animals that live and breathe in water.

Fishery – the practice of collecting and hunting fishes.
Objectives: After studying this chapter, the student should be able to: 
· Identify fishery resources 

· Explain economic importance of fishery 
9.1 Fishery resources 

a. Freshwater culture: This involves the culture of organisms that live mainly in inland waters with 0.1 parts per thousand (ppt) or less salt content.

b. Brackish Water culture: This involves the culture of organisms that live in water with a salt content between 0.1ppt and full strength seawater.

c. Marine or Seawater culture: This involves the culture of organisms that live in coastal lagoons or in the open sea.
Ethiopian fresh water divided in to two. Those are river system and lakes. River system contains Nile, omo, awash, genale. Wabishebele, etc. it has 5000—10,000 tone of fish production per year. Ethiopian fresh lakes divided in to three. Such as High land lakes, Rift valley lakes and Cractor lakes. Cractor lakes formed at the mouth of volcanic eruption. They are poor in terms of fish production. Rift valley lakes include: Koka, shalla, Zway, awassa, Langano, abaya, Abijata chamo. Morph ometric and parametric features of lake has a great role on production and reproduction of fish. A Morphometeric factor contains depth, area, volume, length, and width. The parametric features of the lake include shape of the line and shape of the basin.  Based on depth shallow lakes are more productive than deeper lakes because they are well illuminated light reaches to the bottom depth or even in every shallow lakes whole water column which enhances photosynthesis. Whole water column or deepest part become warm and sustain available level of metabolism. In shallow lakes light wind can cause sufficient wave to mix surface water and bottom depth. Thus allow circulation of material between the surface and the bottom. Oxygen from the surface would reach to the bottom to support life and nutrient from the bottom come up to the surface and available for algae to promote photosynthesis. Thus circulation takes place daily in very shallow lakes; like ziway, chamo, and abaya. Where as in depth lakes mixing and circulation materials require seasonal strong wind. E.g. shalla, langano, koka, tana, and awassa.
The inland waters of Ethiopia

Ethiopia contains some 7000 m2 of inland waters which includes both lakes and rivers.

Rivers – the northern and central highlands of the country are drained by westward flowing rivers (e.g., the Abay, Angered, and Tekeze, which form part the Nile drainage basin) and the east ward flowing rivers draining in to the rift valley (e.g., the Katar, Meki, and Mojo). The southwestern parts of the highlands are drained by left bank tributaries of the Abay, the Baro

– Akoba and the Gibe – Omo river systems. The south western part of the eastern highlands is drained mainly by the Ghenale and Dawa rivers while the southeastern parts of the eastern highlands is drained by the head water of the Shebelle and the Fafan. The Ethiopian rift valley and the Afar lowlands are drained largely by the Awash River and its tributaries.
Lakes – Ethiopia is moderately well supplied with natural lakes. The Ethiopian rift valley contains a number small- to- medium sized lakes from which the greater part of the country’s fish harvest is drawn. The Ethiopian rift lakes include the southern lakes (Chamo and Abaya), the northern lakes (Awassa, Shalla, Abijata, Langano, and Ziway) and the saline northern lakes (Afambo, Gamari, Afdera, Asale, and part of Abe). There are also Cractor lakes such as the high plateau Bishoftu group (lake Hora, Bishoftu and Arenguade), and the lake chitu in the rift valley. The Ethiopian high land lakes include lakes Tana, Hayq, Ardibo and Ashengi.
9.2 Economic importance of fishery

1. Providing the products of fish for human food

2. Providing some industry material (marine capture fishery), such as fish meal/flour, fish glue, cod-liver…

3. Fishery is also practiced for re-stocking of the natural water bodies, or for the production of ornamental fish.

4. Providing immense job-potential
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10. Site-specific Management of Farm and Decision Support Systems (SSM)

Objectives: - This chapter is designed in such a way that learners can be able to:
· Define what is site-specific management?

· Identify driving forces behind SSM

· Answer why do we need Decision Support System in Agriculture?
10.1 What is site-specific management

Session Objectives: This session is organized in such a way that learners can:
· Explain what site-specific management is and different guidelines.
Site-specific farming is:

A system to better management of farm resources. Precision farming is information and technology based management system now possible because of several technologies currently available to agriculture. These include global positioning systems, geographic information systems, yield monitoring devices, soil, plant and pest sensors, remote sensing, and variable rate technologies for application of input.  This information and technology for site-specific farming allows farmers to identify, analyze, and manage the spatial and temporal variability of soil and plants for optimum profitability, sustainability, and protection of the environment. Geographic Information Systems (GIS) are a powerful information technology for analysis and management of spatial data and mapping. Remote Sensing (RS) to identify and Global Positioning Systems (GPS) to locate and define spatial features or activities contribute to the quality of site-specific practices. Variable Rate Technology (VRT) allows targeted, site-specific input applications. Yield monitoring records crop productivity as an historical database for crop management. Emerging precision agriculture technologies rely heavily on GIS/GPS/RS/VRT and monitoring.

Site-Specific Management Guidelines

The objective of the Site-Specific Management Guidelines series is to provide a mechanism to assemble expert knowledge in a timely fashion on site-specific management in a form useful to farmers and their advisers. Each Guideline addresses a specific issue related to site-specific soil and crop management. Currently there are 30 titles in the series, which can be accessed from the list below.
  1) Management Zone Concepts
Varying the application rates of plant nutrients and other crop inputs across variable fields makes good agronomic sense. For every input some reasonable strategy must be used to guide that application. Grid soil sampling for phosphorus (P) and potassium (K) has greatly improved the accuracy of fertilizer application, although even greater accuracy can be attained by considering additional site characteristics within sub-regions of fields. A "management zone" is a sub-region of a field that expresses a relatively homogeneous combination of yield-limiting factors for which a single rate of a specific crop input is appropriate. Spatial information that is most helpful in defining management zones should be quantitative (numerical), densely or continuously sampled, stable over time, and directly related to crop yield. The basis for accurate and profitable application of crop inputs…uniform or variable-rate…will continue to be a clear understanding of the agronomic factors that directly affect crop growth and yield.

  2) Profitability of Site-Specific Farming
When is site-specific farming (SSF) profitable? What makes it profitable or not? This Guideline looks at both variable rate (VR) input applications and yield mapping. It demonstrates basic budgeting methods to measure average profitability. Profitability results from nine field research studies show that high-value crops give the biggest payoff to VR fertilizer application. Many yield map benefits come from whole-field improvements such as drainage, land leveling, windbreaks, and fencing. Farmers and agribusinesses should remember that because SSF practices are site-specific, their profitability potential also will be site-specific.

  3) How to Determine an Accurate Soil Testing Laboratory
Many people have said that soil testing laboratories are good enough considering the amount of field variability. With the advent of global positioning system (GPS) technology, soil sampling variability is minimized. Now, soil testing laboratories must be more accurate and reproducible to match the improved accuracy and precision achieved with GPS soil sampling. How can you know if the laboratory you are using produces good numbers? You can determine laboratory accuracy by: 1) knowing the difference between accuracy and precision, 2) know what questions to ask a laboratory, and 3) setting realistic expectations of laboratory quality.

  4) Global Positioning System Receivers
The global positioning system (GPS) and GPS receivers provide the means to determine position at locations anywhere on earth. Developed by the U.S. Department of Defense (DOD) and used for many civilian purposes, from fishing to flying, GPS has also made precision farming a reality. A typical configuration for on-farm agricultural applications includes a GPS receiver and antenna, a differential correction receiver and antenna, and cables to interface differentially-corrected (DGPS) data from the receiver to other electronic equipment such as a yield monitor or a variable rate controller. Accurate, automated position tracking with GPS receivers allows farmers and agricultural service providers to record geo-referenced data and to apply variable rates of inputs to smaller areas within larger fields.

  5) Variable Rate Equipment--Technology for Weed Control
Sprayer controllers have been developed by agricultural equipment vendors to minimize variation of applied rates of chemicals within fields. The control systems that allow these devices to compensate for changes in vehicle speeds now also provide the potential to apply variable rates of pesticides according to preplanned maps. The types of sprayer systems and controllers capable of variable rate control are discussed here, along with their advantages and disadvantages. Communications between task computers used to store maps and these sprayer controllers are also discussed.

  6) Standardization and Precision Agriculture--'The Promised Land'
Progress toward increased use of electronic systems for precision farming applications will be enhanced by the introduction of standards for electronic communications on agricultural equipment and translation of spatial data formats. The standard J1939 will provide a uniform approach to communications on tractors and implements. The Transfer Support Layer (TSL) specification will allow for transparent use of maps from many different software companies on any system that adheres to the TSL specification.

   7) Yield Monitor Accuracy
Field and laboratory experiments were done to investigate the performance of an impact-based yield sensor. Laboratory tests showed that the accuracy of the yield sensor was affected by sudden grain flow changes. The yield sensor had a quick response to flow variations; however, it did not provide consistent readings when grain flow variations were abrupt. In field tests, the yield monitor showed yield trends quite reasonably. The yield monitor accuracy was higher at a constant combine ground speed compared to varying speeds based on weights from individual strips. Yield monitor calibration plays a key role in obtaining the best possible accuracy from the yield monitor.

  8) Earth Model--Calculating Field Size and Distances between Points Using GPS Coordinates
An ever-increasing number of farmers have global positioning system (GPS) receivers on their combines. When not harvesting, GPS receivers are useful for more than locating one’s favorite fishing spot. They can be tools for determining the distance between two points or to accurately determine the acres in a field that is to be rented. The distance between two sampling points and the area of a field can be found using GPS coordinates and knowledge of the Earth Terrestrial Coordinate System. Because GPS latitude and longitude are in terrestrial coordinates, determining the distance in length measurements (feet, meters, yards, kilometers, and miles) rather than degrees, between two points is not trivial. The objective of this guideline is to provide a method that farmers, ranchers, or agricultural practitioners can use to calculate distances between points and to calculate the size of a field using Excel, a commonly available spreadsheet. A more detailed description for calculating distance and area is found in Carlson (1999), in which the mathematics and assumptions used to create the model used in this guideline are described. A Basic programming language computer program is also available in that paper.

  9) Selecting a DGPS for Making Topography Maps
The CEO of your company decides he wants you to start offering precision farming services. Based on this mandate, you purchase a code-phase differentially corrected global positioning system (DGPS), and you use it for grid sampling, applying variable rate fertilizers, and yield monitoring. After a while you notice that your competitor is superimposing soil nutrient, pH, and yield information on topography maps, and is thereby improving his ability to identify management zones. Based on the need to stay competitive, you decide to use your code-phase DGPS system, purchased for locating soil sample grid points, to develop topography maps. After spending $5,000 to attend a geographic information systems (GIS) training workshop for a week, you develop your first topography map. Why doesn’t it look like your competitor’s maps? What went wrong?

   10) Remote Sensing: Photographic vs. Non-Photographic Systems
The intention of site-specific management is to optimize grower inputs on areas much smaller than the entire field. These areas may be as small as a few square meters in size. To manage a field on such a scale, data would have to be collected on a similar or smaller scale. To collect the data by hand would be very time consuming, labor intensive, and destructive. This is the role remote sensing systems can play in site-specific management. The purpose of this guideline is to compare the advantages and disadvantages for two types of remote sensing systems: photographic and non-photographic. It is also intended to provide basic information about remote sensing and how to deal with the data obtained.

   11) Setting Up On-Farm Experiments
The ability to perform on-farm experiments has been greatly improved with the advent of yield monitoring and differentially-corrected global positioning system (DGPS) equipment. However, care should be exercised when planning a particular experiment to remove sources of variation that might confound the interpretation of the data. In addition, the use of yield monitor data may require more observations or larger loads to adequately capture the random variation in the field. Simple statistical tests, like the t statistic, are appropriate when analyzing paired data such as the side by side split-planter design or strip data from yield monitors.
   12) Simple On-Farm Comparisons
Many farmers continuously experiment with new farming approaches to optimize profitability. To determine if management changes make a difference, it is necessary to compare one treatment versus another. The selection of a method for conducting the experiment and making comparisons is critical to minimize incorrect interpretation of experimental results. It is not necessary to implement complicated experimental or statistical methods to determine if a change in management will improve production. However, if proper techniques are not used, results can be misleading, and a change in management might not lead to an increase in productivity. The purpose of this guideline is to provide a framework for conducting simple on-farm experiments. These techniques can be used for any comparisons where two factors need to be compared with statistical precision.

   13) Estimating the Time of Weed Emergence
The basis for timing of many weed control operations is seedling emergence. However, weeds rarely, if ever, emerge in a synchronous and uniform flush. Instead, they emerge in "fits and starts," depending upon weather, soil, and management conditions. Recently developed computer software permits site-specific prediction of weed emergence and early seedling growth using on-farm weather data. Armed with this information, producers and crop consultants can estimate current weed emergence on a daily basis. They also can forecast forthcoming emergence. The software is sensitive to tillage system and soil type. Consequently, the variability of emergence, due to these factors, across fields can be estimated easily. Recognition of the asynchrony in timing of weed emergence helps producers and consultants make better management decisions for spatially variable fields.

    14) Field Testing Management Zones for VRT
Developing accurate variable-rate technology (VRT) fertilizer application maps is critical in implementing precision farming management. Intensive grid soil sampling has traditionally been used to develop application maps. Research at the University of Nebraska found that in many cases where the spatial distribution is rather complex, much finer grid densities than those currently used commercially are required to produce accurate maps of nutrient levels for fertilizer applications (Gotway et al., 1996). However, the cost and labor intensity associated with intensive grid sampling suggests other approaches may be more feasible. Management zone technology may provide a more economical method of developing VRT application maps.

    15) Potential Applications of Remote Sensing
Since the development of remote sensing nearly 60 years ago, there have been many applications for agriculture. Some have proved effective, while others have not succeeded in assisting farmers with problem solving. Profit margins for individual farmers are typically slim; therefore, farmers are likely to take seriously any technology advances that will help increase those margins. So far the use of remote sensing data has proven most economical for the high value crops where the risks are greater per acre. Remote sensing has not been perceived as cost-effective for Midwest crops where weather is the greatest variable and therefore not manageable. Recent advances in the spatial, spectral and temporal resolution of remote sensing (Johannsen et al., 1998) as well as potential positive changes in cost and availability of remotely sensed data may make it a profitable tool for more farmers. There are some practical applications of remote sensing that are often overlooked by many farmers and consultants. The purpose of this Guideline is to highlight those applications.
    16) Getting Specific with Site-Specific Nutrient Management
Over simplification of site-specific nutrient management can lead to reduced profits and production. Currently, site-specific nutrient management typically involves applying a definite set of recommendations to different areas in a field, based upon a few factors, such as soil test levels and yield goals. However, if these recommendations do not consider other site-specific factors that influence response to nutrient application, substantial opportunities to increase profits and production may be lost. Standard university recommendations for nitrogen (N) and phosphorus (P) were evaluated for profitability potential within a field and compared to actual crop response needs. Site-specific university recommendations produced an average net return of $75/A, while actual crop response suggested that a return of $100/A was possible with the right nutrient management decisions. Yield and crop response at this location were impacted by drainage and compaction. Proper evaluation of these yield-limiting factors and appropriate management changes based on readily available information could make site-specific nutrient management more profitable.

    17) Interpreting Remote Sensing Data
Can remote sensing fulfill its 30-year-old promise for enhancing profitability in agriculture? The answer is still not clear-cut for everyone, but a combination of past experience and technological improvements is now making it profitable to incorporate remote sensing into many farm and ranch enterprises. This guideline explores some of the basic analysis options for agricultural applications of remote sensing data. Once remote sensing data have been collected, the user must interpret the data to derive the information needed to help make decisions. It is a given that the data and information will have some associated error. As a producer or service provider, you must decide what amounts of certainty are necessary and whether or not the information is worth the investment.

   18) Strategic Approach to Site-Specific Systems
Site-specific management must be approached logically and systematically. Like any major change, it is easier to break the process into manageable action steps that ultimately build to a complete management system. A strategy is offered in contrast to a generalized recipe of tools and practices. A successful strategy considers farmer goals and characteristics of the individual farm, farmer, and fields before decisions about tools and practices are made. 
A strategic approach for site-specific management might include the following: 
· List the decisions that must be made to reach the goals.

· Determine the data needed to support the decisions. 

· Determine the tools needed to collect/manage/interpret the data. 

· Determine requirements for implementation. 

· Inventory the human, physical, and information resources available. 

· Make adjustments to meet projected future needs. 

· Collect and interpret the data needed. 

· Modify the production plan based on the interpretation of the data collected. 

· Implement the improved plan. 

· Repeat the process.
   19) Geographic Information Systems (GIS) in Site-Specific Systems
The collection and management of data from site-specific crop and soil management systems soon overwhelm the standard farm record system. Geographic information systems (GIS) provide a systematic approach to managing the large amounts of data accumulated, along with the tools necessary for analysis and interpretation. This Guideline reviews some example data sets used to characterize a field and how GIS can help organize and manage the data so that they can be more effectively used in various management decisions.

  20) Soil Electrical Conductivity Mapping
Soil electrical conductivity (EC) mapping is a simple, inexpensive tool that precision farmers can use to quickly and accurately characterize soil differences within crop production fields. Soil EC is a measurement that correlates to soil properties affecting crop productivity, including soil texture, cation exchange capacity (CEC), drainage conditions, organic matter (O.M.) level, salinity, and subsoil characteristics. With field verification, soil EC can be related to specific soil properties that affect crop yield, such as topsoil depth, pH, salt concentrations, and water-holding capacity. Soil EC maps often visually correspond to patterns on yield maps and can help explain yield variation. The EC data can also be correlated with yield, elevation, plant population, surface hydrology, or remotely sensed data with a suitable geographic information system (GIS). Other uses of soil EC maps include guiding directed soil sampling, assigning variable rates of crop inputs, fine-tuning Natural Resources Conservation Service (NRCS) soil maps, improving the placement and interpretation of on-farm tests, salinity diagnosis, and planning drainage remediation.

   21) Yield Monitors—Basic Steps to Ensure System Accuracy and Performance
According to today’s yield monitor manufacturers, most users should obtain accuracy within +/- 3 percent, if the system is properly installed, maintained and calibrated. Items that operators must be conscious of and attend to for good results can be summarized as follows: Proper calibration of the mass-flow sensor using multiple loads acquired according to the manufacturer’s recommendations. Inspection of the system sensors, particularly those affected by crop conditions, during the harvest. Verification and, if necessary, calibration of the ground speed sensor. Verification and calibration of moisture and temperature sensors. Correct entry of the operating information such as crop type, field, and header width for each field into the system console. Proper use of the software to extract and process the yield data. New technology often requires time and experience to ensure all things are operating at peak performance. The items discussed here are lessons learned with field experience.

22) Site-Specific Soil Compaction Mapping Using a Digital Penetrometer
Soil compaction is generally defined as an increase of the natural density of soil at a particular depth. A density increase translates into less pore space, less plant available water, slower water transport, and a decrease in the root's ability to penetrate the compacted zone as it seeks out water and nutrients. Similarly, the increase in density due to compaction can serve to retard or divert the flow of water, resulting in ponding or excessive runoff. These factors may limit yield and inhibit effective site management for many crops. Compaction can be measured with penetrometers. Recent advances in digital penetrometer systems can provide users with a simple way to map soil characteristics over large areas in the field. This guideline discusses the impact of compaction on crop growth, methods to measure compaction, and techniques to solve compaction problems.
   23) Obtaining Soil Information Needed for Site-Specific Management Decisions
County soil surveys contain a compendium of information about soil and climatic conditions within a region. The soil surveys are available from local Natural Resources Conservation Service (NRCS) offices. Most are in the process of being digitized (http://www.ftw.nrcs.usda.gov/ssur.data.html). Boundaries of the different soils are usually drawn on an aerial photograph. Most soil surveys are Order 2, with scales of 1:12,000 to 1:31,680 and a minimum size delineation of 1.5 to 10 acres. Order 2 soil surveys were not developed for site-specific management, and research evaluating the ability to use them for site-specific management has been mixed. They can be personalized by developing a new map based on the Order of soil survey as well as experiences, visual observations, and measured values. Interactions between soil and climatic conditions influence land productivity and weed, disease, and nutrient spatial and temporal variability. By understanding these interactions, our ability to manage risk, increase productivity, and protect the environment can be improved. We must recognize that there is no single strategy for incorporating soils information into the decision process. This guideline discusses different approaches for developing experience-modified soils maps which can be used for a variety of site-specific management decisions.
   24) Collecting Representative Soil Samples for Nitrogen and Phosphorus Fertilizer Recommendations
Soil fertilizer recommendations in modern crop production rely on laboratory analysis of representative soil samples. Regardless of where the samples were collected (grid points, management zones, or whole fields) the accuracy and precision of the fertilizer recommendation can be improved by considering the factors that influence nutrient variability in the design of the sampling protocol. As each producer’s crop production enterprise varies, it is recommended that producers select approaches that are suited for their operation. The objectives of this guide are to discuss how management influences nutrient variability and to provide insight into how to design soil sampling protocols that provide good fertilizer recommendations.

     25) A ‘Cookbook’ Approach for Determining the ‘Point of Maximum Economic Return’
Many agronomists and producers have been conducting on-farm experiments that are designed to determine the impact of different fertilizer rates or plant populations on crop yields. These data are usually analyzed by plotting the input (fertilizer or population rate) vs. output (yield). The point of maximum yield may be picked directly off the plot. To make the results of these experiments more useful, the point of maximum economic return should be calculated. The point of optimum economic return is determined by: 1. Conducting a yield response experiment; 2. Converting the yield response data to a functional relationship, output corn yield= f(input levels); 3. Knowing or estimating the costs of your inputs and outputs; and 4. Using calculus to determine where the change in the value of the input equals the change in the value of the output. The goal of this Guideline is to provide an easy-to-follow approach for calculating the point of maximum economic return.
    26) Selecting the Appropriate Satellite Remote Sensing Product for Precision Farming
Given the large number of satellite remote sensing products available, it is difficult to select the appropriate one because each satellite has different revisit times, delivery schedules, ordering requirements, pixel resolutions, sensors, and costs. Some satellites collect on a regular schedule (Landsat), while other satellites (IKONOS, Quick Bird, and SPOT) need advance programming (tasking). To obtain high resolution satellite information promptly from Quick Bird or SPOT, either High Priority or Rush Tasking may need to be purchased. However, high-resolution (small pixel size) data are not needed for all agricultural problems. The purpose of this Guideline is to provide direction on how to select an appropriate satellite-based remote sensing product.
     27) Determining the “Best” Approach to Identify Nutrient Management Zones: 
Productivity zones, yield stability maps, and management zone maps based on elevation, electrical conductivity, yields, and remote sensing may be developed using a variety of different approaches. Producers frequently ask: Which method for identifying zone boundaries is best? The answer to this question depends on the criteria used to evaluate the zone boundaries. At least three different criteria for assessing management zone boundaries are used. These criteria are: • The ability to group areas with similar soil test results into the same zone; • The ability to group areas with similar yields into the same zone; and • The ability to improve fertilizer recommendations. For the two South Dakota fields used in this study, if the goal was to group areas with similar yields into the same zone, then zones based on personalized soil surveys were best. However, if the goal was to minimize nitrogen (N) and phosphorus (P) recommendation errors, then this was accomplished by using multiple years of yield monitor data to develop landscape specific yield goals, sampling old homesteads separately from the rest of the field, and grid-cell soil sampling to fine-tune N and P recommendations. Similar analysis can be conducted in your field if you have multiple years of yield data and an understanding of soil nutrient variability.

   28) Using Remote Sensing to Develop Weed Management Zones in Soybeans
Crop scouting should provide accurate, timely, and cost effective information about diseases, insects, nutrient deficiencies, and weeds in production fields. Approaches for weed scouting include examining edges of fields or driving across fields in an X or W pattern to determine weed species present. Often weeds or weed species are spatially aggregated and using traditional approaches usually will not produce enough information for site-specific weed management recommendations. Remote sensing can be used to guide ground-scouting activities and identify the extent of weed patches. Ground-truthed remote sensing information can be used to develop effective weed management strategies and monitor weed management successes and failures. Four critical decisions that should be considered to integrate remote sensed data into agronomic management include: • Feasibility of using remote sensing as a field-scouting tool; • Reflectance bands used to distinguish weed-infested and weed-free areas in soybeans; • When to collect the remote sensed data; and • Spatial resolution needed for weed patch detection. This guide provides information to help answer these questions.
  28) Characterizing Soil Variability Using On-the-Go Sensing Technology
One of the major objectives of precision agriculture technologies is the site-specific management of agricultural inputs to increase profitability of crop production, improve product quality, and protect the environment. Information about the variability of different soil attributes within a field is essential to the decision-making process. The inability to obtain soil characteristics rapidly and inexpensively remains one of the biggest limitations of precision agriculture. Numerous researchers and manufacturers have attempted to develop sensors for measuring soil properties on-the-go. These sensors have been based on electrical and electromagnetic, optical and radiometric, mechanical, acoustic, pneumatic, and electrochemical measurement concepts. The major benefit of on-the-go sensing has been the ability to quantify the heterogeneity (non-uniformity) of soil within a field and to adjust other data collection and field management strategies accordingly. As new on-the-go soil sensors are developed, different real-time and map-based variable rate soil treatments may become economically feasible.
   29) Developing Productivity Zones from Multiple Years of Yield Monitor Data
The ability to instantaneously record yield data at harvest has been widely available to agricultural producers since the mid-1990s. Yield is the ultimate integrator of landscape and climatic variability and therefore should provide useful information for identifying management zones. However, due to year-to-year climatic variation, identifying useful management zones based on a single year’s yield map is difficult. Increasing the number of years used to define zones may be a solution to this problem. A technique to define a type of management zone known as a productivity zone based on multiple years of yield monitor data involves creating common grid-cells across years and then calculating mean yield and standard deviation maps. ‘Mean yield’ maps created from multiple years of data may be used to determine yield goals and fertilizer recommendations, while standard deviation maps may be used to identify areas requiring corrective management. The preferred method for explaining yield variability used a combination of average yields and standard deviation to delineate productivity zones.

   30) GNSS-Based Auto-Guidance in Agriculture
Auto-guidance, also called auto-steer, of tractors and self-propelled agricultural machines that is based on a global navigation satellite system (GNSS) represents one currently available technology that can provide significant benefits for crop production in diverse growing environments. Once producers use auto-guidance equipment, they seldom want to return to conventional practices. Newer, improved versions of auto-guidance products provide better operation functionality, which prevents the frustration and fears that early adopters experienced. There is an on-going effort to define and quantify performance of auto-guidance systems so that users of this technology could better select the most suitable option for a given farm operation.
10.2 Driving forces behind SSM

In  general,  increasing  farm  input  use  efficiency  hence  the  increment  in  yield  requires  a  new farming  concept  that  focuses  on  fine-tuning  of  production  inputs  like  seed,  nutrient,  water, pesticide, and energy and labor for smaller management units. This concern is encompassed in the philosophy of precision agriculture which is also known as precision farming system, sitespecific  crop  management  (SSCM)  or  site-specific  land  management  (SSLM).  Conceptually, SSLM is the way of managing crop land in its local environment taking into account the existing field variable pattern. It can also be referred that managing local variability is the key point in SSLM plans. McBratney and Whelan in 1995 concluded that the increasing awareness of large variability between and within production fields also contributed for the inception of this faring concept. However, the premises underlying site-specific management, namely that heterogeneity particularly  that  of  soil  influences  the  productive  potential  of  agriculture  land,  is  not  a  new concept. In more specific way, site-specific crop management can be defined as the management of  production  inputs  such  as  fertilizer,  limestone,  seeds,  herbicides,  insecticides  in  the  soil environment on a within-field basis such that it would facilitate to reduce waste, increase profits still maintaining the quality of the environment. This is the information and technology based agricultural management system to identify, analyze and manage site-soil spatial and temporal 

variability  within  fields  for  optimum  profitability,  sustainability  and  protection  of  the  environment. SSLM seems to be one of the prospective leading technologies in crop production in a new century. This type of land management concept is different from the age-old conventional farming system in the sense that it always considers and treats the local field variability with increased input use efficiency which could affect the overall production potential and also keeps respecting to the creation of eco-friendly environment.The  objectives  of  site-specific  farming  are  similar  to  using  integrated  pest  management, sustainable agricultural practices, soil conservation measures, and/or the use of best management practices. The objectives can be made possible with the use of recently developed technologies in farming system and in agriculture engineering. 

The major objectives of the SSLM are to:-

· Increase production efficiency and profits;

·  Improve product quality; 

·  Use the chemicals efficiently and judiciously;

·  Conserve the energy; and

·  Protect soil and ground water
Important factors affecting site specific managements are:

· Global demand for environmentally safe agriculture; 

· Pressure to strengthen the value of agricultural products to survive in competitive global markets; and 

· Labor  shortage  due  to  a  decreasing  and  aging  rural  population  (Shrinivasan, 1999). 

Social concern regarding environmental problems such as ecosystem damage and ground water pollution by heavy use of agricultural chemicals that was seen as necessary to increase yields to feed rapidly increasing population on a limited amount of arable land; However, Wang (2001) has seen a greatly reduced time lag in the adoption of new technologies in developing countries due to the advancement in the technology and entering the whole system into the information based economy era.
Summary 
Precision farming is information and technology based management system now possible because of several technologies currently available to agriculture. These include global positioning systems, geographic information systems, yield monitoring devices, soil, plant and pest sensors, remote sensing, and variable rate technologies for application of input.  This information and technology for site-specific farming allows farmers to identify, analyze, and manage the spatial and temporal variability of soil and plants for optimum profitability, sustainability, and protection of the environment. Geographic Information Systems (GIS) are a powerful information technology for analysis and management of spatial data and mapping. Remote Sensing (RS) to identify and Global Positioning Systems (GPS) to locate and define spatial features or activities contribute to the quality of site-specific practices. The objective of the Site-Specific Management Guidelines series is to provide a mechanism to assemble expert knowledge in a timely fashion on site-specific management in a form useful to farmers and their advisers. Conceptually, SSLM is the way of managing crop land in its local environment taking into account the existing field variable pattern. It can also be referred that managing local variability is the key point in SSLM plans. The increasing awareness of large variability between and within production fields also contributed for the inception of this faring concept. However, the premises underlying site-specific management, namely that heterogeneity particularly  that  of  soil  influences  the  productive  potential  of  agriculture  land,  is  not  a  new concept. Social concern regarding environmental problems such as ecosystem damage and ground water pollution by heavy use of agricultural chemicals that was seen as necessary to increase yields to feed rapidly increasing population on a limited amount of arable land. The  objectives  of  site-specific  farming  are  similar  to  using  integrated  pest  management, sustainable agricultural practices, soil conservation measures, and/or the use of best management practices. 
Review question -10

Say true if the statement is correct and false if the statement is incorrect 
1. The  objectives  of  site-specific  farming  are  similar  to  using  integrated  pest  management, sustainable agricultural practices, soil conservation measures.

2. The inability to obtain soil characteristics rapidly and inexpensively remains one of the biggest limitations of precision agriculture.
Fill the blank space 
1. What are factors affecting site specific managements?

------------------‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑, ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑, ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑, ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
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           11.  SUSTAINABLE AGRIBUSINESS
Introduction 
Objectives: After completing this chapter, you will be able to: 
· Define agribusiness; 

· Identify the value adding activities in selling agricultural products 

· Explain the essential qualities of agricultural products 

· Analyze the basic requirements of running agribusiness.

11.1. Agribusiness 

Agribusiness is a combination of two words agriculture and business. Literally speaking business means the activity of making, buying, selling, or supplying things for money; or it is a commercialized organization. Broadly, business involves activities connected with the production of wealth. It is an organized and systematized human activity involving and purchase of goods and service with the object of selling them at a profit. 
Agriculture has evolved in to agribusiness and has become a vast and complex system that reaches for beyond the farm to include all those who are involved in bringing food and fiber to consumers. Literally agribusiness refers to the industry concerned with the production, processing, and distribution of agricultural products or with farm machinery and services. 

Dear Learner, the following are the definitions of agribusiness: they are very interesting! An enterprise that derives a significant portion of its revenues from sales of agricultural products or sales to agricultural producers. Agribusiness includes the production, processing and distribution of farm products and the manufacture of farm machinery, equipment and supplies. It includes the agricultural input sector, the production sector, and the processing-manufacturing sector. Agribusiness is a large farm owned by a company or it refers to farms operated by large companies. 

Agribusiness - Includes the agricultural input sector, the production sector, and the processing-manufacturing sector: Farmers, providers of farm inputs, processors of farm outputs, manufacturers of food products, and those who transport, sell, and/or prepare food products. Agribusiness is everything from farm to fork. It represents all business-related activities involved in the production, finance, marketing and distribution of food and fiber. The agribusiness industry is responsible for 50% of the global economy and accounts for 20% of employment in the U.S. and as much as 90% worldwide. Here agribusiness includes the total input-farm-product sectors that supply farm inputs; are involved in production; and finally, handle the processing, distributing, wholesaling, and retailing of the product to the final consumer. 
Value addition
Value addition is simply the act of adding value to a product, whether you have grown the initial product or not. It involves taking any product from one level the next. For farmers, value-addition has a particular importance in that it offers a strategy for transforming an unprofitable enterprise into a profitable one!!! Is that not great? The farmer is not only involved in the production of a raw commodity but also takes part in processing and distribution of the product. This is a kind of vertical integration strategy! 
Put in other words, value addition refers to increasing the customer value offered by a product or service. Adding features to a raw agricultural products or any kind of product will help make the product more consumable. Examples of value added agriculture is food processing, drying, canning, juicing, handcrafting, unique packaging, labeling and transporting. See the following Value addition (Sheep and Goat Market (distribution) channels).











Figure 1. Sheep and goat Market (distribution) channels. (Osman R. , 2013)
Agri-business Marketing System
It is generally accepted that marketing is one of the most crucial aspects of sustaining  Agribusiness. The market system contributes at each level of agribusiness development that is from the input supply to production, processing and to consumption. On one hand, the sector makes available farm inputs to the production sector. On the other hand, this sector makes available processed products to the final consumers. Packaging industries, transport companies, warehouses, advertising companies, insurance companies, wholesale firms, retail outlets, etc are all parts of this sector. Market gives rise to place and time utilities for agricultural products. The transportation function will make available farm products to the consumers where they need it. This is called location or place utility. The storage function will make agricultural products available when the consumers need them. This is what we call time utility. 

Organic inspection and certification in Agribusiness

Organic agriculture means many things to many people. The most widely used definition, and one that has been adopted by the National Organic Standards Board, is “an ecological production management system that promotes and enhances biodiversity, biological cycles and soil biological activity. It is based on minimal use of off-farm inputs and on management practices that restore, maintain and enhance ecological harmony.”

Organic certification is the procedure for verifying that the products conform to certain standards. In case of organic products, it is primarily the acknowledgement that the products have been produced according to the applicable organic crop and animal husbandry standards.
Organic certification is important because
Organic certification helps in building trust between consumers and organic farmers;

• The certification mark ‘Organic’ is the only means to differentiate between certified organic and conventional foods;

• Labels and certification marks help a consumer recognize trustworthy organic products easily;

• Organic certification and the logo are important marketing tools; and

• Organic certification helps in getting comparatively better price.
International Standards

NPOP – National Program for Organic Production, India

USDA–NOP – United States Department of Agriculture – National Organic Program

JAS – Japanese Agricultural Standards

EC 834/2007 – Council of the European Union

IFOAM Basic Standards – International Federation of Organic Agriculture Movements,

Germany-Codex Organic Standards – Codex Aliment Arius Commission

Requirements for Organic Crop Production and Certification

1. Conversion Requirement – An organic crop production operation requires a minimum of 3 years conversion period, which can be reduced or extended in light of previous status of the land. The period must equal or exceed 12 months. A conventional farm has to undergo a conversion period before products can be sold as organic. 


2. Buffer Zone Requirement – The organic or conventional production operation should have a clear separation by establishing some natural barrier or by maintaining a buffer zone.

3. Seed and Planting Material – The operator of organic crop production should use organically produced seeds/planting material. In case of non-availability, alternatives can be adopted; when certified organic seeds are not available, chemically untreated conventional seeds can be used. Use of genetically engineered seeds, pollen, transgenic plants, and plant material is not allowed.

4. Diversity in Crop Production – The operator of organic crop production should adopt measures that enhance or improve the diversity in crop production. These measures may include crop rotation, cover crops, cage crops, trap crops, green manuring, and tree lines and hedges on boundaries.

5. Soil and Crop Fertility – The biodegradable material of microbial, plant, or animal origin produced on organic farms should form the basis for soil and crop fertilization. The measures recommended to improve the diversity in crop production should also be a part of the fertilization policy. Soil erosion must be avoided. For annual crops, a wide crop rotation, which includes legumes to assure biological nitrogen fixation, has to be used. For perennial crops, wherever possible, legumes have to be planted in inter row spaces. Organic manures should be used to maintain soil fertility. Nitrogen fertilizers and superphosphate are not allowed. Rock phosphate, potassium sulfate, and single trace element fertilizers can be used. In case soil or leaf analyses show deficiencies of the respective nutrient, organic and inorganic fertilization must not exceed crop requirements. Lime (CaCO3) can and should be applied when necessary.

6. Pest, Disease, and Weed Management – Pest, disease, and weed should be controlled by adopting preventive techniques or using management practices that minimize pest, disease, and weed attack. Product prepared at the farm from local plants, animals, and microorganism can be used for pest, disease, and weed control. Synthetic herbicides, insecticides, and fungicides are not allowed. Pests and plant diseases must be prevented using adapted species and resistant varieties and adequate crop rotations, and promoting natural enemies. After having taken these measures, only those natural or mineral substances, which are mentioned in the Annex II (EU Regulation) and/or the national list of allowed or prohibited substances (NOP) may be used. Some of these substances can be applied only after approval by the certifier. NOP restricts not only the active substance, but also the inert ingredients of natural pesticides. Weeds must be controlled by mechanical or thermal means, through adequate soil tillage and crop rotation.

7. Contamination Control – Relevant measures, such as a wall around the farmland and supply of uncontaminated irrigation water, should be adopted to minimize or avoid the contamination from outside or within the farm during each stage of production.

8. Soil and Water Conservation – Relevant measures, such as sprinkler or drip irrigation, should be taken to prevent soil erosion, salinization of soil, excessive or improper use of water, and the pollution of groundwater or surface water. 

9. Storage, Transportation, and Marketing – During the storage, transportation, and marketing of the product, organic integrity of the product should be maintained by adopting appropriate measures, such as properly cleaned area and equipment/ machinery for processing, and storage and transport facilities that meet requirements of organic standards.

10. Parallel Production – If a farm is engaged in parallel production,

• Buffer zones are maintained for demarcation;

• Crops are clearly distinguishable; and

• The crops are harvested in such a way that there are reliable methods to verify the actual harvest of the respective crop. One Cert does not allow cultivation of same types of conventional and organic crops on the same farm.

Collaborative and Cooperative Marketing

Collaborative marketing is not a simple a pipe dream. It is a reality already set in motion, one that is consistent with customers’ innate tendencies to share and contribute. It is a future where the companies that are closest to those who buy use and advocate for their products win. Cooperative Marketing -- improve bargaining power, reduce costs, access new markets, improve quality,andincreaseprofits. .[image: image16.emf] [image: image17.emf] 

Agribusiness Competition

Today the business has become very competitive and complex. This is mainly due to changing taste and fashion of the consumers on the one hand, and introduction of substitute and cheaper and better competitive goods, on the other hand. The old dictum “produce and sells has changed overtime into produce only what customers want”. In fact, knowing what customers want is never simple. Nevertheless, a farmer operator or farmer manager has to give proper thought to this consideration in order to make his business a successful one. The important requisites for success in a modern business are:

Clean objectives: Determination of objectives is one of the most essential prerequisite for the success of business. The objectives set forth should be realistic and clearly defined. Then, all the business efforts should be geared to achieve the set objectives. In a way, objectives are destination points for an agribusiness. As a traveler must know here he/she has to reach, i.e. destination similarly business also must know what objectives. 

Planning: In simple words, planning is a pre-determined line of action. The accomplishment of objectives set, to a great extent, depends upon planning itself. It is said that it does not take time to do thing but it takes time to decide what and how to do. Planning is a proposal based on past experience and present trends for future actions. In other words, it is an analysis of a problem and finding out the solutions to solve them with reference to the objective of the farm. 

Sound organization: An organization is the art or science of building up systematical whole by a number of but related parts. Just as human frame is build up by various parts like heart, lever, brain, legs etc. similarly, organization of business is a harmonies combination of men, machine material, money management etc. so that all these could work jointly as one unit, i.e. “business” “the agribusiness”. Organization is, thus such a systematic combination of various related parts for achieving a defined objective in an effective manner. 

Research: As indicated earlier, today the agricultural production philosophy “produces what the consumer want”. “Consumers” behavior is influenced by variety of factors like cultural, social, personal and psychological factors. The business needs to know and appreciate these factors and then function accordingly. The knowledge of these factors is acquired through market research. Research is a systematic search for new knowledge. Market research enables a business in finding out new methods of production, improving the quality of product and developing new products as per the changing tastes and wants if the consumers. 

Finance: Finance is said to be the life-blood of business enterprise. It brings together the land, labor, machine and raw materials into production. Agribusiness should estimate its financial requirements adequately so that it may keep the business wheel on moving. Therefore, proper arrangements should be made for securing the required finance for the enterprise. Proper plant location, layout and size: The success of agribusiness depends to a great extent on the location where it is set up. Location of the business should be convenient from various points of view such as availability of required infrastructure facilities, availability of inputs like raw materials, skill labor, nearer to the market etc. Hence the businessmen must take sufficient care in the initial stages to selected suitable location for his business. The sine of the business is also important because the requirement for infrastructural facilities and inputs varies as per the size of the business. The requirement for raw materials, for example, will be les in a smaller sized firm than a larger size firm. 

Efficient management: One of the reasons for failure of business often attributed to as their poor management or inefficient management. The one man, i.e. the proprietor may not be equally good in all areas of the business. Efficient businessman can make proper use of available resources for achieving the objectives set for the business. 

Harmonious relations with the workers: In an agribusiness organization, the farmer operator occupies a distinct place because he/she is the main living factor among all factors of production. In fact, it is the human factor that makes the use of other non-human factors like land, machine, money etc. Therefore, for successful operation of business, there should be cordial and harmonious relations maintained with the workers/labors to get their full cooperation in achieving business activities.
Summary
Agribusiness is a combination of two words agriculture and business. It is an enterprise that derives a significant portion of its revenues from sales of agricultural products or sales to agricultural producers. Agribusiness includes the production, processing and distribution of farm products and the manufacture of farm machinery, equipment and supplies. Value addition is necessary for Agribusiness. It is simply the act of adding value to a product, whether you have grown the initial product or not. It involves taking any product from one level the next. Market also gives rise to place and time utilities for agricultural products. Agricultural products need some procedure for verifying that the products conform to certain standards called organic certification. Today the business must also be competitive. This is mainly due to changing taste and fashion of the consumers on the one hand, and introduction of substitute and cheaper and better competitive goods, on the other hand. The important requisites for success in a modern business are: Clean objectives, Planning, Sound organization, Research, Finance, Efficient management, and Harmonious relations with the workers:
         12. INNOVATIONS FOR SUSTAINABLE AGRICULTURE


12.1. Fertilizer Tree 

The term ‘fertilizer tree system’ does not imply that the trees provide all the major nutrients: they are capable of fixing only N, which is the most limiting major soil nutrient and recycle the soil’s phosphorus (P), calcium (Ca), magnesium (Mg), potassium (K) and other micronutrients after decomposition. However, macronutrients must be sourced externally when they are highly depleted from the soil. Fertilizer tree systems involve the planting or regeneration of fast-growing nitrogen-fixing trees or woody shrubs that produce high-quality leaf biomass, and are adapted to the local climatic and soil conditions. The principle underlining the concept of FTS comes from the fact that although nitrogen is the most limiting macronutrient in the soil, it is highly abundant in the atmosphere. Through biological nitrogen fixation, trees replenish the soil fertility by transforming atmospheric nitrogen and making it available in the soil. Depending on the species, trees grow for one or more years, after which they are cut down and the biomass gets incorporated into the soil. When the tree biomass decomposes, it releases nitrogen for crops’ use, thus replenishing the soil fertility and improving crop productivity. FTS help farmers to produce the needed plant nutrients by using land and labour instead of cash, which most farmers lack.
Effects of fertilizer tree on environmental services 
 Fertilizer trees improve soil physical properties through the addition of litter fall, root biomass, root activity, biological activities, and roots leaving macro-pores in the soil following their decomposition. The trees also improve soil aggregation, thereby enhancing water filtration which reduces water runoff and soil erosion relative to production systems. Improved tree fallows enhance soil biodiversity by increasing soil invertebrates, which perform important ecosystem functions that can affect plant growth. 

Organic inputs from tree legumes can supply enough nitrogen for crops but may not supply sufficient phosphorus and potassium to support crop yields over time. The tree-based fallows had a positive nitrogen balance due to biological nitrogen fixation and capture of nitrogen from depth, but the nitrogen balance became very small in the second year of cropping.

12.2. Perennial Crops 

What is perennial agriculture? 
Perennial species (crops, forages, shrubs and trees) are those able to regrow and continue to reproduce grains, seeds, fruits, and biomass after a single harvest. They can be harvested numerous times for up to 10 years for crops and much longer for forages, shrubs and trees. Building perenniality into agriculture systems is the intentional integration of perennialized crops (grains, oilseeds, legumes etc.), forages, shrubs and trees in diverse farming systems, landscapes and agro-ecosystems to: 

· Provide more consistent, abundant and affordable food, feed, fibre, and fuel; 

· Enhance the natural-resource base and environment that underpins productivity; 

· Make farming more financially viable; and 

· Contribute to the overall well-being of farmers, farm workers, and rural communities. 

What are the benefits of “perennializing” agriculture? 
Ecological benefits:- Perennial species offer many advantages over annual species both above- and below-ground in terms of maintaining ecosystem functions. Perennials maintain the soil cover, soil structure and biota and have deeper root systems than annuals and thus provide soil stability and enhanced soil health. They can also tap available soil nutrients, enhance biodiversity, make more water available to plants, and capture and sequester carbon. In the breeding process, characteristics from wild relatives can be drawn upon to make crops more nutritious, more resistant to pests and with greater adaptation to the impacts of climate change, which can increase the capacity of agriculture to address food demands. 

Socio-economic benefits:- Perennials require reduced fertilizer and energy inputs and so less financial investment. This means farmers can re-direct such resources towards education and other livelihood enterprises while enhancing the flexibility and diversity of their farming systems. This is particularly true where a perennial crop offers multiple products such as dual purpose food, feed, fibre and biofuel. One example is perennial wheat which offers forage for feed early in the season, a grain crop for food and finally straw or hay for biofuel. The flexibility and resilience of dual-purpose perennial crops makes them most attractive on soils or in situations where other cereal systems are considered marginal. 
Smallholder benefits:- Farmers, pastoralists and forest dwellers need multiple options to increase and maintain their livelihoods, especially in less favourable areas or fragile environments. Increasing the availability of perennial grains, oilseeds and legumes expands the opportunities to rotate perennial and annual crops and to grow multiple crops together in perennial intercropped or polyculture systems thus increasing biological and economic diversity and achieving additional ecosystem services and multiple goods. 
Table: Indicative advantages of integrating Perennials into agriculture
	Perennial-integrated agriculture
	Annual-based agriculture

	· Year round soil protection & lack of soil disturbance 
	· Soil protected only during crop canopy time frame 

	· Deep rooting systems, stable soil structure & soil health 
	· Shallow rooting system, less organic material, reduced soil quality 

	· Increased nutrient availability & efficiency with deeper roots 
	· Nutrients tapped only in shallow depths 

	· Yields not consistently high but consistent, but overall farm income is higher from diverse sources such as multi-purpose crops. 
	· Yields consistent depending with consistent inputs 

	· Increased water infiltration & more effective water cycle 
	· Greater potential for water runoff & soil erosion 

	· Greater potential to capture & store carbon 
	· Greater potential for carbon loss through tillage & erosion 

	· Typically greater biological diversity above and below ground 
	· Often grown as mono-crop & loss of soil biota upon tillage 

	· Reduced labour & reduced inputs 
	· Increased labour & increased productive inputs 

	· Offers flexibility to adopt novel farming systems which can increase diversity, reduce risk & redirect labour to livelihoods 
	· Reduces system flexibility & increases risk to potential crop failures. 


12.3. Cover Crops 

Cover crops are legumes, cereals, or an appropriate mixture grown specifically to protect the Soil against erosion; ameliorate soil structure; enhance soil fertility; and suppress pests, including weeds, insects, and pathogens. Most cover crops are grown during the cold season in northern latitudes and during the dry season in tropical climates. Cover crops are used for different purposes:- 

a. Runoff and erosion management:- Biological measures of erosion control, involving use of cover crops and vegetative hedges, are based on the principle of ameliorating soil structure, providing a continuous ground cover to protect soil against raindrop impact, and decreasing the velocity and carrying capacity of overland flow. Cover crops achieve these objectives by improving aggregation and enhancing soil structure. 
b. Soil fertility enhancement:- The use of appropriate cover crops can reduce the use of chemical fertilizer and organic amendments, and yet produce yields equivalent to those produced with conventional fertilizer rates. But, annual cover crop influence on soil chemistry and fertility depends on a number of factors, including:
1. Soil and weather conditions present during development and decomposition of the cover crop.

2. Length of time that the cover crop is present and actively growing.

3. Quantity of biomass eventually produced by the cover crop.

4. Cover crop species.

c. Weed suppression:- Use of cover crops in row crop production represents a potential reduced herbicide technology for weed control in conservation tillage that incorporates short-term crop rotation. Cover crops are generally established in the fall to provide a dense cover by early spring that suppresses weed germination and establishment. Cover crops control weeds through competition, allelopathy, and/or physical effects, while maintaining surface residue.
d. Insect control:- Cover crops can have significant effects on soil and foliage arthropods. How we manage cover crops in the spring dictates the impacts that we observe and which arthropods are affected. Incorporation of the organic material provided by the cover crop into the soil is one way to kill the cover crop and prevent further competition to the primary crop. However, this alters the relationship between insects and the crop.
e. Source of energy:- Most Third World countries of the tropics and subtropics widely use crop residues as household fuel. With energy shortages and increasing demand on dwindling fossil fuel, biomass from cover crops also has potential to be used as fuel in Third World economies. Cover crops with a capacity to produce large quantities of stored solar energy in the biomass are potentially significant sources of renewable energy.
Mixed production systems 
The practice of rearing animals and growing crops and trees on one piece of land is referred to as mixed farming. This practice plays an important role in agro-ecological and conservation agricultural systems in enhancing or restoring agricultural biodiversity. As rural population pressure increases and less land becomes available, both crop and livestock farmers are under pressure to intensify. The integration of livestock and crop activities represent key ways to increase the productivity of land. Mixed farming is the backbone of modern agriculture. 

The case for integrating animal and crop systems is based on the idea that by-products from the two systems are used on the same farm. Draught power, nutrient cycling, use of roughages and low quality feeds contribute to overall higher output per animal and per hectare and improved environmental quality. Soil fertility improvements result from the volume of organic components that circulate through the soil and plants and the animal manures that enrich the soil through long lasting carry over effects. Livestock also provides a ready means of acquiring cash to purchase inputs for crop production leading to increased output from both crop and livestock.
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Self check exercise 12/1
Part II. Give short and precise answer for the following questions
1. Describe role of fertilizer tree in sustainable agriculture

2. What is the purpose of perennial crops in sustainable agriculture as compare to annual crops? 

3. Describe role of cover crops in soil fertility improvement and pest control.  
12.4. Small Livestock Productions 

 Importance of sheep and goat 

· mutton - sheep meat

· income generation

· skin

· wool- for sheep

· manure

· milk

· hair – for goat 

· goat meat 

· horn

Establishing shoat farm

Consider the following points

1. decision on the scale of operation 

· large scale

· small scale

2. land ,labor, market availability

3. source of initial capital

4. knowledge of the environment: related to selecting suitable breed that cop up with the environment

5. feed and water source

· natural pasture

· industrial by products 

· crop residue

· improved forage

12.5. Crop-livestock (mixed) production systems 

This system is generally found in areas where the altitude ranges between 1500 and 3000 m.a.s.l. The area has adequate rain fall and moderate temperature and is thus suitable for grain production. The integration of crop and livestock is high in most areas. The integration is low in perennial semi crop- livestock system (Coffee growing areas) in the south Ethiopia where animals are of minor importance. Livestock in general play an important role in food security and food self-sufficiency in this production system. In the cereal based mixed production system livestock are the main cash source for the purchase of agricultural input. Livestock are used as saving and insurance mechanism. Cattle are the dominant livestock species and kept.

12.6 Agricultural innovation policy

Agricultural Innovation system

One approach a number of countries and international organizations are adopting in science and technology policy analysis in other sectors is the National Systems of Innovation (NSI) framework (Freeman, 1987, Landfall 1992). The NSI provided a conceptual framework to study innovation performance in systems terms, where flows of knowledge between actors and institutions in the process are critical to innovative performance. (see box below). 
Technological paradigms and trajectories

Dosi (1982) defined a technological paradig as a “model and a pattern of solution of selected technological problems, based on selected principles derived from natural sciences and on selected material technologies”. A technological paradigm defines an idea of ‘progress’ by embodying prescriptions on the directions of technological change to pursue and those to neglect. This is a broad analogy with the Kuhnian definition of a scientific paradigm which determines the field of enquiry, the problems, the procedures and the tasks (Kuhn, 1962). A technological trajectory is the “pattern of normal problem solving activity (i.e. of progress) on the ground of a technological paradigm” or, in other words, the improvement pattern of concrete solutions based on a paradigm.

Parayil (2003) described the Green Revolution and the Gene Revolution as two technological trajectories. Biotechnology, including agricultural biotechnologies, was soon presented as a new technological paradigm (Russel, 1999) and several authors have analyzed particular technological trajectories in agrochemical and agro-biotech industries (Joly and Lemari, 2004; Chataway et al., 2004).

Genetic Engineering and Agroecology or Agro ecological Engineering’

So far, genetic engineering and agro-ecology had not been compared as two technological paradigms that rely on two different scientific paradigms, pursue different objectives and are composed of different sub-trajectories.

Genetic engineering is the deliberate modification of the characteristics of an organism by the manipulation of its genetic material. The best known applications of genetic engineering in agriculture are transgenic herbicide-tolerant plants, soybean or insect-resistant But maize in the USA. The fundamental strategy in genetic engineering is to modify the plants to allow them to be productive in adverse conditions caused, for instance, by pests, pathogens, drought, saline environments and unfertile soils; or to design plants for new objectives such as plants with altered nutritional contents. This goal fits the scientific paradigm that underlies genetic engineering that is reductionism. Genetic engineering has been described as a new technological paradigm (Orsenigo, 1989).

Agr-ecology emerged from the convergence of ecology and agronomy (Dalgaard et al., 2003). It is the application of the ecological science to the study, design and management of sustainable agro-ecosystems (Altieri, 1995). ‘Agroecological engineering’ refers to the fact that agricultural systems can be ‘engineered’ by applying agro ecological principles, just as plants are ‘engineered’ by trans genesis in ‘genetic engineering’ (Yan and Zhang, 1993).

Agroecological engineering is an umbrella concept for different agricultural practices and innovations such as biological control, cultivar mixtures, agro-forestry systems, habitat management techniques (for instance, strip management or beetle banks around wheat fields), or natural systems agriculture aiming at perennial food-grain-producing systems. Crop rotations, soil fertility improvement practices, mixed crop and livestock management and intercropping are also included. 

Globally, hundreds of agricultural systems are based on agro ecological principles—from rice paddies in China to mechanized wheat systems in the USA (Parrott and Marsden, 2002; Pretty et al., 2003). The scientific paradigm on which agro ecological engineering relies is ecology (and holism). The objective is to design productive agricultural systems that require as few agrochemicals and energy inputs as possible, and instead relies on ecological interactions and synergisms between biological components to produce the mechanisms that will enable the systems to boost their own soil fertility, productivity and crop protection (Altieri, 1995). Some aspects of agro-ecological engineering may be related to bio-mimicry (Benyus, 1997). While the objective of genetic engineering is to improve only a single element of the agro ecosystem (modifying existing plants or designing new plants), the objective of agro ecological engineering is to improve the structure of the agricultural system and “to make every part of the structure work well” (Liang, 1998). In a dynamic perspective, three conceptual levels may be discerned: (1) the two technological paradigms, genetic engineering and agro ecological engineering, (2) the technological trajectories (the progress within these two paradigms), and (3) the various sub trajectories (the concrete implementations of each paradigm, meaning But-resistant and herbicide-resistant plants for genetic engineering, agroforestry and habitat management strategies for agro ecological engineering)

.
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Fig.1. Agricultural research systems (ARS) are a part of systems of innovation (SI).
 Formatting: Rectangles represent actors. Rectangles with rounded angles represent policies and regulations. Not all interactions are represented. Acronyms: TNC, transnational corporations; SME, Small and Medium Enterprises; PSREs, Public-Sector Research Establishments.

Determinants of innovation shape a technological regime that induces an imbalance between genetic and agro-ecological engineering. The determinants of innovation fall into three main categories: agricultural science policies, private sector research and public sector research. The following sections explore how each determinant affects genetic and agro-ecological engineering.
1) Agricultural science policies: 

A) Research orientations: focus on growth, competitiveness and biotechnologies

Science policies are explicitly and increasingly oriented towards growth and national competitiveness. Most countries then implemented specific policies on agricultural biotechnologies such as transgenic plants. These policies are still strongly supported in the United States (NRC, 1998) as well as in the European Union despite the 1999–2004 de facto moratoriums on transgenic crops (European Commission, 2002, 2004). International organizations have also supported genetic engineering, though calling for caution and asking for a specific investment in pro-poor technologies, programs and policies (UNDP, 2001; FAO, 2004).

Genetic engineering benefited from the creation of a broad, favorable environment, which included funds, specific infrastructures (such as the European Molecular Biology Laboratory), and a workforce trained in molecular techniques, a request expressed in early policy documents (National Research Council, 1987). In Europe, strong consumer opposition to transgenic plants and the 1999–2004 de facto moratoriums on the commercialization of transgenic plants has had a strong negative impact on the development of genetic engineering, with multinationals pulling out of R&D in Europe. 

In contrast, agro-ecological engineering has not been linked to growth and competitiveness goals. “Sustainable Agriculture Research and Education” programs in the U.S., “agro-environmental schemes” in the EU and organic farming research programs facilitated the development and the adoption of agro-ecological innovations. However, research at the agro-ecosystem level has not developed as intensely as research at the molecular level. Some research institutions even lost some agronomists and soil microbiologists.
Appendix: Assignment questions (60%)

Assosa University

Faculty of Agriculture and Natural Resources
Natural Resource Management

                  The course Introduction to Sustainable Agriculture (NaRM2101)

Credit hours (3hr)
Name _____________________________________ID NO___________________
Instruction: Dear student, strictly pay attention to the following points: The questions in this assignment are set out of the whole chapters of the course to check the extent of your acquirement from the course. You are, thus, required to be self dependent while working out all the questions. You need to refer to the proper sections in the course/module to properly understand and give appropriate answer. 
Part I Say true if the statement is correct and false if not (2 point each)
------1. Under zero tillage practices soil disturbance is limited only to the spot where the seed would be placed.

------2. There is no relationship between seed germination and plant stand 

____​_3. In monoculture cropping system diseases and pests of the particular crop always have the opportunity to build up over the year.

-------4. Livestock producers generally support proper feeding, housing, and other good management Practices because these activities lead to more efficient production.
------5. Salt is usually guaranteed as the compound calcium nitrate.
------6. Intensive production system is characterized by utilization of improved breeds.
------7. In birds the right ovary and right oviduct are functional.
------8. When the environmental temperature rises bird tend to drink more water.
------9. Broilers produce meat that is tenderer than that produced by Capons.
-----10. Most of the time the life of bee is dependent on plants.
-----11. A drone is longer than a queen.
-----12. Unfertile eggs which are laid by a queen in larger horizontal cells will produce queen and workers.
Part II: Choose the correct answer from a given alternatives and write your answer on the space provided (1point each)
_______1. One of the following crops is differ from others

A. Cowpea                B. Soy bean               C. Faba bean            D. Lentil          E. Sorghum
_______2. One of the following classifications of cropping system is differ from others

A. Intercropping                                  C. Shifting cultivation             

B. Monoculture                                   D. Continuous cropping     

_______3. One of the following is incorrect about sequence of crops in crop rotation?

A. Crops which are deep feeders should alternate with shallow feeders 
B. Crops that are botanically similar should not follow each other in the rotation 
C. The target crop should be planted before legumes or fallow period
D. Length of crops growing seasons should be considered                     E. None 

_______4. One of the following is not a criterion of seed selection from mother plants
A. Fit of seeds within the usual period of the raining season
B. High and yield stability of seeds                                                                D. All 
C. Resistance of seeds to insect pests and diseases                                    E. None 

_______5. Which one of the following is/are correct about advantages of manual harvesting?    

A. Suitable for harvesting high quality of products                                        D. All
B. Fast and easy methods                                                                            E. None
C. Suitable to undertake harvesting, shelling and cleaning at the same time

_______ 6. Use of clean seeds and proper quarantine law are 

A. Preventive methods               C. Biological Methods

B. Cultural methods                   D. Physical methods           E. All

--------7. Adapting the behavior of animals to fit the needs of humans is called_____.

      A. Training   C. Breeding   B. Domestication   D. Culling

-------8. Which rations have the highest energy value?

     A. Carbohydrates       B. Fats        C. Proteins         D. Vitamins

------9. It is characterized by little or no crop production.

A. Pastoralism   B. agro-pastoralism   C. ranching   D. all

------10. The system which is found in areas where altitude ranges between 1500 & 3000 m.a.s.l.
A. Pastoralism   B. ranching   C. Intensive production systems   D. Agro-Pastoral System
      -----11.  It is a part of oviduct which plays little role in the process of egg formation. 

A. Isthmus    B. Magnum    C. Infundiblum    D. vagina

      -----12. The largest part of the oviduct region is:

A. Isthmus    B. Magnum    C. Infundiblum    D. vagina

      ---13. Which management activity should not be practiced before receiving day old chicks?

A. Remove old litter from the house if it has been used before.
B. clean the floor, walls and roofs 
C. Disinfect the whole house and its equipments
D. Add 5cm litter material for the first time which is very wet    E. none
-----14. Which type of feeder is comfortable to deliver feeds for day old chicks?

A. Round feeder    B. long feeder    C. flat feeder    D. deeper feeder/container
-----15.  It indicates group name of chickens which are raised for meat production.
A. Broilers    B. layers    C. growers   D. breeders

-----16. The drought resistance of honey bee in Ethiopia is known as:

A. Apis mellifera scutellate  
B. Apis mellifera yementica   
C. Apis mellifera monticola  
D. All
----17.  Which one is not true about a queen?

A. Her thorax is longer than worker

B. Her head is long

C. Her abdomen is long

D. Most of time there is only one queen in each bee colony.

-----18. Which material is not used to build traditional bee hive.

A. Straw    B. dung    C. top bar    D. bark of trees

-----19. The highest chemical composition of honey is:

A. Sugars    B. enzymes    C. acids    D. minerals

Part III. Give short and precise answer for the following questions (2 points each)
1. What are the roles of mixed farming system in sustainable agriculture? (2ppt)

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2. Why drilling the seeds in the row or line is more advantageous as compared to broadcasting? (3ppt)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3. What are the major decisions to make towards crop establishment and describe each of them?(2ppt)
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4.  Why was the domestication of livestock important to the development of civilization?
(3ppt)--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5. What is the basic difference between the intensive, extensive and semi intensive animal production systems in Ethiopia?(3ppt)
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6. Describe the function of each oviduct region of female reproductive organs.(4ppt)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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                                              Brain Storming


Dear learners please try to think over the following analytical questions 			before you are proceeding,


How do you understand art and a science of sustainable Agriculture





                                              Brain Storming


Dear learners please try to think over the following questions 	before you are preceding the next,


How do you understand the factors affecting the adoption of sustainable agricultural practices?





                                              Brain Storming


Dear learners please try to think over the following analytical questions 			before you are proceeding,


How do you explain the basic outcome of sustainable Agriculture?





                                              Brain Storming


Dear learners please try to understand the following questions 	before you are proceeding the session,


How do you understand the benefit of sustainable agriculture to the farming community? 








                                              Brain Storming


Dear learners please try to understand the following analytical questions 			before you are proceeding the session,


What do you think on elements and elements interrelated of sustainable agriculture?  








Session Objectives: At the end of this session, you will be able to:


Define the term cropping system 


Identify different criteria’s that are used for classification of cropping system


Differentiate the terms shifting cultivation, continuous cropping, mono cropping, monoculture, crop rotation, intercropping, alley cropping and mixed farming


Identify factors that necessitate/affects use of shifting cultivation, continuous cropping,  mono cropping, monoculture, crop rotation, intercropping  alley cropping and mixed farming 


Identify advantages and disadvantages of each cropping system

















Brainstorming


Dear learners, try to think over act on the following questions before proceeding to the following topics 


What do you know about the term cropping system?


Do you have any information about classification criteria of cropping system?


What is the purpose of use of different cropping system in crop production?


What types of cropping system is commonly used around your village? 














Session Objectives: At the end of this session, you will be able to:


Define tillage


Identify types of tillage


Explain advantages and disadvantages of different type of tillage














Brainstorming


Dear learners, try to over act on the following questions before proceeding to the following topics


What is tillage and its purposes?


 What do think about types of tillage?





Session Objectives: At the end of this session, you will be able to:


Define irrigation, water requirement, irrigation requirement, net of irrigation requirement, irrigation efficiency, irrigation frequency, irrigation schedule,  and drainage 


Identify factors that affect irrigation efficiency, frequency and schedule


Identify relationship between crop growth stages and their water requirement 


Identify source of excessive water that cause water-logging and benefit of drainage














Brainstorming


Dear learners, try to over act on the following questions before proceeding to the following topics


What do think about irrigation and drainage?


 When we use additional irrigation for crop production? 





Session Objectives: At the end of this session, you will be able to:


Identify appropriate seeds 


Establish crops properly 


Identify factors affect crop establishment 














Brainstorming


Dear learners, try to over act on the following questions before proceeding to the following topics


What types of seeds should be selected for seeding?


 what types of factors affect crop establishment? 





Session Objectives: At the end of this session, you will be able to:


Identify ways of soil fertility  improvement 


Identify objectives of crop improvement 














Brainstorming


Dear learners, try to over act on the following questions before proceeding to the following topics


What is soil fertility management?


 How do you improve your crops?


What is the purpose of crop improvement?





Session Objectives: At the end of this session, you will be able to:


Define weeds and diseases


Identify different methods of weeds, disease and insect pest control 


Identify major weeds, disease and insect pests field crops in Ethiopia 














Brainstorming


Dear learners, try to over act on the following questions before proceeding to the following topics


What are weeds, diseases and insect pests?


 How do you control weeds, disease and insect pest from your crops?





Session Objectives: At the end of this session, you will be able to:


Define harvesting 


Identify the relationship between harvesting and maturity


Identify conditions that suitable for crop storage














Brainstorming


Dear learners, try to over act on the following questions before proceeding to the following topics


What is the relationship between harvesting and maturity? 


 Do you know the conditions that suitable for crop seed storage?





Session Objectives: At the end of this session, you will be able to:


Identify major types of cereal crops


Identify importances and agronomic practices of major cereal crops 














Brainstorming


Dear learners, try to over act on the following questions before proceeding to the following topics


What types of cereal crops grown around your village? 


 Which types cereal crops you favor for nutrition?


Have you experience on cereal crop production practices? 





Session Objectives: At the end of this session, you will be able to:


Identify major types of pulse crops


Identify importances and agronomic practices of major pulse crops 














Brainstorming


Dear learners, try to over act on the following questions before proceeding to the following topics


What types of pulse crops grown around your village? 


 Which types pulse crops you favor for nutrition?


Have you experience on pulse crop production practices? 





                                              Brain Storming


Dear learners please try to think over the following questions 	before you are preceding the next,


How do you understand the specific site and its management?





Small/Medium Traders








Producers





Consumers





Small/Medium Traders








Restaurants/Hotels/Butchers











Export Market








Large Traders





Session Objectives: At the end of this session, you will be able to:


Define the term fertilizer tree, perennial crops, cover crops and mixed farming system 


Identify importances fertilizer tree, perennial crops, cover crops and mixed farming system for sustainable agriculture 














Brainstorming


Dear learners, try to over act on the following questions before proceeding to the following topics


What do you know about the role of fertilizer tree, perennial crops, cover crops and mixed farming system in sustainable agriculture?  


Are fertilizer tree, perennial crops, cover crops and mixed farming system practiced around your village?


? 


 Which types cereal crops you favor for nutrition?


Have you experience on cereal crop production practices? 
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