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1. INTRODUCTION 

Horticulture: - is the branch of agriculture dealing with garden crops, generally fruits, vegetables, and ornamental plants. The word is derived from the Latin hortus, “garden,” and colere, “to cultivate.”
Horticulture is composed of medicinal and aromatic plants (stimulants, spices, herbs and medicinal plants), Pomology (the science of growing fruits), Olericulture (study of Vegetables), Floriculture (study of flowers), Landscape and nursery.

Herb refers to any green or leafy part of a plant used for seasoning and flavoring a recipe, but not used as the main ingredient (Spinach). An herb is a leaf or other green plant of the plant. 
Herbs are leaves, and although most come from herbaceous plants (plants that lack woody stems), a few do come from woody plants. 
Herbs are also plant parts used in small quantity like that of spices, but fresh and not dried.
Spices are seeds, fruits, roots, barks or other plant substances primarily used for flavoring, coloring or preserving food.
Spices are dried leaves, stems, bark, roots, fruits or flower plant parts used nutritionally in very small quantity for the purpose of improving the flavor, aroma, color or preservative.
Olericulture: - is the Science and practice of growing, harvesting, handling, storing, processing and marketing of vegetable crops. 
Vegetables: - are horticultural crops (annual, biennial and perennial), where plant parts are used for food.

An annual – is short lived plant which completes its entire life cycle from seed to seed in a single growing season and then dies
A biennial – normally utilizes two complete growing seasons to complete its life cycle.

Vegetative growth during the first season and then followed by generative growth during the
second growing season
A perennial – has an indefinite life period. It does not die after reproduction, but it continues to grow indefinitely from year to year
There are relating definitions of fruits and vegetables:

· Fruit (scientific): the ovary of a seed-bearing plant, 

· Fruit (culinary):- any edible part of a plant with a sweet flavor, 

· Vegetable: - any edible part of a plant with a savory flavor. 

· What is the difference between fruits and vegetables???
1.1. Importance of Vegetables

· Food value 
Vegetables have very important place in today’s world serving as source of food. Hunger is a widespread and growing phenomenon, and billions of people suffer from severe malnutrition in Asian, African and Latin American countries. There is nearly 20-year difference in the life expectancies of rich and poor nations. Apart from caloric needs, there is a severe shortage of food materials, such as fruits and vegetables, tubers, root crops, and fruit nuts, which are the most important plant foods to supply humans with many of their nutritional requirements, including minerals, vitamins, proteins, starches, fats, and sugars. They provide crude fiber and bulk as well as a variety of flavors and odors. Vegetables, with increasing recognition of their value in the human diet, are gaining commercial importance.
Vegetable crops are valuable sources of vitamins, minerals and proteins especially to a country like Ethiopia where the people experience malnutrition due to heavy dependence on cereals such as teff (Eragrostis tef), maize (Zea mays L.), wheat and other cereals. Vegetable crops are also important for food security in times of drought, famine and food shortage. They provide a source of income for the farmers/producers; create employment opportunity and contribution to the national economy as export commodities.
The nutritional composition of vegetables depends up on several factors. It is influenced by genetics as well as environmental factors, such as temperature, light, moisture, and nutritional status of the soil in which the vegetable is grown. It is also influenced by the cultural practices, stage of maturity, postharvest handling, and storage conditions. Moreover, many vegetables are processed before they are used for consumption. Processing methods such as cooking and canning also influence the nutrient content of vegetables.

Generally, vegetables are importance as human feed in:-
a. Neutralizing the acid substances produced in our body. How????? Biochemical analyses of food demonstrate that almost all foods contain acid precursors, while fruits and vegetables also contain base precursors.
b. Source of minerals (vegetables as Sweet potato and Onion are good sources of Ca, P, and Fe which are insufficient in other food substances)

c. Source of vitamins (especially green and yellow vegetables as potato, carrots, Turnip, Spinach, sweet potato (anthocyanin), broccoli and mustard). Example: If one can take 200gm of potato, he/she can fulfill his/her daily vitamin requirement.  
 d. Promoting digestion and prevent constipation (leafy vegetables as cabbage, celery, lettuce, broccoli and Swiss chard) 
· i.e., Fiber is the part of plant foods that the body can't break down. When you eat foods that have a lot of it, the extra bulk helps keep stools soft and speeds digestion. 
· Vegetables are rich in fiber, which is an important nutrient for digestion. Fiber stimulates the bowels to move stool out of the body.
· The skins of vegetables are often rich in fiber, and it is best to consume them whole. Some vegetables with skin rich in fiber include potatoes, beans, and legumes.
e. Diversification of agriculture: by using both cool and warm season vegetable crops as diversification of agriculture 
f. Economic value: Most vegetables are profitable than producing other cereal or pulse crops. They also used as foreign currency and import substitution.
g. Animal feed: Sweet potatoes in some parts of Ethiopia, cabbage, tomato, etc. 
h. Aesthetic value: vegetables are used as joy and pleasure.
1.2. Constraints of vegetable production in Ethiopia
· Social and cultural habits of the population like dietary preferences for meat and other animal products, and distaste for vegetable crops
· Absence of nutrition intervention programme using vegetables and their processed products and certain environmental limitations. However, many other commodities such as onion, garlic and hot paper are part and parcel of every Ethiopian diet in flavoring and garnishing local food
· Heavy losses that are caused mainly due to price fluctuations, lack of guaranteed prices and unplanned planting patterns. Such constraints are aggravated by underdeveloped infrastructure and weak transportation facilities.
· Lack of trained man power in the field 
· Lack of improved varieties adapted to different agro-ecologies

· Lack of pure seed source

· Lack of adequate plant protection (Chemicals if available they are so costy that farmers cannot afford it)

· Lack of coordinated research in the field
· Lack of awareness about vegetable production and importance

· Lack of postharvest handling technologies

· Lack of processing factory 
Measures to be taken to solve such limiting factors are:

· Minimizing dependency on rain fall: encourage establishment of irrigation schemes in vegetable farms

· Extension service to create awareness and change the feeding habit of the society  
· Introducing or producing true-to-type seeds 
· Increase market demand

· Create effective postharvest management technologies like in storage, transportation and marketing: 

· Coordinated research

· Develop communication (infrastructure): improving transportation facilities for perishable vegetables, networking of rural markets to main routes. Effective transport promotes producers to produce vegetables more. 
1.3. Characteristics of vegetables 
Vegetables are tender edible shoots, leaves, fruits and roots that are eaten as a whole or in part row or cooked as a supplement to starchy foods and or meats. 
Generally vegetables have the following characteristics: 

· Most are herbaceous plants (not woody, lacking lignified tissue).
· Most products have higher water content (65-95%).
· Products can only be stored for short period of time.
· All needs post-harvest handling. 
· They are harvested when they are fresh.
1.4. Production of vegetables in Ethiopia
The currently population of 80 million people in Ethiopia is expected to double within the next 30 years. Almost 80% of the population lives in the country side while the rest situated in urban areas. An estimated five million people suffer from lack of vitamins and essential minerals, of which 80% are children.

Vegetables are the major source of most micronutrient. The economy of the country predominantly depends on agriculture, which contributes about 50% to the total GDP and 90% of export items of which horticultural crops are the leading component. The county has favorable conditions for the production of a number of vegetable crops.

The wide range of altitudes, ranging from below sea level to over 3000m above sea level, gives it a wide range of agro-ecological diversity ranging from humid tropics to alpine climates, where most types of vegetable crops can be successfully grown. Further, the abundant labor, vast land and water resources give her an opportunity and facilitation for the production of different types of vegetable crops.

The current investment policy in the country are favorable for expansion and diversification of vegetable crops both in the production and marketing sectors for export and foreign exchange earnings. There are a number of strong vegetable research programs across 15 research stations throughout the country. In collaboration with regional research centers, and universities, the centers have generated a number of outputs including improved varieties, appropriate agronomic practices and crop protection measures for the vegetable production sector.

Different types of leafy, root, tuber, bulb and fruit vegetables are grown in the country both under rain fed and irrigated conditions. Onion, Tomato and Capsicum are grown mainly in the central rift valley part under irrigation. The cool season vegetables like Cabbage, Garlic, Shallot,

Carrot, Ethiopian Mustard, Ethiopian Kale, Irish potato and the likes are under cultivation on enormous area under seasonal rain fed agriculture in the highland part of the country.

Up to 30% of vegetable harvest in Ethiopia is reported to be lost due to poor postharvest handling. Hence, the vegetable production value chains should include productive diseases resistant varieties, agronomic practices, postharvest handling capacity for bulking, increased shelf life, new product development and delivery systems to markets. 
Review of the status of vegetable crops production and marketing in Ethiopia
About 3 million tons of annual vegetables are expected to be produced in Ethiopia, where most are produced rain-fed by small scale farmers, but only 1.1% is coming from state/private farms using irrigation. Vegetable crops would unquestionably help to improve the standard of living of the nation, especially small-scale resource-poor farmers. In the export of vegetable and fruits, the share of vegetables was reported to be 46% in terms of quantity and 52% in value in 1974. However, the average share of vegetable was raised to 79 % in quantity and 74% in value over the years 1999-2005 as indicated below in table 1.
Table1. Estimate of area and yield of major vegetable crops for 2004 and 2005 in Ethiopia

	Major vegetable crops
	Crop Area (ha)
	Production (tones)
	Yield (tones ha-1)

	
	2004
	2005
	2004
	2005
	2004
	2005

	Head Cabbage
	1843
	2120
	8577
	15208
	4.7
	7.2

	Ethiopian Cabbage
	22377
	27143
	213592
	265455
	9.6
	9.7

	Tomatoes
	3761
	2919
	54871
	31655
	14.6
	12.4

	Hot Peppers (for green pod)
	4471
	4783
	43187
	44273
	9.3
	9.3

	Hot Peppers (for dry pod)
	49611
	59991
	66908
	72466
	1.4
	1.3

	Swiss Chard
	140
	142
	1075
	680
	7.6
	4.8

	Beetroot
	1216
	1486
	140956
	16480
	11.6
	11.1

	Carrot
	1808
	1741
	10023
	17895
	9.1
	10.3

	Onion
	17017
	17980
	216689
	229678
	12.7
	12.8

	Garlic
	9465
	13657
	135394
	196741
	14.3
	14.4

	Total
	111,709
	131,962
	891,272
	890,531
	
	


Source: Central Statistical Authority of Ethiopia, 2005
In general, the export of horticultural products of the country has increased tremendously over years. However, as indicated in Table 2, the export of vegetable produce is by far better than fruit both in quantity exported and value earned for the same period of time, 1999 to 2005
Market Destinations

The country has various advantages for the development of export sector. These include the abundant and capable labor forces, low wage levels, pre-financial access to some of the major world markets such as Europe, USA, and the Common Market for Eastern and Southern African states (COMESA). The major markets of the fruit and vegetable exports of the country has been the Republic of Djibouti, Middle East countries and the Western European countries.

Recently, in the year 2005 about 32,000 tons of vegetables that worth about 12 million US dollar were exported mainly to Djibouti and other countries which indicates an increase of about 8 million US dollar over the last year (2004).

Major vegetable export product of Ethiopia includes Potato, green beans, White and Red Onion, Shallots, Cabbage, Leeks, Beet roots, Carrots, Hot pepper (green pod as well dry pod), Tomato, Asparagus, Okra, Sweet pepper, Garlic and Lettuce (Anonymous, 2005b). 

Processed vegetable products exported include tomato ketchup, paste and concentrated. Further, the country is one among few countries that produces Capsicum Oleoresin for the world market. However, the most important and major vegetables export from Ethiopia is fresh produce of green beans and tomatoes.
Market Prospects

The Republic of Djibouti and Saudi Arabia have been the important traditional export market for Ethiopian vegetable products. Djibouti still remains by far the largest market target. European markets such as the Netherlands had also significant shares. Despite the advantage in proximity, the Ethiopian vegetable produce has not yet fully broken into the quality market of those countries due to poor grading, substandard packaging and inappropriate transport methods. However, there is good prospect for exporting all kinds of vegetable produces to these markets if these situations are improved and good quality produce is delivered.
1.5. Per capita consumption 

Ethiopia is the second highly populated country in sub-Saharan Africa. Owing to this fact the population contains several ethnic groups with varied cultures and eating habits. According to Yohannes (1989) report Hormann and Shawel categorized the general eating habits in the country in four types:- 
· The predominant food of ‘Injera and Wot’ which is especially consumed in the urban centers and in Northern part of the country. 
· The high consumption of root crops-potatoes, sweet potatoes, yams and the root of the false banana called Enset (Ensete ventircosum L.), which is predominate in the south central part of the country,

· The diet of the livestock-raising low Landers which is mainly based on dairy products with some maize and or sorghum, and 
· The eating habits in the big towns and their surroundings which is the mixture of foreign dishes and the high Landers staple food, Injera and wot.

These eating habits create very poor consumption preferences for most of fresh fruits and vegetables. The average annual per capita consumption of horticultural crops estimated to be 48 kg for the rural and 37 kg for the urban population.
The same study estimated the rural per capital expenditure on vegetable as 12 birr per annum (1 birr= 0.48 US$), only 6% of the total annual expenditure on food. The expenditure of the average   inhabitants is 29.4 birr on vegetables about 12% of the per capita annual expenditure on food.
This low level of per capita consumption is accounted by:

.  The traditional eating habit of the population                                                                                    .  The low level of per capita income of US$ 110                                                                              .  The generally high price level of fruits and vegetables                                                              .  The lack of knowledge about certain types of vegetables                                                                                                                             .  The supply shortage of some preferred vegetables
1.6. Need for vegetable production in Ethiopia

Vegetable crops make significant contributions to the Ethiopian household and national economy. Potato and sweet potato are valuable food security crops for densely populated highland regions and drought-prone areas respectively. Vegetables like hot pepper and onion are also used for flavoring local dishes and as well important as sources of vitamins and mineral. This indicates that a considerable proportion of Ethiopians could derive their livelihood from growing vegetables.

A high yield across diverse climatic conditions is the primary attribute for the economic and social value of vegetable crops. Root and tuber crops can yield as much as 40-60 tons per hectare and can provide food security especially in times of drought, famine and food shortages. They can be grown throughout the year and provide a continuous food supply, help in balancing nutrition and protecting vulnerable groups of the local populations from disorders associated with low mineral and vitamin intake. Commonly the highest yield of commonly grown tef, the staple food of the country, is on average 1 tons per hectare which is sixty times less yield per hectare of potato (60 ton ha-1). The high returns to labor are sufficiently attractive to otherwise idle labor and improve the external trade balance in export value of processed products.
Current status of Vegetable Crops in the Country

At present, different vegetable crops are produced in many home gardens and also commercially in different parts of the country. These include Onion, Garlic, Shallot, Capsicum, Tomato, Cole crops, Ethiopian Kale, Head Cabbages, Ethiopian Mustard, Water-melon, Musk-melon, Pumpkin, Beet root, Carrot, Snap been, Sweet potato, Irish Potato, Anchote, Colocosia yam, Taro, Moringa olifera. Most of them are produced by individual growers and others by private investors as well as state enterprises. There is, however, no reliable database on the production trends of these crops.

In recent years, there has been a steady increase in the demand for vegetable crops both for local and export markets. Consequently, the area under these crops has been expanded even if the extent of their cultivation in the peasant sector is difficult to indicate numerically because it is scattered throughout the country and in small plots commonly by the side of homestead. Nevertheless, in 2005 the production of all the vegetable crops was estimated to be 131,962 ha planted to about 2.8 million tons per year, from a total area of major vegetable crops production excluding tuber crops in the country. The total area under some crops like tomato production has been reduced by about 22% and productivity by about 15% in 2005 as compared to 2004. This is mainly due to the prevalence of high insect population Tuta Absoluta accompanied by absence of effective control measures so far.

In general, in view of the existing deficit of food crops, vegetable production is one of the key alternatives to improving the country’s deteriorated food supply situation and alleviates malnutrition and under-nourishment, particularly in the rural areas.
Contributing factors for Investment Expansion of Vegetable Crops of the Country
Ethiopia has got an immense potential to develop intensive vegetable production especially at commercial scale. Some of the favorable factors that contribute to an overall investment include proximity to profitable markets, agro-climatic suitability and rich water resources for irrigated vegetables, rise of demand for vegetable crops particularly in the urban areas, diversity of agro-climatic conditions that facilitate the diversification of the crops and the current malnutrition problem in the country that calls for an increased need for vegetables. Further, the high productivity of vegetable crops (root and tubers) compared to cereals can be the viable alternatives to supplement the good supply of farmers living at subsistence level. On the other hand, export possibilities for these crops are very encouraging and if fully exploited,

1.7. Land survey and land use planning

Selecting a Garden Site

For the best success, a vegetable garden should be well planned out in advance. The site location is of the utmost importance. A spot near the house in full sunlight is the normally the most convenient spot, however, drainage, soil quality, and shade from buildings or trees may mean the garden must be located in an area farther from the house. A good vegetable garden must have at least six hours of full sun each day in order for your food crops to mature properly. 

Regardless of size, there are five factors to consider in selection a garden site. The first is sunlight. All vegetables need some sunlight. The garden should receive at least 6 hours of direct sunlight each day. Eight to 10 hours each day is ideal. Vegetables should therefore be planted away from the shade of buildings, trees, and shrubs. Some leafy vegetables such as broccoli, collards, spinach, and lettuce tolerate shadier conditions than other vegetables, but if your garden does not receive at least 6 hours of sunlight daily, you will not be successful growing vegetables.

The second consideration is nearness to the house. The closer the vegetable garden and the easier it is to reach, the more you will probably use it. You will be likely to harvest vegetables at their peaks and thus take maximum advantages of garden freshness. It is also more likely that you will keep up with jobs such as weeding, watering, insect and disease control, and succession planting if the garden is close by.

The third consideration is soil. You do not need to have the ideal type of soil to grow a good garden. If possible the soil should be fertile and easy to till, with just the right texture -- a loose, well-drained loam. Avoid any soil that remains soggy after a rain. Heavy clay and sandy soils can be improved by adding organic matter. Of course, gardening will be easier if you start with a naturally rich soil.

The fourth consideration is water. Including rain and irrigation, the garden needs at least 1 inch of water per week. Therefore, it is essential to locate the garden near a spigot or some other water source.

The fifth consideration is good air drainage. Avoid locating the garden in a lowspot such as the base of a hill or the foot of a slope bordered by a solid fence. These areas are slow to warm in the spring, and frost forms more readily in them because cold air cannot drain away. Vegetable gardens located on high ground are more likely to escape light freezes, permitting an earlier start in the spring and a longer harvest in the fall. While good air movement around a garden is important, windy areas should be avoided because winds can dry out or break plants.
Planning the Garden

The first step in planning our garden is selecting the vegetables we want to grow. With a few exceptions, we can plant what we like. Only a few vegetables may be unsuitable because of space limitations, improper climate, or unusually poor growing conditions.

The second step is to draw a diagram of the garden site. It is helpful to draw a diagram of our prospective garden, mapping out each row according to height, plant requirements and other criteria. The diagram should show the kind of vegetables to be planted, the distance between rows, and the time of planting. Including dates will help we remember tasks that might otherwise be put off until too late.

When planning our garden, consider what and how much we will plant. It is better to have a well maintained, small garden than a large one neglected and full of weeds. Usually, the garden should be surrounded by a sufficiently high fence with close mesh to keep out dogs, rabbits, and other animals. A fence also can serve as a trellis for beans, peas, tomatoes, and other crops that need support. The direction of the rows isn't necessarily critical, but often it is a good idea to have them running east-west, thereby allowing you to plant your tallest crops on the north end of the plot, and successively shorter crops in front. This prevents shading of the shorter plants
If you must plant your garden on a hill, cut your furrows on a contour with the land, so that the water won't run quickly down the hill, taking with it the valuable topsoil, and the nutrients needed for your plants.
Perennial vegetables such as rhubarb and asparagus should be planted off to the side where they won't interfere with future plowing. Early producing crops (radishes, lettuce, spinach, carrots, beets, onions, etc.) should be grouped together with extra space for successive plantings. After they are finished for the season, this will allow you to easily rework the area for later season crops. 

1.8. Current issues in vegetable industry
Industry issues

Expanding trade

 Sanitary and Phytosanitary (SPS) to world trade compliance constraints hamper access.

Terrorism and security issues slow clearances and add to costs.

Maintaining competitiveness and competing with imports are key challenges.

Logistics and transport are improving; quality management is the key to success.

Airfreight and fuel costs are rising.

Assuring quality

Food safety, quality, and contaminant management need improvement.

· Improving production and marketing

Climate change and natural disasters add to production challenges.

Seasonality, environmental stresses, pest and disease losses, germplasm cost and variability, input costs, labor access, land availability, and water access affect productivity.

Illiteracy of farmer population and migrant workers will need longer-term attention.

· Increasing consumption

Urbanization, rising incomes, and convenience foods are enhancing demand.

Vitamin and mineral deficiencies are not declining, and still remain high in some regions.

Diet-related obesity, diabetes, and cancer are increasing; increased vegetable consumption could lower risk.

· Enhance collection and analysis of local and international production and trade data, as well as domestic and international supply and demand trends, to enhance industry planning and preparedness.

· Develop capacities in economic, business, and industry modeling, as tools for planning and development.

· Continue to streamline policy and planning processes and enhance the effectiveness of regulatory enforcement, with emphasis on regional and global dialogue and harmonization.

· Strengthen engagement between supply chain sectors and investment in infrastructure.

Industry development

Strengthen the engagement between government, industry, and consumers in vegetable             sector development.

Develop overarching and crop specific industry maps, which articulate current supply chains         and identify key strengths, weaknesses, opportunities and threats.

Encourage more extensive and more effective cooperation at micro (farmer groups) and               macro (industry/supply chain) levels.

Foster industry innovation through funding and investment incentives.

Strengthen advocacy and extension capacity, especially at the farm and community level.

Improve information access and delivery, and strengthen transitional training.

Review and reform education curricula to meet the modern needs of agriculture, and to foster         more participatory approaches to teaching and learning.

  Improve infrastructure and its accessibility to vegetable industry
Systems and technology

Strengthen attention to sustainable production systems. Focus on income enhancing options for    smallholders.

Boost assistance in technology adaptation and uptake, and the development of non-chemical       alternatives that provide practical and adequate pest and disease control.

Collect and commercialize indigenous vegetable germplasm.

Build capacity in bio-security risk assessment and management.

Strengthen capacity in postharvest and storage/transport technologies, in partnership with       supermarkets and traders.
Collaboration and funding

Make R&D (Research & Development) funding more transparent and competitive.

Foster stronger public/private partnerships in R&D, to enhance funding use and strengthen    application of outcomes.

Strengthen attention to integration of donor supports into national plan.
1.9. Types of Vegetable Gardens
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Before having vegetable garden, we should check into some vegetable garden plans. Garden plans inspire new, creative ideas even as they allow planning things out in advance before you do the "real" work of moving things around and planting and transplanting. It's always best to have a plan on paper first before you do the harder-to-correct work of actually putting things in order and planting. Having garden plans in advance will save one’s time, money, and frustration.

Vegetable garden plans should be designed around personal taste, where you live geographically, and how much space you have for planting. Let's consider some garden types that you may want to implement.

1. Collection of vegetables from spontaneous vegetation. Those indigenous vegetables like amaranths spp. are nutritionally better than those exotic ones.  
2. Home gardening/Ketching/Amateur Gardening: it is the production of vegetable crops for home consumption to get fresh and non-polluted vegetables                      
 . Close to the home      
 . Done using spare time                                                                    
 . Mostly done by women        
. Type of vegetable depends on preference of the family 
3. Commercial gardening: Intensive type of gardening for profit making. 
· Market gardening: it is a production aimed for local markets around large cities.  Type of vegetable is determined by market demand

· Truck gardening: it focuses on production of special vegetables in large quantities for distant markets. It is more extensive and less intensive than market gardening

· School and demonstrational gardening: it is production of vegetables for educational purposes and for profit making. 
· Production of vegetables for processing industries as row material. It always undergoes preservation (canning), freezing and dehydration or pickling. It can prolong the shelf life of the product. 
· Vegetable forcing: production of vegetables out of normal environment and structure (using green houses, hot beds, cold frames). It is intended for off-season supply.

· Vegetable floating: it is production of vegetables in coastal water areas.
	
	


CHAPTER TWO
CLASSIFICATION OF VEGETABLES
There are about 10,000 plant species that are used as vegetables the world over. Of these,
about fifty plant species or so are commercially important. It is therefore, important to
classify vegetables into groups or classes to better understand or discuss them. Vegetables
that share some characteristics are grouped together. There are different ways of classifying
vegetable crops but none of these methods would satisfy completely the different groups like
farmers, consumers, academics etc. Broadly there are five methods of classifying vegetables.
These include;
1. Botanical classification
2. Classification based on hardiness or temperature
3. Classification based on plant part used
4. Classification based on culture
5. Classification based on life cycle
1. Botanical classification
This is the only method of classifying crop plants, which is universally accepted. Linnaeus, a
renowned taxonomist was the first to give binomial classification in plants and animals. The
classification is based on morphological and cytological similarities and dissimilarities, place
of origin, cross ability behavior, floral biology etc. The successive levels of morphological
relationships are a result of evolution. Botanical classification involves grouping of plants
into kingdom, division, sub-division, phylum, sub-phylum, class, sub-class, order, family,
genera, species, sub-species and variety. The broadest group in which vegetables are
discussed is family. The genus and species constitute the scientific name. Scientific names are
accepted worldwide and there cannot be any confusion as per their nomenclature. This
classification is useful to students of Olericulture and academicians but is of little value to the
grower. For example, potato and tomato though belong to the same botanical family but have
entirely different cultural requirements. Therefore, a potato farmer may find it difficult to
grow tomato. On the other hand carrot and radish belong to the different botanical families
but require similar cultural requirements.
All vegetable crops belong to the division Angiosperm. The division angiosperm has two classes.
Class I: Monocotyledon
Class II: Di cotyledon
Most vegetables belong to the class Di-cotyledon. 
A list of vegetables belonging to
    • Division – Spermatophyta
        – Class – Angiospermae

             • Subclass – Monocot or Dicot

                 –Family

                       »Genus

                          »Species

                               »Group or subspecies

                                  »Cultivar
· Important Monocots

• Alliaceae (Allium Family) – Onion, Garlic, Leek, Shallot

• Gramineae (Grass Family) – Sweet corn

• Liliaceae (Lily Family) – Asparagus
· Most Vegetables are Dicots

• Compositae (Sunflower Family) – Lettuce, Globe artichoke, Jerusalem artichoke

• Convolvulaceae (Morning-glory Family) – Sweet potato

• Cruciferae (Mustard Family) – Cabbage, broccoli, cauliflower, kohlrabi, collard, kale, Brussels       sprouts, Chinese cabbage, turnip, and radish
• Curcurbitaceae (Gourd Family) – Cucumber, watermelon, honeydew melon, winter squash, pumpkin

• Leguminosae (Pea/Bean Family) – Snap bean, snow peas, sugar snaps, 
• Malvaceae (Cotton Family) – Okra, 
• Solanaceae (Night shade Family) – Tomato, pepper, eggplant, potato

• Umbelliferae (Parsley Family) – Celery, carrot, parsnip, parsley
2. Classification based on parts consumed
Edible Parts - Underground
• Roots – Beet root, carrot, radish, sweet potato, cassava
• Tubers – Potato, Jerusalem artichoke
. Corm- taro, yam, Enset 
• Bulbs – Garlic, leek, onion, shallot 
Edible Parts – Above ground
 • Stem – Asparagus, kohlrabi

 • Leaf – Brussels sprout, cabbage, celery, Swiss chard, Chinese cabbage, collard, kale, lettuce, spinach

 • Floral – Broccoli, cauliflower, globe artichoke

Edible Parts – Above ground
 • Immature Fruit – Cucumber, eggplant, okra, snap bean, sweet corn, snow peas, sugar snap, hot pepper, summer squash,
 • Mature Fruit –sweet melon, hot pepper, pumpkin, tomato, watermelon, and winter squash

3. Classification by Temperature

Plants can be divided in to three based on their hardiness to frost:- 

· Hardy: those plants that can endure ordinary frost without injury.
· Half hardy: 

· Tender: those plants that can be killed by frost. 
Vegetables can also be classified according to Climatic requirements (frost injury):

· Frost resistant: perennial vegetables like kale and asparagus

· Cold resistant: cabbage, peas, carrot, beet roots, green beans, onion, 

· Intermediate: perform well when there are little frost and higher temperature like potato

· Heat demanding vegetables: Solanaceae fruits like Hot peppers, egg plants, tomato, and Curcurbitaceae  vegetables like pumpkin, squash, water melon,

· Heat resistant vegetables: like sweet corn, sweet potato, okra, cassava, yam, taro, 

4. Classification by Life Cycle

• Perennials – Asparagus, eggplant, garlic, hot pepper, potato, rhubarb, sweet potato, tomato, kale 
• Biennials – Beet root, broccoli, Brussels sprout, cabbage, carrot, cauliflower, celery, Swiss chard, Chinese cabbage, collard, kale, kohlrabi, leek, onion, parsnip, turnip

• Annuals - cucumber, cantaloupe, honeydew, lettuce, okra, pea, pumpkin, snap bean, spinach, squash, sweet corn, watermelon
5. Classification based on Respiration  

Table3.Classification based on respiration
	Class
	Respiration intensity at 10oC

(mg CO2/kg/hr)
	             Vegetables

	Very low
	<10
	Onion

	Low
	10-20
	Cabbage, cucumber, melon, turnip

	Moderate
	20-40
	Carrot, celery, leek, pepper, kohlrabi

	High
	40-70
	Asparagus, eggplant, lettuce, radish

	Very high
	70-100
	Green bean, Brussels sprout, spinach

	Extremely high
	>100
	Broccoli, pea, parsley, sweet corn


6.  Classification based on Nutritional & Health Benefits

Anticancer agents in foods
· Carotenoids – Antioxidant – Tomato, watermelon, grapefruit
· Flavonoids – Antioxidant – Citrus, most vegetables, tea, wine
· Sulfides – stimulant – Onions and Garlic
· Glucosinalate/Indoles - protectant inducer – Crucifer family.
Generally vegetables are known to:- 

· Reduce Cancer Risk 20% reduction

· Reduce risk of Coronary 
· Reduce Heart Disease 20-40% 

· Reduce risk of Stroke up to 25% reduction

· Reduce Cataracts, Chronic Obstructive Pulmonary Disease, Diverticulosis, and Hypertension

CHAPTER THREE 
ENVIRONMENTAL FACTORS AFFECTING VEGETABLE PRODUCTION
INTRODUCTION 

Successful vegetable crop production and optimum yields can be accomplished only when maximum stand establishment is achieved. Stand reduction generally results in reduced yields and variable produce quality. Several factors contribute to stand establishment in the production of vegetable crops. Environmental factors (soil, temperature, etc.) as well as pathogens that attack seeds and seedlings contribute to reduced stands. Understanding both the influence of the seed planted and the soil conditions in which the seed is sown is essential for crop establishment. Staggered emergence results in seedlings of various sizes. Plant cultural practices (herbicide and insecticide applications) after emergence may be less effective in fields of non uniform growth. Plants of different sizes within one population may also cause problems in timing side-dress applications. Measures to lessen the impact of environmental stresses and various pests are vital in the successful establishment of vegetable crop stands.   

3.1. SOIL RELATED FACTORS 

Soil type (texture, structure), fertility (chemical composition, nutrients), and tilth all contribute to the success or failure of crop stand establishment. Soil type dictates whether soil is well drained, has the potential for crusting and its water holding capacity. Soil type also contributes to the rate of soil warming in the spring. Soil type is important for direct-seeded crops. Heavy clay soils are more prone to crusting which causes stress on seeds and young vegetable crop seedlings as they emerge through the soil. 

Soil tilth refers to the physical condition of the soil and how well it is capable of being transformed into a fine seedbed that will support seedling emergence and root penetration. Soil tilth can be improved in a number of ways such as addition of organic matter and waiting for the soil to dry before tilling or plowing. Soil compaction will reduce seedling establishment and contribute to poor stands and reduced vegetable crop yields. Slow emergence and seedling growth in compacted fields increases the time that the seed is vulnerable to disease, insects and competition from weeds. Tillage method (e.g. chisel plowing vs. no-till) alleviated the adverse effects of first year compaction in transplanted cabbage (Brassica oleracea L.) and tomatoes (Lycopersicon esculentum Mill.), while no-till was the preferred system for direct-seeded sweet corn (Zea mays L.) in an Ohio study. Use of anti-crustant materials helps increase stands in heavier, crusted soils. Another solution to soil crusting may be too heavily seed crops. The germinating seeds can act together to effectively break up soil crusting when they emerge through the soil surface. One drawback to seeding at high populations is the added expense of the extra seed and the labor required to thin plantings to a reasonable stand. 

Proper seeding depth is important in stand establishment of direct-seeded vegetable crops. Deeply planted seeds have a difficult time breaking through the ground. Shallow planting may expose seeds to excessive temperatures, and uneven moisture. Proper seeding depth is important for allowing adequate moisture for the seed to germinate without exposing it to unnecessary environmental stresses. Soil fertility also has been shown to have an effect on seedling emergence. Fertilizers added to seedbeds can prevent germination or kill seeds and seedlings after germination occurs, especially in dry soils. This holds true particularly when fertilizer is spread unevenly and inadequately incorporated into the soil. Strong solutions of fertilizer salts in the soil and in contact with the seed can inhibit germination. Nitrogen fertilizers can be applied to crops after establishment in the field without a negative effect on final yield. 

Many cultural practices for vegetable crops may also influence soil related factors and thereby contribute to successful stand establishment in the field. Use of row covers, plastic mulches and plastic tunnels are techniques which enable growers to establish seeded crops under less-than-optimal conditions). Use of plastics can improve stands and yields by maintaining favorable soil moisture and temperature needed for seed germination and seedling growth. Many direct-seeded crops [e.g. snap beans (Phaseolus vulgaris L.), squash (Cucurbita sp.), melons (Cucumis melo L.), cucumbers (Cucumis sativus L.), and and sweet corn] can be sown directly into the plastic laid in the field. Use of drip irrigation in plasticulture systems is recommended to maintain adequate moisture levels at germination and throughout the growing season. Precision farming by using global positionining systems used in many aspects of field crop production but the possibilities for use with high-value vegetable crops have not been fully researched. 

3.2. Temperature 

Of all the climatic factors affecting vegetable production, temperature is considered very important. Temperature controls the manner, rates (speed) of biochemical reactions and processes. Temperature may also affect plants by the induction of stimuli, such as vernalization (temperature cycles).
Temperature affects growth and development of vegetables in terms of:

· Seed germination: A number of vegetables can germinate and grow at cool temperatures. For example, peas will germinate and grow well at a soil temperature of 40 F. Though lettuce, parsnips and spinach can sprout at a soil temperature of 35 F, they prefer at least 45 F for best germination and growth. Radishes also do well at a soil temperature of 45 F. Warm-season crops such as tomatoes, sweet corn and beans prefer at least 55 F for germination (or transplanting), but others such as peppers, cucumbers, melons and sweet potatoes need it even warmer, about 60 F. Plant growth as affected by soil temperature was studied on beans, corn, cucumber, eggplant, pea, pepper, radish, spinach, and watermelon. Growth of peas, radish and spinach was significantly reduced by soil temperatures 10°C or lower. Corn growth was restricted when soil temperatures were maintained in the range of 12.3-14.5°C or lower, while growth of bean, cucumber, eggplant, pepper and watermelon was limited when soil temperatures were maintained in the 16.7-18.9°C temperature range or lower.
· Development of economic parts (Potato tuber sprouting and growth requires a temperature of 20-24oC. For subsequent growth and tuberization, 20oC is optimum. Onion, bulb formation is at20-22oC. Garlic, easy exposure to low temperature results in large bulb formation)
· Flowering, pollination, and Fruit set: poor yield in tomato under greenhouse as compared to open field crop because of higher temperature during growth, flowering and fruiting period in the green house, which the day temperature of 43oC during April in greenhouse caused premature flowering, and fruit drops. There is also a report for low yields in lower temperature regime for glasshouse tomato. 
· Quality of produce: - for Tomato at maturity, development of red pigment occurs at a range of 10-30oC. Carrots orange pigments develop at a range of 15-22oC.

· Seed production and seed storage: high temperature may cause difficulty with lettuce and spinach. Both of these crops bolt or go to seed if temperature is too high.
· Seed dormancy and 
· Occurrence of disease and pests. 
Generally the growth and development of most vegetable crops are adversely affected at temperatures less than 5oC. Growth normally increases with increasing temperatures up to 40oC, and thereafter it decreases drastically. Plants can only survive and grow within their temperature limits. Crop species specific temperature limits, the minima and maxima define the ranges of survival, although it is affected by the following factors:

·  The tremendous plasticity caused by adaptation (e.g. hardening)
·  The duration of cold stress

·  The developmental stage

·  The level of activity or dormancy
·  Cultivar differences.

According to cardinal temperature (optimum, minimum and maximum temperatures) plants can be categorized as:
· Hardy plants which can withstand minimum temperatures of -4 to -2oC, are spinach, peas, turnips, and cabbage.

· Half-hardy plants which can survive minimum temperature of -1 to 0oC, are carrots, beet roots and lettuce.

· Tender plants: crops that cannot tolerate 0oC, are beans, corn, squashes, melons, cucumbers, and tomatoes (frost susceptible crops).
The second temperature based plant classification involves the optimum growing season. Cool season crops with optimum temperature of 18-24oC, and warm season crops with 25-30oC.
3.3. Moisture: is very important in vegetable crops because it is about 65-95% of yield and highly associated with yield quality, hence it affects
· Seed germination

· Vegetative growth

· Podding (fruit setting)

It is generally recognized that moisture or the lack of it in the soil influences the success of vegetable crop production. In large section of Ethiopia, irrigation is not practical because of topography, lack of water, capital and knowhow. Therefore the annual rainfall and its distributions is of prime importance. When insufficient rainfall occurs, irrigation must be supplied to supplement it. In arid regions, crops may be dependent up on irrigation water entirely. Supplementary irrigation must also be given emphasis even in humid regions where delayance or irregularity of rainfall happens.
Lack of moisture may affect crops in various ways. A low but constant supply may result in smaller therefore less productive plants. Lack of moisture early in the growing season may so completely stunt plants that the yield will be low even if adequate moisture is supplied naturally/artificially later. A temporary shortage at a critical period such as blossoming, fruit set, or bud differentiation may be as damaging as a prolonged drought. Plants which start strongly with adequate water supplies may be less able to withstand later drought because of the large leaf surface developed. The root system is usually less extensive if water and fertility levels are high during early growth. A drought in mid-summer may cause blossom-end rot (physiological disorder of excessive transpiration) of tomatoes, poor quality of root crops and poorly filled ears of corn.
Too much water also causes damage for carrots to develop longitudinal cracks. Cracking of tomatoes is associated with increased moisture is considered a major problem by processing. Late season rains may induce late vegetative growth or perennials, which will fail to harden off in time to withstand winter cold. An evenly distributed water supply is best.

Moisture in the air (vapor) is favorable to the development of disease. High humidity result in dew formation and slow drying conditions (onion, garlic). Downy mildew of cucumbers and melons are favored by conditions of high humidity.
Table4: classification of vegetables based on water requirement.
	High requirement
	Leafy vegetables, Lettuce, spinach, celery, Cole crops, onion  

	Moderate requirement
	Cucumber, pepper, egg plant, tomato

	Low requirement
	Root crops, legumes

	Drought resistant 
	Melons, pumpkin


Table5: sensitivity of vegetables to excess moisture (flooding)
	Sensitive 
	Beans, Brassica, Tomato, Pumpkin

	Moderately sensitive
	Cucumber, Onion, Eggplant, Pea, Garlic

	Moderately tolerant
	Sweet potato, Taro


Table6: critical growth stage of some vegetable crops for water requirement 
	Crop 
	                                     Critical stage

	Beans
	Flowering and pod formation

	Cabbage 
	Head formation and enlarging

	Carrot 
	Root enlargement 

	Cauliflower 
	From planting to harvesting

	Lettuce 
	Head development

	Musk melon 
	Flowering and fruit development 

	Onion 
	Bulbing and enlarging

	Peas 
	Flowering and pod formation

	Pepper 
	Transplanting, fruit set and development

	Potato 
	From planting to harvesting

	Pumpkin 
	Flowering to fruit development

	Radish 
	Root enlarging

	Tomato 
	Flowering, fruit setting and enlarging

	Water melon
	From blossoming to harvesting


3.4. Light (radiation)

Light is a universal source of energy that comes from the sun. Passing the atmosphere, radiation is scattered by molecules, scattered and absorbed by aerosols and absorbed by water vapor, ozone and oxygen. In the summer season on sunny days at the equator, about 78% of the extraterrestrial radiation reaches the surface of the earth, with decreasing values toward the poles.
Light (radiation) has three forms that affects assimilate production capacity in vegetable plants. They are light intensity, duration and quality. Therefore the energy usage of crops by photosynthesis is restricted by the incidence radiant flux density (Wm-2 intensity) in the range of chlorophyll absorption (400-700 nm/ quality/PAR which is about 50% of global radiation).
The absorption of PAR by canopy is difficult to quantify. In general it depends on the following: 

1. The diurnal irradiance entering/reaching the top of the canopy, the diurnal partition of direct and diffuse radiation and the course of the angle of incident direct radiation.
2. The absorbing surface leaf area index and its architecture.

Radiation is reduced due to presence of cloud cover, dust and fog, and is regionally very different and cannot be generalized.

Day length (Photoperiodism): length of day does influence flower bud development of some crops and that variation in day length is less in the south and great in the north. At the equator, day and night are always of equal duration, while at the poles, both 24 hour days and nights maybe experienced at different times of the year.

According to day length there are two plant categories: namely short day plants, those which flower at shortest day light (sweet potato); and long day plants, which give flowers only during longest day (Chinese cabbage, lettuce, beet roots, and radishes). There are also plants that have no response to day length, termed as day neutral plants (tomato, hot pepper, asparagus).
3.5. Wind 
The amount, velocity, and seasonal distribution of winds have definite effects on the adaptability and success of particular crops in any region. The major influences are of two types. The first is as an environmental component influencing energy flux. Hot winds tend to increase transpirational water losses and exposed may die of desiccation. Cold winds reduce the influence of radiant energy to or from plant tissues. The second effect is mechanical. In addition to its speed effects, wind may carry sand and dust particles big enough to cause physical damage. Stem and leaf tissues may be bruised and fruits scarred. Windbreaks can considerably reduce the effect of winds.
CHAPTER FOUR
SEEDS AND SEEDS GROWING
4.1. Seeds 

The botanical term ‘seed’ refers to the mature ovule from the mother plant which contains the embryonic plant or embryo, the integuments which become the seed coat and additional storage tissue which may also be present such as the endosperm. The embryo morphology is generally similar within a plant family, however vegetable seeds include both monocots and dicots, and each class contain different families. Seeds that contain reserve materials in a well developed endosperm are called endospermic. If they contain most of their reserve materials in the cotyledons (cotyledons are embryonic tissue), they are called non-endospermic. 
Vegetable crop growth and development begins with seeds. Vegetable crop seeds are diverse in size, morphology and composition. Relative differences between crop seeds are shown with regard to composition, storage longevity, seed and seedling morphology, temperature requirements for germination and the use of reserve materials during emergence. 

Raising vegetable crop plants from seed has several drawbacks. Ordinarily when cross-pollinated plants produce seeds the seedlings do not reproduce the character of their parents. However, propagation through seeds also has some merits. Seedlings are generally hardy, bear heavy crops, and are long-lived, having desirable characteristics of yield, quality of produce or disease resistance than vegetatively propagated plants. Reproduction through seed is also essential in the breeding of hybrids and new varieties and in raising seedlings to be used as root-stocks in vegetative reproduction.
Seeds are stored at low water content during storage and they have unique characteristics that permit them to withstand desiccation. Desiccation tolerance is essential for long term survival and allows for a time interval between seed production and crop production. Most vegetables seeds can imbibe water readily and, given a conducive environment, can germinate and resume active growth. The seed uses its reserve materials following germination and then becomes an active photosynthetic seedling fixing its own carbon and producing energy.
Seed quality is a broad term and encompasses several attributes of seeds including the germination and seedling performance. The sowing environment has a direct effect on germination and stand establishment, and under severe stress seedling performance may be seriously impaired. To ensure stand establishment, high quality seeds are needed for transplant production and for direct seeding. Seed performance can be improved by pre-sowing hydration methods to achieve maximum emergence when sown in suboptimal conditions. In addition, seed-coating technologies may be used to improve precision placement of seeds, provide a delivery system and improve adherence of additives to protect seed and seedlings, and upgrade seed quality by facilitating detection of non-viable seeds in a seed lot.
Compared to cereals and other crops, it is so difficult to produce vegetable seeds. Why do worry about seed production, why we simply import from abroad?

· For sustainable supply
· Adaptation problem
· Problem of quality
· Cost of seeds is so high

· Loss of viability

· Not true-to-type (purity)

4.2. Seed preparation for sowing: there are several factors which must be considered before actually sowing the seed.

1. Collection of seed: collection of seed from reliable sources minimizes the chance of seedling variation. The fruit/panicle selected for seed extraction should possess good fruit/panicle and keeping quality characteristics. In most cases they should be fully mature and taken from healthy, vigorous plants with a high degree of disease resistance. 
2. Storage of Seed: The period of time from harvesting to sowing seeds may vary from a few months to several years. It is during this time that the quality of seeds, defined as the ability to germinate, may decline. Seeds contain different qualities and amount of protein, lipid and starch compositions that influences the equilibrium moisture content (particularly lipid content). Seeds in storage are said to be in a dry condition. However, dry is a relative term and does not mean that water is absent from seeds. Water is present in seed tissue, and the status of water is related to many aspects of seed physiology, including seed longevity.
Two environmental factors that influence seed storage are seed moisture content and temperature. Moisture is determined by the storage relative humidity and by seed characteristics, largely lipid content. The concentration of water in the seed tissue directly affects the rate of deterioration at a given temperature. Temperature has a direct influence on longevity, and the rate of deterioration increases as temperature increases at a given relative humidity. Seeds may be stored over a wide range of temperatures depending on the particular needs and available conditions. Therefore seeds need to be kept (stored) cool and dry to ensure their longevity and viability for longer period of time.
Seed moisture content can be calculated on a fresh or wet weight basis and is commonly used in seed testing and in commerce, while moisture content presented on a dry weight basis may be found in physiological or biophysical literature.

Although the storage environment is important, differences exist between species held under the same conditions. Results from a number of earlier storage studies on different species of seeds including vegetable seeds have summarized. Attempts have been made to relate seed longevity to other aspects of seeds such as composition. Many seeds with high lipid content are short lived; however, tomato seed with 25% lipid content is a notable exception. Along with this, long-term seed storage also results with loss of germination in time.
3. Pre-germination seed treatment: it includes stratification (to store seeds in alternate moist sand and controlled cold temperature, to allow embryo in the seed to complete its development), seed-coat softening/cracking to facilitate hard seed-coat covered seeds to germinate, seed priming/Osmo-conditioning within different media (vermiculite, perlite, peat moss, etc.), seed coating and many others.
4.3. Germination 
Germination is the transition period between the resulting and the growth stages of the plant and is considered to be completed at the time of visible radical emergence. Seeds in storage with low moisture content are in a state of quiescence, defined as the absence of growth because of environmental conditions that do not favor growth. The environmental factors needed to overcome this state of arrested development are water, oxygen and suitable temperature. Seed dormancy, in contrast, is a physical or physiological condition of a living seed that prevents germination even in the presence of otherwise favorable environmental conditions.
Germination begins with water uptake that immediately results seed imbibitions. After the completion of germination, the embryo develops the root and shoots system of the seedling. Seedlings can be categorized in to two groups depending on the orientation of the cotyledons with regards to the soil or growing media. Seedlings in which the cotyledons are raised above the soil by the expansion of the hypocotyls are termed epigeal.  Those seedlings, in which the hypocotyl does not elongate appreciably, which results in the cotyledons remaining in the soil, are termed hypogeal. The cotyledons often become photosynthetic in epigeous seedlings, while expansion of the epicotyls or mesocotyl is responsible for shoot development in hypogeous seedlings.
Germination has three phases with respect to water uptake and gas exchange. 

· Phase I is known as imbibitions and is physical process that occurs in both living and dead seeds. Seeds of most vegetable crops take up water readily. The rapid water uptake is attributed to the negative matric potential of the seed which is caused by cell wall components and proteins. Swelling occurs during imbibitions due to the expansion of hydrophilic compounds such as proteins, cellulose, pectic substances and mucilage.
· Lag phase (phase II) there is little uptake of water. During this phase enzyme and membranes are functional in the fully hydrated cells as the seed advances to the completion of germination. This phase duration is also dependent on species and is influenced by environmental conditions.

· Phase III commences with visible germination in which the seed coat is ruptured by the emerging radical which forms the root system of the plant. Radical growth is caused by cell elongation, and is then followed by shoot growth. Greater uptake of water is caused by a further reduction in osmotic potential caused by degradation of reserve material in to osmotically active smaller molecules and elongation of seedling tissue (there is much slower increase in moisture content than phase I).  The seed is already changed to seedling at this phase, therefore, it loses its ability to withstand desiccation and hence, seed drying will result in death of radicle in contrast to the above two phases.
4.4. Basic principle of seed production
Some Vegetable plants are sensitive to some environmental stimuli that affect their vegetative growth, flower initiation, tuberization, bulbing and other responses. These environmental stimuli enable the plant to undergo different growth stage, so that they can complete their life cycle in accordance with their hereditary characteristics. The most notable environmental stimuli for seed production (flower initiation) are:
· Photoperiodism: short day plants (sweet potato), require short day to initiate flower; while long day plants (beet root, Chinese cabbage, lettuce, radish…) only initiate their flowering during long days. There are also day neutral plants (tomato, pepper, asparagus…) that do not require a stimulus to initiate their flowering.
· Vernalization: temperature plays a crucial role in flower initiation and development in some biennial plants typically those which produce only vegetative growth in the first year; then after extended exposure to cold during winter (cold season), flowering takes place in the second year. Crops of such a group are beet root, cabbage, carrots, etc. Gibberellic acid (GA) now a day had started to replace the vernalization requirement of certain crops (celery, cabbage).
· Other species of vegetables require their seeds exposed to cool temperature to promote flowering (mustard, turnip)
· There are also vegetables that undergo flowering after they passed vernalization and exposed to long day radiation (cabbage, beet root)

· Insulation: is important to control cross pollination in cross pollinated crops (cauliflower, cabbage, radish, carrot, Swiss chard, cucumber, musk melon, water melon, pumpkin, squash…)

4.4. Hybrid seeds: they are F1-seeds produced from crossing of two distant parents resulted by inbreeding.  The parents are selected and maintained under the control of the breeder. Advantages of hybrid seeds can include: higher yield and greater quality, vigorous plant, uniformity in many required characters, resistant to pests and diseases. Hybrids may be interspecific, intergeneric (both characterized by genetic abnormalities = mostly sterility), or intervarietal.
Steps in production of hybrid seed

· Production of inbreed lines:

· Checking the crossing ability

· Production of hybrid seed

Generally cost of hybrid seed production is higher compared to other conventional seeds due to:

· Requires development of initial breeding program

· Requires subsequent maintenance of inbreed lines

· Male parent plant requires extra land
· Sowing, isolation, harvesting, emasculation, need additional labor.
Processes of hybrid seed production

 First unopened flower is selected on a healthy branch of the desired female plant.  This flower is carefully emasculated and a suitable paper or cloth bag is securely tied over it to prevent foreign pollen from falling on the stigma. When the stigma becomes receptive (which should be determined from previous observation), the bag is gently removed and pollen collected from the anthers of the male plant is deposited on the stigma. This should be done with a fine, soft hair brush. The bag is then re-tied and information concerning parentage, date, and other relevant points is written on it with a lead pencil or water-resistant marker.
After the crosses are successfully secured, the next step is to maintain the progeny carefully. All possible efforts should be made to make the F1 plants produce the maximum possible amount of seed for raising the subsequent F2 generation. In F2 there will be segregation of characters, and selection has to be initiated right from then. In oder to gain stability, it is necessary to inbreed the selected lines again for five to six consecutive generations to fix the characters and regain the desired level of homozygosity. In this event, the desirable phenotypes selected in F2 can be multiplied vegetatively and carried for further evaluation.
4.5. Vegetable seed supply systems 

Three types:- Formal (Public and private); Informal; and community based (farmers and unions).

· Formal seed supply system:- This seed supply is the driven that leads to the establishment of rules and regulations. The supply mainly carried out by the public sector. The program is complex and has several essential components:
-Variety development and release               -quality control 
-Quarantine                                             -product labeling

-Plant variety rights                                  -marketing

-Seed certification (field inspection)           -pricing

-Consumer protection and so on

· Informal seed supply:- Where farmers produce seeds form themselves or for neighbors. It plays important role in the national seed supply system. It plays complementary role in producing seeds of improved landraces. Problems with DUS (distinct, uniformity, stability) and VCU (value of cultivation and use) and standards are difficult to apply.  
· Community based seed multiplication and supply system:- It can motivate farmers to organize themselves as a group for sustainable production and income generation and assist in building regional seed supply capacity by producing and distributing the required type of varieties to framers timely at affordable price. 
CHAPTER FIVE
PLANT GROWING STRUCTURES AND MEDIA
5.1. Plant growing structures 

Plant growing structures are used to modify environmental conditions such as temperature, light, and humidity. Protection from cold makes possible the growing of plants earlier in the spring, later in the fall, or, with artificial heat, year round in areas where the normal outdoor temperatures would prohibit such growth. Since the price of early crops is frequently much higher than that during the main season, an early start may justify the extra expense involved. A grower with a protected crop may do well economically after his competitors are off the market. 
COLD FRAMES

A cold frame is simple a bottomless box covered with a transparent plastic or glass window that can absorb light, conserves heat loss, and protects small plants from wind and low temperature. Cold frames are permanent structures that considerably lengthen the growing season. They are an excellent way to grow fall and winter crops. Cold frames provide protection from strong winds, elevate the daily and nighttime temperatures around the plants, and protect frost sensitive vegetables or flowers. Generally cold frames are known as miniature green houses. 
Our cold frame should face south for maximum exposure to sunlight. Also select a location with a slight ground slope to provide adequate drainage away from the frame. During cold snaps, cover the cold frame with burlap or heavy cloth to provide extra warmth. Cold frames unlike hot beds utilize the sun's heat. The soil inside the box is heated during the day and gives off its heat at night to keep the plants warm. The frame may be banked with straw or straw manure to insulate it from the outside air and to retain heat.

The ideal location for a cold frame is a southern or southeastern exposure with a slight slope to ensure good drainage and maximum solar absorption. With a cold-frame, we can do many of the same things we do in a greenhouse. Construction can be made from sections of 3 x 4 foot or 3 x 6 foot millwork sash or plastic covered panels. Most can be converted to hotbeds for use in all seasons by installing electric heat and automatic clock controlled misting or watering.
 HOT BEDS 
A hot bed is a heated green house. Hot Beds are cold frames with a source of bottom heat. A hotbed is a bed of soil enclosed in a glass or plastic frame and heated by manure, electricity, steam, or hot-water pipes. Hotbeds are used for forcing plants, for raising early seedlings or for seed germination during early spring which is so cold. At the proper time the hotbeds can be converted into a cold-frame for hardening. The plants may then be moved to the garden when outdoor conditions are favorable. The hotbed should be located on well drained soil. In some locations a 3-inch layer of gravel under the prepared soil mixture or under flats may be required. Either way the hot bed remains frost-free during the winter. Some animals uses such hot beds as incubator to hatch their eggs. 
Management of Cold-frames/Hotbeds

· Temperature should be regulated. Temperatures of 70° to 75°F are best for germinating seed. Once germination occurs, maintain the temperature in the frame at plant level at 60° to 65°F for cool season crops and 65° to 75°F for warm season crops. If temperatures get too high, ventilation is essential. Using ventilator clips or automatic-sash frame openers can accomplish this. Thermostats should also be used to control temperatures from heating cables or heat mat sources. 
· Automatic watering or mist systems can be installed for watering if desired. 
· Ventilation is essential on sunny days by partially open the cover window during sunny, warm weather to maintain correct temperatures. As the season advances, remove the sash for most of the day and eventually during the night, too, to “harden off” the plants. 

· More frequent watering will be needed as the season progresses. 
· However, overwatering and over-application of nitrogen fertilizers, coupled with high temperatures, encourage diseases and leggy growth. Avoid high nitrogen fertilizer and transplant the plants to the garden at the proper time. 
· Do not start the transplants too early as most annuals will require 30 to 40 days from seeding to transplanting. 

Generally Cold-frames and hotbeds can be used to: 

· Increase the length of growing season by starting plants earlier and providing protection for some plants in the fall
· Overwinter semi-hardy plants
· Start transplants
· Harden off plants 

· Dry fruits, vegetables, and flowers
· Force flowering bulbs
· Start root cuttings
· Stratify seeds, nuts and a corns 

· Vernalize plant material
Orientation and Site

Locate the cold-frame/hotbed facing south so plants receive full sun most of the day. The site should be convenient for the user, protected from the wind, close to a good supply of water and located on a well-drained site free from shade. Place electrically heated hotbeds close to a power source. 

RAISED BEDS 
Permanently edged raised beds have been used for growing vegetables and flowers for centuries. They may be made of stone, bricks, concrete, or with either treated or untreated lumber. (These beds are made with untreated 2X10s.)  The soil in a well made and maintained raised bed can be between 8 and 12 degrees ̊F warmer than the same soil in the surrounding garden areas. Another advantage is the lessening of the need to bend over to work in, or harvest from, the raised beds.   

Single plant raised beds can be made from old tires stacked together.  The black tires absorb heat from sunlight, warming the soil even more than ordinary raised beds.  They are great for growing tomatoes, peppers and potatoes during the spring growing season and are good for crops like cauliflower and broccoli during the fall and winter.   
GREENHOUSES 
Greenhouses are structures made from different materials that provide frost-free climates all year around. There are perhaps as many designs for greenhouses as there have been imaginative gardeners. Unheated greenhouses are great for raising seedling crops of many of the most delicious leafy and root vegetables. Greenhouses can also be heated for raising tropical plants. A green house may be thought of as a permanent type of glass house used for the growing of plants. Green houses vary in size from a single small conservatory attached to home to large ranges made up of houses covering nearly half a hectare and used for the growing of vegetables, flowers, potted plants. Green houses are usually provided with sufficient heat to allow year-round operation, although this is not an essential characteristic. They are provided with some means of ventilation in the side walls and/or near the top. The plants are grown in ground beds or raised beds or benches, depending up on the crop and the preference of the individual. There are several kinds of green houses in common use, and they are frequently classified by root type. 
The initial cost is generally higher for a solar greenhouse than for the simpler, free-standing, non-insulated types, but for maximum use with lower heating bills, one can insulate north and side walls, provide liberal glass area for winter sun-catching, and make use of some type of solar radiation storage. When attached to a house, these greenhouses can be used for supplementary household heating, but there is a trade-off between heating the home and growing plants (especially heat-loving ones) in the greenhouse. Some researchers have concluded that a good compromise is to forget winter tomatoes and grow cool-weather crops during the winter in a solar attached greenhouse. In addition, they may retain excessive amounts of heat from late spring to fall and can make cooling the home more difficult. 
The efficiency of green houses depends on:-

· The green house materials used for construction

· The management practice by the vegetable grower 

LATH HOUSES
Lath houses are structures used to provide protection against wind and solar radiation. Not all plants require full sun light to grow. Most plants can only utilize a limited amount of light. They are useful tool for modifying the environment and extending the growing season, both in cold and warm weather. In nursery operations, a shade house can provide temperature and weather protection year round. It can also reduce irrigation needs during the summer. The incoming solar energy can result in excessive air, leaf and soil temperatures. Placing plants under 50% shade in the middle of the summer can lower leaf temperature by 6 ̊C and reduce transpiration water loss during the growing season. They are covered by polypropylene, polyethylene, polyester or a composite fabric. 
CLOCHES, TUNNELS, AND ROW COVERS
The idea of using these structures is to provide a greenhouse-like atmosphere for seeds and small plants in order to get an early start on the season or to extend the fall garden as long as possible. Cloche (pronounced klosh) was originally a bell-shaped glass jar set over delicate plants to protect them from the elements. Cloche is a protective covering which is a light weight, portable and re-usable bell jar made from plastic or glass used to protect individual plant from drying winds and cold air. Cloches can trap solar radiation and moisture evaporating from the soil and plants. Cloches should be anchored or heavy enough that they don't blow away.
Tunnels or hoop house is a green house like cold frame used to extend the growing and harvest season by covering a single row of plants with polyethylene. 
One of the popular techniques used by vegetable growers to extend growing season of the crop is the use of row covers. Row covers are generally made of flexible transparent materials and are used to enclose one or more row of plants in order to enhance crop growth and production by increasing temperature and reducing wind. It is used also to protect frost, desiccation and pests. It can also conserve moisture.  

PLANT GROWING CONTAINERS 
Containers are plant growing structures made from wood, plastic, fiber and clay that are suitable for growing plants. Anything that can be grown in a garden can also be planted in containers simply by providing our plants with a few basic needs-a suitable container, a growing media, water, nutrients and light. Whatever we use, it must:-
· It must be big to support the plants when they are full grown
· It must have soil

· Provide adequate drainage

5.2. SOILS AND SOILLESS MEDIA
Growers generally prefer to use two soil mixes or media for growing plants - one to produce seedlings (seed-sowing medium), and another into which the seedlings are transplanted in flats or individual plant containers (plant-growing medium).

Several different media are used to grow transplants, depending on the cost and availability of the individual ingredients. Generally, plant-growing media can be separated into two categories – those containing soil, which must be sterilized and handled, and soilless mixes made of so-called "artificial" ingredients.

Although standard soil media may cost less initially, the problems of sterilizing and handling the heavy soil mixes make the soilless mixes more practical. Artificial mixes contain varying proportions of peat moss, vermiculite, perlite, and sand (Table 1). Soil mixes may also contain these ingredients as conditioners.

Medium- to fine-grade horticultural peat moss is usually sold in bales already shredded for easy mixing. Imported sphagnum peat moss is preferable to domestic peat soils that may be too decomposed to provide adequate drainage. Peat moss directly from the bale should be free of most disease organisms.

Sand is an inexpensive material that may be used satisfactorily to improve the drainage of soil mixtures. Medium- to coarse-grade washed sand is preferred to avoid contaminants and allow good drainage.

Vermiculite is a light-weight, sterile, expanded mica that contains a considerable amount of potassium and magnesium. Its high nutrient- holding ability has a buffering capacity that reduces injury from excess salts. Horticultural vermiculite is preferable to construction grades that may include contaminants.

Perlite is a light-weight, sterile, expanded volcanic rock. Unlike vermiculite, it provides no nutrients for plant growth, but it does provide aeration.
Table1. Characteristics of Soil and Soilless Media Ingredients Material Advantages Disadvantages

	Material
	Advantage 
	Disadvantage 

	Field soil 
	Relatively inexpensive.        

Holds water and nutrients
	Heavy, often contains pathogens

Clay soils usually drain poorly and are variable in fertility and will crust                                                    

	Sand 
	Relatively inexpensive 

Improves drainage  (medium to coarse grades are best)
	Low nutrient and water holding capacity

	Peat moss
	Holds nutrients and water 
	May be strongly acidic and contain weeds

	Vermiculite 
	Holds nutrients and water

Mica that supplies potassium and magnesium 

Provides aeration 

Light weight  
	Compacts when to wet



	Perlite 
	Provides aeration

Light weight, sterile and neutral in PH 


	Low nutrient and water holding capacity

Floats to the surface of the container 

	Manure/Compost
	Good source of organic matter

Usually available free 

Variable in composition
	Fresh manure is high in  ammonia and can burn

May contain excess salt


Seed-Sowing Media

Since standard soil mixes are heavy and not adequately drained for germinating seeds, a special seed-sowing media is often used. This may consist of a completely soilless mix or a sterilized soil mixed with a conditioner.  Vermiculite can be used alone or in combination with soil. Heavily rooted seedlings produced in vermiculite can be easily removed with minimum breakage of roots. Some growers prefer to sow seed in a 1/2-inch layer of vermiculite placed on a soil mix in a flat. 

Soil or soil mixes must have the desired physical characteristics to be used successfully for germinating seeds. Mixtures of equal parts of soil, sand, and peat are good media. Pure sand is not generally used, as it has low moisture-holding capacity. Many growers sow the seeds on a soil mix and then cover them with a light layer of sand, vermiculite, or finely shredded peat. As purchased, vermiculite and perlite are sterile and free of organic matter, and thus you do not need to use any additional treatment for disease control.

Plant-Growing Media

Many different soil mixtures are used in growing vegetable seed- lings to the age and size needed for transplanting in the garden or field. Any one mixture cannot be recommended as ideal for all situations, because there is a wide variation in available materials and their costs. Selection of a medium may be influenced by the crop to be grown, and individual growers have different personal preferences. Good soil mixtures are commonly made up of about one part soil and one or two parts conditioner. The conditioning material, used to improve the physical properties of the mixture may be manure, sand, peat, perlite, vermiculite, or combinations of these materials.

A popular plant-growing medium is a mixture of two parts soil with one part peat and one part sand. If the soil is of light texture, the medium should contain more peat and less sand. If heavy soil must be used, a mixture of one part soil to two parts conditioning material is recommended. The conditioner might be made up of equal volumes of peat and sand, vermiculite and sand, or perlite and sand.

Media to be used for plant growing should be tested for soluble salt content and fertility level. Correct the pH to 6.0 to 6.8, if necessary. These specialized tests should be performed by a commercial soil testing laboratory.  Beware of used greenhouse soils and sewage sludge. They are frequently high in soluble salts that may kill or severely stunt seedlings. A good soil for plant growing may be obtained by composting, or from field sources, as discussed in the following sections.
Preparation of Field Soils
The practice of preconditioning field soils for use in soil mixes is preferred by many growers. While it is possible to add fertilizers and organic matter to soil in a matter of minutes, a soil-conditioning program builds good soil by also improving soil structure and allowing sufficient time for certain desirable physical and chemical changes to occur. Soil fertility is increased to a high level to compensate for the later dilution resulting from the use of conditioning materials in soil mixes.
If you plan to use field soil, it should be tested to determine the pH and fertility levels, which will influence the fertility program to be used. Add lime to adjust the soil pH to 6.0 to 6.8. Here is an example of a conditioning program one might use: Select a field site of clover, alfalfa, or grass sod. Apply 1,200 to 1,500 pounds of 5-25-25 fertilizer per acre (or other application as needed, depending on the soil) plus required lime. Plow down and plant soybeans. Plow down the soybeans before they set pods. Broadcast corn at a rate of two to three bushels per acre and apply 100 pounds of nitrogen per acre. Plow down the corn when it is about 2 feet high and plant spring oats. Disk the oats under before heads appear. During such a program you may need to irrigate the plantings to provide adequate moisture for germination and plant development. The soil from the top 6 inches then may be taken up and stored inside a building or covered with black polyethylene film. This soil should be disinfested before use. The time required to condition a soil in such a program should be two years or less. If a good sod is not available at the start, it may take three years.

Soilless Mixes

Many growers have switched to soilless media because of the convenience in storage and handling. Also the added expense of sterilizing and storing field soil or compost has made artificial mixes competitive in price. Artificial mixes offer the additional benefits of being lightweight, non-crusting, uniform, and free of pathogens. Fertility can be closely managed for faster growth.

The artificial mixes can be purchased premixed, or the ingredients can be mixed by growers. Since thorough mixing is critical, using a mechanical device such as a cement mixer is preferable to hand mixing. Although smaller quantities can be hand-mixed, uniform incorporation of fertilizer may be difficult. Premixed products such as Redi-earth, Pro-mix, or jiffy-mix are recommended when smaller quantities are desired.

The basic ingredients of artificial mixes are shredded peat moss and either vermiculite or perlite or both. Equal volumes of peat moss and vermiculite or perlite are mixed with limestone, fertilizer, and a surfactant or wetting agent. Sand may also be added in equal proportions with the peat and vermiculite or perlite. However, since sand is used primarily for additional weight, its usefulness in seedling flats is doubtful. Unsterilized sand may also introduce unwanted pathogens.

A soilless mixture that many vegetable plant producers have found practical is the Cornell Peat-Lite Mix. It is available commercially and also can be prepared on a do-it-yourself basis.
The cornel pit Lite mixes have been in use for 20 years. The reasons for their development are as valid now as they were in the early 1960s. Good top soil is increasingly difficult to get. The nutrient content, drainage characteristics, disease organisms, weed seed and residual herbicide contents are often difficult to determine in the present top soils. 
Peat-Lite Mix for Growing Plants
½ cubic meter of sphagnum peat moss and perlite or vermiculite. Add 6 kg of dolomitic limestone, 2.4kg ammonium nitrate/calcium nitrate/potassium nitrate, 3kg triple super phosphate, 1.5kg super phosphate and 0.3kg potassium chloride (omit if vermiculite is used), fertilizers (5-10-10) and wetting agent (nonionic).  
CHAPTER SIX
VEGETABLE STAND ESTABLISHMENT 
There are two ways of establishing vegetables:

· Direct sowing:- by using broad casting, hill, dibble or drill method
· Transplanting:- by using indoor structures like green houses, lath houses, cold frames, hot beds, tunnels, row covers, etc or by using outdoor structures like nursery beds.
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Most vegetable crops are planted in the field where they are to grow to maturity. A few kinds are commonly started in a seed bed, established in the greenhouse or in the open, and transplanted as seedlings. Some vegetables can be either directly seeded in the field or grown from transplants. These include broccoli, cabbage, cauliflower, celery, eggplant, leek, lettuce, onion, pepper, and tomato. The time and method of planting seeds and plants of a particular vegetable influence the success or failure of the crop.
6.1. Direct Sowing 

Direct seeding or direct sowing is a method of planting in which seeds are directly planted on the ground in the farm or any growing surface. Direct seeding generally applies to large-seeded vegetables like green beans, snow peas, sugar snap, etc. The very nature of sowing vegetable seeds in the open ground means that there are going to be surplus seedlings in the seed bed or rows. Most seed packets contain far more seed than is actually necessary for the average garden plot. 
Seeds do not germinate 100%, so simply trying to sow your seeds individually in neat rows, means that there will be gaps where seeds do not germinate - or otherwise fail. There will be little uniformity as some plants develop better than others, and the onerous task of trying to place vegetable seeds individually would be very time consuming.

So, we tend to sow far more than we need, then thin the seedlings out to suitable spacing and select the strongest growing plants to leave to grow into prime vegetables. Once the seedlings germinate, they tend to grow quite quickly if soil conditions are right, so be careful not to leave the thinning out process to late, for it will lead to week straggly plant.

As soon as the plants are large enough for you to see what is good and what is weak, the thinning of vegetable seedlings can start. This is best done with as little disturbance to the soil as possible. A hoe is often used to simply slice off the unwanted thinning. Not the best idea. Just nip off the unwanted weaker seedlings at ground level between finger and thumb, not disturbing the soil.
Planting crops by broadcasting or sabog tanim, or scatter planting, commonly applies to small seeds, like kale and Ethiopian mustard that are capable of germination and sustained growth without soil cover. There is no control of plant-to-plant spacing. The seeds are simply distributed on a well prepared ground by hand or with a mechanical broadcaster. 
Dibbling is an old method of planting crops practiced by subsistence farmers in hilly lands. Slashing and burning are done during summer when the grasses are dry, and corn is planted at the start of the rainy season. With a dibbler or “panghasok” (a pointed, spear-like stem) held by one hand, he strikes the ground to make holes about 2 inches ( 5 cm) deep and 1-2 steps apart. As the pointed tip of the dibbler is lifted, someone else immediately drops 3-4 seeds of an indigenous, open-pollinated corn into the hole. The hole is not refilled with soil, that part is done naturally by the cascading downward movement of surface soil and fragments of rock. Between harvesting and burning, the area is fallowed. 
In both the hill and drill methods of planting crops by direct seeding, there is a desired row-to-row spacing. Hills with a single or multiple numbers of plants are spaced uniformly within each row so that in the hill method there is always a reference to hill distance and number of plants per hill. A hill is that specific spot on the ground on which a plant or a group of plants is grown. In contrast, there is no uniform spacing between plants in the row in the drill method, but uniformity in number of plants per linear meter is intended. 

The hill method of direct seeding is done by dropping seeds in holes made by a dibbler or in furrows that are more or less equidistant. But with mechanized farming, a combine furrower-planter is commonly used.

The drill method of planting crops is done, either manually or mechanically, by releasing seeds continuously, as if pouring water from a bottle with a small opening. Manual drilling applies to small seeds like rice, millet, and mungbean and is usually done by hand. It can also be accomplished by placing small, roundish seeds in a bottle with a hole on the cover. The seeds are simply released by tilting and slightly shaking the bottle so that the seeds drop one after the other or in a cascade through the hole and toward the ground. Seeds that can be sown with drill method are tomato, carrot, beet root, hot pepper, etc.
The hill and the drill methods are alternative options in row planting.

6.2. Transplanting 
6.2.1. Nursery establishment using indoor structures 
A sizable proportion of the vegetable industry is based up on the growing of plants in green houses/hot beds/cold frames/etc or in field areas in the South for shipment in the North. A major reason for starting vegetable plants inside or in small controlled areas is better utilization of expensive growing space. By using plants from a special bed or green house, it is possible to mature another crop on the land first. By starting plants in green house, it is possible secure earlier crops of short-season plants which would not mature otherwise, because of too short a season.

For an early start, sow seed in a cold frame and transplant it into the garden later. Seed may be started as much as six weeks earlier than outdoors. Locate the cold frame on the south side of a garage or dwelling. If built with a tight-fitting lid, the cold frame will hold sufficient heat from the sun to keep seed and seed​lings warm at night. On warm, sunny days (50F or warmer), prop the lid open to prevent buildup of excessive heat. Close the lid in the late afternoon to trap enough heat for cold evenings.

As the season progresses, gradually expose the plants to longer periods of outside temperatures, as long as the air temperature does not go below 50F. Treated in this way, they develop into sturdier plants that are better able to adapt to fully-exposed garden conditions at transplant time. This is particularly true of the hardy annuals and biennials that prefer to develop in cooler temperatures: petunia, ageratum, lobelia, verbena, cabbage, broccoli and lettuce. Use Table 1 to determine when to start seed in the cold frame.

Starting Seed Indoors (Green Houses)

If space is available near a sunny window, start seeds four to eight weeks before the plant-out date in your area (average date of last killing frost). Starting too early usually results in spindly plants due to crowding and lack of sufficient light.

Almost any container with drainage holes in the bottom will work for planting. Paper milk cartons cut in half, Styrofoam cups, tin cans, plastic trays and pots are common containers used. For convenience, however, you may wish to start plants in the plastic trays and pots available at garden supply centers.

Use a rich, well-drained soil. Potting soils made for African violets and other house plants usually are suitable and do not have weed seeds. They are, however, more expensive than soil mixes you can make at home. If you use soil from the yard, it should be top soil that is well drained and not high in clay.

The best soils are often found around established shrubs and trees. Add sphagnum peat and sharp sand to the soil in a ratio of about one-half volume of each, and mixed thoroughly.

To kill weed seeds and some damaging soil fungi, place the soil mix in shallow trays or baking pans in an oven for 45 minutes at 250F. For best results, the soil should be moist.

After the soil has cooled, fill containers firmly but do not pack. Allow about 3/4 inch from the soil surface to the rim of the container. Place seeds on the soil surface. Use a piece of window screen or old flour sifter to sift soil over the seeds to the depth indicated on the seed packet.

If we use compartmentalized trays or individual peat pots, place two or three seeds in each pot. Do not cover too deeply, as this may reduce or prevent seed germination. As a general rule, cover no more than four times the diameter of the seed.

Apply a fine spray of water to avoid washing the seed, causing them to float to the soil surface. Household window sprayers are suitable. Cover the containers with plastic sheets or panes of glass and place in a cool room (60 to 65F) away from direct sunlight until germination.

6.2.2. Outdoor Nursery Establishment and Management 

Why we should we raise seedlings of vegetables especially small seeded ones in nursery beds?

· It is very easy and convenient to care seedlings
· To protect the seedlings from disease and insect pests
· To avoid unfavorable environmental conditions very easily

·  To get enough time for field preparation
· To save cost of seeds 

Location of a nursery may be largely governed by available land along a well-traveled highway. Good climate and fertile soil are very important in determining operating costs. Elevation is desirable to reduce winter injury (frost) of tender stock. Wind can be very important, where strong winds increase transpiration which may slow up growth in the summer and increase winter injury. Absence of wind, on the other hand, can result in suffocation due to absence of air mixing up for badly required carbon dioxide.
There are factors to be considered when selecting nursery site:-

· The site with gentle slope
· Physical and chemical condition of the soil should be considered:- The presence of sizable stones in the soil greatly increases cost of operation. The soil must be worked deeply, and power equipment is widely used for root pruning and digging as well as for cultivation. Deep friable topsoil is especially desirable supplied with the necessary lime and fertilizer, as indicated by soil tests.

· Near to the transplanting site
· Near water

· Far from big buildings and trees
· Protected from domestic and wild animals

· Far from noxious weeds
· The size of block which is economical to handle will vary with the size of the plants The distance between rows will vary with type of plant and the length of time it is to be in place.

There are three information to be known to calculate the nursery area required:-

· Plant population per hectare 
· Number of reserve seedlings
· Recommended spacing for each seedlings 
Types of nursery beds
According to their size

· Standard nursery bed:- 10 m X 1m
· Half standard nursery bed:- 5m X 1m

According to their preparations
· Raised beds:- beds made above the ground in areas there is no moisture stress
· Sunken beds:- beds made below the ground in moisture stress areas

· Normal beds:- beds not above not below the ground
Example 1

A farmer corporative wants to plant 33,300 plants/ha. 20% of the total seedlings taken as reserve seedlings. The recommended spacing for a seedling is 15cm X 3cm. How many standard nursery beds are needed to grow such seedling excluding the paths? 
Solution 
18 standard nursery beds are required without path 
Example 2
A farmer corporative at Debre Tabor would like to grow 2 ha of cabbage. The recommended spacing in the nursery and in the field is 10cm X 5cm and 100cm X 50cm, respectively. How many standard nursery beds are needed to raise the required seedlings? Assume that they need 10% of the total as reserve seedlings (and if a spacing between beds is given as 50cm).  
Solution
 12 standard nursery beds 
Care of nursery beds

· Watering using watering cane, sprinkler or mist nozzle (in the form of rain)
· Removing the mulching materials after some percent of seeds germination 
Mulch is any kind of material spread out on nursery beds for different purposes made from leaves, hay, straw, saw dust, paper. In developed countries plastics can be used as mulch. 
· Constructing shade especially in moisture stress areas where there is high temperature

· Protecting seedlings from damping off and cut warm 
To protect seedlings from damping off reduce watering, reduce the shade, allow free air circulation, remove diseased plants and spray dimetheote and if cut worm occurs use diazinol to protect seedlings.  
Seeding Depth 

Sowing vegetable seed at the right depth is an important first step towards achieving vigorous, healthy seedlings. Depth of sowing is important for all vegetable seeds. The optimum depth of sowing for vegetables ranges from1 to 5 cm, depending on species. The consequences of deep sowing can include: 

· Seedling leaves long, limp and easily damaged by wind and insects 

· Seedling root development reduced with plants more susceptible to root diseases 

· Plant development and tillering delayed 

· Delayed emergence and reduced competitiveness with emerging weeds 

Seeding and Germination
When to Sow Seeds

The date to sow the seeds is determined by the date when the transplants are to be set in the field and the desired transplant age. How early you can set the plants out depends on the hardiness of the vegetable and the climate in your area. Certain vegetable plants can withstand frost while others cannot.

Table7. Amount of Seed Needed in Plant Growing

	Crop
	Expected seed life(a) (years)
	Minimum germination (percent)
	Seeds per Ounce (number)
	Usable plants per ounce of seed (b)  (number)
	Quantity of seed to produce plants for 1 acre (ounces)

	Broccoli
	3-4
	75
	9,000
	4,000
	3

	Brussels sprouts
	3-4
	70
	8,000
	4,000
	3

	Cabbage
	3-4
	75
	8,000
	4,000
	3

	Cauliflower
	3-4
	80
	9,000
	4,000
	3

	Cucumber
	3-4
	60
	1,000
	400
	8

	Eggplant
	4-5
	80
	6,000
	2,000
	2-3

	Lettuce
	5-6
	75
	20,000
	10,000
	5-15

	Muskmelon
	4-5
	70
	1,000
	400
	4-5

	Onion
	1
	70
	9,000
	5,000
	8-12

	Pepper
	2-3
	55
	4,000
	2,000
	4

	Squash
	3-4
	75
	300
	200
	2-3

	Tomato
	3-4
	75
	10,000
	5,000
	1-2

	Watermelon

          Regular
	3-4
	70
	300
	100-200
	2-3

	          Seedless 
	2
	-
	400
	100
	4


(a) Under good storage conditions. 
 (b) Reduced by half if the plants are to be pulled.
Refer to Table 8 for the recommended growing periods and frost tolerance information for the various plants. Plants started during the winter in a greenhouse, or in hotbeds or cold-frames under less than favorable conditions, will require the longer growing times in the ranges indicated. Avoid the use of older seedlings for transplanting. The use of older transplants is likely to result in tall and spindly plants, delayed harvest, and rough fruit, in addition to lengthening the growing period and increasing costs. In the case of several varieties of tomatoes, for example, the age of the transplants when set in the field will affect earliness, fruit size and grade, and yields. 
Table8. Transplanting Tolerance and Time Required to Grow Plants

	Crop
	Transplanting Tolerance
	Time to grow (b) (weeks)
	Frost Susceptibility

	Broccoli 
	Survive well
	5-7
	Tolerant

	Brussels sprouts
	Survive well
	5-7
	Tolerant

	Cabbage
	Survive well
	5-7
	Tolerant

	Cauliflower
	Survive well
	5-7
	Tolerant

	Cucumber
	Seeded in container (a)
	3-4
	 Very susceptible

	Eggplant
	Require care
	6-8
	Very susceptible

	Lettuce
	Survive well
	5-7
	Tolerant

	Muskmelon
	Seeded in container(a)
	3-4
	Very susceptible

	Onion
	Survive well
	8-10
	Very tolerant

	Pepper
	Require care
	6-8
	Susceptible

	Squash
	Seeded in container(a)
	3-4
	Very susceptible

	Tomato
	Survive well
	4-7
	Susceptible

	Watermelon: Regular
	Seeded in container (a)
	4-6
	Susceptible

	                    : Seedless
	Seeded in container (a)
	6-8
	Susceptible


(a)These crops are generally not successfully transplanted unless started in containers (such as        peat pots), as             any root disturbance checks growth.

(b)  Time to grow is from seed to field.
Germination Requirements

There are specific temperature ranges for best germination of the different vegetable seeds. Temperatures below or above the optimum ranges will increase the time required for germination, or decrease the percentage of healthy seedlings produced, or both. Soil temperatures vary considerably, and for this reason should be checked every day with an accurate soil thermometer. During early spring, the soil temperatures in unheated germinating flats are often well below air temperatures, but during the summer they may be as high as 95'- 100' F. The optimum temperature ranges for germination of different vegetable seeds, and days required for germination, are given in Table 9, which also shows the recommended temperatures to be used after germination. Supplemental light is not required for germination of most seeds, and the flats may be covered with plastic or paper to help prevent the soil surface from drying. Full sunlight conditions are needed after the seedlings emerge. 
Table8. Recommended Germinations and Growing Temperatures

	Crop


	Optimum soil temperature range for germination °F
	Days to emerge (a)

	Plant-growing temperature (b) °F

	
	
	
	Day
	Night

	Broccoli
	70-80
	5
	60-70
	50-60

	Brussels sprouts
	70-80
	5
	60-70
	50-60

	Cabbage
	70-80
	4-5
	60-70
	50-60

	Cauliflower
	70-80
	4-5
	60-70
	50-60

	Cucumber
	70-95
	2-5
	70-80
	60-70

	Eggplant
	75-85
	6-8
	70-80
	65-70

	Lettuce
	60-75
	2-3
	55-75
	45-55

	Muskmelon
	75-95
	3-4
	70-80
	60-70

	Onion
	65-80
	4-5
	60-70
	45-55

	Pepper
	75-85
	7-8
	65-80
	60-70

	Squash
	75-95
	3-4
	70-80
	60-70

	Tomato
	75-80
	6
	60-75
	60-65

	Watermelon: Regular
	70-95
	4-5
	70-80
	60-70

	                    : Seedless 
	85-95
	5-6
	70-80
	60-70


 (a) At optimum soil temperature range.
(b) The lower temperatures are recommended during cloudy weather.
Seeding and spacing pointer

Suggested seed and plant spacing are given in table 10. It is generally recommended that the seed to be sown in rows, covered with soil, sand or vermiculite, and thoroughly moistened. 
Table10.  Recommended Seed and Plant Spacing Chart

	Crop


	Planting     Depth (inches)
	Seeds per inch of row (number)
	Row width (inches)
	Minimum space for transplants (inches)

	Broccoli
	1/4-1/2
	10
	2-3
	3 x 3

	Brussels sprouts
	1/4-1/2
	10
	2-3
	3 x 3

	Cabbage
	½
	10
	2
	3 x 3

	Cauliflower
	1/4-1/2
	10
	2-3
	3 x 3

	Cucumber(a)
	3/4-1
	- - -
	- - -
	3 x 3

	Eggplant
	1/4-1/2
	10
	2-3
	4 x 4

	Lettuce
	1/4-1/2
	10-15
	2-3
	2 x 2

	Muskmelon(a)
	3/4-1
	- - -
	- - -
	3 x 3

	Onion
	½
	10
	3-4
	- - -

	Pepper(to be pulled)
	½
	3-6
	4-6
	- - -

	Squash(a)
	3/4-1
	- - -
	- - -
	3 x 3

	Tomato
	1/4-1/2
	3-6
	4-8
	- - -

	Watermelon(a)  : Regular
	3/4-1
	- - -
	- - -
	3 x 3

	                        : Seedless 
	1/2-1
	- - -
	- - -
	3 x 3


(a)These crops should be seeded directly in individual containers. Refer to section on Techniques for Specific      Vegetable Crops for seeding rates.

(b) For growing in flats, plants may be spaced 2 x 2 inches.
Transplanting Seedlings

Pruning particularly root pruning is important to keep the feeding roots close to the crown should be regularly practiced, because it favors branching and development of a ball, which holds together well during transplanting. Top pruning is also practiced for some plants to induce side branching and a thickening of a plant.
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Transplanting makes use of pre-grown plants, seedlings or vegetatively propagated clones. The term transplanting is also used to refer to the practice of replanting an already established plant in one location and moving it elsewhere.

Transplanting is most common with small-seeded vegetables, vegetatively propagated crops, ornamental crops, fruit trees and many perennial crops. The term direct seeding is also commonly used to refer to the planting of seed-pieces or underground vegetative planting materials directly into the soil.

In contrast to direct seeding, transplanting is a method of planting crops in which potted plants or pre-grown seedlings or clones are planted on the ground, other growing surface, or any growing structure. Transplanting is also convenient with a few plants that can be transferred with a ball of soil around the roots. In some vegetables, it is common to prick seedlings from the seedbed and transplant them bare-root to the garden plot. In perennial species like coffee at a time when rainfall has become frequent and light is not intense, uprooted wildlings or bare root transplants have been directly planted. 

A rapidly growing plant has relatively soft tissue, is more susceptible to wind, cold, and drought injury, and has little reserve food necessary to replace the absorbing roots normally lost in transplanting. Such a plant has a high transpiration rate. Unless conditions are ideal, some plant mortality can be expected following transplanting (transplanting shock) operations. Slowing vegetative growth will tend to result in firmer tissue with a lower transpiration rate and greater resistance to cold in some plants and will allow for a sufficient accumulation of manufactured food to support the rapid development of new roots. This change in growth status is called hardening-off. Hardening is a physiological process whereby plants accumulate carbohydrate reserves which enable them to recover rapidly after the disturbance of being set in the field and when subjected to different conditions. Hardened plants can better withstand such adverse field conditions as winds, harmful temperatures, and in some cases frosts. Hardening may be accomplished in several ways. Lowering temperature and withholding water and nutrients, either together or singly, will have the desired effect.

Starting plants in limited areas in hotbeds or greenhouses conserves space and reduces the cost of production in plant growing. As the plants become crowded, they are transplanted from the seed flats to containers or to other flats at the desired spacing, as recommended in Table 6. If started in containers such as peat pots, seedlings may later be spaced farther apart to improve plant quality.

Transplanting is not beneficial, and may be harmful, to the plants. The degree to which transplanting checks growth depends on the amount of injury to the root system, the age and size of the seedling, environmental conditions following transplanting, and the kind of vegetable seedling involved. The seedlings of some vegetables, such as the cucurbits, are difficult to transplant successfully and should be seeded directly in individual containers, Peat pellets or pots are often used for musk melons and watermelons if an earlier harvest is desired. Handle seedlings with care when transplanting them from the seed flat. Hold the seedling by a leaf, not by the stem. The slightest injury to the stem can result in permanent damage. The best stage to trans- plant most vegetable seedlings is when the first true leaf appears between the cotyledon leaves. Do not transplant weak, damaged or mal- formed seedlings. Following transplanting, the seedlings will become established faster if they are kept shaded and moist for one or two days.
Pricking off is the method of transplanting seedlings to another nursery bed. It reduces the cost of seeds as each seedling (weak and strong) is going to the process of pricking to become normal seedling. Reasons for pricking includes:-

· If the seedlings are very weak and thin
· If the plants begin to get tall and spindly, they are not getting enough light 
· If environmental conditions are not allowed to prepare the field

· If machinery is delayed to prepare the land

Management of Environmental Conditions

Plant growth and development can be largely controlled through careful regulation of the environment. Skillful management of temperature, ventilation, water, fertility, and to some extent humidity are necessary to produce stocky and healthy transplants.
Light Conditions

Light is the energy source for photosynthesis and plant growth. Except for shading, it is generally not practical to control light conditions. There are no economical methods of providing adequate artificial lighting to grow a volume of good plants. Fluorescent lights may be feasible over benches of seed flats.

During certain periods of the year, lack of sufficient light may be the factor that limits plant growth. In these situations the best possible management of temperatures, watering, and fertility is necessary for success.

Temperature and Ventilation

Optimum day and night temperature ranges for growing plants are given in Table 5. During periods of low light intensity, use the lower temperatures indicated. High temperatures (above recommended range) at any time, and especially during conditions of low light, will cause plants to become spindly and weak. Temperatures lower than recommended will reduce growth and delay plant development, and may also cause rough fruit in tomatoes and premature seeding of cabbage and cauliflower. Use accurate thermometers to frequently check temperatures throughout the plant-growing structure. The thermometers should be located at the level of the plants being grown. Uniform temperatures are essential for adequate control of plant development and production of uniformly sized transplants.

Daytime temperatures and humidity are primarily controlled by ventilation. This air exchange supplies carbon dioxide, which is used in photosynthesis, and helps to minimize disease problems. Ventilation at night, except during excessively windy or cold periods, insures adequate air circulation and lower humidity to reduce the likelihood of disease. Avoid direct cold drafts, which may be harmful to the plants. Night temperatures should not fall below the minimum recommended for individual plants Table 5.

Watering Practices

You can regulate plant growth to a large extent by careful watering. Water the plants only when moisture is needed, and then wet the soil thoroughly. Over-watering, a common error in plant growing, results in soft, succulent plants and restricted root growth. It may also promote certain diseases such as damping-off. Water the plants in the morning, to permit foliage and soil surfaces to dry before night. Water sparingly on cloudy or rainy days.

Spacing Recommendations

Avoid close spacing, which cause plants to compete with each other for light, nutrients, and moisture. Crowded seedlings tend to become weak and spindly, and disease will spread rapidly under such conditions. Recommended minimum plant spacing are given in Table 6. Wider spacing or larger containers generally give superior results. If you want to produce the highest quality plants, space them so the leaves of one plant do not touch those of another plant. However, it may not be economical to provide the space required for growing a volume of plants in this manner.

Plants are frequently overcrowded when seeded directly into hotbeds where they remain undisturbed until ready for transplanting into the field or garden. Such vegetable plants (cabbage, onion, pepper, and tomato) seeded at the recommended rates should be thinned to stand 1/2 inch or more apart in the row.

Supplemental Feeding

Fertilizers can be easily supplied as the plants are watered. This system affords a practical means of adjusting nutrient levels according to the stages of plant development and existing environmental conditions. You can control plant growth by the amount and strength of the fertilizer solution used and the frequency of application.

Many soluble fertilizers are available for supplemental feeding. Starter fertilizers of various analyses, such as 10-52-17, 10-50-10, 20-20-20, 5-25-15, or 16-32-16, have been used with good results. These are high-analysis, water-soluble fertilizers which are primarily mixtures of diammonium phosphate and mono-potassium phosphate. Potassium nitrate (14-0-46 analysis) and ammonium nitrate (33-0-0 analysis) have also been used successfully.

Some growers prefer to fertilize with each watering, using a weak solution. A rate of one teaspoonful of the above soluble fertilizers per gallon of water is suggested. For less frequent feeding, use about ½ ounce per gallon for watering young seedlings. After the plants are 3 weeks of age, the strength can be increased to 1 ounce of the fertilizer per gallon of water. To remove any fertilizer that might burn the foliage, give the plants a light watering with clear water.

Soluble salts can be a problem in plant-growing beds as a result of using too much fertilizer or improper fertilizer. Because it is easy to over-fertilize a small area, be careful not to use rates higher than those suggested. Also, avoid the use of muriate fertilizers, which contain large amounts of chlorides. Symptoms of soluble salt injuries are poor seed germination, stunted plant growth, small dark leaves, and wilting. Wilting may occur even when the soil is sufficiently moist.

The critical seedling stage

During early growth stage, the seedlings have underdeveloped root systems, so watering is critical so check on them daily. The potting medium must remain moist, but never wet or soggy, because this will prevent oxygen to the roots and drown your new plants. Bottom watering is always best at this point because spraying can dislodge the plants and water on the leaves may lead to fungus attack. Temperatures should be kept at about 70°-75° (higher for some plants). Once the first true leaves (the second set of leaves to emerge) develop, we can begin to lightly feed your plants. Up until this time the seedlings have been being nourished from the seed itself.  Fertilizing should be still done from the bottom at this point, using a much diluted ¼ strength mix of an all purpose plant food once a week.

When the plants have reached about 3 inches you can begin to water and feed the plants from above.  When the plants have developed 4 true leaves (12-15cm length), it is time to thin and transplant them into pots. Seedlings growing in a tray should be thinned to one inch or more apart, where they may remain until they are ready to be planted in their permanent home.  Always water plants thoroughly prior to any thinning, repotting or transplanting. Generally success in field transplanting depends on:-

· Soil conditions: In soils which are fine and free from foreign material, the success is good 
· Good transplants at the right stage: avoid to use younger and over matured seedlings
· Proper handling techniques: use the handle of a spoon as your shovel to remove the seedlings from the pot or flat and very gently separate them, being careful to do as little damage to the roots as possible. Always handle a seedling by the leaves and NEVER by the stem.  Even slight pressure can permanently damage the stem, whereas the plant will grow another leaf if it is damaged. Move the plant to the new pot, gently dropping the roots into a pencil size hole which we have ready. It is normal for a certain amount of wilting to occur after transplanting, due to some root damage and general plant shock but the plants should recover quickly. Keep the plants in good light for several days but not full sun. Gradually increase the light intensity. Light feeding can be done weekly at ½ the fertilizer's recommended strength.
· Time of transplanting: when evaporation and transpiration are low. Avoid transplanting seedlings in the morning time because of the incoming day time. It is better to transplant seedlings late in the afternoon.
· Watering: before uprooting seedlings in the nursery and before planting in the field
· Exposure of roots: roots of seedlings should be covered after uprooting and before transplanting
· Depth of transplanting: transplanting depth should be equal to nursery depth of seedlings. Or we should set the seedling a little bit deeper than the level it was previously.  
· Firming or packing around roots: gently press the medium around the roots.
· Use of plant protectors: construction of small cages like in coffee growing areas 
· Use of starter solution: use of fertilizers
CHAPTER SEVEN 
GENERAL CULTURAL PRACTICES
7.1. Vegetable Cultivation 
Cultivation is essential for nearly all commercial vegetable crops since herbicide choices are limited and vegetable crops cannot tolerate much weed competition. There are many reasons to cultivate garden soils. The most important is to control weeds, which would otherwise compete with the cultivated crop for moisture and nutrients. 
There are many cultural practices that should be considered while establishing vegetables:-

· Clearing and leveling during which care should be taken not to take off the soil out of the field

· Drainage:- Excess water after or before irrigation should go out of the field to prevent salinity problems

· Ploughing:- 25-35 cm depth and when the soil is moist not wet. It can loosen the soil and helps to conserve organic matter by burying in the soil, promotes good root growth and helps soil bacteria to make nutrients available. It can also incorporate air in to the soil. This practice turn surface soil and crop residues under, leaving an uneven surface and loose structure which encourages water penetration and spread of roots.
· Disking and harrowing:-to break larger aggregates to smaller ones. They are the most effective methods of incorporating organic manures and fertilizers and killing many pests which hibernate in the soil.

· Sowing or transplanting
· Ridging:- for root, tuber, corm and bulb plants 
Cultivation may also have adverse effects. It may damage soil structure and deplete fertility, cut fruit tree roots and increase erosion. Regular cultivation also destroys irrigation structures (basins, furrows) in permanent production site or orchards. It has also been reported that in citrus growing, tillage may not be necessary, or may even be harmful to the health of fruit trees. Nowadays, non-tillage is increasingly popular because the use of herbicides (e.g. Glyphosate) reduces this need for cultivation.
Clean cultivation

In clean cultivation, the soil is repeatedly worked throughout the year, keeping the soil free of plant growth. Clean cultivation is helpful in controlling weeds and working farm yard manure and fertilizers in to the soil. Clean cultivation is being widely followed in orchards of many countries.

There are also disadvantages associated with clean cultivation. Under clean cultivation, with the repeated removal of humus, fertility is also depleted. However, the addition of fertilizers to such soils is not advantageous because vegetables, in spite of fertilization, show ill health. It has been reported that clean cultivation reduces plant growth and ultimately production due to greater loss of soil moisture during the summer months.
The Need for Precision Cultivation 
Most vegetable crop plants are delicate and must be cultivated carefully to avoid damage and yet, because of limited herbicide availability and lack of tolerance for weed competition, cultivation must be effective and must be close to the row. The cultivator must be able to get very close to the row, yet not contact the crop plants. It is also important that the cultivating components next to the row be shallow, yet aggressively removes weeds. 

Mulching

For those vegetables that are grown in green houses in three different seasons, namely fall season, single crop winter season and spring season. Different from the outdoor agriculture, protected vegetable cultivation requires some processes. One of them is mulching. Mulching is a means forming a protective layer of organic or inorganic materials (plastic mulch) over the soil in order to increase the quality and amount of crops.
Plastic mulch is either embossed or smooth. 
Embossed plastic will 
· Stretch tightly over raised beds 
· Resist tearing and wind damage, and 
· Superior grade to slick or smooth grade. 
· Raised beds are normally covered with the embossed plastic. 
Smooth plastic is 
· Less expensive and works well for flat beds 

· However, it will expand in the summer heat and tends to tear easily on a raised bed system. 
Mulch thickness varies depending on brand and manufacturer, but the standard is 1 to 1.25 millimeter plastic for one season durability. 

Benefits of Mulching

· Mulching causes heat difference of about 37 to 41°F in soil and gives way to healthy plant growing. 
· Preventing excessive evaporation of soil surface, it decreases the number of required irrigation. 
· Decreasing the humidity in green house

· It prevents the spread of some bactericidal and fungicidal diseases. 
· It also prevents salination of the soil. 
· Mulching increases productivity and forcing ranging from one crop variety to another. 
Mulching has little or no negative impacts. As it decreases the humidity in the green house, it helps the spread of mildew and red spider.

Plastic Mulch and Raised Beds
Plastic mulch and raised beds work together to provide an ideal environment for vegetable growth.  
The plastic 
· Warms the soil

· Prevents weed growth, and 
· Controls moisture 
While the raised bed 
· Provides for a deeper soil profile and 
· Better drainage around the root system. 

Creating a raised bed on a small farm can be accomplished in one or two ways. The easiest is the use of a raised bed mulch layer, an all-in-one machine that creates the bed, lays the plastic, and lays the drip line in one pass. These machines require 60-70 horse power to operate adequately. The other option is to use a bed forming machine in the first pass, followed by the plastic layer in the second pass, which requires less horse power but more time and machinery expense.

It is important to take time to ensure the bed is as tight and tall as possible. A 6-8 inch bed is recommended for most crops. The last option is to use a flat plastic layer, and eliminate the raised bed from the systems. The flat plastic mulch layer does not form a bed, however is simpler in design and requires only 30-35 horse power to operate. 

Mulch Color
· Black:  Black plastic is the most common as it does the best job of preventing weed growth. Black will cause the soil to warm quickly in the spring, and may be a problem for heat-sensitive crops in the summer. Black plastic should be used on muskmelon, tomato, green pepper, cucumber, squash, eggplant, watermelon, and okra. 

· White on Black: White on black uses a reflective white layer on top of a standard black layer. The advantage of this design is reduced heat on sensitive crops such as cut flowers. The black underlayment serves to restrict weed growth more effectively than white alone. 

· Clear: Clear plastic will warm the soil the quickest of any mulch. It is most commonly used for sweet corn to promote quick germination and spring growth. After the corn emerges, holes must be punched and later split to prevent the temperature from injuring plants. The plastic can be purchased pre-cut. It will not impede weed growth. 

· Green: Green plastic is a compromise between black and clear. We will obtain better weed control than clear, and also obtain quicker warming than black. Be cautious if using this on anything other than sweet corn, as weed control is not satisfactory for season-long use. 

· Red: Certain red plastic has been shown in some research trials to show slight increase in yield in tomato crops. This is due to the reflection of the light spectrum most favorable to growth back into the foliage canopy. Further research should be done on such type of plastic. It is more expensive than black plastic. 

Removing Plastic and Mulch
One of the largest down falls to a plasticulture system is the removal and disposal of old plastic at the end of the system. A mulch lifter may be used to lift the plastic from the bed. However, the removals of the mulch and drip lines are laborious tasks. In addition, the plastics must be disposed.  

Contour planting
Soil conservation techniques are important in soil management. Millions of tons of top soil are lost every year from fields which are cultivated up and down the slope instead of horizontally along the contours. Contour planting along steep slopes greatly reduces runoff and erosion. Most vegetables, nursery crops, and small fruits can readily be planted along the contours.
7.2. Vegetable Crop Irrigation

Vegetables are 80-95% water. Think of them as sacks of water with a small amount of flavoring and some vitamins. Because vegetables contain so much water, their yield and quality suffer rapidly when subjected to a drought. Thus, for good yields and high quality, irrigation is essential to the production of most vegetables. If water shortages occur early in the crop's development, maturity may be delayed and yields reduced. If a moisture shortage occurs late in the growing season, quality is often reduced even though total yields may not be affected.
Most vegetables are rather shallow-rooted. Even short periods of two to three days of moisture stress can damage marketable yields. Irrigation is likely to increase the size and weight of individual fruit and to prevent defects, such as toughness, strong flavor, poor tip-fill and pod-fill, cracking, blossom-end rot, and misshapen fruit. On the other hand, too much moisture reduces soluble solids in muskmelons (cantaloupes) and capsaicin (what makes the peppers hot) in hot peppers when it occurs during fruit development.

Growers often wait too long to begin irrigation, thinking, "It will rain tomorrow." This often results in a severe stress for that portion of the field that dries out the quickest or receives irrigation last. Another common problem is trying to stretch the acreage that reasonably can be covered by the available equipment. Both of these practices result in all or part of the field being water stressed. It is better to do a good job on some of the acreage rather than a halfway job on all the acreage.

Drought stress can begin in as little as three days after a 1-inch rain or irrigation in such crops as tomatoes. Thus, frequent irrigation is necessary to maximize yields. Soil moisture requirements differ with each crop and with each particular stage of crop development. Soil moisture availability varies with the amount of water in the soil and with the type of soil. Knowing your soil type is essential in planning for and in using an irrigation system. The critical stage and irrigation needs of various vegetable crops are listed in Table 11.

Up to 1.5 inches of water is needed each week during hot periods to maintain vegetable crops that have a plant spread of 12 inches or more. This need decreases to 0.75 inch per week during cooler seasons.

Droplet size and irrigation rate are also important when irrigating vegetable crops. Large droplets resulting from high pressure at the sprinkler head can cause damage to young vegetable plants and can contribute to crusting when the soil dries. Irrigation rate is also important in sandy soils that absorb water more readily than clay soils. However, clay soils have a greater percent of available water. Irrigation rate will depend on soil type; but application rates should not exceed 0.40 inch per hour for sandy soils, 0.30 inch per hour for loamy soils, or 0.20 inch per hour for clay soils. High application rates of water will result in irrigation water running off the field, contributing to erosion and fertilizer runoff.

Improving Stands: Most vegetables have small seeds that are planted ¾ inch deep or less. The upper layer of the soil can dry rapidly, leaving shallowly sown seeds susceptible to drying out. Without enough soil moisture, the seed is left partially germinated. This results no stand or an incomplete stand. An irrigation of 0.50 to 0.75 inch immediately after sowing should be applied to settle the soil around the seeds and to begin seed germination. For larger seeded crops, it is desirable that irrigation begins a few days prior to sowing. If seeds are slow in emerging from the soil due to cool temperatures or slow germination, then apply 0.75 to 1 inch of water per acre as needed to encourage emergence. Do this to keep the area around the seed moist until seedlings emerge. Irrigation is a valuable tool in producing a good, uniform stand which will help ensure high yields. Good uniform stands mean uniform harvest dates and greater production efficiency.

Vegetable transplants also require good soil moisture. A light irrigation of 0.50 to 0.75 inch per acre will help in the establishment of young transplants by providing a ready supply of water to young, broken roots.

In addition to hastening seedling emergence, irrigation at planting time can reduce soil crusting. If 0.50 to 0.75 inch of irrigation is slowly applied, either with low rates or by turning the irrigation system off long enough to allow water to soak in, crusting can be reduced and stands will be improved.

Product Development and Fruit Set: Wide fluctuation in soil moisture injures fruit crop vegetables such as tomatoes and peppers (see table). These fruits contain large amounts of water and are dependent on this water for expansion and growth. When soil moisture is allowed to drop below the proper level, fruits do not expand to produce the maximum size before they ripen. Thus their yield is reduced. If moisture is allowed to fluctuate too much, blossom-end rot can occur and fruits are no longer useable.

If moisture fluctuation occurs during the fruit expansion stage, fruit cracking will occur. This typically occurs when the application of inadequate water has been followed by heavy rainfall (see table). The best way to prevent fruit cracking is to apply a steady supply of moisture. In addition, it is soil moisture fluctuation that causes secondary growth, or knobs, in Irish potatoes.

Rooting Depth: It is important that the soil profile be filled with water during each irrigation event. Otherwise, frequent light irrigation events result in the formation of shallow root systems. Shallow root systems result in plants being stressed even in short periods of water deficit. (See table for crop specifics.) In addition, these plants with shallow root systems are more prone to lodging and nutrient deficiencies (shallow root systems neither explore nor exploit all of the available nutrients in an area). On the other hand, excessive irrigation can leach nutrients from the soil and encourage the development of diseases and nutrient deficiencies. The rooting depth of various vegetable crops is listed in the table. It is important that shallow-rooted crops receive more frequent irrigations.

Preferred Minimum Soil Moisture: Soil moisture is measured with a tensiometer or soil block. The former is preferred for sandy soils and the latter for clays and loams. Tensiometers report soil moisture in centibars. Suggested soil tensions for various vegetables are reported below. Soil blocks report available soil moisture (ASM), and the table suggests minimum levels for most vegetables. In general, it is important to schedule irrigation using soil moisture tension. 

Amount and Timing: Irrigation amounts and the time between irrigations are critical to efficient irrigation practices. Some suggestions for amount and timing of irrigations are presented in the table.

Critical Moisture Periods: Critical periods of water needs can best be defined as that time when soil moisture stress can most reduce yield in an otherwise healthy crop (see Table 11). This is not to say that it is the only time in the life of the crop that moisture stress reduces yield. It is, however, the time when moisture stress will exert its greatest effect.

Most vegetable crops are sensitive to drought during three periods: during transplanting time, harvest and two to three weeks before harvest. More than 30 different vegetable crops are grown commercially in the Southeast. Although all vegetables benefit from irrigation, each class responds differently.

Leaf vegetables: Cabbage, lettuce, and spinach are generally planted at or near field capacity. Field capacity is the maximum amount of water a field can hold without water runoff or loss due to gravity. Being shallow rooted, these crops benefit from frequent irrigation throughout the season. Since leaf expansion relates closely to water availability, these crops, especially cabbage and lettuce, are particularly sensitive to drought stress during the period between head formation and harvest. Overwatering or irregular watering can result in burst heads.

Broccoli and cauliflower, although not grown specifically for their leaves, respond to irrigation much as the leafy vegetables do. Broccoli and cauliflower are sensitive to drought stress at all stages of growth, responding with reduced growth and premature heading.

Root, tuber, and bulb vegetables: In sweet potatoes, Irish potatoes, carrots, and onions, yield depends on the production and translocation of carbohydrates from the leaf to the root or bulb. The most sensitive stage of growth generally occurs as these storage organs enlarge. Carrots require an even and abundant supply of water throughout the season. Moisture stress causes the formation of small, woody, and poorly flavored roots. Uneven irrigation can lead to misshapen or split roots in carrots, secondary growth in Irish potatoes, and early bulbing in onions.

Fruit and seed vegetables: Cucumbers, melons, pumpkins and squashes, snap beans, peas, peppers, sweet corn, and tomatoes are most sensitive to drought stress at flowering and during fruit and seed development. Fruit set on these crops can be seriously reduced if water is limiting. An adequate supply of water during the period of fruit enlargement can reduce the incidence of fruit cracking and blossom-end rot in tomatoes. For example, after fruit enlargement, irrigation is often reduced as fruit and seed crops mature.

The plant growth stage also influences the susceptibility of crops to drought stress. Irrigation is especially useful when establishing newly seeded or transplanted crops. Irrigation after transplanting can significantly increase the plant survival rate, especially when soil moisture is marginal and the evapotranspiration rate is high. Irrigation can also increase the uniformity of emergence and final stand of seeded crops. For seeded crops, reduce the rate of application and the total amount of water applied to avoid crusting. If crusting is present, use low application rates and small amounts of irrigation water to soften the crust while seedlings are emerging.

Irrigation Methods: Vegetable crops differ in which method of irrigation can be used economically in their production (see table). Three types of irrigation are commonly used: sprinkler, big gun (Furrow), trickle or drip irrigation and flood irrigation systems.

	Table11. Vegetable Irrigation Needs, Critical Moisture Periods, Drought Tolerance, Rooting Depth, and Concerns
	 
	


	Crop
	Preferred Minimum soil Moisture
	Amount/Inches in "X" Days
	Irrigation Critical Moisture Period
	Preferred Irrigation Method (2)
	Drought Tolerance (3)
	Rooting Depth (4)
	Defects Caused by Water Deficit
	Comments

	
	Bars
	ASM (1)
	
	
	
	
	
	
	

	Asparagus
	-.70
	40%
	1/20
	Crown set and transplanting
	a,b
	H
	D
	Shriveling
	Will withstand most drought

	Beans, pole
	-.34
	60%
	1/5
	Flowering
	a
	L-M
	M
	Poor pod fill and pithy pods
	Steady moisture supply is necessary during flowering

	Beet
	-2.00
	20%
	1/14
	Root expansion
	a,b
	M
	M
	Growth cracks
	

	Broccoli
	-.25
	70%
	1/5
	Head development
	a,b,c
	L
	S
	Strong flavor
	

	Brussels sprout
	-.25
	70%
	1/5
	Sprout formation
	a,b,c
	M
	S
	Poor sprout production
	

	Cabbage
	-.34
	60%
	1/10
	Head development
	a,b
	M-H
	S
	Growth cracks
	

	Carrot
	-.45
	50%
	1/21
	Seed germination and  root expansion
	a,b
	M-H
	S-M
	Growth cracks, misshapen roots
	Avoid droughts during root expansion

	Cauliflower
	-.34
	60%
	1/5
	Head development
	a,b,c
	L
	S
	Ricey curd, buttoning
	

	Celery
	-.25
	70%
	1/5
	Continuous
	a,b,c,d
	L
	S
	Small petioles
	Moisture deficit can stop growth irreversibly

	Chinese cabbage
	-.25
	70%
	1/5
	Continuous
	a,c
	L
	S
	Tough leaves
	

	Sweet corn
	-.45
	50%
	1/14
	Silking
	a,b
	M-H
	S
	Poor ear fill
	Irrigation prior to silking has little value

	Cucumber
	-.45
	50%
	1/7
	Flowering and fruiting
	a,b,c
	L
	S-M
	Pointed and cracked fruit
	Moisture deficit can drastically reduce yield and quality

	Leek
	-.25
	70%
	1/5
	Continuous
	a,b
	L-M
	S
	Thin scale formation
	

	Lettuce
	-.34
	60%
	1/7
	Head expansion
	a,b
	
	D
	Tough small leaves
	

	Okra
	-.70
	40%
	1/14
	Flowering
	a,c
	M-H
	D
	Tough pods
	Irrigation can reduce yield

	Onion
	-.25
	70%
	1/7
	Bulbing and  bulb expansion
	a,b
	L
	S
	Poor size
	

	Peas
	-.70
	40%
	1/7
	Flowering
	a
	L
	M
	Poor pod fill
	

	Peppers
	-.45
	50%
	1/7
	Transplanting flower  up to 1/2" fruit
	a,b,c
	M
	M
	Shriveled pods, blossom-end rot
	Irrigate for increased pod size and yield

	Potato, Irish
	-.35
	70%
	1/7
	After flowering
	a,b
	M
	S
	Second growth and misshapen roots
	Irrigate only during extreme drought during root development

	Pumpkin
	-.70
	40%
	1/14
	Fruiting
	a,b
	M
	D
	Blossom-end rot
	

	Squash, winter
	-.70
	40%
	1/10
	Fruit sizing
	a,b
	M
	D
	
	

	Sweet potato
	-2.00
	20%
	1/21
	Fruit and last 40 days
	a,b
	H
	D
	Small and misshapen roots
	

	Tomato
	-.45
	50%
	1/5
	Fruit expansion
	a,c
	M
	D
	Blossom and root growth cracks
	Continuous water supply helps avoid blossom-end rot and increase fruit

	Watermelon
	-2.00
	40%
	1/21
	Fruit expansion
	a,b,c
	M-H
	D
	Blossom end rot
	This crop can withstand extreme drought, but there will be some yield reduction


	(1)ASM (Available Soil Moisture). Percentage of soil water between field capacity (-0.1 bar) and permanent wilting point (-15 bars).

(2)Irrigation method: a = Sprinkler, b=Big Gun, c = Trickle (drip), d = Flood

(3)Drought tolerance: L = low, needs frequent irrigation; M = moderate, needs irrigation in most years; H = high, seldom needs irrigation.
(4)Depth of rooting, of most roots: S = shallow, 12 to 18 inches; M = moderate, 18 to 24 inches; D = deep, 24 inches plus.

	
	


Drought Tolerance: Drought tolerance is an indication of a crop's ability to withstand short periods of drought without significantly reducing yield. We have classified vegetables for drought tolerance in the table.

Defects from Stress: Most vegetables respond to water deficit with reduced yield and quality. However, most crops also express this stress with growth abnormalities. Many of the common abnormalities are listed in the table.

Drip irrigation 
Drip or trickle irrigation is a very efficient method of applying water and nutrients to crops. For many crops, the conversion from sprinkler to drip irrigation can reduce water use by 50 percent. Though this system establishment is so costy, crop yields can increase through improved water and fertility management and reduced disease and weed pressure. When drip irrigation is used with polyethylene mulch, yields can increase even further. These benefits are only possible when a drip irrigation system is properly designed, managed, and maintained. We should consult with a qualified agricultural engineer or irrigation equipment dealer to design your drip irrigation system. However, we should understand many design factors to assure that your drip irrigation system is properly designed and operated. 
Advantages of drip irrigation

1. Smaller water sources can be used because trickle irrigation may require less than half of the      water needed for sprinkler irrigation.

2. Lower operating pressures mean reduced energy costs for pumping.

3. High levels of water use efficiency are achieved because plants can be supplied with more      precise amounts of water.

4. Disease pressure may be less because plant foliage remains dry.

5. Labor and operating costs are generally less, and extensive automation is possible.

6. Water applications are made directly to the plant root zone. No applications are made between     rows or other nonproductive areas, resulting in better weed control and significant water     savings.

7. Field operations, such as harvesting, can continue during irrigation because the areas between      rows remain dry.

8. Fertilizers can be applied efficiently through the drip system.

9. Irrigation can be done under a wide range of field conditions.

10. Compared to sprinkler irrigation, soil erosion and nutrient leaching can be reduced.

Disadvantages and limitations of drip irrigation

1. Initial investment costs per acre may be more than other irrigation options.

2. Management requirements are somewhat higher. Delaying critical operation decisions may      cause irreversible crop damage.

3. Frost protection is not possible with drip systems; if this is needed, sprinkler systems are      necessary.

4. Rodent, insect, and human damage to drip lines are potential sources of leaks.

5. Water filtration is necessary to prevent clogging of the small emitter holes.

6. Compared to sprinkler irrigation, water distribution in the soil is restricted.

Because vegetables are usually planted in rows, drip tape with prepunched emitter holes is used to wet a continuous strip along the row. Because most vegetables are grown for only one season, thin-walled disposable tape (8 to 10 mil thick) is generally used for only one season. Less emphasis is placed on buried mainlines and sub-mainlines to allow the system to be dismantled and moved from season to season. We may purchase an entire system from a drip irrigation dealer or adapt our own components. Proper system design will help us to avoid problems later.

Irrigation water may come from wells, ponds, lakes, rivers, streams, or municipal water suppliers. Groundwater is fairly clean and may only require a screen or disk filter to remove particles that can clog emitters. However, a water quality test should be conducted to check for precipitates or other contaminants before installing a drip system. Surface water from streams and ponds contain bacteria, algae, and other aquatic life, making more expensive sand filters an absolute necessity. Municipal water suppliers will generally provide water quality test results, making it easier to spot potential problems. However, we can expect to pay a high price for this water.

7.3. Manure and soil improving crops
Organic Fertilizers: are organic materials, such as manure, that can be a good source of fertilizers. Not only do they supply nutrients, but they also add organic matter to the soil to increase its water-holding capacity and tilth if applied in large enough quantities. However, for most situations, transportation cost reduces the economic return from the use of organic fertilizers. In addition, most organic sources cannot readily supply enough of all nutrients so that, in most cases, supplementing with synthetically manufactured fertilizers is needed. Organic materials contain N and when applied at high rates, a large amount of N is released and can then be leached into ground water. Growers should use a laboratory analysis of the organic material to determine appropriate application rates.

As municipalities begin to deal with reducing the waste stream, governments look to agriculture as a potential user of nutrient-containing waste products. Composted municipal solid waste can be used as a soil amendment to improve the soil water-holding capacity, add organic matter, and add some plant nutrients. However, growers should thoroughly investigate the compost company for information on composting process, maturity of the compost, and nutrient content. Immature compost can cause growth problems due to nitrogen being robbed from soil in the field to complete the composting process. 
Organic fertilizer comes from materials that are essentially carbon in nature. These materials of organic fertilizers can either be plant or animal or the by-products of either. 

Advantage of organic fertilizers 
· They contain organic matter naturally and this is beneficial to plants and the soi
· Helps to improve the water-holding capacity of soil and also augments its structure, thus increasing its nutrient-holding capacity as well
· Encourages microbial activity which plays a large part in the breakdown of nutrients so plants can use
· Breakdown and release nutrients slowly which helps to prevent leaching. Thus by using organic fertilizers you can be assured that ground water will not be contaminated by any harmful substances. 
· Organic fertilizers are also much cheaper and sometimes even free if we know how and where to look
Disadvantages of organic fertilizers 
· They are harder to apply when compared to inorganic fertilizers, depending on the source material used
· Lower nutrient content compared to inorganic fertilizers and this means that more material has to be applied in order to get the same nutrient amount from inorganic fertilizers
· Finally, the slow-release property of organic fertilizers can have a detrimental effect on the plants since the nutrients from organic fertilizers might not be released in time for the plants to use in their growth cycle. 
Types of Organic Fertilizers 
There are several types of organic fertilizers available in catalogs or garden centers, most of which are a combination of organic materials, although some only have one source. There are four separate and basic organic fertilizer categories – Plant, Animal, Mineral and Compost.

Plant organic fertilizers have a rich storehouse of specific nutrients such as nitrogen. This type of organic fertilizer is considered to be a renewable source of nutrient. A good example of a plant organic fertilizer is the alfalfa meal, which is made of green manure crops. Although the alfalfa meal contains a small percentage of nitrogen, phosphorus and potassium, it benefits the soil best for it contains Triacontanol, the growth hormone for plants.

Cotton seed meal is another great example of a plant organic fertilizer. This organic fertilizer contains 7% Nitrogen, 2% Phosphorus and another 2% of Potassium content. With its 7% Nitrogen, this organic fertilizer is second only to blood meal in providing the most organic nitrogen to plants.

Plant organic fertilizers can also come from seaweeds and algae. Organic fertilizers made from kelp meal contain very high potassium and trace elements. This plant organic fertilizer is also a great source of plant hormones that help regulate growth. 
Seaweed organic fertilizers have almost the same characteristics as kelp meal. This type of organic fertilizer is excellent for greening the plant foliage and this will also stimulate growth. Organic fertilizers can also come from byproducts of animal processing. 

Industries, such as dairy farming and meat or poultry processing, produce materials that are a rich source of plant nutrients and minerals. These materials are dried and processed into organic fertilizers, such as bone meal, blood meal and fish emulsion. 

Perhaps the best source of quick-acting nitrogen is the organic fertilizer that is blood meal. This type of organic fertilizer is completely soluble and can be applied by watering it down the soil. Another organic fertilizer that comes from animals is the bone meal, a rich calcium source. This organic fertilizer contains a high percentage of lasting phosphorus as well as some small amounts of nitrogen and potassium. Bone meal organic fertilizer best suits young plants because it releases its nutrients very slowly.

Mineral-based organic fertilizers aren't really organic, but are considered to be so because they're not extensively processed. Rock phosphate, Chilean nitrate, sulfate of potash magnesia and green sand are only a few examples of this type of organic fertilizer. 

Compost is considered the “Cadillac” of organic fertilizers. This type is the cheapest and most widely available (in fact, we can make it in our backyard!)
Using Cover Crops in Vegetable Production Systems

Cover crops can be used in a variety of ways with vegetable rotations. The selection of a crop and vegetable rotation may vary depending on the grower operation, site, availability of irrigation, vegetables involved, and locale. Cover crops can be used in several ways in vegetable operations.

1. As a main crop used during the primary growing season. This may provide a full season for     optimum growth and nitrogen fixing capacity of the crop. However, used as a rotational     crop, it will exclude the production of a cash vegetable crop.

2. As a companion crop where the cover crop is planted between rows of the vegetable crop. In       areas where rainfall is greater, this system of living mulch or companion cropping is      more practical. In area where competition for water is greater, irrigation may be necessary to implement an aggressive cover crop growing near a shallow rooted vegetable crop.

3. As a catch crop where the cover crop is planted before or after the vegetable crop growing      season to trap and hold nutrients, or to reduce soil erosion in fields.

4. As an off-season crop where the cover crop is established after the growing season of the      vegetable and is left in place during the winter months to protect soils and hold nutrients. This      is, by definition, a cover crop used to cover the soil in winter months.

In some instances, the use of cover crops may be planned and implemented as part of a seasonal rotation of crops. However, a vegetable producer may also have an opportunity to establish some cover crops in an opportunistic manner—when a particular situation may develop in a particular season. This may come from a sudden freeze, hailstorm, or loss of market where a planned vegetable crop is terminated prematurely. These situations occur more frequently in vegetable operations than other agronomic situations. A grower may need to be prepared to establish a cover crop quickly— whenever the opportunity presents itself.
Benefits of cover crops

· Used as organic matter that acts as a reservoir for plant nutrients (increases soil fertility), improves soil structure, improves soil tilth and increases water holding capacity, infiltration rates, aeration, and cation exchange capacity
· Soil protection that can protect soils from soil and wind erosion, and reduce rain drop impact and the rate at which water flows down slopes  
·  Pest management through being habitat for beneficial arthropods and weed supervision 

· Environmental quality through reduction of soil erosion, reduced nitrogen leaching and reduce surface water run off
7.4. Commercial Fertilizer Application

The crop nutrient requirement (CNR) for a specific crop is determined from field experiments that test the yield response to levels of added fertilizer. For example a K study of watermelon might be conducted on a soil that tests very low in extractable K. In this situation, the soil is expected to contribute negligible amounts of K to watermelon growth or yield and all of the CNR would be expected to be supplied from fertilizer. The researcher then plots the relationship of crop yield to K fertilizer rate. In this example, the CNR is equivalent to the fertilizer rate above which no significant increases in yield resulted. The CNR values derived from similar experiments take into account factors such as fertilizer efficiencies in various soils. If data are available from several experiments completed in several seasons, then reliable estimates of CNR values can be made.

Vegetable fertilization recommendations must consider both yield and quality. For example, enough fertilizer must be recommended for crisp head lettuce to achieve high biomass yields and large, firm, marketable heads.

Fertilizer sources and formulations: There are many fertilizer sources for the various nutrients needed by plants. Some are more economical than others and some sources supply more than one element. Sometimes solubility characteristics or a controlled-release aspect might be important.

Nitrogen - During the last few decades, the most commonly used N sources in agriculture were ammonium nitrate and urea. Because it can be used as an explosive, availability of dry ammonium nitrate has become more restricted. On most soils fumigated with a general purpose fumigant, or for crops planted in cool soils, at least 25 to 50 percent of the N applied should be in the nitrate form, the preferred form for uptake by most plants. 

Phosphorus - Normal (ordinary) superphosphate and triple (concentrated) superphosphate are excellent sources of P, both contributing Ca as well. Normal superphosphate also contributes S and often Fe. Other sources are monoammonium and diammonium phosphate, monopotassium phosphate, and phosphoric acid. Diammonium phosphate, when banded with micronutrients, has been shown to reduce uptake of certain micronutrients when high rates of P were needed and the soils were low in micronutrients. Availability of P from diammonium phosphate has been shown to be reduced compared to triple superphosphate if applied to some soils before liming. Diammonium phosphate should be used cautiously for part of the N and P supply if it is to be banded with micronutrients.

Potassium - Potassium can be supplied from several sources including potassium chloride, potassium nitrate, potassium sulfate, potassium-magnesium sulfate, or monopotassium phosphate. There should be little concern about the K source or its salt index as long as soil-test recommended rates of K are applied.

Calcium, Sulfur, Magnesium

Calcium, magnesium, and sulfur deficiencies are seldom a problem in Ethiopia. Calcium usually exists in adequate supply from the soil for most vegetables, especially in irrigated or recently limed soils. Calcium will be in abundant supply from soils with a Mehlich-1 Ca index of 300 ppm or above. Calcium is not mobile in the plant; therefore, foliar sprays of Ca are not likely to correct serious Ca deficiencies, especially in fruit. Calcium does not mobilize in large enough quantities from the leaf to the fruit. Calcium deficiencies such as leaf tip burn and blossom-end rots can be worsened by inadequate irrigation management and by excessive fertilization from N or K. For example, the highest quality pepper fruits result from attention to both fertilization and irrigation.

Sulfur deficiency is rarely a problem for Ethiopia’s vegetables. Sulfur deficiency would most likely occur on deep, sandy soils low in organic matter, after leaching rains or where S-containing fertilizers have not been applied for several seasons. If S deficiency has been diagnosed, it can be corrected by using S-containing fertilizers, such as magnesium sulfate, ammonium sulfate, potassium sulfate, normal (ordinary) superphosphate, or potassium-magnesium sulfate. Using one of these materials in the fertilizer blend at levels sufficient to supply 30 to 40 lb S/A for the season should minimize the potential for S deficiencies. 

Magnesium deficiency may be a problem for vegetable production on deep, sandy soils. When the Mehlich-1 soil-test index for Mg is below 30 ppm, research has shown that 30 lb Mg/A will satisfy the Mg CNR. If lime is also needed, Mg can be added by using dolomite as the liming material. If no lime is needed, then the Mg requirement can be satisfied through use of magnesium sulfate or potassium-magnesium sulfate. Inclusion of the Mg source in the fertilizer(s) to be applied to the soil or using a homogenized fertilizer that contains the correct amount of Mg are excellent ways of insuring uniform application of Mg.

Micronutrients: On most native soils brought into production and on cropped soils showing low micronutrient test values, a micronutrient fertilizer is recommended. This fertilizer (depending on soil test and crop) should contain, per acre, 3 to 6 pounds of Cu, 2 to 4 pounds of Zn, 6 to 12 pounds of Mn and Fe, and 1 to 2 pounds of B singly or in combinations. The micronutrients can be supplied as sulfates, oxides, or chelates.

Micronutrients are more thoroughly incorporated in the fertilizer when the fertilizer material is homogenized or liquid. Homogenized and liquid fertilizers are manufactured in a manner that ensures uniform distribution of nutrients in all granules or throughout the fertilizer solution. One of the problems with dry bulk blends is that the micronutrients, present in such small quantities and particle sizes, tend to settle out, and are difficult to mix uniformly.

The amounts of micronutrients in pesticides used on crops should be considered when planning a micronutrient fertilizer program. Micronutrients from pesticides can accumulate in the soil from leaf runoff and from decaying plant material. In many production areas, micronutrients have built up in the soil to levels such that no additional micronutrients from fertilizers are needed.

Fertilizer rate: The rates of fertilizer are usually expressed as an amount of a nutrient per acre, e.g. 150 lb N per acre. The rates are calculated based on a broadcast application approach even in cases where the fertilizer is applied only to the mulched area in the field. With the mulch system, row (bed) spacing for a particular crop can vary depending on grower preference. If bed spacings wider than typical are to be used, then the amount of fertilizer per length of row should not change from the typical bed spacing for that crop. However, because there are fewer bed feet of crop per gross acre with wider bed spacing (43,560 sq ft), the total amount of fertilizer used will be proportionately less. For example, the typical bed spacing for watermelon is 8 ft (5445 linear bed feet per gross acre). If the fertilizer rate for watermelon is 150 lb per acre, then the fertilizer rate can also be expressed as 2.75 lb N per 100 linear bed feet (150 ÷ 54.45). This same application rate, 2.75 lb N per 100 linear bed feet should be used no matter what spacing is chosen by the grower. 

Fertilizer placement (general): Fertilizer rate and placement must be considered together. Placing low amounts of fertilizer too close to plants can result in the same amount of damage as placing excessive amounts of fertilizer in the bed.

Because P movement in most soils is minimal, it should be placed in the root zone. Banding is generally considered to provide more efficient utilization of P by plants than broadcasting, especially on the high phosphorus-fixing calcareous soils. Where only small amounts of fertilizer P are to be used, it is best to band. However, in most other situations, research has shown that broadcasting and thorough incorporation in the bed area before planting is satisfactory. If broadcasting P, a small additional amount of soluble starter P near the seed or transplant may improve early growth, especially in cool soils. For wide-row crops, such as watermelons, the modified broadcast method provides more efficient use of fertilizer than complete broadcasting.

Micronutrients can be broadcast with the P and incorporated in the bed area. On soils with high PH, micronutrients, such as Fe, Mn, and B, can be banded or applied foliarly.

Since N, and to a lesser extent, K, are mobile in our sandy soils, these nutrients must be managed properly to maximize crop uptake. Plastic mulch helps retain these nutrients in the soil against leaching by heavy rainfall. With non-mulched systems, split applications of these nutrients must be used to reduce losses to leaching. Here, up to one-half of the N and K may be applied to the soil at planting or shortly after that time. The remaining fertilizer is applied in one or more applications during the early part of the growing season. Splitting the fertilizer applications also will help reduce the potential for soluble salt damage to the plants.

Supplemental applications: The use of supplemental fertilizer depends mainly on the amount of rainfall and the length of the season. The need for supplemental fertilizer will be minimized when the soil-test-predicted fertilizer requirements are properly managed to reduce losses to leaching. In most cases, N and K are of most concern because of leaching, although side dressing of P might be needed on the phosphate-fixing calcareous soils especially during cool periods. If required, supplemental applications of N and K should be made as a band or swath just ahead of the advancing root system. Place the fertilizer deep enough in the soil to be in contact with moisture. In many unmulched cases, liquid fertilizers are easiest to use and can be easily knifed into the soil. Side dress applications must only be made when there is no danger of shoot or root damage from the fertilizer application machinery. With polyethylene mulch, supplemental fertilizer can be added with a liquid fertilizer injection wheel.

If the fertilizer component of the CNR is properly managed to minimize fertilizer losses, it is unlikely that supplemental fertilizer will be needed. Supplemental fertilizer might be needed after a leaching rainfall. As a general rule, about 50% of the N and 25% of the K is leached out of the root zone by a 2 to 3-inch rainfall in unmulched culture. The "leaching rain rule" should be used to aid in decisions concerning supplemental fertilizations. If rainfall exceeds 3 inches in 3 days or 4 inches in 7 days, apply 30 lb N/A and 20 lb K2O/A. The number of supplemental applications will vary according to the number of leaching rainfalls and the length of the crop growing season.

Fertigation: The combination of mulch and drip irrigation often provides an excellent yield-boosting system. The drip irrigation method results in substantial water savings and can be used to supply fertilizer. When fertilizing through the drip, all P and micronutrients and 20 to 40 percent of N and K should be applied preplant. Use the lower rate where sub-irrigation will be used to provide a portion of the irrigation water at the beginning of the season. Apply the remaining N and K through the drip system in increments corresponding to the growth of the crop. 

Controlled (slow) release fertilizers: Several forms of controlled- or slow-release fertilizers are available for supplying N and K. Research has shown increases in yields of some vegetables when slow-release fertilizers, such as sulfur-coated urea or isobutylidene-diurea; or controlled-release fertilizers, such as polymer-coated potassium nitrate or urea, were used to supply a portion of N or K requirement. Nutrient release is typically controlled by temperature and moisture in the soil and/or the thickness and type of coating. Although more expensive, these materials may be useful in reducing fertilizer losses through leaching, in decreasing soluble salt damage, and in supplying adequate fertilizer for long-term crops such as strawberry, tomato, or pepper. Recent research with potato showed the total N fertilizer could be reduced to less than the current recommended 200 lbs per acre with controlled-release materials.
7.5 Pests and their control in vegetables??????

7.5.1 Weeds?????

7.5.2 Insect pests?????

7.5.3 Diseases?????

7.5.4 Nematodes?????

CHAPTER EIGHT 
HARVEST AND POST-HARVEST HANDLING OF VEGETABLES
Introduction

In agriculture, postharvest handling is the stage of crop production immediately following harvest, including cooling, cleaning, sorting and packing. The instant a crop is removed from the ground, or separated from its parent plant, it begins to deteriorate. Post-harvest treatment largely determines final quality, whether a crop is sold for fresh consumption, or used as an ingredient in a processed food product. Effective handling decreases postharvest losses.
The most important goals of post-harvest handling are keeping the product cool, to avoid moisture loss and slow down undesirable chemical changes, and avoiding physical damage such as bruising, to delay spoilage. Sanitation is also an important factor, to reduce the possibility of pathogens that could be carried by fresh produce, for example, as residue from contaminated washing water.

After the field, post-harvest processing is usually continued in a packing house. This can be a simple shed, providing shade and running water, or a large-scale, sophisticated, mechanized facility, with conveyor belts, automated sorting and packing stations, walk-in coolers and the like. In mechanized harvesting, processing may also begin as part of the actual harvest process, with initial cleaning and sorting performed by the harvesting machinery.
8.1 Harvest Handling

8.1.1 Maturity index for Vegetables

The principles dictating at which stage of maturity a fruit or vegetable should be harvested are crucial to its subsequent storage and marketable life and quality. Post-harvest physiologists distinguish three stages in the life span of fruits and vegetables: maturation, ripening, and senescence. Maturation is indicative of the fruit being ready for harvest. At this point, the edible part of the fruit or vegetable is fully developed in size, although it may not be ready for immediate consumption. Ripening follows or overlaps maturation, rendering the produce edible, as indicated by taste. Senescence is the last stage, characterized by natural degradation of the fruit or vegetable, as in loss of texture, flavor, etc. (senescence ends at the death of the tissue of the fruit). Some typical maturity indexes are described in following sections.

Skin color:
This factor is commonly applied to fruits, since skin colour changes as fruit ripens or matures. Some fruits exhibit no perceptible colour change during maturation, depending on the type of fruit or vegetable. Assessment of harvest maturity by skin colour depends on the judgment of the harvester, but colour charts are available for cultivars, such as apples, tomatoes, peaches, chilli peppers, etc.

Optical methods:
Light transmission properties can be used to measure the degree of maturity of fruits. These methods are based on the chlorophyll content of the fruit, which is reduced during maturation. The fruit is exposed to a bright light, which is then switched off so that the fruit is in total darkness. Next, a sensor measures the amount of light emitted from the fruit, which is proportional to its chlorophyll content and thus its maturity.

Shape:
The shape of fruit can change during maturation and can be used as a characteristic to determine harvest maturity. For instance, a banana becomes more rounded in cross-sections and less angular as it develops on the plant. Mangoes also change shape during maturation. As the mango matures on the tree the relationship between the shoulders of the fruit and the point at which the stalk is attached may change. The shoulders of immature mangoes slope away from the fruit stalk; however, on more mature mangoes the shoulders become level with the point of attachment, and with even more maturity the shoulders may be raised above this point.

Size:
Changes in the size of a crop while growing are frequently used to determine the time of harvest. For example, partially mature cobs of Zea mays saccharata are marketed as sweet corn, while even less mature and thus smaller cobs are marketed as baby corn. For bananas, the width of individual fingers can be used to determine harvest maturity. Usually a finger is placed midway along the bunch and its maximum width is measured with calipers; this is referred to as the caliper grade.

Aroma:
Most fruits synthesize volatile chemicals as they ripen. Such chemicals give fruit its characteristic odor and can be used to determine whether it is ripe or not. These doors may only be detectable by humans when a fruit is completely ripe, and therefore has limited use in commercial situations.

Fruit opening:
Some fruits may develop toxic compounds during ripening, such as ackee tree fruit, which contains toxic levels of hypoglycine. The fruit splits when it is fully mature, revealing black seeds on yellow arils. At this stage, it has been shown to contain minimal amounts of hypoglycine or none at all. This creates a problem in marketing; because the fruit is so mature, it will have a very short post-harvest life. Analysis of hypoglycine ‘A’ (hyp.) in ackee tree fruit revealed that the seed contained appreciable hyp. at all stages of maturity, at approximately 1000 ppm, while levels in the membrane mirrored those in the arils. This analysis supports earlier observations that unopened or partially opened ackee fruit should not be consumed, whereas fruit that opens naturally to over 15 mm of lobe separation poses little health hazard, provided the seed and membrane portions are removed. These observations agree with those of Brown et al. (1992) who stated that bright red, full sized ackee should never be forced open for human consumption.

Leaf changes:
Leaf quality often determines when fruits and vegetables should be harvested. In root crops, the condition of the leaves can likewise indicate the condition of the crop below ground. For example, if potatoes are to be stored, then the optimum harvest time is soon after the leaves and stems have died. If harvested earlier, the skins will be less resistant to harvesting and handling damage and more prone to storage diseases.

Abscission:
As part of the natural development of a fruit an abscission layer is formed in the pedicel. For example, in cantaloupe melons, harvesting before the abscission layer is fully developed results in inferior flavored fruit, compared to those left on the vine for the full period.

Firmness:
A fruit may change in texture during maturation, especially during ripening when it may become rapidly softer. Excessive loss of moisture may also affect the texture of crops. These textural changes are detected by touch, and the harvester may simply be able to gently squeeze the fruit and judge whether the crop can be harvested. Today sophisticated devices have been developed to measure texture in fruits and vegetables, for example, texture analyzers and pressure testers; they are currently available for fruits and vegetables in various forms. A force is applied to the surface of the fruit, allowing the probe of the penetrometer or texturometer to penetrate the fruit flesh, which then gives a reading on firmness. Hand held pressure testers could give variable results because the basis on which they are used to measure firmness is affected by the angle at which the force is applied. Two commonly used pressure testers to measure the firmness of fruits and vegetables are the Magness-Taylor and UC Fruit Firmness testers (Figure 2.1). A more elaborate test, but not necessarily more effective, uses instruments like the Instron Universal Testing Machine. It is necessary to specify the instrument and all settings used when reporting test pressure values or attempting to set standards.

The Agricultural Code of California states that “Bartlett pears shall be considered mature if they comply with one of the following: (a) the average pressure test of not less than 10 representative pears for each commercial size in any lot does not exceed 23 lb (10.4 kg); (b) the soluble solids in a sample of juice from not less than 10 representative pears for each commercial size in any lot is not less than 13%”. This Code defines minimum maturity for Bartlett pears and is presented in Table 2.1.

Table12. Minimum maturity standard (expressed as minimum soluble solids required and maximum Magness-Taylor test pressure allowed) of fresh Bartlett pears for selected pear size ranges (adapted from Ryall and Pentzer, 1982).

	Pear Size*
	6.0 cm to 6.35 cm
	£ 6.35 cm

	Minimum Soluble Solids (%)
	Maximum Test Pressure (kg)

	Below 10%
	8.6
	9.1

	10%
	9.1
	9.5

	11%
	9.3
	9.8

	12%
	9.5
	10.0


                           *Pear size expressed as maximum diameter (cm)
Table12 can be simplified by establishing a minimum tolerance level of 13% soluble solids as indicator of a pear’s maturity and in this way avoid the pressure test standard control (California Pear Bulletin No. 1, 1972, California Tree Fruit Agreement, Sacramento, CA):

               Figure 2.1 Pressure tester used to measure firmness of fruits and vegetables.
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                            Juice content:
The juice content of many fruits increases as the fruit matures on the tree. To measure the juice content of a fruit, a representative sample of fruit is taken and then the juice extracted in a standard and specified manner. The juice volume is related to the original mass of juice, which is proportional to its maturity. The minimum values for citrus juices are presented in Table 2.2.

Table13. Minimum juice values for mature citrus.

	Citrus fruit
	Minimum juice content (%)

	Naval oranges
	30

	Other oranges
	35

	Grapefruit
	35

	Lemons
	25

	Mandarins
	33

	Clementines
	40


Oil content and dry matter percentage:
Oil content can be used to determine the maturity of fruits, such as avocados. According to the Agricultural Code in California, avocados at the time of harvest and at any time thereafter, shall not contain in weight less than 8% oil per avocado, excluding skin and seed (Mexican or Guatemalan race cultivars). Thus, the oil content of an avocado is related to moisture content. The oil content is determined by weighing 5-10 g of avocado pulp and then extracting the oil with a solvent (e.g., benzene or petroleum ether) in a destillation column. This method has been successful for cultivars naturally high in oil content.

A round flask is used for the solvent. Heat is supplied with an electric plate and water recirculated to maintain a constant temperature during the extraction process. Extraction is performed using solvents such as petroleum ether, benzene, diethyl ether, etc., a process that takes between 4-6 h. After the extraction, the oil is recovered from the flask through evaporation of the water at 105°C in an oven until constant weight is achieved.

Moisture content
During the development of avocado fruit the oil content increases and moisture content rapidly decreases. The moisture levels required to obtain good acceptability of a variety of avocados cultivated in Chile are listed in Table 2.3.

Table14. Moisture content of avocado fruit cultivated in Chile.

	Cultivar
	Moisture content

	
	(%)

	Negra de la Cruz
	80.1

	Bacon
	77.5

	Zutano
	80.5

	Fuerte
	77.9

	Edranol
	78.1

	Hass
	73.8

	Gwen
	78.4

	Whitesell
	79.1


Sugars:
In climacteric fruits, carbohydrates accumulate during maturation in the form of starch. As the fruit ripens, starch is broken down into sugar. In non-climacteric fruits, sugar tends to accumulate during maturation. A quick method to measure the amount of sugar present in fruits is with a brix hydrometer or a refractometer. A drop of fruit juice is placed in the sample holder of the refractometer and a reading taken; this is equivalent to the total amount of soluble solids or sugar content. This factor is used in many parts of the world to specify maturity. The soluble solids content of fruit is also determined by shining light on the fruit or vegetable and measuring the amount transmitted. This is a laboratory technique however and might not be suitable for village level production.

Starch content:
Measurement of starch content is a reliable technique used to determine maturity in pear cultivars. The method involves cutting the fruit in two and dipping the cut pieces into a solution containing 4% potassium iodide and 1% iodine. The cut surfaces stain to a blue-black colour in places where starch is present. Starch converts into sugar as harvest time approaches. Harvest begins when the samples show that 65-70% of the cut surfaces have turned blue-black.

Acidity:
In many fruits, the acidity changes during maturation and ripening, and in the case of citrus and other fruits, acidity reduces progressively as the fruit matures on the tree.

Taking samples of such fruits, and extracting the juice and titrating it against a standard alkaline solution, gives a measure that can be related to optimum times of harvest. Normally, acidity is not taken as a measurement of fruit maturity by itself but in relation to soluble solids, giving what is termed the brix: acid ratio. Sanchez et al. (1996) studied the effect of inducing maturity in banana (Musa sp (L.), AAB) “Silk” fruits with 2-chloroethyl phosphoric acid (“ethephon”), in some trials in Venezuela. Four treatments (0, 1000, 3000, and 5000 ppm) were applied. The results obtained revealed that the “ethephon” treatments increased the acidity and total soluble solids. The sucrose formation accelerated while the pH was not affected significantly. On the other hand, the relationship of the Brix/acidity ratio was increased according to the “ethephon” dose, as presented in Table 2.4.

Table15. Effect of “ethephon” on the maturity index (°Brix/acidity ratio) of banana (manzano) “Silk” fruits.
	Stage of maturity
	Days
	Ethephon doses (ppm)

	
	
	0
	1000
	3000
	5000

	Green
	1
	29.35a
	23.99a
	20.59b
	19.31b

	Slightly ripen
	3
	33.27c
	33.53c
	58.29a
	46.27b

	Slightly ripen
	5
	51.15b
	66.44a
	63.01b
	57.00c

	Slightly ripen
	7
	60.69a
	69.35a
	64.31a
	68.35a

	Ripen
	9
	53.27a
	57.36 a
	54.67 a
	55.42a

	Variation (%)
	
	81.50
	139.10
	165.52
	187.00

	Full ripen)
	
	
	
	
	


Means with different letters in a row are significantly different at p<0.05 (Tukey Test).

Specific gravity:
Specific gravity is the relative gravity, or weight of solids or liquids, compared to pure distilled water at 62°F (16.7°C), which is considered unity. Specific gravity is obtained by comparing the weights of equal bulks of other bodies with the weight of water. In practice, the fruit or vegetable is weighed in air, then in pure water. The weight in air divided by the weight in water gives the specific gravity. This will ensure a reliable measure of fruit maturity. As a fruit matures its specific gravity increases. This parameter is rarely used in practice to determine time of harvest, but could be used in cases where development of a suitable sampling technique is possible. It is used however to grade crops according to different maturities at post-harvest. This is done by placing the fruit in a tank of water, wherein those that float are less mature than those that sink.

8.1.2 Harvesting containers

Harvesting containers must be easy to handle for workers picking fruits and vegetables in the field. Many crops are harvested into bags. Harvesting bags with shoulder or waist slings can be used for fruits with firm skins, like citrus fruits and avocados. These containers are made from a variety of materials such as paper, polyethylene film, sisal, hessian or woven polyethylene and are relatively cheap but give little protection to the crop against handling and transport damage. Sacks are commonly used for crops such as potatoes, onions, cassava, and pumpkins. Other types of field harvest containers include baskets, buckets, carts, and plastic crates (Figure 2.3). For high risk products, woven baskets and sacks are not recommended because of the risk of contamination.

Figure 3 Agricultural apple baskets, pear and corncob carriers.
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8.1.3 Tools for harvesting

Depending on the type of fruit or vegetable, several devices are employed to harvest produce. Commonly used tools for fruit and vegetable harvesting are secateurs or knives, and hand held or pole mounted picking shears. When fruits or vegetables are difficult to catch, such as mangoes or avocados, a cushioning material is placed around the tree to prevent damage to the fruit when dropping from high trees. Harvesting bags with shoulder or waist slings can be used for fruits with firm skins, like citrus and avocados. They are easy to carry and leave both hands free. The contents of the bag are emptied through the bottom into a field container without tipping the bag. Plastic buckets are suitable containers for harvesting fruits that are easily crushed, such as tomatoes. These containers should be smooth without any sharp edges that could damage the produce. Commercial growers use bulk bins with a capacity of 250-500 kg, in which crops such as apples and cabbages are placed, and sent to large-scale packinghouses for selection, grading, and packing.

8.1.4 Packing in the field and transport to packinghouse

Berries picked for the fresh market (except blueberries and cranberries) are often mechanically harvested and usually packed into shipping containers. Careful harvesting, handling, and transporting of fruits and vegetables to packinghouses are necessary to preserve product quality.

Polyethylene bags:
Clear polyethylene bags are used to pack banana bunches in the field, which are then transported to the packinghouse by means of mechanical cableways running through the banana plantation. This technique of packaging and transporting bananas reduces damage to the fruit caused by improper handling.

Plastic field boxes:
These types of boxes are usually made of polyvinyl chloride, polypropylene, or polyethylene. They are durable and can last many years. Many are designed in such a way that they can nest inside each other when empty to facilitate transport, and can stack one on top of the other without crushing the fruit when full (Figure 2.3).

Figure 2.3. Plastic field boxes with nest/stack design.
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Wooden field boxes:
These boxes are made of thin pieces of wood bound together with wire. They come in two sizes: the bushel box with a volume of 2200 in3 (36052 cm3) and the half-bushel box. They are advantageous because they can be packed flat and are inexpensive, and thus could be non-returnable. They have the disadvantage of providing little protection from mechanical damage to the produce during transport. Rigid wooden boxes of different capacities are commonly used to transport produce to the packinghouse or to market. (Figure 2.5).

Figure 2.4 Typical wooden crate holding fresh tomatoes.
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Bulk bins:
Bulk bins of 200-500 kg capacity are used for harvesting fresh fruits and vegetables. These bins are much more economical than the field boxes, both in terms of fruit carried per unit volume and durability, as well as in providing better protection to the product during transport to the packinghouse. They are made of wood and plastic materials. Dimensions for these bins in the United States are 48 × 40 in, and 120 × 100 cm in metric system countries. Approximate depth of bulk bins depends on the type of fruit or vegetable being transported (Table 2.5)

Table16. Approximate depth of bulk bins.

	Commodity
	Depth (cm)

	Citrus
	70

	Pears, apples
	50

	Stone fruits
	50

	Tomatoes
	40


8.2 Postharvest handling

8.2.1 Curing of roots, tubers, and bulb crops

When roots and tubers are to be stored for long periods, curing is necessary to extend the shelf life. The curing process involves the application of high temperatures and high relative humidity to the roots and tubers for long periods, in order to heal the skins wounded during harvesting. With this process a new protected layer of cells is formed. Initially the curing process is expensive, but in the long run, it is worthwhile. The conditions for curing roots and tubers are presented in Table 2.6.
Table17. Conditions for curing roots and tubers.

	Commodity
	Temperature (°C)
	Relative Humidity (%)
	Storage time (days)

	Potato
	15-20
	90-95
	5-10

	Sweet potato
	30-32
	85-90
	4-7

	Yams
	32-40
	90-100
	1-4

	Cassava
	30-40
	90-95
	2-5


Source: FAO (1995a)

Curing can be accomplished in the field or in curing structures conditioned for that purpose. Commodities such as yams can be cured in the field by piling them in a partially shaded area. Cut grass or straw can serve as insulating material while covering the pile with canvas, burlap, or woven grass matting. This covering will provide sufficient heat to reach high temperatures and high relative humidity. The stack can be left in this state for up to four days.

Onions and garlic can be cured in the field in windrows or after being packed into large fiber or net sacks. Modern curing systems have been implemented in housing conditioned with fans and heaters to produce the heat necessary for high temperatures and high relative humidity, as illustrated below:

The fans are used to redistribute the heat to the lower part of the room where the produce is stored. Bulk bins are stacked with a gap of 10 to 15 cm between rows to allow adequate air passage. The system shown in Figure 2.6 can be used for curing onions; an exhaust opening near the ceiling must be provided for air recirculation. Care should be taken to prevent over-dryness of the onion bulbs.

When extreme conditions in the field exist, such as heavy rain or flooded terrain, and curing facilities are not available, a temporary tent must be constructed from large tarpaulins or plastic sheets to cure the onions and avoid heavy loss. Heated air is forced into a hollow area at the centre of the produce-filled bins. Several fans are used to recirculate the warm air through the onions while curing.
Figure2.5. Typical curing houses for roots and tubers.
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8.2.2 Operations prior to packaging

Fruits and vegetables are subjected to preliminary treatments designed to improve appearance and maintain quality. These preparatory treatments include cleaning, disinfection, waxing, and adding of colour (some includes brand name stamping on individual fruits).

Cleaning:
Most produce receives various chemical treatments such as spraying of insecticides and pesticides in the field. Most of these chemicals are poisonous to humans, even in small concentrations. Therefore, all traces of chemicals must be removed from produce before packing. As illustrated in Figure 2.6, the fruit or vegetable passes over rotary brushes where it is rotated and transported to the washing machine and exposed to the cleaning process from all sides:

Figure 6. Typical produce washing machine.
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From the washing machine, the fruit passes onto a set of rotary sponge rollers (similar to the rotary brushes). The rotary sponges remove most of the water on the fruit as it is rotated and transported through the sponger.

Disinfection:
After washing fruits and vegetables, disinfectant agents are added to the soaking tank to avoid propagation of diseases among consecutive batches of produce. In a soaking tank, a typical solution for citrus fruit includes a mixture of various chemicals at specific concentration, pH, and temperature, as well as detergents and water softeners. Sodium-ortho-phenyl-phenate (SOPP) is an effective citrus disinfectant, but requires precise control of conditions in the tank. Concentrations must be kept between 0.05 and 0.15%, with pH at 11.8 and temperature in the range of 43-48°C. Recommended soaking time is 3-5 minutes. Deviation from these recommendations may have disastrous effects on the produce, since the solution will be ineffective if the temperature or concentration is too low. Low concentrations of chlorine solution are also used as disinfectant for many vegetables. The advantage of this solution is that it does not leave a chemical residue on the product.

Artificial waxing:
Artificial wax is applied to produce to replace the natural wax lost during washing of fruits or vegetables. This adds a bright sheen to the product. The function of artificial waxing of produce is summarized below:

· Provides a protective coating over entire surface.

· Seals small cracks and dents in the rind or skin.

· Seals off stem scars or base of petiole.

· Reduces moisture loss.

· Permits natural respiration.

· Extends shelf life.

· Enhances sales appeal.

Brand name application:
Some distributors use ink or stickers to stamp a brand name or logo on each individual fruit. Ink is not permissible in some countries (e.g., Japan), but stickers are acceptable. Automatic machines for dispensing and applying pressure sensitive paper stickers are readily available. The advantage of stickers is that they can be easily peeled off.

8.2.3 Packaging

According to Wills et al. (1989), modern packaging must comply with the following requirements:

a) The package must have sufficient mechanical strength to protect the contents during handling,      transport, and stacking.

b) The packaging material must be free of chemical substances that could transfer to the produce       and become toxic to man.

c) The package must meet handling and marketing requirements in terms of weight, size, and      shape.

d) The package should allow rapid cooling of the contents. Furthermore, the permeability of            plastic films to respiratory gases could also be important.

e) Mechanical strength of the package should be largely unaffected by moisture content (when      wet) or high humidity conditions.

f) The security of the package or ease of opening and closing might be important in some      marketing situations.

g) The package must either exclude light or be transparent.

h) The package should be appropriate for retail presentations.

i) The package should be designed for ease of disposal, re-use, or recycling.

j) Cost of the package in relation to value and the extent of contents protection required should     be as low as possible.

Classification of packaging:
Packages can be classified as follows:

· Flexible sacks; made of plastic jute, such as bags (small sacks) and nets (made of open mesh)

· Wooden crates

· Cartons (fiber board boxes)

· Plastic crates

· Pallet boxes and shipping containers

· Baskets made of woven strips of leaves, bamboo, plastic, etc.

Uses for above packages:
Nets are only suitable for hard produce such as coconuts and root crops (potatoes, onions, yams).

Wooden crates are typically wire bound crates used for citrus fruits and potatoes, or wooden field crates used for softer produce like tomatoes. Wooden crates are resistant to weather and more efficient for large fruits, such as watermelons and other melons, and generally have good ventilation. Disadvantages are that rough surfaces and splinters can cause damage to the produce, they can retain undesirable odors when painted, and raw wood can easily become contaminated with moulds.

Fiber board boxes are used for tomato, cucumber, and ginger transport. They are easy to handle, light weight, come in different sizes, and come in a variety of colors that can make produce more attractive to consumers. They have some disadvantages, such as the effect of high humidity, which can weaken the box; neither are they waterproof, so wet products would need to be dried before packaging. These boxes are often of lower strength compared to wooden or plastic crates, although multiple thickness trays are very widely used. They can come flat packed with ventilation holes and grab handles, making a cheap attractive alternative that is very popular. Care should be taken that holes on the surface (top and sides) of the box allow adequate ventilation for the produce and prevent heat generation, which can cause rapid product deterioration.

Plastic crates are expensive but last longer than wooden or carton crates. They are easy to clean due to their smooth surface and are hard in strength, giving protection to products. Plastic crates (Figure 2.7) can be used many times, reducing the cost of transport. They are available in different sizes and colors and are resistant to adverse weather conditions. However, plastic crates can damage some soft produce due to their hard surfaces, thus liners are recommended when using such crates.

Pallet boxes are very efficient for transporting produce from the field to the packinghouse or for handling produces in the packinghouse. Pallet boxes have a standard floor size (1200 × 1000 mm) and depending on the commodity have standard heights. Advantages of the pallet box are that it reduces the labor and cost of loading, filling, and unloading; reduces space for storage; and increases speed of mechanical harvest. The major disadvantage is that the return volume of most pallet boxes is the same as the full load. Higher investment is also required for the forklift truck, trailer, and handling systems to empty the boxes. They are not affordable to small producers because of high, initial capital investment.

Figure2.7. Typical plastic crate holding fresh oranges.
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8.2.4 Cooling methods and temperatures

Several methods of cooling are applied to produce after harvesting to extend shelf life and maintain a fresh-like quality. Some of the low temperature treatments are unsuitable for simple rural or village treatment but are included for consideration as follows:

8.2.4.1 Precooling
Fruit is precooled when its temperature is reduced from 3 to 6°C (5 to 10°F) and is cool enough for safe transport. Precooling may be done with cold air, cold water (hydrocooling), direct contact with ice, or by evaporation of water from the product under a partial vacuum (vacuum cooling). A combination of cooled air and water in the form of a mist called hyraircooling is an innovation in cooling of vegetables.
8.2.4.2 Air precooling
Precooling of fruits with cold air is the most common practice. It can be done in refrigerator cars, storage rooms, tunnels, or forced air-coolers (air is forced to pass through the container via baffles and pressure differences).

8.2.4.3 Icing
Ice is commonly added to boxes of produce by placing a layer of crushed ice directly on the top of the crop. Ice slurry can be applied in the following proportion: 60% finely crushed ice, 40% water, and 0.1% sodium chloride to lower the melting point. The water to ice ratio may vary from 1:1 to 1:4.

8.2.4.4 Room cooling
This method involves placing the crop in cold storage. The type of room used may vary, but generally consists of a refrigeration unit in which cold air is passed through a fan. The circulation may be such that air is blown across the top of the room and falls through the crop by convection. The main advantage is cost because no specific facility is required.

8.2.4.5 Forced air-cooling
The principle behind this type of precooling is to place the crop into a room where cold air is directed through the crop after flowing over various refrigerated metal coils or pipes. Forced air-cooling systems blow air at a high velocity leading to desiccation of the crop. To minimize this effect, various methods of humidifying the cooling air have been designed such as blowing the air through cold water sprays.

8.2.4.6 Hydrocooling
The transmission of heat from a solid to a liquid is faster than the transmission of heat from a solid to a gas. Therefore, cooling of crops with cooled water can occur quickly and results in zero loss of weight. To achieve high performance, the crop is submerged in cold water, which is constantly circulated through a heat exchanger. When crops are transported around the pack house in water, the transport can incorporate a hydrocooler. This system has the advantage wherein the speed of the conveyer can be adjusted to the time required to cool the produce. Hydrocooling has a further advantage over other precooling methods in that it can help clean the produce. Chlorinated water can be used to avoid spoilage of the crop. Hydrocooling is commonly used for vegetables, such as asparagus, celery, sweet corn, radishes, and carrots, but it is seldom used for fruits.

8.2.4.7 Vacuum cooling
Cooling in this case is achieved with the latent heat of vaporization rather than conduction. At normal air pressure (760 mmHg) water will boil at 100°C. As air pressure is reduced so is the boiling point of water and at 4.6 mmHg water boils at 0°C. For every 5 or 6°C reduction in temperature, under these conditions, the crop loses about 1% of its weight. This weight loss may be minimized by spraying the produce with water either before enclosing it in the vacuum chamber or towards the end of the vacuum cooling operation (hydrovacuum cooling). The speed and effectiveness of cooling is related to the ratio between the mass of the crop and its surface area. This method is particularly suitable for leaf crops such as lettuce. Crops like tomatoes having a relatively thick wax cuticle are not suitable for vacuum cooling.

8.2.4.8 Recommended minimum temperature to increase storage time
There is no ideal storage for all fruits and vegetables, because their response to reduced temperatures varies widely. The importance of factors such as mould growth and chilling injuries must be taken into account, as well as the required length of storage. Storage temperature for fruits and vegetables can range from -1 to 13°C, depending on their perishability. Extremely perishable fruits such as apricots, berries, cherries, figs, watermelons can be stored at -1 to 4°C for 1-5 weeks; less perishable fruits such as mandarin, nectarine, ripe or green pineapple can be stored at 5-9°C for 2-5 weeks; bananas at 10°C for 1-2 weeks and green bananas at 13°C for 1-2 weeks. Highly perishable vegetables can be stored up to 4 weeks such as asparagus, beans, broccoli, and Brussels sprouts at -1-4°C for 1-4 weeks; cauliflower at 5-9°C for 2-4 weeks. Green tomato is less perishable and can be stored at 10°C for 3-6 weeks and non-perishable vegetables such as carrots, onions, potatoes and parsnips can be stored at 5-9°C for 12-28 weeks. Similarly, sweet potatoes can be stored at 10°C for 16-24 weeks. The storage life of produce is highly variable and related to the respiration rate; there is an inverse relation between respiration rate and storage life in that produce with low respiration generally keeps longer.

For example, the respiration rate of a very perishable fruit like ripe banana is 200 ml CO2.kg-1h-1 at 15°C, compared to a non-perishable fruit such as apple, which has a respiration rate of 25 ml CO2.kg-1 h-1 at 15°C.

8.2.4.9 High temperatures
Exposure of fruits and vegetables to high temperatures during post-harvest reduces their storage or marketable life. This is because as living material, their metabolic rate is normally higher with higher temperatures. High temperature treatments are beneficial in curing root crops, drying bulb crops, and controlling diseases and pests in some fruits. Many fruits are exposed to high temperatures in combination with ethylene (or another suitable gas) to initiate or improve ripening or skin colour.

8.2.5 Storage

The marketable life of most fresh vegetables can be extended by prompt storage in an environment that maintains product quality. The desired environment can be obtained in facilities where temperature, air circulation, relative humidity, and sometimes atmosphere composition can be controlled. Storage rooms can be grouped accordingly as those requiring refrigeration and those that do not. Storage rooms and methods not requiring refrigeration include: in situ, sand, coir, pits, clamps, windbreaks, cellars, barns, evaporative cooling, and night ventilation:

In situ: This method of storing fruits and vegetables involves delaying the harvest until the crop is required. It can be used in some cases with root crops, such as cassava, but means that the land on which the crop was grown will remain occupied and a new crop cannot be planted. In colder climates, the crop may be exposed to freezing and chilling injury.

Sand or coir: This storage technique is used in countries like India to store potatoes for longer periods of time, which involves covering the commodity underground with sand.

Pits or trenches: are dug at the edges of the field where the crop has been grown. Usually pits are placed at the highest point in the field, especially in regions of high rainfall. The pit or trench is lined with straw or other organic material and filled with the crop being stored, then covered with a layer of organic material followed by a layer of soil. Holes are created with straw at the top to allow for air ventilation, as lack of ventilation may cause problems with rotting of the crop.

Clamps: This has been a traditional method for storing potatoes in some parts of the world, such as Great Britain. A common design uses an area of land at the side of the field. The width of the clamp is about 1 to 2.5 m. The dimensions are marked out and the potatoes piled on the ground in an elongated conical heap. Sometimes straw is laid on the soil before the potatoes. The central height of the heap depends on its angle of repose, which is about one third the width of the clump. At the top, straw is bent over the ridge so that rain will tend to run off the structure. Straw thickness should be from 15-25 cm when compressed. After two weeks, the clamp is covered with soil to a depth of 15-20 cm, but this may vary depending on the climate.

Windbreaks: are constructed by driving wooden stakes into the ground in two parallel rows about 1 m apart. A wooden platform is built between the stakes about 30 cm from the ground, often made from wooden boxes. Chicken wire is affixed between the stakes and across both ends of the windbreak. This method is used in Britain to store onions.

Cellars: These underground or partly underground rooms are often beneath a house. This location has good insulation, providing cooling in warm ambient conditions and protection from excessively low temperatures in cold climates. Cellars have traditionally been used at domestic scale in Britain to store apples, cabbages, onions, and potatoes during winter.

Barns: A barn is a farm building for sheltering, processing, and storing agricultural products, animals, and implements. Although there is no precise scale or measure for the type or size of the building, the term barn is usually reserved for the largest or most important structure on any particular farm. Smaller or minor agricultural buildings are often labeled sheds or outbuildings and are normally used to house smaller implements or activities.

Evaporative cooling: When water evaporates from the liquid phase into the vapor phase energy is required. This principle can be used to cool stores by first passing the air introduced into the storage room through a pad of water. The degree of cooling depends on the original humidity of the air and the efficiency of the evaporating surface. If the ambient air has low humidity and is humidified to around 100% RH, then a large reduction in temperature will be achieved. This can provide cool moist conditions during storage.

Night ventilation: In hot climates, the variation between day and night temperatures can be used to keep stores cool. The storage room should be well insulated when the crop is placed inside. A fan is built into the store room, which is switched on when the outside temperature at night becomes lower than the temperature within. The fan switches off when the temperatures equalize. The fan is controlled by a differential thermostat, which constantly compares the outside air temperature with the internal storage temperature. This method is used to store bulk onions.

Controlled atmospheres: are made of gastight chambers with insulated walls, ceiling, and floor. They are increasingly common for fruit storage at larger scale. Depending on the species and variety, various blends of O2, CO2, and N2 are required. Low content O2 atmospheres (0.8 to 1.5%), called ULO (Ultra -Low Oxygen) atmospheres, are used for fruits with long storage lives (e.g., apples).
8.2.6. Pest control and decay

Crops may be immersed in hot water before storage or marketing to control disease. A common disease of fruits known as anthracnose which caused by the infection of fungus Colletotrychum spp. can be successfully controlled in this way. Combining appropriate doses of fungicides with hot water is often effective in controlling disease in fruits after harvesting. Recommended conditions for hot water treatment for controlling diseases in fruits are shown in Table 2.7:
Table17. Recommended conditions for hot water and fungicide treatments.

	Water Temperature (°C)
	Dipping time (min)
	Fungicide (ppm)
	Fungus
	Fruit
	Decay

	
	
	Benomyl
	
	
	Controlled

	55-53
	5
	500
	Colletotrychum)
	Mango
	

	
	
	Flusilazole
	
	
	

	
	
	100
	
	
	

	
	
	
	
	
	90% reduced

	46-55
	3
	0
	None
	Blueberry
	

	90
	0.03
	0
	None
	Sweet potato
	Delay

	
	
	benomyl 500
	
	
	

	39
	0.5
	dichloran 400
	Rizopus rot
	Stone fruit
	Controlled

	-
	Few seconds
	250-500 thiophanate
	Botryodiplodia theobromate
	Banana
	Controlled


Fruit and vegetable decay is also caused by storage conditions. Too low temperatures can cause injury during refrigeration of fruits and vegetables. High temperatures can cause softening of tissues and promote bacterial diseases. The damage that microorganisms inflict on fresh fruits and vegetables is mainly in the physical loss of edible matter, which may be partial or total.

Table18. Storage conditions for vegetables and fruits  
	Crop
	Temperature (◦F) 
	%RH
	Precooling method
	Storage life days 
	Ethylene sensitive 

	Green beans 
	40-45
	95
	R,F,H
	10-14
	Y

	Beet roots 
	32
	98-100
	R
	90-150
	

	Broccoli
	32
	95-100
	I, F, H
	10-14
	Y

	Brussels 
	32
	95-100
	H, V, I
	21-35
	Y

	cabbage
	32
	98-100
	R, F
	90-180
	Y

	Carrots
	32
	98-100
	I, R
	28-180
	Y

	Cauliflower 
	32
	90-98
	H, V
	20-30
	

	Celery 
	32
	98-100
	I
	14-28
	Y

	Sweet corn
	32
	95-98
	H, I, V
	4-6
	

	Cucumbers 
	50-55
	95
	F, H
	10-14
	Y

	Eggplant 
	46-54
	90-95
	R, F
	10-14
	Y

	Garlic 
	32-34
	65-75
	N
	90-210
	

	Leeks 
	32
	95-100
	H,I
	60-90
	Y

	Lettuce 
	32
	85-90
	H, I
	14-21
	Y

	Mushrooms 
	32
	95
	
	12-17
	

	 Okra 
	45-50
	90-95
	
	7-14
	

	Onions 
	32
	65-70
	N
	30-180
	

	Hot peppers
	45-50
	60-70
	R, F
	14-21
	Y

	Potatoes 
	40-50
	90
	R, F
	56-140
	Y

	Pumpkins 
	50-50
	50-75
	N
	84-160
	

	Spinach 
	32
	95-100
	H, I
	10-14
	Y

	Squash 
	50-55
	50-70
	N
	84-150
	

	Sweet potato 
	55-60
	85-90
	N
	120-210
	Y

	Tomatoes 
	62-68
	90-95
	R, F
	7-28
	Y

	Water melons
	50-60
	90
	N
	14-21
	


F= forced air cooling, H= hydrocooling, I= package icing, R= room cooling, V= vacuum cooling, and N= no precooling needed. 
Sources: - USDA Agricultural Marketing service, Kansas University Cooperative Extension Service 
CHAPTER TEN
VEGETABLE CROPS COMMONLY GROWN IN ETHIOPIA
10.1. POTATO (Solanum tuberosum L.)
The solanaceous fruits: Tomato, pepper and egg plant all belong to the same botanical family. They are perennial under non-commercial condition but annual under commercial production. Many of the species contain alkaloids such as 

· Alkaloids 
· Nicotin 

· Atropine 

Potato’s worldwide production is 3 million tones.                                                                          - -  3th in importance after Wheat and Rice with highest dry matter production/area than any       crop, 8th in Africa                                                                                                                                      -  Originated in Latin America, Peru especially Titicaca, where highest diversity can be found              -  Distributed to world by Britain, to Ethiopia by Schimper around 1858 covering about 100,000       ha of land.                                                                                                                                       - Two sub-species: Solanum tuberosum sub-sp andigena (from the Andes, which tuberizes in      short day, 12 hrs.) and Solanum tuberosum sub-sp tuberosum (from Chile, which tuberizes in     long day and belived to evolve from andigena).
Botany

-  Belongs to Solanaceae family (that includes tomato, pepper, eggplant, petunia.etc.)                    -  Herbaceous di-cotyledon, cultivated as annual.                                                                                - Tubers are modified, thickened underground stems, their size, shape and color varying according     to the cultivar. On tuber surface, there are eyes (5- 20 distribution mainly apical) that represent nodes     from where growth buds arise (interspace between eyes represent internodes). Skin     color/pigmentation is mostly around eyes/eyebrows.                                                                     -  Stolons- lateral stems that bear tubers and should be short for cultivated varieties.                      -  Growth habit: erect, semi-erect, and prostate                                                                                  - Stem: round/angular, internodes of fully grown plant is hollow.                                                        -  Roots: fine, fibrous, adventitious. Very shallow, not efficient in absorbing nutrients, need high     soil fertility.                                                                                                                                                           - Leaves: pinnate, compound, alternate, with small leaflets interspersed between the main leaflets                                                                                                                                                                - Flowers: borne in cymes, yellow, white, blue or purple, rarely produced in Tropics.                                                                                                                                                           -  Fruit: small, globose, purple green/yellow green, but poisonous berry, containing up to 300    seeds.                                                                                                                                                 - General: high temperature + long day + abundant N favors plant growth except tubers.              -   Low temperature + intermediate day less and low N cause early tuber.                                         -  Seeds: small, flat, oval/ kidney-shaped, yellow or brown.
Table 10: Potato varieties in Ethiopia from 1987 to 2013
	Variety 
	Suitable altitude (m.a.s.l.)
	Yield (t/ha)
	Year of release 
	Breeder/center 

	
	
	Research field 
	Farmer field 
	
	

	Red scarlet 
	1800-2400
	50
	40
	2010
	Solagrow PLC

	Caesar 
	1900-2400
	65
	47
	2009
	Solagrow PLC

	Mondial
	1900-2400
	65
	50
	2009
	Solagrow PLC

	Belete 
	1600-2800
	47.2
	28-33.8
	2009
	Holetta ARC

	Dancha 

	1700-2850
	32
	-
	2009
	AwARC

	Kulumsa 
	2200-2750
	28-31
	20-25
	2007
	KARC

	Hundee 

	2400-3350
	21-51
	28-54
	2006
	SARC

	Ararssa
	2400-3350
	20-42
	37-50
	2006
	SARC

	Gudene 
	1600-2800
	29
	21
	2006
	HARC 

	Gabbisa 

	1700-2000
	40
	31
	2005
	HU

	Shonkolla
	1700-2700
	31.5
	29.1
	2005
	AwARC

	Bulle
	1700-2700
	39.3
	38.3
	2005
	AwARC

	Challa
	1700-2000
	42
	35
	2005
	HU

	Mara-Charre 

	17700-2700
	33.3
	28.4
	2005
	AwARC

	Gera 
	2200-3200
	25.9
	-
	2003
	DARC

	Gorebella 
	2200-3200
	30-52
	26-30
	2002
	DARC

	Guassa 
	2000-2800
	24.4-33
	22-25
	2002
	ADARC 

	Digemegn

	1600-2800
	30-37
	25.7
	2002
	HARC

	Jalene 
	1600-2800
	40.3
	29.1
	2002
	HARC

	Zemen
	1700-2000
	37.2
	-
	2001
	HU

	Bedassa 
	1700-2000
	40.6
	-
	2001
	HU

	Zengena 
	2000-3100
	30-35
	22.5-25
	2001
	ADARC

	Chiro 

	1600-2000
	32-40
	25-35
	1997/98
	HU

	Wochecha 
	1600-3000
	27.5
	17.5
	1997
	HARC

	Tolicha 
	1600-3000
	23.8
	20.2
	1993
	HARC

	Menagesha 
	>2400
	27.0
	-
	1993
	HARC

	Awash
	-
	-
	-
	1991
	HARC

	Sisay
	-
	-
	-
	1991
	HARC

	AL-624
	-
	-
	-
	1987
	HU

	Dagim 
	
	
	
	
	ADARC


(Source: Ministry of Agriculture Crop variety registration bulletin (1987-2010))
Climatic and soil requirement
Temperature: - as cool season crop, only moderately resistant to frost, best growth at 18o - 22oC (early growth = 22oC but tuberisation is best at 18o – 20oC). At high T- potato yield reduces (respiration exceeds photosynthesis) and tuberisation ceases at 30oC.
Light: - intense light = rapid growth, during short days = growth stage faster, but tuber formation is best during long days (large partitioning to tuber formation). Maturity is earlier during short days than long days.
Nitrogen: - high N = too much foliage growth at the expense of tuber.

Moisture: - excessive rain fall facilitates spread of leaf diseases. Optimum is 500- 750 mm. critical period is flowering and tuberisation. Erratic soil moisture causes misshapen, chained tubers.

Soils: - sandy loam and loamy soils rich in organic matter (with 50% air space or drainage). pH of 4.8 – 5.4, and at 5.2 – 6.0 = scab problem. 
Altitude: - normally above 1000masl.

Cultural requirements
Propagation:- seed tubers: = whole (40 - 60g with many eyes, but use of large bulk of tubers, 20qt/ha) or cut pieces (at least with 3 eyes, aim is to obtain more plant materials, but more risk due to rooting, lower stem number and reduced vigor, tuber shall be cured at 15oC for 3-4 days, rate at 8-10qt/ha). Aged tubers produce more stems, but smaller plant size, earlier tuberisation and earlier senescence (lower yield).
Advantage of seed tubers: -                                                                 Responsible for uniformity of product                                                                                          Easy to handle and plant                                                                                                                       Tuber provides a source of nourishment to the young plant, therefore, drought resistance        developed.                                                                                                                                                    Less skill, and less handling and care are needed to produce reasonable yield.                                                          Faster growth                               
Disadvantages are: - clonal degradation, easy soil-borne disease, bulky and heavy materials, regarded as wastage of food in food shortage areas, and problem of storage.
True potato seed (TPS): - not a clonal propagation, with a mixed population.

Advantages: - great savings in bulk can be stored for longer periods.                                            Problems: -highly cross pollinated, no true-to-type, seed dormancy, virus disease, slower to emerge high labor to raise and transplant, require long growing season, lower yield, non-uniform (shape, size, color, and cooking quality), and smaller tuber size
Land preparation: - a depth of 25 cm, organic matter and fertilizers incorporated before planting   
Dormancy: - up to 80 -90 days after harvesting, but can overcome by treating tubers with GA at 1 ppm for 5 minutes.                                                                                                                              Spacing: - at 10 -15 cm depth planting on trenches with 75-100 x 20-25 cm spacing (depending on cultivar and climatic condition).                             
Earthing up: - when stems are 10 -15 cm in height to ensure tuber development in loose soil.
Irrigation: - used during dry season help to prevent excessive rise in soil temperature

Fertilization: - N and K for maximum growth and varying amount depending on soil type and fertility status, climate, crop rotation, length of growing season, variety and moisture supply. The NPK ratio of: 1-1-1, 1-2-1, 1-2-2, or 2-3-3. Up to 30 ton organic matter applied before planting 

Weeding: - hoeing, hand weeding and earthing-up and herbicides.
Disease: - Late blight (caused by Phytophthora sp) is more serious. Control = maneb, zineb, mancozeb, redomil (at Holetta). Early blight (Alternaria solani): control, maneb, Zineb, Mankozeb. Scab: control, high soil moisture with regular irrigation above field capacity.

Insect pest: potato tuber moth, Colorado beetle, aphids, wireworms, control chlorinated hydrocarbons, organophosphrous, carbamates are recommended.

Nematodes: - cyst and root-rot nematodes
Maturity indicators in potato and maturity: completely mature tuber for processing which have high specific gravity (yield), obtained through early planting, late harvesting, and slow killing of the vines (stems). Immature tubers are low in specific gravity, subject to skinning and bruising.
Harvesting: - done manually, haulum/vine is mauled 10 days before harvesting to allow curing (reduce chance for spread of disease such as late blight) of tubers in the soil, and tubers are dug out.

Yield: - 50-80 ton/ha under favorable environmental condition (8 ton/ha in Ethiopia peasant farms).

10.2. Tomato (Lycopersicon esculentem L.)                                                        
-Origin is Peru-Ecuador, and distributed to many parts of Tropical America and domesticated to Mexico, as annual/short lived perennial, warm season, herbaceous plant.                                                                                                             - Most popular and widely grown vegetable crop in the world next to Potato both in area and volume.   It is part of every salad in combination with leafy vegetables, green onions, cucumbers, peppers and other vegetables. It is eaten fried and baked and are used as juice alone and in blend with other vegetables in soups and sauces.  It is also used as a processing crop that takes first rank among the vegetables.                                             
- Important sources of lycopene and vitamin C and are valued for their color and flavor.                                                                                                                                                          -  Cultivars: (1) Fresh market cultivars: both determinate and determinate having fruits of firm,       smooth, well colored, with an acceptable flavor.  (2) Processing cultivars have well-colored,     firm fruits and plants with enough foliage to shade the fruits. Tomato cultivars range widely in     fruit shape, size, color, and plant type, disease resistance, ripening time, and      processing characteristics.                                                                                                                                                    - Plant growth and development: - Temperature: for growth, 18-30oC.  Optimum night     temperature for fruit set is 15o- 20oC. High light intensity accompanied by high temperature     is harmful to fruit set. Tomato requires 6-7 weeks to reach full size fruit. Actual ripening     occurs 2 days before first appearance of red/pink color at the blossom end.  It is climacteric     fruit that exhibits increase both in respiration and ethylene production.                                                                                    -  Soil: wide range of soil including sandy or sandy loam to heavier clay soils with pH of 6.0-7.0.   -  Propagation: seeds are used for commercial propagation, which are dull white with minute    hairs on the surface of seed coat. Seeds remain viable for about 3-4 years, and up to 90%    germination is expected.   350-500g of seed is enough to produce seedlings covering one hectare                                                                                                                                            

Cultural practices

-  Sowing: either broadcasted or row sown on prepared seed bed, irrigated immediately, thinned,    and taken care of (watering and others) up to a time of 5-6 weeks when seedlings reach    transplanting.                                                                                                                                        -  Planting: although direct seeding is possible, for transplanting, seedlings are raised in nursery    to be transplanted in permanent field (for seed saving, early planting and for fresh market   tomatoes). Transplanting should be done during afternoon or still on a cloudy day to reduce   impact of transplanting shock.                                                                                                       --Irrigation: for winter crops, every 2-3 weeks, whereas at summer crop may need it once a   week. Irrigation is also applied to reduce damage through frost.                                                       -  Manuring and fertilizers: A crop yielding 40 tones of fruit removes about 93 kg of N, 20kg of P, and about 126kg of potash from one hectare. Some fertilizer recommendations include, 100 kg of N, 80kg of phosphorus, and 50kg of potash with 25 tons of farmyard manure/ha. All farmyard manure, phosphorus, and potassium are applied during/before the time of transplanting.  N fertilizers are applied in two equal split during summer or three equal split during rainy season.                                                                                                                     Training and pruning: indeterminate type requires support, therefore, shall be staked or trellised, or suspended to twine form overhead wires. Staking facilitates easy spraying to control foliar diseases and pests. Pruning is done by pinching off the lateral branches as they appear in the leaf axils, which highly affects flowering and fruiting.                                            - -Disorders: blossom end rot (caused by calcium deficiency and water stress), blotchy ripening  or sun blotch (K deficiency or excess N), fruit crack (abundant rainfall and high  temperature)                                                                                                                                                      Diseases and pests: anthracnose, Fusarium wilt, Verticilium wilt, early blight, late blight and  root rot are some among many.  Insect pests include fruit worm, cutworms, flea beetles, aphids, white fly, and leaf miners. Nematodes also cause serious damage on tomato crop.          Harvesting: tomatoes are harvested at variety of stages of ripeness, from mature green to light pink, when they are easily separated from the vine by a half turn or twist. Maturity is different depending on purpose of growing and distance to be transported. The various stages of maturity are immature-green, mature-green (for long transport), breaker (for long transport), pink (road side sales), full-ripe (road side sales), and overripe. For processing, fully mature fruits are required to optimize various quality parameters such as color, flavor,   texture, acidity, and total solids. Harvesting method: commercially by hand, but some are harvested by machines (processing types). Ethylene may be applied to accelerate ripening  and to control the percentage of red-ripe fruits.

10.3. Hot Pepper (Capsicum annumm L.)

Pepper belongs to Solanaceae family, annual (temperate, but as perennial in the tropics) Herbaceous. It is originated from Peru and Mexico which is treated as secondary in origin and diversity. It is important vegetable crop and condiment and having medicinal properties.  

 Five major cultivated species of Capsicum are: C. annuum, C. bacatum, C. frutescens, C. chinese, and C. pubescence, of which C. annuum is the most widely grown in most part of the world. Capsicum annum has three cultivated species. These includes Capsicum annum var longum, Capsicum annum var grossum and Capsicum annum var accuminata. It has woody stem which is erect in growth habit with a lot of branches which turn brittle or woody with age with radial shoots. The plant possesses strong tap root which is broken or arrested during transplanting. In most varieties flowering commences about 40 days after transplanting.  
Chili is basically self pollinated crop, but cross-pollination is to an extent of 16%.                            Chili fruit is a berry with a short thick peduncle, which varies in shape, color, and pungency.                                                                                                                                                               Fruit takes 30-45 days to complete development of fruit for harvest at the green stage, and ripening at 80-90 days after fruit set.                                                                                                                                                                 Soil: well drained, alluvial, red loamy and sandy loam soils, with pH of 5.0-7.5.                                                                                                                                                               Grown in tropics and sub-tropics with an altitude ranging from sea level to 2000m.a.s.l.                                                                                                                                                             Temperature: maximum temperature of 20-35oC and minimum of 10oC. Soil temperature above 30oC will retard root development                                                                                                                                                                Propagation: commercially and traditionally through seed, but recently anther culture and grafting are also used.  Seedlings of 6 weeks having 15-20cm height are transplanted after hardened.                                                                                                                                                            Land preparation: fine tilth is necessary for chili, mixed thoroughly with compost or farmyard manure during preparation. Ridges and furrows also need to be prepared.                                                                                                                                                                      Planting: chili is transplanted mainly in June if grown under rain fed conditions with highest green as well as red chili yields.                                                                                                                                                             Manuring and fertilization: as a good respondent to fertilizers, chili requires 10-20 tons of FYM/ha incorporated along with complete dose of phosphorus, potassium, and one third of N before transplanting. The remaining N shall be splited in to three and applied within an interval of 30 days.  A dose of 60 kg N, 30 kg P2O5, and 25 kg of K2O gives best result.                                                                                                                                                       Irrigation: the crop is irrigated immediately after transplanting and thereafter at weekly intervals.                                                                                                                                                               Weed: shall be controlled manually or mechanically. Three to four weeding are required.                                                                                                                                                                     Diseases and pests: powdery mildew, anthracnose, dieback, root rots are major problems. Important pests include thrips, aphids, mites and whiteflies.                                                                                                                                                              Maturity indices and harvesting: chili fruits are harvested at two stages: one for green vegetables and other for dry chilies. Chili crop takes 40 days to flower after transplanting and a further 30 days to develop fruit suitable for green harvest. Green fruits are picked at intervals (once a week or twice) that stimulate further flowering and fruit set. Red chilies are harvested in three to four pickings, when they are fully shriveled red, 80-90 days after transplanting.
10.4. Sweet potato (Ipomoea batatas.L)

-  Herbaceous perennial commonly cultivated as an annual crop, belonging to convolvulaceae                                                     - Widely cultivated in the tropics and warm temperate regions.                                                        - Cultivars are classified according to maturity time, short duration/early maturing (12-17           weeks), medium duration (17-21 weeks), and long duration/late maturing (>21 weeks)                                                   -  Nutritionally it is number one considering fiber content, complex carbohydrates, protein,     vitamins A and C, iron and calcium. Especially varieties with dark orange flesh are rich in        vitamin A.                                                                                                                                      -  Mostly rain fed on soils of low fertility                                                                                                        -  Yield = average 10-25 ton/ha, where Ethiopian stood at 7-8 ton/ha.                                                      -  Stem is always branched (primary, secondary and tertiary, total 3-20 branches) depending up       on photoperiod, soil moisture, nutrient and density.                                                                          -  Roots:  fleshy roots are similar in structure to primary roots. There are feed types (inferior in        quality) and food types, which are superior in quality and are further sub-divided in to moist          fleshed (poor keeping quality), and dry fleshed (keeps its quality and high in moisture        content)
Climatic and soil requirement

-  Temperature: As warm season crop, growth is best at a range of 20-30oC (optimum is 24oC).       Below 10oC, growth is retarded, severely affected by frost.                                                        - Light: requires high light intensity, therefore, is not shade loving crop. Short day favors      flowering and tuberisation, while long day favors vine development.                                             - Rainfall: shall occur at early growth stage with an optimum amount of 500-675mm.       Supplemental irrigation might be required depending on weather condition.                                       - Soil: best grows on sandy-loam soils. Good drainage is essential since it cannot withstand      water lodging. Light soils with underlying clay sub-soil.

Propagation: by means of tuber (healthy and robust sets) or by vine cuttings. Sets from tubers are generally not recommended because it results with low yield.                                          Tubers (whole) are used to produce many sprouts for vine cuttings which are spaced and planted 45 x 30 cm, 5-6cm deep.                                                                                                                     -  Cuttings:  is recommended commercial method and are free from soil borne diseases, tuber      harvest can be saved for consumption yields more heavily, and tubers are uniform in size and      shape.                                                                                                                                                  -  Strategies to prepare cuttings: from nursery plots (in tropics), from tubers (in temperate        regions) successive planting, when shortage of cuttings appear.                                                 -  Land preparation:  both flat beds (15 x 30cm spacing) and furrow/ridges (60 x 22cm spacing)       are used. Cuttings planted in muddy soils (after irrigated) with one third the portion of ridge       is buried; only central portion of stem is burred, while both ends remain free. Planting shall       be conducted when soil warm (when danger of frost is over).                                                            -  Weeds: only becomes problematic during early growth stage. Hoe weeding is practiced 4      weeks after planting.                                                                                                                     -  Manuring/fertilizing: very small fertilizer is required. N at a rate of 34-54 kg/ha (two split      application), P2O5 at 50-201 kg/ha, and/or K2O at 24-169 kg/ha can be used. Excessive      application delays tuberisation. Organic manures can also be used in small scale farms.            -   Pruning: increases root yield by retarding vegetative growth.                                                       -  Turning vines: conducted once or twice (or every week) to reduce side roots that compete       with main roots.      

Harvesting:  ready for harvesting in average 3 – 8 months after planting (5-6 months in Tropics), before frost sets in. Early harvest results with low yield, while too late harvesting also results with fibrous /unpalatable tubers prone to disease3 and pest attack.
Preparation for market and storage:  Curing immediately after harvest for wounded tubers under room temperature, to increase toughness of skin, to minimize microbial infection (not necessary in humid tropics).

Storage:  tubers stored at a temperature of 13-16oC, and relative humidity of 85 – 90 % in tropics. A temperature below 10oC is associated with chilling problem that results internal breakdown of tuber tissues, susceptibility to decay, and loss of flavors. Temperature above 16 oC causes high rate of respiration, therefore, loss in dry matter.
Diseases: black rot. Control:- use of resistant varieties and use of disease-free planting material.  – Virus disease: mosaic. Control:- rogue out and burn infected materials.

Insect pest: sweet potato weevil. Control:- earthing-up, crop rotation, timely harvesting, and use of insecticides.
10.5. Carrot (Daucus carota)

-  Biennial (annual in tropics) plant belonging to family Umbelliferae.

 -It is native to Europe, Asia, and Northern Africa 

-  Used as human food, feed (white colored), medicinal.                                                                   -  Dicotyledonous herbaceous crop grown for enlarged tap root.                                                       -   Color of roots varies as: white, yellow, orange, light purple, deep red (tropics), or deep violate.                - Shape varies from short stumps to tapering cones, with diameter of 2-6cm, and length of 6-              30cm.                                                                                                                                               -  Carrot is a cold weather crop.

Soil, climate requirement and cultural practices
-  Soil: Loamy/sandy loam, deep, friable, loose, well drained, rich in humus, with pH of 5.5- 6.5. - Temperature: best is 16-18oC.  Above 28oC, drastic reduced top growth, and below 16oC       poor color with long slender roots will be resulted.                                                                                                            -  Propagation: seeds from primary and secondary flowers should be used.                                            -  Sowing: Seeds drilled or broadcasted in the field, require 7-21 days to emerge. Row sowing      spaced with 30-40 cm row, and 7.5-10cm between plants in a row. Depth: 1.2- 2cm      depending on soil type.   Direct sowing on prepared ridges or flat beds, but for broadcasting,      a seed mixes with sand for even distribution.                                                                                                                                                -  Thinning: practiced when plants reach 10-14 cm height.                                                               -  Manuring and fertilization: carrot is heavy potassium feeder. Recommended rate is 23 tones of organic manure along with 50kg of N, 40kg of phosphorus and 50kg of potash per hectare. In the absence of  OM, 80kg,60kg, 60kg of N, P,K/ha,  respectively. 
- Irrigation: first watering shall be light and immediately after sowing, with subsequent     watering of an interval every 4-5 days in summer and 10-15 days in winter, or occasional     irrigation during rainy season.                                                                                                                            -  Disease and disorders:  calcium deficiency to cause cavity spot, climatic to cause scab spot.    Disease is not serious on carrot, although leaf blight, leaf spot, powdery mildew, and some    others can be mentioned to cause problems. Insect pest: carrot rust fly, bugs, vegetable    weevil, and nematodes. 

Maturity, harvesting and handling: when roots are about 1.8 cm larger in diameter at their upper end. Soil irrigated one day before harvesting to loose soil. Carrots are picked, bunched, washed, iced, and packed (in transparent, perforated plastic film bags) for market.
10.6. Onion (Alluim cepa)
Onion is native to Central Asia in the Iran-West Pakistan regions. A very early cultivation is known to have occurred in Egypt and India. This is the crop that can withstand the hazards of rough handling over long distance transport. 

Onion belongs to the family Alliaceae, genus Allium, which includes several cultivated crops such as onion, garlic, leek, shallot and Chinese chive. Bulbs are used boiled, used in soups and stews. The small bulbs are used as pickles in vinegar and used as dehydrated onions. The leaves are used in salads particularly of the spring or bunching onion. Tropical areas, onions are selected for their dry matter yield and suitability for dehydration. Onion bulb is rich in minerals like phosphorous, calcium and carbohydrates. It also contains proteins and vitamin C. The medicinal properties are that it is used as diuretic-applied on bruises, boils and wounds. It relieves heat sensation and used as smelling agent on hysterical fits in faintness. Insect bites and soar throat are relieved by onion. Some heart diseases and ailments are cured by onion.                                                                                                     
One of the oldest crop known to man, valued for its distinctive pungent flavor and is an essential ingredient of the cuisine of many regions, including ours”wott”. It is used in both immature and mature bulb stages as vegetable and spice as well as food for cattle and poultry and medicinal uses. 

-  Shallot is the vegetatively propagated form of A.cepa as aggregatum.                                                                                                                                                        Growth and development: foliage leaf is made up of hollow green photosynthetic blade, with cylindrical sheath that connects the blade to the base of plant.  Roots are produced from the base plate, fibrous, and are shallower in depth. Leafy plant eventually ceases to form leaf blades, and instead the apex begins to initiate a number of bladeless concentric thickened leaf sheaths, forming the bulb scales.  At later times together with swollen lower leaf sheaths of older leaves they form the fleshy part of onion bulb. At the center of newly developing bulb, there is a neck for support.                                                                                                                                                                  Soil: different kinds of soil ranging from light-textured sandy loam to heavier clay loams, with PH of 5.8-6.5.                                                                                                                                                                                            Climate: Temperature: for vegetative growth in the initial stage, between 18.8o and 23.9oC whereas bulb formation is favored by temperature between 15.6 and 21.0oC.  
Day length and light intensity: bulb formation initiated by long day and ample sunshine. Altitude: onion thrives under a wide range of elevations ranging from 1500-2330m.a.s.l.  Rainfall: ample moisture is detrimental to the growth of bulbing in onion that may exceed 100cm/year                                                                                                                                                           Propagation: onion is propagated through seeds and bulbs (medium sized used). When seeds are used, they are either seeded directly or raising seedlings in the nursery. Seeds remain viable for 6 month to a year. Germination takes 6-8 days with 20oC as best temperature. Seedlings will be ready for transplanting in about 6-8 weeks.                                                                                                                                                                                                Cultural practices: Planting: onions require fine, but shallower and repeated tilth.  Both direct seed sowing (drilling in rows of 15-20cm apart, with16-22 kg of seed/ha), transplanting (about 9-10 kg of seed/ha, and seedlings of 6-8 weeks or 20-25cm height), and bulb planting (dibbled on the side of ridges, 45 cm x 15 cm distance) are possible options.                                                                                                                                                                   Manuring and fertilizing: as heavy feeder crop requires 40-50 tons of well decomposed  FYM, 50-150 kg of N, 25-135 kg of phosphorus, and 50-110 kg of potash/ha. 
Application: Entire dose of FYM during land preparation, and P, K with full dose applied at the time of final land preparation. Nitrogen is divided in two equal halves, the first one month and the second 2 months after transplanting.  

Irrigation: regular irrigation that changes with stage of development, young plants immediately after transplanting require frequent but less water. Watering shall be stopped 2-3 weeks before harvesting of bulbs.                                                                                                                                                               Weeding: weeds growth should be checked regularly particularly during early stage of growth through hoeing and adequate aeration of the roots.                                                                                                                                                         Disorders: bolting, splitting and doubling of bulbs.                                                                                                                                                                 Diseases: major diseases in tropics are Stemphylium blight, onion smudge, neck rot, black mold, Alternaria rot, downy mildew, and dumping-off.                                                                                                                                                              Pests: Thrips (Thrips tabaki), head borer, leaf miner, mite, cut worms, slugs, and leaf eating caterpillars.                                                                                                                                                                 Harvesting, handling and maturity:  Green bunching onions are harvested as soon as they reach edible size. Onions that are to be stored should be harvested after the top begins to break over and before the leaves dry down completely (when about 50-60% of the tops are        broken over). Harvest maturity depends on purpose for which they are grown, but generally harvesting takes place 45-90 days after field setting for green onions and 90-150 days for bulbs, depending on variety. Bulbs are considered mature when the neck tissue begin to soften and the tops are about to abscise.                                                                                                               
10.7. Cabbage (Brassica oleracea L) 
Cabbage belongs to family Cruciferae, cultivated crop as biennial and is herbaceous plant. Cabbage is developed from wild leafy, non-heading types still found growing along the chalk coasts of England, Denmark and France. The leaves are prepared as a cooked vegetable or eaten raw in salads. The Cole crops in general are rich source of vitamin A and C also minimum amounts of P, K, Ca, Na and Fe.                                                                                                                                                                
One of most important vegetable crop worldwide, grown by small scale farms and gardeners in tropical and sub-tropical regions mainly during winter. But commercially grown in the United States and other developed countries. Cabbage has unbranched stem, leaves are unfold during early growth, which later develops to a continuous segregation of young leaves resulting to compact head. Shape of head varies from flat-topped to long oval, and it is often more than 20 cm in diameter.  
Cultivars differ in head shape (from pointed to round), and the leaves may be green or red and smooth or wrinkled. Soil: Both sandy and clay soils are suitable, but the former are preferred for early varieties while the latter are preferred for late ones. Optimal pH range is 6.0 to 6.5. Temperature: cabbage grows in relatively cool and moist weather where best growth can be exhibited with temperature of 15-20oC.                                                                                                                                                                        Propagation: about 400-500 g seeds are required for raising seedling sufficient for planting one hectare. Seeds sown in lines on prepared fine seedbed in an open, sunny environment. Four to five week-old seedlings having three or four leaves and are 10-15 cm in height are best to be transplanted.                                                                                                                                                       Transplanting: field should be laid out in either flat beds or ridges and furrows. Plant spacing varies with variety, where early varieties are closely spaced, while late ones are widely spaced. Generally 75 cm x 40 cm spacing appears to be optimum.                                                                                                                                                                    Irrigation: water need varies according to plant growth stage. The best yield is obtained with watering of when moisture content of root zone drops below 50% (irrigation intervals of 10-12 days on heavy soils, and 8 days in light soils).  Irrigation interval should be longer for early-maturing varieties, and shorter for late-maturing ones.                                                                                                                                                           Manuring and fertilizing: Cabbage is heavy feeder crop demanding (in tropics and sub-tropics 50 cartloads of FYM/compost, 50 kg of N (as top dressing about 3-4 weeks after transplanting), 100 kg of P2O5, and 100 kg K2O. both the FYM, phosphorus and potassium are applied before transplanting.                                                                                                                                                                          Weed: hoeing not deep enough to disturb the root system. Earthing-up about 5-6 weeks also helps to produce solid heads.                                                                                                                                                                    Disorders: tip burn, black speck, and black petiole are non pathogenic internal disorders.                                                                                                                                                                      Diseases: Club rot, Fusarium yellows, and seed born diseases such as black rot, and black leg are most important.                                                                                                                                                                   Pests: cabbage worm, diamond black moth, cabbage looper, cabbage aphids, and onion trips are most important.                                                                                                                        -  Maturity and   harvesting: early grown cabbage is harvested as soon as it attains sufficient size, while midseason and late cabbages are harvested when heads are full and hard. Crops are ready for harvest about 2-4 months after they attain full size and become firm and hard but tender. Heads are usually harvested with knife or sickle, leaving a couple of leaves below the head intact, which provide a kind of protection.
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