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CHAPTER 1: INTRODUCTION

1.1. DEFINITION & IMPORTANCE OF FIELD CROPS
When, why and how was crop production started?

· Primitive man was totally dependent on hunting wild animals and
gathering edible fruits, berries, leaves & roots from naturally grown forest
· The natural food supply might not be always sufficiently stable or plentiful to supply his needs consistently
· The most probable causes of shortage of natural food supply are:

1. Population growth
2. Natural calamities (drought, hail, flood, pest epidemics, etc.)
· As population increased or calamities occurred, the natural food supply might not be always sufficiently stable or plentiful to supply his needs consistently
1. Initially (10,000 years ago) primitive man transformed to civilization since the advent of crop production which was extensive type
2. Finally (since 19th century) man has also been transformed from hand labor subsistent to scientific progress since the start of intensive crop production
· Even after starting agriculture and crop production, man used hand cultivation for 10,000 years and his food demand had been met by expansion of cultivated land=extensive production system 
· Application of science and technology in crop production resulted in increasing crop productivity per unit cultivated land=intensive production system
Crop: A plant or a collection of plants produced artificially or naturally for the benefit of man.

Is a plant or animal product that can be grown and harvested extensively for profit or subsistence. Humans cannot survive without crop plants. 

Field crops:  Crop plants grown in the field comparatively on large scale to get food, clothes, animal feed & other human requirements are known as field crops. These crops mainly consist of Cereal crops, Pulse crops, Oil crops, Vegetable crops, Spices, Fruit crop, Sugar crops, Fiber crops, Stimulant crops and Forage crops.
Production: It is defined as the act of producing crops for their consumption or sale.
IMPORTANCE OF FIELD CROPS

a) Food for human and feed for livestock: 

Human and other animals require energy, amino acids, vitamins, and minerals. The most important crops that feed the world include Cereals (wheat, rice, maize, sorghum, barely), Roots and Tuber crops (potato), Oil crops (linseed, sesame, sunflower, Soya bean), Fruit crops and Vegetable.

b) Wood and wood products: Construction, Furniture, Fuel and Paper. 

c) Textiles from fiber producing plants. Plant fibers are used for clothing and textiles, examples Cotton, Sisal, flax 

d) Drugs and Medicines. Examples Tobacco, Coffee

e) Fossil fuels 

f) Prevent erosion 
g) Perfumes and spices. Perfume-rose, Spice- pepper, ginger, for improving taste of food.  

h) Aesthetic purpose. For great pleasure, relaxation

i) Source of oxygen. Oxygen is released as a byproduct of photosynthesis by green plants.

1.2. FOOD PRODUCTION & POPULATION GROWTH
Currently human population reaches about 7 billion. In spite of worldwide declines in the total fertility rate, population growth will be continued for the next two or three decades. Approximately 99% of this growth will take place in the less developed areas of the world; Africa, Asia & Latin America. 

Now, the area of greatest food production is North America, the least populated of the developed areas of the world. While North America enjoys food surpluses, Sub-Saharan Africa, is experiencing a chronic food deficit. Periodically, famine strikes the Sub-Saharan Africa because of drought, often worsened by regional conflict. 

The international community; non-governmental organizations & United Nations agencies, have so far had the capability & the resources to alleviate famine. But, the response has not always been timely, and then, the future is uncertain. Therefore, continued population growth requires continued increases in food production.

During the last-century, worldwide food production from farming has kept rapidity with population growth. The green revolution involved the development of disease-resistant and drought-resistant strains of wheat and rice which have substantially increased the yield per unit of land. Development of a dwarf variety of wheat in the 1950,s was the beginning of the green revolution by Norman Borlaug. Mexico, which had been threatened with food shortages, became able, for a time, to produce a food surplus. India had experienced famine in the 1960,s but after the green revolution was introduced there, India also was able, for a while, to produce a surplus. The green revolution provided an additional twenty years pardon before population growth absorbed an increases in food production.

· Disadvantages related to the green revolution. 

1. Requirement for large quantities of artificial fertilizer

2. The continued mutation of disease-causing organisms,

3. The green revolution also encouraged the monoculture which is susceptible to a disastrous failure 

These developments suggest the nature of the problems to be dealt with in the future

Improved agricultural efficiency is needed to stay even with population growth. It also must be accomplished in an equitable fashion that does not discriminate against the less wealthy farmers. Since a majority of the farmers in the poorest areas of the world are women, the empowerment of women is important to deal with both aspects of the food-population equation.

· Other problems that need to be addressed are:
1. Urban expansion

2. Soil erosion, both from wind and water

3. Salinization, which is associated with irrigation

4. Desertification or the spreading of deserts resulting from overuse and misuse of the land, and

5. Monocultures

· Methods of rejuvenating and preserving soil involve:

1. Conservation tillage which minimizes soil erosion and preserves moisture in the soil

2. Rotation of crops to use natural soil fertility most efficiently coupled with allowing some land to lay fallow and planting legumes in alternate years with the grain crops.

3. Using animal manure where possible and minimizing the use of chemical fertilizers. Especially to avoid runoff and pollution of water sources

· Methods of combating weeds, rodents, and insect pests should involve the application of IPM

1. Using biological controls wherever possible, and minimizing the use of chemical insecticides

2. Using disease-resistant varieties of crops

3. Using crop rotation and avoiding a monoculture
· Providing institutional support for farmers

1. Readily available access to credit

2. Latest information on marketing; cost, pricing, etc.

3. Good roads, railroads, and other transportation facilities

4. Availability of the latest agricultural technology

· Government will need to become involved in order to:
1. Provide for the infrastructure

2. Encourage research in biotechnology

3. Advise and assist in the conservation of nature

4. Address the global problems of climate change as they may affect agriculture

5. Avoid the misuse of tariffs or other trade regulation which might discriminate against the farmer

1.3. Challenges and Opportunity of Crop Production in Ethiopia
1.3.1. Challenges of crop production in Ethiopia are
· Poverty

· Population explosion (high fertility)

· Hunger

· Environmental degradation

The extent of environmental degradation is extremely alarming.  Every second over 200 tons of CO2 is released and 750 tons of topsoil is lost. Every day 47, 000 ha of forest is destroyed, and more than 16,000 ha of land are turned to desert and 100 species become extinct. In Ethiopia the present land degradation is a shocking problem. Forest cover is diminishing at a rate of 20,000 km2 per year. Nearly half of the country’s area is subjected to severe soil erosion with annual soil losses rate of 20 tons per hectare of cultivated land.
1.4. Means for Increasing Crop Production and Productivity in Ethiopia
1. Maximizing arable land use
For continued productivity, arable land already in food production must be protected against high salinity, poor drainage, soil erosion, and contamination, which can limit yields. Some cropping procedures that can maximize arable land usage for food production are accomplished by the following: 
1) Sequential cropping: growing two or more crops in sequence within the growth period

2) Intercropping: growing two or more crops simultaneously on the same land depending on crop interaction, either as mixed, row, or strip plantings

3) Ratoon cropping: regrowth of the same crop after harvest occurs from suckers or adventitious shoots. 

2. Preventation of production and post-harvest losses 
Much of the crop production is lost because of unfavorable weather caused by temperature extremes, droughts, winds, or floods. These situations are difficult to avoid, although an expansion of irrigation use can avoid some drought conditions. Effective water utilization is often a key factor in avoiding production losses and wind breaks, flood control and temperature modification also can lessen losses.

Other production losses are due to weed competition, disease, and insect infestations. Improvement in plant resistance and effective pest managements with pesticides and biological controls can limit some of these losses. Inappropriate harvest and post harvest handling practices further contribute to physical and quality losses of products. Post harvest crop perishability loss most commonly results from moisture loss, decay, and physical damage, respiratory loss, as well as other factors such as the development of off-flavors or discoloration. Deterioration losses also occur because of inadequate or poor storage and/or inability to accommodate surplus production or to process some of the production.

3. New food sources
The development of new food from other than most of conventional sources can increase the overall food supply. The oceans and seas offer huge resources of potential food. For example algae & lower form of plant life. Development of new vegetable species from germplasm resources not currently utilized can make significant contributions. 

Biotechnological applications offer a huge potential for the development of new cultivars as well as the improvement of many presently cultivated crops.

4. Managing the population growth
When we are in a difficult condition to provide jobs so as to earn reliable income for food security, to produce sufficient food for the population, to provide basic needs (food, shelter, clothing) and social services like education, health, infrastructure, etc then the other equally important area that requires due attention is managing the population growth. For developing countries like ours the issue is to reduce fertility levels from the present global average 4 to about 2. In our country, the number of children per mother is nearly double the world average but the extent of poverty is one of the highest. Hence, we must be concerned as to how to manage the growth of the population to prevent disastrous outcomes. To this end, policy related to population and family education and mechanism to assure continuity of effects is critically necessary.
· In relation to population growth and food production, there are two
contrasting views:
1. Alarmist or Neo-Malthusian view:– population increases with geometric means/rate, while crop production increases with arithmetic means/rate that results in subsistence living which leads to misery and degradation 
2. Technocrats view:–food production and supply for the ever increasing population would be solved by technology, and technology allows acceptable level of living for indefinite future
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5. Developing agriculture
The basic solution to the question of our futurity is to combat poverty. In Africa the number of absolute poor must be decreased by at least half, and agricultural growth rate of at least 4% will have to achieve to alleviate disaster. It is reported that we need a 1.5 - 2% annual growth rate in yield of major cereals in the next 20 years. This constitutes a major challenge to developing nations. The challenge is even more difficult for Ethiopia where crop yield are 10 times lower than the level that could be obtained, and where subsistence agriculture dominates as could be explained by the fact that around 95% of the agriculture output is produced by small resource limited farmers and the majority of is consumed by themselves.  Agricultural growth is a catalyst for economic growth and development in most developing countries. Agriculture’s linkage to the non- farm economy generates considerable employment, income and growth in the rest of the economy. Agricultural growth stimulates economic growth in non-agricultural sectors, which in turn, results in increased employment and reduced poverty. This further stimulates demand for agricultural goods, acting as growth multiplier in the agricultural sector others that could be attained through an agricultural growth strategy.

Agricultural growth and development must be vigorously up raised in many developing countries for four reasons: 

1. To alleviate poverty through employment creation and income generation in rural areas

2. To meet growing food needs driven by rapid population growth and urbanization

3. To stimulate overall economic growth, given that agriculture is the most viable lead sector for growth and development in many low income countries and 

4. To conserve natural resource through protection and development of the same and the use of efficient and environmental friendly agricultural production technologies

CHAPTER 2
CLASSIFICATION OF CROP PLANTS

Classification: – ordering of plants into groups on the basis of their relationships, usually structural form and function. Classification of crops is desirable, since it helps for better understanding and appreciations. Since ancient time’s people have named and categorized many plants surrounded them and upon which they are dependent for their existence. The earliest classification is simply divided plants into harmful ones and the useful ones. There are several ways of assigning plant to certain categories. But it is evident that all of these classifications resulted in huge overlaps, although they may have some general usefulness, therefore, they are inadequate for precise identification. The system that is most precise and useful is that of botanical classification. 

1. Botanical Classification 
Scientific nomenclature of plants was first classified by Carolus Linnaeus (1753). He developed binomial (two name) systems in which plants identified by both genus and species. This system of nomenclature, which is universally accepted in the scientific community, forms the basis for the science of classification known as plant taxonomy. Botanical name is largely based on the variability among plants with reference to flower type, morphology, and sexual compatibility. This classification attempts to group plants according to their evolutionary relationships, which is based on identification of ancestral plant forms. The binomial system of plant nomenclature is used universally among scientists because it is accurate and minimizes the possibility of giving multiple names for the same plant.

Common names are easy for most of us to remember as compared to botanical name, because we have used them from childhood, but they are often inconsistent and confusing.  For instance, in America we call Indian maize “corn”, but in England, the word corn may refer to oats or barely but never to maize. Another disadvantage of common names is they frequently fail to indicate relationships among plants and often imply false relationships instead. 

E.g. Bread wheat and buckwheat are not at all closely related

Irish potato is member of nightshade family Solanaceae 

Sweet potato is member of morning glary family Impoma 
Because all members of a genus bear the same generic name, the scientific binomial has the advantage of indicating to the same degree, the relationships of plant.

Thus Irish potato, Solanum tubersum is readily identified as being closely related to the egg plant, Solanum melangera not sweet potato, Impoma batatus. 

The basic groupings and most useful in botanical classification are family, genus, species, and cultivars. This classification system, best known as the Latin binomial, was published, as Species plantarum in 1753 by Linnaeus.

The Latin binomial botanical classification begins with the plant kingdom to which all plants belong. The classification continues as follows. 

Kingdom>Division>Class>Order>Family>Genus>Species>Variety    >Form>Individual

**Note basically plants are classified into seven categories. 
Flowering plants are the most important division in terms of crop production, because practically all the economically important plants used for food, feed and fiber belongs to this group. 
The division consists of plants that bear true seeds. 
· Classes of seed plants are 
1) Cone bearing-----Gymnosperm (forest trees whose seed is not enclosed in ovary) 

2) Flowering---------Angiosperm (plants/crops whose seed is enclosed in ovary (have enclosed seeds) and Subclasses of flowering plants are;

a) Monocotyledon-----------------the seed contains one cotyledon 

b) Di cotyledon---------------------the seed contains two cotyledons which provide food material during the process of germination 

· The two main families to which field crops belong are: 
1. Gramineae or Poaceae-----------------grass family 

2. Leguminasea or Fabaceae-------------legume family 
· Other crop families
a.  Solanaceae-------------------------------tomato, potato, tobacco etc 
b.  Compositceae---------------------------Sunflower 
c.  Malvaceae-------------------------------cotton 

d.  Vigaceae---------------------------------flax
e.  Brassicaceae---------------------------cabbage, cauliflower, brocceli etc 
Poaceae (grass family), which includes, wheat, barley, oats, rice, maize etc are the largest of flowering plants and are also most widely distributed. Although close to 300,000 different species of plants have been classified under the binomial system, only 30,000 are of any real value in food and feed production and of these only 15 species make a significant contribution to the food supply of the world (Rice, Wheat, Maize, Barley, Sorghum, Sugar cane, Sugar beet, Potato, Sweet potato, Cassava, Bean, Peanut, Soybean, Coconut and Banana).

An example of the above classification as applied to the cabbage cultivar Golden Acre YR (YR=yellows resistant) is;

Division: Spermatophyte 

Class:    Angiosperm 

Subclass: Dicotyledonous 

Order: Rhoeodales 

 Family: Brassicaceae (Cruciferae) 

Genus: Brassica 
Species: Oleracea L. 

Group (Variety): Capitata 

Cultivar (Form): Golden Acre 

Strain: Golden Acre YR.

The species is the taxonomic unit. 

It may be defined as a group of plants or animals so closely related that they are capable of interbreeding to produce fertile offspring. 

Proper writing of botanical name is as follows Brassica oleracea L. Which consists three element, the first name (Brassica) refer the genus name, the second (oleracea) the species name and the third L. (Linnaeus) which is always abbreviated, of the individual who first described the species. If the species name is written in hand writing the genus and species name underlined separately, but if it is written with computer both the genus & species name are italized, but not the individual name, and also possible to underline the genus & species name.

E.g. Brassica oleracea L. or  Brassica oleracea L.
Rules for binomial nomenclature:

1. For each spp. both genus and spp. names written

2. The genus name is started with capital letter, while the spp. name is started with small letter3. If not italics, both the genus and spp. names should be underlined separately

4. Once the full name of the genus name is indicated above, it can be abbreviated in the following parts

5. The name of a scientist who gave the scientific name first would be added in abbreviated or full name after spp. name

6. A variety name can be added as a third one, starting with capital letter, but not underlined or not italics

Usefulness of botanical classification
1. For biologists: - it permits the establishment of plant relationship & their origin and serves as positive identification of plants, regardless of language. 

2. For Agronomist: - it allows the identification and /or recognition of some general associations with regard to plant adaptation cultivation, pest control, handling, and usage.

2. Classification Based on Agronomic/Economic 
This system of classification of plant species’ is on the basis of how a crop will be used,

a) Cereal / grain
These groups belong to the grass family (Gramineae) and are grown for their edible seeds. Grass family includes about 3/4 of the cultivated forage crops and all of cereals. Almost all members of grass family are herbaceous i.e. 

· They have small main woody stems. 

· Have fibrous root system

· Flowers are usually perfect (have both male and female parts of a flower in the same  flower) 

· Flower (imperfect e.g. Maize)

· Grass family is annuals

b) Grain legumes: 

These belong to the family Leguminanceae and are grown for these edible seeds. 
They include cowpeas, soybeans, groundnuts, field peas, beans, lentils and pigeon peas.
 Legume family may have; 

· Annuals, biennials or perennials 

· Leaves are alternate on the stem

· Have tap root systems

· Roots have abnormal growth due to association with Rhizobium bacteria, which turns gaseous N2 to useful compound.

· They provide large amount of high quality protein. 
As you know human body uses more than 20 different amino acids to build the various proteins that needs for growth, development, and maintenance. Of these, ten are considered essential to human diet because the body cannot synthesize them. E.g. Soybean meal is as much as 40% protein comparable to some sources of animal protein and far less expensive but more efficient, to produce. Groundnut also has high quality protein.

c) Root and tuber crops: 

These are grown for their enlarged roots or tubers. Important root and tubers are cassava, sweet potatoes, potatoes, yam and cocoyam.

d) Fiber crops: crops grown for fiber including cotton, jute, kenaf, hemp, ramie and sisal.

e) Oil crops: 

The crops grown for edible oil include groundnuts, soybeans, sesame, sunflowers, safflower, rape-mustard and linseed. Cottonseeds and maize are also important sources of edible oil. Castor beans are grown for non-edible oil.

f) Sugar crops: 

These are Sugar cane (60% sugar cane from this plant) and, in temperate regions, sugar beet (40% sugar cane form this plant).

g) Drug crops: 

These crops are smoked or chewed for their stimulating effect. They include tobacco and ‘bhang’ (Cannabis sativa)

h) Beverage crops: 

These crops are also source of stimulants. They include coffee, tea and cocoa.

i) Vegetable crops: 
This group includes potatoes, tomatoes and onions.

j) Forage crops: 

These crops are grown as feed for ruminants. They are fed to the animals either fresh or in dried form, such as hay and silage.
3. Classification Based on Life Cycle (Ontogeny) 
Plants may also be classified according to the duration of their life cycle/life span of the plants (i.e. from seed, to seedling, to flowering, to fruiting, to death and back to seed) as follows: 

1. Annual: - Crop plants that complete life cycle within one growing season. They produce seed and die within the season. e.g., wheat, rice, maize, lettuce, mustard. 

2. Biennial: - Completes its life cycle during a period of two growing seasons. 
During the second season which provide low temperature to the plant (during winter), the plant “bolt”---send up a seed stack and then to flower & set fruit, these plants are mostly grown for their over –wintering storage organs and they are harvested as annuals at the end of the first growing season. 

During first season growth is entirely vegetative (the plant is often being low in form the so called rosette). Plants that have life span of two consecutive seasons. First Season these plants have purely vegetative growth usually confined to rosette of leaves. The tap root is often fleshy and serves as a food storage organ. During the second season they produce flower stocks from the crown and after producing seeds the plants die. e.g. sugar beet, beet root, cabbage, radish, carrot, etc.
3. Perennial: - plants grow year after year without replanting or have the ability to repeat their lifecycle indefinitely until death and usually produce seed each year. They may be herbaceous or woody.

· Often take many years to mature 

· Unlike annuals and biennials these plants do not necessarily die after flowering (seed setting).

· They may be seed bearing or non-seed bearing. 

E.g. sugarcane, Napier grass. 
4. Classification Based on Special-Purpose 
The name of the group is often derived from the purpose for which the crop is used. Many of the crops previously mentioned are well suited for more than one purpose. This classification is usually self-explanatory. Some of the special purpose groups are as follow: 

1. Cover crops:

These crop plants are able to minimize soil erosion from wind or water or both through covering ground surface with their foliage, e.g. cowpea & groundnut. If a crop serves as a cover crop and is then turned under, it becomes also a green- manuring crop. E.g. rye and vetch.

2. Green - manure crops: 
These crop plants are grown to be incorporated into the soil to improve fertility of soil. As rule they are:

· Legumes are more desirable than non-legumes 

· Fast growing crops

· High biomass production

E.g. Soybeans, cowpeas, vetches, clovers

3. Smother crops: - these crop plants produced heavy foliage, which suppress the population and growth of weeds by curtailing the movement of air and radiation, Mustard, cowpea etc.

4. Mulch crops: - these crop plants are grown to conserve soil moisture from bare ground by their thick and multilayered foliage, e.g. cowpea and cluster bean.

5. Augmenting crops: - when sub crops are sown to supplement the yield of main crops, these crops are known as augmenting crops, Japanese mustard are augmenting crops.

6. Catch or Emergency or contingency Crops: 
Crops used as substitutes for staple crops that have failed on account of unfavorable conditions. They are quick-growing crops. E.g. millet and beans.

7. Alley crops: - When arable crops are grown in alleys formed by trees or shrubs, established mainly to increase soil productivity by decreasing soil erosion, they are known as alley crops. Sweet potato, black gram, turmeric and ginger in between the rows of eucalyptus and acassia, these crops form a component of agro forestry system.

8. Companion crops:

 It is an intercropping system i.e. growing of two or more crops on the same field and in the same season. The planting of different crops in proximity for pest control, pollination, providing habitat for beneficial creatures, maximizing use of space, and to otherwise increase crop productivity

The use of companion planting can be of benefit to the grower in a number of different ways, including:

a. Protective shelter: - is when one type of plant may serve as a wind break or provide shade for another

b. Pest suppression: - some companion plants may help prevent pest insects or pathogenic fungi from damaging the crop, through chemical means

c. Predator hosting: - the use of companion plants that produce nectar or pollen in a vegetable garden (insectary plants) may help encourage higher populations of beneficial insects that control pests, as some beneficial predatory insects only consume pests in their larval form and are nectar or pollen feeders in their adult form.

9. Trap crops: - these crop plants are grown to trap soil-borne harmful biotic agents, e.g. parasitic weed orobanche and striga, e.g. solanaceous crops and sorghum respectively. These weed seeds germinate when they come in contact with roots of these crop plants. Thereafter the destruction of these crops reduce the inoculum of such parasitic weeds.

Alfalfa (Medicago sativa) planted in strips among cotton, to draw away lygus bugs, while castor beans (Ricinus communis) surround the field, or tobacco is planted in strips among it, to protect from the budworm Heliothis(moth).
5. Classification Based on Cultivation Mode (Planting Habit)-Based on System of Planting
1. Row planted crops – are those having large size seed or planting material and they are usually planted with especial arrangement both between rows and plants. For instance, maize, groundnut, potato (tuber), and tomato seedlings
2. Drill planted crops – are planted without especial arrangement between plants and they are of small size seeds. Seeds are drilled in rows by especial sowing machinery and they include barley, wheat, sorghum, teff, finger millet, etc
( Such classification works only in mechanized farming, otherwise in hand-labor cultivation most crops are planted in broadcast method regardless the size of seeds. Broadcast planting is a
seed scattering practice by hand without having especial arrangements between rows and plants hence, such classification is not universal, rather it is merely arbitrary
Comparison between row, drill and broadcast plantings
	No.
	Comparison parameters
	Row planted crops
	Drill planted crops
	Broadcast planted crops

	1
	Inter-row spacing
	Controlled
	Controlled
	Not controlled

	2
	Intra-row spacing
	Controlled
	Not controlled
	Not controlled

	3
	Source of power
	Machinery/ labor
	Machinery
	Hand-labor

	4
	Crop seed size
	Big/large
	Small
	Common for small seeds


Merits and demerits of row/drill and broadcast planting methods
	No.
	Planting methods

	Advantage

	Disadvantage


	1
	Row/drill
	- increase crop quality

- uniform

- less seeds

- easy field mng’t

- less thinning
	- requiring machinery

- requiring high labor

- laborious & time consuming

- likely less exploitation of

solar radiation

	2
	Broadcasting
	-not req. especial machine

- fast & less laborious

- simple

- likely high solar

exploitation as the

result of full coverage
	- requiring experienced

personnel

- hard field mng’t

- likely high competition

- less quality


6. Classification Based on Climate Requirement 
( Crops are classified on the basis of temperature, altitude or latitude
( since temperature, altitude and latitude have strong relationship, classification of crops based on temperature, altitude and latitude matches one to another
Classification crops based on climate requirements

	Temperature Req.
	Altitude Req.


	Latitude Req.

	1. Warm weather/ season crops
	Lowland crops
	Tropical crops

	2. Cool weather/season crops
	Highland crops
	Temperate crops


1. Warm season/lowland/tropical crops are originated in the tropics and they include: maize, sorghum, millet, rice, haricot bean, soybean, groundnut, cotton, sesame, sugarcane, pepper, sweet potato, tomato, etc.
2. While cool season/highland/temperate crops are originated in the temperate regions and they include: barley, wheat, rye, field pea, faba bean, rape seed, flax, potato, cabbage, sugar beet, lettuce, spinach, garlic, etc.
Major crops produced in Ethiopia

· Generally, crops are grouped into two categories: (a) field crops, and (b) horticultural crops.

· Based on their use (agronomic classification) they are further sub-grouped as the followings:
I. Field crops: (a) Cereals, (b) Pulses, and (c) Oil crops.
II. Horticultural crops: (a) vegetables (b) root and tuber crops, (c) fruits, (d) coffee & tea, and (e) spices
· Under Ethiopian condition, crops are mainly classified also based on their altitude requirement, while growing of crops in Ethiopia is largely influenced by altitude. Accordingly, crops are grouped into highland and lowland crops based on their altitude requirement.
Major Field crops produced in Ethiopia
· The main field crops grown/produced in Ethiopia from each sub-group are the followings:
(a) Cereals:-1. Teff (Eragrostis tef (Zucc.) Trotter), 

                    2. Bread wheat (triticum aestivum L.), 

                    3. Durum wheat (Triticum durum Desf.), 

                    4. Food barley (Hordeum vulgare L.), 

                    5. Malt barley (Hordeum distichon L.), 

                    6. Maize (Zea mays L.), 

                    7. Sorghum (Sorghum bicolor (L.) Moench), 

                    8. Rice (Oryza sativa L.), 

                    9. Triticale (Triticale hexaploide Lart), and 

                   10. Finger millet (Eleusine coracana (L.) Gaertn.)
                    (b) Pulses:-1. Faba bean (Vicia faba L.), 

                                      2. Field pea (Pisum sativum L.), 

                                      3. Chickpea (Cicer arietinum L.), 

                                      4. Lentil (Lens esculenta Moench.),
                                      5. Haricot bean (Phaseolus vulgare L.), 

                                      6. Cowpea (Vigna unguiculata (L.) 

                                      7. Grass pea (Lathyrus sativus L)
                     (c) Oil crops:-1. Sesame (Sesamum indicum L.), 

2. Safflower (Carthamus tinctorius L.), 

3. Linseed (Linum usitatissimum L.), 

4. Niger seed (Guezotia abysinica L.), 

5. Rapeseed (Brassica spp.), 

6. Soybean (Glysine max (L.) Merr.), 

7. Groundnut (Arachis hypogaea L.), and 

8. Cotton (Gossypium hirsutum L.), which is produced mainly for fiber, but its seed is also used as source of oil.
Based on their altitude requirements under Ethiopian conditions these field crops listed above are grouped into highland and lowland crops:
1. Cereals:-
(i) Highland cereals - highland to moderately highland – Wheat (bread & durum), barley (food & malt), triticale, Teff, highland maize 

(ii) Lowland cereals - lowland to moderately lowland – Rice, sorghum, finger millet, lowland maize
2. Pulses:-
(i) Highland pulses:- highland to moderately highland – Faba bean, field pea, lentil, chickpea, grass pea
(ii) Lowland pulses:- lowland to moderately lowland – Haricot bean, cowpea
3. Oil crops:- 
(i) Highland oil crops - highland to moderately highland Linseed, rapeseed, Niger seed,
(ii) Lowland oil crops:-lowland to moderately lowland – Sesame, cotton, soybean, groundnut, and safflower
Chapter 3: 
FACTORS AFFECTING FIELD CROPS PRODUCTION
Plant growth is complex process and influenced by Genetic (plant) factors, Environmental and Management factors as follows.
3.1. Genetic factors: a crop cultivar has an inherent yield potential. To make best use of climatic and soil factors, the selection of crops should be made on their best qualities based on:

a. Adaptability under the particular set of condition 

b. Yield potential ( productivity ) 

c. Resistant to a biotic and biotic factors 
3.2. Environmental factors:  the environment in which crops are grown can influence the rate of growth and development. Environment is defined as the aggregate of all the external conditions and influences affecting the life and development of plants. Agronomic adjustments necessary for higher yield are aimed at creating optimal conditions for crop production to the extent possible. Major factors of plant environment can be broadly grouped into two: Climatic and edaphic (soil).
3.2.1. Effect of Climate: 

It refers to the total complex of weather conditions, its average value and range of variation over appreciable areas of the earth’s surface, usually conditions for many years (30 to 35 years) are taken into consideration. Climate largely determines the type of vegetation that grows naturally in any part of the world and the kind of agricultural production that is possible.  The most important climate factors are: Moisture (water) supply, Light, Temperature, Humidity, Wind and Radiant Energy.

3.2.1.1. Moisture (water): Water is absolutely essential of plant life. Plants use more water than any other substances they absorb.
Importance of water in plants: - the essential requirement of water for plant growth can be visualized from the fact that it may constitute 70 to 95 of total fresh weight when it is actively growing. It is used for Universal solvent for chemical reaction, dissolves essential nutrients through the plant, cell turgidity and for cell elongation so maintain shape and   photosynthesis etc. Plants can be classified according to the amount of water they require for normal growth:
1. Xerophytes – require little water. Example most desert plants 

2. Mesophytes- require moderate amount of weather .Cereals, legumes

3. Hydrophytes- require large amount of water. Example , rice 

Transpiration ratio: the amount of water transpired in relation to the amount of dry matter produced. For examples, the crops barely in order to produce 1 unit or dry matter plants require 800 units of water is transpired. The crop maize also in order to produce 1 units of dry matter plant require 370 units of water is transpired. Even within the same crop this ratio varies.

The actual amount of water required by the plant varies depending on the Plant population, fertilizer application, Stages of growth, Photosynthesis, Relative humidity and over all plant health.

Plant population 

Within the limits of available moisture nutrients and other variables, as population density increases, yield increase and total water use also increase, at the same time it allows more efficient utilization of weather because the soil is permitted with roots so the maximum amount of moisture that enters the soil is extracted from it and transpired by the crops.

Fertilizer application 

When adequate moister is available, yield increase with application of appropriate fertilizer (especially N) and the water required to produce dry matter may decrease. It helps to enhance more efficient utilization of water. Additional nitrogen application helps vigorous (more) root growth, exploitation of soil by root and to extra more water. When adequate moisture is not available, the benefit of fertilizer application is reduced by Excess application may damage crop because fertilizes can burn root tissue , and Excess nitrogen result in abundant vegetative growth, water required to support such growth which drains the soil available moisture before the crop is matured, thereby reducing crop yield.

Stage of development
The crop passes through various growth stages. Seedlings generally have less efficient water utilization than mature plants because root systems don’t fully exploit large volume of soil, and seedlings do not shade the soil surface which results significant amount of water are lost from the soil by evaporation.

Photosynthesis
Water use is high when the photosynthesis rate is high. 
Relative humidity
It is the amount of water vapor in the air at particular temperature compared with the amount of water vapor that the air could hold at the temperature. When there is low RHs the atmosphere, the concentration difference is high and then transpiration is high.

Health of the plant 
The overall health of the plant greatly affects its water use and water use efficiency Plants that are infected by any of the pathogen have 3greatly reduced water use efficiency, high transpiration and reduced yields.

Soil moisture: Essentially all of the water used by plants must be supplied by the soil. Soil is made up of solid particles and pore spaces which the ideally pore spaces should occupy about 50 % of the soil volume.

3.2.1.2 Rain fall

Precipitation is the process by which condensed water vapor from the atmosphere falls to the earth’s surface reaching in different forms inducing rain, snow and ice.  Rainfall is the most important forms of precipitin in crop production. The minimum amount of rainfall on a single occasion that ensures at least some soil water storage is usually referred to as effective rainfall.

The effectiveness of rainfall in crop production depends on three of its characteristics- quantity, distribution and duration. Light showers usually end up evaporated from the soil. Moderate RF over a longer period is more useful than a rain that delivers several inches of moisture in a short period. Much of such RF will be lost to surface drainage and not available to crops. It might even by accompanied by soil erosion that will be detrimental to crop productivity. 
The amount of water by itself is not a very high value unless it is distributed throughout the life of the crop. For example in maize production the critical time when moisture is needed is 10 days after tassel ling and silking. For most crops this time occurs around flowering. Therefore, RF is of most value to crop productivity when it falls at these critical periods in the plant growth and development.

3.2.1.3. Light / Solar Radiation

This is the radiant energy from the sun, measured as a total amount (direct solar plus sky radiation). Radiant energy is significant factor in plant growth and development as the permeability of protoplasm, intake and loss of water, enzymatic activity, respiration, photosynthesis, flower initiation and ripening of fruits are all influenced by light directly or indirectly.  
Solar radiation is very important in crop production as is a source of energy used by plants for photosynthesis, the effect of solar radiation on crop productivity depends on the angle at which it strikes the earth, the cloud cover, and the interception by plants. Three aspects of light: intensity (quantity), and duration (day length), quality (spectral distribution) are important.
Light Quality: the wave length of the radiation determines its quality. Plant pigments associated with photosynthesis have different absorption spectra. They absorb different wave length of light. Leaf chlorophyll absorbs radiation efficiently at 400-500 nanometers (blue) and 650-750 nm (red), these radiant energy wave length ranges that are most important to photosynthesis is considered to be only useful part photosynthesis active radiation (PAR).within this range, it is known that different pigments involved in photosynthesis have different wavelength where light absorption is maximum. However, in practice, light quality cannot be manipulated under field conditions.

Light Intensity: light intensity measures its quantity or brightness. Light intensity may be as high as 10,000 foot candle. Foot candle is a light produced by a standard candle.100-200 FC is minimum requirements to support the growth of most plants.  10,000Fc is maximum intensity of light that plants can use in photosynthesis under average field condition.

Light Duration: the duration of exposure to light periods (day-length and photoperiod) influence crop growth and development. The duration of light is measured by the hours of sunshine in 24 hours. The relative length of daily light and dark periods (photo-periodism) has a profound influence flowering, tuber formation and seed germination. Crop plants have been classified on the basis of their photoperiodic requirements for floral initiation into three groups.
a) Long day plants (short night):- are those which develop and produce flower normally when photoperiod is greater than a critical minimum (> 12 hrs. of light illumination).For example wheat, barley, sugar beet, oat.
b) Short day plants (long night):- are those which develop and produce flower normally when photoperiod is less than a critical maximum (< 12 hrs. of light illumination). For examples maize, rice, sugar cane, soya bean.

c) Day neutral plants: - the flowering development of such plants are not affected by photoperiod e.g. tomato, cucumber.
Most tropical crops are   short day plants (requiring long –nights for flowering) and those of higher altitudes are generally long-day plants
3.2.1.4. Temperature 

The measure of intensity of heat energy is called as ‘Temperature”. Growth and development are directly affected by temperature. Each crop has its own approximate temperature range, i.e. its minimum, optimum and maximum temperature limit at which growth is negligible or it ceases altogether and an optimum temperature falling between the two extremes. These maximum, minimum and optimum temperature ranges are known as Cardinal temperature. The cardinal temperature ranges for cool season crops are maximum 30-38 0C, minimum 0-5 0C and optimum 25-30 0C and also for warm season crops maximum 45-50 0, minimum 15-20 0C   and optimum   30-38 0C. 
Optimal temperatures for crop growth are dynamic as they differ with crops and varieties, duration of exposure, age of the crop and developmental stages. Most crops make their best development between 15 and 32oC. All the biochemical processes increase with increasing temperature up to a certain level beyond which and below a minimum temperature these activities are reduced. Temperature directly influences photosynthesis, respiration, cell wall permeability, nutrient and water absorption, transpiration, enzyme activity and protein coagulation. This influence reflects on crop growth. The effect of temperature on net photosynthesis is of vital concern in crop production.  Plant growth is greatly affected by high temperature in several ways- inhibits starch synthesis, affect shoot growth, pollen malfunction resulting to reduced yield, causes desiccation and change in enzymatic structures and function,  on the other hand low temperature affects crop growth, pollen sterility, flower and pollen blasting ( premature dropping of flow end fruit ), and  burning of leaves.  
Based on their temperature response (adaptation) crops may be classified as:-

a) Cool season crop – damaged by hot weather. For examples wheat barely , potato, oat

b) Warm season crop- killed by temperature below freezing. For examples sorghum, cotton, rice, maize.

The relationship between temperature and crop management shows that the crop producers can do little or alter temperature, however, it is possible by adjust planting date( frost free period ) and cultivar selection  like  early mature  cultivars for areas with short growing seasons. 
3.2. 1.5. Humidity: - is the water vapor in the air. Relative humidity is the vapor pressure in the air in terms of the percentage necessary to saturate the atmosphere at a particular temperature. A saturated atmosphere that causes fog, dew, or rain has a theoretical relative humidity of 100%. The effect of humidity on crops is that the occurrence of high humidity over long periods combined with high temperature favors the rapid development and spread of fungal disease on crops and mold on stored produce. The lower the RH at a given temperature the more rapidly will the airs taken up water transpired by plant leaves or evaporated from a moist soil surface. Evapotranspiration increases with increase in temperature and decrease in R.H thus relative humidity has considerable effect on water requirement of crops.
3.2.1.6. Wind: - is movement of air in a horizontal direction. It originates either over the oceans or deserts. The effect of wind on plant growth and development are both physiologically and mechanically. 

a) Mechanical damages: - The heavier sand particles carried by the wind causes soil erosion by scouring the soil surface. The strong wind in association with rain can cause lodging, stock breakage and grain shedding of grains.

b) Physiological damages: -   induces evapotranspiration that affecting the water balance. Hot dry winds may also affect photosynthesis and hence productivity, by stomata closure and reduced rate of gaseous exchange. Provision of windbreaks in exposed areas can minimize the adverse effects of high wind speed (Reddy 1999).

3.2.2 Effect of Edaphic factor 

Soil is a living body consists of weathered rocks, organic matter, water and living organisms.  It is a natural medium for plant growth. Soil provides physical anchorage to plants and act as store house for water and nutrients needed. 
Following are the soil requirements for crop production 

· Suitability  for using cultural implements in crop production ,

· Resistance  to erosion and management involved in profitable crop production ,

· Adequate soil moisture storage to meet normal crop requirements under natural rainfall or irrigation,

· Optimum aeration in the root zone depth for efficient root system development,

· Availability of nutrients, sufficient for  normal yields, and 

· Freedom from adverse chemical soil conditions Such as concentration of harmful soluble constituent  

Principal factors characterizing soil climate are soil air, soil temperature and soil moisture. Some of the soil factors that affecting plant growth:-

a) Soil Reaction (PH):-It defines the soil acidity or alkalinity based on the hydrogen ion concentration of the soil and is measured in PH units. On the Ph scale, a value of 7.0 indicates a neutral reaction, all value below 7.0 indicate acidity while all values above 7.0 indicate alkalinity. 
Each nutrient element has a pH range within which it is available to plants. Similarly, plants have pH adaptation, some being sensitive to acidity while others are sensitive to alkalinity.

· The optimum pH rang for most plants is …………………………6.5-7.0

· Most agricultural soils have a pH of between …………………….5.0-8.5

· Most plant nutrients  are available with pH values ……………… 5.5-7.5

· Most plant  grows better in soils with pH values ………………… 5.0-8.0

                Therefore, the pH of the soil has significant influence on the availability of plant nutrients. It also influences plant growth by affecting the activity of beneficial microorganisms. Most N-fixing bacteria are not very active in strong acid soils. Bacteria that decompose soil organic matter and thus release nitrogen and other nutrients for plant use also hindered by strong acidity. 
b) Soil texture: - defined as the relative proportion of sand, silt and clay in the soil. The soil particles on diameter basis: sand ranges 2.00-0.05 mm, silt 0.05-0.002 mm and clay below 0.002 mm. An agricultural soils typically consists of a combination of all the three particles is called a loam.
Soil texture is very important in crop production. Fine textured soils (clay soils) generally have poor drainage and are prone to waterlogging. Poor- drained soils have low microbial activity but clay soils have high water- holding capacity, high cation exchange capacity (CEC), and the ability of soil to attract and hold cations. Thus, clay soils have high nutritional status while sandy soils, which are coarse-textured, have low CEC. 
Clay soils are further described as heavy soils because it becomes very hard when dry, and sticky and poorly aerated when wet and so difficult to till. They impede root development and thus are not suitable or root crop production. Clay soils have   a small micro pore that impedes drainage. Sandy soils have more macro pores ( large pores ).Sandy soils are light soils and are easier to till, They also drain better, and are warm, However, crop production on sandy soils requires frequent irrigation to make up for its poor water -holding capacity. Soil texture is an important soil characteristic because it affects infiltration, retention of water, soil aeration, and adsorption of nutrients, microbial activities, tillage, the method and frequency of irrigation. 

c) Soil structure: - It is the manner in which individual particles are arranged to form soil aggregate. Soil aggregates is a clump of many primary soil particles. Soil structures can be destroyed through soil compaction using heavy machinery, farm animals, vehicles, and raindrops. Poor soil aggregation is partly the cause of poor drainage and poor water holding capacity. Soil structure can be improved through, for example the addition of organic matter.
d) Soil fertility: - soil fertility is the ability of the soil to produce high yields consistently, provides environmental factors.

e) Soil constituents: - Even though the proportion will vary from one soil to another, a typical mineral soil consists of by volume Air (25%), Water (25%), Mineral (45%) and Organic matter (5%)
f) Soil depth: - insufficient soil depth for adequate root development is the most obvious physical property that can crop yield. There is a positive linear relationship between the effective rooting depth and yield of a crop. 
CHAPTER 4: 
CROPPING SYSTEM
Cropping system refers to a set of crop systems, making up the cropping activities of a farm system. Cropping system comprises all components required for the production of a particular crop and the interrelationships between them and environment. In other words, cropping system usually refers to a combination of crops in time and space. Combinations in time occur when crops occupy different growing periods and combinations in space occur when crops are inter planted. When annual crops are considered, a cropping system usually means the combination of crops within a given year. In general, cropping system is the kind and sequence of crops grown on a given area of land over a period of time. It may be a regular rotation of different crops or it may be consists of only one crop, year after year on the same land.

Cropping systems research deals with management of natural and other farm resources for cropping activity in such a way that their maximum efficiencies are realised for sustainable higher yields per unit area per unit time without degrading the natural resource base. Thus, cropping systems approach, in contrast to component approach, encompasses wide range issues related to economic aspects of crop production, available resources and microenvironment at farm level in holistic manner. Cropping systems approach enables to address issues pertaining to:

· Maximizing system productivity on annual basis 

· Utilization of resources with higher efficiency by considering various interactions and direct residual and cumulative effect in soil-plant-environment system 

· Intensive input use vis-à-vis quality of environment and 

· Sustainability of farm resources and environment in long term perspective 

Depending on the resources and technology available, different types of cropping systems are developed on farms.

4.1 Shifting & continues cultivation system

Shifting cultivation: It was developed early in settled agriculture and persists with modification in many parts of the tropics. Originally, farmers cultivated a plot of land large enough to supply their family’s need until soil fertility declined with continuous cropping. The farmers then moved on to another plot leaving the first plot to return to bush through regeneration of natural vegetation. The soil would recover its fertility during this fallow period.

With increasing population and consequent reduction in availability of land, shifting cultivation has been replaced by sedentary occupation and reduced length of the fallow period. In most parts of the tropics, there are modified forms of shifting cultivation often involving land rotation.

Continuous Cropping 
In contrast to shifting cultivation, continuous cropping implies the cultivation of the same piece of land year after year. Fallowing may occur, but it never occurs more than a season or two. The absence of a protracted fallow periods means that other soil management practices must be employed in order to maintain high soil fertility.


Maintaining soil fertility under continuous cropping;
1. Application of fertilizers and other soil amendments in order to boost fertility. 

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

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

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

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

4.2.2 Mono-cropping & Multiple cropping system

Monocropping/monoculture:  It refers the growing of only one crop on a piece of land year after year. It may be due to climatological and socio-economic conditions or due to specialization of farmer in growing a particular crop. For instance under rainfed conditions, groundnut or cotton or sorghum may grown year after year due to limitation of rainfall. Tobacco may be grown in an area year after year due to specialization of the farmers/entrepreneur in growing it. Under waterlogged condition, rice crop may be grown, as it is not possible to grow any other crop. This is not a common system of growing crops in tropics except in plantations and swamp rice, sugar cane or large-scale maize production.  

Multiple cropping: Growing two or more crops on the same piece of land in one calendar year is known as multiple cropping. It is the intensification of cropping in time and space dimensions, i.e. more number of crops within a year and more number of crops on the same piece of land at any given period. It includes intercropping, mixed cropping and sequence cropping.

Sequence cropping: Growing two or more crops in sequence on the same field per year. The succeeding crop is planted after the preceding crop has been harvested. Crop intensification is only in the time dimension. There is no intercrop competition. Farmers manage only one crop at a time in the same field, such as:

Double cropping: Growing two crops a year in sequence

Triple cropping: Growing three crops a year in sequence

Quadruple cropping: Growing four crops a year in sequence

Ratoon cropping: Cultivation of crop regrowth after harvest, although not necessarily for grain eg. Sorghum ratoon can be grown for forage. The first harvested is usually called plant crop and each succeeding harvest is designated as first rayon, second ratoon etc. the term has been applied traditionally to sugarcane, pineapple and banana and more recently to grain and forage sorghum, cotton, rice etc. basically ratoon cropping implies:

· More than one harvest from a single planting 

· Regrowth from basal buds on the stem or crown 

· Harvesting of most or all the aerial portion of the plant

Advantages

· Reduced cost of production through saving in land preparation and seed materials

·  Reduced crop cycle period for ratoon crop 

· Better utilization of growing season in mosoonal climates 

· Higher yield per unit area in a given period of time 

· Can be used in breeding to maintain the same plant of clone through several seasons and

·  Less input (irrigation, water, fertilizers) requirement than main crop

Disadvantages

· Lower yield then plant crop 

· Buildup of injurious insect, weed or disease problem and 

· Greater cost per unit produced

Intercropping: Growing two or more crops simultaneously on the same field. Crop Intensification is in both the time and space dimensions. There is intercrop competition during all or part of crop growth. Farmers manage more than one crop at a time in the same field. Some of these are:

Mixed intercropping: Growing two or more crops simultaneously with no distinct row arrangement.

Row intercropping: Growing two or more crops simultaneously where one or more crops are planted in rows.

Strip intercropping: Growing two or more crops simultaneously in different strips wide enough to permit independent cultivation but narrow enough for the crops to interact agronomically.

Relay intercropping: Growing two or more crops simultaneously during part of the life cycle of each. A second crop is planted after the first crop has reached its reproductive stage but before it is ready for harvest.

1. Mixed cropping: this is when the various crops are grown intermingled more or less at random with each other. 
4.2.3 Crop rotation

The practice of growing different kinds of crops, one at a time, in a definite sequence on the same piece of land is referred to as crop rotation. In designing a good crop rotation, the farmer must decide what crops to have in the rotation, in what sequence the crops should occur, and for how many years or season each cycle of the rotation must run. 

A good rotation that provides for maintenance or improvement of soil productivity usually includes a legume crop to promote fixation of nitrogen, a grass or legume sod crop for maintenance of humus, a cultivated or intertilled crop for weed control and fertilizers. Perennial legumes and grasses may leave 2 to 3 tons of dry weight per acre of roots residues in the soil when plowed down. 

Factors that affect crop rotation 
The choice of a rotation for a particular farm depends upon the following:

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

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

3. Crops may be selected for rotation so as to spread labor throughout the year. 

Factors to consider in deciding the sequence of crops (principles of crop rotation) 
1. The target crop (the main crop) should be planted immediately after the legumes or fallow period. At this time the fertility of the soil is at its peak and the optimum realizable yield of the target crop is possible. Crops which are known to have a high demand for nutrients are also timed for the first season after the fallow. 

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

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

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

Types of Crop Rotation 

In planning crop rotation, the farmer may decide to consider his entire field as one plot. He then rotates the crops in sequence on the field. At any given time, there is only a crop on the field, and that crop would not return again until the next cycle some years later. 

This system, however, has certain disadvantages: 
1. The growing of one crop means that the demand for labour occurs in peaks. Labour demand is more evenly spread if many crops are grown simultaneously. 

2. The risk of crop failure is ever present, and the risk is greater where only one crop is grown. 

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

Most farmers who practice crop rotation find it more convenient to divide their field into as many plots as there are years in the rotation. The farmer then starts with a different crop on each plot and progress through the rotation. In this scheme, all the crops are present on the farm at any given time. 

Advantages of Crop Rotation 
1. It is an effective means of controlling diseases and pests. The pathogens and pests of a particular crop are more likely to die off when their host crop is followed by a completely different non-host crop. Many insects are destructive to only one kind of crop. The life cycle is broken when crops grown are unfavorable to the development of the insect pest. Cotton root-knot can be reduced by the growth of immune crops in the rotation. 

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

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

4. Crop rotation is an effective means of reducing erosion in comparison with continuous cropping. Grass legumes mixtures in a rotation have been very effective in the reduction of erosion. 
CHAPTER 5:
AGRONOMIC PRACTICES/CROP HUSBANDRY/CROP MANAGEMENT
5.1. Seed and seed quality

· Definition: -

· Seed, in its broad sense, it is any plant part, which is used for commercial multiplication of a crop.

· In restrict sense; it is the product of fertilized ovule that consists of embryo, seed coat and cotyledon(s).

· Seed is the nucleus of life. Plants are derived from seeds. The vegetation thus produced is a source of food, feed and fiber for the survival of mankind. They are vehicles for the spread of new life from place to place by the atmospheric elements, animals and people.

· Seed germination: - the growth of the miniature plant (embryo) contained within the seed into a larger plant. The endosperm functions in supplying food material to the growing embryo. The food material stored in the cotyledons is also utilized during germination.

· The first event that occurs after the seed is sown in moist soil is that the seeds imbibe water. This process causes the seed to swell and also results in the activation of various enzyme systems in the seed.

· For seeds to be able to imbibe water adequately they must be in good contact with moist soil. It is for this reason that the soil should be firmly pressed down over the seed after inserting it in the soil.

· Following imbibitions, the food material present in the seed is hydrolyzed; starch is hydrolyzed to sugars, proteins to amino acids and fats to fatty acids and glycerol. The products of hydrolysis are then translocated to the growing points, where they are used as building blocks for new cells, and as substrates for respiration to supply energy for various processes.
· For seeds to germinate, certain environmental conditions must be fulfilled. These include:
· Water: - for imbibitions process

· Oxygen: - for aerobic respiration to occur so as to supply energy for germination

· Temperature 

· When a living seed fails to germinate even when provided with the normal condition necessary for germination (i.e. water, oxygen and temperature) such a seed is said to be dormant.

· Seed quality: - it is the ability of seed to germinate and emerge as vigorously seedling plants.
· Important characteristics of quality seed includes: -

· Purity - it should be analytically pure 

· Maturity - it should harvest after fully matured 

· Wholesomeness - no injury, cracking or breakage 

· It should be free from weed seeds

· It should be free from insects, insect eggs or disease spore

· It should be free from admixtures 

· It should be uniform in size and shape

· It should have better germination capacity and vigor

· It should have low moisture content

· Therefore, the best way to obtain seed of good quality is to purchase certified seed.
· There are five main classes of improved seed.

1. Nucleus seed – is the initial seed of an improved, limited in quantity and produced by originating plant breeder.

2. Breeder seed – the progeny of nucleus seed.

3. Foundation seed – originates from breeder seed.

4. Registered seed – the progeny of foundation seed.

5. Certified seed – the progeny of registered seed.

· The overall worth of a batch of seeds for planting can be assessed by means of viability and germination tests.

· Viability test – is intended to distinguish living seeds from dead seeds. 

· The most common viability test is that which utilizes 2, 3, 5 – tri – phenyltetrazolium chloride (TTC). 

· Procedure for testing

· Soak seeds in water for a few hours

· Cut the seeds in to two

· Soak the seed halves in a 1 % solution of TTC in the dark for one or two hours. At the end of this period the embryos of living seeds will stain reddish, while dead embryos or dead parts of the embryo will remain unstained.    

· Since dormant seeds are also living, they give a positive viability result, just as non-dormant living seeds. The viability test, therefore, gives no indication of the immediate ability of the seed to germinate but only indicates whether the seed is alive or not.

· Germination tests have therefore been devised to distinguish between seeds that can germinate immediately and those, which cannot because they are either dormant or dead.

5.2. Tillage and Planting/Sowing

5.2.1. Seed bed preparation

 Seed bed is the place where the seeds germinate and the medium from which the plants through their roots secure moisture and mineral nutrients. It is therefore desirable that the seed bed should be in such a condition as to provide an abundance of moisture, nutrient and air. It must also allow full penetration of plant roots.

Benefits of good seed bed preparation:-

a. Conservation of soil moisture. Important in dry land condition and by controlling weeds which waste most of the available moisture on the fallow land.
b. Destruction of weeds. Conserve nutrient and moisture and to avoid weeds harbor insect pest and disease causing organism by controlling weed infestation.
c. Better aeration of the soil. Air is beneficial for micro organisms for seed germination and root respiration. 
d. Utilization of organic matter.  Increase number of beneficial micro organisms and   water holding capacity of the soil. 
e. Pulverization and loosening of the soil. Improve aeration, Infiltration and Root penetration. 
How can be good seed bed prepared?

Tillage: - it is the manual or mechanized manipulation of the soil to provide a medium for proper crop establishment and growth. There are several purposes of tillage, the major ones are:- 

1. Land leveling. Land is leveled for several purposes. 
2. Seed bed preparation. For proper germination to occur, the seed must make good contact with the soil to be able to imbibe moisture.
3. Incorporating organic matter and soil amendments. Stubble left after crop harvesting can be mixed to improve its physical characteristics. Fertilizer, organic and inorganic, and soil amendments such as lime, may be added to the soil during preparation prior to seeding.  
4. Weed control. Weeds compete with crop plants for growth factors and may harbor diseases and insect pests. Weeds are controlled at various stages in crop production.

5. Improve soil physical conditions. Tillage can be used to break up the hard pan for root growth and development 
6. Erosion control.  Tillage Provide a rough soil surface to hinder the actions of the agents of soil erosion (conservation tillage). 
7. Shaping the soil.  To create raised beds for planting or to create furrows for irrigation.

There are two basic groups of tillage according to the degree of soil stirring.

1. Conventional tillage. The tillage system that leaves less than 15% of the soil covered with plant residue by clearing or removes the remains of plant materials on the soil surface. There are two types of tillage operation :

a. Primary tillage. The mechanical manipulation of the soil that produces a rough finish unsuitable for seeding; usually precedes secondary tillage.

b. Secondary tillage. The mechanical manipulation of the soil that produces a finer tilth for preparing a seedbed; usually follows primary tillage.

The conventional tillage has advantages include the following:

· Even though tillage may cause compaction, it is the most convent method of managing soil compaction when it occurs.

· It is easier to apply fertilizers and perform the agronomic operations when the land is clean.

· The lack of crop residue on the soil surface reduces the opportunity for overwintering / over summering of pests.

The conventional tillage has disadvantages include the following:

· Creates soil erosion 

· Soil compaction. Creating a plow pan due to excessive and repeated use of primary tillage implements at the same depth places pressure on the soil.

· It is expensive 

· Soil organic matter loss. Soil organic matter decreases over time.

2. Conservation tillage: entails practices in which some crop residue remains on the soil surface after the operation. The chief goals of this tillage practices are to reduce soil erosion and conserve moisture. There are different types of conservation tillage practices that vary in the degree of soil disturbance and the amount of crop residue on the soil surface like no tillage, mulch, strip, minimum tillage and ridge tillage. Minimum tillage can be defined as a method aimed at reducing tillage to the minimum necessary for ensuring a good seedbed, rapid germination, satisfactory crop stand and favorable growing conditions ( Arnon, 1972).
Conservation tillage has advantages that include the following.

1. Reduces soil erosion from wind and water.

2. Reduces soil compaction.

3. Soil infiltration and moisture conservation is high because of a large amount of crop residue.

4. Reduce cost of tillage.

5. Soil temperature moderation.

6. Increase soil organic matter over prolonged periods of no tillage.

 The disadvantages of minimum tillage include the following:

1. Dependence on chemicals. Drastically reduced soil stirring means chemical are depended upon in no-till operations for weed control.

2. Higher risk of insect pests and pathogens in early crop establishment because of soil-borne pathogen sand soil surface insects.

3. The higher soil moisture increases the chance of leaching of water –soluble bases and then tends towards acidity over time.

4. Crop residue hinders the application of fertilizer.

5. High levels of herbicide use increase the opportunities for the development of herbicide resistance. And also new weed problem may emerge under conservation tillage.

  Method of planting
Seeds are sown either directly in the main field or in nursery bed, where seedlings are raised and transplanted in the main field at appropriate age of the seedlings. Direct seeding; the crops are grown by sowing the seed directly in the main field. Direct seeding may be by broadcasting and row planting/ drilling.
Broadcasting: - random seed distribution is called broadcasting; Small sized seeds are difficult to plant individually. Most field corps seeded in this way. For examples wheat, oat, teff, rice etc. 

     Advantages of broadcasting seeding include the following.
a. Rapid seeding 

b. Suitable for small seeded crops that are difficult to plant separately.  

      Disadvantages

a. Uneven seed establishment 

b. Require high seeding rate to make up for potential losses

c. Seeds may not germinate ( not covered ) 

Row planting: - it entails more accurate spacing between seeds in a row and between rows. It is a patterned (structured) distribution.

Advantages 
a. Facilitate management practices/ cultivation, fertilization, pesticide application, harvesting )

b. Uniform of stand 

c. To economize or optimize seeds and land resources. 

Seed rate

Seed rate plays a vital role in ensuring the presence of required number of plants per unit area. The seeding rate should be estimated as closely as possible from optimal crop stand establishment. Over seeding causes intense competition among plants whereas under seeding results in under utilization of resources and reduce crop productivity.  The seed rate of a crop depends up on spacing, seed size, seed weight, germination percentage and purity percentage. Therefore, the seed needed to plant an area is estimated as a weight not account, Seed rate (KG/ha) = Area (m2)* test weight (g)* 100*100
     1000*1000* germination (%)* purity (%)* spacing (m2)

Seed rate of a particular crop is influenced by soil productivity, climate (high seed rate in wet climate), crop use (maize for silage has high seed rate) and germination ability of the seed.

Time of planting

Different crops are grown at different seasons depending up on their climatic requirement. Planting crops at proper time increases growth, development and yield of crops due to suitable environment available to the crop at its growth stages. Planting time is influenced by: Rain fall (moisture), Temperature in tropical and temperate regions, occurrence of disease and pests, marketing, cropping system and available of labor. Early planting may risk crop establishment if unexpected adverse weather (e.g. frost) occurs. Late planting, similarly, may produce low yields because of the loss of part of the growing seasons.

Depth of seeding 

Depth of sowing is another factor affecting proper seed germination and good plant stand. Uneven and improper depth of seeding results in uneven plant stands on growth, development and yield of crops. It is, there for essential to sow the seeds of different crops at proper depth. The optimum depths of sowing of different crops depend   up on:-

a. Seed size. Crops having bigger size sown at deeper depth while smaller seeds sown at shallower depth.

b. Soil moisture content. In relatively dry weather seeds sown deeply to contact with moist soil. 

c. Soil type. Seed placement in heavy (clay) soils should be shallow and deep in light (sandy) soils. The optimum depth of sowing of most of the common cultivated crops generally ranges 3-5 cm.

5.3. Fertilizer use and its management

Fertilizer 

 Source of plant nutrient: plant nutrients are essentially supplied through manures and fertilizers. 
Fertilizes are industrially manufactured chemicals containing higher amount of plant nutrient which are released quickly when applied in soil. Fertilizers are materials either natural or industrially manufactured, containing nutrients essential for the normal growth and development of plants. Manures are organic in nature and applied in large quantity and low nutrient content which releases nutrient slowly. They are animal or plant origin and contain more than one nutrient element. Fertilizers are organic or synthetic and nutrient content is higher than in manures. It supplies a particular nutrient or combination of nutrients.

Importance of Fertilizer Application:-soil is the cheapest and only ample source of nutrients which is not able to supply enough nutrients for crop production, if plant nutrients sources are not added from outside from time to time. Addition of fertilizer material from outside helps in maintaining the soil fertility and in turn better crop production is obtained.

Essential Plant nutrient: According to Arnon and Stout (1939), for proper plant growth a regular supply of plant nutrients especially the essentials ones is necessary. Only 16 elements have been found to be essential for all the plants. These elements are N, P,K( Major/primary elements),Ca, Mg and S(secondary elements),Fe,Cu,Zn, Mn,Mo,Cl,B,C H2, and O2(Micro nutrients) based the amount of nutrient is required by plant.  Arnon ( 1954) has laid down the criteria to distinguish the essential elements. They are called criteria of essentially. These criteria are:

1. Plant must be unable to grow normally or complete its life cycle in the absence of the element.

2. The element is specific and cannot be replaced by another element.

3. The element plays a direct role in metabolism.

Type of fertilizes

Sources of Plant nutrient can be supplied to the soil by adding the following fertilizing materials,

I. Organic Fertilizers 

· Bulky organic manures e.g.  farmyard manure, compost sludge, green manure

· Concentrated organic manure e.g. oil cakes, poultry dung, urine, bone meal etc.

· Biofertilizer e.g. Rhizobium, Blue green algae. 

II. Inorganic commercial Fertilizers e.g.  Urea, DAP etc.
     Fertilizer Rate

Factors affecting level of fertilizer application depends upon:

1. Crop types:-Different kinds of crops require different amount of nutrients. The leguminous crops require less N than cereals. Improved cultivars, particularly when they are high yielding, normally respond  more to increased  fertilizer does relative to un improved local cultivars

2. Soil fertility: The ability of the soils to supply the necessary plant nutrients differs greatly from one place to another and at different times. More fertile soils require fewer nutrients to produce a good crop and frequent cultivation makes the soil to decline the fertility through times. Large application of fertilizes can be profitable on soils that have a high productive potential but which are low in fertility 

Therefore, an increase in the amount of nutrient applied to the soil may or may not increase crop yield.

3. Growth stage:-At earlier and midst age nutrient requirement is more than the later stages of crop growth.

4. Moisture status: If soil moisture status is good then response of fertilizer application is more as compared to rain fed or dry land condition.

5. Plant density:-If plant density is more then apply less fertilizer at early stage and more in later stage and vice versa in less plant density. 
6. Cropping system Adopted: - the combination of crop in the intercropping or in rotation also decides fertilizer level.

Methods of Fertilizer Application  

Different fertilizers are applied either in the soil or on plants. 

1. Broadcasting: -application of fertilizer uniformly on the soil surface before or at the time of sowing and/or in the standing of crops. However, due to non uniform distribution and mixing of fertilizer material in the soil, fertilizer use efficiency is low. 

2. Band placement: - application of fertilizer in narrow beneath and/ or   by the side of crop rows is known as (Band placement(.In band placement, fertilizer use efficiency is more than broad casting. A recommended rate of nitrogen and the entire amount of phosphorous and potassium fertilizers are generally applied just before or at the time sowing of the crop is known as Basal fertilizer application. Application of fertilizers in the standing crop is known as Top dressing. 

Split application: - splitting the recommended dose of particularly nitrogen fertilizers into two or three portion and applying them at or before sowing and subsequently at various stages of the crops. The advantage of this method is related to the physical properties of nitrogenous fertilizers, particularly more soluble than other fertilizers.

Time of fertilizer application 

The time of fertilizes application depends mainly on soil properties, crop nutrient uptake pattern and nature of fertilizer material. N, P, and K are taken up by plants in large quantities in early sates of their growth. N is necessarily for the synthesis of protein which are essential for the development of plant tissue.
After flowering, most of the crops especially cereals, contain lesser percentage of N due to greater accumulation of carbohydrates. It has been established that there is inverse relationship between nitrogen and carbohydrate in plants. The time of N application, therefore, depends on the end product of the crop. Fore examples, legumes require N until root nodules are formed which fix nitrogen. Nitrogenous fertilizers are soluble and highly mobile in the soil .They are, therefore, easily lost by leaching and volatilization. Phosphate and potassic fertilizers are less mobile in soils as they are fixed/ absorbed on clay complex. 

Optimal fertilizer efficiency 

 To ensure that a high proportion of fertilizer is used by crop plants, it is important to absorb the following points.

1. Avoid single large fertilizer application  particularly N or in sandy soils where rainfall could cause leaching so that in such condition split application of N is advocated

2. Avoid top dressing of urea fertilizer to reduce losses through volatilization of ammonia, if broadcast or band placement, the urea should be covered with soil.

3. When fertilizer application is at planting, care should be taken to avoid direct contact with seeds.

4. It is best to broadcast phosphate fertilizers and incorporate it in to the soil before planting.

5.4. Crop Protections

Weeds are defined as any plants growing where man does not want them. Weeds encompass all types of undesirable plants, such as trees, bushes, broad- leaved plants, grasses sedges, aquatic plants, and parasitic flowering plants. 

 The following types of weed damage have been found:

· Compete the crop for essential plant nutrients, moisture and light

· Create harvest problem 

· Reduced  quantity and quality of  plant and animals products

· Serve as alternative host for diseases causing agents and insects

· Losses from increased cost of production.

· Reduced land value and limited crop choice. 

· Reduction of yield

Only in some ways may weeds be beneficial:

· Weeds reduce soil and nutrient losses from erosion and leaching when the land is bare of crops.

· Weeds provide feed and cover for wild life and

· Weeds add organic matter in to the soil.

            Weed control methods

I.  Preventive methods: land preparation, seed cleaning, field sanitation, proper quarantine, and regulation of contaminated crop seeds.  

II.  Crop competition:    to be competitive or smoother crop, the crop must be vigorous and fast growing. 

III.  Physical:  hand-weeding, tillage, mowing,  burning, hoeing, flooding, and mulching

IV.  Biological methods: 

a. Natural enemy ( fungus or insects ,vertebrates) 

b. Resistance species ( allelopathy ) 

V. Chemical methods: using herbicides.  , herbicides may be classified based on:

· Nature of damage

       a. Non selective herbicides: kill all plants when applied at adequate rates e.g. 2, 4-D

       b. Selective herbicides: kill or stunt weeds in a germinations or growing crop without harming the crop e.g. Gram axon.

· Time of application

a. Pre emergence- systemic herbicides e.g. soil- acting herbicides 

b.  Post emergence – selective herbicides e.g. sprays of 2, 4-D in cereals.

 It is very important to know which wed flora or weed species occur in a given area in order to establish appropriate weed control program. Important weed species of cultivated land in Ethiopia are Amaranthus, Cuscuta, cyperus species, Digitaria, Avena, Orobanche, Striga hermonthica etc. 

    3.3.4.2. Insect pests

Insecta (insects) are arthropods that   have   small size, three body regions ( head, thorax and abdomen) , three pairs of legs , a pair of antenne and they feed by mandibles.  Most insects are beneficial, others are considered as the most common crop pests.
a. Beneficial insects: Pollinators (e.g.  Bees, wasps), Parasitoids (e.g.Tricograma on stalk borer), and Predators (e.g. Lady Bird beetle on aphids).
b. Harmful insects: Field pests (e.g. army worm), Storage pests-(weevils, flour moths), and Vectors (leaf hopper, aphids). 
The major economic insect pests in Ethiopia are African boll worm, cereal stem borer, Red teff worm, sorghum chafer, wello bush cricket, Aphids, Army worm, weevils, flour moths etc.

 3.3.4.3. Plant disease 

Disease is harmful deviation from the normal function of physiological process of an organism. Crop diseases cause yield reduction. Plant disease may be classified into two categories on the basis of causal agent:

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

b. Biotic (Infectious) disease: - caused by pathogen and can be transmitted. The organisms are fungus, bacteria, nematodes and viruses, parasitic higher plants.

The interaction between the causal organism (Pathogen), host and certain factors within the environment and these factors form what is called the Disease triangle. Disease will occur only when the pathogen interacts with a susceptible host under favorable conditions. The presence of a pathogen alone is not sufficient to cause disease. The most serious crop diseases in Ethiopia e.g. Rust, Smut, Leaf blight, Root rot, powdery mildew, Damping off. etc.

Control measure: Exclusion of pathogen (quarantine), Eradication of pathogen, Use of resistance variety, and protecting susceptible host uses these various methods either separately or in combination (Integration).

Integrated Pest Management (IPM):  is a pest management strategy that is socio- economic context of farming systems, the associated environment and the population dynamics of the pest species, utilizes all suitable techniques and methods in as compatible manner as possible, and maintains the pest population level below those causing economic injury (Dent, 1991). The economic injury level is the lowest population density that will cause economic damage. The ultimate objective of IPM is to reduce dependence on chemical control as the main input for crop protection. 

Components of IPM:

1. Quarantine measures: Is enforcement of laws against establishment of exotic pests by exercising phyto sanitary inspection at points of entry to an area of interest.

2.   Host plant resistance. resistant cultivars 

3.  Cultural control: refers to the use of management practices that make the environment less favorable to pest reproduction, dispersal and/ or survival .e.g. time of panting, site selection, crop rotation, seeding and planting methods, crop residue and alternative host destruction, tillage practices and appropriate cropping system, fertilizer and water management.
4. Mechanical and physical control methods: these methods are measures that are taken to destroy pests or make the environment less favorable for their entry, reproduction, dispersal and / or survival. These methods include manual collection and destruction of insect pests, mechanical exclusion of pests by means of nets, ditches, fences and traps.

5. Interference methods-the use of semio chemicals, the sterile insect and use of insect growth regulators are loosely grouped together under the common theme of interference methods.

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

7. Chemical control- refers to the use of pesticides for the control of agricultural pest.

8.   Botanical and animal products –use available botanical and animal products are very important for controlling of pests. This integrated pest management strategy should be reached to crop producers/ growers through extension service.

5.5. Harvesting, Storage and Marketing

Maturity and time of harvest

The best time to harvest a crop depends on: type economic yield, utilization of product, and storage methods, moisture content and environmental factors. Harvesting should be done when the grains fully mature and dry. Early harvesting causes yield loss in quantity and quality due to disease attack and shrinkage of grains where as late harvesting may cause yield reduction due to shattering and lodging and pest attack etc.

Physiological maturity: – the stage of development of the product at which maximum dry weight has been attained by the plant and consequently no gains in product yield can occur with increased production inputs. At physiological maturity, translocation of photosynthetic to economic parts (grain) is stopped and moisture content drops up to 20 %. It is advantageous to harvest the crops at physiological maturity, which can be judged by external symptoms of crop s like yellowing of leaves, drying of pod and bursting of grains or pods.

Harvest maturity: - The stage of harvesting a product to obtain peak quality and quantity, as determined by the producer.

Methods of Harvesting: It is the processes of collecting various plant produces, whenever they are ready for utilization or marketing.
·  Collecting grains and fruits of various crops 

· Picking up cotton fibers, tobacco leaves, flower

· Digging of root and tuber crops 

 Storage 
It is very important factor specially in horticulture crops, due to the fact that , their produce is highly perishable and not storable for a longer time, since they continue their respiration  ( exchange of gases ) and transpiration ( water  release ) processes even after harvest, all the expense of their own reserve food and mixture . 

Important condition for safe grain storage:-

·  Low moisture content of products (8-15%)

· Low temperature in the store  to suppress pathogens and insects 

· Good aeration to facilitate moisture loss

· Appropriate protection of the product from rain, insect pest and rodents 

The storage structure and grain container should be well treated and cleaned

· After harvest, products will go directly to: 

· Consumption

· Markets

· Commercial storage

· On-farm storage

· Crops are stored from a few hours to several years depending on:

· Type of crop

· Storage condition

· Purpose of storage

· Reasons for storage include:

· To balance periods of plenty against periods of scarcity

· To make the products available the whole year round

· To use for coming seeding

· To improve quality

· Delay marketing of a crop until prizes rise

·  Shelf life of a crop during storage depends:

· initial quality of the crop

· storage stability 

· external conditions

· In general, we can group the storage structures in to two:
1. Structure which requires refrigeration

· Refrigerated storage

· Controlled atmosphere storage

2. Traditional storage without refrigeration

· Earthen pots, baskets, sacks, bags

· Underground storage

Marketing of Agricultural Crops

Definitions: - 

· Marketing - getting the products to the consumer

· Agricultural marketing – is a process by which the producers and buyers of agricultural goods are brought together 

· Buyer of agricultural crops can be divided in to three main categories:

1. Those who purchase agricultural crops for direct consumption

2. Those who demand agricultural crops for use as intermediate crops

3. Those who buy agricultural crops for sending them abroad

· Marketing of agricultural crops is more complicated than marketing of other non agricultural goods for the following reasons:

· Production characteristics (small scale, scattered, seasonal)

· Product characteristics (more bulky and less value; perishable; varying, uncertain quality and quantity; elastic supply) 

· Consumption characteristics (continuous, regular and in small quantity, inelastic demand)  

· Marketing functions 

· Assembling : - has two purposes

1. For meeting the demand of consumers

2. To provide a sufficient volume of products to middleman

· Processing: - since agricultural products are not ready for consumption when they leave the farm then processing is important.

· Dispersion

· The following services are important to the main functions of marketing

· Standardization and grading 

· Packaging

· Transportation

· Storage

· Risk bearing

Financing
CHAPTER 6: INDIVIDUAL FIELD CROP PRODUCTION
6.1 CEREAL CROP PRODUCTION
1. Maize (Zea mays L.)

General plant features 

It is a tall annual grass plant with a strong, solid stem carrying large narrow leaves. The male flowers are produced on a tassel (The staminate inflorescence) at the top of the plant and the female some distance away on one or more spikes in the axis of the leaves. 
Origin and distribution

Though Maize has never been found growing in a wild state, it is Native to the Americas. A widely held view was that maize had evolved from the annual weed teosinte, Euchlaeana Mexicana, which grows with and is inter-fertile with maize. It has since become a dominant food crop in many sub- humid areas of Africa and has partially replaced sorghum and millet as a rain fed staple in a number of staple in a number of semi-arid areas.  Maize played an important role in the establishment of many of the first white settlers in Angola, Kenya, Zambia and Rhodesia. 

The crop has become important because it has several advantages over other cereals: 

1. It produces a high output per unit of labor in put

2. It is easy to establish and cultivate

3. Birds do not usually eat the grain in the field

4. It is easy to harvest, store, transport and process. 

5. Time of harvest is not critical 

Globally maize is cultivated in an area of 140.1 m ha with the production of 576.8mt. In Ethiopia, it is second to tef total area but first in total production. Among cereals, the productivity of maize is the highest (4.1 t/ha) as compared to rice (3.7 t/ha) and wheat (2.5 t/ha). Maize produced largely in the Western Hemisphere and Europe.  It is the most important grain crop in the United States. 

Environmental requirements 

Maize does not tolerate high temperatures and also frost. The optimum temperature 18-21oc. It is very susceptible to drought conditions. Maize, with its large number of CVS with different maturity periods, has a wide range of tolerance to environmental conditions.  The bulk of the crop is grown in the warmer parts of the temperate regions and in the humid subtropics. It is not suited to semiarid climates, or to the ever-wet tropical evergreen rain forests. It requires a frost-free growing periods.  RF during the growing period should not fall below 200mm and 450-600mm is preferred, with periods of clear warm weather between the rainstorms.  In the tropics maize does best with 600-900mm of rain during the growing season. The most critical period is the 30 days of maximum growth before pollination, when warm wet weather is required with 100-125 mm of rain. A good distribution of rainfall and a sufficient amount to maintain steady growth are essential during the critical months of July and August.

Maize can be grown on a wide variety of soils, but performs best on well-drained, well-aerated, deep, warm loams and silt loams containing adequate organic matter and well supplied with available nutrients. Maize can be grown successfully on soils with PH from 5-0-8.0, but 6-7 is the optimum. Soils very high in available Nitrogen will cause lodging of the small grains, but they are desirable for Maize. Sufficient potassium and phosphorus are also of importance in obtaining maximum yields of high quality grain. A growing season of 80 to 160 days is necessary to mature the various dent-corn hybrids, with most of them requiring 110 to 130 days to complete growth.
Botanical / Plant characteristics 

A stout annual grass usually with a single stem, 1-4m high, but one or more tillers may be produced in some forms. 

Roots: - 

The radical grows out to produce the first seminal root, after which three or more seminal roots grow out sideways from the embryo.  They supply most of the nutrients during the first two weeks after germination and remain functional for some time, although later the adventitious roots perform the main function of absorption.  

The adventitious roots develop from the lowest nodes to the stem immediately above the mesocotyl, were the nodes of close together and about 2.5cm below the soil surface.

Some roots grow horizontally for 0.5-lm and then turn sharply downward, others grow almost vertically to a depth of up to 2.5m they branch profusely.  

At the time of the rapid elongation of the stem, the 2-3 nodes above ground produce whorls of prop or brace roots, which are thick, partially photosynthetic and often deeply pigmented, on entering the soil they branch and behave like ordinary roots.
Stem: - 

Solid, usually 2-3m high, but varying from 1-6m, 3-4cm in diameter with clearly defined nodes and inter-nodes, 8-21 in number, but usually about 14. Inter-nodes short and thick at base, being longer and thicker higher up, and then tapering to the terminal male inflorescence. .
Leaves: -

Borne alternately on either side of the stems at the nodes, 8 – 21 in number.  Sheathe encloses inter-nodes for varying distances, entire below, split above, glabrous or pubescent, usually with hairs along upper margins, blade linear-lanceolate, acuminate 30-150 x 5-15cm. Stomata usually more numerous on lower surface, margins wavy, pronounced midrib with small parallel veins, ligules colorless, about 5mm long, auricles sometimes poorly developed
Inflorescence: - 

The maize plant is monoecious and diclinous, with male and female inflorescence borne in separate inflorescence on the same plant. The male inflorescence is called tassel, is a terminal panicle, up to 40cm long, of which the central axis is a continuation of the stem, bearing a variable number of lateral branches. Paired spikelets borne in several rows on main axis and in 2 rows on lateral branches.  Each spikelet has 2 glumes almost equal in size. 2 staminate flowers are contained within glumes, of which the upper is the first to mature. The female inflorescence is called ear - is a modified spike, produced from a short lateral branch in the axil of one of the largest foliage leaves, about half way down the stem. Sometimes 2 or even 3 buds may develop in to ears, usually from above down wards.  The branch has short internodes at the base, with 8-13 modified leaves at the lowest nodes forming the overlapping husks which enclose and protect the inflorescence; the husks consists mainly of leaf sheaths, and the blades are reduced or absent.  The central axis or cob is a thickened modified stem, the color varying from white to yellow or red, and bears paired spikelets in longitudinal rows. 
Fruit: - 

The fruit is known as kernel or grain. It mature and ripe about 50 days after fertilization. The kernels are borne in an even number of rows, 4-30 along the length of the cob, having been derived from the single fertile flower of each of a pair of spikelets.
The Kernel consists of: 

1. A short spongy pedicel or tip 

2. Pericarp or fruit wall, known as the hull, which is smooth except in some soft corns and all sweet corns and all sweet corns 

3. Testa, which is rarely present 

4. Endosperm which, in the absence of testa, is united with the pericarp  

Propagation Methods 

Maize is always propagated by planting the whole kernels.  After wind pollination of the filament like styles the grain develops in rows on the female spike (cop) to produce the maize ear in its surrounding husk leaves.  

Economic Importance and it’s Nutritional value

Maize is one of the world’s 3 most important cereal crops (the others are rice and wheat). It has the widest distribution of any cereal. The crop is primarily grown for its grain, which is consumed as human food. In some developed countries Maize is also grown for animal feed and as a base for industrial products such as oils, syrup and starch.  The grain may be fermented to produce beverages and then distilled to provide whisky or industrial alcohol, acids, acetaldehyde, acetone and glycerol. The crop residues can be used as fodder, bedding, building material and fuel. Maize has the same calorific value as wheat or rice but has lower levels of essential amino acids, lysine and tryptophan. It also has lower levels of niacin but is higher in thiamine  
Land clearing and leveling 

Newly planted maize requires weed free soil that is warm, moist, well supplied with air and only fine enough to give contact between the seed and the soil. Too much cultivation destroys the crumb structure of the soil, so that a surface crust may be formed which increases run-off and prevents the water entering the soil.  The amount of cultivation done will depend upon the environment, on the type of soil and moisture.  With heavy clays, early ploughing or cultivation is necessary. 
Tillage

In ridge- row tillage, maize is planted on ridges turned over on undisturbed soil, this assists drainage on poorly drained soils and, if on the contour, holds back run-off. Listing is practiced on well-drained soil where RF is light, the maize is planted at the bottom of furrows, seed bed preparation and planting taking place in one operation.  The depth of ploughing is 15 – 30 cm. Secondary tillage, using a disc or harrow, may be done between the primary cultivation, or ploughing, and planting. The purpose is to break clods, cut trash and sods, kill weeds and bring the seed bed into the correct stage for planting.  In Ethiopia, the land is often still cultivated by oxen and/or hoe. Three to four times oxen plough is important. 
Seedbed preparation 

The seed should be planted about 4-6   cm deep in a level, moist Friable seedbed.  Good ploughing can usually produce this, about 20-25 cm deep, in autumn, leaving a fairly level surface for frost action and avoiding deep working in spring which might produce a cloddy tilth. Sub soiling should break up soil pan. 
Sowing 

Maize should be drilled at the end of April or early May with a precision drill fitted with the correct belt, cell wheel or plate to ensure an even and correct distribution of undamaged seed. A row width of 75cm is good. The seeds may be planted mechanically by drill or check-row planters or broadcasting using hand like in the Ethiopian case. An average seed rate of 9 – 16kg/ha, using row planter, is used. If broadcasting, 25 – 30kg/ha is appropriate. Planting depth is 5-12.5cm depending on the soil type.
Fertilization 

Yields can be improved by applying FYM Nitrogen- up to 125kg/ha applied in seedbed. Apply the entire quantity of FYM or compost 2-3 weeks before sowing. Fertilizes per hectare 60-69-0(N:P2O5:K). Apply the entire quantity of fertilizers at the time of sowing.  But in the case of sandy soils and in assured RF areas Nitrogen may be applied in 2 equal split doses, one at sowing and the other 3-4 weeks after sowing.  

Irrigation

Under dry conditions, the supply of water can be critical for the growth of the crop.  Under rain fed conditions, the application of a single additional irrigation at a critical growth stage can make substantial difference to output.

Inter-cultivation 

Maize is inter-cultivated to control weeds, and to a much lesser extent to conserve moisture and aerate the soil.  The first regular inter-cultivation is usually given the corn when it is 2-3 inches tall. In order to save time and reduce cost, the spike-tooth harrow, rotary hoe, and weedier are sometimes used instead of the regular cultivator. In the Ethiopian condition, inter-cultivation is practiced using oxen plough. 

Crop protection 

Weed management 

Weeds can ruin a maize crop because of their faster growth rate. However, most annual broad-leaved weeds and black grass can be controlled by the herbicide atrazine applied at planting time.

Insect pests 

The major pests of maize are stem borers of the order lepidopteron, corn ear worms, Heliothis spp, which damage the maturing ears in many areas; cutworms, Agrotis spp and army worms- laphygma spp- that cause damage to the growing plants.  Rats, other rodents, wild pigs, monkeys and large birds also cause damage in some areas. 

Diseases management 

The important diseases of maize are leaf blight, helminthosporium turcicum; leaf spot H. carbonum; rust puccinia polysora now widely distributed in Africa.  Rust can be controlled by seed dressings and removal of diseased plants 
Harvesting and processing 

When the crop is mature, the leaves dry and the husk surrounding the cob becomes dry and papery.  For hand harvesting in Africa in the dry season, it is often left standing in the field until the moisture content of the grain has been reduced to 15-20 percent. Most of the crop in the dry tropics is harvested by hand by the removal of the cob and husk from the plant.  Most of the crop is stored on the cob until needed. Shelling (the removal of the grains from the cob) is carried cut by hand though there are many types of hand and pedal powered mechanical shellers now in use. 
Storage

Drying in the sun and air is the cheapest method. The ears may be hung under the eaves of a house or from the rafters inside, where heat and smoke from the open fires assist in drying and helps to repel insects. In parts of Africa with a long dry season the ears are sometimes hung in bunches from the branches of trees underground storage pits are used is some regions.
2. Teff ( Eragrostis tef) 

Origin and Distribution: - 

Tef originated in Ethiopia. It has been introduced into many warm countries, but has never been adopted as a cereal outside Ethiopia. It has some importance as a hay crop in South Africa and successfully as a green fodder in India. 
Climate: -  

Optimum altitude for cultivation of teff ranges 1900-2000m. The max. R.F is about 2500mm and max. temp. at 2000m about 25-28oc. The soil should have good permeability and heavy loam is preferred. It does better on well-drained red or black clay soils. The plant gives the best results in areas with an annual average R.F of 1000mm with 450-500mm during the main growth period.

Botanical Characters: - 

An annual grass 40-80 cm high. Inflorescence a loose open panicle, 15-35 cm long spike lets mostly 5 flowered, sometimes 7-9 flowered, grain small 1-1.5mm long, 0.75-1mm wide, white or reddish brown, caryopsis naked. Pollination:-  Teff is self-pollinated.
Chemical composition: -  

The grain contains water 11.2%, protein 9.1%, fat 2.2%, and carbohydrate 74.3%. Mengesha (1966) states that the grain is very rich in iron and calcium  
Seed bed preparation:- 

Field is ploughed 2-5 times depending on soil type, weed condition, water logging and related problems.  Heavy clay soils need more plowing than sandy or loam soils. The first ploughing of loamy or sandy soil should be made immediately after harvesting of the previous crop on heavy clay soils, first ploughing is made soon after there is adequate moisture in the soils to make it workable.  This is followed by secondary tillage. The final ploughing is made on the date of sowing.
Sowing: - 

Broadcast method. Seed rate 25-30 kg/ha. Sowing Date is between mid July to August.  The uppermost layer of the soil needs to be moist enough during sowing.  
Fertilizer application:- 

When tef is grown on heavy soils 60 kg/ha P205 and 60kg/ha N light soils and 60kg/ha P205 and 40kg/ha N. All the recommended amount of phosphorus and half of Nitrogen are basally applied or incorporated into the soil immediately before sowing by broadcasting. The remaining N should be applied at tillering stage where DAP and urea are the only fertilizers accessible, all the P and N components contained in the DAP is applied at planting.  Following this urea is applied at about tillering stage.
Weeding: 

It is best to start with a weed free and clean field that has been ploughed in the appropriate season and frequently enough to kill the weeds.  The work should also start with clean tef seeds that are free of weed seeds. Hand weeding once at early tillering stage (25-30 days after emergence) is ideal and adequate if the weed  population is low.  However, if the infestation is high, a second weeding should be done at the stem elongation stage. Hand weeding after heading is not recommended because it may result in heavy damage to the plants. 
Insect – pest

1. Wollo bush-cricket- feeding flowers control → application of 8-10kg/ha of 2.6 % BHC dust has found effective 

2. Central shoot fly

      Control → A seed dressing before sowing with 40% Aldrin wp at the rate of 50g/kg of seed is recommended. 

3.  Red tef worm
           Control → cypermethrin 25% or Fenitrothion 50% spraying should be done when, 

           on the average 25 larvae/m2 or red tef worm are counted. 
Diseases 

Tef rust and head smudge.  It causes on average loss of 10/25%. Damping-off 

Control method by spraying tride morph has decreased helminthosporium leaf spot from a 25-30% infection level to a 1-2% level. 
Harvesting and threshing 

Tef is harvested when the vegetative parts turn yellowish (about 4 months). Harvesting before the plant gets too dry helps prevent losses from shattering. As the seed falls easily, harvesting takes  place by cutting with a sickle when the panicle become a grayish colour.  Threshing is undertaken manually
Storage: -  

The grain is stored outside the house in a granary made of wood or bamboo plastered with mud mixed with tef straw to reinforce it; or stored in the house using other storage containers. Tef seed is stored very easily for several years under local storage conditions because it is not attacked by weevils or other storage pests and chemical are not required to control storage pests.   Some research recommendations for tef growing in Ethiopia.

2.2 Sorghum (Sorghum bicolor (L)Moench)

Sorghum had its origin in the north-eastern of Africa where wild sorghum still exist today. From there it spread throughout Africa into India and China. In middle of the 19th century, sorghum reached U.S.A. Sorghum is the fifth most important world cereal following wheat, corn, rice and barley. It is a crop of choice in drier part of the world because of its great merit of drought resistance. Grown mainly in tropical Asia, India and China, used as food and animal feed. The whole grain approximately contains 8-6% protein, 2-5% fat, 68-74% carbohydrate, 1-3% fiber and 1.5-2.0% ash. For food, the white grains are prepared to the red, giving more attractive flour which is used to make porridge or flat bread (injera). In Africa, sorghum is largely used for making beer, for livestock and poultry feed.

2.2.1 Botanical description

Sorghum is an annual plant belonging to family Graminae and genus sorghum. 

1. Root: Sorghum has adventitious and fibrous root systems with finer rootlets. These roots are mostly confined to the upper 25cm of soil, but in later stages of development under unirrigated condition may reach 100-150cm. Prop roots may develop from axillary bud from lower node of stem. The sorghum produces a large number of fibrous roots that are twice as large as the absorptive area of maize roots.

2. Stem: Sorghum stems are soiled, though the center may become spongy with space in the pith. Stem height varies from 0.5-4m, and thickness (at base) from 1-5cm diameter according to varieties. Number of node and internode varies from 7-18. Each node produces a leaf. All leaves are formed during the first 3 to 4 weeks after planting. Tillers sometimes form on basal nodes and also from axillary bud. Stem is juicy and sweet or pithy with little juice. Tillers are undesirable and result in uneven ripening of the seed and create problems associated with harvesting uniformly mature seed.

3. Leaves: Sorghum leaves vary in number from 7 to 24, in length from 30 to 135cm (matured leaf), and in width from 1.5 to 13 cm at widest point. There are also lines of motor cells which cause the leaves to roll under drought conditions. It reduces plant water loss. Leaf arrangement is opposite. The leaf has sheath and blade wax deposit occurs on upper side of the leaf.

4. Inflorescence: The inflorescence of sorghum is paniculate, which may be compactor loose, varying from 7.5-50cm in length and 4-20cm in width. The paniculate is composed of numerous spikelet’s, which usually occurs in pairs, one of them being sessile (fertile) and the other pedicel (sterile). The sessile spikelet has two glumes which enclose two florets. The upper floret is fertile and the lower is sterile. There are three stamens and a single pistil (ovary). Generally speaking, one grain is formed as the result of fertilization of the perfect floret, but there are certain varieties can produce twin grain in each spikelet, due to the second floret also being fertile. A single inflorescence produces between 4,000-6,000 flowers. Sorghum flowers begin to open after the inflorescence has come out of the sheath. Normally the flowers are pollinated from the higher flowers of the same paniculate, but natural crossing may also occur 5%.

5. Grain: The grains are rounded, pointed at the base and have a slight depression near the end. Color of the grain may be white, red, pink or brownish-yellow. The grain consists of endosperm (84%), embryo (10%) and pericarp (6%).

2.2.2 Sorghum Production

Sorghum, called “camel of cereals”, withstands extreme heat and dry better than other crops. It is adapted to a wide range of ecological conditions and can be grown under conditions which are unfavorable for most of the cereals. For germination optimum temperature is 18 ℃, for growth optimum temperature is 27℃ to 32℃. The minimum and maximum temperature for growth is 15℃ and 40℃ respectively. Sorghum can be grown on a wide range of soils from heavy vertisols to light sands. It tolerates salinity and water logging conditions better than other cereals except rice and teff. Sorghum is a short day plant. So in Ethiopia, sorghum planting date: Highland: Mid April to Early May. Midland: End of April to Mid May. Lowland: Early June to Late June.

1. Land preparation: One or two deep (20-25cm) plowing is required depending on soil type and weed growth. With subsequent 2-3 harrowing the soil is pulverized to fine tilth for grain germination. 

2. Seeding rate: There are approximately 35,200 seed/kg and the thousand grain weight is18-28g. They can be calculating to seeding rate. In Asian, sorghum is sown at a very close spacing to have very high plant populations, for the tall cultivars, 60,000-180,000 plants/ha. This ensures both high yield and erosion control because of adequate ground cover. Generally speaking, plant populations of 78,400 plants/ha and in 50cm rows are most desirable. Sorghum seeds should be sown at a depth of 2.5-5cm, but not be more than 5cm deep in any case. Sorghum seeds can be sown by broadcasting, drilling or sowing in a furrow or ridges. Recommended population of 120,000 plants/ha, which means sowing 60×14cm2.

3. Fertilization: If we calculate sorghum grain yield will be 10-15 tones/ha. Recommended rate of fertilizer is following: Nitrogen: 100kg/ha in two splits, half at sowing and half 4-6 weeks after sowing for sorghum after a short fallow or non-legume crop, or 40-50 kg/ha as a single top dressing 4-6 weeks after sowing for a sorghum following a good legume crop.

Phosphorous: 40kg p2o5 /ha at planting.

Potash: 30kg k2o at planting.

Fertilizer should be placed 7-8cm away from the row 3-5cm below the seeds.

4. Thinning: Thinning is a very important operation in sorghum cultivation for maintaining desired plant population. It can be done at two stages: First thinning 10-15 days after emergence and second when crop is 20-25 days old. All disease and insect infested plants should be removed while thinning.

5. Weed control: The control of weed is important in the early stage, because sorghum grows slowly in the seedling stage. But when sorghum has become well established, it can tolerate weeds better than most crops. A combination of production practices is required for controlling weeds in sorghum. Tillage, narrow row spacing, mechanical cultivation and herbicides provide the best results.

6. Disease and insect control: Sorghum seed production requires the careful control of diseases and insects. Most diseases infect the seed or seedling, leaf, head or root and stalk. Seed/seedling diseases are often caused by fungi. These pathogens invade the endosperm of the germinating seed. Seed treatments can be effective. Leaf diseases are caused by bacteria, generally do not cause major problem. Head diseases are primarily caused by smuts and result in reduced seen formation. The most serious smut is head smut which completely destroys the entire head. It has been estimated that insects annually reduce sorghum yields by 9%. The primary insects are sorghum midge, green bug, sorghum shoot fly. In addition to insects, birds and rodent also consume large quantities of exposed sorghum seed. This damage is particularly prevalent when the seed is at the soft-dough stage and the sugar content of the seed is greatest.

7. Harvesting and storage: Sorghum can be harvested as a standing crop with a combine at moisture contents as high as 25% although this requires subsequent drying. Typically, the seed is mechanically harvested at moisture contents of 11% to 15%. Sorghum seed is easily damaged during threshing. Sorghum seed should be stored at moisture with 8-10% being ideal.

2.4 Wheat (Triticum aestivum L.)
Among the cereals, wheat ranges the first in area and production in the world. Nowadays it is grown on a large scale in the subtropical and tropical regions of the world.

2.4.1 Origin and distribution

Grains of domesticated wheat were found in the archeological remains in Iran dating 6,500 BC and in Turkey 5,500 BC. Some 5,000 years ago, wheat was taken to Ethiopia by the early immigrations. The greatest diversity of Triticum durum L. is found in Ethiopia. Today the leading producers of wheat are USSR, China, U.S.A., India, and Canada. In Africa, wheat is not major crop. Only Zimbabwe, Ethiopia, Sudan and Kenya, produced a little quantity of wheat.
2.4.2 Utilization

The whole grain of wheat contains approximately 70% carbohydrate, 11.5% protein, 2% fat, 2% fibre, 1.5% ash and 13% water. In milling wheat for flour, the pericarp and germ, which are rich in protein, are removed from the grain and the resulting flour is less nutritional than the whole grain. Wheat is mainly a food rather than a feed crop. A small amount of wheat is also used in the manufacture of dextrose, alcohol and certain breakfast foods. The straw provides a valuable fodder. It is also used for making baskets and hats, thatching and as packing material.

2.4.3 Adaptation

Wheat is grown from the tropics to 600N and 450S. In the tropics, wheat is grown at higher altitudes or where suitable conditions exist in the lowlands. In the tropics and subtropics, it is grown only during the winter season. In East Africa, most of the wheat is grown at altitudes between 1,600 and 3,000 m. In the northern regions of West Africa it is grown during the dry (winter) season with irrigation. Wheat can withstand the cold of the northern areas quite well. It grows successfully in hot climates if the humidity is not too high. It is not well adapted to areas where warm, humid conditions prevail, largely because such conditions favor the rapid development of diseases. 
The ideal temperature for different stages of the wheat plant varies considerably. For germination 20-25℃, for tillering 16-20℃, and for proper development 20-30℃. At temperature higher than 25℃ in the grain development phase, the plant dries up prematurely. Wheat can be grown successfully under a wide range of soil conditions, but it is best adapted to fertile, well-drained silt and clay loam soils and sandy loams, it is poorly suited to these and poorly drained soils.

2.4.4 Botanical description

The roots are fibrous; the stem is hollow and produces primary and secondary tillers which have their own root system. There are 2-3 tillers per plant in dense stand, but in isolated plants it may range from 30-40 tillers per plant. After initiation of flowing the stem elongates, the inflorescence is spike type. The number of florets in a spikelet varies from 5 -7. Florets are enclosed by two glumes. The average spike of common wheat contains 14-17 spikelets’ in which there is 25-30 grain. Large spikes may contain 50-75 grains. The grain is a one-seeded fruit with a dry indehiscent pericarp known as the caryopsis. The caryopsis consists of the pericarp, seed coat, aleurone layer, starch endosperm (82-86%) and embryo.

2.4.5 Cultivation

Seeded preparation

Wheat crop requires a well-pulverized but no compact seedbed for good and uniform germination. One deep plowing followed by 2-3 harrowing or two plowing with one harrowing are sufficient to create a satisfactory seedbed for wheat.

Sowing

The middle to end of November has been found to be the most suitable time for sowing. A seed rate of 150-170kg/ha has been found desirable. Where, due to climate, early growth is restricted or the growing season is short, a higher seed rate (more than 170kg/ha) is recommended. Today drill-sowing is practiced almost all over the world. Wheat is need of rows spaced at 20 cm. Depth of sowing should not exceed 5-6cm. Broadcasting is an inefficient method of sowing wheat. Drilling is the most efficient and common method of sowing wheat.

Fertilization

Tall of cultivars severely lodge at nitrogen rate higher than 40 kg/ha. However, dwarf varieties respond well to nitrogen dose of 100-120 kg/ha. Nitrogen can be applied either in two splits (half at sowing and half at crown root initiation, i.e. 25 days after sowing) or in three splits (1/3 at sowing, 1/3 at crown root initiation and 1/3 about three weeks after the second application). Phosphorous and potassium should be applied at rate of 40 kg/ha. These elements must be drill applied either at sowing or before sowing 3-5 cm to the side and 3-5 cm below the seed.
Among micro-nutrient zinc deficiency is common in wheat. This element should be applied in the form of zinc-sulphate at the rate of 25 kg/ha or spray 5 kg of zinc sulphate in 1000 literes of water per hectare. Application of manures at rate of 10 to 50 ton/ha 4-6 weeks before sowing improves soils physical conditions.

Weed control

Weed infestation can cause yield loss of 10-40% in wheat. Most common and effective herbicide to kill all the broad-leaved weeds in wheat field is 2,4-D at 1.0a.i./ha in 750 litre of water five weeks after sowing. To control grass weeds such as phalaris minor is more difficult. Pre-sowing application Advandex at 1.0kg a.i./ha mixed in the top 2-3 cm of soil gives selective control of Avenua fatua. Application of nitrogen at 1.5 kg a.i. /ha has given satisfactory control of phalaris minor. Mechanical weed control (by post emergence machine cultivation) is not feasible in wheat because of narrow row spacing and possible crop damage. 

Diseases

Rusts: are caused by three species of genus puccinia.

Brown rust: This is caused by a fungus known as Puccinia recondira tritici. Attack leaves and in severe cases the leave sheath and stem. It is favored by warm and humid climate. In case of severe attack of the disease, plants manure early, produce light and shriveled grains and poor development of root system.

Yellow rust: caused by Puccinia striformis is the most common wheat rust. The pustules are yellow in color and are closely crowded together in parallel lines. Cool, moist weather favors its development. It is most severe on fertile land, and when adequate nitrogen has been applied. Normally attacks chiefly leaves and in severe stalk, leave sheath and glumes.

Black rust: Caused by Pucciia graminis tritia mainly attacks stem, but leaf sheath, leaves and ear head may be infected. Spreads fast under warm and humid condition, by the time the crop manures, dark, black, enlongated telial pustules are formed. Control measures: grow rust resistant varieties; avoid late sowing; do not use excess nitrogenous fertilizers, as high nitrogen dose favors rust development. Use of high dose of potash is known to reduce rust infection; spray with 0.2% zineb or Dithane three times at interval of 14 days.

Smuts: There are two types of smut diseases of wheat: (1)Covered smut: Caused by Tilletia caries, also known as ‘bunt’ or ‘stinking smut’ cannot be detected until the affected plants come into flower. The young ears are then of a slightly darker green color than those of healthy plants. The grain are filled with black greasy mass of spores with fishy smell. Covered smut can be prevented by seed dressing. (2)Lose smut: Caused by Ustilago nuda cannot be detected until the plants are in full flower. By the time the grains have started to swell all that remains of the ears of infected plant is a treatment with organo mecury will not prevent loose smut.

Control: seed should be treatment in warm water (52 to 54℃) for 10 minutes. Put seeds for 10 hours in cold water then drain the seed and submerge in tank of warm water.

Insect pests

Wheat stem sawflies: Cause significant loss by seriously damaging the stems of wheat plants. The insect lays its eggs inside the stem causing it to split. The damage caused by sawflies ultimately results in lodging. Control is best achieved by growing cultivars with solid stem in which larvae cannot feed and by crop rotation.

Hesian flies: are periodic pest of wheat. The larvae feed in individual tillers, causing lodging or death. Delayed sowing suppresses infestation.

Aphids: can be a pest in wheat either by feeding and damaging the crop directly or by transmitting viral diseases. Phosphorus insecticides provide some effective control.

Cut worms: are serious pest in wheat the larval damage the crop. They cut the plants in the night. Soil treatment with 5% aldrin at 25 kg/ha at time of seedbed preparation has been found effective.
Harvesting and threshing

The wheat crop usually ripens about 30 days after the blooming of the florets. The kernels are completely filled when they reach the dough stage, at which time the leaves, stalks and spikes begin to lose their green color and become golden yellow. When completely air-dry, the moisture of the kernels averages about 10-12%. At this moisture level, the grains can be stored safely. Harvesting may be done by hand with stickles, or by machine. Where the harvest period is dry, the harvesting and threshing of the standing crop by combine harvester is practical.

Yields

Yields are normally higher in temperate regions than in subtropical and tropical regions. The average yield of wheat in the world is about 2,300 kg/ha whereas it is about 1,500 kg/ha, in Africa. 

Storage

Drying to 10% moisture content and thorough cleaning of the grains are the first requirements for safe storage of wheat in the tropics. Protection from storage structures and grain containers, including the bags, should be well treated with insecticides. Fumigation of the grain soon after storing is equally important.

2.5 Barley (Hordeum vulgare L.)

Barley is a major source of food today for large numbers of people living in the cooler, semi-arid areas of the world where wheat and other cereals are less well adapted. In many countries of the Middle East and northern Africa, barley constitutes the major part of total cereal production. Barley is the most important grain used in the brewing of beer. It ranks fourth with respect to area and production among cereals after wheat, rice and maize.

2.5.1 Origin and Distribution

Cultivated barley probably evolved from a wild ancestor in the Near East. Barley and wheat was the first cereal to be domesticated in the Middle East at least 6,000 year ago. Today, barley is cultivated in Russia, China, France, Spain, U.K, Morocco and Ethiopia. In tropical Africa, Ethiopia is the only country where barley is a major crop.

2.5.2 Utilization

Barley grains (not malting barley) contain approximately 68% carbohydrate, 12% fat, 3.5% fibre, 1.5% ash and 13% water. Barley is used as human food, livestock feed, and for malting purposes. The most important use of barley is for malting. As a food it is consumed on a very small scale, mainly in Asia. Malt is used in making alcoholic beverages, mainly beer and whiskey. Barley is considered to be the best of the small grains for malting purposes.

2.5.3 Botanical description

Barley belongs to the grass tribe Hordea, in which the spikes have a zig zag rachis. It belongs to the genus Hordeum. Lateral spread of barley roots vary from 15-30cm with depth of penetration varying from 90-180 cm. The stem is hollow with 5-7 internodes which are shorter at base and longer up the stem. Tillers vary from 2-5 per plant. The inflorescence is a spike with three spikelets borne at each rachis node. The spikes are 7.5-10 cm long and usually contain 10-30 nodes. In hulled cultivars, the lemma and palea adhere to the caryopsis when mature. About 12-14% of the kernel consists of hull in hulled cultivars. The hulled cultivars are not from hull even after threshing. Barley flower has three stamens and one pistil. Barley is a self-pollinated crop.

2.5.4 Climatic requirement

Barley requires cool weather during early growth and warm and dry weather at maturity. It grows fairly well in temperature as well as in the subtropical regions of the earth. It thrives well in a cool climate, and withstand more heat under semi-arid than under humid conditions.
The optimum temperatures for germination and emergence are 15-20℃. Although germination may take place even at 20℃, emergence is very slow at such temperature. Although young barley plants have considerable tolerance to cold, the temperature at which vegetative growth proceeds normally is around 16-17℃.Temperature as high as 40℃ during ripening are reported to have caused less damage to barley than to wheat.
Barley is more drought-resistant than wheat and can be grown in a region of even minimum rainfall (200-250mm). Well drained loams and clay loams are suitable soils for barley. Barley is generally grown on less fertile soil compared to wheat. It is the most salt resistant of small grain cereals. PH>6.0 is suitable. It is susceptible to water lodging.

2.5.5 Cultivation

Sowing

The time and method of sowing are the same as for wheat. A good seedbed is required for raising the barley crop. The time and method of sowing are the same as for wheat under both irrigated and rain-fed conditions. Row spacing for both are similar. With irrigation seed rates can be about 120 kg/ha. Barley should be sown 3-5 cm deep where surface moisture is ample. Deeper sowing (5-8cm) is practiced where there is a deficiency of moisture in the soil.

Fertilization

For food or feed barley 80-100 kg N/ha and 40 kg p2o5/ha may be applied. 

Weed control

Barley competes with weeds better than wheat because of thick stand and fast growth. Barley and wheat share same weed species, thus the control measures are similar. Barley is very tolerant to herbicide after its well tillered, i.e. at the 5-6 leaf stag (when plants are 10-20 cm high), but before it has reached early boot-stage.

Diseases

Smuts: Covered smut (Ustilago hordei) and loose smut (Ustilago muda) cause significant damage in barley. The nature of the pathogens and the control measures are as discussed for wheat.

Rusts: Stem rust, leaf rust and stripe rust cause periodic losses. There is no control measure other than using resistant cultivars if an available.

Powdery mildew: Of all cereal crops, barley is the most susceptible to, and suffer most from, powdery mildew. The disease is favored by conditions such as thick sowing and excessive nitrogen that result in lush vegetative growth. It can be controlled with sulfur dust, but like many other diseases, the best control is the use of resistant cultivars.

Root rots and damping-off: Barley Diseases also cause losses in barley. BHC (lindane) and carbohydrates are moderately effective in controlling these diseases.

Insects

Chinch-bugs, hesian flies, grasshoppers and aphids and shoot fly are the major pests of barley. Control measure for hesian flies, grasshoppers and aphids are the same as for wheat. For controlling chinch-bugs, management practices that favor the rapid growth of the plant can minimize the damage. The chinch-bugs tend to avoid shady and moist habits, such as those created by luxuriant vegetative growth.

Harvesting

Combine when moisture content is <14%. Barley is harvested when the straw color turns yellowish. Yield: 2348kg/ha (world average); Africa 1149kg/ha.

2.7 Rice (Oryza sativa L.)

Rice is the most important food crop of about half of the human race. It is the leading cereal crop (and one of the oldest) of South and East Asia, which are thickly populated regions of the world. Rice is the only major food crop that can be grown in the standing waters of vast areas of flat, low-lying tropical soils. Rice is uniquely adapted for growth in submerged soils.

2.7.1 Origin and distribution

Rice has been cultivated in South and East Asia since ancient times, which was domesticated well over 5,000 years ago. During very early periods, rice spread from India to southern China and to all the countries. Rice spread from India to Iran, Syria, Egypt, Italy and Spain. The Portuguese introduced rice into Brazil and the Spaniards introduced it to Central America. Rice was also taken to West Africa in the early nineteenth century.

2.7.2 Area and production

Rice is grown in the tropical and subtropical regions of all the continents. It is grown even in the temperature regions of north China. Over 90% of the total rice crop is grown in South and East Asia. In hectarage, India, and in production, China, are the leading countries in the world. Africa accounts for 2% of total world rice production.

2.7.3 Utilization

Rice is used mainly for human food and is consumed mostly in the form of whole granis. Paddy, on milling gives approximately 20% husks, 50% whole(unbroken) rice, 16% broken rice and 14% bran and meal. Beer, wine and spirits are also made from rice. Rice wine, which may contain 10-15% alcohol, is usually made from glutinous rice. Rice bran has high oil content (14-17%). Wax can also be obtained from the bran. Rice hulls are used in many ways: as roughage for cattle feed, chicken litter. Rice hull ash can be used as a source of high-grade silica. Rice straw is fed to livestock. It is also used for the manufacture of straw board, hats and mats, and for thatching.

2.7.4 Adaptation 

Rice is grown under such widely differing conditions that it is difficult to define the climate that is most suitable for its development. Except of course for Antartica, every continent on the planet produces rice. The chief limiting factor to its growth is not climate but the water supply. The mean optimum temperature for rice cultivation ranges between 20℃ and 35℃. Low temperature during early growth does not favor tillering and early vegetative growth. Long periods of sunshine are essential for high yields.

Sandy soils are usually unsuitable for growing rice. Their low capacity for holding water and nutrients and their high permeability make it difficult to maintain the necessary flooded conditions without using excessive quantities of water. Rice grows under a wide range of soil acidity and alkalinity (PH 3.5-8.5).

2.7.5 Botanical description

Rice is an annual grass with erect culms 60-180 cm tall. It has a shallow root system which is mainly concentrated in the upper soil layer, to a depth of 20-25 cm. The young roots are white, thick, short and relatively unbranched. They elongate with age and produce a dense surface mat.

The culms are erect, cylindrical and smooth with solid nodes and hollow internodes. The number of internodes varies from 10-20. Buds in the axils of leaves at the lowest nodes grow out to produce tillers, which in turn can produce second-and third-order tillers. From each node there is one leaf. Each leaf has a lamina and long sheath which completely encircles the internodes. 

The inflorescence is a loose and many-branched panicle. Each branch of the panicle bears one or more spikelets. The average panicle bears 100-150 kernels. The rice grain is enclosed by the lemma and palea, which together are called husks or hulls. On threshing, the husks and glumes are removed. The pericarp, aleurone layer and embryo, which are rich in protein and fat, are removed during milling and polishing, leaving mostly the starchy endosperm.

2.7.6 Cultivation

Upland rice cultivation

This is also known as dry-land rice cultivation or hill rice cultivation. It is very important in Africa where upland rice accounts for 75% of the total rice area. Upland rice is cultivated in a similar manner to other rain-fed, small-grained cereals. It is generally accepted that upland rice requires a rainfall of about 50-60 mm over each running 10-day period during 3-4 months of the growing season.

Good ploughing up to a depth of 15-20 cm is essential to allow the plants to root sufficiently quickly and deeply to survive periods of drought that may occur in the beginning of their growth. The optimum seed rate is 50-70kg/ha. The seed should be sown at a depth of 2 cm. Adequate fertilizing is also essential: 80kg N, 40kg P2O5, and where potash is in short supply, about 40kg K2O per hectare will be required to obtain a high yield. Upland rice has considerably greater weed problems than low-land rice, and weeding must be done early.

Lowland rice cultivation

This is also known as swamp rice, wet rice, or flooded rice cultivation.

The rice is grown on flooded or irrigated land. It is the most important cultivation system of rice in Asia and is now becoming popular in Africa. In this system the land is inundated and the crop is grown in water from the time of planting until the approach of harvest. The depth of flood water does not exceed 50 cm.

There are two methods of lowland rice cultivation.

1. Direct sowing method: The soil is prepared in May-June after the first rain. Plough to a depth of about 10-15 cm. This destroys any weeds that have germinated. This is followed by harrowing or light ploughing only a few days before sowing, to break up the clods and level the field. The seed is broadcast at the seed rate of about 100 kg/ha or drilled in rows 30-40 cm apart. Weeding should be done about 15 days after emergence.
2. Transplanted cultivation: this method of rice cultivation consists of raising the seedlings by sowing seeds in well-prepared and raised nursery beds, and then transplanting the seedlings in a well-puddled and leveled field.

2.7. 7 Land preparation 

Land preparation for lowland rice cultivation starts with the bunding and levelling of the field to impound water and to permit even flooding. Ploughing of the land is as essential for lowland rice as it is for dry crops, which involves working up the soil to the consistency of a fine, soft mud by means of repeated ploughing, harrowing and trampling.

2.7.8 Nursery raising

For transplanting, seedlings are raised in wet nursery. The land is flooded and puddle and fertilized with farmyard manure and phosphate. Pre-soaked, sometimes pre-germinated seeds are broadcast on mud at the rate of 25kg per 350-500 m2 of nursery beds and water is allowed to stand continuously on the beds after the seedlings are about 15cm high. Seedlings grow quickly and are ready for transplanting in 25-30 days, when they are 15-30 cm tall and have developed 5-7 leaves.

2.7.9 Transplanting

The seedlings are pulled up in small bunches and transplanted soon afterwards. During transplanting, a bunch of seedlings is held in the left hand and with the right hand 2-3 seedlings are thrust in the mud. The optimum roe spacing (both ways) is 20-25 cm for long duration, and 15-20cm for short duration cultivars.

2.7.10 Fertilization


The quantity of nutrients removed or taken up by a crop is a good index of fertilizer needs. At high nitrogen levels, the modern cultivars tiller heavily, produce more grain per unit area of land and remain standing until harvest. They respond to as much as 120-140 kg N/ha. Urea and ammonium Sulphate are equally satisfactory nitrogen fertilizers for rice. Phosphorus deficiency causes reduction in the number of tillers and a delayed and prolonged period of heading, with greatly depressed yields. Where phosphorus is required, it is usually applied at rates of 40-50 kg P2O5 per hectare. Potassium availability is not a problem in most soils, but the addition of potassium is recommended in rice production to increase the resistance of the crop to certain diseases.

2.7.11 Weed control

Yields of rice are seriously reduced by competition from weeds during the early growth stages. Weeds are a considerable problem in direct-seeded rice fields because there the weeds and rice germinate at the same time and there is no standing water to inhibit weed growth. In transplanted rice, weeds are less of a problem as they are controlled during puddling. The standing water in the field during the growing season helps to eliminate many weed species. If weeds are not controlled in upland rice, the harvest is often reduced to zero. To obtain good yields of rice, weeds must be controlled in time. They can be controlled by physical and chemical methods.

7.2.12 Harvesting and threshing

The right stage to harvest rice is when the ear is nearly ripe and the straw is still slightly green. At this stage the moisture content of the grain is about 18-25%. The commonest method of harvesting is by hand, using a serrated sickle. With combines, harvesting, threshing, winnowing and beginning are done in one operation, after which the grains are dried in a dryer.

7.2.13 Yields

The highest yields are obtained in subtropical and temperature regions. The highest yields are obtained in Australia; more than 7 tones/ha. In tropical Africa, the average yields vary between 1 and 3 tones/ha.

7.2.14 Storage

Large losses occur during storage, chiefly the result of insect and rodent damage. Fungi and bacteria may reduce the quality if the relative humidity of the air in the storage space remains too high (above 70%) or if rainwater enters the storage building.

Fortunately these losses can be virtually eliminated. The cardinal rules for good storage are to allow only clean and properly dried rice (milled or unmilled) to enter storage and to keep the storage building completely rain and rodent proof. In addition, the floor should be watertight so that no moisture seeps upwards through it.

Fumigation is the only practical way to control insect damage. The jute bags used for storage should also be treated with chemicals or fumigated.

2.7.15 Crop protection 

Few serious pathogens directly invade rice seed and reduce their performance. However, the rice plant is particularly susceptible to a variety of fungi, bacterial and viral problems that reduce yields. Many of these manifest themselves as characteristic leaf lesions. Among these, rice blast is the most widespread and can become so serious that complete crop failure is possible. Low night temperature and high humidity favor its establishment. Brow leaf spot is another serious fungi disease. In most cases, following cultural practices such as planting at the optimum temperature, using appropriate fertility programs and flooding after the seedling are about 12-15cm tall, which enhances crop establishment and grown, minimize these pathogenic problem. Many of these diseases also respond to appropriate pesticides.
6.2 Pulse Crop Production
Introduction to pulse crops
Pulses belong to the family Leguminancea. The grains are used for staple purpose and hence called as grain legumes. In the world, pulses are grown in an area of 71.0m.ha with the production of 56.8m.t (1995-1996). China, India and Russia are the main countries growing pulses. In Africa, Uganda, Kenya and Ethiopia are very important in pulse crop production. Pulses are unique as they have an in-built mechanism in their roots which fix the nitrogen from atmosphere and enrich the soil fertility. They provide a dense soil cover through their canopy which controls wind erosion, smothers weeds and reduces Evapo transpirational loss of soil moisture. Their deeper and well-branched roots provide better soil-particle binding effect which controls soil erosion. Pulses occupy an important place in meeting the protein needs of people in the world, especially in developing countries including Ethiopia. The protein content of various pulses ranges from 20% to 45%. The protein from pulses is easily digestible, relatively cheaper and has higher biological values. Pulses are not only an essential supplement to cereal-based diet for human beings but also used as a valuable fodder for livestock’s in Ethiopia. 

There are more than 10 pulse crops under cultivation In Ethiopia. Among them, lentil, faba bean, haricot bean bean, field pea, chick pea, cowpea, pigeon bean, lima bean, soya bean and mung bean are the important pulses. Since pulses represent a group of crops and each crop has its own requirements for environment and production, let’s discuss them individually. 

6.2.1 Cow pea (Vigna sinensis)

Origin and Distribution: -  

Widely grown in the tropics and subtropics in the African, Asian and Latin American continents, but origin of cultivated species is Africa.  

Environmental requirements: -  

Cowpea is warm-Weather crop.  It requires same climatic conditions as Maize, but needs more heat to mature.  It is very sensitive to cold weather.  It grows best under humid conditions. It can be grown well on light sandy soils and on heavy clays when grown on soils high in fertility, the plants produce a heavy growth of vines but only a small yield of seed. Less vegetative growth and good seed yields are obtained on soils of fair to moderate fertility.  It can tolerate drought.
Botany: -  

The plant range in height from 20-200cm, the taller varieties’ found in climbing cultivars. The most common flower colors are pink, violet, pale blue, yellow and white. The species is largely self-pollinating. There is a variation in pod shape, colour and texture and between 8-20 seeds are found per pod. 

Propagation: - 

Cowpeas are grown from seed.

Chemical composition: - 

The dry pulse contains water 11 % protein, 23.4%, fat 1.3%, carbohydrate 56.8%, Fiber 3.9%, ash 3.6%.

Uses: -

Grown for Hay, seed, pasture, silage and green manuring. 

Preparation of the seed bed: - 

The soil should be plowed early and harrowed at intervals that are sufficiently close to destroy the weeds as they germinate and start to grow.  If cowpeas are grown as a green manure or catch crop after small grains, the seedbed is prepared by disking only.
Planting: - 

Cowpeas do best in warm weather; they should not be planted until the soil has warmed up. It is generally planted from May 1 to August 1, depending on climatic conditions and the purpose for which they are to be used. It is advisable to plant cow peas soon after corn planting time if they are to be used for seed or hay. These are always grown from seed and are either broad cast under mixed cropping or sown in rows 2.5cm deep, row spacing 70-90cm. Plant spacing 5-12.5cm. Seed rate when broad cast is 20-30 kg/ha.
Cultivation and management: -  

The time from planting to harvesting varies from 3 months for the faster maturing varieties to 5 months for the slower ones.  The crop is usually hand harvested, the green pods being picked at frequent intervals and the beans as and when they mature. Yields between 440-660 kg/ha are usually obtained. 
Insect-pest: - 

Bean fly, bean beetles, pod borers, cowpea weevils and cow pea curculio. It can control through breeding of cultivars, which are more resistant to insect attack.  To control cow pea curculio apply toxaphene to the foliage at the time of blooming. To control cow pea weevil, the seed should be fumigated for about 48 hrs, after which it is removed and allowed to air out 
Diseases 

1. Fusarium or common wilt

2. Root knot 

Control: -

To control common wilt by using resistant varieties to the common wilt organism. Control root knot by crop rotation system. 
Other diseases:- 

Charcoal rot, zonate leaf spot, red leaf spot and powdery mildew. Cowpea mosaic virus infection and damage by nematode species are also important.   

6.2.2. Haricot bean  

Plant Characteristics

Root 

The pronounced taproot grows rapidly to a depth of one meter, and there are extensive lateral roots mainly confined to the top 15-20 cm of the soil. Nodules are irregular and knobbly.

Stem

In twining cultivars, stems are two to three meters long with 11-16 or 28-30 elongated nodes. In erect, bushy cultivars, stems are 20-60 cm tall, with determinate growth and a main axis of 4-8 nodes terminating in an inflorescence. Sub-erect and spreading forms occur, together with intermediates between pole and bush types, which develop weak runners. The stems are somewhat hairy.

Leaves

The central stem and branches bear alternate trifoliate leaves that are also somewhat hairy.

Flowers

The flowers are small, and vary in colour from white to bluish; they are self-pollinated.

Fruits

The pods are 10-20 cm long, straight or curved, and terminate in a prominent beak. They contain four to six seeds, sometimes more. The seeds vary greatly in size (7-16 mm long) and colour.

ADAPTATION

Climatic requirements

Beans are a warm season crop: the optimum temperature for their growth is about 24°C. Field beans require a minimum frost-free period of 140 days, as they are killed by frost. In general, high temperatures (20-32°C) during flowering cause the dropping of buds and flowers, which reduces yields. It requires 300 – 600mm/year of precipitation. Dry weather is required for harvesting, drying and threshing the beans. In East Africa, field beans are best suited to the medium altitude area from 900-2100 m.a.s.l.

Soils and fertilizers

Field beans are adapted to a wide range of soils. They are grown most successfully on well-drained soils of medium texture (loams). In Ethiopia, common beans grow best on clay-loam and medium-black clay soils. Nodules are sometimes absent, and, if present, are often small. 

CULTIVATION

Cropping systems: - 
The continuous cultivation of field beans in the same field may produce soil-borne diseases. 

Sowing

The recommended time of sowing for beans in Ethiopia is mid- to late June or early July. When they are interplanted with maize, they are sown about four to five weeks after the maize. Field beans are usually sown in rows spaced 60-75 cm apart. Bush types are sown at 8-10 cm intra-row spacing, whereas climbing cultivars are sown 15-30 cm apart. The seed rate for the bush type with average spacing is about 60 kg/ha (100,000 plants/ha); for the spreading type, less seed (about 30 kg/ha) is needed. The planting depth ranges from 2.5-7 cm, depending on the moisture status of the soil at the time of sowing. Ethiopian recommendations are 10 x 40 cm spacing, at a rate of 50 kg/ha 

HARVESTING

Smallholders usually harvest beans by uprooting whole plants. Maturity for common beans takes between one hundred and one hundred-and-twenty days. The beans are fully mature when the pods lose their green colour. If the cultivars are non-shattering, harvesting should be delayed until the moisture content of the seed has come down to 10%. If harvested earlier, the plants are allowed to dry either on the field or, more usually, at the homestead on bare earth, mats, sacks, tarpaulins or corrugated iron, or on an area that has been smeared with cow dung and allowed to bake hard. In Africa, average yields are very low, and are usually between 200 and 670 kg of dried seed per hectare. With improved cultivars and good management, including pest and disease control, 1000-1500 kg/ha may easily be obtained. Ethiopian yields averaged about 975 kg/ha.

DISEASES & PESTS

Field beans are attacked by various insects, including bean weevils (Bruchus spp.), bean beetles (Acanthoscelides obtectus) and cowpea beetles (Collosobruchus spp.) that feed on the beans, as well as leaf hoppers, aphids and such insects as the bean fly (Melangagromyza phaseoli) that transmit viruses. Bean weevils are controlled through the use of weevil-free seeds for sowing, and through the sanitation and fumigation of storage facilities. The commonest pests in Ethiopia seem to be the bean aphid (Aphis fabae) and the American bollworm (Heliothis armigera). Outbreaks of plant infesting beetles and larvae may be treated by dusting with Malathion or other appropriate insecticides. To prevent initial infection by insects, which transmit viruses from border plants, weed growth bordering the field should be eliminated before the bean crop is sown.

DISEASES

Diseases probably account for more crop loss in beans than do pests. Some of the main diseases affecting beans are:

Anthracnose (Colletotrichum lindemuthianum)
       Elongated dark red cankers occur on the stem and leaf veins, and sunken spots with pink centers and darker borders appear on the pods. Anthracnose is carried by diseased seeds, so it is essential to use disease-free seeds, preferably from an arid area, as the disease thrives in cold, wet conditions.

Root rot
 is caused by Fusarium oxysporum. 

The first symptom is a red discoloration of the taproot, which later turns brown, and the roots become dry and papery. 

There is no effective chemical control for this disease; the pathogen persists in the soil, and only long-term rotation is truly effective.

Bean rust (Uromyces phaseoli) 

It produces reddish urediospores, and later dark brown teleutospores, mainly on the leaves.

This disease can only be avoided by growing resistant cultivars.

Foliar blight. 

Field beans are attacked by several bacteria that cause foliar blight. Control is achieved mainly through planting disease-free seed that is produced in a semi-arid environment.

Common bean mosaic virus
It is a seed-borne virus, which is also transmitted by aphids from diseased to healthy plants.

The only effective control measure is the use of resistant cultivars. 

Mosaic virus causes a wide range of symptoms including mottling, brittle leaves, stunting and distortion; 

6.2.2 Lentil (Lens culinaris)

Origin and distribution

Lentil is a very important cool season food legume in Ethiopia. It is almost cash crop because it fetches very high prices compared with all other food legumes and main cereal crops such as teff, wheat and barley. Lentil is one of the oldest pulse crops and is of ancient cultivation in western Asia, Egypt and southern Europe. From those areas the crops spread eastwards to India and China and southwards to Ethiopia and northwards to Europe. It is widely cultivated in temperate and subtropical regions, as well as higher elevation in the tropics where it is grown in the coldest season of the year. In Ethiopia, it is mainly found in the central highland, but also cultivated in other regions.

Botanical description 

Lentil is a much branched, suberect, slightly pubescent, light green annual with a tap root system. Stem is small with several branches. Leaves are alternate and pinnately compound. Inflorescence is an axillary raceme with 1-3 flowers. The Ethiopia lentils belong to macrosperma race, known as G.Aethopicae characte, characterized by 1-2 blue or violet flowers on each peduncle. The crop is generally self-pollinated. The seeds are black or brownish with black spots.

Uses 

The seed are mainly used to prepare curry. The young pods serve as a vegetative. Flour from the ground seeds is mixed with cereals in cakes and is also used as invalid and infant food. The whole plant, whether in the green or dry state, provide excellent fodder. Protein content of ripe seeds is 25% on average; 60 % carbohydrate. 

Ecology 

Lentil requires a cold climate. It is sown as a winter season crop. It is very hardy and can tolerate frost and severe winter to a great extent. It can be grown successfully up to 3000 meters. It remains unaffected by rain at any stage of its growth, including flowering and fruiting. It requires cold temperature during its vegetative growth and warm temperature at the time of maturity. The optimum temperature for growth is 18-30℃. In Ethiopia lentil is cultivated in the highlands as rain-fed crop. In some highlands lentil is planted in June and harvested in October while in Shoa plateau the growth seasons are from April to July and September to December. Double cropping is practiced in parts of Ethiopia where lentil is often planted in Wyndega as a second crop after wheat and barley. Lentil can be grown on a variety of soils such as light loams, alluvial soils, and black cotton soils. Well drained, loam soils with neutral reaction are best for lentil cultivation. It can even tolerate moderate alkalinity, but acid soils are not fit for growing lentil.

Agronomic requirement  

Field preparation 

The soil should be made friable and weed-free so that seeding could be done at a uniform depth. On heavy soils, one deep plowing followed by two to three harrowing should be given. In the light soils, tillage is needed to prepare an ideal seedbed.

In Ethiopian central highlands broadbed furrow (BBF) gives more yield than ridge and furrow (RF) seedbed on vertisol sites. This is because the former seedbed type drains excess water.

Sowing 

In Ethiopia, sowing from the last week of June to mid July is advantageous over later dates. For broadcast seeding, a seeding rate of 50-60kg/ha for small seeds and 65-75kg/ha for large seeds of lentil cultivars is optimum. Lentil does not respond to fertilizer, but 100kg DAP/ha have been recommended as optimum for lentil production in Ethiopia. 

Lentil being slow in growth in early stages suffers adversely from competition with weeds. The period from 30 to 60 days after sowing is most (from early establishment to early flowering) critical to weed competition. In lentil the most frequent and densely populated weed species on black soils of Ethiopia are: cyperus sp., Synodon dactylon, digitaria sp., and convolvulus arvensis. On light soils, setaria pumila, scorpiurus, muricatus, Argemone Mexicana and xanthium abyssinicus are dominant. Full season weed competition causes yield loss of up to 50%. Two hand weedings are enough to avoid weed competition in lentil. 

Diseases and pests 

Diseases 

Rust is the most important disease of lentil in Ethiopia and causes heavy loss when it occurs before flowering stages. Fusarium wilt and root rots are also the major diseases on lentil mainly on the heavy black clay soils. These cause up to 50% plant losses in some farmers’ field in Ethiopia.

Insects 

Aphids are economically important insect pests and can determine the fate of the crop. These aphids are responsible for reduction of area cropped to lentil. There are aphicides, but are not accessible to farmers. A program on aphid resistance is being developed in Ethiopia.

Yield 

National average yield of lentil is about 5 Q/ha. With improved varities yield up to 27 Q/ha have been obtained.

6.2.3 Faba bean (Vicia faba L.)

Origin and distribution

The origin of vicia faba is in the Mediterranean region or south-western Asia. Its wild relative is found in Algeria. It is grown in temperate, subtropical, and cooler parts of tropical areas. There are two types, field and garden types. 

Faba beans reached Ethiopia soon after domestication around the 5th millennium B.C. Ethiopia and Afghanistan are secondary centers of diversity for faba bean. Most of the germplasm samples collected in Ethiopia are the small-seeded forms (botanical minor not the primitive) and pavcijuga forms (very small seeded) found in the eastern limits of faba bean’s geographical distribution. After the Ethiopia “conquest”, a new and potentially important seed type was obtained: the flattened seed, that is, the equina type, (currently minor) and equina types occur with small proportion of major(large-seeded ) types which were introduced by Portuguese around 1900. Faba bean exported from Ethiopia to world market fetches a lower price than the preferred large seeded types.

Botanical description 

Faba bean is an erect, stiff, glabrous annual with a well-developed taproot with strong laterals; smaller roots with clusters of small, lobed nodules. Stem hollow with one or more basal branches. Leaves are opposite in orientation and palmately compound. Inflorescence is in axillary position. It is a short raceme (1-6 flowers) with a minute bract present or not at base of the pod. Faba bean growth duration vary from 3-7 months. The crop has the problem of auto-sterility and which causes low and fluctuating yield. Out crossing varies from 20-60%,. So insect pollination is important for high yield.

Uses

Faba beans are grow as garden cultivars for the green shell beans and as a field crop for the dried beans which are used as food for man and animals. They are also grown for fodder and hay. In the Mediterranean region it is used as concentrate for livestock. In Ethiopia seeds are consumed either roasted or to prepare “wot”, sometimes as porridge. They also can be eaten green. Protein content of dry bean is 23% on average. 

Ecology

In Ethiopia it is found principally in two zones, wyndega zone (mid-altitude, 1800-2200 m, average annual rainfall of 740 mm and mean daily temperature of 18-22℃), and Dege zone (high altitude, > 2200 m, average annual rainfall of 900 mm and mean daily temperature of 10-18℃). It is grown from June to December in rotation with cereals, or on poor, sometimes on badly eroded soils where a fair crop can still be produced. Faba bean is intolerant to frost, high temperature and moisture stress (drought). Fabe bean is always vulnerable to frost damage in the highlands of Ethiopia. This usually occurs at prime vegetative stage such that damages are irreversible. 

It cannot tolerate water logging and saline condition.

Faba bean requires deep, fertile and well-drained soils for high seed yield. PH 6.0-7.0 (preferably 6.5). high temperature, particularly at altitudes of 1800m or less, is deleterious at the reproductive stage on fabe bean and thus losses due to flower and pod drop are considerable. High temperature interferes with normal pollen tube growth and fertilization. Moisture stress is a problem also in some seasons in mid-altitude areas. Optimum temperature for faba bean is between 18-27℃. Optimum annual rainfall is 650 –1000mm with fair distribution.

Agronomic requirement  

Faba bean do not require a fine seedbed; 2-3 plowings with the local plow or one disc plowing and two disc harrowings have been recommended. Sowing dates from mid June to early July have been recommended for most fabe bean and field pea growing areas in Ethiopia. Seed yield are increased by increasing population. Depending upon the seed size, a seeding rate of 180-250kg/ha has been recommended. Inter-row spacing of 40 cm and inter plant spacing of 5cm gave optimum population of 500000 plants/ha.

Diseases and pests 

Diseases 

Chocolate spot (Botrytis fabae L.) is the most important foliar disease problem on fabe bean in Ethiopia, particularly in high-rainfall areas (>900mm) at elevations of > 2000m. Rust (Uromyces fabae L.) is another important disease in mid-altitude areas with high rainfall and high temperature (>20℃)

Powdery mildew (Erysiphe spp.) is another disease problem in faba bean grown at altitudes below 1800m with temperature of 20-25℃. Ascochyta blight (Ascochyta fabae) is a foliar disease of minor importance in Ethiopia. The oil-borne diseases of wilt and root rot, particularly root rot, are a major problem in fabe bean in black vertisol soils in high plateau area in Ethiopia.

Insects 

The African bollworm (Helicoverpa armigrera L.) is a major insect pest causing damage in faba bean in Ethiopia. Aphids (Aphia fabae L.) and thrips (taenothrips spp.) are other damaging insects. Aphids are kept to minimum level by high rainfall in the highlands of Ethiopia by washing effect.

Yield 

Average national yield is 10.67 Q/ha. Improved cultivars give up to 33.0Q/ha.

Main producing countries 

Ethiopia is the second largest producer of faba bean after China. Ethiopia’s share world faba bean is 6.96% and its share of Africa is 40.6%.

6.2.4 Haricot bean (Phaseolus Vulgaris L.)

The term bean is broadly interpreted to include all field and kidney beans of any color, size or shape, as well as lima beans and tepary beans. There are many species in the genus Phaselous. They are listed below:

Phaseolus vulgaris L. –haricot bean or common field or kidney or French bean

P. acutifolius Gary-tepary bean

P.coccineus L.- scarlet runnerbean

P. aconitifolius Jacq- mat or moth bean

P. angularis (Wild) Wight- adzuki bean

P. calcartus (Roxb)- rice bean

P. lunatus -lima, sieva or butter bean

Of these, the haricot bean bean (P.vulgaris L.) is the most important bean of the food grain legumes grown in the tropics and subtropics. It is the best known and most widely cultivated species of Phaseolus. Haricot beans are grown for their dry seeds and immature edible pods, and to a lesser extent for green-shelled beans.

Origin and distribution

The common bean (P.vulgaris L.) is probably first cultivated with maize, and it seems likely that the two crops evolved together in a cereal-legume farming system of Latin America. Shortly after the discovery of the Americas, the common bean was introduced to Europe, Africa and Asia by the Spanish and Portuguese. Now it is grown throughout the cooler tropics, but not in hot semi-arid or wet humid regions. It reached Ethiopia in 16th C. 

Botanical description 

Although haricot beans are very variable, only two main kinds, “bush” and “climbing” are recognized. Bush cultivars are day-neutral, early-maturing, dwarf plant 20-60cm tall with lateral and terminal infloresence and consequently determinate growth. Climbing or ‘pole’ cultivars are indeterminate and may grow 2-3m tall if they have supports to climb by twining; among them are day-neutral and short-day types. In general, the bush types are preferred for commercial production because most of the crop ripens at the same time thus facilitating mechanical harvesting.

The plant has a pronounced tap root which grows rapidly to a depth of 1m. there are extensive lateral roots mainly confined to the top 15 –20 cm of soil. The bush-type plant has a strongly developed central stems and braches, bearing alternate trifoliate leaves. The leaves and stems are somewhat hairy. The flowers are small and vary in color from white to bluish; they are self-pollinated. The pods are 10-20 cm long, straight or curved, and terminate in a prominent beak. They contain 4-6 seeds, sometimes more. The seeds vary greatly in size (7-16 mm long) and color.

Areas and production
The leading countries in haricot bean production are India, Brazil, China, the USA and Mexico. In tropical Africa the crop is grown mainly in East Africa ( Uganda, Tanzania, and Kenya) although there is also appreciable production in Burundi, Rwanda and Cameroon and Ethiopia.

Uses 

The dry beans are one of the most important sources of protein in the diet of many tropical people and supplement the carbohydrate staple foods of rice, maize and other cereals. As in other grain legumes, the protein in beans is somewhat deficient in the sulphur-containing amino acids (methionine and cystine), but its rich in lysine and tryptophan, which are deficient in cereals. Beans thus complement in amino acids of cereals. Dried beans are eaten boiled, baked or fried, and are included in many soups. The immature pods and seeds of most kinds of beans also eaten as a vegetable. The leaves and shoots of young plants are used as a potherb in some parts of the tropics and the straw is used for forage.

Some cultivars of beans and other food grain legumes have a reputation for causing flatulence (they generate gas in the digestive system) but it is reported that this can be alleviated by soaking them in water (adding 1/2 g of soda per liter water makes the treatment even more effective) for several hours, discarding the soaking water, and then cooking them thoroughly in fresh water.

Adaptation  

Beans are a warm season crop: the optimum temperature for their growth is about 24℃. They are grown throughout the cooler tropics, but not in hot semi-arid or humid regions. Haricot beans required a minimum frost-free period of 140 days, as they are killed by frost. In general, high temperature (20-30℃) during flowering causes the dropping of buds and flowers, which reduces yield.

Although beans are the warm season crops, they do not require an excessive amount of moisture. Depending upon the soil and climate factors, the requirement is met with 300-600 mm rainfall. Some rain is required during the flowering and pod-setting stages. Dry weather is required for harvesting, drying and threshing the beans.

In East Africa, haricot beans are best suitable to the medium altitude area from 900-2100m, although they are often found growing at altitude as high as 2700m in parts of Kenya.

Haricot beans are adapted to a wide range of soils. They are grown most successfully on well-drained soils of medium texture (loams). The soil should be at least 1m deep. In humid areas, they are grown on acidic soils.

Cultivation 

Cropping systems

The continuous cultivation of haricot beans in the same field may produce soil-borne diseases. It is advisable to grow them in long rotation with other crops, such as wheat, maize, sorghum and potatoes. In tropical Africa, beans are a sole crop. They are usually interplanted with crops such as maize, sweet potatoes, cotton and coffee.

Land preparation

When they are to be grown as a sole crop, the land should be ploughed as early as possible in the season, the crop residues should be incorporated into the soil, and the field left in a suitable condition for the maximum storage of rain. Final land preparation consisting of a deep ploughing followed by harrowing, is done a few days before sowing. The seed bed should be deep and firm, but to minimize crusting, it should be a little cloddy and not finely pulverized. 

Sowing 

The time of sowing haricot beans depends on the soil temperature. Generally they are planted later than maize and sowing can be delayed until the soil temperature is about 18.5℃, when they are inter planted with maize, they are sown about 4-5 weeks after sowing the maize. Most beans are sown by dibbling 2-4 seeds per hole. Where a bullock drawn plough is used (as east Africa ) seeds are sown into a shallow furrow and then covered. Haricot beans are usually sown in rows spaced 60-75 cm apart. Bush cultivars are sown at 8 – 10 cm apart in the row, whereas climbing cultivars are sown at 15 – 30 cm apart. For bush bean spacing of 40 X 10 cm is used in Ethiopia. The seed rate for the bush type with average spacing is about 60kg/ha (100000 plants per hectare); for the spreading type less seed rate about 30kg/ha is needed. The planting depth ranges from 2.5-7cm depending on the moisture status of the soil at the time of sowing.

Water use
Adequate moisture early in the season as well as during and immediately after flowering to pod filling is essential. Excessive water stress during the flowering and pod filling stages causes the shedding of a high percentage of flowers and pods, resulting in reduced yields. Irrigation during this period reduces flower and pod shedding and increases the size of the pods and seeds.

Crop protection

Weeds control 

Weed should be removed while very small, before they can compete strongly with the bean plants. Small holders rely on hand weeding while large scale growers use implements to remove weeds. Chemical control measures are very effective. The herbicide recommendations for cowpeas also apply to haricot beans.

Diseases and pests 

Diseases 

In humid areas, the crop suffers from may diseases, most of which are rarely a problem in the dry and semi-arid area. 

Anthracnose (Colletorichum lindemuthianum) is one of the most destructive diseases of haricot beans world-wide. Elongated dark red cankers on the stem and leaf veins, and sunken spots with pink centers and darker borders appear on the pods. Cold wet weather favors anthracnose attack. It is carried by diseased seeds, so it is essential to use disease-free seeds, preferably from an arid area.

Root rot is caused by Fusarium oxysporium. The first symptom is a red discoloration of the tap root, which later turns brown, and the roots become dry and papery. There is no effective chemical control for the disease; the pathogen persists in the soil and only longterm rotation is truly sffective.

Rust (Uromyces phaseoli) is also found world wide. It produces reddish uredospores and later dark brown teliospores, mainly on the leaves. This disease can only be avoid by growing resistant cultivars.

Foliar blight: haricot beans are also attacked by several bacteria that cause foliar blight. Control is achieved mainly through planting disease-free seed that is produced in a semi-arid environment.

Haricot bean mosaic: a seed borne virus which is also transmittred by aphids from diseased to healthy plants, may cause losses in all areas. The only effective ocntrol measure is the use of resistant cultivars.

Insects 

Haricot beans are attacked by various insects, including bean weevils (Bruchus spp.), bean beetles (Acanthoscelides obtectus) and cowpea beetles (Collosobruchus spp.) that feed on the beans, as well as leaf hoppers, aphids, and such insects as the bean-fly (Melangagramyza phaseoli) that transmit viruses.

Bean weevils are controlled through use of weevil-free seeds for sowing and through the sanitation and fumigation of storage facilities. Outbreaks of plant-infesting beetles and larvae may be treated by dusting with malathion or other appropriate insecticides. To prevent initial infection by insects which transmit viruses from border plants? Weed growth bordering the field should be eliminated before the bean is sown.

Some recommendations for haricot bean in Ethiopia 

 Improved varieties: Mexican-142. Roba-1, Awash-1

Planting  time: mid-June to early July (Meher crop)

Seed rate: 45-60 kg/ha

Spacing: 40cm (b/n rows) X 10 cm (b/n plants)

Fertilizer: 25 kg N /ha, 60-70 kg P/ ha.

Harvesting and threshing

The beans are fully mature when the pods lose their color. If the cultivars are not shattering, harvesting should be delayed until the moisture content of the seed has become down 10%. If harvesting earlier, the plants are allowed to dry either on the field or at the homestead. The plants are generally uprooted at the homestead, allowed to dry for about a week and then threshed with sticks. The haulms and pods are later removed by hand and by winnowing. On a large scale, threshing is done by heaping the plants on the ground and driving a tractor around on top of them. But it can also be done with a thresher.

Yield 

In Africa, average yields are very low and are usually between 200 and 600 kg of dried seed per hectare. With improved cultivars and good management, including pest and disease control, 1000-1500kg/hectare may easily be obtained. 

Nutritional value

Haricot bean is an excellent source of protein, B vitamin and iron (table 3-2-3-1)

Table 3-2-3-1 Nutrients Per 100g Edible Portion of haricot beans

	Nutrients
	Dry seeds
	Green seeds 
	Pods 
	Nutrients
	Dry seeds
	Green seeds 
	Pods 

	Protein (g)
	22.3
	11.3
	20.0
	Riboflavin (mg)
	0.2
	0.2
	0.1

	Carbohydrate (g)
	61.2
	33.5
	6.8
	Niacin (mg)
	2.2
	1.3
	0.7

	Fat (g)
	1.5
	0.6
	1.0
	Vitamin C (mg)
	8.0
	8.0
	15.0

	Vitamin A (units)
	30.0
	100.0
	180.0
	Calcium (mg)
	40.0
	125.0
	38.0

	Thiamin (mg)
	0.6
	0.3
	0.1
	Iron (mg)
	7.9
	1.1
	0.8


6.2.5 Field pea (Pisum sativum L.)

Although the pea is an important pulse crop, it is not as important in tropical and subtropical regions as the other grain legumes. Peas and soybeans are grown on a large scale in the temperate and cooler areas of the world. In tropical Africa, pea cultivation is mainly done on the highlands during the cold season.
Origin and distribution

There are two views on the center of origin and diversity of the field and garden pea (Pisum sativum L.). One is that it evolved in the Mediterranean area and in Central Asia. The other is that it originated in Ethiopia, and from there spread to the Mediterranean region in prehistoric times. The cultivation of field peas can be traced to the Swiss lake dwellers about 300-1100BC. From the Mediterranean region it spread to India and China and other temperate countries of Europe and the Russian. The pea (if it did not originate there) reached the mountain regions of Ethiopia and East Central Africa before the arrival of the Europeans. Peas were brought to North America by the early colonists.

Areas and production 

The total area and production of peas in the world in 1989 were 10 million hectares and 16.5 million tones, respectively. The area and production of peas in Africa for the same year were 0.45 million hectares and 0.27million tones, respectively. The important countries on the world for pea production are the Russian, France and China; in tropical Africa they are Ethiopia, Zaire and Burundi.

Botanical description 

Peas belong to the genus Pisum. The pea is an annual herbaceous plant, with a climbing or half-bush growth habit, reaching a height of 50-150cm. The plant develops a tap root system with many slender laterals. The stems are weak, slender and succulent. The leaves are typically pinnate compound, but the apical leaflet is modified into a split, or double tendril. A large pair of stipules, or leaf like bracts, is found at the base of the petiole of each leaf. The flowers are usually borne singly in leaf axils, although cultivars with pairs of flowers may be preferable to those with single flowers. The flowers vary in color from white to reddish purple, the pea plant is long-day in photoperiodic response and flowers indeterminately throughout the growing season. The fruit is a typical pod, and contains four to nine seeds. Seeds vary in shape from round to angular, and in color from green-yellow to grey and brown. Garden peas are uniformly light green.

Uses 

Peas are a high protein food, but like other grain legumes they are somewhat deficient in the amino acids, methionine and cystine. Peas are also a valuable supplement to cereals and other starchy root and tuber foods in the human diet, because of their high lysine and tryptophan contents, iron and vitamins, with the exception of vitamin C, which can, however, be obtained by letting the seeds germinate and eating the sprouts. Being very rich in protein, peas may be used as a substitute for animal protein, which is usually in short supply in the diet in the tropics.

Adaptation  

Peas are best adapted to cool climates with moderate rainfall. Moderate temperatures are essential throughout the growing season for succession production. They survive light frosts, but not during flowering. Hot dry weather interferes with seed setting. Peas are grow in the winter (cooler) season in the tropics and are an important crop of higher elevations (more than 1000m), in particularly in East Africa and Zaire. Optimum temperature is from 13 to 18℃. Peas are best adapted to well-drained, clayey loam soils. They tolerate a moderate soil pH range; the optimum is 6.5 but moderate acidity (pH as low as 5.5) is tolerated. They do not tolerate waterlogged conditions.

Cultivation  

Cropping systems
Under irrigated conditions peas are grown as a sole crop under rain-fed conditions they are usually intercropped with cereals such as wheat, barley and oats. For fodder purposes, they are usually grown with oats. Peas fit well in rotation with maize, sorghum and cotton as these crops are grown during the wet summer season and peas are grown in the winter season.

Land preparation 

Peas do not require a very well-ploughed land and one or two ploughing are adequate. Large clods should be broken down but not too finely.

Sowing 

Peas are sown soon after rains have ceased and the winter season starts, i.e. during October-November in Asia and northern Africa and during April in East Africa and other counties in the southern hemisphere. The seed rate varies from 60-90 kg/ha, depending on cultivars, size of seed and plant density. The seed is sown in rows either behind the plough or with a seed drill. Row spacing may vary from 20-30cm. The desired stand (300000 plants per hectare), can be obtained only by sowing seed at 10-15 cm apart in the row.

Fertilization 

If peas are to be grown in any field for the first time, seed inoculation is necessary. The seed should be inoculated with an appropriate strain of Rhizobium to ensure effective nodulation. 

If inoculated, peas do not need a nitrogen fertilizer. Occasionally a small dose of 20kg/ha may be applied to boost early growth, however, peas have a high requirement of phosphorous, potassium, calcium, magnesium and sulphur. Most soils are rich in potassium, thus the application of ordinary super-phosphate at the rate of 50-60 kg/ha will meet the requirements of phosphorus, calcium, magnesium and sulphur. If potassium is not sufficiently available, it should be supplied at 30-40 kg K2O/ha.

Water use

As the pea is not as deep-rooted as the other grain legumes, the availability of water in the root zone throughout the growing season is always beneficial. It has been reported that the moisture content must not be allowed to drop below 60% of field capacity during the period from emergence to just prior to flowering, and not below 90% from the start of flowering until the main flowering period.

Crop protection 

Weed control 

Normally there is not much competition from weeds once the crop is well established, but it is always useful to remove or kill all weeds when the peas are in the very early stages of growth.

Diseases 

Peas are subject to attack by powdery mildew caused by the fungus Erysine polygoni. There is no known practical control for this disease. Peas are also susceptible to root rot and to wilt diseases caused by various fungi. Symptoms of leaf blotch, caused by the fungus Septoria pisi appear on the leaves of seedlings. Peas are also susceptible to bacterial blight, caused by Pseudomonas pisi. Control measures against these diseases include crop rotation, the use of disease-free seeds, the use of resistant cultivars, and the use of the available suitable fungicides. 

Insects 

The pea weevil (Bruchus pisorum) is the most serious insect pest of field peas. The female deposits eggs in the developing pod, and when the eggs hatch, the larvae feed on the seed. The feeding activity of the larvae reduces the enutritional and market value of the seed. Control consists mainly of fumigating the seed immediately and destroying the females before they deposit their eggs.

Other insect pests include pea aphids and the pea moth.

Harvesting and threshing 

Harvesting should be done when the pods are mature and dry, and when the moisture content of the grain is about 10%. Harvesting should not be delayed otherwise the pods will shatter.

It is reported that the use of chemical desiccants to hasten the drying of plants and to facilitate harvesting has become increasingly popular in the USA. Sulphuric acid solutions and several commercial herbicides have been used as desiccants. The use of desiccants, however, may contaminate the crop residues (haulm) and made it unfit for use of livestock feed.

Threshing may be done by beating the plants with a stick, having bullocks treading on them, or driving a tractor over the harvested material.

Yields 

The average pea yield in the world is about 1600kg/ha. In a favorable climate and with good cultural practices, the yield can easily be increased to three times the average.

Storage 

The grains should be dried thoroughly before storage and the moisture content should not be higher than 10%. The grains should also be fumigated before storage. All the containers and storage structures should be cleaned and treated with an effective insecticide. 

6.2.6 Chick pea (Cicer arietinum L.)
Origin and distribution

Chick pea is an ancient crop; perhaps it is the oldest pulse crop cultivated in both Asia and Europe. It is not known in a wild state. But it appears to have originated in Western Asia and to have spread at a very early date to India and Europe. According to De Candolle, the fact that gram has a Sanskrit name “chana”, indicates that this crop has been under cultivation in India longer than in any other country. The crop was known to the ancient Egyptians, Hebrews and Greeks. It has been introduced times to tropical Africa, Central and South America, and Australia.

Areas and production

The total area and production of the pea in the world during 1989 were 9.9 million hectares and 7.4 million tones, respectively; the area and production for Africa during 1989 were 0.4 million hectares and 0.3 million tones, respectively. India, Turkey, and Pakistan are the important countries for its production. In tropical Africa, Ethiopia is the leading country for check pea production. It is also grown in Tanzania.

Botanical description 

Gram is an erect herbaceous annual, rarely taller than 60cm. The whole plant is covered with glandular hairs. It has a strong tap root and a mass of lateral roots in the upper layers of the soil. The plant is well branched with pinnate leaves about 5cm long, with 10 to 20 leaflets. The flowers can be of many colors and are borne singly on long ancillary peduncles. The pod is 2 cm long and 1cm broad and contains 1-3 spherical, wrinkled seeds with an oblique, pointed beak. The seeds are commonly brown, but sometimes white, red or black. Brown-or black-seeded types are more tolerate to adverse soil and climate conditions, whereas white-seeded ones, although high-yielding, do well only under more favorable conditions.

Gram is a self-pollination crop although occasional cross-pollination occurs. On cloudy and wet days little pollination takes place and empty pods result.

Uses 

Like other legumes, gram is somewhat deficient in the amino acids methionine and cystine, but rich in lysine and tryptophan. It is a useful supplement to cereals and other starchy foods. It is rated as being highly digestible, particularly the white and cream-colored seed types.

Adaptation 

The pea is adapted to cool and moderate temperatures during its growing period, but tolerates considerable heat during the fruiting and ripening period. Early summer heat shortens the growing period, hastens maturity and reduces yields. It is tolerant to drought but does not grow well in warm, humid climates. In Asian countries it is sown in winter (October- November) and grows on the moisture conserved in the soil. In the Asian and Mediterranean countries where it is grown, there is little rainfall during the growing season, light to moderate rainfall is good for the crop, but not heavy rainfall. Rainfall during the early growth period is more beneficial than during the flowering period. Frost during flowering and fruiting is very determinant to the crop.

Grain is grown on a wide variety of soils. It does not tolerate wet soils. The most suitable soils are moderate to heavy, well-drained soils, i.e. clay loams and loams. High fertility in the soil stimulates excessive vegetative growth at the expense of seed production. It is notably tolerant to soil salinity.

Cultivation

Cropping systems

Gram can be grown either as a sole crop or intercropped with crops such as wheat, barley, linseed and mustard. Where rainfall distribution permits double cropping, it follows the principal wet (rainy) season crop such as maize, sorghum, or rice. Quite often it is grown as a relay crop and planted in a standing crop of cotton. Where rice is grown as a transplanted crop, it is sown soon after the rice is harvested.

Land preparation 

Being a deep-rooted crop, it does not need a fine seed bed, unlike most other winter crops, it requires a somewhat cloddy seedbed and one or two ploughings are enough to prepare the land for its sowing. The soil should be moist to a considerable depth.

Sowing 

Where it is grown as a rain-fed crop (which is the usual situation) the optimum sowing time is after the rain has stopped and winter has just started, i.e. from the end of October to early November in the northern hemisphere, and in April in the southern hemisphere. Earlier sowing is associated with excessive vegetative growth, causing reduction in the yield of grain. Late sowing may cause poor emergence of plants because of a shortage of water in the soil. Under irrigation, it is sown at the beginning of the cool season. 

The seed rate varies from 40-60kg/ha. Where there is an adequate supply of moisture, closer sowing is preferred and hence a higher seed rate. For cultivars with a bigger seed size, a higher seed rate will also be needed.

Row sowing is recommended. Depending on cultivars, inter-row spacing varies from 25-40cm and intra-row spacing varies from 15 –30cm. It is sown 4 – 10 cm deep, depending on the moisture status of the soil.

Fertilization

Chick pea does not require nitrogen when naturally or artificially inoculated with root nodule bacteria, it certainly needs other nutrients, mainly phosphorus, and an application of 40-50 kg P2O5 / ha may be recommended. Where there is shortage of potassium in the soil, a light dose of 20-30 kg K2O / ha may be applied. 

Where it is sown deep (8-10cm) under conditions of limited moisture, side placement of fertilizers is recommended, and when it is sown shallow (3-5cm), deep placement of fertilizers is recommended. These methods of application minimize phosphate fixation in the soil.

Water use 

Chick pea is usually grown as a non-irrigated crop but when it is grown mixed with wheat, one to two irrigations may be given. Excessive irrigation may result in poor aeration in the root zone (not conducive for bacterial growth) and should therefore be avoided. In heavy soil the land should be inter-cultivated after irrigation so as to provide oxygen in the root zone.

Topping (nipping)

Topping entails nipping off the tops if the plant to encourage branching and is done when the plant is still young. It is controversial whether topping helps to increase the yield of the crop or not. However, topping does not adversely affect the yield and the tops (tender stems and leaves) so removed are used as a vegetable. 

Harvesting and threshing

Of the pulse crops, gram has the least problem with shattering. The crop should therefore be allowed to dry completely in the field so that the moisture content of the grain is reduced to about 10 %. If, for any reason, harvesting is done earlier, the harvested material should be left to sun- dry on the threshing floor. Harvesting is done by pulling the entire plant from the soil. 

Threshing is done by beating the dried plants with a wooden stick. Large scale threshing is done by having bullocks trampling on the dried plants, or by driving a tractor over them. Winnowing is done to separate the grain from the chaff.  

6.2.7 Cow pea (Vigna unguiculata L.)
Origin and distribution

Cow pea is a pulse crop grown throughout the subtropics and tropics. The crop is distributed in East Africa (Ethiopia, Kenya, Tanzania), Southeast Asia, Southern USA.

Plant characteristics  

Cowpeas are an annual crop. Varieties may be spreading, semi-upright or erect in growth habit. Their flowers may be purple, pink, white, blue or yellow. The pods of most varieties hang downwards but in some varieties they point sideways or upwards. The seeds may be white, cream-colored purple, brown, mottled brown or black. In most cases in Ethiopia the percentage of cross-pollination is only about 2%. The duration of the crop depends largely on the growth habit, the rainfall and the local practice but it is seldom more than five or six months.

Uses 

Leaves are usually crushed, fried and then boiled although they may simply be boiled. They are sometimes dried and ground into a powder which can be stored for later consumption. The seeds may be boiled with maize or boiled in their pods. Alternatively their seed coats may be removed, after which they are boiled or fried to make a paste or sauce which can be eaten with “other food”.

Environmental requirements 

Temperature: Hot to moderate.

Altitude: Principally a bean of tropical lowlands.

Rainfall: Better adapted to low rainfall.

Day-length: Most cowpea varieties are day-length neutral, some flower best during short days.

Soil preference: Not marked, most cowpeas cannot tolerate poor drainage.

Special needs: Warm soil for seed germination, many varieties require trellises. 

Cultural factors  

Propagation method: Exclusively by true seeds 

Seeds per 100g: 250-1000

Planting techniques: Normal soil preparation, raised beds in rainy season, planting depth 1-3cm, spacing of 60-90cm X 5-8cm of vines.

Post planting care: Trellising may be necessary. 

Pest control: Pests are probably the most important factor limiting yields of seed, especially in the wetter areas. The most damaging are pod borers (maruca testulalis), blossom beetles (Coryna spp.), thrips and a pod sucking insect (Acanthomia horrida). In an experiment in Uganda, DDT sprays, starting at flowering and continuing at weekly intervals, increased yields by about 40%. Insecticides which are toxic to human beings must not be applied before the removal of leaves for spinach. 

Diseases control: Diseases can do much damage in the wetter areas but some of them also attack in the drier areas. The most important diseases are Zonate Leaf Spots (Ascochyta phaseolorum and dactuliophora tarii) and Pseudo Rust (Synchytrium dolichi). Varietal resistance is the main weapon against these diseases. 

Weed control is important during first 2 months. Rat control is necessary as pods begin to mature.

Harvesting: To make a good spinach the leaves must be young and tender, the best are about the third and fourth from the apical ends of the shoots. Experiments in some countries in East Africa have shown that removing all the tender leaves three times at weekly intervals, starting five or seven weeks after sowing, has no adverse effect on grain yields although flowering may be delayed. Pods are usually removed individually as they ripen and laid out in the homestead to dry.

Yield 

Average yields are estimated to be 340-450kg/ha. But with good husbandry (without using insecticides) 670-900kg/ha should be possible in Ethiopia. In Uganda, yields of about 2200kg/ha have been obtained by using insecticides on some of the better selections.

Storage
Tender pods and shelled beans are canned or frozen, dried seeds are stored under straight conditions.

Nutritional value
According to analysis, cowpeas contain different nutrients valuable for people and animals (Table 3-2-6-1)

Table 3-2-6-1 Nutrients Per 100g Edible Portion of Cowpeas

	Nutrients
	Leaves 
	Pods 
	Mature seeds cooked
	Dry seeds cooked

	Protein (g)
	4.3
	2.4
	8.1
	5.1

	Carbohydrate (g)
	9.4
	7.0
	18.1
	13.8

	Fat (g)
	13.0
	0.3
	0.8
	0.2

	Vitamin A (units)
	1835.0
	1600.0
	380.0
	10.0

	Thiamin (mg)
	0.2
	0.1
	0.3
	0.6

	Riboflavin (mg)
	0.1
	0.1
	0.1
	0.1

	Niacin (mg)
	1.2
	0.9
	1.4
	0.4

	Vitamin C (mg)
	32.0
	17.0
	17.0
	17.0

	Calcium (mg)
	125.0
	65.0
	24.0
	10.0

	Iron (mg)
	1.2
	0.7
	2.1
	1.3


6.2.8 Soya bean (Glycine max)
Origin and distribution

The soya bean is one of the oldest cultivated crops. It originate from China. The first record of soyabean in China date back to 2838B.C. Today large area is cultivated to soyabeans with high yield in China, especially in Heilongjiang Province, Jilin Province and Lioaning Province in Northeast part of China. In the Asia-Pacific region, soyabean is also cultivated in Pakistan and India. Soyabean is predominantly cultivated in USA, Brazil and Argentina in South America. Soyabean is also grown in Ethiopia, Uganda and other countries in Africa. 

Plant characteristics 

Stem erect, at maturity usually between 30 and 70cm, normally with 1-3 branches at the lowest nodes. Root system a tap root up to 2m, with 4 rows of branched secondary roots. Bulk of the second and higher order roots concentrated in the tilled top soil. Leaves trifoliate and alternate, except one simple and opposite pair at the first node above the cotyledons. Leaflets ovate to lanceolate, 4 to 20cm long and 3 to 10 cm wide. Inflorescences axillary racemes with 3 to 15 small (5mm) flowers. Mature flowers purple or white. Pods 3 to 7cm, 20 to 50 or more per plant. In most cultivars 2 to 3 seeded. Seeds ovoid to globose with yellow, green, brown or black testa and yellow or green cotyledons.

Uses 

Soyabean is used as the most important oil crop of the world, numerous oriental foods for human beings and feed ingredients in animal nutrition.

Environmental requirements  

Temperature: Optimum for growth and development 25-32℃.

Latitude: 0-52º N and S.

Altitude: Near equator 0-1900m.

Rainfall: 400-700mm.

Day-length: Most soyabean varieties are qualitative short-day plants.

Soil preference: Fertile, well-structured, well drained sandy loams to clay loams with pH5.5-6.0

Special needs: Recently cultivars nodulating well with indigenous rhizobium in Africa have been identified. The soyabean can depend entirely on the symbiotic bacteria fixing atmospheric nitrogen to meet its nitrogen requirements. 

Cultural factors  

Propagation method: propagated by seeds 

Seeds per 100g: 500-800

Planting techniques: The spacing of 30cm X 8cm and seed rate of 60-80kg/ha are recommended. The recommended depth of planting is 3 cm in fine-textured and 4cm in coarse-texture soil. In Ethiopia yield and quality losses due to weeds are a menace to soyabeans if weeding is neglected before the crop canopy is sufficiently closed, i.e., when the plants are about 15cm tall. Thus hand weeding and mechanical cultivation remain the safest means of control as long as the farmers are not thoroughly familiar with the use and risks of herbicides.

Pest control: Aphid is the most important pest insect which can be controlled by using resistant cultivars and by taking cultural measures, such as early planting, close spacing and removal of alternate hosts. The most important world wide tropical disease is soyabean bacterial pustule, caused by Xanthomonas phaseoli Dawson. It causes dead patches on the leaves, resulting eventually in premature defoliation. Resistant cultivars, disease-free seed, and covering of residues with soil are the safest means of control. 

Harvesting: In traditional farming whole plants are usually pulled or cut by hand, tied in bundles, and allowed to dry in the field or on the compound. When seed moisture is about 14%, the crop is ready for threshing by hand or mechanically. Combine harvesting is feasible if the field is sufficiently large and the slope of the land not too steep.

Yield 

Average seed yields in the whole world amounted to 1590kg/ha, as compared with 1130 kg/ha in the developing countries. The highest recorded yields in the tropics exceeded 5000kg/ha. 

Storage
A safe moisture content of the seed for storage is about 12%. In the wet tropics artificial drying and low humidity rooms may be required to attain and maintain this level where the latter is not available. Storage of the seed in air-tight bags or containers is the best alternative. If the seed must remain viable for planting or the preparation of soyabean sprouts, it should be borne in mind that the germination capacity declines below 90% within 8-12 weeks at ambient temperature of 25-30℃. 

Nutritional value (Table 3-2-9-1)

Table 3-2-9-1 Nutrients Per 100g Edible Portion of soya bean

	Nutrients
	Cooked dried seeds
	Vegetable curd
	Sprouted seed

	Protein (g)
	11.0
	7.8
	6.2

	Carbohydrate (g)
	10.8
	2.4
	4.4

	Fat (g)
	5.7
	4.2
	1.4

	Vitamin A (units)
	28.0
	-
	95.0

	Thiamin (mg)
	0.2
	0.1
	0.2

	Riboflavin (mg)
	0.1
	0.1
	0.2

	Niacin (mg)
	0.6
	0.1
	0.9

	Vitamin C (mg)
	-
	-
	5.0

	Calcium (mg)
	73.0
	125.0
	51.0

	Iron (mg)
	2.7
	1.9
	0.9


6.2.9 Mung Bean (Phaseolus aureus)
Origin and distribution

Mung bean originated in India. The crop is widely cultivated throughout Southern Asia and to a smaller extent in parts of Africa such as Ethiopia. 

Plant characteristics 

Erect annual early maturing bush or slightly vine-like herb, small yellow corolla, with pubescent pods. Seeds yellow, green or black. 

Uses 

Boiled, steamed, or fried green pods, and dried seeds as cooked pulse foods.

Dried seed are germinated and sprouted as vegetable.

Potential for canning or freezing is excellent.

The flour from grinding the seeds is versatile in uses.

Environmental requirements  

Temperature: Moderate to hot.

Altitude: Low to moderate.

Rainfall: low.

Day-length: some varieties flower year-round; the majority flower only during short days.

Soil preference: Soil must be well- drained, alkalinity and salinity tolerated.

Special needs: Rhizobium inoculation of seeds before planting is desirable in soils where mung bean has not been grown previously. 

Cultural factors  

Propagation method: True seeds. 

Seeds per 100g: 2000

Planting techniques: often planted just before dry season begins. A good soil preparation is necessary, spacing 50cm X 25cm. And depth 4-5cm.

Pest control: (Table 3-2-10-1)

Table 3-2-10-1 Pests and their control in mung beans

	Pest 
	Common name
	Control

	Erysiphe polygoni
	Powder mildew  
	Use approved chemicals 

	Cercorspora spp.
	Cercospora spot
	Use approved chemicals 

	Sclerotium rolfsii
	Root rot 
	Avoid infested soils

	Ophiornyia phaseoli
	Been flies 
	Use approved chemicals 

	Aphis spp.
	Aphids 
	Use approved chemicals 


Harvesting: The first harvesting usually begins from 3-5 months after sowing. Mung beans are picked for edible pods or mature green seeds two to three times weekly; dry pods are harvested as they begin to dry to avoid shattering. 

Yield 

Green pods 5-10 tones/ha. Dry seeds 2000kg/ha. 

Storage
Dry seeds can be stored for later consumption whereas the green pods must be used soon after harvest.

Nutritional value
Mung bean is a good source of protein, vitamins B and iron (Table 3-2-10-2)

Table 3-2-10-2 Nutrients Per 100g Edible Portion of Mung Beans

	Nutrients
	Mature green seeds
	Cooked dried seeds
	Sprouted seeds

	Protein (g)
	11.0
	8.0
	3.2

	Carbohydrate (g)
	27.1
	18.0
	6.1

	Fat (g)
	0.3
	0.2
	0.3

	Vitamin A (units)
	40.0
	30.0
	25.0

	Thiamin (mg)
	0.1
	0.1
	0.1

	Riboflavin (mg)
	0.1
	0.1
	0.1

	Niacin (mg)
	0.6
	0.4
	0.8

	Vitamin C (mg)
	2.0
	1.0
	0.7

	Calcium (mg)
	60.0
	50.0
	18.0

	Iron (mg)
	2.6
	1.0
	1.0


6.3 Oil Crop Production

6.3.1 High land oil crops

6.3.1.1 Niger seed (Gvizotia abyssinica)

Origin and distribution

Noug (Niger seed) is an oilseed crop which originated in Ethiopia. Largest production is in India, the second largest producer is Ethiopia. 

Noug is the most important oil crop in Ethiopia. Approximately 50% of total vegetable oil production is from noug. Eojjam, Gonder and Welega are the most important noug producing regions in Ethiopia. These three areas account 80% of the total noug production in the country.

Utilization 

Noug produces high quality oil containing 50-70% linoleic acid which is good for cooking.

Noug oil has excellent nutritional quality.

Noug oil may be used as lamp oil for lighting, as a lubricant for soap and in paints.

Oil cake remaining after the oil is extracted, is an excellent source of energy and protein for livestock and also used as fertilizer.

Botanical characteristics 
Noug belongs to family compositeae. The plant height varies from 30cm –250cm. The plant may become highly branched. Heads are born on the end of the branches. Numbers of heads (capitula) per plant varies from 35-170. Each capitulum has 2types of flowers. On the outside are 8-9 ray flowers (female) with light yellow petals. On the inside are 25-60 disc florets (both male and female) which do not have petals. 

Environmental requirements
Noug can be grow from 1400-2500m but grows best between 1800-2000m. Noug is a crop of the cooler parts of tropics. The crop cannot flower at high temperatures from 27℃ to 33℃. In Ethiopia the crop is often grow on heavy clay soils often poorly drained. A soil temperature of 17-21℃ has been found to be best for Noug.
Cropping sequence 
Noug is well known to be a good precursor for other crops, as crops which are planted after noug have a higher yield. Noug suppressed weeds very effectively and fields requireless weeding in the following year. Noug should not be planted after noug as the yield will be reduced.

Cultural practice

Seed bed preparation: often noug is planted on a poorly prepared seed bed following a simple plowing, however, the seed bed should be reasonably well prepared in order to insure proper germination.

Sowing: Noug is usually broadcast but does well in rows 25-30cm apart. The depth of sowing should be shallow only 1-2.5cm deep.

Seed rate: The recommended rate is 20kg /ha for broadcast and 10-20kg/ha when planting in rows.

Sowing date: June 25-July 7.

Harvesting

Harvesting too early will cause seeds to be shriveled. Harvesting too late may cause heavy loose due to seed shattering. 

The correct time for harvest is 1 week after the petals begins to drop from the flowers, and the top most leaves are just turning from green to yellow, while the bottom leaves are brown.

Yield

Average seed yields of 3-5 Q/ha are reported for Ethiopia. Under research conditions yield of 8-10Q/ha are common.

Fertilizer

Fertilizer application causes a large increase in vegetation growth, but slightly increase in seed yield. Therefore this crop is not very responsive to fertilizer as far as yields are concerned. 
6.3.1.2 Rapeseed (Brassica napus) and Mustard (Brasssica carinata)

General feature and origin
Most rape seed on the world market comes from two species of rape seed (Brassica napus) known as true rape and B. campestris (or turnip rape). These two species are grown in North Europe and North America. World production of rape seed has increased time to time. This increase has been due in part to the improved nutritional quality of oil produced by varieties of rape seed with low erucic acid. More recently varieties with low glucosinlate content have been released. Glucosinlated are harmful compounds in the oil-cake which may be toxic to animal that eat the oil cake. Glucosinlates also produce a pungent taste in the oil.

There are three species of rape seed/ mustard with potential as oil crops in Ethiopia.

(1) Brassica carinata (Ethiopian mustard or Gomanzer): Originated in Ethiopia from the natural crossing of B.nigera (senafitch) and B. oleracea(tikil gomen). Approximately 50000 ha are grown in Ethiopia. This species is widely grown only in Ethiopia. Very high seed yields up to 48 Q/ha have been obtained under experimental conditions. Most Ethiopian mustards are long maturing types, taking 150-180 days. 

(2) Brassic napus (true rape seed or Argantina rape seed): This species was introduced into Ethiopia about 10 years ago on an experimental basis, from northern Europe and Canada. Rape seed is one week to 10 days earlier than mustard, but yields are about 37% lower than mustard.

(3) Brassica campestris (turnip rape): This is the earliest maturing of the three species, maturing in 90-120 days. It is short growing for low rainfall areas. Because of it short growing season, this species has the lowest potential yields. At present time, there are no released varieties of B. campastris in Ethiopia.

NB: Now rape seed varieties with low erucic acid and glucosinalate levels are being tested. A breeding program is expected to produce mustard varieties with low erucic acid and low glucosinalate in a few years. 

Utilization 

In Ethiopia, mustard is used for many purposes. These uses reported by farmers as follows: for greasing the metad before enjera (flat bread) is baked, and oil is extracted by stirring. Seeds used as a component in spices, used to make soap and to soften leather.
Botanical description
Recognition of Brassica species

	Character
	Carinata
	Napus
	Campesth’s

	Leaf color
	Light green
	Dark blue/green
	Olive green

	Leaf surface
	Smooth
	Smooth
	Rough

	Leaf position
	Away from stem
	Touching stem
	Enfolding Stem

	Leaf lobes
	Deep lobes
	No lobes
	Slight lobes

	Stem
	Purple/pink
	Dark green
	Light green

	Seed color
	Light brown/yellow
	Black
	Black/yellow

	Seed size
	Large
	Medium
	Small

	Plant type
	Freely branching
	Moderately branched
	Least branched


Adaptation

Rape seed/mustard is grown at medium to high altitudes above 1650 meters. Best growth can be between 1800-2600 meters. They are cool season crop, cool temperatures are especially important up to flowering but during grain filling, warmer temperatures can be tolerated. The amount of rainfall required depends on the type and species grown, rape seed required more rain fall than mustard. In Ethiopia rapeseed will grow where the annual rainfall is above 400 mm. The rainfall should be evenly distributed during the growing season, since yields can be reduced by either water logging or drought. The soil should be relatively level, with good drainage, and be near neutral in pH. Rape seed/mustard performs best on loam soils.

Cropping sequence

In some countries, it has been found that land seeded to rape seed or mustard should not be seeded to these crops again for at least 2 years. This interval is required to break the cycle of pests and diseases. In other findings when the land is frequently cropped to rapeseed or mustard, the soil loses its structure and becomes powdery. Cropping sequence studies showed that wheat or barely following rapeseed produced good yields.

Cultural practices
Seed-bed preparation:-good seed bed preparation is very important for good emergence. Following ploughing, the land should be disked to form a level surface, with clods up to 2.5 cm in diameter.

Sowing method:-in different station showed that higher yields were obtained from broadcasting than with drilling, a seed rate of about 10kg/ha has been found to produce best yields.

Data of planting:-highest yields have usually obtained from earlier planting. In general, the best time to plant is at the beginning of the main rains in June.

Depth of seeding:-shallow seeding of 1-3cm is best when sown in a firm, moist seed bed. Seeding too deeply will result in delayed emergence and poor stead. 
Harvesting

It is very important to correctly determine the right time to harvest. As rapeseed and mustard approach maturity, they may ripen quickly and shatter, rape seed shatter more easily than mustard. After cutting the bundles are allowed to dry in the field for several days. Threshing is carried out with a stick or with oxen when plants are fully dried. 

Yield

Both mustard and rapeseed have high potential yields, if conditions during growth are optimum and correct management practice are followed.

	Country (1978)
	Average yield (Q/ha)

	Ethiopia 
	4.0

	USA
	13.3

	West Germany 
	25.8


* Research yields in Ethiopia of 48Q/ha for mustard and about 30 Q/ha for rape seed can be obtained.

6.3.1.3 Linseed (Linum usitatissimum) (flax)

General feature and origin

There are three types of linseed. A fiber type, a seed type, and an intermediate type. The fiber types are tall and have very few branches, and are grown in cooler temperature regions, especially in Russia. Seed types are shorter with more branches; they are grown in warmer regions, in Argentina, China, Uruguay, India, as well as Ethiopia.

The linseed in Ethiopia is generally very short and very highly branched and used for oil.

Ethiopia is considered to be the center of diversity for linseed. It is thought (by Vavilov) that seed types originated in southwest Asian center (India, Afghanistan and Turkestan), fiber types in the Mediterranean center (Spain, Algeria, Greece, and Egypt) and the intermediate types originated in Asian Minor. 

Utilization

Linseed has 35-40% of drying oil (absorb oxygen readily upon exposure to air and form an elastic thin film due to the presence of unsaturated fatty acid).

Because of it drying property, it is important raw material to make paints. 

The fatty acid in the linseed contains high percentage linoleic acid so it is important for cooking.

Fiber type of linseed 25%of the stem is fiber, it is important to make cigarette paper, fiber board, book paper, currency paper etc. 

By products of oil and used as animal feed

Botanical description

Linseed has a tap root 1 to 1.2m long. Most types have a single stem, but more than one branch may arise from the cotyledon node in some seed types, or when planted at low density. In Ethiopia, plant height ranges from 40-115cm. Leaves are small, simple, and in alternate pairs at the base of the plant, and in spirals near the top of the plant. Flowers are white, or blue, or pink. Flowers open early on the morning, and petals are shed by noon of the same day. Linseed is usually self-pollinated, with 2% outcrossing due to insects. Each flower has 5 petals, 5 stamens and 5 sepals. Two seeds are found in each locule and each ovary has 5 locules. The ovary develops in to ball, seeds are yellow or brown. Both endosperm and embryo are oil bearing tissues, with 20% and 80%of the oil respectively. 

Environmental requirements

 In Ethiopia, the crop is grown above 1800m, and performs best between 2300m and 2800m. Cool temperatures during growth produce highest yields. Highest mean temperatures range from 18℃to 31℃ but the crop grows well at lower temperatures. Linseed is more tolerant to frost than other crops. Average annual rainfall above 450-500m is required. Linseed performs better on loam soils that retain moisture well.

Cropping sequence
In some research station, linseed has been found to be an excellent precursor to many crops. High yields of wheat, barley, Tef and rapeseed have been obtained following linseed. Linseed is often used in rotation in other countries to prevent disease build-up, as linseed is immune to diseases that attack cereals. However linseed should not follow linseed, as yields are reduced, and weeds may build up.

Cultural practice
Seed-bed preparation: in Ethiopia, linseed is often planted in poorly prepared seed beds, which result in low yields. Good seed bed preparation begins with plowing as soon as the previous crop has been harvested. Either another plowing, or discing, followed by harrowing and packing should be carried out just before planting.

Seeding: linseed is fragile, and cracks in the seed coat are common. Therefore a fungicide treatment on the seeds usually increase germination and yield. Early sowing, as soon as the rains come is best.

Seed rate: 25-35kg/ha recommended for drilling, and 30-50kg/ha for broadcasting. 
Sowing depth:-2.5-4 cm deep.

Fertilizer: linseed generally has lower fertilizer requirements than other crops. In Ethiopia, 23kg/ha of phosphorus (P2O5) is recommended. Yield: - 37-49 Q/ha
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