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CHAPTER - 1
Introduction to Industrial crops

1.1 Definition of some terms

Industry: manufacturing factories based on raw material supplied by agricultural products or natural resources.

Crops: plant community grown to supply food, feed, fiber, sugar, and other useful commodities.

Industrial crops: it is a group of crops grown to supply raw material to local industries or for creating foreign exchanges.

1.2 Significance of producing industrial crops in Ethiopia

1. Supplying raw material for local industries

2. Creating foreign exchange.
3. Satisfying domestic requirements
4. Supplying employment opportunity for the local people: 
1.3 Types of industrial crops commonly cultivated in Ethiopia
1. Sugar crops: grown for making sugar, such as sugarcane & sugar beet.

2. Fiber crops: grown for supplying fiber, such as cotton, sisal, etc.

3. Drug crops: grown for supplying drugs, such as tobacco

4. Oil seed crops: grown for making oil, such as soybean, ground nut, sunflower, safflower, castor bean…
5. Beverage crops: grown for drinking purpose, such as coffee, tea, and cocoa.
1.4. Temperature zone division of Ethiopia

	Zone
	Average tem.(oc)
	Elevation(m)
	Remark

	T1
	>27.5
	<500
	Tropical

	T2
	27.5-21
	500-1600
	Tropical

	T3
	21-16
	1600-2400
	Subtropical

	T4
	16-11
	2400-3200
	Temperate

	T5
	11-7.5
	3200-3800
	Sub-temperate

	T6
	<7.5
	>3800
	Sub-temperate


1.5 Main industrial crops in Ethiopia and their temperature zone distribution

1. Sugarcane (T1, T2, &T3)

2. Tobacco (T2 and T3)

3. Coffee (1500-2200)

4. Tea (T3)

5. Sisal (T1 and T2)

6. Cotton (T1and T2)

7. Soybean (T1, T2 and T3)

8. Groundnut (T1, T2 and T3)

9. Rapeseed (T4 and T5)
10. Sunflower (T1, T2 and T3) 

11. Castor bean (T1, T2 and T3)
1.6. The major industrial crops in Ethiopia includes:
i. Sugar producing crops; Sugarcane and Sugar beet
ii. Fiber producing crops: 
· Cotton
· Sisal
· Kenaf & Enset 
iii. Oil crops:

· Highland oil crops:
· Sun flower (Noug)-ginger seed 
· Linseed
· Rape seed or mustard & Saff flower
· Lowland oil crops: 
· Sesame
· Groundnut, Safflower & Castor (non-edible oil) 
· Generally speaking, the latitudinal distribution of oil crops are;-
· temperate oil-bearing crops (soybeans, rapeseed and sunflower)
· tropical oil-bearing crops (ground nuts or peanuts, and oil palm fruit)
iv. Stimulant crops (Tobacco )-drug  crops 
· Tobacco, a crop grown in the past history only for the manufacturing of cigarettes, holds promise of becoming a factory of made-to-order drugs.
CHAPTER - 2
Sugarcane Cultivation and Management (Saccharum species)
Common species in Ethiopia: (Saccharrum officinarum L.)
Sugarcane (Saccharum) refers to any of the 6-37 species (depending on which taxonomic system is used) of tall perennial grasses of the genus Saccharum (family Poaceae). It is native to warm temperate to tropical regions of the world, having stout, jointed, fibrous stalks that are rich in sugar, and measure 2 to 6 meters tall. 
Sugarcane products include table sugar, molasses, bagasse, ethanol and other products. It is one of the most efficient photosynthesizes in the plant kingdom. It is a C4 plant able to convert up to 2% of the incident solar energy into biomass. The world’s largest producer of sugarcane by far is Brazil followed by India, which goes for sugar and ethanol for gasoline-ethanol blends (gas-oil) for transportation. In India, sugarcane is cultivated for the production of alcoholic beverages.  
2.1 Importance of sugarcane production
2.1.1 Sugar crop

Sugarcane is one of the most important sugar crops. Averagely, 100 tons of sugarcane can be processed into 12 tons of refined white granular sugar. On a worldwide basis, sugarcane supplies the majority of the world’s refined sugar. Sugar is an essential food for human life per capita. Per annum consumption of sugar in the world is 22 kg, with the maximum of 49 kg in Central America, which supplies nearly 1/6th of the energy in the diet.

2.1.2 Light industry material
Sugarcane is a significant raw material in the light industry. Apart from sugar processing, its by- products such as bagasse, blackstrap, molasses, filter press cake, press mud or filter mud, etc, have been used widely in light industry. 
Baggase is what remains of the fibrous cane stalk after the juice is extracted. It is used as an ingredient in the manufacture of paper or building board or plastics. Blackstrap molasses is largely used for the production of alcohol, acetone, butanol, yeast, glycerin, citric acid, or dry ice. The filter mud contains nitrogen compounds, chlorophyll, salts, fats, wax, fiber, and etc from which many useful materials can be extracted and is used as an ingredient in the fertilizer industry.
2.1.3 Energy crop 

Sugarcane production is an important part of agricultural or crop production. Sugarcane is a crop with high photosynthetic efficiency. It has been said to excel over all other plants as a converter of the solar energy and the CO2 of the air into energy food and fiber. It has better economic effect conducive to more economic or funds for developing agricultural production.
2.1.4 High quality feed

Sugarcane culture contributes to the development of animal agriculture or diversified agriculture. A great deal of cane trash as well as stalk head in sugarcane growth and by-products in sugarcane processing provide high-quality feed for livestock and fish culture and much more substrata for edible fungi production and direct or indirect fertilizer sources for crops production. Bagasse can be used as mulching animal for plants, as litter or bedding for poultry and livestock, or used for fuel in some factories, the ashes being returned to the sugarcane fields as fertilizer. Filter-press cake has a fertilizer value equal to barnyard manure. 
2.1.5 Improving soil fertility and productivity 

In the farming system arrangement, proper rotation cropping, inter-cropping or under-cropping of sugarcane and grain crops and oil crops can help improve soil structure, fertility and productivity. Edible fungi culture can be practiced in sugarcane fields, increasing the per unit area output value. Sugarcane can be grown as a dominant crop in arid-land or as a pioneer crop in newly reclaimed land along the coast or salt lake for better economic results. 
2.3. Botanical description 

Sugarcane is a tall-growing, tropical perennial grass requiring usually 8-24 months to reach maturity. The mature plant consists of root, stem, and leaf, flower and fruit (seed). The duration of sugarcane ranges from less than 10 months to 2 years, but most cane is grown for 14-18 months for the plant crop has been harvested, the old stools regenerate rapidly, producing a ratoon crop. The first ratoon crop usually yields only 2/3rd to 3/4th of the plant crop. The yield almost always decreases steadily with successive rotoons, and therefore only 2 to 3 ratoon crops may be taken. The first tow ratoon crops are more profitable than the plant crop. 
2.4. Ecological requirement 

2.4.1. Temperature 

A relatively long growing period is essential for high yields. It requires a temperature of 10-130C or more for root points (primordial) and cane bud’s germination, 150C or more for slow or regular growth, and 300C or so far optimum growth, but at lower than 100C or higher than 340C it stops growth. The temperatures should be high enough to permit rapid growth. 
2.4.2. Rainfall 
Sugarcane cultivation requires a tropical or temperate climate, with a minimum of 60 cm of annual moisture. It requires annual precipitation levels of 1500-2000 mm with proper distribution for good growth. Sugar cane is grown successful in places receiving the annual rainfall of more than 1000 mm, or 750-1200 mm or irrigation is beneficial and often essential for successful sugarcane production except where a well-distributed rainfall of 1270 mm or more occurs annually.   
2.4.3. Soil 
Sugarcane is grown successfully on all types of soil. However, the best soil for sugarcane is well supplied with minerals and organic matter. Drainage must be provided on wetlands and on water logging conditions.   
Propagation of sugarcane     

Sugarcane has a flower even if it does not produce seeds. But in controlled environment, it is possible to produce seeds for breeding purpose. However, seed multiplication of sugarcane has disadvantage since genetically heterozygous characters will be developed and affect:     

· The potential yield 

· Disease resistance and 

· Manufacturing quality
Since the cultivars of sugarcane are highly heterozygous, they do not “come true” from seeds produced in their tassel and sugarcane is therefore propagated vegetatively by stem cuttings of young canes known as setts/seedpieces. 

Each cutting must contain at least one bud, and the cuttings are usually planted by hand. Once planted, a stand of cane can be harvested several times and after each harvest, the cane sends up new stalks, called ratoons. Usually, each successive harvest gives a smaller yield and eventually the declining yields justify replanting. Depending on agricultural practice, 2 to 10 harvests may be possible between plantings. The development of new cultivars has been necessary to meet the existing requirements of the sugar industry or for fruit cane.     

Good cultivar characteristics include: 
· Early matured

· Have good stubbling qualities 

· Be resistant to insects and diseases 

· Stand relatively erect at maturity
· Be able to maintain quality after cutting

· Be able to have a certain degree of cold tolerance 
1. Selection of seed pieces/setts
In selecting the seed pieces or setts, the following characteristics of a good planting material must be considered be it taken from the nursery or plantation: 
· Should contain 2-3 well developed and viable buds or eyes and should not include the central growing point. 

· Must come from a healthy plants and disease and pest free plantation or nursery.

· Must be about 30 cm long and prepared in such a way that there is about 3-5 cm clearance from the nodes at both ends. 

· If taken from the nursery, it must not be more than 6 months of age and the cane points obtained from the top half must be separated from the bottom half of the stalk and plant them separately in the field to obtain uniform germination.

· Sett preparation is from the middle portion of the cane/stalk.

· Before planting be sure to remove the leaf sheath covering the buds of the selected cane points to prevent delay of shoot emergence and horizontal growth of buds before it can fully emerge to the top. 

· Setts must be planted immediately after cutting because their germination capacity reduced gradually up to five days and rapidly thereafter. If possible, it should be planted within 24 hours. 

· Top cuttings from the upper portion of the mature stalks root faster with a higher percentage of success than cuttings from the older basal portions of the stalks, the eyes (buds) of which have become hardened from long exposure.
· After planting the setts, it is the bud on the node that grows to form a new plant. To encourage quick sprouting of the bud, the canes should be topped one week before cutting them for setts.

· The canes to be used for the setts should be free from diseases and pests.

The process of sett cutting:

· Selecting healthy seeding material of top portion of the can

· Stripping-off the canes 

· Cutting the cans into 2 or 3 budded setts carefully without any damage to the buds or eyes.

· Soak it in running fresh water; if it is just harvested fresh canes then soak it into water for 8 – 10 hours, if it is have rested for a long-time, then  soak it in water for 16-24 hours.  
Land Preparation 

Land preparation depends on how hard and compact the land is or after how many years the land is going to be ploughed. To cultivate the hard land, heavy machinery is used to break up the soil to a depth of 30-45 cm. Finally the land should be leveled. 
Making the furrows
Furrows should be made only when there are already available planting materials for planting to take advantage of the available soil moisture. Making the furrows several days ahead of planting time will result to drying-up of soil and planting with this soil condition will result to delayed and poor germination.   

Row distance: 100-110 cm; 

Depth: 20-30 cm, however, the depth of the furrow depends up on the drainage condition;

The width of the furrow bottom: 20-25 cm.

The bottom of the furrow need to be level with 6-7 cm of friable soil, the function of this operation is being useful for the closer contact with the friable soil after planting the setts, promoting water absorption and root germination; very useful for applying the basal manure concentrated at the furrow bottom; and very useful for hilling-up the plant, increase the resistance to drought and lodging.  
Applying basal manure: 

After furrow making, application of 30,000- 60,000 kg/ha of farm yard manure or compost or some other organic matter; lime super phosphate: 500-750 kg or DAP 150-200 kg, KCl: 100-120 kg, firstly mix them together for half a month then apply to the bottom of the furrow to mix together with the furrow bottom soft and friable soil. 
2. Distribution, laying out of the seed pieces and planting  
Distribution of prepared sugarcane seed pieces must be done immediately after making the furrows to take advantage of the available soil moisture. Planting should be done immediately after making the furrows for higher percentage of germination. Planting position varies depending on the season. 

Methods of placing the setts in the furrows
Setts may be planted at an angle of 450 or horizontally in the base of furrows. There are two methods of placing the setts in the furrow, either “End- to- End” or “Ear- to- Ear”. 
1. “Ear- to- Ear” planting method

During dry season, setts must be laid flat in the furrow with the eyes on both sides and covered with 2 inches of pulverized soil. Planting the cane points in this manner enable them to take advantage of the soil moisture and prevent from rapid drying. 

In periods of drought and where irrigation water is scarce, ear- to- ear planting is preferable. Some estates in East Africa prefer to have 2 rows of setts in the furrow instead of only one. This is also aimed at having a uniform sprouting and stand.  
2.  “End- to- End” planting method  
During wet season or when the soil is extremely wet, setts are planted at an angle positioned about 450, eyes on their sides also and allow the cane point to protrude 3-5 cm from the surface of the soil. Pointing the cane points this way is necessary to ensure uniform germination and development of strong tillers. In addition, this will also prevent the buds from injury by the movement of machinery or any heavy object on top. With adequate soil moisture or with irrigation, end- to- end planting results in adequate stands and in a substantial saving of setts. 
Planting materials requirement to plant a hectare plantation varies depending on the season. During wet season planting and early planting when conditions are favorable, rate of planting is usually 30,000 cane points/ha. Roughly, this amounts to planting 3 cane points for every linear meter of the furrow with 1m distance between furrows.
However, when planting towards the dry season, the rate may be increased up to 45000 cane points/ha to give allowance to seed pieces that may not germinate. Under favorable condition, germination will take place 5 to 10 days after planting.  
Depth of planting

The setts should be covered with 2-3 cm soil. Deeper coverage delays emergence and often results in mortality of the setts. The depth of soil used in covering setts not only influences the rooting and establishment of the stand but also the early development of the cane stem. Inter-tillage and hilling up the plant operations may be used to throw more soil on the growing stem and place the zone of maximum concentration of roots at a deeper depth. 

The young shoots usually emerge 10-12 days after plating. 
Planting time

Planting is usually done early in the rainy season, or in the winter season. In those parts of tropical Africa that have year-round rainfall, planting can be done at any time, but where there is a dry season between two rains, planting should be done well ahead of the dry season so that the plants can withstand a period of drought. 

When a sugarcane crop is harvested, the root system can be left to sprout new canes, which are known as ratoons. Several successive ratoon crops may be taken from one field and they are known as 1st  ratoon, 2nd  ratoon, 3rd ratoon, 4th ratoon, and etc. The main benefit of ratooning is that the crop matures earlier in the season. A ratoon crop is the new cane which grows from the stubble left behind harvesting. This enables the farmers to get 3 or 4 crops from these before they have to replant. 
2.6. Managing Sugarcane Plantation

    2.6.1. Irrigating sugarcane 

Factors affecting irrigation

Careful consideration must be given to a number of factors in order to determine the feasibility of irrigation under a given condition and the type of irrigation to be adopted. These factors include:

(1) Adequacy and suitability of available water supply

(2) Topography 

(3) Field size and shapes 

(4) Pump and power requirements 

(5) Acres that can be irrigated 

(6) Potential yields 

(7) Growth stages of sugarcanes 
Methods of irrigation: Furrow irrigation is the most commonly used one for sugarcane.
Stages of irrigation 

At the main growth stages mentioned blow, sugarcane fields should be irrigated if the soil moisture content (SMC) is low. 

(1) After planting (if relative moisture content is lower than 60%)

(2) Tillering stage (if relative moisture content is lower than 60%)

(3) Elongating stage (if relative moisture content is lower than 65%)

(4) Ripening stage (if relative moisture content is lower than 50%)
2.6.2. Applying Fertilizers 

Types of Fertilizers 

The main types of fertilizers in sugarcane production are as follow:

1. Animal manures       2. Green manures      3. Composts       4. Waste materials 

5.  Commercial (chemical) fertilizers such as nitrogen, phosphorus and potassium. 
Principles of application 

1. Basal manure and after manure both are very important for sugarcane production for balanced growth of sugarcane plant. No applying of basal manure and only apply after manure result in bad growth of the former stage, and stout in the upper part and thin in the down side part; only applying basal manure result in bad growth of the later stage, and stout in the down side part and thin in the upper side part. 

2. Organic fertilizer and chemical need to be connected together.

3. Balanced applying of N, P, and K, on upland field, the ratio of N, P, K is 1.8-2.6: 1:1

Methods of application
1) Applying of basal manure. As what is talked in the former part.

2) Applying of fertilizer to promote tilling: At around 6-7 leaves stage on each hectare apply Urea 150-200 kg, KCI 75-90 kg, and can be done connected together with inter-tillage. 

3) Applying fertilizer, to promote elongating: Connected together with inter-tillage and hilling up the plant. Adequate nitrogen is needed for early vegetative growth and good continued growth. However, excessive applications of nitrogen fertilizers can keep plant vegetative growing too late in the season, which is called retarded maturity, and can result in lowered sugar content and reduced sugar quality.

2.6.3. Hilling up the plant

(1) Definition of hilling up the plant 

Hilling up is a practical process in which the roots or basal stems of sugarcane plants are covered with earth, and then the row space become furrow. 
(2) Purposes of hilling up 

(1) To develop roots systems 

(2) To promote early and effective tillers 

(3) To control late and ineffective tillers 

(4) To suppress weeds 
(3) Time of hilling up

Usually two to three times of hilling up are done. 

1) First hilling up is done at the beginning stage of tillering, this means at the time of when the stem is with 3-4 unfurled leaves. Firstly have inter-tillage, and then return some dug soil into the planting furrow. 

2) Second time of hilling up is one at the end of tillering stage, firstly have inter-tillage then apply some fertilizer, then hill up the plant to a height of 25-30 cm above the ground level. 
2.6.4. Controlling of weeds
Usually weeding is done connected together with inter-tillage and chemical methods   
2.6.5. Controlling of insects and diseases

(1) Insects control 

Sugarcane borer is the most serious insect attacking sugarcane, which may attack the growing point of the plant, causing dead heart, or kill the tops of older plants or cause them to break over. Borings in the stalk reduce the sugar yield and contribute to the decay of seed cane. 

White scale forms a mat of scales beneath the leaf sheaths. It causes severe wilting during drought. No economic control measures are currently available. 

Termites or white ants: start damaging the setts in the soil and later in the season they attack the cane shoots. This can be controlled by broadcasting a layer of plant ash on the surface of the bottom of the furrow. 
Controlling methods:

Collecting and destroying the infected tillers; using high seeding rate; trash mulching; and growing resistant varieties and use of chemicals. 
(2) Diseases control 

Four types of pathogens mainly cause sugarcane diseases. They are fungi, bacteria, viruses and nematodes. There are 6 serious diseases in sugarcane. They are leaf scald, smut, red rot, mosaic disease, ratoon stunting diseases and root rot.
Controlling of diseases
Usually 4 types of control methods are used in controlling sugarcane diseases. 

A. Cultural control – Manipulation of cultural practices to provide control of diseases: 

a :Keeping fields sanitation; 
b: proper crop rotation, e.g. growing non-host crop for 4 years; 
c: Growing resistant varieties; and 
d: Removing of diseased plants. (e.g. to minimize the incidence of leaf scald)
B. Mechanical control –Any means of pest control which involves mechanically trapping or killing vectors (insects) which transmit a disease-causing micro-organism from one plant to another, or providing barriers to prevent vectors gaining access to plants.
C. Physical control – Pest control, which involves either modification of some physical factor in the environment (e.g. temperature), or use of a physical factor (e.g. light) to attract or kill vectors (insects), which transmit a disease. The ration stunting disease is caused by virus which is inactivated by treating the seed stalks in hot water for one and half hours at 520C.
D. Chemical control – The use of chemical to control a disease, e.g. the cut ends of seed sugarcane and preferably the entire set should be dipped in a fungicide solution ot control red rot. 
2.7. Harvesting of sugarcane

(1) Time of harvesting sugarcane 

(1) Definition of harvesting – Harvesting is removal of entire plant or economic portion of plant after maturity from the field. 

(2) Time of harvesting – Time of harvesting has profound influence on yield and quality of the crop produced. 

If a crop is harvested early of in pre-mature stage, both yield and quality are reduced. Therefore, crops should be harvested at correct time to get good quality and high yield. Time of harvesting for sugarcane should be decided according to external maturity symptom and internal maturity physiological criteria (Table below). However, the time and rate of harvesting are governed by the daily-sustained crushing capacity of the factory. 
Table 1. External symptom and internal physiological criteria of maturity in sugarcane

	№
	Item
	Symptom and criteria of maturity

	1

2

3

4
	leaves 

Sucrose content 

Brix ratio of top to bottom part of cane 

Brix reading 
	Turn yellow

>10%

≈1

>18%


Brix: soluble solid material of the cane. Brix reading: the value of the total content of soluble solid material. Brix ratio: the ratio of the brix reading of top part, middle part and the bottom part.

(2) Preparation of harvest 

Before harvesting and after ripening of sugarcane roper preparation should be made for harvest. 

1) Making yield assessment in the standing sugarcane and calculating the assessed yield in tons per hectare.

2) Determining the specific cutting date

3) Making a plan for harvesting 

4) Organizing enough labor force

5) Preparing of tools and necessary equipments. 
(3) Harvesting operation 

Harvesting is done either manually or by mechanical means.

Hand harvesting consists of stripping off the leaves, removing the tops, and cutting off the stalks at the bottom. The standing cane is usually fired to burn of the leaves the day before harvest. Burning is generally done at night, when dispersal of smoke by air currents causes minimum nuisance. 
2.8. Post-harvest Operation 

Post harvest operation of sugarcane includes loading and transporting.

Processing 

Sugarcane has been processed in two stages. Sugarcane mills, located in sugarcane producing regions, extract sugar from freshly harvested sugarcane, resulting in raw sugar for later refining, and in “mill white” sugar for local consumption. 

Raw sugar has a yellow to brown color. If a white product is desired, sulfur dioxide may be bubbled through the cane juice before evaporation; this chemical bleaches many color-forming impurities into colorless ones. Sugar bleached white by this sulfitation process is called “mill white,” “plantation white,” and “crystal sugar.” This form of sugar is the form most commonly consumed in sugarcane-producing countries.
Refining 

In sugar refining, row sugar is further purified. It is first mixed with heavy syrup and then centrifuged clean. This process is called ‘affination,’ its purpose is to wash away the outer coating of the raw sugar crystals, which is less pure than the crystal interior. The remaining sugar is then dissolved to make syrup, about 70 percent by weight solids. 

To produce granulated sugar, in which the individual sugar grains do not clump together, sugar must be dried. Drying is accomplished first by drying the sugar in a hot rotary dryer, and then by conditioning the sugar by blowing cool air through it for several days. 

Cane ethanol 

This is generally available as a by- product of sugar mills producing sugar. It can be used as a fuel, mainly as a bio-fuel alternative to gas line, and is widely used in cars in Brazil. It is steadily becoming a promising alternative to gasoline throughout much of the world and thus instead of sugar may be produced as a primary product out of sugar canes processing. 
CHAPTER  3

FIBER CROP PRODUCTION
3.1. Cotton Cultivation and Management (Gossypium spp)

Cotton belongs to family: Malvaceae, genus: Gossipium. Although most cotton is produced for fiber, cottonseed oil is an important commodity. Cotton is a soft, fluffy staple fiber that grows in a boll, or protective capsule, around the seeds of cotton plants. The fibre is almost pure cellulose. The botanical purpose of cotton fiber is to aid in seed dispersal.
Although cotton is considered a tropical species, it also grows in temperate regions where summer temperatures are hot (25 to 35°C) and more than 200 days are frost-free. The plant is a shrub native to tropical and sub-tropical regions around the world, including the Americas, Africa, and India. China is the world's largest producer of cotton. 
Cultivated species of cotton
Totally there are four cultivated species, they are Gossipium hirsutum, Gossipium barbadense, Gossipium arboretum and Gossipium herbaceum, and now the former two species are taking the place of the later two species.
    3.1.1. Growing period of cotton

There are 2 growing periods and 5 stages of growth in cotton crop.

The 2 growing periods
1. Field period: From sowing to the end of harvest, it is around 200 days.

2. Growing period: From emergence to the beginning of boll opening is called growing period, it is around 130 days.

The 5 stages of growth

(1) Emergence stage: From sowing to the time of cotyledons elevating above the soil and extending is called emergence stage. One time of sowing get full and uniform population is the critical.

(2) Seedling stage: From emergence to the time of squaring is called seeding stage, this is around 40-50 days.

(3) Flower bud forming stage: From squaring to blooming is called flower bud forming stage. It is around 22-28 days; it is critical time for balanced vegetative growth.

(4) Flowering stage: From blooming to opening of the boll is called flowering stage. It is around 48-52 days. It is critical time for cotton yield.

(5) Opening stage: From opening to thread of harvest is called opening stage. It is around 70-80 days. The accumulated dry matter of boll in this stage accounts for 90% of the total accumulative of dry matter.
3.1.2.  Morphology of cotton 
(1) Cotton seed

Mature cottonseed’s testes are black or brown black with hard shell. The specific gravity of perfect and mature seed is a little less than 1, after being delinted; you can depend on water gravity selection to remove the immature ones and imperfect ones. 
(2) Root
Cotton root belongs to tap-rotted system. It has high resistance to drought. But it is low resistance to logging, in the early stage, logging results in more diseases, middle stage results in shedding of flower buds and young bolls, later stage results in premature decaying and rotting of bolls.
(3) Leaf

1. Leaf of cotton includes seed leaf, true leaf and fore leaf.

2. There are around 20-30 leaves on the main stem, the period of true leaf from unfurling to becoming yellow lasts for 70-90 dates and its functional period lasts for 60-70 days.
(4) Flower bud and flower

1. Squaring: When the flower bud grows to a size of 3mm, and this is called squaring, it is conic shape.

2. Flower bud includes subtended leaf, sepal, corolla, stamen, pistle, and ovary.

3. Cotton flower is complete flower

4. The time from squaring to blooming is around 25 days; the sequence of flower bud forming is vertically from bottom to the upper part, horizontally along the branches from inte4rnal to external.

(5) Cotton boll

1. Cotton boll is capsule.

2. From blooming to opening it lasts 50-70 days

(6) Cotton fibre.

1. Cotton fibre, whether it is long or short, both are single cell, they are developed from the extension of epidermal cell of outside integument of ovule.

2. The longest fibre comes to 70mm; shortest is 1mm, now the fibre length of most of the cultivars is 25-31mm.

3. The time for fibre developing is 50-70 days.
3-1.3. Cotton economic yield 
Seed cotton contains long fibre called lint and short fibre called linter, and the seed coat called hull, inside the hull it is called cotton kemel; and at most 40% is lint, and 60% more is cotton seed. Every produce 750kg/ha of fibre, there is cotton seed 1500kg, cotton stalks 3000kg, concerning cotton seed, around 7-10% is linter, 40% is cotton seed hull, 50% is cotton kemel; and inside cotton kemel, there is around 30% of oil and 30-35% of protein.
3-4 Ecological requirements of cotton

3.4.1. Sunlight
1. Cotton likes full sunlight. Suitable temperature for squaring, flowering and boll forming is 25-300c, the minimum temperature for growth is 150C, and the maximum temperature for growth is 35’ C.
2. Cotton belongs to short day crop which suitably reduces time of sunlight, and promotes flower bud to form and bloom.
3-4-2 Moisture 

(1) Cotton tolerates drought as compared to other crops, because it is tap-rooted, depth comes to 2-3m, so it can get moisture from bottom soil

(2) Produce 1kg of seed cotton, need to consume 1600-2000kg of water, about 2/3 of the water lost through transpiration, and 1/3 of the water lost through evaporation.
(3) Successful cultivation of cotton requires a long frost-free period. Plenty of sunshine, and moderate rainfall, usually from 600 to 1200 mm is essential. A large proportion of the cotton grown today is cultivated in areas with less rainfall that obtain the water from irrigation. 
Time of irrigation: In Ethiopia, if it is planted in dry season, the whole growing period needs 3-4 times of irrigation, if it is planted in raining season during flowering stage, if the relative moisture content of 0-30 cm soil lower than 70-80%, irrigation is necessary. In Ethiopia the recommended way of irrigation is furrow irrigation. 
3.4.3. Soils
1. Cotton grows best in pH 6 to 8 with well drained soils that receives adequate moisture during the growing season.
2. Cotton likes to grow in deep, friable, fertile soil with good drainage; the best soil for cotton production is sandy loam or clay loam soil. 
3. pH: 6-9, salt content:<0.2-0.3%, underground water table below 1-1.5m
3-4-4. Fertilizer requirements

(1) Every produce 750 kg/ha fibre, need to absorb N.P.K respectively from the soil: 135 kg, 50 kg, its ration is: 1:0.35:0.9.

(2) Principle of applying fertilizer:

1. Mainly depending on organic fertilizer, connected with applying chemical fertilizer

2. Applying enough basal manure, split applying of after manuring.

3. Increase the application rate of N; proportionally apply some p, and K fertilizer.

(3) Determination of application rate: Every produce 750kg/ha fibre, need to apply urea 150kg. DAP 200kg, KCL: 100kg, compost: 20,000-25,000kg, or seed cake 1200-1500kg, and if effective p is above 10ppm and effective K>150ppm, effective B>0.5ppm, then application of these elements is not necessary.

(4) Method of application:
1. Deep application of compost as basal manure, and it accounts 50-60% of the total amount of fertilizer.

2. Nitrogen in seedling, flower bud forming and flowering stage needs to be 25%, 15% and 60%. In boron deficiency field need apply 5-7.5kg of borate mix with compost as basal manure, and in flowing stage as foliar nutrition at a concentration of 0.2%.
3-4 Direct Seeding of cotton

3-4-1 Land preparations 

(1) Residue management
After harvest, chopping the disease and insect-free crop residues to the surface of soil. If it is disease or insect infected crop residues, you need to use it to make compost, after composting, it can be used as fertilizer.
(2) Deep cultivation:

1. Cultivate the soil to a depth of 25-30cm, and incorporate residue with soil.

2. Along the furrow bottom to apply basal manure: compost: 15,000kg/ha, or green manure 22500kg/ha, and seed cake 300-450kg/ha.

(3) Leveling: use leveler to make the land level.

(4) Ridge making:

1. Importance of ridge making
a. It is used to specify inter row spacing: 

b. To facilitate drainage

c. To control erosion during irrigation and heavy rainfall.

2. Way of ridge making:

a. Row distance 40-80cm

b. Height of ridge: 15-20cm

c. Along the contour line
Seed preparation

(1) Seed selection: remove smaller ones, imperfect ones, impurity ones, diseased and insect damaged ones, keep all of the selected seeds with the same color and the same size. After selection, purity comes to be above 95%, germination percentage comes to be above 85%.
(2) Seed treatment:

1. Sun drying: Take a 2-3 times of strong and full sunlight drying, to some extent to kill some of the bacteria and fungi, promote post mature, incr3ease water absorbing ability.

2. Acid treatment:

a. Advantage: Delinting all of the linter, make the seed shine, useful for fine planter planting; improve germination capacity; remove dormancy; control seed borne disease; save labor of replanting.

b. Method: use 11. Of waste concentrated sulpheric acid to treat 12-14kg of cottonseeds to remove the linter and kill the bacteria and fungi.

c. Process: firstly Heat the concentrated sulpheric acid to be above 110”C, then pour seed slowly, agitate it continuously, until all of the linter becomes deep black, and then wash it with clean water until no smell of acid and no color of yellow then air the seed for sowing.

3. Coating the seed with chemical: This kind of treatment can adopt S-100ss machine to do it, it can distribute the chemical on the surface of the seed evenly, make the seed become coated.

Its function: 
- Kill pathogenic fungi, bacterial and insects in the soil
- The systemic insecticide absorbed by the roots then transported to aerial pent, then kill some of the insects.

- It can be functional for 50-60 days, so during seedling stage needn’t any prevention of insects and diseases.
3-4-5 Have a sowing

(1) Time of planting: it is often done at the early beginning of small rainy season, one there is a heavy rainfall, when the soil becomes moist; it is suitable time for sowing.

(2) Seeding rate: to get full and uniform stands, the seeding rate needs to be kept around 3-4 times of the amount for planning population.
1. Hill sowing: 30-40kg/ha.

2. Drill sowing: 50-60kg/ha
Method of planting: 
1. Manually:
a. Traditional broadcast: consume high amount of seeds; none uniform distribution; create high cost of planting and management activities.
b. Hill sowing: along the ridge, sow the seeds in the holes at one side of the ridge manually, for each whole 3-4 grains of seeds, after covering with soil, you need to tramp the soil, make close contact with the soil.
c. Drill sowing: sow the seeds along a furrow, 20-30 grains/m of seeds. After sowing use narrow wood board to press the soil.

2. Mechanical planter: 
a. First make a furrow
b. Then meter the seed bed and have a sowing
c. Cover the seeds with soil
3-6 Field Management
1. Management of seedling stage

(1) Have an early thinning out. Begin to have the first thinning out at 1-2 true leaves stage and have a second time of thinning out at around 3-4 true leaves stage.
(2) After rainfall or irrigation, it needs to have inter-tillage.

1. First time of inter-tillage and weeding is done connected with thinning out at seed leaf stage; depth comes to 4-5 cm.

2. Second time of inter-tillage is done final singling at 3-4 true leaves stage, depth comes to 6-7cm.

3. The third time of inter-tillage and weeding is done before squaring; depth comes to 7-8 cm. Applying fertilizer: At around 3-4 true leaves stage connected with the second time of inter-tillage.

2. Management of flower bud forming stage
Adopt suitable controlling and promoting measures to get a strong growth not a luxuriant growth, generally speaking: big flower bud, dense nodes, average length of internodes is 3-5cm, daily increase of main stem at early stage: 1-1.5cm, at middle stage 22.5cm.
Inter-tillage and weeding

1. To normal cotton plants field have a deep inter-tillage, depth comes to 10cm, and have some weeding

2. To luxuriant cotton plants field need to increase the depth of inter-tillage

3. To weak plants field, having a shallow inter-tillage, depth comes to 5cm.
(1) Hilling-up the plant 
1. It is done from the final singling to the beginning of flowing stage, every time increase soil 3cm, at last comes to the position above the seed leaf and below the first fruity branch.

2. Every time after inter-tillage and hilling up the plant, keep the cotton field with a good drainage system.
Applying fertilizer

After inter-tillage and before hilling up the plant, for each plant applies compost 0.2-0.5 kg and DAP.
3.  Management of flowering stage

Mainly depends on promoting and connects with controlling measures, to get early boll forming and early mature, reduce shedding of flower bud and young bolls, Daily increase of main stem from 2-2.5 cm of early flowering reduces to 1-1.5 cm of peak flowering, and before topping comes to 0.5-1 cm of daily increase.

(1) Apply heavy fertilizer: At the time of first bolls come into blooming stage, for each plant apply DAP 2 g, urea 1 g of KCI. It is done connected with inter-tillage.
Topping: It is the removal of the terminal point (apex) of a plant.
Time of topping: For each plant after it has got 15-16 fruiting branches and 80-90 days after emergence.
4. Management of boll opening stage

Promote early mature but not premature decaying.

(1) Have pruning of old leaves and empty branches, remake aerial condition.

(2) Foliar nutrition: once there is premature decaying, spray 0.5-1% of urea, it is done at late afternoon.

(3) Be careful to avoid serious drought, keep 0-30cm soil with relative moisture content above 55%, once there is serious drought, supply suitable and early irrigation to the field, don’t be too much.
3-7 Pest control

3-7-1 Diseases control
In cotton growing areas of Ethiopia, disease is much less important than insect damage, and the important diseases of cotton are bacterial blight, fusarium wilt and leaf curl. Resistant cultivars and clean cultivation are the possible control options. 
Controlling insects

     About 150 species of insects attack cotton in Africa. The following are the most serious ones:

1. Leaf suckers (Aphis gossypit)

2. Jassids (Empoasca spp.)

3. American bol worms (Heliothis armigera)

4. Red boll worms (Diparopsis and catancea)

5. Spiny boll worms (pectinophora and piella)

6. Stainers (Dysdercus spp.)

Field sanitation, includes crop rotation, is a primary requirement for reducing insect pests. 
3-7-3 Controlling weeds
Around 7 to 8 weeks after sowing, the cotton plant suddenly starts to grow quickly and begins to compete well against weeds. Early weeding is therefore essential and it is often done connected together with inter-tillage. 
3-8 Harvesting cotton
(1) Mature: after opening for 7 days, the strength of fiber comes to maximum, this is called mature, and it is time for harvesting.

(2) Harvesting involves picking/removal of seed cotton from mature open bolls, harvesting is done during dry season in Ethiopia and maturity takes 5-8 months. Both hand picking as well as mechanical picking can be used.
3-9 Post-harvest handling of cotton

Ginning is the process of separation of the lint and fiver from the seed cotton by mechanical means to get spinnable fibers and undamaged seeds. Gin is a machine, which is used to separate the lint from the seed cotton.
3.2. Sisal Cultivation And Management (Agave sisalana) 
Sisal is an agave family plant that yields a stiff/rigid fiber used in making twine, rope, etc. Sisal plant consists of a sword-shaped leaves about 1.5-2 m tall. The sisal plant has a 7-10 year life-span and typically produces 200-250 commercially usable leaves. Each leaf contains an average of around 1000 fibers. The fiber account for only about 4% of the plant by weight, which is extracted by decortications. Sisal is considered a plant of the tropics and sub-tropics, since production benefits from temperatures above 250c and sunshine. Today Brazil is the major producer of sisal in the world.  
Propagation of sisal plant

Propagation of sisal is generally by using bulbils produced from buds in the flower stalk or by suckers growing around the base of the plant.
Extracting the fiber
Fibre is extracted by a process known as decortication, where leaves are crushed and beaten by a rotating wheel set with blunt knives, so that only fibers remain. 
Ecological requirements of sisal
1. Temperature: Sisal requires warm weather and full sunlight

2. Rainfall: - sisal grows in areas with an annual rainfall of 625-1250 mm.

         -  Optimum rainfall is 1250 mm with best distribution all throughout the year. 

 -  Low resistance to water logging, hence ridge making in areas rich in rainfall is necessary, but high resistance to drought.

3. Altitude: sisal can be grown from sea level to 1800 mm.

4. Soil: sisal can be grown on a wide range of soil. Fertile and well drained soil is preferable. If it is heavy clay soil, it needs to build deep drainage system.    

Establishing sisal nursery

1. Suckers or bulbils can propagate sisal plant vegetative.

2. Building nursery with bulbils.

· Bulbils are detachable material formed on the poles. Actually they are modifications of flower
· how to collect bulbils

By shaking the poles and when the bulbils fall down they can be collected together.

 Cutting the poles and then shaking the bulbils into sacks and collect only bulbils with a height of more than 10 cm          

3. Planting of the bulbils

· the nursery soil needs to be loose, friable and free draining

· the time of planting is just at the beginning of rainy season

· Density: 50 ×25 cm

· Depth of planting: 1.3 cm

4. Management of the nursery:

· Do some inter-tillage and weeding after rainfall and keep it free from weeds.

· Apply sisal waste as a fertilizer

· Breed the bulbils in nursery for 12-18 months

5. Size of the seedlings for transplanting

· Height: 25-40 cm

· 15 unfurled (extended) leaves 

6. Treatment of the bulbils before transplanting

· Cutting-off the fibrous roots around the base of the bulbils

· Remove the sand-leaves
 Environmental impact
There are both positive and negative environmental impacts from sisal growing. Sisal farming initially causes environmental degradation because sisal plantations replaced native forests. Although herbicides are occasionally used, no chemical fertilizers are used in sisal production. The waste matter from the decortication process causes serious pollution when it is allowed to flow into watercourses. In Tanzania, there are factories to use the waste as bio-fuel.    
Preparing production site and transplanting seedlings

1. Preparation of the land

· On old sisal land: use of bulldozer to remove the boles of old sisal is necessary, burn it and makes the land level.

· On new land: cut all the trees and vegetation, burn it and make the land level.
Uses of sisal 

Sisal leaves provide the most important hard fibers. It is very course; as a result it is used to make rope and twine. Sisal has many uses, including for paper, cloth, wall coverings, support belts, mats, slippers, cloths and carpets.  
3.3. Kenaf (Hibiscus cannabinus L., Malvaceae)
Kenaf is:

· Warm season annual fiber crop 

· Closely related to cotton (Gossypium hirsutum L. , Malvaceae) 
· Native of east-central Africa,

3.2 Botany and Morphology 

The cultivated forms of Kenaf are:

· Erect herbaceous annuals, 2.5-4 m tall, 

· Has well developed tap roots, stems are straight and slender, 

· Glaborous or prickly, green, red or purple in color. 

· Leaves are alternate; petiole long, red or green in color 
1. Leaves. Kenaf plants produce:

· Simple leaves with serrated edges on the main stalk (stem) and along the branches. 

· The position of these leaves alternate from side to side on the stalk and branches. 

· Cultivar and plant age affect the leaf shape. 

· Kenaf plants produce two general leaf types, divided and entire. 

· The divided (split-leaf) cultivars have deeply lobed leaves with 3, 5, or 7 lobes per leaf. 

·  The entire leaf cultivars (‘Everglades 41′, ‘Guatemala 4′, ‘Guatemala 45′, ‘Guatemala 48′, ‘Cubano’, and ‘Cuba 108′, ‘Cuba 2032′, and ‘N7′) produce leaves that are shallowly lobed, that are basically cordate. 

· The juvenile or young leaves on all Kenaf seedlings are simple, entire, and cordate. 

· As the Kenaf plant matures and additional leaves are produced, the newer leaves start to differentiate into the leaf shape characteristic of that particular cultivar. 

2. Flowers and Pollination.     

·  Produce large showy, light yellow, creamy colored flowers that are bell-shaped and widely open. 

· Many Cultivars have a deep red or maroon colored center.

· The flowers are 8 to 13 cm in diameter with 5 petals and are borne singly in the leaf axis along the stalk and branches. 

· The complete flowers are indeterminate; therefore the plant continues to produce additional flowers. 

3. Kenaf seed.

· Kenaf cultivars differ in their sensitivity and response to day-length. 

· Understanding the influence of day-length (latitude) is fundamental in selecting the optimum cultivar for the production location and the intended use of the crop. 

· Kenaf cultivars divided into three maturity categories: ultra-early, early to medium, and late-maturing.  

· Photosensitivity is generally restricted to early to medium and late maturing cultivars, which are referred to as photosensitive and photo insensitive, respectively.

3.3. Environment Requirements

A. Climate:

· Has wider range of adaptation to climates than any other fiber plant in commercial production. 

· Yields have been highest in regions with high temperatures, a long growing season and abundant soil moisture. 

· It is quite sensitive to cool temperatures and grows slowly when temperatures are below 50oF.

B. Soils:

· Kenaf adapted to a wide range of soil types, 

· Performs best on the heavier, well drained, fertile soils. 

· Prolonged periods of standing water, particularly during the seedling stage, can severely inhibit growth.

. 3.4 Cultural Practices (Agronomic practices)
A. seed bed preparation 

Kenaf seeds are relatively small and require good seed-soil contact for germination. 

A fine, firm, well-prepared seedbed is necessary. 

B. Crop Rotation

 Crop rotation with a legume crop has an excellent management strategy that has the potential to provide numerous crop production advantages,

· Reduced pest problems and increased soil fertility. 
C. Fertility Requirements:

Kenaf response to added fertilizers depends on: 

· Soil nutrient levels, 

· Cropping history and 

· Other environmental and management factors

· In general, added nitrogen has increased Kenaf yields. 

D. Variety Selection:

· The varieties used most extensively are Everglades 41' and `Everglades 71'. 

· Both varieties are resistant to anthracnose. 

E. Weed Control:

· Kenaf emerges and grows so rapidly that it competes effectively with weeds.

· In cooler climates and with earlier planting dates, cultural and/or chemical weed control measures are more important.

·  Weed species especially competitive is velvet leaf, a relative of Kenaf. 

· At the seedling stage, velvet leaf and Kenaf are very similar in appearance and rate of growth. 

· Cultivation and other post emergence tillage practices such as rotary hoeing can be effective in controlling weeds. 

F. Diseases and Nematodes:

Anthracnose is the most serious potential disease problem. 

· Damping-off is a moderate concern during seedling stages and seed treatments are being tested and registered for use.

· Nematodes are viewed in some areas as the most serious constraint to kenaf production. 

G. Insects:

· There has been little economic damage to Kenaf by insects in experimental production fields. 

· Kenaf plant tolerates a fairly high population of chewing and sucking insects

3.4 Kenaf Harvesting and Processing

Harvesting

The harvest method depends on the production location, the equipment availability, processing method, and final product use.

Hand Harvesting and Retting for Cordage Fiber

· Kenaf has consistently been hand-harvested for use as a cordage crop (rope, twine, and sackcloth). The bast fiber strands, located in the Kenaf bark, are the source for these cordage products. 

· When hand-harvested, the tall, cylindrical-shaped stalks were cut at or near ground level with a curved blade or machete. 

·  The hand-harvested plants were then prepared for the retting process. 

· Retting is the process, usually involving moisture with bacteria or chemicals, to remove the unwanted bark material from the kenaf fiber strands within the bark. 

· Kenaf was retted by natural processes that use primarily aerobic (air loving) bacteria

·  The whole stalk kenaf (bark and core still attached), or only the bark portions, are tied in bundles and placed in ponds, canals, or slow-moving streams to allow the bacteria to digest the plant material around the bark’s fiber strands (bast fibers).

·  The plant material status prior to retting influences the water-retting efficiency for Kenaf. 

· Removing the upper, non-fibrous portion of the plant, prior to the retting process increases the retting rate by decreasing the amount of leaf and plant material to be digested. 

· Removal of the bark from the stalk also makes the retting process more efficient. 

· The ease of separating the bark from the core material is enhanced by the physiological makeup of the plant. 

· The bark, which contains the bast fiber (phloem tissues), and the core that contains the core fibers (xylem tissues), are separated by meristematic tissue, the vascular cambium. 

· In addition, drying the bark while either attached to or separated from the stalk will impede the water-retting process.

·  Although the natural water-retting (bacterial) process is still used throughout many portions of the world, newer chemical retting processes have been studied, developed, and implemented to produce fibers of greater chemical and physical uniformity. 

· Hand-stripped green bark ribbons and mechanically separated bark material could be successfully chemically retted using 7% and 1% sodium hydroxide, respectively, to produce good textile quality fibers from Kenaf.

Ribboners and Decorticators

· Ribboning is the process of removing the bark from the core material. 

· The same process is also referred to as decorticating, the removal of the core from the bark. 

· The original objective of the ribboners/ decorticators was to harvest the bark for its valuable bast fiber and discard the unwanted core material.

Whole Stalk Harvesters

The development of these whole-stalk harvesters has taken two major approaches; sugarcane-type harvesters and forage-type harvesters. 

Sugarcane-type Harvesters. The unmodified or slightly modified sugarcane harvesters use rotating knives or circular cutting blades to sever the base of the kenaf stalk and to cut off the low fiber, high foliage, and top portion of the plants. 

Factors Affecting Harvesting

A dry kenaf stalk without leaves is a lightweight material with a low density, 0.31 g/cm3. Chopped uncompressed kenaf fiber will have an even lower density of approximately 0.1g/cm3. The low bulk density of either the individual kenaf stalk or the chopped kenaf stalk will affect management decisions concerning the economic transportation and storage of the kenaf material. Industry and the USDA have cooperated to 343 Fibers develop methods to increase the density of the kenaf material for increased transportation and storage efficiency. Webber and Bledsoe (1993) reported that pelletizing kenaf increased the kenaf material density by approximately 390%, to 1.21 g/cm3. They produced kenaf pellets over a range of 0.5 to 1.9 cm in diameter (Fig. 4). The same researchers successfully cubed bast fibers to a density of 0.89 g/cm3, core fiber to a density of 1.22 g/cm3, and whole stalk (bast and core) to a density of 0.93 g/cm3. The kenaf cubes produced were 3 × 3 cm square with lengths ranging from 3 to 13 cm. Although these kenaf pellet and cube densities refer to average densities of the items produced rather than total bulk densities, the advantages of compressing the kenaf material would also translate into advantages in bulk transportation or storage of these materials compared to unprocessed kenaf stalks or non-compressed chopped kenaf. It may be economically advantageous to use available commercial harvesting and processing equipment rather than investing in the development and production of kenaf-specific equipment. Appropriate harvesting, pelletizing, and cubing equipment is readily available throughout the United States. When harvesting kenaf for fiber use, moisture content and equipment availability are important considerations. Kenaf can be harvested for fiber when it is dead, due to a killing frost or herbicides, or when it is actively growing. The dry standing kenaf can be cut and then chopped, baled, or transported as full-length stalks. If the kenaf drying and defoliation process is dependent on a killing frost, the harvest date will vary according to the environmental conditions of the area, including the time of the killing frost and the time required for the kenaf to dry. Soil type and seasonal weather may delay harvesting and drying, especially on high clay soils in areas that receive excessive rainfall during harvest. Actively growing kenaf can be cut and then allowed to dry in the field. Once dried, the kenaf can then be chopped, baled, or transported as fulllength stalks. The availability of in-field harvester/separators will add to the harvesting options. 

PROCESSING

Initial processing methods and equipment will be dependent on many factors, including the production location, equipment availability, the economic variables involved, and the available commercial markets. One of the first processing decisions is whether the whole stalk, either as an unmodified stalk or as a chopped stalk, will be separated into its bast and fiber components or left unseparated for use as a combined fiber source. For example, kenaf used in some paper products or processes can be pulped using a mixed fiber supply (unseparated bast and core), while certain processing applications involve separating the bast and core components. Several existing commercial kenaf facilities mechanically separate the two fiber components by different methods with distinct processing efficiencies, using a range of equipment with varying rates of throughput resulting in varying degrees of fiber separation. Each separation system also has unique economic ramifications based on their integrated production, harvesting, processing, and utilization systems. One method of fiber separation adapts unused cotton gin facilities, which are scattered throughout the southern region of the United States, to process the kenaf fibers. The modified gin equipment and facilities provide excellent machinery for separating the kenaf core material from the bast fibers, similar to the method that cotton gins process separates cottonseed from cotton fibers. Since the number of active cotton gin facilities is decreasing with the decline in cotton production, unused gin facilities are available for converting to kenaf separation facilities.

CHAPTER – 4
Commercially important oil-seed crops production and management
Low-land (warm-season) oil-seed crops commonly grown in Ethiopia 
· Ground nut (Arachis hypogeal L.) 

· Soy bean (Glycine max L.)

· Sesame (Sesamum indicum L.)

· Sunflower (Helianthus annulus L.)

· Safflower (Carthamus tinetorius L.)

· Castor bean (Ricinus communis L.)

Highland (cool to moderately cool) oil-seed crops commonly grown in Ethiopia  

· Niger seed (Guizoita abyssinica L.) 

· Linseed/Flax/ (Linum usitatissimum L.)

· Rape seed (Brassica carinata L.)

· 0Mustard (Brassica nigra L.)
1. Ground nut (Peanut) (Arachis hypogeae L.)
The peanut or groundnut is a species in the legume or "bean" family Fabaceae/Leguminaseae). The cultivated peanut was probably first domesticated in the valleys of Peru.annual It is an  herbaceous plant growing 30-50 cm tall. 
China leads in production of peanuts having a share of about 41.5% of overall world production, followed by India (18.2%) and the United States of America (6.8%). The various types are distinguished by branching habit and branch length. There are numerous varieties of each type of peanut. There are two main growth forms, bunch and runner. Bunch types grow upright, while runner types grow near the ground.
Groundnut is one of the most important oil-seed crops. It is called groundnut since its nut is found in the ground. Among oil-seed crops, it has first place in the world due to various reasons:

1. It can withstand drought and is suitable for dry land farming.

2. It is a soil erosion resistant crop and being a legume crop, it can fix the atmospheric nitrogen with the help of nodule bacteria and thereby improves the soil fertility.

3. It provides a good green manure for the succeeding crop. 

4. Its shell, skin, husk all are good sources of fodder.

5. Groundnut cake is a chief oil cake feed to animals and it is also used as manures.

6. The plant stalk is used as a feed to cattle in the form of green, dried and silage.

7. It is an important cash crop and is useful as a rotational crop.

8. It is an excellent source of money and a chief source of protein.

Ecological requirements of ground nut

1. Temperature: groundnuts are a warm season crop; it needs an abundant sunlight and warm climate for normal growth. They are easily killed by frost. Too much temperature is harmful. When the temp. is above 350c, number of flowers reduced.

2. Rainfall: it grows in areas with an annual rainfall of 1000 mm or more with half of that during the growing season and is followed by a distinct dry season during the pod ripening and maturity. With adequate irrigation, they can be successfully produced in dry regions. Pegging and fruiting period are critical times where adequate moisture should be available. Excessive moisture is also harmful; it will result in excessive vegetative growth. 
3. Soil requirements  

b. The most suitable soil for groundnut production is well drained sandy loam soils.

c. For better pegging and fruiting, the soil needs to be friable and soft and for rapid maturity and minimizing mold damage.

d. Optimum pH is 6-6.5.

Cultivation and planting/sowing

A. Land preparation 

1. Groundnut requires a loose and friable soil into which the pegs easily penetrate and prevents excessive loss of nuts.

2. Before planting the soil needs to be thoroughly and completely prepared to a depth of 25-30 cm for convenient harvest.

3. All of the stubble from the previous crops should be thoroughly incorporated into the soil before sowing.

4. All of the weeds should be destroyed during land preparation.

5. Disking and leveling the land before sowing.
B. Sowing

1. Seed selection: remove the injured ones, diseased and impure ones.

2. Seed dressing: before sowing the seeds, mix it with 0.3% paraffin (kerosene) can prevent soil insects.

3. Time of sowing: Planting should be done as soon as the rain begins to speed-up germination of the seed.

4. Seeding rate: 40-60 kg of the shelled kernels should be sufficient for normal planting.

5. Density: 30-45 × 15-25 cm.

6. In small area groundnut are dibbled by hand and planters are used for mechanical sowing in large areas of well developed countries.

7. Sowing depth: 3-6 cm (for germination, it needs to be a large amount of oxygen and suitable amount of moisture)

Field management practices

1. Applying fertilizer:

1.1 Groundnut like other legumes is able to fix atmospHeric N and therefore N fertilizer is rarely required. Before 7-8 leaves stage the relationship b/n the nodules is parasitic relationship and then it is symbiotic relation.

1.2 A proper balance of nitrogen and phosphorus is essential for early maturity.

1.3 If the proceeding crop before groundnut is well fertilized, there will be no need of applying N, P and K.

1.4 When groundnut is grown with cereal crops and when the preceding crop was not well fertilized, a 40-60 kg/ha P and 40 kg/ha of K need to be applied.

2.   Irrigation:

Water stress affects plant growth and development. Hence early vegetative growth, flowering, pegging, fruiting and maturity are the stages when the crop is most sensitive to water stress.
3. Crop protection
Insects: termites, leaf hoppers, cutworms, armyworms and African boll worm are commonly known insect pests.

Diseases: leaf spot stem rot and viral rossets are the commonly identified ones.

Weeds: weeds are also problematic pests in groundnut farms.

Control measures: field sanitation, crop rotation, removal of infected stalks, repeated deep tillage, and chemical control. 

Hilling-up the plant: at around peak flowering stage, it needs to be pile the soil around the plant for convenient pegging and fruiting.

Harvesting and processing

1. Time of harvest: slight yellowing of the foliage, the inside of the shells has begun to be brown and show darkened veins. It is time for harvest.

2. Way of harvest: the plants are lifted either manually or mechanically. 
Manual harvests: the plants are pulled-up (uprooted) by hand in soft soil and with a hoe in hard or dry soils and then shake it, make the soil fall down and then dry it on the drying ground.

Mechanical harvests: a tractor-mounted blade cut the pods in the soil, a slight lift of the blade loosens the soil; the plants are then pulled-up or lifted by special machine, the operation can be done by combine harvester.

Processing
1. The most common method of preparing ground nut for human consumption is dry roasting. 

2. For oil extraction, the nuts are shelled and crashed into a pulp to open the oil cells as much as possible for commercial oil extraction. 
Uses

The most common method of preparing groundnut for consumption is drying and roasting. Peanuts can be used like other legumes and grains to make a lactose-free milk-like beverage, peanut milk. Peanut plant tops are used for hay. 
The protein cake (oil-cake meal) residue from oil processing is used as an animal feed and also as a soil fertilizer. Low grade peanuts are also widely sold as a garden bird feed. Peanuts have a variety of industrial end uses. Paint, varnish, lubricating oil, leather dressings, furniture polish, insecticides, and nitroglycerin are made from peanut oil. 
2. Soy bean (Glycine max L.)
The soybean is a species of legume native to East Asia. It is an annual plant that may vary in growth, habit, and height. It belongs to the Fabaceae or Leguminosae pea family. Today, most plants are harvested for their beans to be used primarily for meal and oil. 
Soybean is a nutrient rich crop. Soybean oil contains no cholesterol and has one of lowest levels of saturated fat among vegetable oils. Protein: 37-48%, fats: 16-22%, carbohydrates: 30%. This implies the crop is a very important food, oil, fodder and industrial material.
Soybeans are an important global crop, providing oil and protein. The bulk of the crop is solvent-extracted for vegetable oil and then de-fatted soy meal is used for animal feed. A small proportion of the crop is consumed directly by humans. Soybean products also appear in a large variety of processed foods. 

Main biological basis of soybean: 

Duration of life cycle: 90-l50 days 
Generally 7 stages of growth are identified. 

Emergency, branching, floral initiation, flowering, podding, pods filling and maturity. 
Main characters of soybean 
N-fixation of nodules 
At the early stage of nodule formation, nodule and soybean is parasitic relationship. The N-fixation rate of nodule is 100kg/ha which is equal to 2S-66% of the total nitrogen in the plant, the others come from soil. The suitable relative moisture content for nodule's N-fixation is 50-60%. 
Characteristics of photosynthesis 
       Soybean belongs to C3 plants, having high photorespiration, about 26-50% of carbohydrates are consumed by photorespiration. 

Ecological requirements 
1. Temperature: suitable temp. for germination is 20-250c and for vegetative growth is 15-20oc. 
2. Moisture: Every produce l gm of dry matter need water consumption of 500-700lit, transpiration coefficient of 300-1000. 
Cultivation is successful in climates with hot summers, with optimum growing conditions in mean temperatures of 20°C to 30 °C; temperatures below 20°C and over 40 °C retard growth significantly. 
They can grow in a wide range of soils, with optimum growth in moist alluvial soils with a good organic content. Soybeans, like that of most legumes, perform nitrogen fixation by establishing a symbiotic relationship with (Rhizobium japonicum). 
Land preparation: includes cultivation, harrowing, levelling, and ridge making, making the soil mellow (friable), destroying weeds, reducing pests. 

Sowing: 

Seed selection: select first grade seeds; remove all of the impurities, imperfect one's, damaged ones and diseased ones. 

Seeding depth
Soybeans are sensitive to deep seeding, which results in poor emergence and increased risk of soil-borne diseases. Usually 4 to 6 cm deep.
Way of sowing: on small areas can adopt manual dibbling and drilling; on large areas can adopt mechanical dibbling. 
Field management practices
Irrigation management 

Through hilling up the plant to reinforce drainage system, once the relative moisture content is lower than the required level, irrigation is necessary. For the way of irrigation adapted in Ethiopia, it is furrow irrigation.
Fertility management 

Applying basal manure: 20, -30, ton of OM/ha. 
Pest management 
Insects: Aphids, pod borer, soybean moth, soybean leaf roller: 

Diseases: leaf rot, black spot. 
Soybean is susceptible to seed and seedling rots. Use a recommended fungicide seed treatment. They can be controlled by cultural, mechanical and chemical control measures. Application of artificial plant regulator: To increase flowering and promote early maturity, some growth hormones can be used. 
Harvesting and storage 

The time of harvest differ due to different objectives of planting: 

1.  For green manure: can be turned into soil at peak flowering stage. 
2.  For fodder manure: at the time of half filling of the pod. 
3.  For harvest seed: when most of the leaf turn yellow, seed and pod shell departed, once 
shakes the plant it sounds, it is time for harvest. 
Sun drying and threshing: after threshing make the seed in order to be dry to a moisture content of 13.5%; this is safe for storage.
3. Sesame (Sesamum indicum L.)

 (A high value oil-seed crop)

Family: Pedaliaceae 

Plant Description 

Sesame is a flowering plant in the genus Sesamum. It is a broadleaf plant that grows about 5 to 6 feet tall, with height dependent on the variety and growing conditions. Sesame is an ancient oil-seed first recorded as a crop in Babylon over 4,000 years ago. The biggest area of production is currently believed to be India. Sesame is a fairly high value food crop, being harvested both for whole seed used in baking, and for the cooking oil extracted from the seed. A single plant is capable of producing several thousand seeds. 

Planting/sowing

Sesame is a warm season annual crop primarily adapted to areas with long growing seasons and well drained soils. It is considered drought tolerant, but needs good soil moisture to get established. 

Ecological requirements 

1. Temperature: the temperature for full germination and emergence is 18°c, the favourable temperature for flowering is 24°c. 

2. Rainfall: sesame is mostly grown as rain- fed crop in the rainy season in the annual rainfall range bin 625-1100 mm. Once established, it can tolerate short periods of semi-arid regions of tropics and subtropics. It is usually grown in areas with drought, but it is very sensitive to water logging and excessive rainfall. 

3. Altitude range: in east Africa sesame is grown from sea level to altitude of 1500m. 

4. Soil requirements:  Sesame will perform best on fertile and well-drained soils, such as silt loams. It is adapted to sandy loam soils, provided there is adequate moisture during seedling establishment. It has been grown satisfactorily on silty clay loam soils, but soil crusting can be a problem in establishing sesame when clay content is higher. Sesame is not adapted to poorly drained soils, and will not tolerate water logged conditions. 
Soils close to a neutral pH of 7.0 are recommended. Sesame can fit well with other summer annuals in a crop rotation, but may be sensitive to some soil persistent herbicides. Sesame reportedly can provide some improvement in soil tilth or structure due to extensive rooting. 
Cultivation: Sesame is small size seeded crop, so it needs fine soil tilth and the seed bed need to be firm but mellow (soft). This type of seed bed can be prepared only after ploughing the land 2-3times and by removing all debris and weeds from the field or turn it into deep soil. 

2. Sowing/planting: 

Planting sesame is the most critical phase of its management. Successful establishment of sesame requires careful seedbed preparation and close attention to soil moisture. Sesame will not emerge from soils that are even slightly crusted and needs fairly warm soil temperatures of 70°F. or more. In Texas, growers are told to pre-irrigate their sandy loam soils to obtain "bright moisture" in the seed zone. Irrigating the crop up after planting is often unsuccessful because of the weakness of sesame seedlings in breaking through even a thin soil crust. It's best to plant into moist soil. 

Seed selection: Through water gravity selection to remove the imperfect, damaged, and impure one's. Seed soaking: soak the seed in 0.5% copper sulphate solution for 30 minutes. 

Seed dressing: Before sowing, mix the seed together with 100ppm of DPC or 50ppm of cycogan. 

Way of sowing: Drill sowing, firstly mix together with sand or soil particle for even sowing. 

          - Time of sowing: at the beginning of rainy season. 

                           a. density: row distance: 75cm; and plant distance: 6-12cm 

b. seeding rate: 5kg/ha 

c. sowing depth: 2-3cm
This warm season annual crop is primarily adapted to areas with long growing seasons and well drained soils. It is considered drought tolerant, but needs good soil moisture to get established. 
Planting sesame is the most critical phase of its management. Successful establishment of sesame requires careful seedbed preparation and close attention to soil moisture. Sesame will not emerge from soils that are even slightly crusted and needs fairly warm soil temperatures of 210c or more. Irrigating the crop after planting is often unsuccessful because of the weakness of sesame seedlings in breaking through even a thin soil crust. It is best to plant into moist soil.  
Sesame must also be planted shallow, which makes getting into moisture difficult. Ridge 
till planting would probably be effective, since scraping off the ridge top with a ridge till 
planter would expose moist soil. In previous work with sesame in Missouri, the best 
results were obtained by preparing a seedbed, waiting for rain, then planting as soon as 
the soil is able to be worked. This final passage should leave a fine textured soil so that a 
consistent shallow planting depth can be obtained. 

The advantage of planting after cover crops would be to help with weed control, and in   the case of legume covers, to supply nitrogen to the sesame. No-till does offer the advantage of having better moisture at the soil surface, due to the surface residue reducing evaporation; however, this advantage is offset by the difficulty of trying to plant a small seeded crop at a consistent shallow depth through plant residue. 

2.3 Management practice 

Fertility management 

Applying fertilizer: when sesame is grown as a mixed crop with cereals and if the cereals 
have been adequately fertilized, there is no need to apply extra fertilizer for the sesame 
crop. However, when it is grown as a sole crop, it must be fertilized to ensure a good 
yield, the rate of application should be 50 kg/ha N, 50 kg/ha P and 30 kg/ha K and it is 
recommended for most regions. 

Sesame's nitrogen requirement can be fulfilled through organic sources, such as leguminous cover crops or animal manure. Phosphorous and potassium needs are not known exactly, but should be comparable to soybeans or sorghum. If soils are acidic, pH should be brought up through liming. 

Irrigation management: In dry seasons, 2-3 times of light irrigation during growing 
season will satisfy the crop.

Pest management 

Weeds 

In the early stage, sesame plants grow very slowly and therefore it cannot compete with 
weeds; so all weeds should be removed at a very young stage by hoeing or by cultivating 
the land with suitable implements or by using selective herbicides that can kill the weeds 
without damaging the sesame crop. Care should be given with pre-plant tillage to maintain soil moisture. 

Insects 

Sesame has seemed to be exposed to many leaf chewing insects. However, sesame has 
been attacked on occasion by insects. The main insects of sesame in Africa are the leaf 
roller and sesame gallfly. They can be controlled with insecticides. 

Diseases 

The most serious diseases of sesame are: 

A. bacterial and fungal leaf spot: use of disease free seed and disease resistant cultivars are the effective control measures. 
b. Fusarium wilt: The leaves turn yellow and eventually the plant dies. The use of disease free seed and the sowing of resistant cultivars are the most chief control measures. Probably the greatest threat is the soil pathogens that can attack and kill seedlings in cool, 
wet conditions, creating the damping off symptoms. 
Harvesting, threshing and Storage: Varieties differ in length of sowing period from 85-150 days. 
Time of harvest: Harvesting should be done promptly as the first pod (capsule) being to burst. 
Way of harvest: The plants should be cut-off at ground level, tied in bunches and hanging downwards on racks for 1-2 weeks, in order to avoid loosing of the pods and seeds. 

Threshing: As they ripen, the seeds will fall down on to the mats placed below the racks, the heads may also be shaken to dislodge the seed. Threshing can be done by beating with sticks. 

Since sesame is a small flat seed, it is difficult to move much air through it in a storage bin. Therefore, it is recommended that the seed be harvested as dry as possible, and stored at moisture of 6% or less. 
Utilization 

Sesame seeds are rich source of food, nutrition, edible oil, health care and bio-medicine. Sesame oil has excellent nutritional, medicinal, cosmetic and cooking qualities for which it is known as 'the queen of oils'.  Sesame is rich in calcium and high in antioxidants and other healthful features.Sesame oil carries a premium relative to other cooking oils and is considered more stable than most vegetable oils due to antioxidants in the oil. After the oil is extracted from the seed, the remaining meal is a high protein material suitable for feeding to livestock. 
4. Sunflower (Helianthus annulus L.)

The sunflower seed is the fruit of the sunflower. The term "sunflower seed" is actually applied to the seed in its pericarp (hull). 

Ecological requirements

1. Climatic requirements: It is generally considered as a warm season crop; they grow best at medium to high elevations in the tropics, and also grow in the lowlands. They are not suited to the wet tropics, very heavy rain during the early stage of growth or cool wet weather during the ripening stage are not good for the crop. 
2. Soil requirements: Sunflowers can be grown on a wide range of soils, which are deep and well drained. They cannot tolerate very acid or water logging but do tolerate salinity to some extent. 

Cultivation and sowing 

1. Cultivation: All the stubbles of the previous crop should be removed and all growing weeds should be killed and incorporated into the soil. 

The larger clods should be broken down and the tilth should be fine, firm and mellow. There should be enough moisture at the time of sowing to ensure prompt germination. 
2. Sowing:  
2.1 Time of sowing: a. in regions with a limited rainy season, sowing should be done as soon as the rain begins.  
B. In regions with a longer rainy season, sowing should be delayed to avoid ripening of the crop during the rainy season. 
2.2 Seeding rate: ranges from 3-5 kg/ha, depending on the size of the seed and the density. 

2.4 Depth of sowing: 5-8cm, depending on the availability of the soil moisture at the time of sowing and the soil texture. 

Management practices 

Fertilizer management 

Sunflowers are heavy feeders and their requirements for N, P and K is high. A dose of 80kg N, 50kg phosphate and 25-30kg K on each hectare will be recommended. 
Irrigation management 

To achieve maximum yields, a favourable soil moisture regime must be maintained throughout the period from the differentiation of the floral o
Crop protection 

Insects: sunflowers are generally not seriously damaged by insects, a few of insects that attack the crop are sunflower maggots which tunnel stem, leaf beetles which feed on the leaves and moths which attack the seed. 
Bird damage: During ripening, sunflowers may suffer from bird damage. Bird damage is frequently more sever when the sunflowers are grown in small-localized areas. As a preventive measure, the cultivation of sunflowers near nesting, roosting and water sites should be avoided, as a control measure, harvesting should be done soon after the seeds.

 
Diseases: rust is one of the most common and severe disease of sunflowers.  Growing rust resistant cultivars is the possible control measure. Powdery mildew and stem rust are also among the common diseases. 
Weeds: due to wide row spacing, enough space is left for weeds. To avoid competition with the crop plants, the weeds should be uprooted or killed at a very early stage of growth. This can be done with a hand hoeing. Selective herbicides can be used either as a pre-emergence or post-emergence application or in combination.   
Harvesting 

The period between maturity and harvest should be kept as short as possible to minimize losses from bird damage and head-rot diseases. Generally the following aspects can be considered. 

1. Time of harvest: The following factors affect time of harvest:- 

- For achieving maximum oil extraction, the heads must be fully mature before harvesting. 

- All the seeds of a head do not mature at the same time. 

-  Delaying harvesting until all the heads have reached full maturity may considerably increase yield losses due to shattering, bird and rodent damage. 
- Therefore, harvest should be started when the backs of the heads have turned yellow and when the outer bracts have become brown. 
2. Sun drying: after harvest the seeds may contains moisture up to 50%, hence the harvested heads are placed in thin layers on open drying floors and are turned occasionally when the moisture content is reduced. 

Threshing

This is done manually by abrasion on a rough or slatted threshing board, or by threshing machine. All chaff and foreign matter should be winnowed out of the threshing.
5. Safflower (Carthamus tinctorius L.)

Safflower is a broadleaf oil-seed crop, highly branched, herbaceous, thistle-like annual plant. It is commercially cultivated for vegetable oil extracted from the seeds. Each branch usually has 1 to 5 flower heads containing 15 to 20 seeds per head. Safflower is native to arid environments having seasonal rain. It grows a deep taproot which enables it to thrive in such environments.  
Uses 

Safflower was originally grown for the flowers that were used in making red and yellow dyes for clothing and food preparation. Today this crop supplies oil, meal, birdseed, and foots (residue from oil processing) for the food and industrial products markets, although this crop is now primarily grown for the oil. Traditionally, the crop was grown for its seeds and used for colouring and flavouring foods, in medicines, and making red and yellow dyes.
Environment requirements 

A. Climate
Safflower production is not recommended for areas with more than 15 in. of annual precipitation or growing seasons with fewer than 120 frost-free days and less than 2,200 growing degree days. 
B. Soil 

Deep, fertile, well-drained soils that have a high water holding capacity and high level of stored moisture are ideal for safflower. 

C. Seed Preparation and Germination
Seed should be treated with a registered fungicide to reduce losses due to seed-borne rust and damping-off organisms. 

Fertility Requirements 

The amount of fertilizer needed for safflower production depends on the yield goal, its position in the rotation, and the other crops used in the rotation. 

Pest management

Weeds: Protection from weed competition during the early portion of the growing season is very important. 

Diseases:  Leaf spot and bacterial blight are the most serious disease problems under these conditions. 
Insects and Other Predators: 

Growers must consider the effect of any insect control measure on beneficial insects, such as bees, since they are attracted to safflower during the flowering period and improve seed set with their pollination activity. 

Harvesting 

Safflower is ready to harvest when most of the leaves turn a brown colour. The stems should be dry, and the seeds should be white. This crop should be harvested as soon as it matures in order to avoid the seed discoloration or sprouting in the head that can occur with fall rains. Safflower is an excellent crop for direct combining since it stands well and does not shatter easily. 
Drying and Storage 

Moisture content of the cleaned seed should not exceed 8% for safe, long-term storage. 
6. Castor bean (Ricinus communis L.)

Family: Euphorbiaceae   Genus: Ricinus 

It produces one of nature's finest natural oils (non-edible). The castor plant is a robust annual plant that may grow 2-5 meters in one season with full sunlight, heat and adequate moisture. In areas with mild, frost-free winters it may live for many years and become quite woody and tree-like. Ricin, from the castor oil plant Ricinus communis, is a highly toxic, naturally occurring protein. A dose as small as a few grains of salt can kill an adult. 
Seeds are sown with a spacing of 90 cm between rows and 50 cm within rows. Seed is 
sown 5 cm deep. Castor prefers deep sandy loam soil with a pH of 6, but it can be 
cultivated on a wide variety of soils with pH range of 5-8. Due to the penetrating root system the perennial plant is drought resistant. 
The seed pods of perennial varieties shatter easily so have a lower yield potential than 
annual varieties, thus exhibit great differences in hull thickness and strength even on the 
same inflorescence, making mechanical hulling difficult. Their cultivation needs little 
attention. 

Castor bean (Ricinus communis L., Euphorbiaceous) is a plant of tropical origin which 
produces seeds containing up to 55% of a natural oil rich in ricinoleic acid. Among all the 
vegetable oils, castor oil is distinctive because of its high level of ricinoleic acid (over 
85%), a fatty acid consisting of 18 carbons, a double bond between the ninth and tenth 
position, and a hydroxyl group attached to C12. 

Environment Requirements
Castor grows over a wide range of climatic conditions but prefers drier climates. Castor 
grows well in sub-humid to moderately humid regions, and under irrigation in arid 
regions. 
The best soils for its cultivation are fertile, well-drained sandy or clay loams, but it grows 
well on many other deep soils. 

A. Climate: 

Castor beans grow best where temperatures remain fairly high throughout the growing 
season of 140 to 180 days. The soil must be able to warm up early in the spring. The seed 
may fail to set, however, if the temperature stays above 1OO°F for an extended period. 

B. Soil: 

The crop requires a loamy soil of medium texture. Castor beans do well on either alkaline 
or acid soils, as long as the subsoil is permeable and there is good drainage. Seed will not 
set if soil moisture is inadequate. Castor beans should not be planted in an area that is 
subject to erosion. 

C. Seed Preparation and Germination: 

Seeds should be cleaned to remove foreign material, seeds with attached hulls, and damaged seeds. They should also be treated with a fungicide before planting. This is 
particularly important where there is a risk of low spring temperatures and high soil 
moisture immediately after planting. Thiram is the only registered seed treatment 
fungicide for use on castor beans. 

Land preparation and sowing 

1. Land preparation: A thorough land preparation is not essential due to castor seed is big and vigorous. 
2. Sowing: time of sowing is mostly towards the middle of rainy season 

                            Density: 70-100cmx25-30cm
Castor seeds require more moisture for germination for a longer period than many other 
crops. Sowing should therefore be done when there is enough moisture in the soil and the 
seeds should be sown at a greater depth than other crops. Sowing depth up to 6-8cm will 
have no adverse effect on emergence. 

Seedbed Preparation: 

To prepare the seedbed, plow or disk the land. Be sure the soil is moist at the planting 
depth of one to three inch. 

Seeding Date 

Castor beans should be planted in early May, about the same time as corn. Seedlings will 
emerge in 10 to 21 days. 

Method and Rate of Seeding
Good stands of castor beans require fairly heavy planting rates, because germination of 
the seed is usually rather low. 

Because castor beans are oily and easily broken, they can clog machinery and cause 
irregular spacing. Most corn planters with an air metering system should perform well. 
Planters using metering plates will require plates with proper cell size. Always check the 
planting unit to ensure that excessive bean cracking or crushing is not occurring during 
planting. 
Management practices 

Fertility management 

Castor beans grow well on slightly alkaline or acid soils. The most important factor in 
fertility level is the supply of nitrogen in the soil. Insufficient nitrogen results in reduced 
castor bean yields. Excessive nitrogen produces heavy vegetative growth with little or no 
increase in seed yield. 

The amount of nitrogen required by castor beans depends on the soil organic matter 
content. Preplant and side dress applications of nitrogen may be beneficial at the higher 
application rates or on lighter-textured soils. 
The nutrient requirement of castor is rather high and a dose of 30-40 kg N, 40-50kg P and 
40kg K per hectare may be applied. 
Irrigation management: 

Where castor is grown with irrigation facilities, the first irrigation is given when the plants are in the 6-8 leaf stage. From then on 4-6 times of irrigation are given until 2-4 weeks before harvest. 
Pest management 

Insects: The caterpillars of Achaea janata (castor semilooper) and Drochocrosis punctiferals which feed on leaves are serious to the castor crop. 
Diseases: diseases are not a serious problem in dry areas, but are serious in regions of 
high rainfall. The important diseases of castor are bacterial leaf spot and cotton root rot. 
Weed: castor plants emerge very slowly, usually 2-3 weeks after sowing, and it is only 
after the middle of the growing season that they provide a canopy. 
Harvesting 

The castor bean crop is ready for harvesting when all the capsules are dry and the leaves have fallen from the plants. Ideally, harvesting should begin 10 to 14 days after the first killing frost. 

To avoid looses due to shattering, castor should be harvested before the seeds reach full maturity. 
Drying and Storage
Moisture content, foreign material and cracked or broken beans are considered in grading the seed. Ideally, castor beans should be stored at less than 6% moisture. 

Uses 

The oil of castor is generally considered as non-edible oil. In the United States, castor oil has been used by the military in aircraft lubricants, hydraulic fluids, and in the manufacture of explosives. It has also been used in the synthesis of soaps, printer's ink, nylon, varnishes, paints, and electrical insulations. Castor bean meal is included as a protein source in feed for swine. Castor bean pomace, the residue left after the oil has been extracted from the seeds, has been included in mixed fertilizer. Certain varieties of castor bean plants are grown as ornamentals. 
The Highland oil-seed crops

1. Linseed/Flax/ (Linum usitatissimum L.)

Family: Linaceae. 

Description

Flax is an erect annual plant growing to 1.2 m tall, with slender stems. It is one of the oldest oil-seeds cultivated for food and fiber in the world. It is a self-pollinated crop and is the only economically important cultivated species of the genus Linum, which have been believed to be originated from Mediterranean region, or South East Asia. Ethiopia is considered to be the secondary center of diversity, and now the 5th major producer of linseed in the world after Canada, China, United States and India.

Linseed has long history of cultivation by small holders, exclusively for its oil in the traditional agriculture of Ethiopia. It is usually cultivated in higher elevations where frost is a threat for other oilseeds. It is widely cultivated in higher elevations of Arsi, Bale, Shewa, Gojam, Gonder, Welo and Wellega. 

Linseed has been grown primarily for food and cash sources and it is also an important rotational crop for cereals and pulses. Its oil is suitable for human consumption, and is used as a nutritional supplement. The meal, which remains after oil extraction, is a valuable feed to animals as a protein supplement.

Ecological requirements
Optimum soils for linseed are well drained but moisture retentive and medium to heavy textured soils such as clay loams and silt-clays. Linseed will perform best in soils with pH 5 to 7. The crop requires moderate to cool temperatures and adequate moisture during the growing season for optimum seed yield and quality. Good yield can be achieved with a temperature range of 10-300C, and a mid-day relative humidity of 60-70%, and a rainfall of 150-200 mm distributed over the growing periods. In Ethiopia, reasonable seed yields can be obtained from 1600-2800 m altitudes.  

Field management practices

Land preparation and seeding: Owing to small-seeds and poor competitiveness of the seedlings with weeds, a finely prepared, weed and clog free seedbed is essential for successful crop establishment. Plowing twice or thrice can serve this purpose. 
The seed can be broadcasted by hand and then covered by dragging twigs over it. Seed drilling or row planting is also another option though it is labor demanding. 

Optimum seed rate, method of sowing and plant density: The seed rate depends on genotype, planting method and moisture conditions. Higher seed rates are recommended for bold-seeded genotypes, hand-sown broadcasting and under wetter moisture conditions. Higher rates of 35-40 kg/ha are recommended for broadcasting than seed drilling. Seeds should be free from weeds, shrivels or diseases for normal plant establishment. Seed rates of 25 kg/ha are optimums for row planting, with row spacing of 20 cm, with a plant density of about 500 plants/m2. 
Optimum time of sowing: The optimum sowing date for linseed varies based on location, year and soil type. Early sowing after the onset of rain is advantageous on red and light soils. The optimum sowing date generally varies from early to late June on red soils of Holetta, Kulumsa and Adet, while early to mid July was for black soils. Sowing too early reduces germination and seedling establishment, predisposing the crop to weeds competition. On the hand, late sowing may cause desiccation of crops at flowering and seed filling stages, exposing to them to frost damages. 
Fertilizer application: The recommended rates of fertilizers are 23 kg/ha each of N and P2O5, applied at sowing either via drilling or broadcasting in line with the sowing method. Crop rotation with cereals and pulses is required to reduce weeds, diseases and to improve soil organic matter. 

Pest management strategies

Crop rotation: Linseed does well after cereals (barley, wheat, oats, tef) and legumes, like faba bean and field peas. It also performs well after mustard crop. Crop rotation of at least three years between linseed crops is recommended for controlling various soil-borne diseases.

Weeds: Seedlings of linseed are too weak to compete with weeds. Hence good weed control is necessary. Twice hand weeding (three and five weeks after sowing) is recommended. Weed control is useful for increasing seed yields and to maintain purity or quality of seeds for consuming, processing and re-sowing purposes. 

Diseases and pests: Recent survey showed wilt (Fusarium oxysporum), pasmo (Septoria lincola) and powdery mildew (Odium spp) are most prevalent diseases of linseed in Ethiopia. They are usually be controlled by seed dressing, rotation or use of disease resistant varieties. Likewise, insect pest, like caterpillars (Heliothis spp) can attack linseed. They can be controlled either by using insecticides or by sowing the crop when pests are less prevalent. 
Post-harvest handling 

Harvesting and threshing: The optimum time for harvesting linseed is when most of the capsules are fully matured and turned brown. At this stage, the seeds make a rattling sound in their capsule and seed moisture content will range between 10-15%. 
Threshing: is manually undertaken by beating the capsules with sticks or by trembling them with animal feet (oxen, horses) on well-prepared threshing floor. Then, the seeds are separated from chaff, using blowing winds or by winnowing. 

Storage: Seeds can be stored for a long period of time in clean containers (sacks, bins) under dry and well-aerated conditions. Optimum seed moisture for long-term storage is 9% and below. So far, no storage pest was reported for linseed in Ethiopia.
Uses

Flax is grown both for its seeds and for its fibers. Various parts of the plant have been used to make fabric, dye, paper, medicines, fishing nets, hair gels, and soap. Flax seed is the source of linseed oil, which has uses as edible oil, as a nutritional supplement and as an ingredient in many wood finishing products. It is also grown as an ornamental plant in gardens.
Production constraints 

Yield of linseed has been very low due to:- 
· Biophysical and socio-economic challenges,
· Inadequate interventions,
· Limited intensification and poor production practices
· Low soil fertility, drought, acidity and other climatic hazards 
· Access to agricultural inputs (improved varieties/seeds, fertilizers, good practices and relevant production and marketing information) 
Marketing and future prospects: Linseed has remarkable market potentials both on local and foreign markets. Locally, its seeds fetch up to 10 birr/kg, almost twice higher than that of barley. Small-scale oil extraction mills can be installed in growing areas to create additional income opportunities from edible oil and meal cakes that could encourage farmers to invest in the management of natural resources. Linseed is also currently revived in the world due to its multiple values for food, feed, medicinal and industrial values. Therefore, the scaling out/ up of improved technologies and the good markets for its products imply bright prospects for linseed growers in the growing areas. 
Strategies to enhance yields and economic returns of linseed
2. Selecting the right crop and varieties according to the soil type and rotation.

3. Sowing the seeds of better performing and released varieties.

4. Preparing a fine seed-bed.

5. Sowing during optimum sowing period, using recommended spacing and seed-rate.

6. Applying the recommended doses of fertilizers.

7. Protecting the crop against all pests (animals, weeds, insects, diseases) by frequent follow ups.

8. Harvesting the crop at proper time to avoid loss owing to premature harvesting & shattering.

9. Threshing on clean floors and keeping the right standards.

10. Storing in proper places.

11. Processing in a right manner.
2. Rape seed (Brassica carinata L.) and Mustard (Brassica nigra L.)
These are a bright yellow flowering member of the family Brassicaceae (mustard or cabbage family). In Ethiopia, a considerable number and diversity of plant species are known to bear fixed or volatile types oils. They are found in a state of either cultivation, wild or semi-wild forms. Despite such a prominence of diversity, however, only very few crop species, which include the oilseed brassica are being used as a source of edible oil in the country. 
Agro-ecological requirements
Climate

Brassicaceae can be found in nearly all cultivated areas of the world, but particularly in temperate regions. In tropical regions, rape seed is mostly cultivated with the altitudes range of 1500-2500m with average daily temp. of 15-20oc. The minimum requirements for moisture supply of rapeseed species are generally 200-500mm. 
Soils 

Most brassica oil seeds crops prefer moderately heavy well drained soils with pH 6.5-7.6. They are not or moderately resistant to salinity.
Cultivation and uses

Rapeseed is grown for the production of animal feed, vegetable oil for human consumption, and biodiesel. Natural rapeseed oil contains 50% erucic acid. 
The rapeseed is the valuable, harvested component of the crop. The crop is also grown as a winter-cover crop. It provides good coverage of the soil in winter, and limits nitrogen run-off. The plant is ploughed back in the soil or used as bedding. On some ecological or organic operations, livestock such as sheep or cattle are allowed to graze on the plants.

Processing of rapeseed for oil production provides rapeseed animal meal as a by-product. The by-product is a high-protein animal feed, competitive with soya bean. Rapeseed leaves and stems are also edible. 

Farm management practices
Land/seed bed preparation

Choice of tillage method, the timing of tillage and previous cropping histories are of extreme importance for a good seed bed. 
Planting method and seeding rate

Mustard and rapeseed are very sensitive to sowing dates but are much less sensitive to a wide range of seed rates and also to sowing methods. For most of the growing areas in Ethiopia, it is 1 or 2 weeks after the onset of stable rains. A range of seed rate from 5-25 kg/ha had only slightly affected seed yields of both species. 2-3 seeds have to be placed in each hill in order to ensure the development of at least a single viable seedling. 
Fertilizer application
Traditionally, in Ethiopia, mustard is grown on humus-rich soils often around homestead and application of inorganic fertilizers is not common. As field crops, however, both mustard and rapeseed require a substantial amount of nitrogen and phosphorus fertilizers. If seeding done in rows, the amount of fertilizer has to first determine for each row and has to be drilled and covered by a thin layer of soil by dragging a peg before sowing. This is done in order to avoid a direct contact between the seed and the fertilizer thereby hindering possible osmotic-damages. 
Pest Management

Weed control

The parasitic weed, broomrape (Orobanche ramose) has become a serious threat to species of the oilseed brassicas. In addition to this, a very long list of annual as well as perennial weed species has been recorded. Yield loses as much as 60 % could result from aggressive weed competition during the most critical stages (early establishment to budding). Hence, the crop has to receive two hand-weeding during these critical stages.
Diseases control

For leaf and pod spot, spray with Bayleton or Mistral. For the black leg, use disease free seeds or treat the seeds with hot water 25-30 minutes at 50oc or 0.2 % suspension of Benomyl and Thiabendazole for 24 hours.  

Insect control

For cabbage flea beetle, use Carbaryl 85% WP (1kg/ha) for effective protection of seedling damage. 
Harvesting

Harvesting is done just before the majority of the fruits start to dry because of the danger of shattering. After a few days drying, the whole plants are threshed with a stick. 
Processing of oilseed brassica 

The main oil production processes are a combination of pressing and extraction. The cake and also the meal which is produced after toasting, drying, and cooking are used as a protein supplements in animal nutrition. 

Uses

Oilseed brassica is a crop with very diverse uses and today the oil is coveted as never before. The reason for this lies in the widespread utilization of the  oil in a variety of sectors including human nutrition, as an alternative regenerative fuel, as an environmental friendly lubricating oil used for very different purposes or as raw material in the chemical industry. Furthermore, the residues from oil production are used as a valuable animal feed providing a high energy and high protein content. 

Human nutrition

In human nutrition plant lipids and seed oils are preferable to animal fats because of their lower contents of cholesterol and their generally high proportions of unsaturated fatty acids.
Formerly the use of the oil was not considered favorably as a constituent of the human diet because of its unpleasant taste as a consequence of its high content of erucic acid. The oil is used not only as highly nutritious cooking oil but also as an important source for the production of other food stuffs (such as margarine, salad dressings, baby food) and frying fat for cooking.

3. Niger seed (Noug) (Guizoita abyssinica L. / 
Family: Compositae                

Genus:   Guizotia.

Guizotia abyssinica is an erect, stout, branched annual herb, grown for its edible oil and seed. 
Niger is an oil seed crop, indigenous to Ethiopian highlands where the crop is found in greatest diversity and later has spread to other parts of Ethiopia. 
Agro-ecological requirements 
In Ethiopia, niger is mainly grown from 1600 ma.s.l to 2500 ma.s.l, where the average temperature ranges from 150C to 230C and annual rainfall ranges from 500 mm to 1000 mm. Gojjam, Gondor, Shoa and Wellega are the major niger producing regions and Wello, Harerge, Arsi and Bale regions also cultivate this crop (Getinet and Nigussie, 1992). 
In Ethiopia niger can be grown as a sole crop but often intercropped or rotated with other crops mainly with ‘teff’ (Eragrostis tef) and maize usually without the application of fertilizer or herbicides. Too much fertilizer promotes vegetative growth rather than increasing seed yield. Niger can grow on a wide variety of soils, but appears to thrive best on clayey loam or sandy clay with in pH ranges 5.2-7.3.

Improved farm management practices

Land preparation

Land or seed bed preparation is a critical step in any crop production that prepares the soil as a growth media to the crop. In areas where niger is grown as inter crop, land are cultivated to suit the most important component as a result niger frequently suffer from unsuitable land preparation. Seedbed preparation depends on the seed characteristics, especially size. Although there is no as such exhaustive research on seed bed preparation of niger, since niger seed is small, a fine and level seedbed is recommended to ensure good germination and subsequent emergence of seedling. 
Agronomic management

Agronomic management of niger involves determination of the optimum sowing date, seed rate, and fertilizer requirement and cropping system.
Sowing date

In Ethiopia, the sowing date of niger varies with the type of niger that farmers grow in their regions. The predominant and main season type is usually from May to July. The short season and highland type of noug can also be planted lately in September where water logging of the soil is severe. In general, systematic research at the Holetta Research Center showed that dates from mid-June to mid July are the optimum time of sowing for noug.

Seed rate and method of sowing

Generally, seed rate of 12 kg/ha and 10 kg/ha are recommended for broadcast and row planting with 30cm inter-row spacing, respectively.  
Although row planting of niger with 30 cm spacing is possible to use as planting method for better management of the crop, broadcast planting, which is commonly used by farmers, will give optimum plant population as far as the seeds are evenly distributed and the direction of wind during sowing is considered.

Fertilization
Most farmers, in Ethiopia, do not apply fertilizer for their niger farm. This is due to the fact that the return obtained from fertilizer application is not economical. Fertilizer experiments are also proven that niger has low response to nitrogen and phosphorous fertilizers. However, a rate of 23 kg N/ha and 23 kg P2O5/ha is necessary for vigorous establishment of the plant which in turn makes the crop more competitive to weeds. Too much fertilizer application may induce vigorous vegetative growth and might decrease seed yield as a result of lodging. Hence, before applying fertilizer, it is advisable to analyze the soil thoroughly.
Cropping system

In Ethiopia, niger mainly sown as sole crop in rotation with cereals, usually with “teff” and maize. In some regions, niger is grown around field margin of cereals and pulses. In some areas, niger grown as an intercrop with sorghum, maize and sunflower.

Weed management 

Weeds of niger highly compete the crop during the early growing stage of the crop and thus weeding is necessary at this critical stage. 

The parasitic weeds namely dodder (Cuscusta campestris) and broomrape (Orobanche minor) is the major weed that causes a serious threat in niger production. Dodder infestation caused stunted growth, inhibited branching, reduced number of and size of flower heads and seed per plant. When dodder is detected, infesting the noug plant is advisable to remove the whole infected plant by burning it or burying far away from the noug field. 
Insect pest and disease management

It is assumed that niger may be more resistant to many insect pests and diseases since it often appears to suffer less damage than other crop when intercropped. According to assessments of niger field, economically important insect pests and diseases were recognized. The kind and distribution of such pests and diseases varies from region to region.

Harvesting  

Because the heads of Niger seed mature over a period of time and shattering can reduce the yield by as much as 25%, time of harvesting has to be established carefully. The best time for harvesting is just before the crop matures, about 3 weeks after 50% floret drop. Plants are cut by sickle close to the ground, bundled and stacked in the field to dry for a few days.
Threshing: This is done in the field or on a traditional threshing ground. In Ethiopia oxen are used to either tread on the harvested plants or to pull a small threshing sledge. Before storage the threshed seed is winnowed.
Post-harvest handling (harvesting, grading, food processing, feed utilization)

Noug seed can be stored in sacks and other containers. It should be protected from storage pests and transported to bulk storage facilities as soon as possible. The moisture content of stored seed must be less than 8% to prevent damage by storage pests, especially molds. Well-dried seed can be stored dry without special requirements for at least 4 years without losing its viability.  

Uses

Niger seed is used as a human food. Niger is used to generate income for the farmers either in local market or by exporting abroad. The oil from niger also substitutes for sesame oil for pharmaceutical purposes and can be used for soap making. Niger has become as a specialty grain opportunity that exported for bird food market. The meal remaining after the oil extraction contains about 24% protein and 24% crude fiber is a good feed for livestock.

Despite its considerable importance, niger seed yield is generally very low and its current average national productivity is not more than 4.2 Q/ha (CSA, 2007). One of the most important factors for low productivity of niger in Ethiopia is the use of unimproved niger varieties. Most of the national production of niger is mainly based on local landrace populations, which have low yielding capacity due to seed shattering, lodging, uneven maturity of heads and self-incompatibility. Poor agronomic practices, parasitic weeds and pest and diseases are also important factors that contribute to low yield in niger.  
Prospects of producing niger seed in Ethiopia 

Niger seed is a good precursor for many crops because crops following Niger seed have less weed infestation and profit from the large amount of organic matter left in the ground. Both Ethiopia and India are excellent sources of germplasm for development. Niger seed provides an exciting opportunity due to its well-established market, which is of significant size and offers an attractive price.
CHAPTER -5
Tobacco cultivation and management (Nicotiana tabacum L.)
Tobacco is an agricultural product processed from the leaves of plants in the genus Nicotiana. It can be consumed, used as an organic pesticide and in the form of nicotine tartrate, used in some medicines. In consumption, it most commonly appears in the forms of smoking, chewing, snuffing, or dipping tobacco. Tobacco consumption is believed to be directly related to biological strength of nicotine dependence, addiction, and tolerance. 

Ecological requirements

Tobacco has a wide adaptability to environment. But is sensitive to environment, especially its quality is affected seriously by the change of ecological environment, under different natural conditions; the quality and yield differ outstandingly.

Temperature: Tobacco is a tropical crop, it likes temperature.
Sunlight: Tobacco likes sunlight and time of daily sunlight is above 10 hours. 
Rain fall: At field stage requires monthly average rainfall of 100-130 mm.
Soil

a. The best soil is red; followed by black and brown.

b. Soil texture: in plain area, light loam to middle loam soil. In mountain and hill area, middle loam to heavy loam soil.

c. Soil fertility; medium to low medium fertility.
Seed bed preparation 
a. Not vegetable land and not potato family crops land for avoiding pests. 

b. Convenient irrigation, less wind, enough sunlight, flat land and fertile soil 
Time of sowing

1) Time of sowing: need to be according to local cropping system, irrigation and seasonal rainfall.
2)  Seeding rate: If the germination percentage of seed is more than 90%, then 10 m2 seed bed land needs 1.5-2 g of seed for 2000 m2 of field land through a process of temporary planting. 
Sowing
a. Seed selection with water, remove imperfect and tender ones. 

b. Sterilization: Firstly make it wet and twist it with hand, then add up into 1-2 % copper sulphate solution, soak it for 15 minutes, then was it with clean water.

c. soak it in clean water from 8-10 hours 

d. Get the seed departed with the water and mix it with plant ash evenly. 

e. Broadcast it to the surface of the seed – bed then cover it with 0.3-0.4 cm thickness fine sand particles, or surface material of forest – land.
Applying fertilizer
(1)  The principle of applying fertilizer:

a. 30% of the total fertilizer should be organic fertilizer, and 30% of the total fertilizer is applied as basal manure.
(2) The method of applying fertilizer: 
a. Band or hill placement of basal manure.

b. Hill placement of after manuring 

c. In areas with convenient irrigation water, it will be better firstly getting fertilizer dissolved in water. 
Topping

1) Definition: At the beginning of squaring or during blooming stage, pick the flower bud or the flower and the following downward 3-4 leaves and keep 10-22 leaves for each plant. This is called topping. 

2) Function of topping 

a. Promote the root, stem and leaf to develop

b. Increases the weight of leaves and improves its internal quality.

3) Time of topping: Actually the earlier is the topping, the better is the function. But practically, different types of tobacco, and different growth vigor of tobacco need to be topped at different time.

1) Preventing insects and diseases

2) Main diseases to tobacco: tobacco mosaic, blank shank, bacterial milt, bacterial blight, black rot, powdery mildew, root- knot nematode, a leaf spot.

3) Main insects of tobacco: cut warm, write worm, mole cricket, aphid, thrips, oriental tobacco bud warm, bug, tobacco stalk borer, snail, helmet shell.

4) Way of preventing:   Select diseases resistance Variety 
Harvesting and post-harvest handling

Harvesting 
a. Leaf  color turns yellow green 

b. Every time only the mature leaves are harvested. 

c. If it is bottom leaves, every time you can harvest 1-3 leaves, often harvest at one time after getting mature.

d. Harvest is often done in the early morning, if there is rainfall until the ground surface becomes dry. 
e. Every time to be careful to avoid the leaf being damaged
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