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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: for instance, coffee exporting supply 60% of the total foreign currency of Ethiopia

3. Satisfying domestic requirements

4. Supplying employment opportunity for the local people: for instance, in coffee production totally 15 million people are employed

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, rapeseed, ground nut, sunflower, safflower, castor bean, etc.

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. Promotion of industrial crops for sustainable development in Ethiopia

Poverty is the root cause of food insecurity in developing countries and the major industrial crops cover 18% of cultivable lands in the countries. They generate farm gate revenues and provide an income for tens of millions of smallholders, helping to sustain rural food production and keep prices stable, as well as contributing to national import substitution efforts. The aim is to boost the incomes of smallholders, and thus, contribute to increased food security and sustainable production through crop intensification, diversification and expansion in both adaptive and fragile ecosystems. These and other related characters make industrial crops assume key role in development.  

Promotion of under-utilized genetic resources

The integration of under-utilized species varieties, cultivars and gene-pools into existing agricultural systems helps to enhance crop diversification for food and income generation and add to agro-biodiversity. This is one key element of the Global Plan of Action for Plant Genetic Resources for Food and Agriculture. 

Therefore, the objective here is to help increase the income of smallholders through new crop and market options and thus contribute to local food security and sustainable production through crop diversification. 

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. Begasse 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 farmyard 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. 

 2.2. 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 two ratoon crops are more profitable than the plant crop. 

2.3. Ecological requirement 

2.3.1. 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. 

2.3.2. 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.   

2.3.3. 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/seed pieces. 

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 

Selection of seedpieces/setts

In selecting the seedpieces 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.

Germination capacity of single-bud sett is very poor due to loss of moisture from cut ends on either side. Further the plants arising from single-bud setts also lack vigour and yield low as compared to those from three-budded setts. Thus the preference given to three-budded setts over single-bud setts is partly based on germination capacity and partly on initial vigour of the germinated plants and cane yield. 

If whole cane stalk is planted without being cut into setts, usually few buds at its top end germinate and the lower end buds remain inactive due to top dominance. The effect of top dominance is eliminated when stalk is cut into pieces. 

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. 

 Removal of residues

Main land preparation for sugarcane starts with clearing the preceding crop residues. Stubbles are to be collected and removed from the field. All residues can be incorporated into soil by a rotavator.

 Tillage

Tillage operations through tractor drawn implements are most ideal and quick. After one or two initial ploughings, soil must be allowed to weather for a week or two before going for further tillage operations.

• Tillage operations can be carried out using harrows or rotavator. The operations are to be repeated to make the soil bed free from clods, weeds and crop residues.

• After tillage operation, the field should be deep ploughed using a tractor. If the field is uneven, leveling has to be done using a tractor operated leveler. While leveling, a gentle slope can be maintained to facilitate easy movement of irrigation water.

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.  
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Fig 1: Upland furrowing of sugarcane production.

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. 

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”. 

“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. 

 “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. 

2.4. Managing Sugarcane Plantation

2.4.1. 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:

Adequacy and suitability of available water supply

Topography 

Field size and shapes 

Pump and power requirements 

Acres that can be irrigated 

Potential yields 

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. 

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

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

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

Ripening stage (if relative moisture content is lower than 50%)

2.4.2. Applying Fertilizers 

Types of Fertilizers 

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

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

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

Principles of application 

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. 

Organic fertilizer and chemical need to be connected together.

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

Applying of basal manure. As what is talked in the former part.

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. 

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.

2.4.3. Hilling up the plant

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. 

Purposes of hilling up 

To develop roots systems 

To promote early and effective tillers 

To control late and ineffective tillers 

To suppress weeds 

Time of hilling up

Usually two to three times of hilling up are done. 

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. 

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. 

2.4.4 Controlling of weeds:

 Usually weeding is done connected together with inter- tillage and chemical methods   
2.4.5. Controlling of insects and diseases

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. 

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.

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 to control red rot. 

2.5. Harvesting of sugarcane

(1) Time of harvesting sugarcane 

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

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 Proper preparation should be made for harvest. 

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

Determining the specific cutting date

Making a plan for harvesting 

Organizing enough labor force

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. 

2.6. 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 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 producing crops 
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 fiber 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. 

3.1.1 The origin and history of Cotton Production

The origins of cotton production and use go back to ancient times. The first evidence of cotton use was found in India and Pakistan, and dates from about 6,000 B.C. Scientists believe that cotton was first cultivated in the Indus delta. 
The species used in ancient South Asia were Gossypium herbaceum and Gossypium arboretum which originated in India and Africa. At a later date cotton production spread to Mesopotamia, Egypt and Nubia. It was only in the 1st century, when Arab traders brought their cotton products to Italy and Spain, that the fiber was introduced in Europe. 

By the end of the 16th century, cotton was already cultivated throughout the warmer regions in Asia and America. The newly discovered species were introduced to Africa in the 18th century and later spread to India, Pakistan and China, where they replaced traditional varieties.

Till the middle of the 19th century, India was the main provider of cotton fiber for Europe’s cotton industries. By then, cotton had become the backbone of the southern North American economy, which was essentially based on slavery work. Due to the higher quality of American cotton (longer and stronger fibers) and its cheaper price, European textile manufacturers started purchasing cotton from American plantations. In China, world largest cotton producer, cotton was introduced about 2000 years ago. In the late 1970ties, the Chinese Government took measures to encourage cotton production by subsidizing inputs and offering procurement funds. As a consequence, cotton production rose from 10 million bales in 1979 to nearly 29 million bales in 1984 (1 bale = 500 lbs or 226.8 kg).

3.1.2The Importance of cotton

In many countries cotton (Gossypium spp.) is one of the most important fibre producing plants. Cotton crop not only provides fibre for the textile industry, but also plays a role in the feed and oil industries with its seed, rich in oil (30%) and protein (30-35%)
 Cotton economic yield 
Seed cotton contains long fiber called lint and short fiber 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 fiber, 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.

 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. 

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

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

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

                                 The 5 stages of growth

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.

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

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.

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.

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.

3.1.3 Morphology of cotton 
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. 

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.

Leaf

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

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.

Flower bud and flower

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

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

Cotton flower is complete flower

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 internal to external.

Cotton boll

Cotton boll is capsule.

From blooming to opening it lasts 50-70 days

Cotton fiber.

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

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

The time for fiber developing is 50-70 days.
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Gossypium barbadense spp.

Ecological requirements of cotton

Sunlight
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.

Cotton belongs to short day crop which suitably reduces time of sunlight, and promotes flower bud to form and bloom.

Cotton is a short-day plant but day-neutral varieties exist. However, the effect of day length on flowering is influenced by temperature.

Delayed germination exposes seeds to fungus infections in the soil. For early vegetative growth, temperature must exceed 20 °C with 30 °C as desirable.

 For proper bud formation and flowering, daytime temperature should be higher than 20 °C and night temperature higher than 12 °C, but should not exceed 40 and 27 °C respectively.

Temperatures between 27 and 32 °C are optimum for boll development and maturation but above 38 °C yields are reduced

Moisture 
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

Produce 1kg of seed cotton, need to consume 1600-2000kg of water, about 2/3 of the water lose through transpiration, and 1/3 of the water lost through evaporation.

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. 

Continuous rain during flowering and boll opening will impair pollination and reduce fiber quality. Heavy rainfall during flowering causes flower buds and young bolls to fall.

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) Soils

Cotton grows best in pH 6 to 8 with well drained soils that receives adequate moisture during the growing season.
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. 

PH: 6-9, salt content :< 0.2-0.3%, almost it is tolerant to soil salinity.

 Underground water table below 1-1.5m. Acid or dense sub soils limit root penetration.

4) Fertilizer requirements

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.

Principle of applying fertilizer:

Mainly depending on organic fertilizer, connected with applying chemical fertilizer

Applying enough basal manure, split applying of after manuring.

Increase the application rate of N; proportionally apply some p, and K fertilizer. Due to indeterminate growth habit and deep root system phosphorus requirement of cotton are very low. While lint index increased with increasing phosphorus levels which could be then nutrient response and availability leading to initiation and development of greater number of fibers per seed

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.
Method of application:

Deep application of compost as basal manure, and it accounts 50-60% of the total amount of fertilizer.

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 flowering stage as foliar nutrition at a concentration of 0.2%.

3.1.5 Direct Seeding of cotton

 Land preparations 

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.

Deep cultivation:

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

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

Leveling: use leveler to make the land level.

Ridge making:

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

To facilitate drainage

To control erosion during irrigation and heavy rainfall.

Way of ridge making:

Row distance 40-80cm

Height of ridge: 15-20cm

Along the contour line

Seed preparation

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%.

Seed treatment:

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, increase water absorbing ability.

Acid treatment:

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.

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

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.

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.

 Have a sowing

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.

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.

Hill sowing: 30-40kg/ha.

Drill sowing: 50-60kg/ha

Method of planting: 

Manually:

Traditional broadcast: consume high amount of seeds; none uniform distribution; create high cost of planting and management activities.

Hill sowing: along the ridge, sow the seeds in the holes at one side of the ridge manually, for each hole 3-4 grains of seeds, after covering with soil, you need to tramp the soil, make close contact with the soil.

Drill sowing: sow the seeds along a furrow, 20-30 grains/m of seeds. After sowing use narrow wood board to press the soil.

Mechanical planter: 

First make a furrow

Then meter the seed bed and have a sowing

Cover the seeds with soil

3-1.6 Field Management

Management of seedling stage

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.

After rainfall or irrigation, it needs to have inter-tillage.
First time of inter-tillage and weeding is done connected with thinning out at seed leaf stage; depth comes to 4-5 cm.

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

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.

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

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

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

To weak plants field, having a shallow inter-tillage, depth comes to 5cm.

  Hilling-up the plant 

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.

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.

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.

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

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

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.(irrigation)

3.1.7 Pest control

3.1.7.1 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. 

3.1.7.2 Controlling insects

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

Leaf suckers (Aphis gossypit)

Jassids (Empoasca spp.)

American boll worms (Heliothis armigera)

Red boll worms (Diparopsis and catancea)

Spiny boll worms (pectinophora and piella)

Stainers (Dysdercus spp.)

Field sanitation, includes crop rotation, is a primary requirement for reducing insect pests. 
 3.1.7.3 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.

           Lint quality parameters

Crop management for both optimum yield and fiber quality is a realistic and important approach to take for a profitable cotton production system. Fiber properties such as length, strength, micronaire, and grade are all important to consider in terms of crop management. There are many crop management factors that have been associated with fiber quality. Some of these factors include: 
variety

weed control

planting date

insect control

plant population

earliness

row spacing

uniform fruiting patterns

fertility

defoliation

irrigation

harvesting

growth regulators

seed cotton storage

Probably the most important aspect determining the potential for fiber quality of a cotton crop is variety. In several studies addressing cotton fiber properties (Meredith 1986 and 1990) genetics has been shown to have a very strong influence on fiber strength and length, accounting for over 80% of the variability associated with these two properties, respectively. Variety can also have a strong influence on grade. For example, hairy leaf varieties are commonly associated with higher trash contents. One approach to addressing crop management in relation to fiber quality is to consider the primary fiber properties and the management factors that can have a strong impact on them.

Length
Besides variety, water management and maintaining good plant-water relations during fiber development is probably the most important factor affecting fiber length. This is one of the reasons we stress the importance of good water management in-season and minimizing or eliminating water stress. In-season irrigations should be scheduled so that no more than 50% of the plant-available soil-water is depleted between irrigations. Water stress can reduce not only crop vigor, fruit retention, and yield; but also fiber length. There is also evidence that fiber length can be reduced due to severe weathering in the field. This might occur if severe or prolonged rainy periods are experienced following boll opening. If harvesting is seriously delayed and open bolls are exposed in the field for a long time (months) fiber length could be affected. 

Strength
Most varieties that have high yield potentials also have good fiber strength characteristics. Any factor that can cause physical or microbial damage to the fiber can reduce strength. Therefore, similar to affects on fiber length, severe weathering can negatively impact strength as well. Strength can also be reduced in cotton lint from over-ginning.

Micronaire
Fiber fineness is determined primarily by variety. However, the maturity of cotton fibers can be affected substantially by environment and management. Unfortunately, a single fiber measurement cannot fully distinguish between fineness and maturity. Therefore, major deviations in mike readings for a given variety are most likely due to problems in fiber maturity management. 

In general, bolls set on the plant early in the season tend to develop high micronaire levels by the end of the season and bolls set on the plant later in the season tend to have lower micronaire, or be less mature. The blending of the fiber from bolls set throughout the season can often result in overall mike values that are acceptable. Whenever the crop experiences a notable drop in boll retention, micronaire can be affected. 

Management factors that lead to crop earliness and uniform fruit retention patterns are very important in terms of fiber micronaire. Therefore; planting date, water, fertility, plant growth regulator, insect, weed, disease, defoliation, and harvest management each can contribute significantly to the overall micronaire and general fiber quality of a crop.

Each of these management factors can be addressed independently. But remember, each of these factors can affect, independently and collectively, the yield and quality of a cotton crop, and therefore, overall crop value and profitability. 

3.1.8 Harvesting cotton

Mature: after opening for 70 days, the strength of fiber comes to maximum, this is called mature, and it is time for harvesting.

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.

3.1.9 Post-harvest handling of cotton

Ginning is the process of separation of the lint and/or fiber 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.

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
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3.2.1 Origin and distribution 
Agave sisalana is native to Mexico. It has been introduced into tropical and subtropical areas in North America, South America, Caribbean Islands, Africa, Australia and Asia. It has been used as an ornamental and cultivated plant. Currently, A. sisalana is widely cultivated in tropical areas in Brazil, Tanzania, Uganda, and Kenya to produce fibers.

3.2.2 Botany and morphology of sisal

Succulent perennial plant with thick leaves in a basal rosette of 1.5-2 m height and elongated rhizomes from the base. Succulent, bright green, linear-lanceolate leaves are 90-150 cm long, 10-12 cm wide and have dark brown terminal spines of 2-2.5 cm length. This species is monocarpic (i.e., die after fruiting) and inflorescences form panicles of elliptic shape 5-6 m tall, with 10-20 lateral branches. Flowers are 4-6 mm long, yellowish green, with reddish filaments up to 6 cm long. Fruits are capsules up to 6 cm long, 2-2.5 cm diameter, stipitate and beaked. Capsules rarely formed, and seeds (if any) probably not viable. Vegetative bulbils are commonly produced below the flowers in the axils of bracts.

The Sisal plant has a shallow root system, maximum 60cm deep 

The roots develop mainly horizontally and form suckers, which can be used for propagation 

The base of the plant consists of a short trunk, about 30cm x 150cm. 

The leaves are spirally arranged around the trunk. 

The growth point is situated on top of the trunk from where the leaves develop and eventually the flower stalk. 

The leaves of the plant consist of 4 % fiber from plant weight.

The sisal plant flowers only once and that is at an age of about 12 years

So called monocarpic plant.



             Fig. vegetative bulbils from inflorescence
Uses of sisal:  Sisal has a wide variety of applications including: 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 [image: image6.jpg]


many uses, including for paper, cloth, wall coverings, support belts, mats, slippers, cloths and carpets.  
 Extracting the fiber 
The fiber must be extracted as soon as possible after the leaf has been cut; if the leaf is allowed to dry, the fiber is easily damaged during the cleaning process. Fiber is extracted by a process known as decortications, where leaves are crushed and beaten by a rotating wheel set with blunt knives; so that only fibers remain. After this the long fiber needs to be cleaned. Can also extracted by hand stripping. 

Environmental impact
There are both positive and negative environmental impacts from sisal growing. Sisal is a renewable resource par excellence and can form part of the overall solution to climate change. Measured over its life-cycle, sisal absorbs more carbon dioxide than it produces. During processing, it generates mainly organic wastes and leaf residues that can be used to generate bio energy.  In Tanzania, there are factories to use the waste as bio-fuel, produce animal feed, fertilizer and ecological housing material and, at the end of its life cycle, sisal is 100 percent biodegradable. By contrast synthetically produced fibers do not possess any of these traits. Moreover sisal plants reduce soil erosion through its extensive root system and contribute positively to watershed management. Sisal plants used as hedges act as effective vegetative barriers/ fences to protect the crops lands and forests from predatory animals and intruders.


Sisal farming has also negative impact which 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 decortications process causes serious pollution when it is allowed to flow into watercourses. 

3.2.3 Ecological requirements of sisal

Agave Sisalana, the hardy plant grows well all year round in hot climate and arid regions which are often unsuitable for other crops.
Temperature: Sisal requires warm weather and full sunlight.  The maximum temperature should be 30–40°C, with minimum temperatures of 5°C. A. sisalana is damaged by frost. Under dry and arid conditions or at low average temperatures it forms fewer leaves per year and has a longer life cycle.
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.

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

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. This species prefers sandy-loam soils but can be grown on a range of soils with pH ranging from 4 to 6. It does not tolerate water-logging and saline soil conditions.
 3.2.4 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. Capsules or fruits rarely formed, and seeds (if any) probably not viable. Vegetative bulbils are commonly produced below the flowers in the axils of bracts. 

The following factors should be considered in the process of establishing sisal nursery:

 Site Select a well drained fertile soil, avoid deep slopes. The area should be accessible, near the field where Sisal will be planted.

 Land preparation – the selected area should be brush cut, ploughed and harrowed to obtain fine tilth, perennial weeds must be eradicated.

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.
 Nursery planting materials – Select the bulbils from healthy plants, cut off the poles from suitable plants and remove the bulbils bearing branches, shack the bulbils into a sack, to obtain plants which are uniform grade them before planting and discard the bulbils which are very small.

Spacing – Plant the bulbils at the spacing of 50 cm x 25 cm. By using this spacing you will get 80,000 plants per hectare.

Method of planting - Mark the row ends with sticks. Strike a planting chain between pairs of sticks. Dib in bulbils at tags on the chain, plant 1.0 to 1.5 cm deep.

Time of planting – Planting should be completed just before the main rains break.

NURSERY MANAGEMENT 

Fertilizer application, I. Nitrogenous fertilizer ( UREA), only required where the sisal color is pale, apply 30 kg of nitrogen once or twice during the rain or in Irrigation water.  ii. Muriate of Potash (MOP), apply only on soils known to be deficient in potassium. iii. Phosphate, Sisal waste contains sufficient phosphate to compensate for any deficient in the soil.

Weed control: - young sisal bulbils are very sensitive to weed competition and the nursery should be clean at planting and then kept free from weeds. Weeds in the nursery can be controlled as follows, I/ Manual method – manually weeds can be controlled by hand tools or by pulling the weeds. The labor Cost may be less with frequent weeding rather than with only Occasional one. 

 Chemical:- This includes the use of herbicides like hyvaryx (Pre emergency herbicide)  Pests control in Sisal nursery, The common pest in sisal nursery is a sisal weevil which can be controlled by cultural method (Hand collection), field sanitation and the Use of insecticide like Dimethoate. 
Establishing sisal nursery

Sisal nursery should be well prepared in order to get good sisal planting materials which will in turn produce good quality sisal fiber. 
1. Suckers or bulbils can propagate sisal plant vegetatively.
2. Building nursery with bulbils.

Bulbils are detachable material formed on the poles. Actually they are modifications of flowers.

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
Pests & Diseases in Sisal
	
	Agave sisalana is relatively free from pests and diseases, though sisal weevil is a major pest of economic importance. H 11648 is more susceptible to pests and diseases.
The following table shows some common pests and diseases, their symptons and control measures


	Pests
	Symptoms
	Control

	Sisal weevil (Scyphophorus acupunctatus)

	Damage starts at the nursery. The grub (larva stage) bores into the bole of the young plant making a tunnel. Rotting ensues and the plant dies.
The adult weevil feeds at the axils of the upper most leaves, adjacent to the growing spike leading to staining of the fibre. Damage is also a result of egg-laying at the base of the spike, where larvae eat through the leaves causing a spiral of holes.

	-Cultural control: use of non-infected planting materials, removal of dead boles and avoid contaminated fields.
-Use of guard rows (trap crop) supported by placing split boles whose cut surfaces are dusted with insecticides to reduce infestation
-Chemical control: application of insecticides like Dimethoate (Danadin), Chloropyrifos (Bulldock)


	Pigs, baboons and monkeys

	Damage the centre of the growing spike, stunting growth

	Trapping and scaring.
Seeking assistance from KWS.



	


	2.
	Diseases

	Diseases
Symptoms
Control
Korogwe leaf spot

Tiny spots, which develop into corky, grey brown circular scab-like spots on leaves, on both upper and lower surfaces

Cultural measures; maintaining clean fields, soil fertility management, and use of clean planting material.

Bole rot (Aspergillus niger or Pythium/Phytopthora)

Soft or yellowish rot at leaf bases which gradually girdle the bole. Affected leaves collapse, and turn yellow, while the bole rots completely.

Application of calcium-rich fertilizers and in waterlogged or highly acidic soils, agricultural lime must be added

Zebra disease (Phytopthora nicotianae)

Striped lesions on the leaves and rotting of the bole and spike.

Prevent any part of the plant from contact with surface drainage water.

Dieback disease

Leaves turn purple, leaf tip dieback starting at the spine, spreading downwards.

Causal agents not known though probably related to phosphorus deficiency.




Harvesting of sisal
Sisal plants grow fast and all year round. The first harvest can be made when the plants are about two years old and they remain productive for 10 to 12 years. Each plant produces 180 to 240 leaves in a lifetime yielding 1 to 4 tonnes of fibre per hectare.
Sisal is a labour intensive crop and it offers employment to rural communities in areas which are often not suitable for other crops. The workers go round the plantation and cut some leaves from each plant every few weeks. They deposit the heavy leaves at the end of rows from where they are taken to a central processing unit.

  3.3 Kenaf cultivation and its management (Hibiscus cannabinus.L)

KENAF Species: Hibiscus cannabinus.L, Family: Malvaceae , is a warm-season annual fiber crop related to cotton, okra, and hibiscus. The plants, which reach heights of 8 to 20 feet, are harvested for their stalks from which the fiber is extracted. Kenaf (Hibiscus cannabinusL.) is a short-day annual herbaceous plant mainly cultivated for the soft bast fiber in its stem.
KENAF is the second most important natural fibers next to cotton. Kenaf is a bast fiber crop that has been used for a long time as cordage, ropes, etc

Kenaf (Hibiscus cannabinus L.) is a fiber plant native to east-central Africa where it has been grown for several thousand years for food and fiber. It is a common wild plant of tropical and subtropical Africa and Asia. It has been a source of textile fiber for such products as rope, twine, bagging and rugs. Kenaf is a promising source of raw material fiber for pulp, paper and other fiber products.

The stalk of the kenaf plant consists of two distinct fiber types. The outer fiber is called "bast" and comprises roughly 40% of the stalk's dry weight. The refined bast fibers measure 2.6mm and are similar to the best softwood fibers used to make paper.
The whiter, inner fiber is called "core", and comprises 60% of the stalk's dry weight. These refined fibers measure .6mm and are comparable to hardwood tree fibers, which are used in a widening range of paper products.

Botany and morphology of the Plant
The plants are herbaceous annuals; in member of the mallow (Malvaceae) family, with okra and cotton as relatives. Kenaf plants grown in dense stands are largely unbranched and grow to a height of 2-4m and under certain conditions will reach 6 m. The stem's outer bark contains the long soft bast fibers which are useful for cordage and textiles. Bast fibers make up 20 to 25% of the stem on a dry weight basis. Beneath the bark, a thick cylinder of short woody fibers surrounds a narrow central core of soft pith. Stem color of most varieties is green, but there are several red-stemmed and purple-stemmed accessions. Leaf shape varies considerably. While the first few leaves of kenaf seedlings are not lobed, some varieties develop post-juvenile leaves that are very deeply lobed. The root system is very extensive, with a deep tap root and wide spreading lateral roots.

Kenaf plants produce large cream-colored flowers only after day length reaches approximately 12.5 hours in the fall. Flower production is indeterminate. Kenaf is primarily self-fertile, but is considered an often cross-pollinated crop. Seeds are dark grayish-brown, flattened triangular shaped, 5 to 6 mm long. There are roughly 15,000 to 20,000 seeds/pound.

The different varieties of kenaf have different flowering schedules.  Some varieties flower earlier than others.  Generally, the flowering will last 3 to 4 weeks, or more, per plant, and each individual flower blooms for only one day. 
Seed and Seed Capsules: The seed capsules are covered with many small, fine, loosely held, hairy structures that are very irritating when in contact with human skin. Each capsule contains 5 segments with a total of 20 to 26 seeds/ capsule. The slate-black, wedge-shaped kenaf seeds are approximately 6 mm long and 4 mm wide, with 35,000 to 40,000 seeds/kg. Once pollinated, the seeds require 4 to 5 weeks to maturation

Importance of kenaf

Fiber Uses: Kenaf has a unique combination of long bast and short core fibers which makes it suitable for a range of paper and cardboard products. Kenaf is grown as a source of fiber for making bags, paper, rope, and cloth. kenaf pulping being used to make several grades of paper including newsprint, bond, coating raw stock and surfaced sized. Results have been positive, particularly in terms of paper quality, durability, print quality and ink absorption. Additionally, kenaf newsprint manufacturing requires less energy and chemicals for processing, an important advantage, both economically and environmentally.

The 30-40% of the stem (bark) can be used for several high value fiber applications while the 60-70% of the stem (core) among several industrial applications can be used for thermo chemical process (combustion pyrolysis and gasification).
Forage Uses: The top leafy portion of the kenaf plant is not useful for pulping. Therefore, this part of the plant would be useful as forage if harvest equipment could be practically adapted to a dual collection operation. The kenaf ensiled successfully, both alone and with corn, and the silage was acceptable to heifers. They also found that kenaf leaf, dried and ground into a meal, had a greater crude protein digestibility than that of alfalfa meal. The amino acid composition of kenaf leaves is similar to that of alfalfa. Clearly, the leaf and petiole portion of the plant contains the majority of the digestible nutrients.
Food Uses: Where kenaf is grown in home gardens for fiber, the more tender upper leaves and shoots are sometimes eaten either raw or cooked. So its leafy greens are also used as a food source for both livestock and humans.

Environment Requirements:
Climate: - The kenaf plant is said to have a wider range of adaptation to climates and soils than any other fiber plant in commercial production. Kenaf 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 10oc. Temperature between 28°C and 35°C and humidity between 70% and 90% is available for kenaf production.
Kenaf grow almost throughout the world in tropical areas but it is sensitive to frost. Length of frost-free season and availability of solar radiation may limit economic production of kenaf fibers in northern locations. Variety development for tolerance to cool air and soil temperatures could greatly expand kenaf's area of productive adaptation.

Soil: - It can be successfully grown in a wide range of soil types, from high organic peat soils to sandy desert soils. Although kenaf grows better on well-drained, fertile soils with a neutral pH, the crop can withstand late season flooding, low soil fertility, and a wide range of soil pH values. Prolonged periods of standing water, particularly during the seedling stage, can severely inhibit growth. Kenaf also has shown excellent tolerance to drought conditions.

Cultural Practices:
Seedbed Preparation:
Kenaf seeds are relatively small and require good seed-soil contact for germination. Therefore, a fine, firm, well-prepared seedbed is necessary. Given the success of raised-bed kenaf production in Texas, ridge-till planting may be an effective option in northern areas.

B. Seeding Date:

Warm, moist soils after danger of a killing frost has passed are the ideal planting conditions. Planting too early often results in poor emergence and slow, non-competitive growth. Planting too late will often result in reduced yield potential due to reduced solar radiation availability.

C. Method and Rate of Seeding:

The preferred plant population, row width and planting method may vary according to production region, growing conditions and cultivar used. More research is needed to determine interactions among these factors (particularly cultivar/population interactions) and to determine yield improvement potential through modification of these factors. A harvest plant population of 75,000 to 100,000 plants/acre is generally recommended. However, as the crop is moved north, narrower rows and a population range of 100,000 to 120,000 plants/acre may be more desirable. 

Plants in stands that are too dense for the cultivar or seasonal growing conditions tend to be short, spindly and weak-stemmed. Plants in stands that are too sparse produce lateral branches that are too heavy. In both cases lodging is inevitable. Seed should be planted less than 2.5cm deep if the soil moisture and seedbed texture are suitable. Kenaf can emerge from a depth of 6cm under the most favorable conditions. The importance of high quality seed (germination over 80%), and equipment that gives uniform seed placement and good seed-soil contact cannot be over emphasized.

D. Fertility Requirements:
Kenaf's response to added fertilizers depends on soil nutrient levels, cropping history and other environmental and management factors. A range of fertility responses have been reported. In general, added nitrogen has increased kenaf yields. Some important considerations:

1 - Fertility programs should focus on vegetative needs rather than grain/reproductive needs. Kenaf, unlike cotton, for example, produces a vegetative fiber rather than a fruiting fiber.

2 - Kenaf, with its deep tap root and wide spreading lateral root system, is considered to be an excellent user of residual nutrients from previous crops.

3 - At harvest, kenaf leaves are left in the field. It has been estimated that this leaf material can return from 50 to 100 pounds of nitrogen/acre.

E. Weed Control:

In the southern U.S., 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. One weed species which is especially competitive with kenaf is velvet leaf, a relative of kenaf. At the seedling stage, velvet leaf and kenaf are very similar in appearance and rate of growth. Fields with high populations of this weed are not recommended for kenaf production.

Cultivation and other post emergence tillage practices such as rotary hoeing can be effective in controlling weeds. In the absence of herbicide registration for kenaf, and particularly in cooler climates which inhibit rapid early plant growth, mechanical weed control should be used.

F. Diseases and Nematodes:

Growers and researchers have found kenaf to be resistant to most plant diseases. Anthracnose is perhaps the most serious potential disease problem. The variety development work done by the ARS in Florida was very effective in breeding and selecting for anthracnose resistance. 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. In cotton growing areas, the root-knot nematode/fusarium wilt complex is expected to limit yield potential for both cotton and kenaf, and will create crop rotation challenges due to the common susceptibility of the two crops.

G. Insects:

There has been little economic damage to kenaf by insects in experimental production fields. Potential insect problems could arise in the early stages of seedling emergence and development. However, the kenaf plant tolerates a fairly high population of chewing and sucking insects, and since the production emphasis is biomass rather than root, seed, fruit or flower, the required level of insect prote
Generally, relatively few insect and disease problems occur on kenaf. Diseases include anthracnose and root knot nematode. Cotton bollworm and aphids are potential insect pests but do not generally result in yield losses. The rapidly growing kenaf plant generally competes effectively with weeds. Cultivation and registered herbicides provide additional tools for weed management. 

H. Harvesting, Drying and Storage:

Kenaf is harvested at optimum fiber content, generally at the beginning of flowering. Harvesting is accomplished either by hand or mechanically with farm equipment adapted for kenaf. Several harvest and storage methods have been tested. The preferred system will likely vary from one area to another because of differences in climate and milling requirements. Until recently, the most feasible method appeared to be chopping the green or air-dried plants with a forage chopper. The green material can be stored an aerobically like silage and the air-dried material can be piled or loosely stacked or baled.
The most recent innovation has been the development of an 8-row harvest machine which cuts the stalks and lays them down for drying in the field. The dried stalks are gathered, shredded at the field and transported to the fiber mill's storage area.
Chapter -5: Tobacco cultivation and management (Nicotiana tabacum L.)
Tobacco is a member of the Solanaceae or nightshade family, belongs to the genus Nicotiana, and almost all commercial tobacco is of the tabacum species. The Nicotiana rustica species was commonly used by American Indians and may still be used for ceremonial purposes in some areas. 
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. 
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Fig. early seedling of tobacco
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                            Fig.morphology of tobacco

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

Soil fertility; medium to low medium fertility.

Generally Tobacco should be grown in a sunny location on well-drained soils. Poorly drained soils could result in poor growth and even death of the plants. Drought stress could limit growth on excessively drained soils unless irrigation is provided. Lack of sun will result in spindly plants, poor growth and thin leaves. 

Soil pH should be about 5.8 for best growth of tobacco. Poor growth and some growth disorders may occur if the soil pH is about 6.5 or more.

Seed bed preparation 

Not use vegetable land and  potato family crops land for avoiding pests. 

Convenient irrigation, less wind, enough sunlight, flat land and fertile soil 

Time of sowing

Time of sowing: need to be according to local cropping system, irrigation and seasonal rainfall.

 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

Seed selection with water, remove imperfect and tender ones. 

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.

soak it in clean water from 8-10 hours 

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

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.

Tobacco seeds are extremely small so care should be taken when sowing seed as to not sow to thickly. DO NOT cover the seed with heavy soil as they need light for germination and covering can slow down germination time or if covered too deeply the seed won't germinate at all, watering in lightly is all that is needed.

Seed will begin to germinate in about 7-10 days with some tobacco varieties taking a few days longer to begin germination
Applying fertilizer

 The principle of applying fertilizer:

30% of the total fertilizer should be organic fertilizer, and 30% of the total fertilizer is applied as basal manure.

The method of applying fertilizer: 

Band or hill placement of basal manure.

Hill placement of after manuring 

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 terminal flower bud or the flower and the following downward 3-4 leaves to allows the upper leaves to get larger and thicker. This is called topping. 

2) Function of topping 

Promote the root, stem and leaf to develop

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.

Preventing insects and diseases

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

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

Way of preventing:   Select diseases resistance Variety 

Harvesting and post-harvest handling

Harvesting 
Leaf  color turns yellow green 

Every time only the mature leaves are harvested. 

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

Harvest is often done in the early morning, if there is rainfall until the ground surface becomes dry. 

Every time to be careful to avoid the leaf being damaged.

Curing of tobacco
Curing and subsequent aging allow for the slow oxidation and degradation of carotenoids in tobacco leaf. This produces certain compounds in the tobacco leaves, and gives a sweet hay, tea, rose oil, or fruity aromatic flavor that contributes to the "smoothness" of the smoke. Starch is converted to sugar, which glycates protein, and is oxidized in to advanced glycation end products (AGEs), a caramelization process that also adds flavor. 

Tobacco can be cured through several methods, including: air curing, fire curing, sun curing and etc.
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