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BRAC-South Sudan TRAINING SCHEDULE Training Schedule
	Day
	Topics
	Method
	Tools
	Facilitator

	Day-1
	Seeds, importance of seeds
Plant Propagation
Pruning & training
	Lecture,
discussion, practical
	Plastic plate, knife,
seeds, scissor, secateurs, hoe, punga, lemon tree branch,blade
	

	Day-2
	Seed Bed Preparation
IPM Weed Control
	Lecture,
discussion, practical Group work
	Hoe, meter gauge, poster
paper, insect collecting net

seeds
	

	Day-3
	Maize/sorghum production
	Practical
work
	Seeds, rope,
Hoe,
	

	Day-4
	Tomato/egg plant/okra production
	Lecture,
discussion,
practical
Group work
	Seeds, rope,
Hoe,
	

	Day-05
	Ground nut, Cassava production
	Lecture,
discussion, practical Group work
	Seeds, rope,
Hoe,
	

	Day-06
	Post harvest/Grain storage Method
	Lecture,
discussion, practical Group work
	Seeds sample
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MODULE-01
IMPORTANCE OF SEEDS
Training Goals:
After completion of this session participants will be able to know about seed types, identify good seeds and know preservation technique

Definition of seeds:
The part of the fruit of a tree from which a new plant may be grown is simply called seeds,eg- sunflower seeds; grass seed.
A mature fertilized ovule of angiosperms and gymnosperms that contains an embryo and the food it will need to grow into a new plant. Seeds provide a great reproductive advantage in being able to survive for extended periods until conditions are favorable for germination and growth a mature fertilized plant ovule consisting of an embryo and its food source and having a protective coat or testa.

Ovule - a small body that contains the female germ cell of a plant; develops into a seed after fertilization. The

Seeds and spores can be used for reproduction (through e.g. sowing).

Seeds are typically produced from sexual reproduction within a species, since because genetic recombination has occurred plants grown from seeds may have different characteristics to its  parents. Some species produce seeds that require special conditions to germinate, such as cold treatment.

Types of seeds:
1. Sexual seeds:
A matured and fertilized ovule is called seed.

2. Asexual seeds:
A plant parts such as stem, roots and leaves from which a seedling can be grown is called asexual seed.

Difference between sexual and asexual seeds:
	Sexual seeds
	Asexual

	It takes long time to provide fruit
	It can provide fruit very soon

	The genetic characteristics is not same as mother

plant it may be changed
	The genetic character never changed

	Comparatively easy to produce
	Required technical expertise


Importance of seeds:
 
Seeds of high yielding varieties increase the yield of crop

 
It increases the quality of agricultural products

 
Quality and good seed increases the yield of crops

 
Good sees reduces the cost of production

 
Clean seeds protect the plants from insects attack, disease infestation and weed dissemination

 
Sometimes seeds are used for the raw materials for industries such as sorghum for beer

 
It is used for human, animal and birds consumption

 
Seed selling business can play a vital role for a man or for a country business

 
Seeds business bring foreign currency

Qualities of good seeds:
 
Seeds should be selected from good and high yielding varieties and vigorous plants

 
Germination rate must be above 90%

 
The size, shape, color and weight of the seed should be equal and natural

 
It should be matured and healthy

 
It should be insect and disease free

 
Seeds should be free from any other seeds like weed seeds

 
It should be clean and free from bad smell

 
It should be free from dust, particle, stone and any other foreign materials
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Seed storage and preservation:
Seed drying:
Before storing seed it should be dried properly. The optimum percentage of seed moisture should be around

10%.To test the seed whether it is properly dried or not, take one seed and try to break with your teeth, if you hear a sound “kot” then you will understand that this seed has been dried properly.

Temperature:
Seed viability (Duration of capacity to germinate) reduces drastically at above 250C temperature. If seed is stored at 5-100C then it can be stored for long times. Therefore it is better to keep  temperature as low as

possible.
Storing Place:
Try to keep the seed in a very cool and dry place. Do not keep the seed in a moisturized place.Moisturised condition may encourage seed germination and also suitable for fungus development. Try to avoid rain water because rain water may damage the seed.

Seed storing container:
Seeds can be stored in a glass made /plastic made bottle or container but it must be air tight condition. Some amount of calcium chloride or calcium oxide (Cao) or silica gel may be kept at the bottom of the seed storing

pot. Then place some cotton over it. Finally make the pot very tight so that air can not enter into the bottle.

Farmers can store seeds in polythene bags, plastic container, plastic bottle, tin container, and plastic zerican, clay pot etc.But all things must be air tight or must be bind tightly.

Place the seed in sunlight:
It is better especially in a rainy season to put out the seed in sunshine every now and then.

Seed germination Test:
1.   Take a Petri dish/plain food plate/tea plate

2.   Put some tissue paper/cloth/ news paper on the Petri dish

3.   Add some water on the tissue paper

4.   Place 100 no’s of seeds on the Petri dish and place in a room

5.   Try to add some water everyday so that it does not make full dry condition

6.   After some days germination starts

7.   Finally calculate how much seeds are germinated

8.   Use the following formula
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% of germination=
No’s of germinated seeds x100

Total no’s of seeds are placed in a Petri dish

The minimum rate acceptable is 80%.

Factors Affecting Seed Germination
There are four environmental factors which affect germination: water, oxygen, light, and heat.
Water
The first step in the germination process is the imbibitions or absorption of water. Even though seeds have great absorbing power due to the nature of the seed coat, the amount of available water in the germination medium  affects  the uptake  of water.  An  adequate,  continuous  supply  of  water is  important  to  ensure germination. Once the germination process has begun, a dry period will cause the death of the embryo.

Light
Light is known to stimulate or to inhibit germination of some seed. The light reaction involved  here  is a complex process. Some crops which have a requirement for light to assist seed germination are ageratum, begonia, browallia, impatiens, lettuce, and petunia. Conversely, calendula, centaurea, annual phlox, verbena, and vinca will germinate best in the dark. Other plants are not specific at all. Seed catalogs and seed packets often list germination or cultural tips for individual varieties. When sowing light-requiring seed, do as nature does, and leave them on the soil surface. If they are covered at all, cover them lightly with fine peat moss or fine vermiculite. These two materials, if not applied too heavily, will permit some light to reach the seed and will not limit germination. When starting seed in the home, supplemental light can be provided by fluorescent fixtures suspended 6 to12 inches above the seeds for 16 hours a day.

Oxygen
In all viable seed, respiration takes place. The respiration in dormant seed is low, but some  oxygen is

required. The respiration rate increases during germination, therefore, the medium in which the  seeds are

6 placed should be loose and well-aerated. If the oxygen supply during germination is limited or  reduced, germination can be severely retarded or inhibited.

Heat
A favorable temperature is another important requirement of germination. It not only affects the germination percentage but also the rate of germination. Some seeds will germinate over a wide range of temperatures, whereas others require a narrow range. Many seed have minimum, maximum, and optimum temperatures at which they germinate. For example, tomato seed has a minimum germination temperature of 50oF and a maximum temperature of 95o, but an optimum germination temperature of about 80o. Where germination temperatures are listed, they are usually the optimum temperatures unless otherwise specified. Generally, 65o to 75oF is best for most plants. This often means the germination flats may have to be placed in special chambers or on radiators, heating cables, or heating mats to maintain optimum temperature. The importance of maintaining proper medium temperature to achieve maximum germination percentages cannot be over- emphasized.

Germination will begin when certain internal requirements have been met. A seed must have a  mature embryo, contain a large enough endosperm to sustain the embryo during germination, and contain sufficient hormones or auxins to initiate the process.

MODULE-02
PLANT PROPAGATION
Training Goals:
After completion of this session participants will be able to

Definition:
The process through which we produce plant is called plant propagation. The medium of propagation may be seeds, roots, tuber, stems and leaves of a plant.

Types of plant propagation

1.
Sexual propagation-Propagation through seeds

2.
Asexual propagation-propagation through plant parts/vegetative

Asexual propagation:
Asexual propagation involves the vegetative parts of a plant including the roots, stems or leaves. A part of a single parent plant is made to regenerate itself into a new plant, which is genetically identical to the parent plant. The major methods of asexual propagation are cuttings, layering, budding and grafting.

Types of asexual propagation
	1.
	Stem cutting:
	Cuttings involve rooting a severed piece of the parent plant, Eg-sweet potato, Lemon,

	
	
	Tomato, cassava

	2.
	Root cutting:
	Sweet potato, yam

	3.
	Leaf cutting:
	Pineapple

	4.
	Grafting:
	Grafting is joining of two plant parts from different varieties

	
	
	Mango, jujube

	5.
	Budding:
	Budding is joining of two plant parts from different varieties

	
	
	Rose, Jujube

	6.
	Layering:
	layering involves rooting a part of the parent and then severing it

	
	
	Guava, lemon, mango


Advantages of asexual propagation:
 
Plant can provide fruits within a very short time i.e after 2/3 years.

 
The fruit of the child tree is exactly same as same as mother tree.

 
Seedling production cost is very low.

 
It may be the easiest and fastest way to propagate some species of plants.

 
In addition, it may be the only way to perpetuate some cultivars, and it bypasses the juvenile characteristics of certain species

Disadvantage:
 
The root system is not too strong for these reason plants may fall down when strong wind blows.
 
It needs technical expertise

 
To produce large quantity is time consuming and costly

Examples of asexual propagation:
Bulb:
It is underground crops. The underground portion can be used as seed.eg-onion, garlic

Rhizome:
It is one kind of modified stem which is developed under the soil.eg-Zinger, turmeric etc

Tuber:
The stem of underground portion of a plant becomes modified and makes tuber.eg-potato.

Sucker:
Some buds come out from the plants roots and stems and becomes a complete plant which is  called sucker.eg-pineapple, banana, cabbage, cauliflower etc.

LAYERING
Stems still attached to their parent plants may form roots where they touch a rooting medium. Severed from the parent plant, the rooted stem becomes a new  plant. This method of vegetative  propagation, called layering, promotes a high success rate because it prevents the water stress and carbohydrate shortage that sometimes plague cuttings.

Air-Layering:
The method from which we can produce seedling from a large plant without separating from mother plant. Eg- Guava, Lemon, orange, mango, pineapple, grapes etc.
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Methods:
 
Select a branch which is not more than 1 year. It should be free from all disease and pest attack.

 
Remove bark at about 2-3 inch from the stem.

 
Mix some soil cow dung (decomposed) with clay soil. It is called soil mixture.

 
Put the soil mixture over the cutting place.

 
Bind it with cloth or polythene.

 
Apply some water over the soil mixture.

 
After 2/3 weeks roots come out.

 
Then cut the base of the plant

 
Keep it rest in a shady place for 2/3 days and spray water over the plants


Now the plant is ready for plantation.
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Compound Layering
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This method works for plants with flexible stems. Bend the stem to the rooting medium as for simple layering, but alternately cover and expose stem sections. Wound the lower side of the stem sections to be covered. Examples: heart-leaf philodendron, pothos.sweet potato etc.
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CUTTING:
Many types of plants, both woody and herbaceous, are frequently propagated by cuttings. A  cutting is a vegetative plant part which is severed from the parent plant in order to regenerate itself, thereby forming a whole new plant.

Stem Cutting:
A cutting is a vegetative plant part which is severed from the parent plant in order to regenerate itself, thereby forming a whole new plant.

The method from which we can produce seedlings from stem with separating from the mother plant is called

stem cutting.e.g-Lemon, orange, grapes, sweet potato, cassava etc.
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Method:
 
Select a stem which is not more than one years of age.

 
Cut the stem at about 6-8 inch

 
At the base of the stem cut about 1-2 inch slantingly

 
At the top of the stem put some wax or cover it with polythene paper so that moisture may not get lost.

 
Make a seed bed for plantation

 
Put the stem slantingly and make 45 degree angle with land level.

 
Apply water on the seed bed as and when necessary.

 
After ½ weeks leaves comes out from the stem.


Now the plant is ready for transplantation.
MOTHER TREE:
The tree from which we collect seed or plant parts is called mother tree.

Characteristics of a good mother tree:
In case of fruit-
 
fruit should be good, tasty and attractive

 
more branchy and bushy

 
plant is healthy and disease free

 
not too young and not too old

In case of timber-
 
the log of the tree is straight

 
not more branches and bushy

MODULE-03
PRUNING AND TRAINING
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Definition:
 
Pruning is a horticultural practice involving the selective removal of parts of a plant, such  as  branches,  buds,  or  roots.  Reasons  to  prune  plants  include  deadwood removal, shaping (by controlling or directing growth), improving or maintaining health, reducing risk from falling branches, preparing nursery specimens for transplanting, and both harvesting and increasing the yield or  quality of flowers and fruits. The practice  entails  targeted  removal  of  diseased,  damaged,  dead,  non-productive, structurally unsound, or otherwise unwanted tissue from crop and landscape plants. Specialized pruning practices may be applied to certain plants, such as roses, fruit trees, and grapevines. Different pruning techniques may be deployed on herbaceous

plants  than  those  used  on  perennial  woody  plants.  Hedges,  by  design,  are  usually  (but  not exclusively) maintained by hedge trimming, rather than by pruning.

 
Pruning is a technique that is employed by gardeners in order to control growth, remove  dead or diseased wood or stimulate the formation of flowers and fruit buds.

 
pruning, the horticultural practice of cutting away an unwanted, unnecessary, or undesirable  plant part, used most often on trees, shrubs, hedges, and woody vines.
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 
Pruning is a four part process; how to cut, which to cut, when to cut, and how much to cut.  Wind,
lightning, and fire commonly injure trees.  To these can be added other natural agents such as birds, insects, and animals.   And finally, there are people.   You may have heard that trees  "like to be pruned."
Pruning can improve the quantity and quality of fruit and nuts as well as board-footage. And like a haircut, pruning can improve the appearance of a tree.

A tree may need pruning for a variety of reasons:

· to remove diseased or storm-damaged branches
· to thin the crown to permit new growth and better air circulation
· to reduce the height of a tree
· to remove obstructing lower branches
· to shape a tree for design purposes
Pruning vs. Training
historically, fruit tree form and structure have been maintained by pruning. Tree training, however, is a much more efficient and desirable way to develop form and structure.

Pruning is the removal of a portion of a tree to correct or maintain tree structure. Training is a relatively new practice in which tree growth is directed into a desired shape and form. Training young fruit trees is essential for proper tree development. It is better to direct tree growth with training than to correct it with pruning. Pruning is most often done during the winter, commonly referred to as dormant pruning. Training includes summer training and summer pruning as well as dormant pruning. The goal of tree training is to direct tree growth and minimize cutting.

Training, the orienting of the plant in space, is achieved by techniques that direct the shape,  size, and direction of plant growth. It may be accomplished by use of supports to which plants can be bent, twisted, or fastened. Pruning, the judicious cutting away of plant parts, is performed for other purposes: to contain size, to encourage fruiting in orchard trees, or to improve the appearance of ornamental trees and shrubs. It is one of the most important horticultural arts.

Objectives of Pruning
There are three main objectives:

The first is to increase the total effective leaf area, and promote photosynthesis by exposing the leaves to light and air. If branches are well spaced and properly oriented, they have plenty of space  and light. This improves the efficiency of their water use, and also their conversion of available plant nutrients. In turn, this increases the yield and quality of the fruit.

Secondly, proper training and pruning of the tree keeps it in the right size, so that the grower can easily manage his orchard and tend his trees. It also increases the vigor of the tree, enhances its tolerance of various stresses, and helps maintain the most efficient balance between vegetative growth and fruiting.

Thirdly, by removing diseased or infested branches and exposing leaves to light and air, a good training and pruning program helps control pests and  diseases in the citrus orchard.

Pruning Principles and Procedures/Pruning Methods
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Pruning Time
Generally pruning is done immediately after harvesting fruit. Do not prune trees before flowering.  Growers should select the correct time for their pruning. Since citrus trees are evergreens, they do not have a period of true dormancy. However, the metabolism of the tree is less active in the period after fruit harvest.

In countries with a cool winter, the metabolism is less active before the spring flush, because temperatures are lower and less water is available to the tree. In countries with a monsoon climate, trees may have a lower metabolism in the dry season.

It is this period of reduced metabolic activity which is the time to prune. Light pruning can also be conducted at other seasons to remove unwanted and overcrowded shoots.

How Much To Prune
10
When deciding how much to prune a tree, as little as possible is often the best rule of thumb. All prunes

place stress on a tree and increase its vulnerability to disease and insects. On no account, prune more than

25% of the crown and ensure that living branches compose at least 2/3 of the height of the tree. Pruning more risks fatally damaging your tree. In some cases, storm damage, height reduction to avoid crowding utility lines or even raising the crown to meet municipal bylaws, your pruning choices are made for you. But even in these instances, prune as little as you can get away with.

Fruit Thinning
Fruit should not be allowed to ripen until the tree is mature. If the tree sets fruit during its second and third year, the fruit should be removed while they are small and green.

Fruit thinning in young trees will promote the growth of the canopy. Fruit thinning in mature trees will improve the fruit quality. Trees which bear heavy crops tend to produce small fruit.

Don’t Remove Too Many Shoots
In general, growers should be careful never to remove more than 15% of the total shoots. They should study the structure of each tree before they prune it. Pruning should start at the top third scaffold branch, followed by the second and finally the first. For each scaffold, pruning should start from the secondary branch, and then the side shoots.

Undesirable Branches and Shoots
Diseased branches, or branches heavily infested with pests, should be removed. So should  branch  and shoots which are in the wrong position, or growing in the wrong direction. The  undesirable branches and shoots of the citrus tree should be removed.

Summary of Rules for Pruning Bearing Trees
1.   Cut out broken, dead, or diseased branches.

2.   Where 2 branches closely parallel or overhang each other, remove the least desirable,  taking into account horizontal and vertical spacing.

3.   Where possible, prune on the horizontal plane; that is leave those laterals on the main branches that grow horizontally or nearly so, and remove those that hang down or grow upward.

4.   Thin all varieties to permit thorough spraying and the entrance of sunlight and air.

5.   Where it is desired to reduce the height of tall trees, cut the leader branches back moderately to a well-developed horizontal lateral.

6.   Prune the lower branches of broad headed or drooping varieties to ascending laterals.

7.   Varieties that tend to produce numerous twiggy, lateral growth should have some of this  growth removed to prevent overcrowding.

8.   Make close, clean cuts. Stubs encourage decay and canker, thus forming a source of injury to the

parent branch or trunk.

9.   Prune moderately. Very heavy pruning is likely to upset the balance between wood  growth  and fruitfulness, and generally should be avoided.

10. Prune regularly. Trees that are given some attention each spring are more easily kept in  good

condition than trees that are pruned irregularly.

11. Prune that part of the tree where more growth is required. This is particularly important with old trees.

New growth will be stimulated only in those parts of the tree that were pruned. Reduce pruning to an absolute minimum where growth is already excessive.

12. Do not remove a branch unless there is a very good reason for doing so. Leaves are the  food-

manufacturing organs, and if the leaf area is reduced unnecessarily, the tree will be reduced

MODULE-04
SEED BED PREPARATION
Introduction:
Some seeds of plants can not sow directly in the crop field as it is very vulnerable to heavy rainfall, fog and sunlight during young stage. Therefore it is needed for making a seed bed. After making seed bed seeds are sown in the seed bed. Special care and management is needed to grow seedlings in the seed bed.

Why seedbed is needed?
11
For cultivation of some crops it essential to make seedbed first. After raising seedlings, it can be transferred

to the main field or ground. Example of such crops as tomato, eggplant, cabbage, cauliflower,  papaya, mango, teak, mahogoni, neem, tea, cocoa etc.

Method of making seedbed:
The standard size of a seedbed is 3m x 1m.The distance between one seedbed to another is at least 1-2 feet. The seed bed height is about 1 foot from the ground level to avoid rain water and water logging.

After making seed bed, seeds are broadcasted over the bed. After broadcasting covering of seeds with soil is needed. After seed sowing, if no rain then apply some water with water basket. Seedling start emerges after

8-10 days depending on what variety you have planted. When the seedling height reached at 10-15cm then it

is ready for plantation.
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Drain (1 foot)
Fig: Lay-out of a seed bed
Special Instruction:
 
Loose the soil as much as possible

 
Remove bricks, stones, gravel from the seed bed

 
Remove grass, weeds from the seed bed

 
Make the soil as like powder

 
Apply water as and when necessary

 
Do

 
not apply heavy water

Temporary Shade:
After seed sowing a temporary shade is needed over the seedbed. The temporary shade protects the young seedling from heavy rainfall, frog and snow. When there is no rain you can remove the shade.

Mulching:
To protect the seedbed from sunlight, to avoid moisture loss from the seedbed some dry grasses and straw are spreaded over the seedbed. This is called mulching. The objective of mulching is to preserve moisture in the seedbed.

How To Transplant Seedlings Into The Ground
Step 1: You will need
 
suitable area to plant

 
seedlings

 
fork

 
landscape rake

 
metal rake

 
string

 
2 stakes

 
trowel

 
rule

 
Watering can:

1.   Step 2: When to transplant
12
Transplanting should only take place in the growing season. As a general rule the seedlings are
ready when they have three or four pairs of leaves and are sturdy and hardy enough to  survive outdoors. Transplant the seedling at evening time.

2.   Step 3: Prepare the bed
Fork over the soil, breaking up the top and removing weeds and large stones as you go.

Level the surface, and break the soil up further, with a landscape rake. Use a push, lift, pull, lift method, otherwise it will drag too much soil and create holes. Stop raking when the soil is level and of a fine, even texture.

Give the area a quick once over with a metal rake to remove any larger stones or clumps that remain. Next consolidate the soil; this means removing some of the air and firming the ground. Take small steps back and forth across the bed, using the flats of your feet to push the soil down. This will

prevent the ground from sinking down unevenly. Use the landscape rake to get rid of the footprints.

3.   Step 4: Create a line
Run a line of string between two stakes about 30 centimeters(depending on plant species) away from the edge of your bed. Place a rule on the ground along side the string and mark off planting intervals with a trowel. These must give enough room for the mature plant to develop, check the back of the seed packet for the correct spacing for your variety.

4.   Step 5: Transplant
At the first planting mark dig a hole that is deep enough to contain the seedling's root system. Push up from the underside of the tray to release the seedling. Place it into the hole, adjusting the earth beneath so that the top of the roots are level with the surrounding soil. Fill the hole with water. Then push the soil in towards the plant. This technique is called puddling.

Repeat this procedure to plant the remaining seedlings. Create a second row along side the first for any remaining seedlings.

5.   Step 6: Leave to Grow
The transition is now complete. Hand weed regularly and water when required to ensure successful growth.

MODULE-05
IPM (INTEGRATED PEST MANAGEMENT)
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Definition:
IPM refers to Integrated Pest Management. It is one kind of management technique or plan by which we can control insect, disease, weeds effectively.
It is an integrated approach for crop management where different kinds of crop  management techniques are applied, such as preservation of beneficial insects, cultivation of resistant variety, follow modern cultivation method and at last use chemical pesticide at recommended dosage.
Necessity of IPM:

To reduce the use of chemical insecticides


To produce chemical free vegetables


To protect the insects from chemical resistance


To reduce production cost

To increase the number of beneficial insects and preserve the environment

To use chemical insecticides at recommended dosage
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ELEMENTS OF IPM:
1.    Preservation of beneficial insects and animal

2.    Using resistant variety

3.    Follow modern cultivation method

4.    Mechanical control of insects

5.    Chemical control
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1.    Preservation of beneficial insects and animal
Insects such as spider, wasp, lady bird beetle, carabid beetle, Damsel fly, Dragon fly, Mirid bug et c which is beneficial insects and these insects eats the other harmful insects. Animal such as fox,  owl, cat, eagle etc which eats the rat. Therefore it is very essential to preserve these insects and animals. To preserve beneficial insects the following measures may be taken-

	
	
	To cultivate beans,g.nuts at the boundary of maize, rice and sorghum

	
	
	After harvesting put some straw at the boundary of the crop land so that beneficial insects can take shelter on it

	
	
	and can reproduce their progeny.

	2.
	
	Use pesticides only where crops are attacked by insects severely

Using resistant variety


Some specific variety is resistant to some pest and disease. This resistant variety can provide much yield than other

species of same crops. The resistant variety acts as an antibiosis for which the insects can not reproduce their progeny properly. It also acts as an antixenosis for which the insects do not like to eat those crops.
The resistant variety can produce higher yield even it is attacked by insects severely. The number of insects will be reduced if resistant variety is cultivated, generally all insects will not die but their number will be reduced. Therefore it is the best idea to identify the resistant variety.
The Moro, barari anf Gbunguru of sorghum variety is resistant to smut disease. The bari variety of sorghum is resistant to drought. The More variety of sorghum is resistant to bird attack.
3. 
Follow modern cultivation method
The following measures may be undertaken to follow modern cultivation-


Plough the land very deeply. Before sowing seed remove all weeds from the land.

Always use healthy seed. do not use broken seed. The seed should not be mixed with other species, weeds, dust and stones. Use the seeds whose germination rate is above 90%.

Use recommended dosage of fertilizer


Always control weed. The land must be free from all kinds of weeds.

Try to follow recommended spacing for every crop.

Follow crop rotation. Do not cultivate same crops in the same land year after year or season after season.
4. 
Mechanical control of insects
The following measures may be undertaken to follow modern cultivation-


Collect insects with hand net and destroy them.

Collect the egg and larvae from the plant and destroy them.

Put some stick in different places of the land so that bird can sit on it and can eat insects.

Use light trap. Some insects are attracted to light and these type of insects may be destroyed with light trap.

Collect the infected parts of the crops and burn them or cover them with soil.

Rats can be destroyed by digging, putting water on the rats’ hole and placing rat trap.
5. 
Chemical control

Use chemical pesticide based on the number of harmful and beneficial insects.If the number of beneficial insects is higher then does not use chemical pesticides.

Use chemical pesticide at right time and right dosage. Do not exceed the recommended dosage.

Use chemical pesticide when the crops are severely affected by insects.

Use liquid or granular pesticides as preventive measures.
MODULE-06
WEEDS AND WEED CONTROL
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Weed:
A weed is any plant growing where it is not required and whose economic disadvantages  outweigh  the

advantages. It is a plant out of place. Maize plants growing voluntarily in a crop of beans for example, are referred to as weeds.

Some African Common weeds
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1.   Pigweed

2.   Devils Horse whip

3.   Forget-me-not

4.   Black jack

5.   Mcdonalds eye

6.   Mexican marigold

7.   Leleshwa

8.   Wild rape

9.   Nut grass

10. Couch grass

11. Star grass

12. False star grass

13. Couch grass

14. Wild finfer millet

15. Wild oat

16. Fox tail

17. Lions ears

18. Mallow

19. oxalis

20. Striga

21. Thorn apple

22. Chinese lantern

23. Sodom apple

24. Lantana

25. Black night shade

26. Wandering jew

27. Stinging nettle

28. Double thorn

29. Sow thistle

30. fleabane

31. maltese thistle

32. Bracken fern

33. goose grass

34. Fat hen

35. Khaki weed

36. Abutilon
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Classification:
a.   Annual weeds:
These are weeds which completes their life cycle in the field within a period of one year or less.  They include Mexican marigold, black Jack, pigweed and others. Most annual weeds are easily  controlled especially if this is done before flowering.

b.   Biennial Weeds:
These are weeds which complete their life cycle in two years. They achieved vegetative growth in the first year  and  produce  seeds during the  second  year.These includes  merican wild  carrot,  spear thistle, Ragwort and others.

C.Perennial weeds:
These take more than two years or seasons to complete their life cycles. They include sedges, lantana, Kikuya grass, wandering jew, Couch grass, Sodom apple and others. These weeds are most difficult to control.

Competitive ability of weeds:
I.   Weeds have successful means of propagation. Some of these includes

II.   Ability to produce large quantities of seeds for example pigweed and black jack

III.   Weeds seeds remain viable on the soil for a long time waiting conducive germination conditions

IV.   Most weed seeds are easily successfully dispersed for example Couch grass and wandering jew.

V.   It can adapt to the environment due to elaborate or extensive root system useful in supporting the plant, in nutrient absorption and water uptake.

VI.   Ability to survive even where there is limited nutrient supply.

VII.   Short life cycle that is if the rain regime is restricted the plant is able to complete its life cycle.

Harmful effects of weeds:
i)
Weeds compete with crops for nutrient’s pace, light and soil moisture and therefore

reduce crop yield

ii)
Some weeds such as witch weed are parasitic to cultivated crops such as maize.

iii)
Some weeds lower the quality of agriculture produce. When weed seeds get mixed up with produce, the quality is reduced. Mexican marigold gives an undesirable flavor to milk if dairy cows feed on it. Devils horsewhip, Black jack, for-get- me –not and bristle fox tail among others get attached to sheep wool thus lowering its quality.

iv)
Some weeds are poisonous to man and livestock such weeds include thorn apple, Sodom apple

v)
Some weeds act  as  alternate hosts for insect  pests and others  for  disease  for example wild oats is an alternate host for rusts.

vi)
Some weeds are allelopathic that is they produce poisonous substances that  may suppress the growth or germination of cultivated plants with which they come into contact.

vii)
Some weeds block irrigation channels making it difficult for water to flow freely in the

irrigated land.

Beneficial effect of weeds:
i)
Some weeds are edible to both man and livestock, for example pigweed, wandering jew and

grass weeds. They provide animals with succulent herbage.

ii)
Some weeds have medicinal effects. Weeds have been known to provide herbal medicine to both

human beings and livestock for example SODOM APPLE

iii)
Weeds act as soil cover, preventing soil capping due to impact of the raindrops. This is only beneficial if the weeds in question have a different rooting system which does not complete with main crops. Such weeds are encouraged to grow in between widely spaced crops.

iv)
Weeds add organic matter to the soil when they decompose. v)
Leguminous weeds fix nitrogen in the soil

WEED CONTROL METHODS:
1.   Mechanical weed control

2.   Cultural weed control

3.   Bio-logical
4.   Legislative
5.   Chemical
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1.  Mechanical weed control:
This involves the use of many operations:

a.   Tillage:
The purpose of this operation is to desiccate the weeds by exposing the roots to the air. This is done by the use of either hand tools or tractor implements. Tillage also buries weeds thus killing them. Cultivation should be done during the dry season to ensure better drying of weeds.  Weeds  should be destroyed before they produce seeds so as to break the cycle.

Advantage of tillage:
Tillage is cheap and therefore a good option for small scale farmers.

Tillage opens up the soil allowing infiltration of water to occur and this minimizes soil erosion.

During tillage, eartthing up is done which encourages root growth

During tillage, crop residue is incorporated into the soil.

b.   Slashing(mowing)
This is a practice mainly done where the weeds are scattered or where the crops are too close to allow

mechanical cultivation.

2.   Cultural weed control:
a.   mulching:
Mulch smoothers weeds, thus preventing weed growth.

b.   Cover cropping:
The effects of cover crops are similar to those of mulch in that they smoother the weeds.

c.   Crop rotation:
Some weeds only grow well when in association with certain crops ;for example striga grows only where

some cereal crops and sugarcane are growing. When these crops are rotated with dicots, striga does not germinate.

d.   Timely planting:
This allows crops to establish early before weeds thus smothering them.e.g. Use of clean seeds/planting materials: This prevents the introduction of weeds to the farm land.

f.
Proper spacing:
This helps to create little space for weeds growth and forming a canopy which suppresses weeds.

g.   Clean seedbed:
This starts off the crops on a clean bed so that they effectively compete with weeds. This can be done by harrowing or spraying herbicide in a recently ploughed seedbed just before planting.

h.   flooding:
This is mainly practiced in rice fields. Flooding discourages the growth of all non-aquatic weeds.

3. Bio-logical Weed Control:
This is the use of living organism to control weeds. The method is not reliable; however it is used in combination with other methods. Biological weed control methods include:

i.
Use of livestock such as goats to graze and control the growth of weeds in plantation crops like coconuts and cashew nuts.

ii.
Use of certain weed eating fish control aquatic weeds.

iii.   In some countries, moths have been used to control cactus.

4.   Legislative weed control:
This method involves governmental laws and acts which prevent the introduction of noxious weeds in a country or spreading of foreign weeds from one part of the country to another. There are certain laws that require seed producers and packers to specify the purity of seeds.

5.   Chemical control:
Herbicides application requires less labor than mechanical cultivation. Herbicides are better adapted to the control of certain bothersome weeds such as couch grass and other grasses

Introduction:
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MODULE: 07
Crop Disease and Their control
A  disease is  alteration in  the  state of  an organism or  its  parts which interrupts or disturbs its  proper performance or functions. It is therefore any deviation from good health.

Plant Diseases
Plant diseases are infections that are caused by fungi, bacteria and viruses.

Plants can suffer from bacterial, viral and fungal attack just as we can ourselves. The organisms themselves (pathogens) are different, but at the microbial level the infection is much the same since one cell is as good a host as another. No matter which part of the plant is attacked the effect is usually to weaken or kill it. By infecting the leaves the plant's ability to  produce its food is reduced. Some pathogens block the vessels in the stems which supply the leaves and by attacking the roots, the uptake of water and  nutrients is reduced or stopped completely.

When a plant is attacked by one of these microorganisms the damage caused provides an opportunity for the others to get in and it is the combined onslaught which deals the final blow. Also if it is under stress, such as through drought or poor nutrition it is more susceptible.

Fungi are essential in breaking down dead organic matter to produce the humus which is needed for good  soil structure – saprophytes. They do not have any chlorophyll so cannot use light to capture energy, instead they derive their energy by breaking down plant and animal material – alive or dead. They can also live in a symbiotic relationship, eg. The micorrhiza in the fine roots of conifers which cannot survive without them to take up vital nutrients. The widespread use of chemical control can damage the balance of these beneficial fungi and this forms part of the principals of Organic management. Lichens are an algae and a fungus growing together as a symbiotic conjunction, ie. The fungus provides physical support for the algae and the algae produces food.

There are some less welcome fungi which attack living plants and weaken or kill them – these are the ones

which are mentioned in more detail here.
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Virus affected cassava plant

Viruses dwell inside the cells and cannot be treated with chemicals so affected plants must be destroyed (special microculture techniques may overcome the infection by taking cells from the growing tip, but this is restricted to the laboratory). There are no antibiotics for plants, so bacterial attacks, eg. fireblight, are untreatable as well. Fungi can be killed with chemicals without damaging the host because their growth habit is different, ie. They tend to grow on the plant and not in it, using root-like structures to extract nourishment.

Since killing the pathogens is difficult or impossible, “prevention is better than cure”. By observing good hygiene when propagating and growing your plants, you can prevent a lot of diseases from taking hold-

Harmful effects of crop disease:
 
Crop diseases have the following harmful effects on crops:

 
They lower the crop yields

 
They cause the production of poor quality products thus reducing their market value

 
They   cause   food   poisoning   for   example   ergot   in   wheat,   barley   and   rye   causes   nerve poisoining.Aflatoxin which is produced by the fungus aspergillus spp. Growing on  moist grains is poisonous and can cause death if such grains are consumed.

Classification of plant diseases
Fungi:
Fungi are unable to produce nutrients on their own and in order to survive must derive their food from other organisms. Fungi  attack  all parts of  a plant  and  under  hospitable conditions, fungi  can  damage  plant

18 translocation tissues; killing a plant in a relatively short period of time. Some of the most common fungal diseases include damping off, leaf spot, anthracnose and rust.

Bacteria:
Plant diseases caused by bacteria are not as prevalent as those caused by fungi. Damage  caused by

bacterial infection results primarily in rotting of the plant tissue.

Viruses:
Viruses in plants are transmitted most often by sucking insects such as aphids and whiteflies. Viral diseases typically cause less damage than those vectored by fungi and bacteria. Infected plants  typically become partially damaged and weakened, however they seldom die.

Plant diseases can spread easily and rapidly. It is easier to combat and control fungal diseases  than to eradicate  bacteria and viruses.  The  best way  to prevent  diseases is  to take  a proactive  approach by preventing environmental factors that contribute to diseases combined with a healthy regimen that provides optimum health for plants.

In summary, diseases are signs of weak plants and crops. The following products are designed to  do  the following: prevent and control diseases or control diseases and insect pests at the same time. Use Arbico’s organic fertilizers, soil amendments and  microorgansisms to enliven plants and make them naturally more resistant to diseases and insect pests.

Plant disease may be grouped as seed – borne, soil borne or air borne. When the disease spreads through seed, soil, or through wind.
Symptoms of plant diseases
1.
Mildew Pathogen seen as a growth on the surface of the host.

2.
Rust Small pustules of spores, usually breaking through the hoot epidermis.

3.
Smuts Pustules larger than those of the rusts.

4.
Scab Roughed appearance of the diseased organ.

5.
Colour change Change of colour from the normal.

6.
Hypertrophy abnormal increase in the size of one or more organ due to presence of diseased pathogens.

7.
Hypoplasia Inhibition of growth resulting in stunting or dwarfing.

8.
Necrosis Death of cells tissue and organs as a result of parasitic activity.

9.
Canker Dead area in the bank or cortex of the stem.

10.
Blight Burnt appearance

11.
Wilt Succulent parts lose their turgidity, become flaccid and droop.

12.
Die back Drying of plant organs from the tip backwards.

CONTROL OF DISEASES:
CULTURAL PRACTICES
By proper Cultural Practices many diseases can be controlled

1.
Seeds:
Loose smut of wheat (ustilago tritici), black arm of cotton (xanthomonas compestris Pv. Mulvacearum

) and leaf crinkle of blackgram (virus) are introduced into the field through seeds. Hence, the infected seed should not be used for sowing.

2.
Vegetative Propagating Material:
Banana suckers may carry the bunchy top virus, hence suckers from diseased areas should not be
used. Sugarcane setts may carry red rot pathogen (colletrichum falcatum). Hence sugarcane setts from diseased areas should not be used for planting.

3.
Irrigation & Drainage Water:
Bacterial blight of rice (xanthomonas compesteris pv.oryzae) spreads mostly through irrigation & drainage water. Hence, care should be taken not to irrigate healthy filed using drainage water from an infected field.
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4.
Plant debris:
Some of the Pathogens survive in Plant debris e.g. stem rot of rice (scterotium oryzae & black arm of cotton (x.compestris pv. malvacearum) Hence plant debris should be burnt or removed.

5.
Equipment & Men:
Pruning implements, intercultivators, etc, may carry some pathogens e.g. tobacco mosaic virus in tobacco. Field workers also may carry the virus from infected field to the healthy field. Hence proper sanitation is needed.

6.
Weeds:
Weeds serve as alternate hosts for many Pathogens e.g. rice tungro virus, rice blast etc. Hence clean cultivation is essential for control of diseases.

7.
Volunteer Plant:
Self-sown volunteer plants may carry infection, which may serve, as source of infection for the succeeding crop. E.g. cotton black arm. Volunteer Plants should be destroyed.

8.
Ratoons :
Ratoon Crops normally carry many Pathogens e.g. sugarcane grassy stunt. Ratoon crops should be avoided as far as possible.

9.
Rouging infested Plants:
The infected plants should be rouged out to reduce the inoculum in the field. Rouging infected Plants can reduce yellow mosaic of green gram.

10.
Pruning of infected twigs & branches:
Pruning of citrus canker affected branches reduces the disease incidence.

11.
Solar Heating:
When the soil is covered with Polythene sheets during hot seasons, soil temperature increased &

eliminated verticillium deuliage & fusarium oxysporium f.sp. lycopersici in tomato field.

12.
Flooding the field:
Flooding the field for long time can control Fusarium wilt of banana.

13.
Fallowing:
By fallowing, F.oxysporium specific strains can be reduced, as they do not survive in soil for long time.

14.
Date of sowing:
Early sowing of Pearl millet will reduce the ergot disease. Avoiding wet seasons for planting of rice will eliminate rice blast.

15.
Avoidance of monoculture:

Continuous cultivation of rice crop may result in the appearance of new pathotypes of Puricullaria

oryzae, the rice blast pathogen.

16.
Multiple Cropping:
Taller crops can be sown to protect a crop of lesser height from virus vectors.

17.
Intercropping
Intercrops should be properly chosen so that all the crops should not have any common pathogen.

18.
Trap crop:

Tagets is a trap crop for many nematodes & can be grown to reduce nematode infection.

19.
Tillage:
Ploughing of rice residue to a depth of 25 to 30 cm renders a high Percentage of inoculum of sclerotium oryzae unavailable for infection of rice subsequently sown with flooding.

20.
Soil Amendment:
Potato back skurf (Rhizoctonia Solani) is less in soil amended with wheat straw. Lucerne meal &

barley straw reduce root rot of cotton caused by Macrophomina Phaseolina.

21.
Seed rate & Spacing:
Closer spacing favours many air-borne diseases because of high humidity in the crop canopy. Tikka leaf spot of groundnut (cercospora arachidis) is more in dense canopy. Damping off caused by Pythium & Phytophthora increases in crops when higher seed rate was used.
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22.
Irrigation:
Maintaining soil water near field capacity during tuber formation prevents potato scab (streptomyces scabies). High soil moisture increases antagonistic bacteria population.

23.
Nitrogenous Fertilizers:
Increased application of nitrogen increases many diseases. Rice blast becomes severe in nitrogen- applied fields. Split application reduces blast & bacterial blight of rice. Contrarily late application of nitrogen increases wheat leaf blotch (septoria nodorum) & powdery mildew (Erysiphie graminis) Wilts (Fusarium spp.) & rots ( Rhizoctonia spp.) are favored by ammoniacal nitrogen while verticillium wilts

& root rots due to pythium spp. are favored by nitrate nitrogen.

USE OF RESISTANT CULTIVARS
Several types of resistant cultivars are now available. When a variety is more resistant to some  race of pathogen  than to others,  the  resistance  is called vertical.  Vertical  resistance  can be  preferred against pathogens, which do not have many races, or in the host, which is not cultivated throughout the year. When host resistance is equally effective against all races of pathogen- it is termed horizontal. Horizontal resistance will  be more useful in  subsistence agriculture. Judicial  management of  diseases by employing different

resistant varieties is the best & cheap method of disease control.

FUNGICIDES & ANTIBITICS
Definitions –

1. Fungicide - is a chemical, which is capable of killing fungi.

2. Antibiotic- is a chemical produced by a microorganism, which is inhibitory to other organisms. Fungicides can be classified as protectants, eradicants & systemic fungicides.

a. Protectant- Fungicide which is effective only if applied prior to fungal infection is called Protectant. Example

– Mancozeb, Zineb.

b. Eradicant – is the one, which removes fungi from an infection court. An Eradicant can penetrate the host tissues to a limited extent & eliminate an established infection. Example – Lime Sulpher.

c. Systemic Fungicides- Systemic fungicides are the compounds, which are transported over a considerable distance in plant system after-penetration. They kill fungi, which are found remote from the point of application.

Physical control methods
1. Quarantine regulations - Entry of diseased plants should be prevented.

2. Field sanitation - To destroy completely or partially the source of infection present in the soil. This is done

by

a) Removal of diseased plant debris and their burning. b) Use of chemical.

c) Crop rotation.

d) Proper spacing between plants e) Mixed cropping

f) Deep ploughing to expose the resting spores.

Summary of Control of diseases:
 
Destroy diseased plants, clear up dead leaves and other debris.

 
As the spores can have tough outer coatings, do not add diseased material to the domestic compost heap as they do not usually achieve high enough temperatures to destroy them.

 
Prune fruit trees and bushes regularly to keep an open structure allowing a good air flow and to remove damaged branches.

 
Disinfect  secateurs, saws or knives used for cutting out diseased branches with methylated spirits or a flame (a cigarette lighter comes in handy for this). Household bleach or other disinfectants can also be used as a dip for shears and clippers, including electric or petrol machines. This also helps when taking cuttings.

 
Only use new or well-washed containers when growing cuttings and sowing seeds.

 
Crop rotation in the  vegetable plot will prevent a build up of disease.

 
Space plants well apart especially crops where similar plants are growing together, to allow good air flow. Fungal diseases in particular, thrive in still, damp air and there is a greater chance for them to be transmitted to surrounding plants if they are in close proximity.

 
Catching disease early is important so keep an eye out for it at all times.
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 
Plants are more susceptible to disease if they are not growing well. This can be due to poor soil, drought or both. So prepare the site well adding plenty of organic matter and give plants an

occasional feed. As gardeners we are usually trying to grow plants which most likely are not native to

the region or in a place they would not choose for themselves, so there is a greater probability that they could be under stress.

MODULE-08
PRODUCTION TECHNOLOGY OF MAIZE
Scientific name:
zea mays

Importance and uses:
 
Fir human consumption

 
Bakery industries(biscuits, cake, baby food)

 
Food for dairy/poultry/fishery

 
Used as fuel for cooking

 
Used for home fencing

 
Industrial raw material(starch, alcohol/oil)

Nutritional value :( per 100gram)
	Element
	Maize
	Wheat
	Rice

	Protein
	12.4
	12.3
	8.5

	Fat
	5.7
	2.2
	2.6

	Carbohydrate
	74.0
	81.1
	74.8

	Fibre
	2.3
	1.2
	0.9

	Iron
	4
	5
	3

	Energy(K.cal)
	461
	436
	447


Variety: Longi-05, Cimmyt composite, Pacific-11, Pacific-60, pacific-759, uttaran, Uttaran-01(released by

BRAC) and many more…
Temperature range: 8-450c.

Land preparation: Ploughing land ¾ times, level the land, loose the soil and remove all weeds.

Soil Treatment: spraying  darsban929E.C@20ml/10 litre water, Furadan 6kgs/acre with a view to protect the crop from cut worm insect (Agrotis ipsilon)

Seed sowing time: In South Sudan generally it starts from late April and continues upto May. Another time is October/November.

Seed rate: 7-8 kgs/acre
Seed sowing method:


Line to Line- 75cm (2.5 feet)

Seed to seed- 25cm (10inch or 1 foot)
Amount of seed per pit: Generally 1 seed /pit. If germination rate is less than 89% then it is 2-3 seeds/pit.

Seed sowing deepness: 1-2 inch

Seed germination time: Generally 1 week.In winter season it may takes 15 days.

Fertilizer dosage: Urea-225kgs/ac TSP-116

MOP-112

Gypsum-75

Borax-75

Znso4-5
Compost-2000-3000kgs

Weed control: After seed sowing weed must be control within 1 month.
Irrigation: Generally 3 times. First irrigation should given after 1st top dressing i.e.35-45 days after sowing. Second irrigation should given after 2nd top dressing i.e.60-80 days after sowing.

Disease infestation:
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i.Seedling Blight:

Control: spray Tilt@ 0,5ml/Liter ii.Sheath blight:

Control: spray Tilt@ 0,5ml/Liter

Pest control:
i.Cutworm; Use  karate@1.5ml/Liter ii.Stem borer: Shobicron@ 1.5ml/Litre

Yield: Varies from variety to variety and country to country. Yield range is 500-200 kgs/acre.
Herbal use of maize:
 
The silk of the maize cob is used for the urinary problems. There is a medicine name corn silk which is used in homeopathy treatment.

 
The oil of maize is used for the treatment of different diseases.

 
The pollen is used for the treatment of many diseases.

MODULE-09
PRODUCTION TECHNOLOGY OF SORGHUM (JOWER)
Scientific Name: Sorghum vulgare(Dura local name)

Importance and uses:
 
It is the fourth cereal crops in the world after rice, wheat and maize

 
It has more protein than maize and same carbohydrate

 
It is called the great millet because its grain size and plant’s height is more longer than all other cereal crops

 
It is very suitable for fodder and fibre crops

 
People use sorghum as flour and powder

 
African sorghum beer is produced from these crops which is very popular in most of the  African countries.

Origin: 2000 years ago before the birth of Christ it has been cultivated in Egypt. Wild type of sorghum is seen in most of the African countries. Some told that it has been derived from Johnson grass (Sorghum halapensis) or Sudan grass (Sorghum sudanese).

Botanical characteristics:
Plant height varies from 1-4.5 meter. It has four sub species as (a) grain sorghum (b) grass sorghum (c) sweet sorghum and (d) broom corn. The sweet sorghum (sorghum bicolor) is sweet and juicy and sorghum syrups is made from this species.

Weather and climate:
It is mainly tropical crop. It can tolerate heat and drought. It grows well where less rainfall or uncertain rainfall. Sorghum grows in the area where temperature is more than 27c and annual rainfall below 75-100mm. Night temperature below 13c for more than few days can severely reduce grain production. It has a waxy coating on its leaves which help to keep water in the plant even in intense heat.

Planting time: Varies from country to country. Before and after rainy season is good for sowing seed. In

Bangladesh, it is march/April and November/December. For Sudan it is May/June and October/November

Soil types: All types of soil except sandy soils.

Land preparation: When rain starts plough the land 3-4 times. Keep the soil loosely and powder like.

Method of seed sowing: Line to line -75-100cm (2.5-3feet) .

Plant to plant -25-30cm (1 feet).

It can also be planted as broadcast method .If planting objectives is to as fodder crops then broadcasting method is the best procedure.

Seed Rate: 2-12kgs/ha for commercial purpose, it is 18-20kgs/ha, for fodder crops it should be 35-40kgs/ha.

Depth of seed sowing: 2-5cm

Fertilizer requirement: It is very high nitrogen feeding crop. 100-110kg nitrogen is needed for 1  ha,  and phosphorus and potassium is 15kg/ha.

Weed control: If sorghum is planted for fodder crops, no weed control is required. For grain  purpose 1st weeding must be done after ¾ weeks of seed sowing.2nd   weeding is done after 6/7 weeks of seed sowing. Irrigation: Generally no irrigation is applied in African countries, as it depends mostly on natural rain water sources. To grow seedlings properly, irrigation may be given after 4/5 days of  seed sowing. If the top soil becomes harder, then irrigation must be given after 15/20 days interval.  Irrigation is highly needed during panicle initiation and grain formation. When the grain becomes harder irrigation is not required at all.
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Scaring of Birds: When sorghum seeds become mature, birds come to eat grain. Birds are major problem

for sorghum production. A ring may be set in the sorghum plot with a rope to the other end so farmers could bell the ring from long distance.

Harvesting: It is harvested when the grain becomes matured and hard. Harvesting process is done in two ways. One way is to cut the panicle part or grain part if the plant height is not more than 1.5-2 meter. Another way is to cut the whole plant.

Yield: 100-1100kgs/ha based on variety, country and intercultural operation. Straw production is 4/5 times higher than grain.

Sorghum poisoning:
Special care should be taken during feeding green sorghum plants to cattle. It is reported that sometimes cow

die after eating sorghum plants.

After harvesting of sorghum plants seedling grows from the root system (ratoon crops) which is poisonous for cows. Another type of plants remains stunted due to lack of rains, these types of plants also poisonous for cows. If these types of plants are eaten by cows, they may die.

After drying of sorghum plants or making silages there is no poisonous effect then it may given to the cattle. Therefore it is advised that feed the cows after 2.5 months plant age. It is better to feed the cows after panicle initiation. After panicle initiation there is no harmful effect.

The reason of poisoning is presence of glucoside in the small plants. When glucoside is entered  into the

stomach a acid name hydrocyanide is formed which caused food poisoning and cows die.

Treatment for sorghum poison:
i)
Mix 1kg of molasses with water and feed the cows.

ii)
Mix 1 teaspoonful potassium permanganet+1kg molasses+1 litre water properly then feed the cows.

Pest attack:
i)
Sorghum midge: Eats the grain, adult insect is look like mosquito,abdomen color is bright orange color.

Control: Spray carbofuran and Diazinon

ii)
Sorghum stem borer: The larva eats the stem tissue and penetrates into the  panicle.Small plants are affected most of the time. Some yellow leaves is seen in the plants i.e is called dead heart symptoms.

Control:

iii)
Aphids: eats the sap of stem and leaves

Control: Spray malathion 60 E.C
Diseases:

i)
Sorghum leaf s[pots and blight:

ii)
Rough/oval leaf spot iii)
Anthracnose

iv)
Bacterial leaf blotch v)
Sorghum rust

More about the uses of sorghum:


Use Fungicide like Dithane M-45, Rovral and bavistin
 
In South Africa sorghum is often eaten as porridge much like pap.

 
In the cuisine of the southern United States sorghum syrup is used as a sweet condiment usually for biscuits, corn breads, pan cakes, hot cereals or baked beans.

 
In Arab cuisine, ummilled grain is often cooked to make cous-cous, porridges, soups and cakes.

 
Many poor people use it along with other flours or starches to make bread.

 
The seeds and stalks are fed to cattle and poultry.

 
Some varieties have been used for thatch, fencing, baskets, bushes and booms and stalks have been used as fuel.

 
Bhakri, a variety of unleavened bread usually made from sorghum is the staple diet in many parts of

India such as maharashtra and northern karnatata states.

 
In southern Africa, sorghum is used to produce beer i.e gluten free beer.

 
African sorghum beer is high in protein. It is brownish-pink beverage with a fruity, sour taste.
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MODULE:10
PRODUCTION TECHNOLOGIES OF TOMATO
Importance and use:
It is used as salad crops most widely

As a processed food it can be used as juice, jam, jelly, ketchup, sauce etc

Weather and climate:
Moderate temperature and dry weather is suitable for tomato cultivation. It grows well at 20-300c temperature. Night temperature affects fruit and flower setting. Night temperature range 15-200c is suitable for maximum yield.

Planting time: May-june in Sudan,Ask farmer for appropriate time.

Seed rate: For planting 1ha of land it requires 150-155gm seed in a seed bed.

Land preparation:
Plough the land ¾ times and level the land.

Fertilizer dosage:   Urea-250kgs/ha
TSP-175 “

Mp-200  “

Variety: Ruma VF,Oxheart,marglobe,Manik,rattan,BARI tomato-1/2,Local variety.

Cultivation method:
For  cultivation  of  tomato a  seed  bed  is  prepared  at  3m  x 1m  size.After  making  seed  bed,seeds  are broadcasted over the bed.After broadcasting covering of seeds with soil is needed.After seed sowing,if no rain then apply some water with water basket.Seedling start emerge after 8-10 days.

When the seedling height reached at 10-15cm then it is ready for plantation.

 
  3m
 

1m
Spacing:
Plant to plant: 60-90 cm (2 feet)
spacing may vary depending on variety

Row to row: 60cm (2 feet)

Irrigation: If it is dry or winter season,irrigation is needed at every 8/10 days interval.

Weeding: Weeding is needed at different stages of plant growth.

Yield: 100ton/ha
Pest:

i)Tomato Aphids: Eats the sap from leaves,stems

Control: Apply malathion 57E.C@ 8 aunce/acre

Disease:
i)
Damping off: It is found  in the seed bed if the  seed bed is water logged  condition.Plants becomes yellow and die.

Control: Dithane M-45 spray
Make the seed bed and land dry
Importance and uses:
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MODULE-09
PRODUCTION TECHNOLOGIES OF BRINJAL/EGG PLANT
 
It is a year round crop and popular to all

 
It contains vitamin A and B

 
In India pickle made from brinjal is popular

 
It is very useful fro diabetic patient

Weather and climate:
Moderate temperature and dry weather is suitable for tomato cultivation. It grows well at 20-300c temperature. Night temperature affects fruit and flower setting. Night temperature range 15-200c is suitable for maximum yield.

Planting time:
April/may-October/November(Ask farmer for local planting time)

Seed rate:
500-700 gm/ha
Land preparation:
Plough the land ¾ times and level the land.

Fertilizer dosage:   Urea-250kgs/ha TSP-175  “ Mp-200   “

Variety: local variety

Cultivation method:
For cultivation of tomato a seed bed is prepared at 3m x 1m size. After making seed bed,  seeds  are broadcasted over the bed. After broadcasting covering of seeds with soil is needed. After seed sowing, if no

rain then apply some water with water basket. Seedling starts emerge after 8-10 days. When the seedling height reached at 10-15cm then it is ready for plantation.

Spacing:
Plant to plant: 60-90 cm (2 feet)
spacing may vary depending on variety

Row to row: 60cm (2 feet)

Irrigation:
If it is dry or winter season, irrigation is needed at every 8/10 days interval.

Weeding:
Weeding is needed at different stages of plant growth.

Yield: 30-65 ton/ha

Pest attack:
i)
Brinjal shoot and fruit borer:
Eats the leaves, enter into the stem from the shoot, plants becomes yellow and die.

Control: Use Ripcord-10 E.C, Furadan-3g ii)
Cutworm:
Cuts the seedling at root level at night time during seedling stage mostly.

iii)
Brinjal Aphids:
Eats the soft part of plants such as leaves,shoots and branch

Control: Use malathion 57 E.C Use soap water and spray
Diseases:
i)Fruit rotten: spots appears at the fruits body and rotten

Control: Use resistant variety
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MODULE-11
PRODUCTION TECHNOLOGY OF OKRA/LADY’S FINGER
Importance and use:
 
Year round crops

 
Can be used as dry food/vegetables

 
It can be used as canned food

 
Good amount of vitamin A,B and C. it is enriched with Iodine.

 
It is very useful for brain and heart.

 
The fiber of this plant is used to make paper.

 
It can be planted as boundary crop.

Weather & Climate:
It is very suitable for hot weather .It is also grown In rainfall prone areas.

Seed Sowing time: Year round crops can be planted at any time.

Seed rate: 4-5kgs/ha

Land preparation:
Plough the lanf 3-4 times. It grows well in loamy and sandy loam soil. Requires drainage system in the land.

Fertilizer application:
Urea-150kgs/ha

TSP-120   ” Mp-110
“

Variety: Local veriety, Pentagreen, dwarf prolific, Clemson spineless etc.

Seed sowing method:
Soak in water for 24chours before sowing as the seed coat is very hard. Make a ridge in between lines. Line to line distance 60-75cm

Irrigation: In S.Sudan generally depends on rain. Otherwise apply irrigation at every 10/12 days interval.

Intercultural operation:
Control weeds as and when necessary. Keep some soil at the base of the plant and make a furrow in between

lines so that it would be easier for irrigation.

Harvest: After 90-100 days of seed sowing okra is suitable for harvesting. Pick okra every ¾ days interval. Pick at morning as it grows/enlarge at night time.

Yield: 50-90 quintal/ha

Pest:
i)
Fruit and shoot borer: It bores the stem and fruit,eats the sap and reduce yield.

Control: use diazinon and Folithion at recommended dosage.

ii)
Stem borer: Bores into the stem and eats the innerside tissue.

Control: use diazinon and Folithion at recommended dosage

Diseases:
i)
Virus: Makes the leaf as green-yellow mixture color. Infected plants becomes dwarf and reduce yield.

Control:
 
Remove the infected plant

 
Early planting may prevent this disease

 
Destroy the virus carrier insects using Diazinon

 
Use seed from uninfected plants.

ii)Wilt: becomes wilted and plants die suddenly.

Control:
 
Remove the affected plant immediately

 
Use resistant variety

 
Follow crop-rotation

 
Use Bourdax mixture

1. General information
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MODULE-11
PRODUCTION TECHNOLOGIES OF GROUNDNUTS
Scientific Name: rachis hypogaea
Other names: Peanuts, or Monkey nuts.
1.1
Groundnuts are not native to Africa. They originally come from South America and have  been introduced to many other parts of the tropics .They were only introduced to South Sudan only in the last100 years. So new varieties still often to come in.

1.2 Groundnuts are very important source of protein and are vital for maintaining a balanced diet .They also contain a lot of oil so are good source of energy. The nuts may be eaten raw, roasted or as a paste. The oil

may be extracted, in which case the residue may also be eaten with vegetables. The green parts (haulms)

may also be used after harvest as food for livestock.

1.3 Groundnuts are legumes .They also have Nitrogen n fixing bacteria (also called Rhizobium Bacteria) in

root Nodules on the roots. This means that they can use nitrogen from air and are not dependant on sources of nitrogen in the soil. Since some of the nitrogen is fixed by then bacteria is also released to the soil and can thus be used by other plants, groundnuts are very important in crop rotations.

Groundnuts are also not susceptible to the same pests and disease as sorghum so they are very useful for including in a rotation especially to prevent the build up of striga.
2. Varieties
    There are many types of groundnuts. They may be classified according to the way the plant grows and the taste.

The two types of plants are the Bunch (also called Upright or Erect) type and the runner (also  called

Creeping or spreading) type.

The Bunch type has an erect central stem and many laterals branches. They however stay compact with

the fruit near the base of the plant. They generally mature earlier and are easier to harvest by pulling. The seeds do not posses dormancy so seeds left in the ground will germinate soon after the rest are harvested.

The runner type has a short central stem and the lateral branches creep out horizontally. The fruits are scattered along the branches, and they generally take longer to mature and have to be dug out at harvest. These types do posses considerable dormancy and seeds left in the ground may germinate next season.

Nuts can also be classified by taste.
 
Confectionary type
They have better flavor than oil type. This is the most local grown type because the main use of groundnuts is for paste.

 
Oil type
These type are grown majorly for extracting oil.

2.1 Local varities
Because groundnuts are a relatively new crop ther are many varieties which have come in from neighbouring tribes.

Some local varieties
	Variety
	Growth
	No. of seeds
	Color of
	Seed
	Other Comments

	
	Habit
	per pod
	seeds
	size
	

	Atizo
	Bunch
	2-3
	Pink
	Small
	V.good flavor

	Makaraka
	Bunch
	3-4
	Red/White
	Medium
	V.good flavor

	Kuku
	Bunch
	2
	Pink
	Small
	V.good flavor

	Iba
	Runner
	3-4
	Pink
	Medium
	V.good drought

	
	
	
	
	
	Resistant

	Tambura
	Runner
	2-4
	Pink
	Large
	Good flavor

	Nyeigwa
	Runner
	1-2
	Pink
	Small
	


2.2 New varieties

In recent years other varieties have been introduced from outside of Sudan and multiplied for sale to farmers.

Makulu Red was bred in Zambia .It is a semi-bunch type with a medium sized red seeds, with two seeds in each pod. It is bred for its high in oil content so it is particularly good for extracting oil from, but is therefore not a good flavor. It was bred also to give good yields under good conditions, but this yield is not achieved unless the soil is good, rainfall is reliable and the crop is well weeded.

Mani pinta is another variety introduced from East Africa. It has seeds which are partly red and partly white. It is in many ways similar to Makulu Red but has a better flavor and does not give quite as good yields under good conditions.

3. Cultivation
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Groundnuts are mainly grown by planting them as a pure stand though it is common for cassava to
be planted into the crop after germination. Groundnuts are also suitable for planting as cover crop among fruit trees and teaks.

Groundnuts will grow on most soils except heavy clay, but do best on well-drained, light sandy loams. The softer soil makes it easier for the pegs to enter the soil and the nuts develop easier under the soil and makes harvesting easier.

When the field is prepared care should be taken to prevent run off the rain water and therefore erosion. Soils should be pilled in bunds round the edge of the plot at the time of cultivation.

4. Planting
Traditionally groundnuts are planted randomly across a field but if they are planted in lines it makes weeding easier.

Bunch type like Atizo should be planted in rows about 30cm apart with the holes dug within the
If the land is sloping the rows should always be made across the slope to prevent the rain water running off and to reduce erosion.

The seeds may be planted with one or two seeds in each hole. If seeds are short of supply they can

be planted with only one seed in each hole. But the seeds should first be sorted and small and withered seeds rejected. If land is short two seeds may be planted in each hole .Some people also like to plant two seeds in

one hole and one in the next.

4.1 Foxes  (Jackles)
These are common probles with newly planted groundnuts.they dig up the newly planted seeds in order to eat them.The field is then left with many gaps.If the seeds are made bitter,so that they do not taste good,the foxes will not dig them up.Anything that makes the seeds unpleasant for foxes can be used.

TO PROTECT GROUNDNUT SEEDS FROM FOXES

The simplest way is to add the seeds to water in which bark of the mahogany tree (Moru Gwari-
ModoBulolo) has been soaked.

 
The mahogany bark should be prepared the day before planting.

 
Cut the bark off mahogany branches.

 
Pound the bark until it is soft, as if preparing it for a fish poison

 
Put the bark into the water the day before planting and leave it to soak overnight. the solution should be very concentrated.

 
Shell the groundnuts

 
Before going to the field to plant the groundnuts add the shelled seeds to the water with mahogany bark in it and leave the seeds to soak for one hour.

 
Plant in the normal way.

SEED PRODUCTION

Groundnuts are self pollinated so they produce seeds of the same quality as those planted. Therefore there is no difficulty in keeping the characteristics of the variety that is successful and well liked. Growers may save their own seeds even of exotic variety as long as they remember to rogue out any plants that are not typical and choose seeds from a healthy part of the field and care is taken not to mix the seeds. The seeds that are going to be kept for next year should be selected at the time of harvest. The traditional containers for keeping seeds in are very suitable and should be encouraged as they keep the rats and insects out.

MODULE-12
PRODUCTION TECHNOLOGIES OF CASSAVA (Manihot escalenta Crantz)
CLASSIFICATION
Family –Euphorbiaceae

Other names: Mandioca, Brazil, aipim, Spain, Manioc. There are two species :- 1).Bitter poisonous species

2).Sweet non-poisonous species
-Classification was based on roots releasing hydrogen cyanide. Sweet non-poisonous contains smaller quantities of cyanogenic glycosides or enzymes linanarase than bitter ones.

ORIGIN & DISTRIBUTION
Cassava is a native to South America. The crop was introduced to Africa by Portuguese traders, first into West Africa via the Gulf of Benin and Congo River. In East Africa was introduced via Island Reunion, Madagascar, Zanzibar towards the end of 18th Century.

Despite slow acceptance, the cultivation of cassava continued to expand largely because of its ability to withstand locust attack, drought, low soil fertility and poor husbandry. It slowly became established as the most important famine reserve crop in many areas.

PROPAGATION OF CASSAVA.
Cassava is propagated from planting materials called CUTTINGS.

The use of 30-45 cm cuttings higher yields than those obtained when shorter ones are used.
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Moderately thick cuttings taken from the basal parts of the stems are more satisfactory than from upper stems.

Methods of planting-
 
Vertical, roots penetrate deeper.

 
Planting at an angle.

 
Burring completely or half of their length

 
Planting horizontally, 10cm deep-roots distribute more widely.
-Cuttings can be planted on the flat or moulds or ridges, singly or in pairs.

-Different methods are applied basing on the local fashions or basing on the local conditions, soil depth and drainage.
-Planting on a moulds or ridges is advantageous.

The position of cutting in the soil influences root distribution more than final yields. Planting is normally carried out at the onset of the rains either by hand or mechanization. Cuttings are stored for short period and storage for 10-20 days it helps to strike vigor.

Deep cultivation is advantageous as the feeders penetrates deeper into the soil, its why the crop is tolerant to low fertility and drought.

Cassava is a subsistence crop frequently intercropped with such crops as maize, legumes, bananas and vegetables.

Planting and planting material
1. Planting starts in April and can be extended to October.

2. The quantity recommended for 1 ha is 60 bundles of cassava stem.

3. Stem cuttings 25 cm long should be planted at a spacing of 1 m x 1 m.

4. Maintain 100% planting rate by replacing dead or nonviable stems.

RESPONSE TO FERTILITY
-There are very variable reported responses of cassava to fertilizers application.

-Experimentally it was found that:

 
Phosphorous-Soils rich in phosphorous greatly influenced yield.

 
Nitrogen-This component increased stem growth at the expense of root yield.

 
Potassium-When it was increased tended to restore a more favorable crop index.

WEED CONTROL
Weed control in cassava crop is important at early stages of crop growth until about 3-4 months after planting until fully ground cover is obtained.

Mainly weeding is done manually but on large scale ox-drawn tractor hoes are used. Also pre-and post emergence chemicals weedicides are used.

At least two hand weddings are needed to obtain sufficient freedom competition for maximum growth of the crops.

Weed control is aimed at maximizing yield.

YIELD
Yield of 25 t/ha and above can be obtained with good agronomic practices and management.

HARVESTING
Harvesting is done by hand often with a digging stick or other implements as hoes.

Dis-position of the roots, soil compaction and moisture affect the ease of harvesting and amount; of damage caused to the roots.

PEST AND DISEASES
Cassava was believed to withstand locusts’ infestation, but pest and  diseases infestation is amongst major limiting yields.

1)   African Mosaic disease of cassava
The disease is found only in Africa, it is transmitted by white flies (bemisia ssp) and use of infected cuttings.

2 Cassava Bacteria blight
The disease causing agent is (Xianthomonas manihostis).

It is a bacterial disease.

Signs and symptoms-Leaf spotting, complete wilt die back and complete loss of yield. The disease is easily transmitted and transferable from one area to another, despite the phytosanitary control. Also from one season to another by use of infected planting materials. Locally the disease is transmitted by rain splashing, insects, and on infected clothing and implements. Thus the disease spreads rapidly during wet weather. Once the disease is spotted in plant, its not curable but only can be pre vented to spread further by severely pruning.

Control-
 
Crop rotation

 
Use of clean planting material

 
Use of resistant cultivars

 
Use of the tip cuttings from infected crops.
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3) Cercospora leaf spots.
Cercospora leaf spots under particular environmental conditions cause some defoliation.
4).Phytophthora root rot.


MODULE-13
POST HARVEST TECHNOLOGY
Definition of Post Harvest Technology:
In agriculture, postharvest handling is the stage of crop production immediately following harvest,  including cooling, cleaning, sorting, streing and packing. The instant a crop is removed from the ground, or separated from its parent plant, it begins to deteriorate. Post-harvest treatment largely determines final quality, whether a crop is sold for fresh consumption, or used as an ingredient in a processed food production.

The Basics of Postharvest Technology
The three main objectives of applying postharvest technology to harvested cereals, fruits and vegetables are:

To maintain quality (appearance, texture, flavor and nutritive value)
I.   To protect food safety, and

II.   To reduce losses (both physical and in market value) between harvest and consumption.

Stages of Post-Harvest Technology (Total Post Harvest System)
Post harvest constraints

 
Post harvest loses

Harvesting

Pre drying in field

Threshing

Winnowing/Cleaning

Drying

Storage
Sacks, bags, bulk

Primary Processing
Cleaning, grading, hulling, pounding, milling

Secondary Processing
Cooking, blending, fermentation

Packaging & Marketing
 
Lack of grain storage facilities

 
Lack of credit facilities

 
Poor telecommunication networks

 
Lack of access to the markets

 
Lack of research capability in post harvest issues

 
Inadequate trained postharvest extension agents

Post harvest losses

Potential for loss
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 
There is potential for loss throughout the grain harvesting and marketing chains. During stripping of
maize grain from the cob, known as shelling, losses can occur when mechanical shelling is not followed up by hand-stripping of the grains that are missed. Certain shellers can damage the grain, making insect penetration easier. For crops other than maize, threshing losses occur as a result of spillage, incomplete removal of the grain or by damage to grain during the threshing.

 
They can also occur after threshing due to poor separation of grain from the chaff during  cleaning or winnowing. Incomplete threshing usually occurs in regions with high labour costs, particularly at harvest time, when labour is too scarce and expensive to justify hand-stripping after an initial mechanical thresh. Certain mechanical threshers are designed only for dry grain. A wet season's paddy harvest may clog the screens and grain will be lost. Cleaning is essential before  milling. On the farm, cleaning is usually a combination of winnowing and removal by hand of heavier items such as stones. Losses can be low when the operation is done carefully but high with carelessness.

 
With correct equipment, cleaning losses should be low in mills, but grain may be separated together with dirt or, alternatively, dirt may be carried forward into the milling stages. In drying, grain that  is dried in yards or on roads, as is common in parts of Asia, may be partially consumed by birds and rodents. Wind, either natural or from passing vehicles in the case of road drying, can blow grain away. The main cause of loss during drying is the cracking of grain kernels that are eaten whole, such as rice. Some grains may also be lost during the drying process. However, failure to dry crops adequately can lead to much higher levels of loss than poor-quality drying, and may result in the entire harvest becoming inedible.

 
Adequate drying by farmers is essential if grains are to be stored on-farm and poorly dried grains for the market need to be sold quickly to enable the marketing-processing chain to carry out  adequate drying before the grains become spoilt. With a high moisture content, grain is susceptible to mould, heating, discoloration and a variety of chemical changes. Ideally, most grains should be dried to acceptable levels

within 2-3 days of harvest. [1]   One of the problems in assessing levels of post-harvest loss is in separating

weight  loss  caused  by  the  very  necessary  drying  operations  from  weight  loss  caused  by  other, controllable, factors.

Quality characteristics of grains
Consumers have become accustomed over the years to demanding grain with particular qualities.  Where consumers are close to the source of the grain, e.g. in local markets, their own preferences and the laws of supply and demand will control the quality of the grain. However, where grain is traded over large distances, particularly internationally, the consumer will have no direct influence over quality, and regulatory standards must be established and imposed to protect consumer rights.  Therefore criteria of grain quality must be established and accepted by all parties in the grain  trade.  The criteria assigned to grain are the intrinsic varietal qualities and those which are environment- or processinduced. The more important quality criteria as they relate to grading of grain are described in the following sections.

Intrinsic Qualities
(i) Colour
Cereal grains are pigmented and range through the color spectrum from very light tan or almost white, to black. Where extractive milling is required, highly-pigmented varieties may give low yields of white flour.

(ii) Composition
Composition, e.g. protein, carbohydrate, lipids and their breakdown products, qualitatively influences product acceptability, by affecting texture and taste. Quality changes evolve slowly in stored grain and more rapidly in milled or processed intermediary products.

Some grain components, for example husk, are inedible and quantitatively influence product yield and gross

nutrient available to the consumer. (iii) Bulk Density
Each type or variety of grain when in optimum health, fully mature, etc. has a characteristic bulk density. This is defined as the weight per standard volume measured in a standard manner. The  same characteristic is variously  known as 'test weight', 'bushel weight' or 'specific weight'. For  details of  how bulk density is measured see page 62.

If the bulk density varies the trend is usually downwards and indicative of reduced overall quality of the grain.

Hence it is often measured in  the  grain trade. Factors which commonly  affect  bulk  density  are  insect

infestation,  excessive  foreign  matter  and  high  percentage  moisture  content.  In  wheat,  bulk  density  is considered to be a reasonable indicator of milling yield.

Bulk density should not be confused with 'specific volume' as defined in the context of Chapter 6  of  this bulletin. The terms are related, but the distinction is necessary because it is an established fact that the 'bulk density' of grain increases when it is stored in large quantities, bag or bulk, due to compaction.
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(iv) Odour, aroma
Most grain types, when fresh, have a distinctive natural odour or aroma. This is generally accepted  as an indicator of good quality, although some people prefer grain which smells 'old' or even fermented.

As with most natural produce, some grain varieties are better-liked than others because of their odour. Certain cultivars of rice, for example, possess aromatic qualities which are considered desirable by some consumers. See also mixed variety.

(v) Size, shape
Rice, as a whole-grain food, is classified by size (length) and shape (length:breadth ratio). Other grains also have size considered in their specification. In general a small range in size assists  with  processing and handling.

1.5.1
Induced Qualities
(i) Age
During the post-harvest phase, grain undergoes complex biochemical changes termed 'aging'.  Changes to

carbohydrate, lipids and protein fractions result in, for example, firming of texture in rice on  cooking,  and increased gas-retention capability in wheat flour. For most consumers, the effects of  these changes are considered to be desirable. When plotting consumer acceptability of a grain  product against its age since harvesting, generally it is considered to be maturing during the upward curve of the graph, and deteriorates only when the curve changes direction downwards.

(ii) Broken grain
Grain is marketed normally in whole grain form and is considered to be of inferior quality if broken. Breakage may occur from fissures as a result of excessive drying/weathering conditions in the field or during handling. Breakage reduces quality by reducing acceptability and by increasing  susceptibility  to infestation during storage. This affects milling yield by contributing to weight loss.

(iii) Chalky or immature grain
Empty grains result from sterility and pre-harvest infections and insect attack. Immature grain  content is

affected by time of harvest. In rice, immature grains are greenish in colour. Thin white (usually opaque) grains are caused by incomplete grain filling and may result from  pests or disease. Chalkiness is  caused by incompletely filled starchy endosperm which disrupts light transmission, causing opaque  regions. In most cereals, chalky areas have lower mechanical strength on crush tests and may break  during handling. The broken portion is more easily invaded by certain storage pests.

(iv) Foreign matter
Dilution of the prime product by foreign matter reduces the value, and also may affect handling and processing. Foreign matter may be sub classified as: animal origin - insects and their products, rodent excrete, etc; vegetable origin - straw, weeds, seeds, dust, micro-organisms/toxins; mineral origin - stones,

mud, dust, glass, metals, oil products, pesticide residues. Elements from all three subclasses may render the grain unfit for consumption. Potentially the greatest threat to health probably is from micro-contamination with the bacterial products of poor sanitation, and with toxins and chemical pesticide residues.

(v) Infested, infected grain
Grain mass, and therefore yield, is reduced by infestation. Contamination not only has direct food hygiene implications but also indirect ones, as invading micro-organisms may produce toxins under certain conditions which may lead to acute or chronic illness.

(vi) Mixed varieties
A mixture is an indication of poor pre- and post-harvest management and supervision, e.g. seed selection, lot segregation  and  treatment,  contamination,  etc.  Grains  differing  in  size  and  other  characteristics  affect processing potential. Whilst preference for a particular variety may be  influential nationally or regionally, internationally-traded grain is recognized usually by grain type  rather than by variety e.g. yellow or white maize. Exceptions do occur, e.g. basmati rice, (see odour, aroma).

(vii) Moisture content
Moisture content (me) of grain plays a crucial role in post-harvest processing and is associated with most of

the induced characteristics. Water vapor will diffuse throughout a bulk of grain and the mc will  tend to equalize. 'Hot spots' may occur at a site of increased respiration (caused by sprouting, infestation or microbial activity), and condensation may occur on cold grain or containers.

Harvesting
Depending on weather and scale of production harvesting usually begins in mid june and continues through to December. When the color of the plant becomes yellow then farmers understand that the crop has become matured. The heads of the sorghum are cut from the stalks either by hand or using a knife, placed into sacks and taken to the threshing platform where they are placed on racks or spread on the platform for drying.

The grain on the left is physiologically mature; the one on the right is not. The best stage to harvest sorghum is when the plants reach the physiological maturity. Physiological maturity can be determined by the black (dark) spot at the bottom of the grain as shown in the Fig.
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The physiological maturity in maize is recognized by the following characteristics:
 
Yellowing of most of the leaves

 
Some of the leaves start drying up

 
Yellowing and drying up of the husks turning properly

 
Maize grains acquire a glossy surface

 
The grain is too hard and uncomfortable to chew when it is roasted for eating

 
Some maize cobs begin to droop (hanging downward) on the stalk. This is in response to the plant shut-off of the supply of nutrients to the shoot system that occur at physiological maturity.

DRYING:
Drying of mats.
Simple mats made of natural leaves or bamboo splits, etc for open sun drying of maize cob or grain. The mat with crop on is spread on the ground or mounted on raised racks. The effect of the heat of the sun and the natural air gradually dries the crop.

Advantages:

 
· Contamination and moisture diffusion absorption is eliminated

 
· The quality of the drying crop is improved

 
· Drying rate of the crop increase

· This technology is easy to use and very affordable. Disadvantage:

 
· The crop need to be moved under shelter (inside the house or veranda) when rain threatens or during night fall

 
· Labour input is significant due to spreading and raking of the crop to facilitate drying and removing.

Drying on plastic sheets, figure 20.
Commercial plastic sheets for drying the crop on can be used for maize in cob and shelled. Likewise, heavy- gauge polythene sheeting or sheets made from opened-out nylon sacks can be also used.
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Fig. 20. Plastic sheets for drying
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Advantages:
 
Drying crop is protected from ground dampness. It eliminates microbial and soil contamination.

 
The air movement about the crop accelerates drying.

 
With black plastic sheeting in color, it absorbs readily solar heat with further increase drying rate.

 
The sheeting can be easily be spread to dry the crop and rapidly gathered in the sheet when threaten by rain when keeping indoors.

 
Performance-wise, drying on plastic sheeting compare very favorably with that on rised trace.

 
A sheet 15-20 m2 may hold up to 500 kg of grain at a loading rate of 25-30 kg/m2 .

Disadvantages:

 
Cost of the sheets could be rather high.

 
Storage of the sheet in the off-season is very difficult, specially for small scale farmers where reliable storage space is limited and protection against rodents and insects, unlikely to be achieved.

Floor of Concrete for crop drying (Piso de Secado)
This is an structure made of concrete-cement on the ground floor and where is possible to dry any type of grain even others like fruits and vegetables. The structure measure are 5x5 m or 10 x 10  m  and can be enlarged depending upon the need see figure 26.
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Fig. 26. Floor of concrete-cemented for drying
(Source: FAO/GCP/Bol/032.Net) The concrete floor for drying has some advantages such as:

 
There is no contamination with soils, micro-organisms, etc.

 
It is simple and easy to build

 
Is versatile since many products can be dried.

 
Environmentally adequate because it only uses solar energy for drying.

 
On an structure 5 x 5 m, is possible to dry one ton of maize in 8 hours within a sunny day and on a concrete floor of 10 x 10 m is possible to dry 4 tons.

* This structures were successfully used by the FAO project: GCP/BOL/032/NET in rural areas of Bolivia. Prices of these floors of drying of 5 x 5 m and 10 x 10 were approximately $60 and $200 US dollars respectively at this time. They are very useful for small village and communities

2.1
Threshing
Threshing is done by hand .The plant heads are either onto bags or left on the threshing platform and then beaten strenuously with long sticks until the grain separated. This method is very inefficient  and slow and complete recovery of grain is not easy. The grain and chaff are then gathered together and hand winnowed using a small shallow basket. Losses occur during threshing by spillage; incomplete removal of grain from
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stalks; by damage to grain during threshing, by poor separation of grain cleaning or winnowing  after

threshing. Little information has been documented on the magnitude of losses during threshing in tropical

Africa (Hamilton, 1980)

Cleaning of grains
i)  Winnowing  of  grain  and
pulses  is  a  common  practice  in  every  home   in Himachal. It is performed using a container made of tin, called Stoop or Chhaj. The grains are placed in the Chhaj and slow winnowing leads to separation of dirt and husk from the grain. Almost all types of dry grain like wheat, maize, paddy, pulses etc. can be cleaned in this manner (Fig. 7.2).Fig. 7.2 Winnowing of grains

ii) Bulk cleaning of grain is done using a container made up of bamboo sticks called Panaudi (Fig. 7.3). The dry grain, placed in the Panaudi, are allowed to fall from a height of about 4-5 ft in a thin vertical flow in the path of a cross wind. The lighter dirt particles and husk are blown away and the
heavier grain is thus separated as it falls straight to the ground. The use of a fan (mechanical  or  electrical)  greatly  accelerates  this  process  of   cleaning.  This method of cleaning is based on the differences in density of  the materials to be separated. The use of modern air separators/cyclone separators for grain cleaning is based on this principle.

Transport and Technology
There  are  different  ways  to  transport  harvested  crop  from  the  field  to  its destination. As carrying on head or back of the persons and referred in table 18 below, until modern transportation by using trucks, etc. The destinations could be markets, processing units for grains, storage, etc. The transport system choice will

depend of several factors, such as the socioeconomic level of the zone, amount of production of the crop, road of access, distances to be crossed, infrastructures availability, use and availability of  animals , ways,

roads, railroads, ship for rivers, cars, trucks, etc. to transport the harvested product, etc. So, the selection by

the farmer of  a method of transport will depend also of  the capacity of  them. Here it will be  refer  to technologies of transport very affordable among small and medium farmers of developing countries, which is

referred in table below.

Some useful transport technologies recommended for on-farm use include:

 
Hand pushed wheel barrows and carts, usually made by women

 
Pack-animal, particularly donkey and mules

 
Draught animals to carry crop-loads on sledge and on carts.

The  criteria for  selecting  an  appropriated  on-farm  technology  must  take  into  considerations  biological, technical and socioeconomic feasibility of the technology.

The on-farm transport above indicated includes:

Hand-pushed wheel barrow figure 15.
These are often available in the open market although not affordable to smallholder farmers. Notwithstanding, simple wheel barrow can be manufactured at cheap cost in rural carpentry workshop using local

36
materials. The maize can be transported in cobs or grain and either in bulk or bagged. Loads up to 50-80

kg can be carried on simple-wheel wheelbarrow depending upon effort of the operator.

Fig. 15 Hand-Pushed Car
Advantages:

 
· Appropriated for low-resources farmers

 
· Feasible to build in local workshop and local material

 
· Simple, cheap for making and repair

 
· Relieve human drudgery and efforts, saving lot of work time

 
· Can be used on paths and areas with poor roads or no roads

Disadvantages:

 
· Low carrying capacity

 
· Difficult to direct when heavily loaded and in poor terrain

Hand-pulled/pushed cart fig.16
This can be made in local workshops and entirely with local materials. Is very suitable for medium-size crops loads (up to 300-400 kg) over a short distance. Appropriated for cob maize and other bulky crop from the field to the farm yard.
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Fig. 16. Hand-Pulled Car
Advantages:

 
· Feasibly to make wholly with local materials

 
· Easy to maintain and repair

 
· Suitable for bulky crops (cob maize, etc)

Disadvantages:

 
· Requires enough effort to operate (2 persons preferently)

 
· Rather sensitive to changes in road terrain.

Pack-animals.
The use of pack-animals (donkey, mules, oxen’s) is of the most profitable and convenient method, in small scale transport. This method is suitable on plain surface but also feasible in hilly and mountainous areas.

Donkeys are ideal as pack-animals since they are tolerant, patient and require minimum supervision and control. Normally, for transporting some padding must be used over the back of the beast to offer comfort.

A donkey averaging 100-110 kg of weight can carry load of 25-50 over distances up to 20 km. Large donkeys with proper care can carry load 50-75 percent of their own weight over short distances. In average, daily loads of 40-100 kgs (35 percent of body weight) for up to 4 working hours are considered normal, see figure 17.
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Fig. 17 Packed animals for on-farm transport
Advantages of pack-animal technology:
 
· Indigenous technology used for mixed-farming agricultural system

 
· Relatively cheap technology and easy to maintain and manage

 
· Saving on the would – be capital investment on motorized transport equipment and on imported fuel

 
· Other than as "pack-animal" the beast can be also be used for other functions.

 
· The technology is most restricted only to agricultural support.

Draught animal for sledges, figure 18.
Sledges are widely used in southern and east Africa to transport crops at farm level. Sledges can be arranged in parallel pieces or naturally occurring fork of a branch or trunk of a tree. A chain or rope is tied either at the forked apex of the equipment or at a grooved collar-ring made to facilitate traction. A simple platform on the V- arms of the equipment is used to support the crop usually in bags up to 300 kg of crop can be carried on a sledge by a pair of oxens.
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Fig. 18. Draught animal for sledge.
(AGROTEC/UNDP/OPS, 1991)
Advantages:

 
· Simple and require no special skill to make and repair

 
· Low-cost may be obtained at no financial cost

 
· Can operate under various weather and topographic conditions, even on wet ground where sledge’s traction coefficient is best.

 
· Since it has a low centre of gravity and are narrow can be used on tracks too narrow or steeps for carts

 
· Can be used to other transport functions other than for carrying agricultural produce

 
· Indigenous technology for small holder farmers.

Disadvantages:

 
· The equipment may leaves rutted tracks causing dangerous water courses in heavy rains

 
· Due to environmental degradation in some southern African have officially discouraged and even banned.

Animal drawn carts, figure 19
Fig. 19. Animal Drawn Cart (AGROTE C/UNDP/ OPS,

1991)
This on farm transport method is recommendable where agricultural production is significant and topography permitted.

Advantages:

 
· Draught animals can be used for pulling carts

 
· Is efficient and may wholly be made of local materials

 
· It allows to carry variety of crops either bagged or in bulk

 
· It allows to carry different type of agricultural residues

 
· May be hired by transport entrepreneurs during agricultural off season, to generate some income for the household and reducing its idle time.

 
· A single-axle cart drawn by donkeys can carry up to 500 kg load and a pair of well bred oxen can transport 1 000-1500 kgs load

Disadvantage:

 
· High equipment cost.

Packaging
Packaging of agricultural produce is one of the simplest cheapest value adding operations that  can be managed by most small food processors located any where in the country. A brilliant attempt was made by South Sudan Agricultural Marketing Board (BAMB) in the early 80s to promote form of processing, but this seems to have died a natural death. An attempt form of processing was made with dehulled sorghum rain (‘sorghum rice’) to pack in 200g-500g packs. Some millers have tried to pack this ‘rice’ in the past but it failed to win a share of the market. Failure of this product to penetrate the market was largely blamed on the poor presentation of the product to the consumer ( Kebakile et al,
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MODULE-13
GRAIN STORAGE METHOD
Problems of storage:
The aim of grain storage is to prevent damage to stored grains. There are three main enemies of stored grain;

i.
Mould

ii.
Rats and mice iii.
Insects

Four main factors of the environment enable these to multiply fast:

1.1
Heat
Moulds and insects like warm conditions to reproduce rapidly. Heat can also reduce the germination of seeds. So a grass roof is very suitable for a store as it keeps it cool. If a zinc roof is used for a store the store should have good ventilation and if possible a ceiling. Thick wall keeps a store cooler. A store raised on platform keeps cooler.

1.2
Moisture
Moisture especially encourages moulds to develop. Insects can also breed easier in grain that is  not dry. Special care is needed to dry ground nuts as they are harvested in the rains and mould on groundnuts can release a poison called Aflatoxin.So grain for storage should not be harvested until it is matured. The grain should be well dried in the sun before storage. The store roof should be maintained in good condition so it does not leak. If grain is stored in sacks the sacks should be  raised off the floor and not stacked against outside walls.

1.3
Air
Rats, insects and mice all need air for breathing. So the store should be well muded.Sealed baskets, jars etc are a very effective way of keeping insects out. Wood ash can be added to grain to cut out the air.

1.4
Dirt
A dirty store attracts rats and mice. Dirt can bring insects especially from old grain’s the store should be well mudded with a smooth finish. Old grain should be all emptied from a store before new grain is added. The store should be well cleaned before adding new grain. The area round a store should be kept clean of grass etc.The area round a store should be kept clean of grass etc.The shoulder of a store should not be used for storing a lot of utensils.

2.0
The damage done by different storage enemies. The damage done can affect quantity,

quality and

value of the grain.

2.1
Moulds
Moulds are very small growths that look like powder on the grain. They may be white, green, black or blue. They grow well in damp and warm conditions so are particularly common in grain that is not properly dried or is allowed to get wet. Moulds make the grain smell bad and taste bitter. They can produce toxins (poisons).to prevent mould grain should be kept cool and dry.

2.2
Rats and Mice
Rats and mice can eat large quantities of grain and even take it to their nests. They can damage the stores, baskets, sacks etc.casuing the grain to spill and be wasted. They spoil the grain with their dung and urine. When they eat large grains like maize they eat the best part of the seed-the germ.

Rats and mice also spread disease. So to prevent rats and mice-

 
Keep the store clean of dirt and old grain.

 
Build the store on open ground and clear the grass.

 
Smoke from a fire under the store helps discourage rats.

 
The upright posts of the store should be at least one meter long and smooth. They should be cleared of bark.

 
As few poles as possible should be used.
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 
Rat guards should be put on the upright poles.

 
Rat traps can be used to kill rats and mice.

 
Cats and dogs help discourage rats and mice.

2.3
Insects

2.3.1

Grain Weevils
There are different types of grain weevils but all are small black beetles. They are more easily seen on flour but also do a lot of damage to sorghum and maize grain, though they do not attack finger millet. The larvae live entirely inside the grains where they feed,

The weevil also contaminates the grain with their excreta affecting the taste. Weevils reproduce more rapidly in flour so it is good to grind the grain in small quantities and not store flour for a

long time.

2.3.2
Khapra beetle

This beetle has hairy orange larvae which damage grain. It is probably not yet in farmer’s stores but has been found in Juba stores so many spread to rural areas. If they are found, karvae should be reported immediately.

2.3.2-1
Flour beetle

Several  species  of  reddish-brown  beetles,  all  very  similar in  general  appearance  to  the

Tribolium sp. illustrated opposite (body 2-4 mm long). All are fairly common pests  found in stored grain, flour, bran and other cereal products.

Termites

2.3.3

Termites will eat grain but do most of their damage by eating the store structure, roof, baskets, sacks etc.They should be controlled as in houses. Strong resistant pole should always be used. Bark should be removed from the poles. Ant killer can be put at the base of the poles. Any termite runs should be rubbed off.

2.3.4

Control methods for insect damage in stores
Clean all old grain from the store in good time before the new harvest.Remud the store before putting in new grain. The mud should be smooth, so use dung or ant hill and slime from kono.

 
Make sure all grain to be stored in harvested mature.

 
Do not mix old grain with new grain.

 
Inspect the grain in the store regularly-if there are many insects lay the grain in a thin layer in the sun to kill the insects.

 
Build a fire under the store so that the smoke enters the grain

 
Use wood ash mixed with the grain

2.3.5

Storage Containers
Many different containers are used to store grain in-most of these have both advantage and disadvantages. LARGE STORES:

These can store large quantities of grain. They are not air tight unless ash is used. A well built store lasts
many years. The traditional type has many uprights so rats enter easily.

CLAY JARS:
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These are air tight and store grain very well if failed to the top. The quantity in each jar is less and much

work is needed to make them. BASKETS:

Open baskets are only suitable for small seeds like millets and sesame stored in a small amount in the kitchen.

MURU:

These all store grain very well in air tight containers but quantities are very small and much work and skill is needed to make them and they have to be made each year.

POTS AND GOURDS:

They are very small.They can be made airtight so are good for seeds.

SACKS:

Sacks are not a good means of storing grain for a long time as much air gets in and rats can easily eat into

the saks.tha advantage of sacks are that they are a standard measure and are easy to transport.

OLD DRUMS:

It is good for storage and can easily be made airtight if filled but they are expensive.

PLASTIC BAGS:

This is good for well dried seeds as air can be pushed out of them and they can be sealed.

2.3.5
BUILDING AN IMPROVED GRAIN STORAGE
The traditional grain storage (Kiro) makes efficient use of locally available materials and is generally a good design.

 
The grass roof keeps the grain dry and cool

 
The raised platform keeps the grain cool and can prevent rats jumping to the basket.

 
The materials, if well chosen, are strong and durable and cost little.

 
The capacity is what a family normally wants to store

 
The Muru type is easily moved to a new home, but the Morokodo type is better design for reducing insects

 
The area is sometimes used for cooking in. The smoke is a good repellent for rats and insects.
There re certain modifications that can be made to the traditional store to ensure good pest control.

1. Many legs mean rats and mice can easily climb up. A strong store can be made with only six well chosen uprights. These should be from strong wood e.g.prosopis or Ebony and have the bark removed.

2. The platform should be 1 meter off the ground.

3. The basket can be secured by well chosen, strong, forked supports that only reach to the platform and not the ground. The basket should also be well tied to the platform at its base.

4. The store should be put mudded smoothly inside and out with either dung or mud from an ant hill mixed with the slime from the Cissus vine.

5. The roof should either be tied with very strong rope or else the poles for lifting it should be attached to the platform and not reaching to the ground.--

THE END
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